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Great Britain 

,. Thin-film, color-tv camera 
Thin films almost certainly will 
mean a thick slice of the U. S. color 
television camera market for the 
Marconi Co. , Ltd., of England. 

- ., 

.... -

- ... 

Marconi will demonstrate its 
four-tube camera with thin-film cir­
cuits for the first time in the United 
States next week at the National 
Association of Broadcas ters' con­
vention in Chicago. But enough 
broadcasters have seen-and liked 
-the camera in Britain over the 
past few months that the company 
already has a fat backlog of more 
than 180 orders, more than half 
from the U. S. 

For Marconi, there's no mystery 
about why the sheaf of orders has 
grown so thick so fast. Sixty-five 
thin-film modules make the camera 
so stable that engineering adjust­
ments are needed only once a day 
even though there are four chan­
nels to keep matched. That amounts 
to "hands off" operation except for 
studio artistic controls like iris 
opening, black ]pvel, and gain. 

Registered colors. The four-tu be 
approach makes color registration 
less critical because the black-and­
white luminan ce s ignal doesn' t 
have to be pu lied out of the color 
signals as in three-tube cameras. 
Incoming light is split up by a 
prism behind the fi eld lens. The 
prism beams part of the light onto 
the luminance tube; the remainder 
is split into red , green and blue 
components by dichroic surfaces 
on the prism and each component 
is transmitted to the associated 
tube. For monochrome operations , 
the prism can be set so all the light 
passes to the luminance tube. 

more, the tubes used in 
the camera are Plumbicons, notable 
for their ability to work with rela­
tively little light. With an iris aper-
ture of fl 4, good color images can 
be picked up at light levels down 
to 30 foot-candles . This is well be-

Th in-film circu its produced by Marconi Co., Ltd ., of England 
are key to high stability of the company's new color-tv camera. 

low the acceptable level for image­
orthicon tubes. 

The Plumbicon tube was devel­
oped by Philips Clocilampenfa­
brieken N.\'. of the ;'\Jetherlands . 
It uses a photoconductive layer of 
lead monoxide instead of the anti­
mony sulfide or selenium normally 
found in a vidicon tube. The North 
American Philips Co., an affiliate, 
was first on th e market with a 
camera using Plumbicons, and 
Radio Corp. of America has a four­
tubc camera [Elech·onics , April 5, 
1965, p. 29] ; but Marconi is the 
first to combine a four-tube camera 
and Plurnbicons. 

Inside job. In its design studies 
for the "hands off" color-tv camera, 
Marconi found it would need re­
sistors and capacitors with tem­
perature coefficients in the order of 
15 parts per mi ll ion per degree 
centigrade to obtain high enough 
camera stabi lity. Thin-film compo­
nents were the answer. But in a 
shopping tour around British com­
ponents makers, Marconi turned up 
no one who could meet its tight 
specifications in production quan­
tities. So Marconi makes its own. 

The company developed a once­
through process to turn out the 

eight different types of thin-film 
circuit modules used in the camera. 
The circuits are built up three at 
a time in five stages of deposition 
without breaking the vacuum. This 
rules out contamination during 
fabrication and largely because of 
this , Marconi gets yields b etter 
than 70% . 

The process starts with a chem­
ical cleaning of the glass substrate, 
fo llowed by ionic cleaning undl'r 
vacuum. Then nichrome resistor 
patterns are deposited on the sub­
strate through masks carried a 
turre t. After this stage, the turret 
moves a new mask over th e sub­
stra tes and nichrome gold connec­
tions are put clown. 

After the resistors come the ca­
pacitors. First aluminum is de­
posited to form the lower elec­
trodes. A silicon oxide deposi t 
fo llows; it forms the capacitor di­
electric and at the same time gives 
the resistors a protective covering. 
Then the upper capacitor ekc­
trodes are deposited. Finally, the 
whole thin-film ci rcuit is covered 
with a protective layer before the 
vacuum is released. 

The circuits are made into mod­
ules by adding active components 
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and then potting the units. 
Using this once-through process, 

Marconi turns out resistors with 
values from 50 ohms to 50 kilohms. 
Range for capacitors is 10 pico­
farads to 0.01 microfarad. Both re­
sis tance and capacitor values are 
monitored during depositing, which 
stops when the right value is 
reached. The tolerances on value 
run around 5%, bu t 2.5% is pos­
sible for key components. Above 
all, temperature coefficients are 
w ell within the 15 ppm/C 0 Mar­
coni needs for camera stability. 

Color them happy 
Television se t and component mak­
ers dropped their traditional British 
reserve this month after Pos tmaster 
General Anthony W edgewood Benn 
set a la te-1967 date for starting 
color television broadcasts in Great 
Britain. The industry, its black and 
white market sa turated, waxed 
jubilant even though the date is 
more than 18 months olf and live 
color programing at the outset 
will be a scant four hours a week. 
Said one executive, " It's the £rst 
bit of reasonable news the indus­
try has had for a year." 

According to government esti­
mates, the number of color sets in 
operation at the end of the £rst 
two years of broadcas ting should 
run close to 150,000. Over the £rst 
four years , the market es timate is 
a total of $280 million. The sets 
will cos t about $700 each initially. 

As expected, vVedgewood Benn 
confirmed that Britain planned to 
adopt the PAL sys tem and a 625-
line standard for its color broad­
casts. PAL is a W est German de­
velopment, an offshoot of the a­
tional Television Standards Com­
mittee (NTSC) system used for 
color broadcasting in the United 

tates and Japan . 
There is , however, one slight 

s tring attached to the British deci­
sion to go ahead with PAL. The 
In ternational Radio Consulative 
Committee (CCIR) will meet next 
June in Oslo in a last try for an 
agreement on a common color-tv 
system for Europe. Along with 
PAL, the other seriou s contender 
is the French Secam sys tem. 
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With Britain and West Germany 
solidly in the PAL camp and the 
French-backed by the Eastern 
bloc countries-holding out stead­
fastly for Secam, a deadlock seems 
inevitable. If Secam, contrary to 
expectations, does get the nod, 
Britain of course would use that 
sys tem. 

This slight hitch doesn't particu­
larly trouble the industry. The £rm 
decision to start color broadcasts 
already has caused tub and re­
ceiver makers to revise their plans. 

Mullarcl Ltd., for example, has 
had a pilot shadow mask tube pro­
duction line for some time. But 
earlier this year the company 
turn ed clown a $5.6 million order 
from U. S. set makers for color 
tubes. vVith no home market to 
count on at the time, Mu llard 
couldn ' t see its way clear to a ma­
jor inves tment in a production 
plant. \Vith color tv now around 
the corner in Britain, the company 
is moving ahead with plans for 
production capacity of 100,000 
tu hes a year. 

West Germany 

Place in space 

Th e Apollo project to put a man on 
the moon by the encl of the decade 
may turn out to be a boon for the 
fl edglin g \Ves t German aerospace 
industry. Becau se of heavy spend­
ing for Apollo, the Nat ional Aero­
nautics and Space Admini stration 
has less funds for other programs. 
To stre tch them out, NASA is en­
couraging jointly finan ced space 
efforts w ith European countries 
and the industry sees a strong pos­
sibility of United States-German 
deep-space missions. 

Already the \Ves t Germans have 
singled out what might be their 
place in deep space-probes at 
Jupiter. In fact, prelimin ary work 
on Jupiter probes finan ced by the 
mini stry for scientific research has 
b een completed. 

Boelkow GmbH of Munich 
checked into three types of probes 
ranging from 770 pounds to several 

tons. Along with calculations on 
flying time and the By-by program 
near the planet, Boelkow assessed 
the requirements for power sup­
plies and control sys tems a well as 
radio com munica tion and data 
transmission sys tems. 

The company hopes that with 
U.S. help a German-built probe 
could be laun ched by 1973. Accord­
ing to the Boelkow timetable, Bight 
analysis and spacecraft des ign 
wou ld take abou t two year . Devel­
opment work could begin in 1968. 

Another cand idate for Jupiter 
probes is Development Group 

orth , a joint venture of Verinigte 
Flugtechnische W erke GmbH and 
Hamburger Flugzeugbau GmbH. 
The group wants to develop a 
1,430-pound probe with a scientinc 
payload of 220 pounds. The experi­
ment package for a fly-by mission 
would in clude a television camera. 
Flight time along a 720-billion-mile 
path would be about 850 days. 

Satellite first. If a Jupiter project 
jells, it will be the second joint 
space effort by the U. S. and W est 
Germany. F or the next peak period 
of solar Bare activity in 1968 the 
Germans have scheduled a launch­
ing of a small scientinc satelli te 
wi th a NASA Scout Boos ter at the 

. S. Air Force \Vestern Tes t 
Range. 

Boelkow looks like the leadin g 
con tender for the prime contract, 
but much of the work will b e 
farm ed out to other companies to 
spread space know-how as widely 
as possible throu gh th e indus try. 

Boelkow's latest version of the 
sa tellite, the 625-Al, calls for a 
lighter overall weight and payload 
th an the £rst des ign [Electronics, 
Mar. 22, 1965, p. 185] although 
the miss ion remain s the same­
measure con centration and energy 
spectra of protons and elec trons 
within the earth's inner radiation 
belts. Th e 625-Al design specines 
a 132-pound vehicl e 30 in ches in 
diameter and 46 inches high . Its 
scientinc payload would weigh 
26.4 pounds . 

Th e satellite would have two 
transmitters , one for trackin g and 
direct data transmission , the other 
for transmittin g stored data. Data 
Bow would b e 40 bits per second. 
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Japan 

Making waves 

In their bid for world leadership 
in solid state microwave hardware, 
the Japanese have diodes as 
trumps. Already E saki diodes and 
Kita diodes are at work in Japan's 
microwave link network-the den­
sest anywhere. Now the Mizuno 
diode [Electronics, F eb. 21, 1966, 
p. 25] seems likely to strengthen 
the Japanese hand in years to come. 

The diode, made of germanium, 
genera tes millimeter waves when 
biased in the reverse-breakdown 
region. In experiments so far , it has 
been operated in a pulsed mode at 
frequencies up to 90 gigacycles, 
with outputs close to 10 milliwatts 
in the 10 to 20 Ge range. Key to the 
oscillation is a highly doped pn 
junction with impurity concentra­
tion well above the 1015 atoms per 
cubic centimeter found in commer­
cial german ium diodes. 

The mechanism by which it os­
cillates has yet to b e full y ex­
plained, but the new diode can't be 
classed as a lucky accident. Hir­
oyuki ~1izuno , who spearheaded 
th e development, believed that a 
millimeter-wave oscillator could be 
obtained with a semiconductor 
equivalent of a klystron, where 
high -frequency operation is made 
possible through velocity modula­
tion of the electron stream. Mizuno 
leads a research group working in 
the laboratories of the Matsushita 
E lectronics Corp. Matsushita is a 
joint venture of Matsush ita Elec­
tric Industrial Co. of Japan and 
Philips Gloeilampenfabrieken N.V. 
of the etherlands. 

But Mizuno reasoned it couldn't 
be done with a transistor. Interac­
tion between the semiconductor 
lattice and the current carriers is 
far greater than the interaction 
among the carriers th emselves in 
a transistor. For velocity modula­
tion effects , hot electrons are neces­
sary; their temperature, or speed, 
is high enough for carrier-carrier 
interaction to predominate over 
carrier-lattice interaction. 

Hot carriers. In the Mizuno di­
ode, the highly doped pn junotion 
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injects hot carriers into the bulk 
semiconductor, where they interact. 
When an input pulse biases the di­
ode, the carriers tunnel and the di­
ode breaks down , triggering the 
oscillation. The output pulse lags 
the input pulse by about one mi­
crosecond. For the higher frequen­
cies Mizuno has obtained, break­
down voltage was well below 20 
volts , the level where avalanche 
breakdown begins. In avalanche 
breakdown , the current carriers col-

Hiroyuki Mizuno leads research grou p 
that developed a millimet er-wave 
germanium d iode. 

lide with lattice elec trons and the 
ioniza tion that rcsu I ts multiplies 
the number of carriers. 

Mizuno' s tunneling germanium 
diode differs in two major res pects 
from Bell Telephon e Laboratories' 
microwave diode [Elec tronics, Nov. 
1, 1965, p. 24]. Bell 's is silicon and 
it operates by avalance breakdown . 

These differences, Mizuno thinks , 
may give his diode the edge over 
silicon microwave diodes. Th eoreti­
cally, tunneling is less noisy than 
avalanche breakdown so the s ig­
nal-to-noise ratio should be in­
herently higher. Based on experi ­
ence with transistors, the german­
ium diodes probably can be pushed 
to higher frequencies than s ilicon 
diodes. The 90-Gc top frequency 
recorded by Mizuno's group was 
the upper limit of its tes t gear 
and not necessarily the diode's . 
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But with germanium there is a 
major obstacle-heat dissipation­
to overcome before Mizuno's group 
can achieve continuous wave oscil­
lation. Silicon has better heat con­
ductivity and this makes heat dis­
sipation eas ier. The Nippon Elec­
tric Co., another entrant in the 
interna tional race to develop a 
commercial solid sta te oscilla tor , 
already has solved a hea t-removal 
problem with a special cartridge 
mount for its gallium-arsenide 
Gunn-effect oscillator [Electronics, 
Nov. 1, 1965, p. 157]. 

Soviet Union 

Touch of Venus 

Soviet scientists st ill haven't writ­
ten off Venus 2, the spacecraft that 
went dead last month as it sped 
past its namesake planet at a dis­
tance of 15,000 miles. 
Although they haven' t revealed 

how, the Russians say they hope to 
get Venus 2 back on the air again. 
They want to retrieve close-up tele­
vision pictures and scientific data 
stored on board. 

So far , no one has managed to 
revive a blacked-out interplanetary 
spacecraft. If the Soviets can turn 
the trick, th ey'll have another im­
press ive Rrst in space electronics, 
especially if they "repair" Venus 
2 by bypassing a faulty com mand 
circuit. The American Telephone 
and Telegraph Co. did this with its 
Telstar 1 communications satelJite, 
but with Venus 2 the difference in 
distance vvould be as tronomica l. 

Like its sister spacecraft, Venus 
3, Venus 2 stopped transmitting as 
it entered Venus' atmosphere. Just 
before it went silent, tempera ture 
started to rise well above pred icted 
levels. Then when the command 
signal to switch to automatic re­
search regime was sent, the ship 
didn't acknowledge. But the Soviets 
assume that the command signal 
reached the spacecraft. 

Probing. The main experiment in 
Venus 2 was designed to obtain 
close-up tv pictures of the planet. 
The camera was paired with a 
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special transmitter operating at 
centimeter wavelength. Venus 3, 
the probe that steered right onto 
the planet, also had an experiment 
package. Its purpose was to take 
readings like temperature and den­
si ty on Venus' atmosphere. This 
package was a 36-inch sphere de­
signed for ejection from the space­
craft. Russian space offi cials say it 
had a parachute and a thermal 
shield. 

·with the tv pictures and th e 
atmospheric data, the Soviets 
hoped to unravel part of the mys­
tery surrounding the high tem­
peratures of Venus. They have a 
hunch the surface is cons iderably 
cooler than th e 800°F recorded by 
Mariner 2 as it passed by th e planet 
at a distance of 22,000 miles. 
Marin er, they believe, picked up 
th e temperature of the outer region 
of the atmosphere. 

Along with the planet experi ­
ments, the t"vo Ru ssian Venu s 
probes measured interplanetary 
magnetic fi elds and cosmic radia­
tion as they sped through space. 

Super steering. Many U. S. 
spacecraft can perform the same 
sort of experiments, but they've 
never been steered wi th the same 
precision that put Venus 3 down 
on the planet about 300 miles from 
its planned impact point. The land­
ing's timing was just 4 minutes off 
schedule. Timing was important 
b ecause the Soviets wanted to have 
th eir ground stations facin g the 
planet when the probe hit. 

Touchies t phase of the inflight 
s teering was the midcourse correc­
tion that pu t Venu s 3 on target. 
Unlike Venus 2, which moved out 
of its parking orbit headed for the 
near-miss the Ru ssians aimed at, 
Venus 3 was on a course that would 
have missed by 40,000 miles. To 
put it back on target, a trajectory 
change accurate to a few minutes 
of arc was made. 

Venus 3 locked on the star Cano­
pus for the correction maneuver. 
Speed and distance data developed 
by an onboard Doppler-effect 
transceiver was fed to several 
ground computing centers that cal­
culated th e angle for the correction 
jets and the required thru st. Soviet 
ground sta tions held 16 radio com-
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munications sessions-out of a 
total of 31 with Venus 3-to pick 
up the data needed to plan the cor­
rection maneuver. More than 1,300 
reading of distance, 5,000 of speed, 
and 7,000 of angle-to-earth were 
taken before the signal to start the 
correction was sent. 

Pointed. The spacecraft teleme­
tered these and other data to the 
ground sta tions through a highly 
directional parabolic antenna that 
transmitted at both decimeter and 
centimeter wavelengths. This an­
tenna locked onto the Earth only 
during data-sending sessions. To 
aim it, the spacecraft swung 
around its sun axis on command 
from a ground sta tion . For the 
swing, the orientation system over­
rode the solar lock that kept the 
solar-cell panels pointed toward 
the sun except when the spacecraft 
transm itted data. 

A semidirectional receiving an­
tenna picked up command signals. 
H owever, this antenna was de­
signed as a backup transmitting 
antenna for decimeter wavelengths. 
The id ea was to keep the space­
craft on the air if the orientation 
sys tem fai led and the parabolic 
antenna thus couldn' t be aimed at 
the earth. The Ru ssians may be 
cou nting on the backup antenna as 
th ey attempt to reactivate Venu s 2. 

Belgium 

Long haul 
Toward the end of the year, b arges 
plying the canal between Brussels 
and Charleroi will start getting a 
strange lift. In stead of passing 
through a series of locks, they'll 
ride in tanks hauled along an in­
clined plane nearly a mile long. 
The vertical lift is 220 feet. 

The hand at the throttle of the 
tanks, so to speak, will be an elec­
tronic con trol system designed by 
Ateliers de Constructions Elec­
triqu es de Charleroi . ACEC engi ­
neers say it was one of the trickiest 
jobs they've yet handled. 

At first glance the problem looks 
simple, not much more than an 

elevator drive system-cables, a 
powered drum and counterweight 
-tilted over on its sides. Trouble 
is, the massive loads of the 6,000-
ton tanks and the 5700-ton counter­
weights make the cables act like 
springs. 

No dawdling. Tanks, counter­
weights and cables form an oscil­
lating sys tem that can develop 
cable-snapping forces if accelera­
tion isn't closely controlled. At the 
same time, the tanks can 't dawdle 
at startup since the operating 
schedule calls for them to acceler­
ate from zero to a constant running 
speed of 3.9 fee t per second in 2112 
minutes . 

ACEC's sys tem automatically 
control s the speed characteristic of 
the six 170-horsepower motor-gen­
erator sets that drive each tank. 
The key signal is developed in a 
special two-stage slope generator. 
It consis ts essentially of two tran· 
sis tor amplifier modules originally 
designed for an ACEC analog com­
puter. The two amplifiers are ar­
ranged as integrators and con­
nected in series. 

The first amplifier produces a 
trapezoidal waveform that imposes 
an acceleration limit on the over­
all speed control sys tem. To obtain 
the required accuracy, the refer­
ence voltage used for the integra­
tion is stabilized to ± 0.l %. 

Output of the first stage is not 
applied directly to the regulation 
circuits . In stead, the trapezoidal 
waveform is integrated in the sec­
ond stage of the slope generator to 
obtain a voltage analog of the 
speed characteris ti c. This signal is 
applied to the regulation circuits 
where it is compared to the output 
of a tachometer to obtain a com­
mon control signal for the six 
motor-generator sets. 

Because the two-s tage slope gen­
erator is so crucial to the speed 
control sys tem, ACEC designed the 
sys tem with three of them in par­
allel. Outputs of all three are com­
pared in a resistance network. If 
the slope generator switched onto 
the regulation circuits deviates 
from the average more than the 
other two, it is cu t out automat­
ically and the outpu t of one of the 
other two is applied. 
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Ci rcle 246 on reader service card 

....... 
MicroSystem is a new, simpli· 
tied method of interconnecting 
flat pack integrated circuits in 
"sticks," each containing as 
many as 10 l.C. flat packs with 
standard, multilayer, intercon· 
necting matrices. 

EECoLogi 

....... 
Complete hardware for EECo· 
Logic consists of: swing-out 
card files, card drawers, power 
supplies and all necessary 
accessories. 

~mmoo un request. 

ENGINEERED ELECTRONICS Company 
l441 E.ast Chestnut Avenue, Santa Ana, Call!. 92702 

Phone: (714) 547-5651 TWX: 714-531-5522 
Cable ENGELEX 

Circle 225 on reader service card 225 



More Motorola mishmash, 
continued from page 172 

¢. Q 

~ ~ 
~ ~ 
~v . ~ 

Y/ :tHJ, 01~\ 1>.~ 
(and leave on your beard) 

This eems to be our month for 
pu hing Motorola's integrated cir­
cuitry capabilities. Don't be offen­
ded. If you could apply I/C like 
we do. you'd brag too. And if you 
can. our employment office ha 
a ured us you won't have to shave 
off vour beard or even take a Ror-
ch;ch. Anyway. now we want to 

speak of RIC. or Radar Interceptor 
Calculator for the Rome Air De­
velopment Center. What's so 
elegant (to use PhD talk) about 
RIC is that it uses 3.000 integrated 
circuits to do the work of 12.000 
conventional circuits. Unless you 
happen to be in the conventional 
circuit biz, you'd have to admit 
thi i great. The calculator works 
with a PPI scope to furnish a semi­
automatic target tracking and inter­
cept prediction capability. It's only 
~i cu. foot small. If we sold them 
by the pound we'd go broke. Write 
Chicago Center for details. 

Get off the dime! 
And send it to us: we can use the 
busine s. Matter of fact, if we get 
your business - you get your dime 
(the one you got off of) - back. 
You would make our marketing­
type people very happy if you 
would write for some of the beau­
tiful brochures they produce. They 
cover everything we've pitched on 
these pages. not to mention digital 
and microwave communications, 
command receivers and so forth. 

MOTOROLA 
M ilitary Electronlcs Division 

CHICAGO CENTER 
1450 N. Cicero Ave .. Dept 2. Chicago. llhno1s 

WESTERN CENTER 
8201 E McDowell Rd .. Dept . 2, Scottsdale. Arizona 

226 Circle 226 on reader service card 
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Enginee,-ed Electronics 225 
Jansen Associates Inc. 

Erie Technological Products, Inc. 182, 183 
A ltman ·Hall Associates 

Esterl i ne Angus Instrument Co. Inc. 82 
Caldwell Larkin & Sidener Van Riper Inc. 

Eubanks Engineering Company 160 
Moore·Bergstrom Company 

• Fairc h i ld Contro l s 174 
Dunwoodie Associates Inc. 

• Fairchild Semiconducto r Corpora t ion 
12, 13, 136 

Faust / Day Inc. Advertis ing 
Fenwal Electronics 113 

Larcom Ran d all Advertising Inc. 
Fluke Mfg. Co. Inc. John 15 

B on fi eld Associates Inc. 

General Dynamic s Elec tronics, Fort 
Worth Division 130 
Glenn Adv . Inc . 

• General Electric Electron i c 
Components Division 131 
George R. Nelson Inc . 

General Electric Co. Silicone Products 
Dept. 108 
Ross Roy Inc. Advertising 

General Radi o Company 2nd Cover 
K . E. Morang Company 

Granger Associates 8 
West Associa tes 

Graphic Systems Inc. 196 
Caswell Advertising Agency 

Heinemann Electric Company 154 
Th o m as R. Su ndheim Incorpora ted 

• Hewlett Packard l , 2, 47 
l ennen & N ew ell Inc . 

• Hewlett Packard, Moseley Division 61 
Len nen & Newell Inc. 

•Hughes Aircraft Company 8 1 
Foot e, Cone & Be ld ing Inc 

Hurst Mfg. Corporation 186 
H athaw ay and Associates Inc. 

Hysol Corporation 1 76 
B a rber & D rul la rd I nc. 

Industrial Electronic Engineers Inc. 225 
Gu mper tz, Bent ley & Dola n Advertising 

Indiana General Corporation 135 
The Griswold & Eshlem an Com pany 

Indium Corporation 196 
Darvoe, B reck & M acFar la n d Inc. 

• For more information on complete product 
line see advertisement in the latest Elec­
tronics Buyers' Guide. 

O Advertiser i n Overseas Edition 
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Electronics advertisers 

IBM Corporation 
Benton Bowles Inc. 

Interstate Electronics Corporation 
H ixson & J ergen sen Inc. 

Jerro ld Electronics Corporation 
Lescarboura Advertisi ng Inc. 

Kay Electric Company 
Josephson , Cuffari & Company 

Lapp Insulator Company Inc. 
Wolff Associates Inc. 

Ledex Inc. 
Yeck and Yeck 

Ledex Inc. Bramco Control Division 
Yeck & Yec k 

LFE 
H epler & G ib ney Inc. 

Lockheed California Co. 
McCann·Erickson Inc. 

Lockheed Missiles & Space Co. 
McCann-Erickson Inc. 

Machlett L aboratories Inc. 
Fuller & Smith & Ross Inc. 

164 

147 

14 

58 

203 

184 

46 

191 

126 

162 

9 

• Magnetics Inc. 45 
Lando Advert is ing Inc. 

Magnetics Metals Company 148 
Joh n B . Ferguso n Jr. Advert ising 

M a llory & Company Inc. P.R. 73, 76, 77 
A itkin -Kynett Company Inc. 

Marconi Instrument Ltd. 80 
Armand Ric hard s Ad vertising Agency 

Markel & Sons, L. Frank 186 
George M oll Advertisi ng Inc . 

Maryland Telecommunication 
Incorporated 168 
Raymond E. Finn Adve r tis ing 

Mathatronics Inc. 188 
Kalb & Schneider Inc. 

Matthews Research Inc. 192 
Com pton Jones Assoc ia t es 

McCoy Electronics Company 48 
B uchen Advertising Inc. 

McGraw Hill Book Company 128 
Mepco Inc. 180 

Ray Ell is Ad vertising Corporation 
Micro Instrument Company 205 

Bon field Assoc ia t es Inc . 
M i nnesota Mining & Mfg. Company, 

Scotchpar Electrica l 209 
Klau -Van Pietersom-Dunlap Inc. 

Motorola Inc. 158, 172, 226 
Cha rl es Bow es Advertis ing Inc. 

Mullard Ltd. 55 
Rol es & Pa rker Ltd. 

N ational Company 66 
J. J . Joslin Advertis ing 

N avigation Computer Corporation 175 
Industria l Publ ic Rel at ions Inc. 

N ew England Instrument Company 173 
Impact Advertising 

North Atlantic Industries Inc. 146 
Murray Heyert Ad vertising 

Norton Company 160 
J. J. Coppo Company 

Nytronics Inc. 207 
The Stukalin Ad vertising A gency Inc . 

Phelps Dodge Electronic Products 
Cor p . 197 
Smith, Dorian & Burman Inc. 
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Philco Corporation, Lansdale Div. 36 
Batten, Ba rton , Durst i ne & Osborn Inc. 

Philco Corporation, Sierra Div. 166 
H al La wrence Incorporated 

O Plessey 
Potter Instrument Company 

M ichel Cather Inc . 
Precision Instrument Company 

H a l Lawrence Incorporated 
Radiation Inc. 

Basford Incorpora t ed 
Radio Switch Corporation 

Oas 2 & 3 
49 

165 

199 

196 
George Homer M a rt in Associa t es 

Radio Corporation of America 4th Cover 
Al Paul Left on Compa ny 

Raytheon Company 
Fuller & Sm it h & Ross Inc . 

RCL Electronics Inc. 
M orvay Adverti sing Agency 

Reeves Instrument Corp. 
Duncan Brooks Inc. 

• O Ribet -DesJardins 
RHG Electronics L a b . 

S. M . Sachs & A ssociates Inc. 

74. 75 

194 

177 

OAS 7 
175 

Sangamo Electric Company 68 
Winius-Bra ndon Company 

Secon Metals Corporation 204 
Walte r J . Zimm erman Associates Inc. 

Semimetals Inc. 21 9 
Duncan Brooks Inc. 

Shamrock Va n Lines Inc. 
West ern B rands Inc. 

S-1 Electronics 
H ea ly Advertising Agency 

Sigma Instruments Inc. 
Th e M arsch alk Company Inc. 

Signetics Corporation 
Cunningha m & Walsh Inc. 

O Siliconix 
Phd M ac tagart Ad v . 

Sinclair Radio Laboratories Inc. 
John E. Hayes Compa ny Inc. 

20 1 

21 0 

19 , 20 

51 t o 54 

OAS 5 

187 

Solitron Devices Inc. 50 
H asel mire Pea rson Ad vertising 

Sorensen A Unit of Raytheon Company 11 
J am es Ad vertising Inc. 

D Souriau & Cie OAS 6 
Ari ane Publicite 

Spectral Dynamics Corporation 63 
Teawell Inc . Advertisi ng 

Spectral Electronics Corporation 17 
Jones, Maher , Roberts Adv. 

Speer Carbon Company 43 
H aza rd Advertis ing Compa ny Inc. 

Sprague Electric Company 5, 10, 16 
H a rry P. Bridge Com pa ny 

Stackpole Carbon Company 62 
M ee k and Thomas Inc. 

Sylvania Electric Products Inc. 27 to 34 
Tatham-Laird & Kudner Inc. 

Synthane Corporation 200 
A rnd t Prest on Cha p in Lam b & Keen Inc. 

TRW Electronics 
Fuller & Smith & Ross Inc. 

Ta lly Corporation 
Bonfield Associates Inc. 

Taylor Corporation 
Gray & Rogers Inc. 

•Tektronix Inc. 
H ugh Dwight Ad v. Inc. 

Texas Instruments Incorporated 
Semiconductor Divisi o n 
Don L. Baxte r Inc . 

170 

169 

185 

20, 2 1 

167 

Thermal American Fused Qua rtz Co. Inc. 44 
Kniep Associates Inc . 

Tobe Deutschmann Laboratories 
Eng i neered Adverti sing 

Transformer Electronics Company 
Dacey, Wo l ff Associates Inc. 

Ultra Carbon Corporation 
Churc h a nd Guisewite Ad vertisi ng 

Union Carbide Corporation Linde 
Division 
J . M . M a thes Incorporation 

Unitrode Corporation 
Elect ronic M arketing Assistance 

United Aircraft Corporation, 
Vector Division 
Cunningham & Wa lsh Inc . 

Victoreen Instrument Company 
Pa lm & Patterson Inc. 

Vitra mon 
T ed Somm ers Inc. 

202 

7 

152 
Inc . 

1 25 

41 

133 

178 

193 

Wakefield Engineering Inc. 207 
Sales Promotion Services 

Wanlass Electric Company 114 
Le land Ol iver Company Inc. 

Whi te Company, S. S. 195 
W. L. Towne Company Inc. 

Winston Research Corporation 156 
Jord a n Farrell Adv. 

Wisco Division, The Electric Storage 
B attery Co. 207 
E. L. Speer Advertising Agency 

Classified advertising 
F. J . Eberle, Business M g r . 

EMPLOYMENT OPPORTUNITIES 
Equipment 

(U sed or Surplu s N ew) 
For Sa le 

ADVERTISERS INDEX 

213-218 

2 17 

Boston Technical Consulta nts Inc. 21 7 
Department of the Navy 

U.S. Navy Bureau of Sh i ps 2 17 
Fishma n Co., P. 21 7 
Genera l Dynamics 

Electronics Di vision 
Gen er a l Dynamics 

Genera l Atomic Division 
Ge nera l Electric Co. 
Geotechnica l Corp. 

215 

213 
2 16 
2 18 

Kaiser Engineers 21 4 
Monmouth Electric Co., Inc. 217 
Radio Rese arch Instrument Co. 21 7 
Semiconductor Sales of Ca lif. 217 
U.S. Navy 

N avy Overseas Employment Office 218 

• For more i nformation on complete product 
line see a dvertisement in the latest Elec­
tronics Buyers' Guide 

O Advertisers in Overseas Edition 

Execut ive, editor ial, circulation anct advertising offices: McG ra~·Hill Building, 330 West 42nd Street, New York , N.Y .• 10036. Telephone (2 12) 971-3333. Telety pe TWX N.'(. 2_12 
640-4646. Cable: McGrawh1ll. N.Y. Officers o f the McGraw-Hill Publications: Joseph H. All en, President; Vice Presidents: J. El ton Tuohig, Operations; John R. Ca llaham, Editorial; 
Ervin E. OeGraff, Circulation; Donald C. M cGraw, Jr .• Advertisin g Sales; An~elo R. Venez1an, Marketing. Officers of the Corpo ration: Donald C. McGraw, Chai rman of the Boa rd ; 
Shelton Fisher, President ; L. Keith Goodrich, Hugh J . Kelly and Robert E. Slaughte r , Executive Vice Presidents; John J . Cooke, Vice President and Secretary; John L. McGraw, 
Tr~asurer. Title R registered U.S. Paten t Office; © copyright 1966 by McGraw-Hill, Inc. All rights reserved, including the right to rep rod uce the contents of th is publication , in whole 
or m part. 
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Rolled Metal 
Ribbon & Sirius 

228 

(THINK OF CROSS FIRST) 

MAJOR 
MICROWAVE 

MANUFACTURERS 
DO! 

Top manufacturers like Microwave 
Associates , Watk ins-Johnson, Varian 
Associates and Raytheon use 
CROSS -rolled ribbons for their most 
f inicky chores . That 's because CROSS 
rolls molybdenum and tungsten down 
to tolerances of ± .0001. CROSS is 
the only company to do so on a pro­
duction basis. 

CROSS rolls tantalum , columbium , 
zirconium, rhenium moly, titanium , 
vanadium , copper, n ickel , alloys and 
standard metals . CROSS will roll 
str ips to precise order, meet any 
demand for precision metals . 

There 's a good reason why top com­
panies think of CROSS first-because 
if CROSS does it - it 's right the first 
time! Join the top manufacturers 
who ' ve found out how perfectly 
CROSS meets your most exacting 
metal requirements. 

Phone or write today. 

H. CROSS CO. 
363 Park Ave. 

Weehawken, N. J. 
201-UNion 3-1134 

Circle 228 on reader service card 

Advertising sales staff 
Gordon Jones [212) 971-2210 
Advertising sales manager 

Atlanta, Ga. 30309: Gus H. Krimsier, 
Michael H . M iller, 1375 Peachtree St. N .E., 
[404] TR 5-0523 

Boston, Mass. 02116: William S. Hodgkinson 
McGraw-H ill Bu ilding, Copley Square, 
[617] co 2-1160 

Chicago, Ill. 60611: Robert M. Denmead, 
J. Bradley MacKimm 
645 North Michigan Avenue, 
[312] MO 4-5800 

Cleveland, Ohio 44113: Paul T. Fegley, 55 
Public Square, [216] SU 1-7000 

Dallas, Texas 75201: Richard P. Poole. The 
Vaughn Building, 1712 Commerce Street, 
[2 14] RI 7-9721 

Denver, Colo. 80202: Joseph C. Page, David 
M. Watson, Tower Bldg ., 1700 Broadway, 
[303] 255-5484 

Detroit, Michigan 48226: Paul T. Fegley 
856 Penobscot Building 
[313] 962-1793 

Houston, Texas 77002: Kenneth George, 
2270 Humble Bldg ., 
[713] CA 4-8381 

Los Angeles, Calif. 90017: Ian C. Hill , 
John G. Zisch, 1125 W. 6th St., 
[213] HU 2-5450 

M inneapolis, Minn. 55402: J . Bradley 
MacKimm 1104 Northstar Center 
(6 12) 332-7425 

New York, N . Y. 10036: 
Donald R. Furth [212] 971 -3615 
Frank LeBeau [212] 971 -3615 
George F. Werner [212] 971 -3615 
500 Fifth Avenue 

Phlladelphla, Pa. 19103: William J. Boyle, 
Warren H . Gardner, 6 Penn Center Plaza, 
[215] LO 8-6161 

Pittsburgh, Pa. 15222: Paul T. Fegley, 
4 Gateway Center, (412) 391 -1314 

Portland, Ore. 97204: James T. Hau ptl i, 
Pacific Build ing, Yamhill Street, 
(503) CA3-5 ll 8 

St. Louis, Mo. 63105: Robert M . Denmead 
The Clayton Tower, 7751 Carondelet Ave . 
[314] PA5-7285 

San Francisco, Calif. 94111: 
James T. Hauptli , 255 Cal i forn ia Street, 
[415] DO 2-4600 

London Wl : John W. Patten, Edwin S. 
Murphy Jr., 34 Dover Street, 
Hyde Park 1451 

Miian: 1, via 
Baracch ini Phone: 86-90-617 
86-90-656 

Frankfurt/Main: Gerd Hinske, Joseph 
Wuensch , 85 Westendstrasse 
Phone: 77 26 65 and 77 30 59 

Geneva : M ichael R. Zeyne, 
l, rue du Temple 
Phone: 31 95 60 

Paris VIII: Den is Jacob, 17 Avenue 
Matignon ALMA-0452 

Tokyo: Nobuyuki Sato, 1, Kotoh iracho 
Shi ba, Minato-Ku (502) 0656 

Osaka: Ryosi Kobayash i, 163, Umegee-cho, 
Kilta -ku [362] 8771 

Hugh J. Quinn: [212] 971 -2335 
Manager Electronics Buyers' Guide 

David M. Tempest: [212] 971 -3 139 
Promotion manager 

Milton Drake: [212] 971 -3485 
Market research manager 

Wallace C. Carmichael [212] 971-3191 
Business manager 

Stephen R. Weiss [212] 971 -2044 
Production manager 

MINIATURE CLIP 

~~k~ "~~~s~~,, (1\ 
Connections \_jl) 
Make test connecti ans never before 
possible with world's smallest con-
nector . . . actually reach 13/s" 
through -iii " hole . reach V• " 
through .080 slot. Insures positive 
hook-up ... won ' t jump off . Fully 
insulated t o prevent shorting out. 
Ideal for printed circuits , transis­
tor sets, CB transceivers , com­
puter units , and for temporary 
muscle and nerve connections in 
(Heart) surgery. 
No. XlOO E-Z-M ini-HOOK " Q" Ball Cl ip only, 49c 
... No. AX -1 Test Lead (. 080 t ip), B9c ea . No. 
BX -1 Lead (banana tip) 94< ea. 

Unique Design 

HARNESS 
BOARD CLIP 1 

Saves on board con­
struction . Saves on 
cable assembly . . . 
increases production , 
improves quality. 

Write for reprint telling how 
a firm estimates savings at 
$20 ,000 annually with this 
clip. Only 14<' each in 250 
quantity. 
Both i t ems cataloged in EEM Radio 
Master , VSMF. Satisfaction guaran­
teed . Order from distributor or direct. 
No. 81-1 E-Z-HOOK " Nai l " Clip 

CUse T-20 Tooll 24C ea. - 10 for 1.98 
No. K8150T-l " Nai l " Cl ip Ki t 

(50 Clips Tool & Instr.) Wt. 2 oz. - ea. B.95 
No. T-20 E-Z-HOOK " Nai l " Cli p Driving Too l 

Wt. i , oz. - ea. .35 

E-Z-HOOK® 
BOX 105, COVINGTON, KY. 41012 

Circle 230 on reader service card 

Reprint order form 

Send to: Electronics Reprint Dept. 
330 West 42nd Street 
New York, N. Y. 10036 

For listing of reprints available 
the reader service card . 

To help expedite mailing of your 
repr ints please send cash, check or 
money order with your order. 

For reprints of the latest special 
report: 

U. S. Electronics Markets 1966 

see 

Send me reprints of key no 
R-85 at 50¢ each. 

For reprints of previous special 
reports fill in below: 

Send me 

no.(s) at 

reprints of key 

¢each . 

For prices see the reader service 
card. 

Name ..... . . . . . ..... .. .... . ... . . 

Number & Street . . .. .. ...... . ... . 

City, State 

Zip code 

' ' ' ' ' ' ' ' 

!:::::::::, 

' 
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