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CROSSTALK 

INTEGRATION. Electronic integrator circuits 
connote elaboration and complexity. They call 
to mind chopper stabilized amplifiers, expensive 
high tolerance components, and power supplies 
—perhaps with d-c heater voltages—almost as 
complex and costly through voltage stabiliza-
tion, as the integrator itself. 

There are other approaches to integration, 
electromechanical, for one. The ball and disk 
integrator operates without time being one of 
the independent variables. Or, for simplicity, 
there is the integrating motor. Speed varies 
linearly with voltage, hence total rotation is an 
integral function of input voltage. 
A relative newcomer to integration processes 

is the solion, an electrochemical cell. Electro-
chemical integrators have been used to measure 
the total ON time of a piece of equipment, but 
they usually give a readout by changing color 
with hours of use. 
On page 46 this week, J. W. Martin and J. R. 

Cox, of Texas Research and Development Corp., 
describe how to use a solion as a current inte-
grator. In Cox and Martin's circuit, the solion 
actually delivers an electrical signal that is a 
direct integral of the input. Adding amplifiers 
gives versatility and power comparable to con-
ventional integrators. In the photo above, the 
authors are seen checking out an integrator de-
veloped for a chromatograph. 

BREAKTHROUGHS. Many of today's logic 
circuits existed, at least in principle, years ago. 
Although the rapid development of semiconduc-
tor devices and circuits has added an infinite 
number of variations and combinations, it is 

difficult to find a new circuit that can't be 
traced back to a vacuum tube, saturable reactor 
or even relay origin. 

Eccles and Jordan developed their divide-by-
two circuit around 1919. In the late 1930's, the 
phantastron was invented. Its inventors thought 
the performance of this one-tube, free-running, 
waveform generator fantastic, hence the name. 
A little later, the British invented a time-base 
generator and called it the sanatron—their slang 
word for approval at the time was "sanitary." 

Solid-state technology was advanced a few 
notches in 1958 by Esaki's tunnel diode. Logic 
circuits employing the tunnel diode's negative 
resistance characteristics are competing now 
with transistor circuits. Yet several early vacuum 
tube circuits were based on the negative resist-
ance portion of certain tetrode characteristics. 

In recent years, amalgamation of semiconduc-
tor components with magnetic amplifiers and 
saturable reactors have provided controls that 
are sensitive and trustworthy. This week, on 
page 43, R. E. Morgan, of GE, reports on an 
unusual combination of a tunnel diode and satur-
able reactor which gives motor controls great 
flexibility. 

Conventionally, the semiconductor device 
might set the control current in a reactor's con-
trol winding. Morgan uses the control current 
to regulate the reactor's magnetic saturation. 
This, in turn, sets the frequency of the diode's 
relaxation oscillations. The upshot is a control 
circuit which can be used to adjust the speed 
of a three-phase motor over a 1,000:1 range. 

Corning in Our March 30 Issue 

BIG PULSER. Brookhaven National Laboratory is in 
the news for helping discover a missing nuclear 
particle, the anti-X-minus. The lab's basic equipment 
includes an alternating gradient synchrotron fed 
particles by a 3.5-Mev Van de Graaff generator. Next 
week, E. J. Rogers tells how its output is boosted 
with octupler power supply and 150-Kv pulser. 
Another article coming up is a report by M. H. 

Damon and F. J. Messina, of ITT Labs, on a dual-
head recording system that tapes 52 channels of 
wideband analog data with each channel 15 Kc wide. 
There will also be reports on a miniature counter 
using a diode array, a noise-free keying circuit, a 
new analog multiplier and overload protection. 
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WIREWOUND RESISTORS 
Sprague builds reliability ... ef-
ficiency .... economy right into 
minified Blue Jackets with these 
important features: 

*All-welded end-cap construc-
tion with special vitreous-en-
amel coating for total protec-
tion against humidity, mechan-
ical damage, heat, corrosion 
gives long-term dependability 
under severe environmental 
conditions 

*Available in resistance toler-
ances as close as ± 1% 

*Low in cost ... quick and easy 
to install 

Tiny axial-lead Blue Jackets are 
specially designed for use with 
conventional wiring or on print-
ed boards in miniature electron-
ic assemblies. Write for com-
plete technical data in Sprague 
Engineering Bulletin 7410B. 

SPRAGUE ELECTRIC COMPANY 
35 Marshall Struet, North Adorns, Mass. 

SPRAGU ° 
THE MARK OF RELIABILITY 

COMMENT 

Banana-Tube Color Television 

The publication of the interesting 
development in coloured television, 
known as the "banana tube," in the 
January 26 issue (p 44) does not 
pretend to deal with the historical 
development of the subject, but the 
impression is given that the use of 
electronic line scanning with me-
chanical frame scanning is a new 
and significant contribution. 
I thought, therefore, that stu-

dents of the subject would be inter-
ested to know that a similar system 
was proposed by me in 1937, and 
published in British patents speci-
fication number 508037, 1939, which 
although it does not use the same 
shape of cathode ray tube or rotat-
ing lens, was nevertheless designed 
with the same objectives. The sys-
tem also avoided the construction 
of two-dimensional display with col-
our selecting grids, and also pro-
vided for light from a wide area of 
phosphor to be collected and focuses 
to a narrow line, thus giving the 
colour reproducer a long life. 

C. N. SMYTH 
University College Hospital 

Medical School 
University of London, England 

Electromagnetic Retina 

I have read with great interest 
your series on bionics, particularly 
that portion relating to the me-
chanics of vision. The phrase "the 
photochemical action of the retina" 
appears in several places. There is 
no such animal as photochemical ac-
tion in the retina. The retina is 
purely electromagnetic in action. 
Each cone can be regarded as a 
X/4 stub with an associated recti-
fier and capacitor. These capacitors 
integrate a charge until it is picked 
off by the alpha rhythm acting as 
a scan waveform. Although the 
whole theoretical argument is far 
too long for discussion here, it re-
sults in an explanation of color vi-
sion that is: 

(a) compatible with Newton; 
(b) compatible with Land; 
(e) compatible with existing 

medical knowledge except that it 
does not postulate any magic photo-
chemicals. These always remind me 
of the exotic compounds mentioned 

in toothpaste ads. 
(d) and compatible in terms of 

physical size, bandwidth require-
ments, etc. 

Once this view of color vision is 
accepted, we have automatically 
solved 10,000 separate mysteries 
and replaced them by a single com-
mon process. We can answer such 
questions as why a grain of wheat 
will remain dormant for 2,000 years 
in Tutankhamen's tomb but yet will 
inevitably germinate if its moisture 
content is raised to 15 to 24 percent 
and the temperature is in the range 
60 to 90 degrees. 
We can account for the odd fact 

that small animals such as mice, 
to whom the gift of a 10 percent 
reduction in body temperature 
would be an invaluable boon, actu-
ally are required to operate at a 
temperature higher than larger ani-
mals. 

In fact, by accepting the simple 
statement made earlier, we have 
discovered the fundamental process 
by which all living cells perform 
their functions. 

A. J. REYNOLDS 
Babylon, New York 

The four-part bionics series ap-
peared on p 37, Feb. 9; p 40, Feb. 
16; p 41, Mar. 2; and p 60, Mar. 16 

Tone Transceivers 

I would like to comment on the 
article, Combined Oscillator-Ampli-
fier for Tone Transceivers, by R. C. 
Carter, in the issue of Feb. 2 (p 
44). I found the article quite in-
teresting. There are three correc-
tions that should be made, however. 

(1) The coefficient of s' in Eq. 
25 (p 46) is T.', since T. is defined 
as (LC)i. 

(2) Equation 27 should read 
T,T. = To°. There is no restriction 
on the magnitude of Q. 

(3) The ̂•-• in Eq. 32 should read 
=, and the expression "(for Q>5)" 
should be omitted. 
The only place where the magni-

tude of Q is involved is in consid-
erations such as Fig. 3, where a low 
Q shifts the peak from 1/T.. 

BARRY C. DUTCHER 
Huntington Station, New York 

Author Carter comments: "I 
goofed. Equation 25 does not fol-
low from Eq. 23. This makes Eq. 
32 exact rather than approximate." 
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SEE ARNOLD 
...SPECIALISTS IN 
MAGNETIC MATERIALS... 
AT THE IRE SHOW 
We'll welcome you at Booth 2316-
2320 at the Coliseum. Arnold sales 
and engineering representatives 
will be on hand to give you all 
possible assistance. 
Our exhibit this year fea-

tures Alnico VIII . . . high co-
ercive, high energy permanent 
magnet material, with guar-
anteed magnetic properties. 

Alnico VIII, with its excellent 
temperature coefficient, is recom-
mended for your special attention 
in microwave applications. It is 
particularly suited for use in trav-
eling wave tube focusing assem-

blies. It is also recommended for 
applications involving strong de-
magnetizing fields, or where the 
available space requires the use of 
a short magnet. We have a broad 
background of experience with 
Alnico VIII, and it's available 
from Arnold in production 
quantities. 

Other materials exhibited at the 
Arnold Booth will include Silec-
tron C, E and 0 cores; tape wound 
cores of Deltamax, Square Perm-
alloy, Supermendur and other 
high-permeability alloys; Mo-
Permalloy powder cores, iron 

powder cores, piezo-electric and 
ferro-electric ceramics; and lami-
nations, cans and shields from our 
Pacific Division. 
• Stop in and see us. If you're 

not going to the Show, we'll be 
glad to send you bulletins on re-
quest. The Arnold Engineering 
Company, Marengo, Ill. 0135 

ADDRESS DEPT. E-3 

ARNOLD 
SPECIALISTS In MAGNETIC MATERIALS 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 

CITIES • Find them FAST in the YELLOW PAGES 
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50 000 watts 

tetrodes hit a new 
Eimac introduces the first medium-to-high frequency tetrode to produce 50,000 watts. It's 
ideal for communications, broadcast and SSB applications. It's compact. It offers significant 
savings to transmitter manufacturers — needs fewer driving stages. And for the user, 
reduced power requirements mean lower operating costs. Long life is assured by a 3000 
watt filament. E This new tetrode is available in three plate dissipation levels. There's the 
35 kw air-cooled 4CX35,000A (shown half-size). The 50 kw water-cooled 4CW50,000A. And 
the 75 kw vapor-cooled 4CV75,000A. Frequency for maximum ratings; 110 Mc. El This 
is another example of the way Eimac research, engineering and manufacturing capability 
are able to meet tomorrow's tube needs today. Another reason to keep your eye on Eimac — 
for advanced power grid ieubes, high power klystrons, and microwave devices. 
Eitel-McCullough, Inc., San Carlos, California. Subsidiaries: Eitel-McCullough, S.A., 

Geneva, Switzerland; National Electronics, Geneva, Illinois. KEEP YOUR EYE ON 
6 CIRCLE 6 ON READER SERVICE CARD electronics 



ELECTRONICS NEWSLETTER 
$52 Million Going into RS-70 Electonies 

WASHINGTON—In reasserting his opposition to a stepup in the 
B-70 program (p 12, March 16) Secretary of Defense McNamara 
revealed that the new budget earmarks $52 million for development 

of electronic subsystems for potential use 
strike (RS-70) version of the plane. This 
million scheduled for three stripped-
down prototypes. 
The $52 million will be spent on 

new development contracts, after 
July 1, for side-view radar and for 
electronic processing, display and 
interpretation equipment. 
At present, McNamara said, the 

$320 million added by the House 
Armed Services Committee would 
not "fruitfully" speed up elec-
tronic subsystem development. 
Advance research on such sys-

tems is presumably underway inde-
pendent of specific weapons sys-
tems. 

However, he has asked the Air 
Force to "reexamine the technol-
ogy" in this field and report back 
to him with more definitive pro-
posed schedules for accelerating 
work on RS-70 electronics. The Air 
Force is expected to come up with 
its new recommendations in about 
a month. 
McNamara's statement implies 

that he may be willing to modify 
his strong opposition to any change 
in the project's schedule. 

If Sage is Knocked Out 
Will Buie Take Over? 

HANSCOM FIELD, MASS.—Air Force 
Systems Command's Electronic 
Systems Division is preparing to 
select contractors for a new pro-
gram, described as a "powerful 
partner" to Sage. It will be called 
Buie (Back-Up Interceptor Con-
trol). 

Buic is termed an emergency 
means of controlling weapons in the 
NORAD inventory, providing back-
up weapons control capability for 
Sage direction centers after an 
atomic attack. 
A solid-state computer will be 

installed at sites in existing build-
ings, together with communica-
tions and display equipment. The 
installations will be made secure 

is 
in the reconnaissance-
in addition to the $171 

against atomic fallout. Facilities 
will enable Air Force officers to di-
rect post-attack air battles. 
The Buic program is managed 

by the 416L Sage System Program 
Office. Mitre Corp. has completed 
design engineering and Rome Air 
Development Center is responsible 
for equipment design engineering. 

Another Airline Buys 
Big Reservations System 

NEW YORK—IBM and Pan Ameri-
can World Airways last week 
signed a contract for a high-speed 
computer system that will handle 
passenger reservations and a num-
ber of other scheduling, business 
and accounting functions. Cost was 
not announced, but is reportedly 
around $25 million. 
The system, called Panamac in-

cludes dual IBM 7080 computers, 
two 1401 computers supplementing 
the 7080's, three 7750 programmed 
transmission control units, and 
eight 1301 disk storages with a ca-
pacity of 400 million characters. 

Overall system is called the IBM 

9080 Tele-processing System and 
also includes remote input-output 
terminals, communications control 
equipment and a communications 
network linking 114 cities on six 
continents to the data processing 
center. 

Ceramic Receiving Tube 
Warms Up in 1.3 Seconds 

FEASIBILITY of developing receiv-
ing tubes with warmup time of 1.3 
sec is to be reported at the IRE 
Convention by J. M. Connelly and 
D. D. Mickey, of General Electric's 
Receiving Tube department, Owens-
boro, Ky. 

They say the high-speed warmup 
was achieved in ceramic diodes 
and triode tubes similar to types 
7266 and 7468. Bonding the heater 
to the cathode to provide heat 
transfer by conduction while keep-
ing them electrically isolated re-
duces warmup time to 2.5 sec. Add-
ing a ballast resistor in series with 
the heater to provide a current 
surge gives a further reduction to 
1.3 sec. The resistor can be built 
inside the tube. 

Laser Moon-Bounce 
Experiment Planned 

WASHINGTON—Plans for a laser 
moon-bounce experiment were out-
lined at the American Optical So-
ciety meeting last week. 
The beam from a ruby laser will 

be aimed at the moon through tht 

"Made in Japan"... But No Label 

JAPANESE TRANSISTORS and diodes are being shipped to Europe by 
the millions for relabeling and sale by at least one of Europe's 
leading electronics manufacturers, it has been reported to ELEC-
TRONICS by a reliable source in Japan. 

Other examples of sale in Europe and elsewhere of Japanese 
electronics products which later appear to be European-made 
were reported in Washington last week by members of an EIA 
Industrial Parts Marketing team that recently visited Europe. 

In one case, antennas in European microwave systems were 
identified as Japanese. But the buying country insisted they were 
made in another European Common Market country. 

Japanese have set up and staffed in Ireland a plant to supply 
common market countries with Japanese-designed products made 
in Ireland 
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University of Michigan's 37-in, re-
flecting telescope, said Peter A. 
Franken. While the light is on its 
2.5-sec round-trip, a prism will be 
placed in the telescope to deflect 
the return echo into a sensitive 
light-measuring device. Scattering 
is expected to reduce return light 
to 15 photons. 
Purpose of the experiment is to 

gather data for a satellite-bounce 
try, to be undertaken with Conduc-
tron Corp. and Trion Instruments 
(NASA support is being sought). 
A radio signal will be transmitted 
simultaneously, to determine if ra-
dio and light waves really do travel 
at the same speed in a vacuum. 
A reflector on the satellite would 

enhance echo strength. 

Heavy-Duty Laser to 
Bow at the IRE Show 

WESTINGHOUSE ELECTRIC'S elec-
tronic tube division is entering the 
laser field with a heavy-duty, pulse-
type laser it will introduce next 
week at the IRE Show. The laser 
is designed for experimental use in 
micromachining and welding. 

It has an 800 to 8,000-v power 
supply. Maximum energy storage 
capacity is 25.6 kilojoules, switched 
into the load with an ignitron. 
Pulse rate can be varied from 0.25 
to 12 a minute. Maximum power 
output of the supply is 10 Kw. 
The laser head assembly directs 

radiation down through a liquid 
nitrogen-filled Dewar flask contain-
ing optical windows. The flash 
lamp portion of the head is cooled 
by compressed air. Price is $25,000. 

Sage System Completed, 
But Not the Accountants 

WASHINGTON—General Accounting 
Office charges that the Air Force 
"unnecessarily" spent $10.8 million 
in equipping the Sage system. The 
agency said the Air Force failed to 
cancel a contract to buy manual 
control equipment "after it became 
apparent that the equipment was 
not needed," prematurely bought 
gap-filler radars, and "failed to re-
duce" procurement of consoles, 
generators, air-conditioning and 
boiler equipment at sites "to actual 

needs when operation experience In Brief ... 
became available." 

Will Show Germanium 
Planar Microdiode 

BOSTON—Transitron will announce 
a germanium planar microdiode at 
the .IRE Show in New York next 
week. Silicon dioxide—presumably 
deposited—is used for surface pas-
sivation. 

Junctions are diffused in lots of 
1,000. Batch process also lends it-
self to manufacture of several com-
mon-anode diodes on a single ger-
manium substrate. Available sample 
lots include three diodes in a TO-18 
header and five in a TO-5 header. 
The company says computer mak-

ers need a germanium planar de-
vice, since it provides appreciable 
currents at low voltage, in the 
range of 0.35 v. Transitron claims 
the diode has better reliability and 
is lower in cost than gold-bonded 
diodes. Tests indicate the possibility 
of significant improvements in for-
ward characteristic and pulse re-
covery, the company says. 

Pentagon Puts Tighter 
Reins on Consultants 

WASHINGTON—A new Pentagon di-
rective tightens up conflict-of-inter-
est policies for 2,000 part-time in-
dustrial and scientific consultants 
serving the military. 

Rules now require consultants to 
file a detailed statement of employ-
ment and financial interests by 
April 30. Specialists spending more 
than 40 percent of their time as 
government consultants are forbid-
den to deal with military agencies 
on behalf of companies for whom 
they work regularly or in which 
they have financial interests. Those 
who serve the government less than 
40 percent of their time are not al-
lowed while on government status, 
to deal with projects involving their 
regular employer. 

Consultants are also prohibited 
from using inside information for 
private benefit or, as a Pentagon 
spokesman says, "engaging in ac-
tivities which give the appearance 
of using such information for pri-
vate gain." 

PERKIN-ELMER and Spectra-Physics, 
Inc., will sell commercially a 
13-lb, helium-neon, c-w gas laser 
for $7,500. Coherent light output 
is 1 mw at 11,530 angstroms. 

FOLLOW-ON missile contracts include 
$27 million to General Dynamics 
for continued production of Tar-
tar and Advanced Terrier, and 
$10.2 million to Ford Motor, for 
continued development of Shil-
lelagh. 

SONAR contracts include $6 million 
to Sangamo Electric for 24 sonar 
sets, and $4.4 million to Raytheon 
for transducers. 

OTHER major military contracts are 
$4 million to RCA for classified 
gear; $3.2 million to Bendix for 
aircraft system components, and 
3.5 million to Ryan Electronics 
for doppler navigators. 

DEVELOPMENT contracts include $1.2 
million to Sylvania for a minia-
ture security system for Minute-
man; $1 million to General Elec-
tronic Labs; $600,000 to Martin, 
for advanced submarine detection 
techniques; $76,782 to Dresser 
Research for a nuclear speedom-
eter for submarines; $185,683 to 
Electronic Communications for 
filter and radar array studies. 

CRYOGENIC Engineering Co. will 
supply CERN, European Organ-
ization for Nuclear Research, 
with a hydrogen liquifier, is 
building others for Brookhaven 
National Laboratory and Mid-
west University Research Assoc. 

PITNEY-BOWES and National Cash 
Register have jointly developed a 
document sorter which reads and 
sorts 1,620 checks a minute. 

AIR FORCE Electronic Systems Divi-
sion has invited eight companies 
to bid on procurement of 35 
AN/TPQ-11 weather radars. 

BURROUGHS booth at the IRE show 
will include a remote stock mar-
ket display allowing convention-
eers to dial for data on 2,000 
stocks via a telephone-computer 
system. 
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spin 'em, soak 'em 
We dug into the bin for some Hoffman 1N935 series 
temperature compensated zener reference diodes and 
gave them a rough, 10-minute ride on the prop of a big, 
75-horse outboard. They survived to perform to specs. 

No wonder. We build these zeners to meet the require-
ments of MIL-S-19500B. They've been tested to 
20,000-g angular acceleration (twice the MIL) and 
meet all environmental requirements of the MIL spec. 
Delivering voltage/temperature coefficients of ± .01 
to .0005, they evolve from the same technology that 
produced our workhorse 1N821 series. They're rugged 
and reliable, like all Hoffman semiconductors. 

We specialize in devices for control, regulation and 
power. You can buy them with confidence that they'll 
work and keep on working. Confidence that they'll be 
available when and where needed. That's why so many 
of the most successful electronics designers keep com-
ing back to Hoffman—again and again and again. 
Chances are you'll do the same. Try us. Call your near-
est Hoffman distributor or sales office today. 

I o hnan / 
ELECTRONICS 
CORPORATION 

Semiconductor Division 
1001 N. Arden Dr.. El Monte. Calif. • CUmberland 3-7191 • TWX: El Monte 9735 



... each engineered for 
a different application 

ILlITIT1 
Testing systems or transistor 

726AR DC Power Supply, 0 to 60 volts, 0 to 2.0 
amps. The solid state 41) 726AR is useful for highly 
accurate testing of systems or transistor circuits, pro-
viding an output of 0 to 60 volts, up to 2.0 amps. The 
output voltage can be changed by varying an external 
resistance; any repetitive sequence of test voltages 
may be remotely programmed. A remote sensing fea-
ture permits output regulation at the point of appli-
cation. For general laboratory work, output can be 
continuously adjusted by a front panel control. 
Line regulation allows less than 2.5 my output change 
for ± 10% ac variation; load regulation for any out-
put voltage allows less than 5 my change from 0 to 2 
amps. 

Voltage and current are monitored continuously by 
front panel meters. Noise and ripple are less than 250 
pv rms. Temperature stability is better than 0.02% 

circuits 

per °C or 5 my per °C, whichever is greater. Output 
is floating. Continuously adjustable current limiter 
protects external load components. All specifications 
apply from 0° to 50°C. e 726AR (rack mount), 
$545.00. 

Powering bench setups 
e 711A Laboratory Power Supply, 0 to 500 v, 100 ma. This general 
purpose regulated dc supply for lab and field use is an exceptional 
value. Output changes less than 0.5% or 1.0 y (whichever is 
greater) for a 10% line voltage change or no load to full load. 

711A (cabinet), $250.00; e 711AR (rack mount), $255.00. 

Testing radar, pulsed systems 
q 712B Power Supply, 0.01% regulation at 500 v, 200 ma. Provides 

excellent regulation under high instantaneous current demands. Four 
voltage outputs include 0 to 500 v, 0 to 200 ma, — 300 y at 50 ma, 0 to 

—150 I/ at 5 ma, 6.3 y ac, CT, 10 amps maximum load. Transient response 
0.1 msec. 4e 712B (cabinet), $390.00; (ti 712BR (rack mount), $375.00. 

Driving low power klystrons 
715A Klystron Power Supply, —250 y at 30 ma to --400 at 50 Ma beam; 

0 to —900 y at 10 µa reflector. This compact, portable bench supply can 
power many types of low-power klystrons. Beam voltage and reflector supply 
are continuously variable, highly regulated. 4,e 715A (cabinet), $325.00. 
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Driving many different klystrons 
$ 716A Klystron Power Supply, 250 to 800 y beam, 0 to 800 y reflector. 
Excellent regulation (0.1% line, 0.05% load) provides stable, high 
performance klystron operation, reduces residual FM and AM. Direct 
reading controls set voltages accurately. Beam and reflector supplies 
are continuously variable; no range switching errors. 100 ma beam current, 
front panel over-current fuse. Powers more tha-ri 250 models of reflex 
klystrons. & 716A, modular cabinet (bench or rack mount use), $675.00. 

Checking transistors 
e 721A Transistor Power Supply, 0 to 30 v, 150 ma. Useful for powering 

transistor circuits and providing bias power, the $ 721A is a compact solid 
state supply providing load regulation 0 to 150 ma, 0.3% or 30 mv, whichever 

is greater. Positive overload protection with front panel switch prevents damage 
to transistors. Very compact, 4%" high, 4 lbs. e 721A (cabinet), $145.00. 

, 

e 

Remote or systems DC supply 
e 723A DC Power Supply, 0 to 40v, 500 ma. This general-purpose, medium-
power, low-voltage supply can be programmed remotely. Ideal for systems 
applications where precisely repetitive sequential voltages are required. Load 
regulation, less than 20 my change from 0 to 500 ma; less than 10 my change for 
10% line voltage change. Adjustable current limiter for test circuit protection. 
t$ 723A, compact, modular cabinet (bench or rack mount use), $225.00. 

Data subject to change without notice. Prices f.o.b. factory. 

Call your representative 
for a demonstration 

HEWLETT-PACKARD COMPANY 
1501 Page Mill Rd., Palo Alto, Calif. Area Code 415, DA 6-7000. Sales 
and service representatives in all principal United States areas; Europe, 
Hewlett-Packard S.A., Rue du Vieux Billard No. 1, Geneva; Canada, 

Hewlett-Packard (Canada) Ltd., 8270 Mayrand Street, Montreal. 
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WASHINGTON OUTLOOK 

NIKE ZEUS 

FUTURE 

LOOKS DIM 

NO STOCK 

SALES FOR 

SATELLITE 

SYSTEM? 

FCC AHEAD 

IN FIGHT 

FOR ALL-

CHANNEL TV 

DEFENSE SECRETARY McNAMARA has put the kibosh on Army 
proposals to produce and deploy Western Electric's Nike Zeus anti-ICBM sys-
tem. In closed-door testimony to Congress, to be publicly released shortly, 
he said Zeus, as now conceived, could not cope with a massive ICBM attack. 
He is believed to have said that the project is being kept alive primarily 

because development work is generating technical data of potential value to 
more advanced anti-ICBM systems and of use in designing and improving U. S. 
strategic weapon systems. Success in this year's operational-type Zeus tests 
in the Pacific, McNamara believes, will have no bearing on possible production 
of the system and its components as now designed. 

Harold Brown, director of Defense Research & Engineering, believes that 
a terminal defense system still poses the most practical type of anti-ICBM de-
fense. He believes Zeus R&D should be continued because "it's the only game 
in town; the consequences of ICBM defense are so great, we can't afford to 
drop it." 

THE ADMINISTRATION'S bid to gain congressional support for its 
ownership plan for a communications satellite system is stymied. Meeting 
strong opposition in the Senate, the White House hoped to spark support 
in the House. E. G. Welsh, executive secretary of the National Aeronautics 
and Space Council, and Attorney General Robert F. Kennedy tried hard. 
However, criticism in hearings held by the House Interstate and Foreign 

Commerce Committee closely followed that leveled by the Senate Aeronautical 
and Space Sciences Committee a week earlier. Primary objection is the un-
wieldy corporate structure proposed by the administration. 
The administration is clearly seeking to prevent the satellite system from 

being dominated by AT&T. Welsh told the House committee, "so far as fi-
nancing is concerned, the basic alternatives seemed to be government owner-
ship, financial domination by one company, or private broad-based ownership," 
the latter as proposed by the administration. 

In spite of administration arguments, final congressional approval of an 
ownership plan is expected to be lodged mainly with common carriers. 

FEDERAL COMMUNICATIONS COMMISSION may pull off a piece 
of legislative wizardry this year: passage of its long-sought bill to require 
the manufacture of all-channel tv sets. A year ago, most FCC officials agreed 
the bill would solve the allocations logjam that has had broadcasters fighting 
for 12 vhf channels, while 70 uhf channels go begging. It was also recognized 
a miracle was needed to get the bill through Congress. Chairman Newton N. 
Minow and former chairman Frederick W. Ford maneuvered to divide and 
mollify the opposition. Today, the bill is perking along in Congress with an 
even chance of passage this year, helped by Kennedy's support last week. 
The three tv networks, hoping FCC will drop its demand for direct regula-

tion of network broadcasting, have lined up behind the bill. Broadcasters sup-
port it, hoping FCC will end plans to "deintermix" key markets—deleting ex-
isting vhf stations to give weaker uhf stations a chance. Such major firms as 
GE, Zenith and RCA now support the bill, leaving the Electronic Industries 
Association badly undercut in its fight to block it. 
The issue now boils down to what compromise FCC is willing to make on 

deintermixture. Congressmen opposed to deintermixture will support the all-
channel bill as a substitute. FCC is willing to agree to a moratorium on de-
intermixture plans for eight cities, but doesn't want its hands tied by law. 
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OGO will check in here 

Soon a new space chamber 30 feet in diameter will fill this 
deepening bowl of earth. Here OGO (NASA's Orbiting Geo-
physical Observatory) will be subjected to conditions of solar 
heating, vacuum, and vehicle radiation to the cold of outer 
space. The new space chamber will be the sixth at STL. It 
will enable engineers and scientists working on OGO, Vela 
Hotel and other STL projects to test large, complete space-
craft as well as major subsystems. And along with other ad-
vanced facilities at STL's Space Technology Center, it will 
provide unusual scope for engineers and scientists to verify 
and apply new techniques in design, development and fabri-

Ssie\ 
cation of spacecraft. STL's expanding space programs have 
created new opportunities for engineers and scientists in the 

following fields: Aerodynamics, spacecraft heat transfer; 
Communication Systems; Electronic Ground Systems; Power 
Systems; Propellant Utilization; Propulsion Controls; Re-
entry Body Evaluation; Systems Analysis; Thermal Radiation; 
and Trajectory Analysis. All qualified applicants are invited 
to write Dr. R. C. Potter, Manager of Professional Placement 
and Development, for opportunities with STL in Southern 

California or at Cape Canaveral. STL is an equal opportunity 

employer. 

SPACE TECHNOLOGY LABORATORIES, INC. 
a subsidiary of Thompson Ramo Wooldridge Inc. 

P.O. Box 95005-J, One Space Park, Redondo Beach, California • P.O. Box 4277, Patrick AFB, Florida 

Los AngeleS • Vandenberg AFB • Norton AFB, San Bernardino • Dayton • Cape Canaveral • Washington, D.C. • Boston • Huntsville 

IRE delegates: NYC Interviews March 26-29. Call F. C. Nagel, Plaza 2-8968. Visit SIL Booth 1435 
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TEST MESSAGE GENERATOR 

NOW 
AUTOMATIC TELEGRAPH TEST MESSAGE TRANSMISSION 

WITH HIGHEST RELIABILITY 

The use of test message transmission over telegraph circuits 
to assure efficient and reliable operation is a well-known tech-
nique. Radiation's new transistorized Test Message Generator, 
Model 74n, provides an 80-character message with speed 
accuracy of 0.02%. Readily switched standard telegraph 
speeds with a maximum rate of 150 bauds (600 bauds on spe-
cial order) are offered by this unit. Reliability and long life 
are assured through the use of solid-state circuitry. Perfect 
transmission is assured since test message information is stored 
on magnetic cores. 
The unit is also designed for ease of operation. Such vari-

ables as message format, speed, stop and information pulse 
length are controlled with convenient plug-in circuits. Provid-
ed with the generator is a standard plug-in message with station 

identifying numerals and letters to fit your requirements. Other 
formats are available on special order. 

Radiation's Model 7411 Test Message Generator is packaged 
for rack mounting, and is powered with 105-125 v ac, 50-60 cps. 
When extreme accuracy is required, Model 7710 Time Base 
Generator may be used to supply a timing signal with a 
stability of one part per million per day. Write Dept. EL-32T 
for complete information on this time-saving test equipment. 
Radiation at Orlando, 5800 McCoy Road, Orlando, Florida. 

Radiation's advanced research and development of systems 
for aero/space result in the finest equipment for commercial 
communications. These include: test signal generators, distor-
tion and data analyzers, high-speed strip and page printers 
and solid-state relays. 

RADIATION 
at Orlando 

A Division of Radiation Incorporated 
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Crystallizing eas into products 

Give 
components 
the right 
protection 

... with the right 
Norton Potting Fillers 

Norton ALUNDUM* fused alumina and 
MAGNORITE* fused magnesia have proved 

outstanding as fillers in potting com-
pounds for electronic components — in-
cluding transistors, resistors, capacitors, 
coils, small power and pulse transformers. 
Engineered to provide high, even heat 

dissipation, high dielectric strength and 

low leakage current, these Norton ma-
terials provide a chemically and physical-

ly stable addition to unfilled compounds 
to improve component performance. 

For increased filler versatility, ALUN-
DUM fused alumina is available in four 

fine powder sizes (average particle size: 
3M, 5, 12, 20 microns) as well as coarser. 

MAGNORITE fused magnesia is obtainable 

in an average particle size of 10 microns 
as well as coarser. These materials enable 
potted components to operate at a lower 

temperature or higher ratings, with in-

creased reliability and longer life. 

For details on how ALUNDUM A1203 or 
MAGNORITE MgO assure important bene-

fits that ordinary fillers cannot provide, 
write to NORTON COMPANY, 682 New 
Bond Street, Worcester 6, Massachusetts. 

'Trade Marks Reg. U. S. Pat. Off. and Foreign Countries. 

REFRACTORIES 

Making better products... 

to make your products better 
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Advanced-program openings at Boeing for 
TEST INSTRUMENTATION AND DATA SYSTEM ENGINEERS 
Boeing's Aero - Space Division, holder of major contracts 
on such advanced programs as Minuteman, Dyna-Soar and 
Saturn, has a number of immediate, long-range openings 
offering professional challenge, and in 
many instances, unique ground-floor 
opportunities in newly-formed divi-
sional organizations. 

TEST INSTRUMENTATION assignments 
are available on advanced missile and 
space programs.Requirements include 
background in transducer, signal con-
ditioning, as well as airborne-ground 
telemetry systems development, de-
sign and application utilizing the latest 
state-of-the-art concepts, including 
PCM/ FM techniques. 

Aill7AE/AW' 

DA FA S1 STEMS engineering openings involve the application 
of digital techniques to the processing of test data. 
Salaries are commensurate with experience and educational 

background. Minimum requirements 
include a B.S. degree in EE, ME or 
Physics, with three years applicable 
experience. Most of the assignments 
are in the uncongested Pacific North-
west, offering outstanding family 
living and recreational advantages. 

Send your resume, today, to Mr. Carl 
Anderson, The Boeing Company, P. 0. 
Box 3707 - ECF, Seattle 24, Washing-
ton. The Boeing Company is an equal 
opportunity employer. 

Divisions: Military Aircraft Systems • 7ransport • Vertol • AEROSPACE . Industrial Products—Boeing Scientific Research Laboratories 
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All the punctuation 
marks in these sentences-
periods, commas, 
question marks-could be 
KESTER "SOLDERFORMS." 
So could the letters 
in the words. Interested? 

KESTER "SOLDERFORMS" 
are available in 
rectangles, squares, ovals, 
discs, washers, coils, 
pellets, or intricate shapes, 
solid or flux-cored, all 
perfectly fabricated, 
perfectly packed! 

wire-write or call 

Kester Solder....y 
4202 Wrightwood Avenue • Chicago, Illinois 

Also: Newark 5, New Jersey • Anaheim, California • Brantford, Ontario, Canada 
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Minnesota Educators Strive to Keep Up with 

University and Twin Cities manufacturers celebrate growth of electronics 

industry with R&D progress reports. Goal: to become "Detroit of electronics" 

By CLETUS M. WILEY 
Midwest Editor 

MINNEAPOLIS-ST. PAUL—The Twin 
Cities, now the fourth largest U. S. 
electronics center, is working to be-
come the "Detroit of the electronics 
industry," according to Minnesota's 
Governor Elmer L. Andersen. 
He announced that goal this 

month at the conclusion of the first 
annual Minnesota Electronics Rec-
ognition Week. Other goals: beef-
ing up the University of Minne-
sota's output of electrical engineers 
and a long-range effort to establish 
an Upper Midwest Research Insti-
tute. 
The University is unable to sup-

ply all local needs for engineering 
talent, the governor pointed out. 
Electrical engineering accounts for 
400 of the Institute of Technology's 
2,248 enrollment and 186 of its 
graduate students. 

Last year, five of the state's elec-
tronic companies hired three times 
as many engineers as the univer-
sity graduated. This year, one com-

pany alone will hire the equivalent 
of all the EE's graduated. Indus-
try-supported evening graduate 
courses are helping fill part of the 
needs. The state's electronics po-
tential is also attracting more ap-
plicants for faculty positions, re-
ports W. G. Shepherd, head of the 
electrical engineering department. 

Facility Dedicated 

During the week, the university 
dedicated a new facility that will 
increase its research space by one-
fourth, easing some of the pressure 
on graduate training. It was built 
with a grant from the National Sci-
ence Foundation, matched by a gift 
from Minneapolis-Honeywell. Fu-
ture plans call for building on a 
structure originally designed to 
support two radio antennas. 

Research already underway in 
the new facility includes studies of 
primary electron sources, including 
thin-film laminar devices, headed up 
by Shepherd. In another project, 
a superconductor near absolute zero 
emits a near-noiseless beam with 

Orbiting Solar Observatory 

Engineer at Ball Brothers Research Corp. gives Orbiting Solar Observa-
tory (ELEcTRoNics, p 8, March 2) final check before launch earlier this 
month. Sun-pointing instruments and solar cells are on sail. Base, which 
rotates independently, acts as gyroscope. The 440-lb satellite uses an 
Alcoa aluminum frame 

an extremely high current density. 
Study of semiconductors at fre-

quencies between microwave and 
far infrared shows that electrical 
characteristics change and semi-
conductor properties are lost. Keith 
Champlin, associate professor, says 
that this may indicate a funda-
mental upper limit to semiconduc-
tor usefulness. 
Among recent plasma investiga-

tions are determining the influence 
of nuclear explosions on radio com-
munications, converting thermionic 
energy into electricity and develop-
ment of new energy sources. Di 
Chen is completing equipment to 
check feasibility of using a rotating 
d-c magnetic field and pumping to 
achieve microwave amplification in 
solids. 

Developments Displayed 

As businesses in the Twin Cities 
displayed local electronics products, 
Governor Anderson led 50 busi-
nessmen and educators on a tour of 
electronics plants and laboratories 
in the area. 

Here are some of the develop-
ments they saw: 
• Control Data is working on a 

wide-angle camera device to meas-
ure relative angle and distance of 
selected planets. Readings are 
transmitted to a 0.1-cu-ft airborne 
computer which charts a course. A 
magnetic drum which stores 50,000 
binary digits has a diameter of 
1.5 in. and length of 3 in. 

Control Data's 180 source data 
collector automates payrolls, inven-
tory, scheduling and other office and 
production chores. A microwave 
control system under test processes 
2.5 million bits a second, bidirec-
tionally over a two-mile span. 
• Telex showed a high-speed ran-

dom access disk file that stores 22 
million characters in concentric 
rings on 31-in, disks coated with 
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Industry Gain 

iron oxide. The file is a prototype 
of a 64-disk unit which will store 
100 million characters. 
• Univac reported on third-gener-

ation, nanosecond, real-time, thin-
film memories. One memory stores 
166,000 binary digits in one-third 
cu ft. 

Production will be upped this 
year from two a month to 10 a 
month. The memory will be used 
in a missile-borne computer. De-
velopment to achieve a cycle time 
of 50 nsec is underway. 
• Data Display has a high-speed 

character generator for informa-
tion retrieval and message compo-
sition. 
A five-console system is be-

ing completed for the Ohio State 
aviation psychology lab. It will dis-
play letters, numbers, lines and 
dots for group tactical decisions 
aimed at improving man-machine 
communications. 
• Medtronic demonstrated a half-

pound implantable heart pacemaker 
with a five to 10-year battery sup-
ply. It is fitted with a projecting 
needle than can be tuned to adjust 
the heart beat speed. The company 
is also adapting its hospital moni-
toring system to include tempera-
ture, brainwave and other func-
tions. 

Tv-Computer Microscope 
Reported by Russians 

MOSCOW—USSR Institute of Bio-
physics has designed an electron 
microscope which Tass says does 
not show the object of study but 
nevertheless gives a comprehensive 
picture of it. The news agency says 
an image of a biological object 
magnified by an ordinary micro-
scope is broken down by a tv sys-
tem into series of electronic im-
pulses. A computer sorts and 
counts impulses and the instrument 
produces data about number of 
particles in microscope's field of vi-
sion grouped according to size or 
other indices. 

Tv control room on S.S. France handles European and American broad-
casts, movies and live programs 

Liner Carries Elaborate Tv System 

S.S. FRANCE, which made its maiden 
voyage to New York last month, 
carries an all-transistor, closed-
circuit tv system designed by 
Philips. A passive r-f cable dis-
tribution system supplies 450 North 
American Philip's receivers with 
signals between 2 and 5 mv at 160 
to 210 Mc. 

Receivers can operate on French 
819-line, European 625-line or 
American 525-line standards. Each 
program has three channels: 625 
lines at 25 frames; 525 lines at 30 
frames; and 819 lines at 25 frames. 

Signals are picked up by three 
rotatable Yagi antennas mounted 

on the ship's aft funnel. Four spe-
cial receivers supply the system 
with video and audio from Ameri-
can or European transmitters. 

Internal programs, such as live 
shows and interviews, originate 
from two studios. Vidicon cameras 
can take live shots from any of ten 
fixed key locations and two compact 
cameras can originate programs 
from eight other locations. Two 
more vidicon cameras are coupled 
to two 16-mm film projectors and 
two 16-mm tape recorders. A pair 
of vidicon cameras are also coupled 
to the ship's 35/70-mm movie pro-
jectors. 

Planning Hospital Data Processing 

IBM and The Children's Hospital of Akron, Ohio, have started a joint 
study aimed at developing hospital information systems. One patient 
may generate as much as 50 documents requiring clerical work by nurses. 
Beginning in July, the hospital will use an IBM Ramac 305 computer to 
schedule nursing care 
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purposeful imagination ....in concept 

The men of Aerospace, a corporation chartered exclusively to serve the United States Government, blend the full 

resources of modern science and technology in developing concepts for advanced ballistic missile and space systems. 

o With the Air Force-science-industry team, the men of Aerospace marshall individual talents for the full 

exploration and assessment of advanced concepts, selected for significant potential. Aerospace contributes 

advanced systems analysis and planning; theoretical and experimental research; general systems engineering and 

corresponding technical direction of programs. D Aerospace Corporation, an equal opportunity employer, now needs 

more men to meet these responsibilities. Highly skilled engineers and scientists with advanced degrees, knowledgeable 

in interdisciplinary problem solving, are urged to contact Mr. George Herndon, Room 110, Aerospace Corporation, 

P 0. Box 95081, Los Angeles 45, California. o Organized in the public 

interest and dedicated to providing objective leadership in the advancement AE ROS PACE 
and application of science and technology for the United States Government. CORPORATION 
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PROBING 

UNDERGROUND 

FORMATIONS 

WITH THE AID 

OF A 

TEKTRONIX 

RACK-MOUNT 

OSCILLOSCOPE 

TEKTRONIX TYPE RM503 DC-to-450 KC 

DIFFERENTIAL-INPUT X-Y 

OSCILLOSCOPE 

_ 

Photo courtesy of Shell Development Laboratory, Houston, Texas 

At Shell Development Laboratory, Hous-
ton, Texas, a field crew relies upon 
waveform displays from a Tektronix 
Type RM503 Oscilloscope to monitor 
equipment performance accuracy while 
evaluating underground formations. 

Rack-mounted in their truck, the Type 
RM503 serves to insure accuracy of tool 
operation while below the surface, 
since instruments used may be posi-
tioned at substantial depths in the bore 
holes. The operator uses the Type 
RM503 to display the signals before 
they are applied to an electronic coun-
ter. By observing the quality of these 
signals appearing on the 5-inch crt —to 
determine that they are of sufficient 
amplitude and free of noise and distor-
tion so that the accuracy of the count 
can be relied upon—the operator thus 
establishes an effective monitoring 
system at the surface. 

Note the polarizing viewer. Even with 
the truck door open, this polarizing 
viewer enables the operator to observe 
the trace free from reflections and glare. 

V 

o 

CHARACTERISTICS 

Verticaland Horizontal Amplifiers: Frequency 
Response—do to 450 kc (at 3 db down). Sen-
sitivity-1 mv/cm to 20 v/cm in 14 calibrated 
steps, variable uncalibrated from 1 mv/cm to 
50 v/cm. Differential input and constant input 
impedance at all attenuator settings. 

Sweep Range and Magnification: Linear 
Sweeps-1 psec/cm to 5 sec/cm in 21 cali-
brated rates, variable uncalibrated from 
1 µsec/cm to 12 sec/cm. Sweep Magnifica-
tion-2, 5, 10, 20, or 50 times. 

Triggering Facilities: Fully automatic, recur-
rent, or amplitude•level selection on rising 
or falling slope of signal, with AC or DC 
coupling, internal, external, or line. 

Tektronix Cathode-Ray Tube: 5-inch crt at 
3 KV accelerating potential provides bright 
trace on 8-cm by 10-cm viewing area. 

Amplitude Calibrator: 500 mv and 5 mv peak-
to-peak square-wave voltages available. 

Regulated Power Supplies: All critical dc 
voltages—and the input-stage heaters of 
both amplifiers—are electronically regulated. 

Small Size and Light Weight: Dimensions — 
7" high x 19" wide x 16y2" deep. Weight — 
27 pounds. 

Tektronix Type RM503 
Oscilloscope   $655.00 

Polarizing Viewer  10.00 
S. na ' E3 ,3,..—ton, Oregon 

For a demonstration of this laboratory oscillo-
scope that occupies only 7 inches of standard 
rack height, please call your Tektronix Field 
Engineer. 

Tektronix, Inc. 0 BOX 500 • BEAVERTON OREGQN Mitchell 4 0161 • TWX—BEAV 311 • Cable TEKTRONIX 

TEKTRONIX FIELD OFFICES • ̂gtou Mass. • Etu.al-. 1.5. • Cnioag Ridge¡ C. • Cleveland, One, • Dallas. Texas • Dayl,. C. 
• -as • Indianapolis, Ind. • Kansas Cil, ,ion) Kan. • Los Angeles, Calif. Area (East Los A' 

1,,N.Y. • Stamlord,Conn. • , N.J.) • Orlando,Fla. • Phtladelphia,Pa. • Phoenix (5,, , - 
" • • Syracuse, N.Y, • Toronto (Willowdale) Ont., canada • Washington, D.C. (Armen,: 

ENGINEERING REPRESENTATIVES: • ...reeas countries by qualified engineering organizations. 

European and African countries, the countries of Lebanon and Turkey, please contact TEKTRONIX INTERNATIONAL A.G., Terrassenweg IA, Zug, Switzerland, for the name of your local engineering representati,. 

Other Overseas areas, please write or cable directly to Tektronix. Inc., International Marketing Department, P. O. Box 500, Beaverton, Oregon, U.S.A. Cable: TEKTRONIX. 
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Japanese Plan to Join Private 

Communications Satellite Net 

Telstar ground station to be built near Tokyo will have sectionally-inflated 

radome. Transmitter and receiver will ride on rotating antenna mount 

By CHARLES COHEN 
McGraw-Hill World News 

TOKYO—Kokusai Denshin Denwa 
Corp., Japan's overseas radio and 
cable system, plans to build a sta-
tion to transmit and receive via the 
Telstar communications satellite 
that AT&T will orbit this Spring 
(ELECTRONICS, p 26, Feb. 16). The 
station will be used to study the 
feasibility of relaying telephone 
and television signals by satellite. 

Frequencies will be compatible 
with equipment carried aboard the 
satellite. However, the station will 

be completely engineered in Japan 
and many details will differ from 
the American station. 
The radome will consist of two 

thin layers of Vinylon plastic, 
separated by about 30 cm at the 
center and joined by webs of the 
same material to produce thirteen 
wedge-shaped sections. Each section 
will be pressurized; that is, inflated 
like a balloon. The space between 
the antenna and the radome will 
not be pressurized. This differs 
from American practice in which 
the entire radome is supported by 
pressurizing the region between it 

JANANESE STATION WOULD BE EIGHTH IN TELSTAR NET 

NEW YORK—Spokesmen for AT&T 
and NASA said last week that 
plans for Japanese participation in 
the Telstar and Relay communica-
tions satellite projects have not yet 
firmed up. The KKD station could 
not participate in experiments with 
satellites launched this year be-
cause the station will not be built 
in time. 
AT&T said one problem is that 

Telstar will not be visible to Japan 
and U.S. stations at the same time. 
Japan could not employ point-to-
point transmissions by Telstar, but 
would have to use round-trip trans-
missions, from the station, to the 
satellite and back to the station. 
However, AT&T said Japanese 

participation would be welcomed, 
since about 90 percent of the ex-
perimental data gathered in round-
trip transmissions would be useful. 
American and European stations 

being readied for satellite com-
munications tests are: 

United States: Bell Telephone 
Laboratories' main station at An-

dover, Me., and the facility at 
Holmdel, N. J. Also, ITT in Nut-
ley, N. J. 

Britain: a Post Office station at 
Goonhilly Downs, near Falmouth, 
England, to be completed Aug. 1, 
with an 85-ft dish antenna. 
France: a station with a horn 

antenna like the one at Andover, 
being built near Lannion, in Brit-
tany, by the Centre National des 
Etudes Telecommunications. 
Germany: the Bundespost is 

building a horn antenna station at 
Raisting, 30 mi southwest of 
Munich. 

Italy: Telespazio is building a 
30-foot receive-only antenna and 
station at Fucino, 80 mi east of 
Rome in the Appenine Mountains. 

Brazil: Radional, a Brazilian 
subsidiary of ITT is building a sta-
tion with a 40-ft parabolic antenna, 
near Rio de Janiero. It would make 
telephone and telegraph transmis-
sions to ITT in Nutley, but not tv. 
NASA says this station will be 
transportable 

and the reflector. Advantages 
claimed for the Japanese rado.ne 
are ease in making adjustments 
and continuity of operation even 
though the radome is punctured. 
The radome will withstand 60-
meter gusts of wind. 
One cassegranian antenna will be 

used for transmitting and receiv-
ing. Both transmitter and receiver 
will be mounted on the horizontal, 
rotating portion of the antenna 
mount. Tracking equipment will be 
installed here later if it proves 
feasible to use the transmitting-
receiving antenna for tracking also. 
The receiver's first stage will be 

a parametric amplifier cooled with 
liquid nitrogen. This f-m receiver 
will use negative feedback to lower 
the threshold level. Transmitter 
output will be approximately 3 Kw. 
Experiments now being conducted 
will determine whether a twt or 
klystron output tube will be used. 
Work on the vhf command control 
equipment has not been started, be-
cause exact satellite requirements 
are not known. 

Kenichi Miya, director of the 
KDD research laboratory's space 
communications branch, says exact 
frequencies and code have not been 
made public by AT&T to prevent 
jeopardizing the mission of the 
satellite (whose power supply life 
is limited) by unauthorized opera-
tion. But he says commercial vhf 
equipment can be modified for this 
project and the program will not 
be delayed. A representative of 
KDD has gone to the U. S. to con-
fer with AT&T officials in the U. S. 
about the vhf equipment. 
The tracking antenna will receive 

the 4.8-Gc beacon transmitted from 
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SPECIFICATIONS FOR JAPANESE STATION 

Transmitter and receiver 
transmitter frequency: 6.39 Ge 
receiver frequency: 4.17 Cc 
communications system: one-way transmission of 
one tv channel or two-way transmission of 60 
telephone channels (carrier separation is 10 Mc) 

baseband: tr, 5 Mc; 60 telephone channels, 0.3 Mc 
modulation: f-m—deviation, television, 7 Mc; devi-

ation, 60 telephone channels, 1.5 Me; r-f band, 
approximately 25 Mc reeeiver and transmitter 
bandwidth: 25 Me (50 Mc is ultimate aim, but 
is difficult to obtain with parametric amplifier) 

transmitter output: 3 Kw 
receiver equivalent noise temperature: 84 K 

Vhf command control and telemetering 
transmitter frequency: in range or 121 to 125 Mc 
receiver frequency: in range of 136 to 137 Mc 
transmitter output: 200 to 500 walls ew 
bandwidth: 5 Ke 
antenna gain: 17 to 19 dl, for both transmitting and 

receiving 
polarization: right-hand circular polarized 
telemetering: pem/(-m/f-m 
control instructions: special rode 

Station control equipment 
control method : .tared program inlerrriptiml 

possible) 

logical device: parametron (approximately 3.000) 
word length: decimal 7 digits + sign 
memory device: magnetic core, 512 words 
operation speed: addition. seeletrartion-1 ms 

Transmitting—receiving antenna 
parabolic cassegranian l i rrr er antenna; 20 m in 

diameter 
gain, transmitting: 59 db 
gain, receiving: 55 db 
front—back ratio: more than 60 db 
drive mechanism: hydraulic drive 
rotational range: azimuth, -± 400 deg; elevation, to 
90 deg 

maximum angular velocity: azimuth. 3 deg/see; 
elevation. 1 deg/sec 

Tracking antenna 
parabola, 6m in diameter 
maximum tracking angulra velocity: azimuth 

deg/see, elevation, 1 deg/sec 
drive mechanism: hydraulic drive 
error sensing method: amplitude comparison simili. 
taneous lobing 

tracking frequency: 4.08 Cc 

8 

the satellite. Angular information 
will be read digitally and used to 
control the main antenna. 
A time-division system will be 

used in the station control equip-
ment to enable it to control both 
tracking and main antennas. Inputs 
to control equipment for decision 
making include: orbit information 
from orbit computer, antenna angle 
information, and receiver output. 
The following modes of operation 
will be programmed: control by 
data tape containing orbit informa-
tion from the U. S.; satellite search 
according to a predetermined pat-
tern; following another antenna, 
and manual operation. Antenna 
positions will be shown on the con-
trol panel. Remote operation will 
also be possible. 
The satellite receiving and trans-

mitting frequencies are both in use 
for common carrier communica-
tions in Japan. The problem of in-
terference between the satellite 
communications equipment and 
services already in operation is 
especially difficult in Japan because 
most microwave relay stations are 
located on mountain tops. 

Present plans calls for the sta-
tion to be located in Kamisumura, 
Ibaraki-ken, about 80 Km east of 
Tokyo (direction of station from 
Tokyo is 80 deg, location is 35° 53' 
53" N, 140° 39' 26" E). Prelimi-
nary tests show that diffraction by 
mountains affords sufficient isola-
tion for tests with AT&T satellites. 
But if the domestic telephone corn-

pany installs additional routes in 
the area, or uses fully all frequen-
cies alloted to it in stations already 
in the neighborhood, or if a wider 
bandwidth is used in future satel-
lite communications programs, se-
rious interference will result. Fu-
ture plans for the domestic micro-
wave network will be considered 
when locations of actual operational 
stations are determined. 
Although final details for all 

Liquid Helium 

equipment to be used in this experi-
ment have not been completely 
settled, fabrication contracts have 
been let. Completion of the station 
is expected by April, 1963. Con-
tracts are for concurrent research, 
development and production. Hiro-
shi Shinkawa, deputy director of 
the KDD research laboratory, said 
that the suppliers were chosen for 
their technical ability. He said that 
this was somewhat more expensive 
than competitive bidding, but 
would enable KDD to obtain fin-
ished equipment more quickly. 

Cost of the completed station will 
be less than $1.4 million. Miya says 
he cannot give the cost of individ-
ual items, because KDD expects to 
renegotiate the contracts, whose 
total cost has exceeded the amount 
budgeted for the station. Disclosure 
of individual prices would cause 
great embarrassment, he said. 

Toshiba will supply the trans-
mitter, on the basis of its ability 
in fabricating high-power micro-
wave tubes. The receiver will be 
supplied by Nippon Electric Co., 
experienced in parametric ampli-
fiers and negative feedback f-m re-
ceivers. Antennas and associated 
drive and control equipment will be 
fabricated by Mitsubishi Electric 
Co., chosen for its servomechanism 
experience. 

Closed-Cycle Refrigerator 

o °to oo 
000 000 0 0 

Air Products and Chemicals, Inc., of Allentown, Pa., has built for MIT 
Lincoln Laboratory a closed-cycle, helium refrigerator to cool masers and 
other cryogenic devices. The refrigerator uses a multifluid (helium, 
hydrogen and nitrogen) cascade cycle, to maintain a temperature of 4.4 K 
(-452 F) in the 6-ft-high cryostat at left. The cryostat can be remotely 
connected by tubing 
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Dynamic Simulator Speeds Navigation 

By LEON H. DULBERGER, Assistaot Editor 

Control console of dynamic simulator designed to test complete Polaris 
submarine navigation system under controlled sea conditions 

SIMULATOR 
MASTER 
CCNTROL 
ROOM 
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HEADING 
VELOCITY 
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Signal flow of the analog computer operated, Sperry Gyroscope Co. simula-
tor; which uses dynamic outputs of navigational aids 

CREATION OF AT-SEA conditions in a 
computer-operated dynamic simu-
lator allows laboratory evaluation 
of nuclear submarine navigation 
systems. Next generation designs 
of navigational aids and system 
components can be accurately 
tested before sea trials. 

Missile launching submarines re-
quire precise position information 
at time of launch. The navigation 
system on these undersea craft 
locates position with extreme ac-
curacy. Equipment carried includes 
the ship's inertial navigation sys-
tem, SINS, (ELECTRONICS, p 28, 
Mar. 7, 1958) for constant position 
information. 
Long-term system drift is cor-

rected by data obtained from other 
navigational aids. Among them 
are: optical and radio star sighting 
devices, loran, speed and course 
measurement and recording. A 
digital computer handles the mass 
of data produced and automates the 
application of corrective adjust-
ments (ELECTRONICS, p 40, Jan. 6, 
1961). 
The dynamic simulator, built by 

Sperry Gyroscope Co., Syosset, 
N. Y., duplicates important system 
components. Mathematical models 
of the dynamics of various naviga-
tional aids are simulated electrically 
on analog computers. Changes of 
computer programming are readily 
achieved to reflect design changes 
of new equipment. 
A director controls the simulated 

outputs obtained from a model of 
each navigation element. He fol-
lows a program of the tests desired. 
A "navigation crew" in a naviga-
tion control center—a replica of 
that section of a submarine—at-
tempts to solve simulated naviga-
tion problems in a realistic environ-
ment. Human-factor studies using 
simulated displays, such as the effi-
ciency of a navigator, may be run. 
One example where human per-
formance is evaluated, is in a star 
tracking test. Using a periscope 
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employing a reversed lens system, 
a "crew" member sights on an arc 
lamp, of an intensity calibrated for 
a given star's magnitude. Wave 
motion of the submarine is simu-
lated by moving the arc lamp 
randomly. Cloud-cover effects are 
produced by a revolving, variable 
density disk between periscope and 
lamp. Background illumination may 
be varied to reproduce daylight or 
darkness star sighting conditions. 
Human performance is thus also 
measured in checking out system 
operation. 

Other submarine performance 
conditions such as course, speed 
and depth, are all simulated ac-
curately when testing the system. 
Navigational errors during a test 
run are displayed on several Brush 
Instruments chart recorders, and 
also on digital displays. Informa-
tion may be stored on magnetic 
tape for later analysis. Evaluation 
of a single navigation component 
or the entire complex can be made. 
Those tests which do not include a 
human operating a component are 
speeded up twenty times against 
real time. This allows days of at-
sea time to be reduced to hours in 
the simulator. 

Three analog computers, supplied 
by Electronic Associates, Inc., Long 
Branch, N. J., are used in the simu-
later. Special amplifiers and net-
works are employed in these other-
wise standard equipments. Simu-
lator running time is often as long 
as several hours. To reduce drift 
during integration and summing 
operations, operational amplifiers 
with reduced drift specifications 
were designed and hand wired. A 
total of 280 of these chopper stabi-
lized amplifiers simulate outputs 
and functions of the complete navi-
gation system. To achieve maxi-
mum utility from each amplifier, 
multifunction networks were de-
signed for many of them, using 
high-accuracy components in tem-
perature-controlled ovens. 

Molded Case Gives 
Compact Film Capacitors 
Better Reliability 

Sprague Type 157P Capacitors can 
be furnished in Reel Packing 
especially for automatic 
insertion equipment. 

Designed to give reliable perform-
ance under conditions of high 
humidity in transistorized commer-
cial and entertainment equipment, 
Sprague Type 157P Filmitee 'E' 
Capacitors offer substantial size re-
duction to the space-conscious 
equipment designer. 

Molded for all-around protection 
These molded capacitors have greater 
humidity resistance than cardboard-
encased film capacitors. The molded 
housing also offers protection from 
mechanical damage as well as from 
damage by heat during soldering 
operations. Capacitance values will 
not change with external pressure or 
clamping and the outer case does 
not act as a low resistance path 
under conditions of high humidity, 
as is the case with the earlier types 
of capacitors. 

Well-suited for automation 
The cylindrical molded wax-free case 
is ideal for use with automatic in-
sertion equipment because of its 
closely controlled dimensions and 
excellent lead concentricity. While 
157P capacitors are customarily fur-
nished in bulk, reel packing to facili-
tate loading of automatic assembly 
equipment is also available. 

Good Performance Characteristics 
Of extended foil design, capacitor 
sections are wound from ultra-thin 
polyester-film and thin gauge foil. 
Their high insulation resistance, due 
to the film dielectric and molded 
housing, makes them well-suited for 
critical coupling applications. Rated 
for 85 C operation, these capacitors 
may be operated to +105 C with a 
slight voltage derating. 

Complete Technical Data Available 
For complete engineering informa-
tion on Type 157P Filmite 'E' Capac-
itors, write for Bulletin 2065 to 
Technical Literature Section, Sprague 
Electric Company, 35 Marshall St., 
North Adams, Massachusetts. 

o r 
MOST 

WIDELY USED 
LOGIC 

TRANSISTOR 
NOW IN 
SMALLER 
LA SIZE ti 

LOW-COST 

TYPE 2N979 MADr 
TRANSISTORS 

Down in size from a TO-9 to a TO-18 
case, the new Sprague 2N979 is 
solving size, cost, and dependability 
problems for logic circuit designers 
with the identical performance of the 
original 2N1499A, with which it is 
electrically interchangeable. 

Designed for use in saturated 
switching circuits, the 2N979 Tran-
sistor is capable of switching at 
frequencies in excess of 10 mega-
cycles. It consistently shows low 
storage time, low saturation voltage, 
and high beta. 

Available in production quantities, 
the 2N979 is a first-run device, not a 
"fall-out." Produced on FAST (Fast 
Automatic Semiconductor Transfer) 
lines with direct in-line process feed-
back, high production yields make 
possible its lower cost. 

For application engineering assist-
ance, write Transistor Division, 
Product Marketing Section, Sprague 
Electric Company, Concord, N. H. 

For complete technical data, write 
Technical Literature Section, Sprague 
Electric Company, 35 Marshall 
Street, North Adams, Mass. 
qDT. ,0 P^Cp 

SPRAGUE® 
THE MARK OF RELIABILITY 
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7.36 E  

log, 0 D/d 

The formula above gives the capaci-

tance of a coaxial cable as a function 

of the center conductor diameter (d) 

and the dielectric constant (F) and di-

ameter (D) of the primary insulation. 

Raychem cables are insulated with Ray-

foam L, an irradiated, high-strength, 

unicellular, modified polyolefin com-

pound which possesses a very low 

dielectric constant of only 1.5. This 

permits the construction of coaxial ca-

bles having capacitance values 25 to 

35 percent less than standard RG/U 

type cables of equal dimensions. 

Irradiated cables not only have out-

standing electrical properties, but are 

rated for high temperature operation 

and can be soldered. They cue ex-

tremely light in weight, due to the use 

of materials having low specific gravi-

ties. 
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Seaplanes in San Diego Bay. Upper portion of photo has been sampled, 
quantized, stored on tape and retrieved from computer 

Computer to Analyze Photos 

FACSIMILE TRANSMITTER has been 
modified by Cornell Aeronautical 
Laboratory to serve as a photo-
graphic input to a digital computer. 

Photo details go into the com-
puter, an IBM 704, on a cell-by-cell 
basis so the computer will be able 
to perform cognitive processes. 
Built under a Navy contract, the 
input will be used for automatic 
photo interpretation, character 
recognition and other cognitive sys-
tems research. 
The facsimile transmitter has a 

resolution of slightly less than 100 
lines an inch. Modifications in-
cluded isolation and control circuits 
and an analog-digital sampler and 
converter. 

Ninety seconds are required to 
insert a 5 by 5-in, photo, which is 
broken down into some 250,000 in-
dividual elements each having 16 
levels of gray intensity. Storage on 
tape provides a library of photos. 

Color Film Printer Uses 
Simple Analog Computer 

NEW YORK—Low-cost analog com-
puter is used in an automatic, day-
light, color-printer processor for 
amateur photographers. The com-
puter determines color balance in 

the film negative while the proces-
sor turns out a print in three 
minutes. Pavelle Corp. will put the 
unit on the market this fall at a 
price of $150 to $200. 

According to the designers, Alex 
Dreyfoos, Jr., and George Mergens, 
the computer has two cadmium sul-
fide photo cells in a modified bridge 
circuit with a null meter to evaluate 
the color of the integrated trans-
mission of the negative and print-
ing filters. 
One cell is filtered to analog the 

spectral sensitivity of the green-
sensitive layer of the color print 
material. The second cell has a two-
position filter that trims cell sensi-
tivity to analog blue or red layers. 
A fixed and a variable resistor, 

the other two legs of the bridge, 
are set to give a null reading when 
blue-green balance is proper. When 
the red filter is in place, another 
variable resistor is switched in to 
the circuit to give a null when red-
green ratios are correct. The red-
blue ratio is then also correct. Color 
balance is obtained with any nega-
tive by moving the proper amount 
of filtration into the light path. 

In a third mode, the bridge 
makes a overall light intensity 
measurement to determine print 
exposture time. The unit also in-
cludes the chemical process. 
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MEETINGS AHEAD 

TEXAS 
BANK 
IS YOUR 
PRIM 
SOURCE 
INFORMATIO 
ON PLANT 

SITES 
ANYWHERE 
IN TEXAS! 

Electronics manufacturers are faced with special plant site loca-
tion problems. Many of them have found the solution in Texas. 

And because Texas Bank maintains a complete file on every 

industrial site in the state, it can help you pinpoint the one that's 
exactly right for your operation. For site recommendations, or 

information on specific sites, contact Leon Huff, Vice President, 
Industrial Dept., Texas Bank. No obligation, of course. 

Come grow with us 

TEXAS 
BANK 

AND TRUST COMPANY OF 

DALLAS 
Main and Lamar • Dallas, Texas . Riverside 8-9141 • Member F.D.I.C. 

IRE INTERNATIONAL CONVENTION, Coli-
seum & Waldorf Astoria Hotel, New 
York City, Mar. 26-29. 

QUALITY CONTROL CLINIC, Rochester 
Society for Quality Control; Univer-
sity of Rochester, Rochester, N. Y., 
Mar. 27. 

ENGINEERING ASPECTS OF MAGNETO-
HYDRODYNAMICS, AIEE, IAS, IRE, Uni-
versity of Rochester; University of 
Rochester, N. Y., Mar. 28-29. 

QUALITY CONTROL ADMINISTRATIVE AP-
PLICATIONS CONFERENCE, American 
Society for Quality Control; Univer-
sity of Montreal, Canada, Mar. 29-30. 

READ-ONLY DIGITAL COMPUTER MEM-
ORIES DESIGN & APPLICATION DISCUS-
SION, Institution of Electrical Engi-
neers (British); Savoy Pl., London, 
April 3. 

ELECTRONIC & ELECTRICAL INDUSTRIAL-
COMMERCIAL EQUIPMENT SHOW, Elec-
trical Manufacturers Representatives 
Assoc. of Michigan; Artillery Armory, 
Detroit, April 4-6. 

CHEMICAL & PETROLEUM INSTRUMENTA-
TION SYMPOSIUM, Instrument Soc. of 
America; DuPont Country Club, Wil-
mington, Delaware, April 9-10. 

NONDFSTRUCTIVE TESTING CONVENTION, 
Society for Nondestructive Testing; 
Pick-Carter Hotel, Cleveland, Ohio, 
April 9-13. 

PLASMA SHEATH SYMPOSIUM, AF Cam-
bridge Research Labs; New England 
Mutual Hall, Boston, April 10-12. 

SOUTHWEST IRE CONFERENCE AND 
SHOW; Rich Hotel, Houston, Texas, 
April 11-13. 

JOINT COMPUTER CONFERENCE, IRE-PGEC, 
AIEE, ACM; Fairmont Hotel, San Fran-
cisco, Calif., May 1-3. 

HUMAN FACTORS IN ELECTRONICS, 
IRE-PGHFE; Lafayette Hotel, Long 
Beach, Calif., May 3-4. 

ELECTRONIC COMPONENTS CONFERENCE, 
IRE-PGCP, AIEE, EIA; Marriott Twin 
Bridges Hotel, Washington, D. C., 
May 8-10. 

NATIONAL AEROSPACE ELECTRONICS CON-
FERENCE, IRE-PGANE; Biltmore Hotel, 
Dayton, Ohio, May 22-24. 

SELF-ORGANIZING INFORMATION SYS-
TEMS CONFERENCE, Office of Naval Re-
search, Armour Research Foundation, 
Museum of Science and Industry, Chi-
cago, May 22-24. 

AERO-SPACE INSTRUMENTATION SYM-
POSIUM, Instrument Soc. of America; 
Marriott Motor Hotel, Washington, 
D. C., May 21-23. 

ELECTRONICS PARTS DISTRIBUTORS SHOW, 
Electronic Industry Show Corp; Con-
rad Hilton Hotel, Chicago, May 21-24. 

MICROWAVE THEORY & TECHNIQUES 
NATIONAL SYMPOSIUM, IRE-PGMTT; 
Boulder, Colo., May 22-24. 
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POWER RANGE CALORIMETERS FREQUENCY VSWR  waveguide band 
 104 to 0.5 watts 

1.3 maximum 

STABILIZATION TIME 10 seconds tor 26 to 140 KMC ACCURACY  5% (5 to 500 mw) WATER FLOW RATE Approx. 2 cc 'minimum 

POWER SUPPLY  . internal batteries 

Pictured here are the components comprising the new Series 981 TRG calorimeters, which permit 
accurate, fast power measurements over the entire 26-140 KMC band. They are available nowhere else 
— still another instance of TRG's pioneering habit in millimeter wave instrumentation. You'll find 
these new calorimeters more fully described below. But before you skip to the specs, we ask you to keep 
this in mind: today, there is only one source for a complete line of millimeter wave components of 
all types, covering the entire 26.5 to 220 KMC region. That source is TRG. Whatever 
your problem — a component, or complete systems development — TRG has more 

PG of everything it takes, including experience, to place the answers right in the palm 
of your hands. Please write for Catalog 260A today.  

TECHNICAL RESEARCH GROUP, 400 Border St., East Boston 28, Mass. 

THE NEW TRG SERIES 981 CALORIMETERS provide the rapid, accurate and relatively inexpensive,measurement of millimeter 
power required in such applications as research, bolometer calibration, and the manufacture of klystrons, harmonic generators, 
mixers, and parametric devices. TRG calorimeters are the continuous-flow water type, giving absolute power measurements 
by a d-c substitution method. A known quantity of d-c power is used to heat the water in substitution for the unknown RF power. 

FREQUENCY RANGE KMC 

MODEL NUMBER 

PUTS 
THE FUTURE 

IN THE 
PALM 
OF YOUR 
HAND 

A-band 26-40 B-band 33-50 V-band 50-75 E-band 60-90 

A981 8981 I V981 E981 

W-band 75-110 F-band 90-140 

W981 F981 
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IC)I I E 1\1 ED A IEtL E 

-1— I Semiconductors & Components 

from your 

AUTHORIZED 

TEXAS INSTRUM ENTS 

DISTRIBUTORS 
CIRCLE 202 ON READER SERVICE CARD 

METALS for ELECTRONIC APPLICATION 
rolled ULTRA THIN 

by OUR SPECIAL ROLLING 
TECHNIQUE 

RIBBONS. 
STRIP 

TOLERANCES CLOSER THAN COMMERCIAL STANDARDS 
Note: for highly engineered applications—strips of TUNGSTEN 

and some other metals can be supplied 

ro fleet down to .0003 thichneJi 
• Finish: Roll Finish or cleaned 
• Ribbons may be supplied in Mg. weights 

Developed and Manufactured by 

H.CROSS C • • 
363 PARK AVE. 

WEEHAWKEN, NEW JERSEY 

Tele. UN-3-1134 

NYLON & DELRIN 
THREADED 
FASTENERS 
• GRC's complete line of high quality, 
close tolerance molded screws and 
hex nuts includes screws in standard 
commercial heads—Phillips or slotted 
types—in sizes from #4 thru 1/4"; hex 
nuts in ten sizes (#2 thru 5/16") GRC 
molded minature machine screws— 
half the weight of aluminum—in sizes 
as small as O make more compact 

euswncis designs possible. GRC's single cavity 
molding techniques adds exceptional 
uniformity, accuracy, economy to Ny-
lon's& Delrin's high strength-to-weight 
ratio, built-in electrical insulating 
qualities, stability, resilience and elas-
ticity. GRC's molded fasteners are 
available from stock in a wide range 
of types, sizes and lengths. 
WRITE, WIRE, PHONE NOW for 
samples & GRC's new detailed indus-
trial fastener catalog. 

) COIL , 
050155 

cuven 

Be sure to see 
us at the I.R.E. 
Booth 4054 

GRIES REPRODUCER CORP. 
Worlir8 Forent.1 Produccr Syn,111 Hie root imp, 

151 Beechwood Ave. • New Rochelle, N. 
Phone: (914) NEw Rochelle 3-8600 

Y. 

CIRCLE 207 ON READER SERVICE CARD 

MAGNETIC° 

MINIATURE 

SERVO 

AMPLIFIERS 
TRANSISTOR oso oR MAGNETIC 

Call Us/ WITH YOUR 
REQUIREMENTS 

516 AN 1.4502 

Or Write/ FOR STANDARD 
LISTING 

MAGNETIC° INC 
516 AN 1. 4502 

6 RICHTER CT. E. NORTHPORT, N. Y. 

r "--- PRODUCTION 

TOROIDAL 

WINDING 
MAG - AMPS • TRANSFORMERS 

INDUCTORS 

FILTER COILS 

DELAY Lk COILS 

MAGNETIC° 
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MICRO-DRILLING PROBLEMS? 

Shown above, an ACDO micro-drilling machine set up for drilling the 
miniature bushing illustrated, with a 0.0114" hole 0.250" long. 
Maximum run out on either end of the hole does not exceed 
0.00020" T.I.R. separate motors and controls are used on the head-
stock and drilling spindles. Both are continuously variable from 0 to 
4000 RPM with dynamic braking on each and IR drop compensation 
on the headstock spindle motor. The headstock is driven by a 1/4 HP 
motor and the drilling spindle by a 1/8 HP motor. 

LOUIS LEVIN & SON, INC. 

3573 Hayden Ave., Dept. A, Culver City, California 

New York Representative and Showroom 
RUSSELL-HOLBROOK & HENDERSON, INC. 
292 Madison Ave., New York 17, N.Y. 

TEVIN; 
micro-drilling machines are the best 

answer for precision drilling of orifices, bushings, and similar 
devices, with hole diameters in the range from 0.001" to 
0.125". The drilling spindle can be shifted to drill up to 1/4 " 
off center if desired. 
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MIXER1 
.455 Mc! .455Mc 

VV V 1 

LIMITER 
.455Mc 

Now you caestandardize and really cut costs with the 
NEW AmpereIÙ2N2osigs 

the industry's closest approach to the 
'universal communications transistor' 
Combining the best features—high voltage, high beta and high frequency 
—of many specialized front end and IF types, this new PADT germa-
nium-alloy-mesa transistor will obsolete and replace such types* as 
2N1224, 2N1225, 2N1226, 2N1395, 2N1396 and 2N1397 for HF and 
and VHF mobile, aircraft and radar applications. 

Cuts costs 3 ways 
Amperex advanced design—plus the high yields characteristic of the 
PADT process—now provides to the industrial equipment manufac-
turer a single communications transistor with an unrivaled combination 
of application flexibility, high quality and low price. The long-sought 
degree of universality offered by the new Amperex 2N2084 results in— 
.'. Lower procurement costs: only one type to order—with a better price break through volume purchasing. 
2. Lower designing costs: only one type to specify—because of the wide range of desirable characteristics. 
3. Lower inventory costs: only one type to stock—simplifies inventory control and disbursement. 

It's as simple as that! CIRCLE 32 ON READER SERVICE CARD 

Typical Beta 
Breakdown Voltage  BVcBo =40 V 
Typical Power Gain 14 db (at 100 mc) 

27 db (at 30 mc) 
Output Capacitance  Ca, — 2 eied 
Case  JEDEC TO-33 

TYPE 2N2084 
SPECIFICATIONS AND FEATURES 

Gain Bandwidth Product fT=100 mc 
 h=140 

for complete data and appli-
cations information on the 
2N2084 and other transistors 
in standard TO-33 envelopes 

Currently available for immediate delivery 

AMPEREX ELECTRONIC CORPORATION 
230 Duffy Avenue, Hicksville, Long Island, N. Y. 
In Canada: 
Philips Electronics Industries. Ltd., Tube, Semiconductor & 
Component Depts., 116 Vanderhoof Ave., Toronto 17, Ont. 



ir plate 

ir x-ray anode 

ite anode-photocathode 

.ite anode-cold cathode 

4-
;He anedeionically 
cathode with 
nentary heating 

within envelope and 
ted to a terminal 

envelope of x-ray tube 

t by loop 

tor, cavity type-
cavity envelope with 
ectrodes 

or-double-cavity 

e with grid electrodes 

ity magnetron anode 

ope 

tation, tubes with 

with bayonets, 
er reference 

hase terminals 

SMALL 
PIN 

LARGE 
PIN 

envelope terminals 

RIGID 
TERMINAL 

FLEXIBLE 
LEAD 

triode with directly heated 
cathode and envelope 
connection to base terminal 

pentode 

twin triode equipotentia) cathode 

cold cathode voltage regulator 

vacuum phototube 

multiplier phototube 

cathode-ray tube, electrostatic 

deflection 

cathode-ray tube, magnetic 
deflection 

mercury-pool tube with ignitor 
and control grid 

mercury-pool tube with excitor, 
control grid and holding 
anode 

single-anode pool type vapor •double focus x ray tube with 
rotating anode rectifier with ignitor 

six anode metal tank pool type 
rectifier with excitor 

resonant magnetron with coaxial 
output 

resonant magnetron with 
permanent magnet 

transit time magnetron 

tunable magnetron 

reflex klystron, integral cavity 

lE 

Inutile cavity klystron, 
integral cavity 

transmit receive t 1 tube 

x ray tube with directly heated 

cathode and focusing grid 

x ray tube with control grid 

ray tube with grounded shield 

x-ray tube with multiple 
accelerating electrode 

FUSE 

general 

I I 
OR  

—0 I k— 
OR 

high voltage fuse 

OR 

— 

high voltage fuse, oil 

OR 

fi— 

GOVERNOR 

HALL GENERATOR 

HANDSET 

HYBRID 

general 

hybrid junction 

circular hybrid 

'Replace asterisk (') with E, 
ti or HE to denote transverse 

INDUCTOR 

general 
c.v...., OR clIFIP 

magnetic-core inductor 

evvv• 

tapped inductor 

'IT 
adjastable inductor 

continuously adjustable inductor 

saturable-core inductor 'reactor' 
DC WINDING 

KEY, TELEGRAPH 

LAMP 

ballast tube 

tumescent lamp. two-terminal 

--03 • c)— 
fluorescent lamp, four terminal 

=+. •  
cold-cathode glow lamp. a-c type 

cold cathode glow lamp. d e type 

incandescent lamp 

o 
MACHINE , ROTATING 

generator 

motor 

MAGNET, PERMANENT 

METER 

/CD 

METER LETTER 
COMBINATIONS 

Replace asterisk fl with 
proper letter combination) 

A ammeter 
AH ampere hour 
CMA contact-making 

or breaking; ammeter 
CMC contact-making 

or breaking) clock 
CMV contact -making 

or breaking) voltmeter 
CRO cathode-ray oscilloscope 
DB decibel meter 
DBM decibels referred to 

one milliwatt 
LIM demand meter 
DTR dernand-totalizing relay 
F frequeacy meter 
G galvanometer 
GO ground detector 
I indicating 
INT integrating 
pA or UA microammeter 
MA rnilliammeter 
NM noise meter 
OHM ohiraneter 
OP oil pressure 
OSCG oscillograph, string 
PH phasemeter 
PI position indicator 
PF power factor 
RD recording demand meter 
REC recording 
RF reactive factor 
SI synchroscope 
T temperature 
TOC thermal converter 
TIM telemeter 
TT total time 
V voltmeter 
VA volt -ammeter 
VAR varmeter 
VARH varhour meter 
VI volume indicating 
Vii standard volume indicating 
W wattmeter 
Wit watthobr meter 

GRAPHICAL SYMBOLS FOR 

ELECTRONICS DIAGRAMS 
THIS CHART is abridged from proposed Ameri-

can Standard Y32.2-1962, Graphical Symbols 

for Electrical and Electronic Diagrams, which is 

identical to MIL-STD 15-1 dated October 30, 

1961 and proposed IRE Standard 62IRE21.S1. 

Symbols for use on logic diagrams are abridged 

from proposed American Standard Y32.14-1962 

Logic Symbols for Digital Computers. 

The chart does not include symbols used 

primarily in electric power distribution, electrical 

machinery and telephone systems. Certain spe-

cialized build-up applications of basic symbols 

are omitted. Where the basic American Standard 

shows both single-line and complete symbol 

equivalents, this chart shows only the single-line 

symbol. Consult the basic Standard for complete 

symbols in these cases. 

e 1962 ELECTRONICS A 

MARCH 23, 1962 

Reprints of this chart 
available for $1.00 . 
from: Reprint Mgr. 

electronics, 
McGraw-Hill 
Publishing Company 
330 W. 42nd St. 
New York 36, N. Y. 

ALL RIGHTS RESERVED 

McGRAW-HILL PUBLICATION 

MICROPHONE 

D— 

MODE SUPPRESSION 

MODE TRANSDUCER 

MOTION, MECHANICAL 

translation, one direction 

F-40 

translation, both directions 

4-F-• 

rotation, one direction 

rotation, both directions 

NETWORK 

NET 

OSCILLATOR 

PAD, (UNIDIRECTIONAL 
ISOLATOR) 

PATH, TRANSMISSION 

general 

wire 

two conductors 

air or space path 

A./1/i/. 

dielectric path other than air 

DIE L  

crossing of conductors 
not connected 

junction 
• 

Junction of connected paths, 

conductors or wires 

OR 

OR ONLY IF REQUIRED 
BY SPACE LIMITATION 

shielded single conductor 

cable 

coaxial cable 

two conductor cable 

shielded two-conductor cable 

with shield grounded 

grouping of leads 

) ) ) ) 

OR 

OR 

o 11111 
alternate or conditional wiring 

associated or future wiring 

associated or future equipment 

amplifier shown, 

N. 
- 

circular waveguide 

rectangular waveguide 

0 

PHASE SHIFTER 

general 

adjustable 

PICKUP HEAD 

general 

 > 

recording 

 > 

playback 

-  > 

erasing 

writing, reading and erasing 

stereo 

PIEZOELECTRIC CRYSTAL 

POLARITY 

positive 

negative 

RECEIVER, TELEPHONE 

general 

headset 

[13-

0 

RECTIFIER 

(Represents any method of 
rectification such as elec-
tron tube, solid-state device, 
electrochemical device, etc.) 

general 

controlled 

RELAY 

alternating current or ringing 

1-I I 
fast-operate 

101 

fast-release 

N 
magnetically polarized 

slow-operate 

OM 
slow release 

1111— 

RELAY LETTER 
COMBINATIONS 

Not required with specific 
symbol.) 

AC alternating current 
D differential 
DB double biased 
DP dashpot 
EP electrically polarized 
FO fast operate 
FR fast release 
MG marginal 
NB no bias 
NR nonreactive 
P magnetically polarized 
SA slow operate and slow release 
SO slow operate 
SR slow release 
SW sandwich wound 

RESISTOR 

general 

--c\I'VN,r— OR —4 •  

tapped resistor 

—Tr OR • I— 

I 

tapped resistor with adjustable 

contact 
OR 

adjustable or continuously 
adjustable 

.—npee— OR 

instrument or relay shunt 

-- t o o 1--
nonlinear resistor 

OR 

symmetrical varistor 

OR 
V 

OR 

Replace asterisks ff) with 
identification of symbol.) 

RESONATOR. TUNED 
CAVITY 

o 
ROTARY JOINT 

general -Replace asterisk ' 
with transmission-path 
recognition symbol. 

coaxial in rectangular waveguide 

--El (le El-

circular in rectangular waveguide 

SEMICONDUCTOR 
DEVICES 

semiconductor region with one 
ohmic connection 

7-
semiconductor region with 
plurality of ohmic connections 

+ OR -FL OR -1—r 
I I 

rect lying junction, P on N region 

rectifying junction, N on P region 

_4_ 0, 
emitter, P on N region 

plurality of P emitters on N region 

emitter. N on P region 

\1_ 

plurality of N emitters on P region 

\>/ 

collector 

plurality of collectors 

transition between regions of 

dissimilar conductivity 

intrinsic region between regions 
of dissimilar conductivity 

intrinsic region between regions 

of similar conductivity 

intrinsic region between 
collector and region of 
dissimilar conductivity 

_d 
intrinsic region between 
collector and region of 
similar conductivity 

light dependence 

temperature dependence 

to 

capacitive device 

tunneling device 

breakdown device 

PNP transistor actual device and 
construction of symbol' 

(I) N •— 

(3) 

(I) (2) 

(2) 

N /P 

(3) 

PNINIP device 'actual device and 
construction of symbol) 

(4)(IX5X216) (9) 

(7)(8) (3) 

(I) (2) I I (3) 

\P \PN x'7) N 111117/P 

(4)(5)161(7)(8)191 

semiconductor diode 
also. rectifier 

—04-
0 R 

capacitive diode also, Varicap. 
cofactor, reactance diode, 
parametric diode; 

OR 

breakdown diode, unidirectional 
also: backward diode, ava-
lanche diode, voltage regulator 
diode, zoner diode, voltage 
reference diode; 

—1114---j OR 

breakdown diode, bidirectional 
and backward diode 

also: bipolar Wan iimiter 

oR 

tunnel diode d:' ,,..S.11.1(1indi. 

—el— OR 

temperature dependent diode 

R 
t ° 

photodiode also: solar cell) 

± *OF-- OR 

semiconductor diode, PNPN 
switch (also: Shockley diode. 
four layer d ode -

OR 

PNP transistor 1also, junction, 
point contact, mesa, epitaxial. 
planar, surface barrier 

PNP transistor with one 
electrode connected to 
envelope 

NPN transistor (see other 
names under PNP transistor) 

uni jonction transistor. N-type 
base also: double-base diode, 
filamentary transistor; 

unijunction transistor, P-type 
base 'see other lames above) 

field-effect transistor, 
N-type base 

OR 

field-effect transistor, 
P-type base 

OR 

semiconductor triode, PNPN 
switch afso: controlled 
rectifier' 

semiconductor triode, NPNP 
switch also: controlled 
rectifier) 

NPN transistor with 
transverse-biased tose 

PNIP transistor with ohmic 
connection to intrinsic region 

NPIN transistor with ohmic 
connection to intrinsic region 

PNIN transistor with ohmic 
connection to intrinsic region 

NPIP transistor with ohmic 
connection to intrinsic region 

SHIELD 

SQUIB 

explosive 

igniter 

sensing link 

SWITCH 

single-throw 

double-throw 

— 
double-pole, 
double-throw 
with terminals shown 

o o-io 

o 

knife switch 

push button, circuit 
closing make; 

00 
push button, circuit 
opening breaki 

010 
nonlocking, momentary or 
spring return- circuit closing 
Juke) 

0= OR 

nonlocking; momentary or 
spring return-circuit opening 
'break; 

0-1  OR 

nonlocking; momentary or 
spring return--transfer 

0—*- OR 

locking-circuit closing 
,make; 

oR 

locking-circuit opening 
,break , 

0—fy OR 0---15 

locking- -transfer, 
three-position 

o 
OFF 

o 
wafer examp:e shown: 3-pole, 
3-circuit with 2 nonshorting 
and) shorting moving contacts 

safety interlock-circuit 

opening 

safety interlock-circuit 
closing 

SWITCHING FUNCTION 

conducting, closed contact 

—F--

nonconducting, open contact 
make; 

—X--

transfer 

SYNCHRO 

general 

SYNCHRO LETTER 
COMBINATIONS 

CDX control-differential 
transmitter 

CT control transformer 

CX control transmitter 

TDR torque-differential 
receiver 

IDO torque-differential 
transmitter 

IR torque receiver 

TX torque transmitter 

RS resolver 

B outer winding rotatable in 
bearings 

TERMINATION 

cable 

open circuit 

short circuit 

—4 
movable short 

terminating series capacitor, 
path open 

terminating series capacitor, 
path shorted 

terminating series inductor, 
path open 

terminating series inductor, 
path shorted 

terminating resistor 

series resistor, path open 

series resistor, path shorted 

THERMAL ELEMENT 

actuating device 

OR 

thermal cutout 

OR 

thermal relay 

OR 

OR OR 

— 1-Xf— OR — 1-XJ— 

thermostat .operates on rising 
temperature), 
with break contact 

OR 

thermostat with make contact 

OR 4 

thermostat with integral 
heater and transfer contacts 

THERMISTOR 

general 

with integral heater 

THERMOCOUPLE 

general 

with integral heater internally 
connected 

heater 

with integral insulated heater 

heater 

semiconductor thermocouple, 
temperature measuring 

semiconductor thermocouple, 
current measuring 

TRANSFORMER 

general 

1..1 
  OR   

rre-s [oval 

transformer with polarity 
marks instantaneous 
current in to 
in 
current out) 

OR 

-  it 

VIBRATOR I ELECTRICAL INVERTER 

shunt drive 

separate drive 

14 — jjo) 

ir 
VISUAL SIGNALING 

DEVICE 

annunciator, general 

annunciator drop or signal, 

shutter type 

lI 
annunciator drop or signal, 

ball type 

4 

manually restored drop 

1>-1-31 

electrically restored drop 

EFF5i3 

switchboard-type lamp 

indicating lamp 

n OR --ñ"..) OR ® 

jeweled signal light 

INDICATING LIGHT 
LETTER COMBINATIONS 

Replace asterisk (*) with 
proper letter combination.) 

A amber 
B blue 
C clear 
G green 
NE neon 
0 orange 
OP opalescent 
P purple 
R red 
W white 
Y yellow 

LOGIC SYMBOLS 

Including some duplicate 
freneral-purpose symbols; do 
not mix left-hand symbols 
and right-hand symbols.) 

AND 

A 
ORfl 

OR 

OR 

EXCLUSIVE OR 

OE 
OR 

LOGIC NEGATION 

OR 0 

FLIP-FLOP 
COMPLEMENTARY 

I I I 
CTS 

o FF 

FLIP-FLOP LATCH 

FL 

O 

SINGLE SHOT 

SCHMITT TRIGGER 

AR 

ST 

AMPLIFIER 

OR > 

TIME DELAY 

OR 

TD 

5ms 

5 mn 

3ms 

OR 
  I 5ms  
TD 3„.„ 

5ms 5ms  

OSCILLATOR 

0 S C 
OR 

LOGIC FUNCTIONS NOT 
OTHERWISE SYMBOLIZED 

Replace asterisk (*; with ab-
breviation or complete iden-
tification.) 

APPLICATION OF 
RELATIVE LEVEL 

SYMBOLS 

OR 

C  

AftiCI symbol with input 1-
states at the more positive 
level and output 1-state at 
the less positive potential.) 





SEMICONDUCTORS 
for RADIO & TV 

Ge PNP Alloy Type for HF Use 

25052 

2S448 

25453 

For BC Band Convertor ServIce 

for 455Kc IF AmPlrf,er Service 

for 455Kc IF Amplifier Service 

Ge PNP Drift Type for HF Use 

2SA60 

25972 

25973 

25492 

7S493 

for Short Won Converter Service (1291c) 

For Hie ¡ferreux,/ Amplifier Service (3910 

Fun BC Hand Converter Service 

for Short Win fatal Oscillator Service (II3f4c) 

For Short Wave Mixer Service and ID 791c IF Areelltrer Service 

Ge PNP Meso Type for VHP Use 

754229 

750230 

254239 

254240 

For VHF Mixer and Local Oscillator Service 

For VHF Amener Service (IV tuner) 

far VIIF Converter Service r, VHF • F m 

For VHF Amplifier Servia 

Ge PNP Alloy Type for LF Use 

2S85.1 

75856 

758189 

250707 

25826 

For Andre Iftripienq Volte Amplifier Service 

For 200mW (Class O Power Output Amplifier Service 

for 350mW r,Clave 11) Power Output Amplrfir Service 

For IW r Mess B) Power Output Amplifier Service 

For 10W r,Class Bi Power Output Amphirer SePetAi 

Ge PNP Drift Type Power Transistor 

?SM fer lOW Hi-Fi Amplifie! Pelytt Output Use 

25B23I For 8 IV lien. Ileflecter Output Ose 

25029 For 40W Ill•Fr emplir:et Power Output Be 

758296 Foi 10" 14* IV Hou/. Deflection Output USe 

Ge Point Contact Diode 

INGO For FM -AM Rade Iletector Semai 

INS/A For 1M-0M Radia 8 TV Video Detector Setie3 

1534 c,Sirnilmity IN34A1 Foe Ceneral Service 

TOSHIBA DOES IT AGAIN! 
Toshiba's new 75PC11, a 3" camera tube for black and white TV, 
can be operated with target voltage of up to 4 volts above cut-
off which deletes black border and clouding. The picture quality 
of 75PC11, which is suitable for both studio and outdoor use, is 
greatly improved because it is equipped with a specially designed 
field-mesh device. Outstanding features of this tube include high 
resolution capability, uniform picture quality and high signal-to-
noise ratio. 

This is another example of the superiority of Toshiba products. 
From semiconductors to giant transformers, each Toshiba product 
is backed by the company's advanced research, great technical 
resources and most modernized facilities. 

Using conventional type tube 

The revolutionary 
Toshiba Image 
Orthicon Camera 
Tube 75PC11 
does away 
with black border 

Using 75PC11 

Toshiba Imai;e Orthicon Camera Tube 75PC11 

Our products will be on display at the IRE Show. Booth :43107 
QUALITY SINCE 1875 

TOKYO SHIBAURA ELECTRIC CO., LTD. 
1, 1-chome, Uchisaiwai-cho, Chiyoda-ku, Tokyo, Japan 

Cables: TOSHIBA TOKYO 
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Tc Contractors, and Subcontractors on U. S. Government Projects 

MICROWAVE DIODES WITH 

CUTOFF FREQUENCY OF 36 kmc 
Practical Operation to 9 kmc 

These 250 m ill iwatt diffused silicon diodes come in vacuum-tight hexagonal cases which are threaded 
for screw mounting and are particularly suited for strip line application. 

Applications for these microwave diodes include parametric amplifiers, second-stage protectors, and 
harmonic generators at ambient temperatures up to 200°C. The capacitance of these devices is closely 

controlled. The extremely low equivalent series resistance and inductance (approx. 0.4 nhy) makes 
them ideal for ultra high and super high frequency applications. 

JEDEC 

NUMBER 

BV 

Minimum 

@IR=10 mAdc 

IS 

Maximum 

e VR=2 Vdc 

VF 

Maximum 

@ IF=100 mAdc 

Q 
Typical 

e f=9 kmc, V=0 

Rs 

Maximum 

@ f=9 kmc, V=0 

Total Capacitance 

fo=500 mc , V=0 

Minimum Maximum 

1N3152 
& 

1N3153* 

*1N3152 

5.5 Vdc 

and 1N3153 

1.0 Adc** 

have opposite 

1.1 Vdc 

polarities 

4 

*'10 µAdc for 1N3152 

2.n. 3.55 pf 4.45 pf 

These environmentally tested high reliability diodes may be purchased in quantity from Western 
Electric's Laureldale Plant. For technical information, price and delivery, please address your request 

to Sales Department, Room 102, Western Electric Company, Incorporated, Laureldale, Pa. Telephone: 
Area Code 215—WAlker 9-9411. 

LAURELDALE PLANT 
MAKER OF ELECTRON PRODUCTS 

WO5 tern Electric 
MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 
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Tunnel-Diode Saturable-Reactor 

Amplifier as a 

Control Element 

The saturable reactor, with its con-

trol winding insulated from other 

circuits, controls the frequency of 

tunnel-diode relaxation oscillations. 

Range of frequencies to 1,000:1 is 

obtainable for triggering power cir-

cuits 

By RAY E. MORGAN 
General Electric Company, 

Schenectady, New York 

THE TUNNEL DIODE' and saturable-
reactor control method combines 
many of the advantages of semi-
conductor circuits with an amplifier 
having isolated input. The circuit 
is compact, economical, fast re-
sponding, versatile and in many ap-
plications provides a wider range 
of control than other available con-
trol elements. The combination is 
an oscillator with the oscillating 
frequency controlled by the d-c 
signal applied to an insulated wind-
ing on the saturable reactor. Fre-
quency is controlled over a range of 
100:1 and in some applications 
1,000:1. The unit is ideal for 
operating with controlled recti-
fiers" or switching transistors" to 
provide wide range time-ratio con-

Adjusting the balance of a lamp control circuit 

trol and variable frequency or con-
trolled frequency power inverters 
and function generators for control 
systems or computers. 
The theory of oscillation has pre-

viously been described,' neverthe-
less a brief description is presented 
for convenience. 
The basic tunnel-diode-saturable 

reactor circuit is shown in Fig. 1 to-
gether with the volt-ampere charac-
teristic of the tunnel diode. The se-
quence of oscillation ABCDEFA and 
relative positions of the supply volt-
age E8, and bias current I„ are shown. 
Consider operation with control 
current Ic -= 0. Application of bias 
current 1,, places tunnel diode D, at 
position A. Application of supply 
voltage Es does not disturb D, at 

first (D, remains between A and B) 
because saturable reactor SR is un-
saturated. While SR is unsaturated 
the exciting current is < (i iTDA) 

where i TDA and iTDB are tunnel diode 
currents at positions A and B re-
spectively. After SR saturates 
(position A of Fig. 2B) supply cur-
rent is flows through D, adding to 
bias current 1,, and raising tunnel 
diode current 40 to position B. 
Once D, is at position C, voltage 
eTE, > Es, voltage esi, again reverses, 
SR becomes unsaturated (is negli-
gible) and D, moves to position A 
and the oscillation continues. 

Application of control current le 
(Fig. 1) increases the frequency of 
oscillation according to Fig. 2A. 
Figures 2B and 2C trace the B-H 
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Tunnel diode saturable reactor unit 
gives 1,000:1 speed control of 3-
phase motor 

loop of the saturable reactor for 
two conditions: Fig. 2B with no 
control current I, flowing and Fig. 
2C having 3 ma control current and 
increased frequency f„ of relaxation 
oscillations. Current I, reacts on 
SR just as control current reacts 
on a non-self saturating magnetic 
amplifier2.8. Control current I. pro-
vides ampere-turns to SR in opposi-
tion to the ampere-turns produced 
by supply current is. Position A is 
shifted to the left of the B-H loop 
as shown in Fig. 2C. This forces 
is to increase between position A 
and A'; the tunnel diode reaches 
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FIG. 1—Control current in saturable reactor sets oscillation frequency of 
tunnel diode (A); sequence of operation is traced out by characteristic 
curve (B) 

position B and switches to position 
C before SR saturates (position B, 
Fig. 2C), reversing es„ so that SR 
traces a minor B-H loop. The re-
duced swing of flux brings an in-
crease in the oscillation frequency. 
As control current I, is further 

increased, the flux swing decreases 
with smaller B-H loops as shown in 
Fig. 2D. The magnetomotive force 
H of Fig. 2D is proportional to 
(is — le) assuming a turns ratio of 
1:1 for SR. The peak-to-peak swing 
of current is during oscillation is 
i.q = 41)0 — ¡TOE, where irDlt and iTDE 
are tunnel diode currents at posi-

-H Ha (LD - ID) 

r E ,  

.-F --,"  LLTD AT .8 POSITION A 
LTD AT POSITION 8 

LTD.UCT LS) 

FLTD AT POSITION A 
LT0 AT POSITION El 

tH 

-1 

FIG. 2—Control current of 55 ma raises frequency to 1,000 cycles (A); 
hysteresis loops relate to saturable reactor with zero (B) and 3 ma (C) 
control current. Curve (D) shows the B-H excursion for 3 conditions of 
operation pinpointed on curve (A) 

tions B and E respectively. The 
peak-to-peak swing of is is deter-
mined by the tunnel diode and is 
held constant. Likewise the swing 
of H of Fig. 2B, 2C and 2D is held 
constant. As I. increases in Fig. 2D 
the sequence of oscillation and rela-
tive position of B and H to i,, and 
epr of Fig. 1 are shown by 
ABCDEFA for I, = 0, by A,B,C,-
D,E,F,A, for I, = 20 ma and by 
AJ32C2D,E,F_A2 for I,. = 50 ma. The 
tunnel diode is a 1N2941, with irps 
= 5 ma; SR has a 1:1 turns ratio 
and a Hi-Mu 80 core. The transfer 
curve is shown in Fig. 3 relating 
output to input current for the cir-
cuit shown. Waveforms are illus-
trated in Fig. 4. A transistor added 
to the tunnel-diode saturable-re-
actor circuit as shown in Fig. 5A 
increases the load voltage and load 
power over the circuit of Fig. 1. 
The limit of load voltage of Fig. 1 
is too low for many control and 
computer applications (en, < 0.5 
volt for germanium and e, < 1.2 
volts for gallium arsenide). Tran-
sistor Q, raises the load voltage to 
e,, -= 20 volts or in some cases 
e = 75 volts. 

Transistor Q, also provides cur-
rent gain. The tunnel diode is fre-
quently a low current type, such as 
1N2941 (irn = 4.7 ma -1: 0.3 ma at 
position B) to match the desired 
design parameters of the saturable 
reactor. 
The design parameters of SR 

(Fig. 5A) is extended by use of Q,. 
During the interval that Q1 is 
turned on (e7, between positions C 
and E and eQ = 3 volts) supply volt-
age E., drops to less than 20 per-
cent of the voltage for Q, turned 
off. The action of Q, (Fig. 5A) 
upon E81 permits Es, to be much 
larger (such as five times) than 
Es, of Fig. 1 when the tunnel diode 
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is operating between F and E. With 
the tennel diode operating between 
C and E, voltage Es, of Fig. 5A is 
about the same as Es, of Fig. 1 This 
action of Q, permits the saturable re-
actor resistance to be much larger 
(five times or more) than for SR 
of Fig. 1. The operating require-
ment for Fig. 5A is that (Es, 

> ern for Di at position B, 
and Esi < err, when D, is at position 
E; R., is the resistance of the 
saturable reactor and the supply 
voltage is E. 
The tunnel diode-saturable re-

actor is an excellent control element 
for time-ratio control circuits in 
controlled rectifier'. 'and transistor' 
techniques. 
The tunnel-diode saturable-re-

actor circuit controls a silicon con-
trolled rectifier (ser) in Fig. 5B. 
The power circuit stays on for a 
fixed length of time and the tunnel 
diode-saturable reactor controls the 
frequency, and in turn, the load 
voltage." The power supply volt-
age E. comes from the power cir-
cuit to synchronize the time ratio 
control and tunnel diode-saturable 
reactor circuits at maximum fre-
quency. Transistor circuit Fig. 5C 
uses the tunnel diode-saturable re-
actor in the same way' as the SCR 
circuits. The tunnel diode-saturable 

To 
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8  

TIME --•• 
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FIG. 4—Upper $ waveforms are 
plotted for zero control current, 
lower for I. = 3 ma 
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FIG. 3—Variable frequency control circuit feeds silicon controlled rectifier 
amplifier (A); transfer characteristic shows that 100 ma control current 
gives 12-amp output (B) 

reactor triggers the power circuit 
with a pulse during each oscillation. 
Voltage Es, in both Fig. 5B and 5C 
is obtained by an attenuator con-
sisting of resistor Ri and diode D,. 
The forward dynamic resistance of 
D, is much lower than the static 
resistance, allowing D, to be a good 
attentuator element. When the tun-
nel diode is germanium (such as 
1N2941) D, is a 1N91. 
The tunnel-diode saturable-re-

actor control unit can generate a 
frequency controllable for more 
than 1,000:1 range for time-ratio 
control, converters and function 
generators, and is excellent for 
combining with controlled rectifiers 
or switching transistors for power 

--Alf7/8\4 

  SR 

Es, 

control. The tunnel diode saturable 
reactor provides a preamplifier or 
function generator for control or 
computer systems. 
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Solion Tetrode Integrates 

Signals ranging from slowly varying d-c to frequencies 

beyond 10 Kc can be integrated using the low-power 

solion tetrode in simple, inexpensive circuits 

By JAMES W. MARTIN, JAMES R. COX 
Texas Research and Electronic Corp., Dallas, Tex. 

SOLION TETRODE enables time-in-
tegration to be performed accurate-
ly using simple, reliable and inex-
pensive circuits. Integration of 
electrical signals has required com-
plicated mechanical equipment or 
complex, costly electronic circuits. 
The commercially available SE 

110 solion tetrode is smaller than a 
miniature tube and requires less 
than 1 mw of d-e power. This de-
vice has been used in circuits to 

5K 

80K 

,.35v 

82K 

--^ SE110  

47 

G130 7 6130 

integrate signals with frequencies 
above 10 Kc, as well as slowly vary-
ing d-c signals such as those en-
countered in meteorological meas-
urements. 
The circuit in Fig. 1 is designed 

to integrate signals from a gas 
chromatograph recorder. Accuracy 
of the integrator is better than 1 
percent, drift is negligible for this 
application, and the integrator can 
be operated from batteries. 
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FIG. 1—Solion integrating circuit provides accuracy better than one per-
cent and is battery-powered 

Input E, to the solion tetrode is 
taken from retransmitting poten-
tiometer R„ which is driven by the 
chromatograph recorder. Output E„ 
drives a second recorder channel. 
Typical input and output signals 
are shown as a function of time 
in Fi;. 2A. 
Common base amplifier Q, pro-

vides voltage gain to the integrator 
output circuit. The Schmitt trigger 
consisting of Q, and Q„ and of re-
lays K, and K, reverses polarity 
of the input current to the solion. 
Reversing input current polarity at 
predetermined output current levels 
folds the integral as shown in Fig. 
2A, which provides an unlimited 
output range of the integral. 
The thermistor in the output cir-

cuit in Fig. 1 compensates the in-
crease in output current of about 
2.5 percent per degree centrigrade. 
Accuracy using thermistor com-
pensation is better than 1 percent. 
Where greater accuracies are re-
quired of the integrator, component 
ovens are used. 
Operating power for the solion is 

provided by 1.35-volt mercury cells 
and voltage dividers. Maximum 
voltage from the 1.35-volt cells is 
limited by the dividers to 0.7 volt to 
avoid damaging the low-power so-
lion. 
The integrating component in the 

circuit in Fig. 1 is the SE 110 so-
lion tetrode. The term solion, a 
contraction for solution of ions, 
applies to a family of devices that 
function by controlling and moni-
toring a reversible electrochemical 
reaction. 
The aqueous solution contained 

in the SE 110 is potassium iodide 
(KI), with a small quantity of the 
element iodine (I2). Although in 
the solution the iodine actually ex-
ists primarily as the tri-iodide ion 
(I; ), it will be referred to as iodine 
for simplicity. 
The four electrodes and two func-

tional compartments of the tetrode 
are identified in Fig. 2B. Current 
through the device in the direction 
shown effectively transfers a quan-
tity of iodine from the reservoir 
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Chromatograph Signals 
compartment into the integral or 
output compartment. Actually a 
reversible oxidation-reduction type 
of chemical reaction occurs at the 
two electrodes. The reactions occur 
at the same rate, causing the effec-
tive transfer of iodine, although no 
iodine actually moves through the 
solution. This effective transfer of 
iodine can be reversed by changing 
the polarity at the two electrodes. 

Based on Faraday's law, the 
quantity of iodine transferred is 
proportional to the input charge, 
which is the time integral of input 
current. Thus the quantity of iodine 
transferred is proportional to Qi, 
where Q, is input charge in micro-
coulombs, and 

Q. = 11, (1)(11, 

where I, (t) is input current in 
microamperes as a function of 
time. 
The output current that flows be-

tween the readout and common elec-
trodes is directly proportional to 
the quantity of iodine in the inte-
gral compartment. This quantity, as 
shown in Eq. 2 and 3, is propor-
tional to the integral of input cur-
rent: 

10 = KQ1or (2) 

I. = K f I, We (3) 

where I. is output current in micro-
amperes and K is integrator sensi-
tivity in microamperes output per 
microcoulomb input. 

Bias supply E, between the in-
put and shield electrodes prevents 
iodine from diffusing from the 
reservoir into the integral com-
partment. 

Simple integrator circuits such 
as that in Fig. 1 can be designed 
with the aid of the equivalent cir-
cuit of the solion tetrode in Fig. 
2C. The input circuit, between the 
input and common electrodes, can 
be represented by resistor R, in 
series with the nonlinear voltage 
generator L. In the input char-
acteristics shown in Fig. 2D, volt-
age at the input terminals is plotted 
as a function of charge Q, for sev-
eral values of constant input 
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FIG. 2—Folding integral above preset level (A) permits unlimited output 
range. Current effectively transfers iodine from reservoir (B) to integral 
compartment, while nonlinear voltage source in input part of equivalent 
circuit (C) results from different iodine concentrations. Input voltage is 
compared to charge (D) at several levels of input current, and typical out-
put characteristics (E) show linear relationship between input charge and 
output voltage 

current. Voltage source L in the 
equivalent circuit results from a 
difference in iodine concentration 
at the input and common electrodes. 
This voltage is a function of input 
charge Q, and is represented by 
the curve for I, equal zero in Fig. 
2D. 
The output portion of the equiva-

lent circuit in Fig. 2C includes the 
readout and common electrodes. 
This circuit is similar to the 
equivalent output circuit of a vac-
uum-tube pentode. It contains cur-
rent generator I. and output re-
sistance R.. The output character-
istics shown in Fig. 2E indicate a 
high value of output resistance R. 
and show the linear relationship be-
tween output current and input 
charge indicated by Eq. 2. A loaà 
line for a 400-ohm resistor and a 
0.7-volt supply is also shown. 

Simple circuits using solions have 
been designed to integrate many 
parameters for which obtaining in-
tegrals had been impractical. The 
low drift rate of solions has led to 
their use as integrators of long-
period signals, such as those pro-
portional to sunlight and tempera-
ture. The high frequency response 
has been used to integrate pulses 
above 10 Kc proportional to sound 
power level. 
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THREE-PHASE INVERTER 

Three-phase 400-cps solid-state inverter uses servo loops to control output 

voltages and phase angles in spite of unbalanced loads. Output voltage- and 

phase-sensing circuits tell control logic circuits how much to shift time posi-

tions of the two square waves that comprise thequasi-squarewaveof each phase 
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FIG. 1—Simplified block of 3-phase inverter (A) that is discussed in the article shows only one of its three-phase 
sections. Compare it with other inverter type shown in (B) 
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WITH FEEDBACK LOOPS 

THIS SOLID-STATE INVERTER has a 
high conversion efficiency, is tightly 
regulated, and maintains near 120-
deg separation between its three 
phases under heavily unbalanced 
load conditions. 

Solid-state digital logic circuits 
in the inverter (Fig. 1A) generate 
a precise low-level three-phase 
squarewave signal. Each of these 
low-level squarewave signals is then 
amplified by a highly efficient 
switching amplifier. Band pass 
filters at the outputs of these 
amplifiers produce the final 3-phase 
sinusoidal output. Each phase con-
tains two servo loops; one loop 
regulates voltage variations for 
load and line changes and the other 
loop maintain a fixed phase rela-
tionship with the other two phases 
in spite of unbalanced load condi-
tions. The output of each inverter 
phase, before filtering, is a quasi-
squarewave. The leading edge of 
the quasi-squarewave is shifted to 
obtain voltage control, and the 
trailing edge of the waveform is 
shifted to maintain the correct 
phase relationship, under varying 
load. 
Compare Fig. lA to Fig. 1B, 

which shows another method of 
generating a quasi-squarewave. In 
Fig. 1B, the driver stage drives the 
magnetic amplifier, which drives 
the power stage and the filter net-
work. The comparator samples the 
output and compares it to a refer-
ence voltage. Any error signal is 
amplified, and current is applied to 
the control winding of the magnetic 
amplifier. This control current de-
termines the firing angle of the 
magnetic amplifier. The push-pull 
output of the magnetic amplifier is 
a quasi-squarewave, whose dwell 
time is a function of the control 
current. One serious problem arises 
when this circuit is employed. Dur-
ing the dwell time of the quasi-
squarewave, there is no drive sig-
nal for the output transistors of 
the power stage; therefore, the pri-
mary of the output transformer is 
terminated into a relatively high 
impedance. Since no drive signal is 
applied to the filters during the 

By TEMPLE J. GILLIAM 
Sr. Engineer, ITT Corp., 
Industrial Products Div., 
San Fernando, Cal. 

dwell time, the energy stored in the 
filters is reflected through the sec-
ondary into the primary of the out-
put transformer. This energy is in 
the form of spikes and hash, and 
is superimposed on the quasi-
squarewaves during the dwell time. 
This problem can be eliminated 
with relatively complex circuits and 
special biasing networks. The price 
of these circuits is paid in lowered 
efficiency and increased weight, cost 
and complexity. 
The method indicated in Fig. lA 

uses a different approach to elim-
inate the problem of unwanted re-
flected energy from the filters. 
Logic circuits generate two square-
waves for each of the three phases. 
Delay circuits within the logic-cir-
cuit block, which are controlled by 
amplitude and phase-reference 
feedback signals, vary the time de-
lay of these squarewaves. Figure 
lA shows a pair of square waves 
produced by the logic circuits and 
going to one phase section of the 
static inverter. The squarewaves 
are amplified and then added in the 
power amplifier stage. Adding these 
variable-delay squarewaves at the 
transformer secondary output pro-
duces a quasi-squarewave with a 
varying dwell time. 
At no time are all the output 

power transistors turned off simul-
taneously. Therefore, the power 
transformer always presents a low 
impedance to the filter. There is 
no reflected energy from the filter, 
because there is no dwell time, as 
in Fig. 1B, when energy is not be-
ing delivered to the filters. 
The other two phase sections are 

similar to the one shown in Fig. 1A. 
Note that the servo feedback loops 
of each phase are independent of 
the other two phases. 
The logic circuits generate two 

400-cps squarewaves having a de-
fined phase relationship to drive 
each phase of the static inverter. 
These squarewaves are amplified by 

driver amplifiers to obtain sufficient 
power to drive the output power 
stage. The two squarewaves are 
added in the power amplifier so as 
to give a quasi-squarewave at the 
output. Varying the delay of each 
of these squarewaves varies the 
dwell time of the quasi-squarewave. 
One edge of the quasi-squarewave 
controls the output voltage ampli-
tude, while the other maintains 
phase control under varying load. 
The quasi-squarewave goes to a fil-
ter, whose output yields a sinewave 
of less than 3-percent distortion. 
The output of each phase is sam-

pled by a voltage-referenced and 
a phase-referenced comparator. 
Any error in output voltage or 
phase is then detected, amplified 
and applied to the delay circuits 
in the logic-circuit block. These 
circuits delay the two 400-cps 
squarewave signals to the power 
amplifier so that when added, they 
yield the correct phase and voltage 
relationship. 

Figure 2A shows a block dia-
gram of the logic circuits that 
drive the static inverter. A 19.2-
Kc crystal oscillator (A.) is a fre-
quency standard. After squaring 
this signal with Schmitt trigger Ai 
and dividing this signal down, a 
4,800-cps squarewave signal is ob-
tained. This is the frequency used 
to drive the logic circuits. Note 
that if the frequency specification 
requirements of the inverter were 
not too stringent the 19.2-Kc oscil-
lator would not be required. It 
might be possible to use a 4,800-
cps mechanical resonator or a re-
laxation oscillator to drive the logic 
circuits. The 4,800-cps signal drives 
the ternary counter (Fig. 2B), 
which divides by three. 

Figure 2C illustrates the wave-
forms of the ternary counter. Also 
shown is the manner in which three 
800-cps square waves with the 
proper phase relations are gener-
ated. Three nonsymmetrical 1,600-
cps output signals of A. and A„ 
(Fig. 2B) of the ternary counter 
and go to binary counters A„ Ag 
and Waveforms 4, 5 and 6 of 
Fig. 2C show these 1,600-cps sig-
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nais, which go to A„ A. and A,. 
By reset signals, as shown in the 

block diagrams and also in the 
waveforms by the vertical dotted 
lines, three symmetrical 800-cps 
signals are obtained (phases A, B, 
and C, in waveforms 12, 7 and 10, 
of Fig. 2C). These 800-cps square-
waves are displaced 120 degrees in 
phase with respect to each other. 
Phase rotation is AB, BC, CA. 
Each of these signals is then 

coupled through an emitter fol-
lower (A,„, A,, and A„ of Fig. 2A) 
to two separate delay circuits, one 
of which is controlled by amplitude 
control circuits (the 4) (V) inputs), 
while the other is controlled by 
phase control circuits (cf, (0) in-
puts). Each delay circuit consists 
of a one-shot multivibrator and a 
delay network. An amplifier inverts 
this signal to obtain the proper out-
put signal polarity. 
Take phase 1 for example. The 

800-cps squarewave signal derived 
from A, is fed through emitter fol-
lower A,0 to a delay multivibrator 
(A,.). This 800-cps signal is de-
layed as shown in Fig. 3A (upper 
group of waveshapes). The delay 
of the multivibrator is determined 
by a voltage-sensing servo loop 
that monitors the output of phase 
1 of the static inverter (Fig. lA 
and Fig. 2A). The delay is a func-
tion of the phase 1 output voltage. 
The output of delay network 
drives binary counter A., whose 
output frequency is 400 cps. This 

DELAY 

800-CPS OUT 
AIO 

800-CPS DELAYED 
VOLTAGE CONTROLLED 
800-CPS DELAYED 

OUT AI5 
01 DRIVE ( VA) 

434 

800-CPS OUT 412 
800-CPS DELAYED 

PHASE 
CONTROLLED 

800-CPS DELAYED 
-e" OUT A25 438 

01DRIVE (8A) 
435 439 

(C+A4)' I I I CONTROL 

400-cps signal (VA) drives phase 1 
Oki) of the static inverter as shown 
in Fig. 2A and 3A. This 400-cps 
drive signal is a function of the de-
layed 800-cps signal, which in turn 
is a function (I), (V) of the output 
voltage of phase 1. Feedback sig-
nal 4), (V) comes from the voltage-
sensing servo loop (A„ of Fig. 2A). 

Figure 3A also shows how the 
other 400-cps drive signal is ob-
tained for phase 1. The delay of 
A,, is a function of output phase 
relationship. The bottom drawing 
of Fig. 3B shows the quasi-square 
wave formed by adding drive sig-
nals V, and 0, in the power ampli-
fier output stage. 

Figure 3B shows how drive sig-
nals are derived for the three 
phases. It also shows the 1,200-cps 
signal that corrects output phase. 
This 1,200-cps signal is the common 
reference for all three phases. As 
shown in Fig. 3B, the output of 
each power amplifier is a quasi-
squarewave. When the dwell pe-
riod is 60 deg, the third harmonic 
and multiples are cancelled. The 
total harmonic distortion is approx-
imately 30 percent. (A square wave 
contains approximately 47 percent 
distortion.) The waveforms shown 
in Fig. 3B are precisely maintained 
120 deg apart by the logic circuits. 

Filtering is necessary to reduce 
the harmonic distortion below the 
5-percent distortion required for 
most applications. The output fil-
ters have to be closely matched to 
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CONTROL 
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$IG 

meet the requirements of 120 deg 
-±-2 deg required in most specifica-
tions. As long as the loads of the 
three phases are matched, no prob-
lem is encountered in meeting the 
-±2 deg limits. However, when un-
balanced loads are applied at the 
output of the static inverter, phase 
shift will occur in the output filters. 
One method of eliminating this 
problem is to use a three-phase auto 
transformer at the output of the 
filters.' This method, however, does 
not use an auto transformer but 
uses a servo loop in each phase that 
corrects for any phase shift 
through the filters. 
The 1,200-cps signal required for 

the phase-sensing circuits comes 
from 2t,„ Fig. 2A and goes to the 
clipper and chopper comparators of 
each phase (Fig. 1A). The sine-
wave output of each phase of the 
static inverter is sampled and ap-
plied to the clipper circuit of the 
comparator. This clipped 400-cps 
signal is then applied to a transis-
tor chopper and compared to the 
1,200-cps reference signal as shown 
in Fig. 3C. Waveform 1 shows the 
quasi-square wave (broken lines) 
applied to the filter. It also shows 
the sinewave output of the filter. 
Waveform 2 shows the clipped sine-
wave (ideal) that is applied to the 
phase-correcting loop. A 1,200-cps 
signal turns the chopper on and off 
(waveform 3). When the 1,200-
cps signal is negative, the 400-cps 
signal appears at the output of the 

SINEWAVE — WAVEFORM 
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SPHH1AFSTE) FILT IN — 7 — I 
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FIG. 3—Waveshapes in (A) show effect of voltage- and phase-controlled delays on formation of quasi-square wave of 
single phase; (B) shows relationships of the three quasi-square waves and the 1,200-cps reference signal. Waves in 
(C) show how out-of-phase outputs develop a phase-correction feedback signal 
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(A) 

(B) 

FROM CONTROL CIRCUIT 

04 
2N1302 

ERROR 
SENSING 

PHASE 

VOLTAGE 

FIG. 4—Delay circuit (A) is one of the six delays shown in Fig. 2A. 
Power amplifier section of a single phase and its square and quasi-square 
waves (13) 

comparator switch. When the 1,200-
cps signal is positive the 400-cps 
signal will not pass through the 
switch. 

If there is no phase shift, the 
output of the chopper is that shown 
by waveform 4. Close observation 
of this waveform shows the average 
value to be zero. Hence, no error 
signal would appear at the output. 
Assume that a varying load 

causes the phase shift to lag by 15 
deg, as shown by waveform 5. The 
output of the chopper would appear 
as shown by waveform 6 and a neg-
ative error signal would be de-
tected. 

If the varying load caused a 15-
deg advance in phase shift, the 
clipper output would appear as 
shown by waveform 8, and a posi-
tive error signal would be detected. 
The error signal is applied to the 

logic circuit, as shown in Fig. 1A. 
The logic circuit then corrects for 
the error by adjusting the delay 
circuits that drive the binary 
counters. 
The delay circuit (Fig. 4A) com-

prises a one-shot multivibrator 
with Q, conducting and Q2 noncon-
ducting. The input signal is differ-

entiated, with only the positive 
pulses going to Q1. Transistor Qt 
is triggered to the nonconducting 
state and its collector becomes neg-
ative. This makes the base of Qs 
negative and Qs starts conducting, 
making the collector of Qs positive. 
Capacitor C, then charges through 
the path Ri, C, and Rs. After a 
time, determined by R-C time con-
stant (Ri ± Rs) C„ the base volt-
age level reaches the point that 
shuts off Qs, and Q, conducts. Since 
the R-C time constant and the level 
at which Qs is turned off are fixed, 
the conducting time of Q, depends 
on how far negative the base volt-
age of Qs (collector voltage of CM 
can swing. The negative swing of 
Ws collector depends on the con-
ducting state of Qs, which is con-
trolled by the base voltage applied 
to Qs. The base voltage of Qs is 
controlled by the error-detecting 
signals at the output of the static 
inverter. This base voltage con-
trols the collector current of Qs and 
establishes a voltage drop across R, 
that determines the collector volt-
age swing of Q,. Thus the delay 
is controlled by the sensing circuits. 

Drive signals from the logic cir-
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FIG. 5—Phase angle versus un-
balanced load between 2 phases 
(A). Harmonic distortion versus 
loading (B). Efficiency versus load 
current for various supplies (C) 

cuits are amplified by driver stages 
to drive the power stage. Here they 
are amplified and added to the de-
sired power levels. The circuit 
shown in Fig. 4B uses two power 
output stages in push-pull. The out-
puts are added at the secondaries 
of output transformers T, and Ts. 
As indicated by the waveshapes, 
there is no period of time in which 
all output power transistors of a 
phase are off. 

Figure 5 shows some of the re-
sults obtained with the 250-va in-
verter. Figure 5A shows the effect 
of unbalanced loads on phase shift. 
Here, one phase has a constant full 
load while the load of the other 
phase is varied; the ordinate shows 
the phase angle between these 
phases. Figure 5B shows the effects 
of loading on total harmonic distor-
tion at the output of the filters. The 
variation in distortion is caused by 
loading and by the varying dwell 
time of the quasi-square wave. Fig-
ure 5C shows conversion efficiency. 
The author thanks S. Schwartz 

and others for their assistance. 

REFERENCE 
(1) M. Lilienstein, Static Inverter Deliv-
ers Regulated 3-Phase Power, ELECTRON-
ics. p 55, July 3, 1960. 
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MAGNETIC—CORE RING 
STAGE 4.7V +6 2 STAGE 2 
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FIG. 1— Output 2 follows output 1 after a delay that is a function primarily of input voltage and core size (A). Delays 
from 100 lAsec to 3 seconds can be obtained relatively easily. Magnetic excursions of cores (B) are explained in text 

A RING-TYPE oscillator using tran-
sistors and square-loop magnetic 
cores can provide relatively high-
power output pulses from each of a 
string of stages, with each output 
completely isolated electrically from 
the remainder of the circuit. It 
differs from a ring-counter circuit 
in that no oscillator (and amplifier) 
is needed for drive. 
The circuit, Fig. 1A, shows two 

successive stages of any number of 
identical stages that can be con-
nected in series before the loop is 
closed. 
Assume the cores are initially set 

by a current through the N. coils 
such that core 1 is saturated nega-
tively and all the other cores are 
saturated positively. 
As soon as the setting current 

is removed, Q, starts conducting. 
This is initiated by either or 
both of two causes. Any small 
leakage current through Q, and 
N, will generate a voltage in 
N., causing Q, to conduct. Also, 
the removal of the setting current 
causes the operating point of core 1 
to drop from a high negative value, 
beyond point G, Fig. 1B, to point A. 

The slight slope of this part of the 
curve causes a small voltage to be 
generated in N. of core 1, which 
drives Q, further into conduction. 
These effects are cumulative and 
the current increases until Q, is 
fully conducting. 

Collector current passing through 
N, of core 1 causes the flux to 
change from point A to B to C. 
During this period the voltage gen-
erated in N. supplies base current 
to maintain Q, saturated while col-
lector current is limited by N„ since 
for a given core the abscissa of 
point B in Fig. 1B is a function of 
the ampere turns in magnetizing 
coil Ni. The current is therefore 
limited to this value until positive 
saturation (point C) is reached, 
after which it will increase until 
limited by other elements in the 
circuit. 

This same current also passes 
through N. of core 2. Although this 
current is in the right direction to 
drive core 2 from positive to nega-
tive saturation, it is insufficient in 
magnitude, since both cores are 
identical and N1 has a much larger 
number of turns than N.. Thus the 

operating point of core 2 shifts 
from D to E but remains positively 
saturated. 

After core 1 reaches positive 
saturation (point C), N, no longer 
limits the current, which will in-
crease until limited by coil N. of 
core 2 in the same manner that N, 
previously limited it. Core 2 can 
now be driven from positive to neg-
ative saturation (point F to G in 
Fig. 1B) by the current in N,. Dur-
ing this interval the voltage gen-
erated in N. of core 1 will disappear 
because core 1 is saturated and the 
flux is not changing. However, the 
changing flux in core 2 generates 
a voltage in N, of core 2 to supply 
base current to Q„ which is thus 
maintained in the conducting con-
dition. 
When core 2 reaches negative 

saturation (point G), the voltage 
generated by N, on core 2 disap-
pears, and Qi cuts off. At the same 
time, since core 2 has now been 
driven to negative saturation by 
N., Q, starts to conduct; collector 
current through N, of core 2 drives 
core 2 from negative to positive 
saturation. Coil N. of core 2 sup-
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COUNTER NEEDS NO DRIVE 
Each stage of pulse generator develops an electrically isolated pulse. Delays from one 

pulse output to the next can range from less than 100 psec to more than 3 seconds 

By J. M. MARZOLF, 
U. S. Naval Research Laboratory, 
Washington. D. C. 

FIG. 2—Waveforms at varion, 
sweep speeds show high-peak, 
short-duration pulse and low 
level, longer duration tail. Single 
pulse trace at upper left was 
taken with a sweep of 200 glee 
per cm 

plies base current for Q2. 
A similar cycle now takes place 

for cores 2 and 3. Coil N5 on each 
core provides an output pulse each 
time its associated core changes 
magnetic state. The output is a 
short, high-amplitude pulse fol-
lowed by a long, low-amplitude 
pulse of opposite polarity. 
The output from a single stage 

circuit is shown in Fig. 2A and 2B; 
Fig. 2C shows four successive 
pulses. During the intervals be-
tween the cut-off of a negative 
pulse and the initiation of the fol-
lowing positive pulse, the other 
stages operate in succession. The 
outputs from two successive stages 
are shown in Fig. 2D. The wave-
forms of Fig. 2 were obtained 
from a six-stage circuit having the 
specifications given in Fig. 1. 
The time durations of the pulses 

can be varied by changing the size 
of the cores, the number of turns, 
or the input voltage. The equation 
is 

E = 2NBA10-b/t 

where E is the voltage across the 
coil, N is the number of turns on 
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the coil, B is the maximum flux 
density for the given core material 
in gauss, A is the cross-sectional 
area of the core in sq cm, and t is 
the duration of the pulse in seconds. 

Positive and negative portions of 
the cycle do not have the same dura-
tion. The number of turns on N, 
determines the positive portion and 
N, determines the negative portion. 
The equation is exact for the given 
core, but if the input voltage is 
maintained constant (which is the 
function of zener diode 1N1600 in 
Fig. 1A) the actual voltage across 
the coils will depend slightly upon 
the voltage drop across the trans-
sistors and miscellaneous circuit re-
sistances. By adjusting the number 
of turns on the cores, pulse dura-
tions sufficiently accurate for nearly 
all applications may be obtained. 
If more precise intervals are re-
quired, series resistances may be 
inserted to give the necessary ad-
justment. 

Transistors with high voltage 
ratings must be used, with the re-
quired value depending on the ratio 
of turns between N, and N, and 
also on the input voltage. During 

the interval when N, is driving its 
core, a high voltage is generated in 
N5 on the same core. This voltage 
is impressed across its transistor, 
which is cut-off. The transistor 
must be able to withstand this volt-
age without breaking down. Thus 
2N174 transistors were used, since 
they were the cheapest readily 
available transistor with the re-
quired voltage rating. 
The circuit is useful where suc-

cessive pulses at fixed intervals are 
needed as in synchronizing a multi-
phase static inverter. 

This circuit can also provide 
pulses separated by a relatively 
long time interval. This is diffi-
cult to obtain electronically, but 
by varying the input voltage, num-
ber of stages, size of cores and 
number of turns, any reasonable 
time delay between pulses may be 
obtained. That is, a pulse might be 
given at every Nth count. 
The circuit can be used in place 

of a ring-counter driven by a fixed 
oscillator, with the advantage of 
high power and separated output 
circuits, and it does not require 
drive. 
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Sweep Circuits Using Two 

Design of phantastron circuits using two three-terminal 

active elements instead of three is discussed. Both vacuum 

tube and transistor versions are described 

IN THE classical pentode-phantas-
tron circuit, two distinct feedback 
loops can be distinguished. The 
first is a negative-feedback loop 
which enables Miller integration 
action; the second is positive-feed-
back loop through which a gating 
waveform at the suppressor is ob-
tained. In this way, a phantastron 
effect is brought about by using 
both inputs (grid and suppressor), 
and both outputs (screen and 
plate), of a single pentode. 

It is possible to obtain the same 
phantastron effect with two three-
terminal active elements having 
two inputs and two outputs, that is, 
with the same number of useful 
terminals as a single pentode. 
A circuit of this type using two 

triodes is shown in Fig. 1. Before 
triggering, the plate of y1 is at such 
a low potential that V2 is cut off. 
Immediately after application of 
the trigger, the plate voltage of 
V, rises until V2 conducts. The re-
sulting voltage drop at the plate 
of V, prevents, through Miller ca-
pacitor, C, further rise at the plate 
of V1, and thus, Miller action be-
gins. At the same time, the linear 
waveform at the plate of V, is dif-
ferentiated by the C,R, time con-
stant, and the resulting negative 
square-wave at the grid of V, keeps 
this tube cut off as long as Miller 

3µSEC 
4V 1,500pF 

rundown continues to take place. 
The negative-feedback loop is 

from the plate to the grid of V2, and 
the positive feedback is obtained 
through the differentiating net-
work C,R, from the plate of V, to 
the grid of V,. To achieve good 
sweep linearity, a triode with am-
plification factor of 100 is used. An 
auxiliary diode, V3, is provided to 
disconnect the low output imped-
ance of the pulse generator from 
the circuit immediately after the 
triggering. 
As shown in Fig. 2, the waveform 

at the plate of V, is fairly linear 
during the voltage drop, including 
the initial jump. Of course, other 
techniques, such as catching diodes 
and buffer cathode-followers, widely 
employed in other pulse circuits, 
can be used here. 

This dual-feedback approach af-
fords the possibility of designing 
simple phantastron circuits with 
transistors, which are inherently 
three-terminal active elements. 

In Fig. 3, transistor Q„, is 
saturated before the triggering, 
and Q, is practically cut off. After 
the application of a narrow positive 
trigger, collector voltage V„ rises 
linearly, Fig. 4, during the time ti 
= (Ro R)C.1 In this period, base 
voltage vb2, after a negligible posi-
tive jump, rises to the voltage 

140 V 

FIG. 1—Vacuum-tube phantastron circuit uses two active elements (V: and 
V:). Tube V: is an isolation diode 

—Voor(RbiCi)/C(R-FRo)—l] with 
the time constant and the 
voltage V2, decreases slightly due 
to the increase of the base current 
of Q. After t„ when transistor Q, 
has reached saturation, there is no 
more reaction from the collector to 
the base, and the base current in-
creases to its saturation value, pro-
ducing a further fall of the base 
voltage V2i. During this interval 
there is no rise of Vo, and the dis-
charge of C, slows down and pro-
ceeds with the time constant R,,C,. 
Thus, base voltage V22 changes 
from the value which can be evalu-
ated from the equation for the pre-
vious time interval by substituting 
t = t, toward Voo with the same 
time constant. When the discharge 
of C, is completed, Q2 conducts, (its 
base current being partly supplied 
through C,), and both C and C, re-
charge through Ro. Thus the col-
lector voltage V„ falls toward V., 
with the time constant Ro (C-I-C1). 
The recovery time can be shortened 
by choosing a smaller value for Ro, 
but this decreases the voltage gain 
of Q, and sweep linearity suffers. 
As in the vacuum-tube circuit, 

both the positive and negative-feed-
back loops are readily distin-
guished. The former consists of 
C,R,, combination which keeps Q2 
cut off during the sweep and the 
latter is the usual Miller-integrator 
capacitor C. 

It is possible to minimize the 
time during which Q, is saturated 
by making R,C, smaller. By insert-
ing an emitter-follower after the 
collector of Q„ a sweep with short 
recovery time can be obtained. 

REFERENCE 
(1) L. Strauss, Wave Generation and 
Shaping, McGraw-Hill Book Co., 1960, 
Eq. (7-19) 
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Three-Terminal Active Elements 

By A. S. KISLOVSKY 
Electrotechnical Faculty. 
Grcica Milenka 19, Belgrade, 
Yugoslavia 
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FIG. 2—Typical waveforms at plate of V, (A), 
at grid of V, (B), and at grid of V, (C) 

FIG. 3—Two transistor 
version of the phantastron 
sweep circuit 
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'2 \, 

(A) 
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FIG. 4—Typical waveforms of voltages at col-
lector of Q, (A), base of Q1 (B) and base of 
Q, (C) 

V„ -5V 
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ELECTRONICS REFERENCE SHEET 

PHASE NULL-V. RANGE 

PHASE 
SENS. 
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RATIO BOX READ a 

FIG. 1—There are two variations of measuring circuit shown in (A): one that is shown has phase shifter, other 
circuit has none. Circuit (B) injects quadrature-balancing voltage from 90-deg network, as does (C), which also 
has a quadrature ratio box. Heavy lines depict voltage-bucking action in null-voltmeter circuit 

RATIOMETRIC MEASUREMENTS: 

Techniques and Accuracies 

By MALCOLM D. WIDENOR 
SIDNEY HERMON 
North Atlantic Industries, Inc., 

Plainview, N. Y. 

TABLE I — DEFINITION OF 
SYMBOLS 

Es 
En 
Et 
EQ 

c'd 
7 

no 

RI 
Ru 

AR/R 
A 

AA Q 

T.R. 
ZD 
ZL 
4, 

ZD 
K  L = Null Circuit transfer function 

In +ZL 

I — Z,./Z,, for ZdZo < < 1 

(a) With freq., excitation amplitude, time, etc.; 
(b) Transformation Ratio; (c) Impedance 

= Excitation or source voltage 
= Test item output voltage 
= In-phase component of E0 
= Quadrature component of E0 
= RQ Es = Measured EQ 
= Phase angle of E0 (Es, ref), rad 
= Orthogonality error, rad 
= In-phase Ratio Box phase shift, rad 
= Null-V Meter resolution factor 
= Null-V Meter overload factor 
= Meter accuracy in % full scale 
= In-phase ratio reading 
= Quadrature ratio reading 
= Rated Ratio Box error 
= Quadrature amplitude scale factor 
= Quadrature amplitude scale stability. 

(with freq., exc. amplitude, time, etc.) 
-= Eo/Es 
= RD ± 1,CD = Null Detector input Z= 
= RL = 'l'est Item output Z 
= Null Circuit Transfer Angle 

THIS ARTICLE shows basic 
circuit arrangements for making 
various voltage-ratio measure-
ments and lists formulas that 
compare their accuracies. 

Consider Fig. 1. In each of 
these circuits, a precision ratio 
divider compares output E. of 
the device under test with the in-
put to the device (E.5). The test 
item can be any 3- or 4-terminal 
device, such as a resolver, ampli-
fier, computer, or a transformer 
(as shown in the figures). These 
illustrations do not show actual 
measuring setups. Table I ex-
plains the symbols used in Fig. 
1; Fig. 2 shows the vector rela-
tionships. 

In Fig. lA to 1C, the phase 
shifter is used to shift the phase 
of a reference voltage that com-
pensates for <D, the null-circuit 
transfer angle. 

In obtaining a null for Fig. 
1A, the output voltage of the ra-

tio box (R,E,,) is adjusted so that 
it equals the in-phase component 
(E,) of E.. This adjustment is 
made with the phase-sensitive 
null-voltmeter set so that it 
senses in-phase voltages. A func-
tion switch (not shown in Fig. 
1A) permits rapid switching of 
the phase-sensitive null-volt-
meter from the in-phase to the 
quadrature-sensing mode. The 
ratio-box reading shows the in-
phase ratio R,. Turning the 
function switch to the quadra-
ture mode causes the meter to 
indicate E 0, thus allowing a 

(phase shift) to be computed. 
The errors introduced are 

(see Table II) : a small ratio box 
error, AR; the resolution error of 
the test setup, which, in Fig. 1A, 
results from the presence of 
quadrature and orthogonality (8) 
errors. The 8 error is the error of 
the test circuit in sensing the 
true perpendicularity between 
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The ideal systems DVM 
II Cubic announces the first reed relay digital voltmeter with automatic ranging and polarity. It's the 
perfect voltmeter for systems requiring rapid, continuous operation. The new Model V-71, shown 
above with a reed relay, gives you all these features: 

TEN YEARS WITHOUT PERIODIC MAINTENANCE: Uses ultra-reliable reed relays 
sealed in glass, replacing stepping switches used in conventional DVMs. These relays have been life 
tested for more than 100 million operations without maintenance, equivalent to ten years normal use. 

AUTOMATIC RANGING AND POLARITY: Automatically interprets incoming voltages 
and sets itself to the proper voltage range and polarity. No manual settings of any kind required. 

FIRST HIGH-SPEED, ACCURATE, LOW COST DVM: Balance time only 500 milli-
seconds. Absolute accuracy of 0.01% plus or minus 1 digit. Price of the Cubic V-71 DVM is $2,200. 
AUTOMATIC PRINT-OUT: The V-71P print-out ver-
sion offers automatic null detection at balance and 10-line decimal 
voltage level output for driving parallel printers. BCD coded 
outputs, available on special order. Price of the V-71P is $2.800. 
For further information, address inquiries to Department A-121. SAN (DIEGO II. CALIFORNIA • ROME ITALY 

cubic 
CORPORATION 

INDUSTRIAL DIVISION 

OTHER OFFICES: LOS ANGELES, CALIFORNIA- ROME, ITALY (CUBIC EUROPA S.p.A.) • REPRESENTATIVES IN PRINCIPAL U. S. AND CANADIAN CITIES 
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ELECTRONICS REFERENCE SHEET 

TABLE II — PARAMETER-MEASUREMENT ERRORS OF SETUPS SHOWN IN FIG. la 

PARAM-
ETER 
MEAS-
URED 

PARAM-
ETER 

SYMBOL 
ERROR 
FACTORS 

ERROR 
CONTRIBUTING ERROR 

FACTOR' EQUATION 

REALIZABLE ERROR VALUES. 

FIG. 1A(1) FIG.1A(2) FIG. IB FIG. IC 

In Phase Ri a 
Ratio Orthogonality 

( tea X 100), % of RI n.a.a 0.3 a % 

8, 4. [only IA (1)] (3a+ 4a)100,%offit 

Resolution 
n, no  « X 100% of /11 

n. no, 4, [1 A (»only] no 

(0.3a + 100.a) % 

0.05 a 
cos 4, 

n.a. 

0.01 a % 

n.a. 

0.01 a % 

n.a. 

0.05 a% nil nil 

In Phase Ratio AR 
Box Error (ede— X100).% of fir 

0.000025  ) 
= (0.0001 -I- R I 

Phase 
Angle 

a. 
(meas. as Tangent a 
tan a) Approximation 

C"a—aX a 
% of a 

a = 0.2 rad (11.46 deg) 
à a/a — 1.3% 

In Phase Ratio y 
Box Phase Shift 

n.a. n.a. Less than 100µ rad 

Meter Accuracy m m% full scale angle 

Quad. Ratio 
Box Error 

aFt 
Ft-

X100),%of« 

Quadrature 
Scale Error 

Calibration 
Error 

Absolute std. & 
field calibration 

('IA4,241x 100), %ofa 

0.1% of a 

n.a. 

11.a. 

n.a. 

n.a. 

11.a. 2% n.a. 

n.a. n.a. 
0.0001 
11Q 

n.a. n.a. 0.1% 

n.a. n.a. 0.1% 

Null Circuit 
Error Z11. ZL (1— K) 100. % of n.a. n.a. 

0.01% 
For &en I 
= 10-4 

nil 

Quadrature EQ (read In Phase Ratio 
on meter 
in Fig. IA 
and 1B); 
EQ (read Null 
on ratio Circuit 
box in Error 
Fig. IC) 

Box Phase Shift 
1 

ZL 

(7 RI Es/ KO X 100 
=(-yla)X 100. % of 
EQ 

K)X100, % of 
EQ 

0.01 % 

n.a. 

( ¡jot. —K) too, 

% of EQ 

( — I) 

100%+0.01% 
For 1Z1./Z0 
= 10-1 

Meter Accuracy m m% full scale EQ 2% 

Quad. Ratio 
Box Error 

4R 

Quad. Scale 6A 
Error 

('11!)< too),%or E0 R 

( Ao o X I .00). 

% or EQ 

n.a. 

n.a. 

bra t ion 
Error 

Absolute std. & 0.1% of Eo 
field calibration 

n.a. 

0.01% 
For IZL/ZD = 10-4 

11.a. n.a. 

2% 

ILL 

n.a. 

n.a. 

2% 

nil 

n.a. 

n.a. 

11.a. 

n.a. 

n.a. 

.a(0.001+0 !1)% 

0.1% 

0.1% 

(a) Parameter errors are sum of applicable error factors; (b) Approximations a =tan a and o =tan 13 are used throughout Table; (c) typical of presently 
available commercial equipment; typical test frequency of these equipments is 400 cps; (d) not applicable. 

the E1 and EQ components of E,. 
One error factor contributing to 
8 is 4). This error is determined by 
the relative impedances of the 
null detector and the output im-
pedance of the test item. 

Figure 2 indicates the effect 
of 8. Voltage ,C,Res, expressed 
as a fractional error of ratio RI 
is 

Rill?, = tan 8 X tan a = 8 X a 

for small angles. Table II deline-
ates these errors and others, 
along with typically realizable 
error values. Under Fig. 1A, two 
cases are shown: (1) where Fig. 

lA does not have a phase shifter 
and (2) where the phase shifter 
is used to eliminate 0. 

Figures 1B and 1C show more 
elaborate setups. Figure 1B and 
1C differ from Fig. lA in 

FIG. 2—This vector diagram ap-
plies to all circuits shown in Fig. 1 

that they inject a precise quad-
rature signal into the measuring 
circuit to cancel the quadrature 
component. Hence, in Fig. 1B 
and C, no current flows at null, 
except for noise and harmonics. 
In Fig. 1B and 1C, 8 is caused by 
the precision passive networks 
that produce the injected quad-
rature; on the other hand, in 
Fig. 1A, 8 is caused by the phase 
angle volt-meter and/or #. 

Figures 1B and 1C differ in 
that Fig. 1C contains a cali-
brated quadrature -injecting 
source that provides a direct 
readout in deg, rad, or tan a. 
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* 

your engineered Specials service 

Gamewell made a special rotary switch for over 10 million 

revolutions. The customer's special application called for a guar-

anteed useful life of 10 million revolutions ... tests proved the unit 

easily exceeded it. Other requirements met by this precision 3 inch 

unit include make-before-break operation on 80 segments, and criti-

cal 50 dwell length.. Here's another example of how Gamewell's YES 

service — your engineered Specials service — is continually meet-

ing special "pot" and rotary switch needs. We can 

help with your requirements, too. Write for details. amewe ll 
THE GAMEWELL COMPANY, ELECTRONICS DIVISION 1613 CHESTNUT STREET, NEWTON UPPER FALLS 64, MASSACHUSETTS. A SUBSIDIARY OF E. W. BLISS COMPANY. 
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Regardless of its size, 

type, or frequency 

any crystal 

bearing the name 

idaTCaLI 
can be relied upon to 

deliver the ultimate 

in frequency control 

despite wide temperature 

variations and 

extreme conditions 

of shock 

and vibration. 

o 

4-  

See the New! 
MICRO MODULE CRYSTALS 

(GLASS) 

\\ 

re,q 
11 1 

At the Radio Engineering Show 
New York Coliseum 

March 26 thru 29 Booth No. 2215 

.28" square x .110" thick 
frequency range: 7000 kc to 200 mc 
Now available in limited quantities 

M-1 (HC-6/U) 

METAL ENCASED 
STANDARD SIZE 
AND MINIATURE 

CRYSTAL UNITS 

shown actual size 

The crystals that made the name 
of McCoy a synonym for quality. 
Metal encased, HC-6/U size is 
available in frequencies from 
500.0 kc to 200.00 mc. 

G-1 (Military HC-27/U) 

M-20 (HC-18/U) 

M-21 (I-IC-18/U w/pins) 

Fills the need for miniature crys-
tals in frequencies from 2.5 mc 
to 200.0 mc. Meets specs MIL-
C-3098B and ARINC No. 401. 

ALL GLASS 
STANDARD SIZE 
AND MINIATURE 
CRYSTAL UNITS 

shown actual size 

This vacuum sealed, hard glass 
crystal unit possesses all of the 
quality features for which the 
McCoy M-1 is so famous. It has 
long term frequency stability five 
times better than the conven-
tional metal types. Available in 
frequencies from 500 kc to 
200 mc. 

CRYSTAL FILTERS 
Our many years experience 
in designing and producing 
top quality oscillator crystals 
have enabled us to develop 
and produce filters of equal 
desirability. Current produc-
tion includes filters in the 1.0 
mc to 30 mc range, with band-
widths of .01% to 4.0% of cen-
ter frequency. A number are 
available without costly de-
sign and prototype charges. 

Actual Size for Series 3 Types 

G-20 (Military HC-26/U) 

G-21 (Military F(C-29/U) 

This vacuum sealed, hard glass 
crystal unit meets the new CR-
73/U and CR-74/U specifica-
tions. It has long term frequency 
stability five times better than 
the conventional metal type. 
Available in frequencies from 
5000 kc to 200 mc. 

SELECTIVITY CURVES 

I SERIES NO 

SUMS NO 2   

SEMIS NO 3   

FC 

Write today for our free illustrated catalogs which 
include complete listing of military specifications. 
For specific needs, write, wire or phone us. Our re-
search section is anxious to assist you. 

11rc-
ELECTRONICS CO. 

Dept. E-8 
MT. HOLLY SPRINGS, PA. 

Phone: HUnter 6-3411 
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ELECTRONICS 
PROGRESS IN RECTIFIERS 

NEW FROM 
GENERAL ELECTRIC.. 
600 AND 700 VOLT C35 

SILICON CONTROLLED RECTIFIERS 
Now, simplify your circuit design by using one SCR 

where two may have been required before. 

The two new high voltage C35's now available are 

600 and 700 volt types. They sup r e nent the full 

line that previously extended from 25 to 500 volts. 

How else can you control so much power for so 

little cost? An SCR circuit generally costs less 

than other ways of handling the same problem — 

power transistors, magnetic amplifiers, relays, 

thyratrons, etc. And there's no comparison with 

the SCR's reliability and stability. 

Now that the SCR is lower priced than ever 

before, can you afford to wait any longer? Our 

Application Engineering Center can help you. They 

know a thousand and one circuits and solutio, is 

to power control problems, from flea power to 

hundreds of KW. 

Call your G-E Semiconductor District Sales 

Manager, or write Section 16C60, Rectifier 

Components Dept., General Electric Company, 

Auburn, N. Y. In Canada: Canadian General Electric, 

189 Dufferin St., Toronto, Ont. Export: Interna Jo ial 

General Electric, 159 Madison Ave., New York, N. Y. 

IN STOCK AT YOUR GENERAL ELECTRIC SEMICONDUCTOR DISTRIBUTORS 

GENERAL ELECTRIC 
tv1urch 23, 1962 
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RESEARCH AND DEVELOPMENT 

Joint Japanese-NASA Launching to Test Probe 

Instrumented rocket has electronics at center and battery on each side. 
Two smaller probes pop out at right angles to center probe when cover 
shell breaks of 

By KUNIO HIRAO, 
Chief. Research Section 
of Plasma Physics Radio Research 
Labs. Ministry of Post and Telecom-
munications, Tokyo. Japan 

IONOSPHERIC electron density and 
temperature measurements can be 
made more accurately using a sens-
ing device called a resonance probe. 
The new probe will be launched by 
a Nike-Cajun rocket from Wallops 
Island, Virginia, in April. The co-
operative effort was planned by the 
Radio Research Laboratories of 
Japan and NASA to compare iono-
spheric data obtained using the 
resonance probe with that from a 
NASA probe also included in the 
instrument package. 
During three Kappa rocket flights 

in Japan, successful measurements 
were made of ionospheric electron 
density and temperature using the 
resonance probe. The first observa-
tions were made in March 1961 
with the rocket launched from the 
Japanese Rocket range to an alti-
tude of about 180 Km. Measure-
ments were made throughout the 
time that the rocket was in the 
ionosphere using the resonance 
probe for electron density and tern-

perature and a conventional Lang-
muir probe for ion density. 

Scientists have been making di-
rect soundings of the ionosphere by 
rocket since 1946. Data about elec-
tron density in the ionosphere has 
been obtained using the Langmuir 
probe and by continuous-wave 
propagation. The Langmuir-probe 
method has also been used to meas-
ure electron temperature. However, 
there is some ambiguity in meas-
urements of both electron density 
and temperature using the Lang-
mu ir probe. 

Adding A-C Voltage 

To measure electron density and 
temperature using the Langmuir 
probe, the direct current and volt-
age characteristics of the probe are 
determined while the probe is in 
the plasma. In some recent experi-
ments, a swept-frequency a-c volt-
age was superimposed on the d-c 
voltage, which changes the direct 
current and voltage characteristics 
of the probe. 
At lower frequencies, the change 

in probe characteristics is almost 
constant with plasma frequency. 
As frequency of the superimposed 

voltage is increased, the change in 
characteristics increases, reaching 
a maximum at the plasma resonant 
frequency of the environment. As 
frequency is further increased, the 
change in direct current and volt-
age characteristics of the probe de-
creases, finally becoming zero well 
above plasma frequency. 

Since the change in probe char-
acteristics is similar to the effect 
of an applied force to a mechan-
ically resonant system, the probe 
has been called a resonance probe. 
A theoretical analysis of probe 
characteristics indicates that this 
analogy is correct. 

In using the resonance probe to 
measure electron density in a 
plasma, the frequency that causes 
the greatest change in probe char-
acteristics is found by measuring 
the direct current or voltage of the 
probe. Since this frequency is equal 
to plasma frequency, electron den-
sity of the surrounding plasma can 
be determined from the relationship 
between plasma density and plasma 
frequency. 

Measuring Electron Temperature 

Electron temperature is also de-
termined from direct current or 
voltage of the probe, but in this 
case a low-frequency a-c voltage is 
superimposed on the d-e voltage. 
Electron temperature is then deter-
mined from the relationship be-
tween direct current or voltage in 
the probe and electron temperature. 
Measurements of both electron 

density and temperature using the 
resonance probe have been found to 
be considerably more accurate than 
those obtained using the conven-
tional Langmuir probe. 
The resonance probe was devel-

oped at the Ministry of Post and 
Telecommunications in collabora-
tion with the Japan Telephone 
Corp. The probe, which was built 
by the Yokogawa Electric Manufac-
turing Co., includes a hermetically 
sealed cylindrical electronics pack-
age 14 cm in diameter and 28 cm 
long. The instrument also has a 
center probe 55 cm long and two 
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for complete specifications write for new catalog B-621 

174' 
ADDriri ONAL 
REASONS Wulf 

iS YouR BEST 
powER SUPPLY, 
SoURcE! 

*17 NEW units added to 
ourdiversifiecl line of more than 

200 standard Regulated 

• Power Supplies 

:-- ---- -- ' -:, 
,-,:::. 

(--k ---ifi. - ---.- 
.vc.,..«, 

REGULATION 0.05% 0.05% 1% 

70 

0.01% 
VOLTS 2 7.5 15 30 40 200 1500 8 18 36 60 12 25 45 11.110 411.110 
. AMPS 1 2 1 0.3 0.5 0.1 5MA 100 50 30 20 100 50 30 20 0.5 0.5 

SEE THEM AT "IRE" SHOW 
BOOTHS 2636-2638 

131-48 SANFORD AVENUE • FLUSHING 52, N.Y. 
Area Code 212 IN 1-7000 • TWX # NY 4-5196 

March 23, 1 962 
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This is the MULTICOUPLER 
so small 

that needs only 12 

watts power in all 

to route incoming signals 

to many a station 

while keeping them clean 

with high isolation 

that's compact and modular 

and miniaturized 

that's 80% cooler 

and transistorized 
that came from the house 

that TRAK built 

TRAK ANTENNA MULTICOUPLER 
MODEL 108 Permits simultaneous oper-
ation of 8 receivers from one antenna. 
2-32 MC. Noise figure: less than 8 db. 
Output isolation: 40 db. Size: < 1/2 Cu. 
ft. IM Distortion: 60 db below .25 V. 

TRAK ANTENNA MULTICOUPLER 
MODEL 4 Noise figure: less than 6db. 
Insertion gain: 3 db. Output isolation: 
greater than 50 db. 2-32 MC. 10 outputs. 

TRAK ANTENNA AMPLIFIER/COUPLER 
MODEL 9126 Amplifies signal allowing 
4000 ft. lead-in from antenna to receiver. 
10db of gain from 2-40 MC. Noise figure: 
less than 4.8 db. 

Simply write 59 Danbury Rd. w phone PO 2-5521. 

&•\k 
COMMUNICATIONS AND RECONNAISSANCE DEPT. 
TRAK ELECTRONICS CO, INC, WILTON, CONN. 

20-cm probes that pop out at right 
angles to the center probe as a cover 
shell breaks off during rocket flight. 
One small probe is a Langmuir type 
for ion density measurements. 

Frequency of the superimposed 

a-c voltage is swept from 100 Kc to 
7 Mc in 0.5 second, and level of the 
voltage is 0.4 to 0.8 v. Probe volt-
age is sensed by a vacuum-tube 
voltmeter circuit and amplified to a 
range of 0 to 5 y for telemetering. 

Capacitance Meter Has Linear Scale 

Capacitance values from 0 to 1 microfarad are indicated linearly on 
milliameter, and circuit can be modified for other ranges 

By W. MOSINSKI 
Flushing. N. Y. 

TECHNIQUE for measuring capaci-
tance provides high-accuracy indi-
cations directly on a linear scale. 
The circuit requires no bridge bal-
ancing, and measurement ranges 
can be provided from 0 to 100 pF 
to ranges that permit testing of 
large electrolytic capacitors. 
The measuring method is based 

on the relationship between a ca-
pacitance C charged at constant 
current i for time t at voltage V in 
which 

C = it/V (1) 
If t and V are constant, C is pro-
portional to i. An unknown capaci-
tance is therefore 

= it/V, (2) 
which divided by Eq 1 results in 

C., = (3) 
By making C a known reference 

(lid in the circuit shown in the 
figure) and i the full-scale indica-
tion of an ammeter (1 ma), i indi-
cates C,. directly and independently 
of t and V if they do not change 
during the measurement. 
The measurement range of the 

circuit in the figure is 0 to 1 µf. 
A source of constant frequency is 
provided by Q, and Q„ which by 
switching Q, on and off establishes 
charging time. The capacitor 
charges when Q, is off and dis-
charges when it is conducting. 

Charging current supplied by Q, is 
maintained at a constant value by 

Qr, and 
The only external adjustments 

are the zero and full-scale settings, 
which are quite stable. To obtain 
other measurement ranges, fre-
quency, charging current or voltage 
must be changed in accordance with 
Eq 1. 
At lower measurement ranges, 

internal capacitances from wiring 
or similar sources becomes evident, 
but it can be compensated by the 
zero adjustment. Measurement ac-
curacy depends primarily on the 
reference capacitor, with other fac-
tors being less important. Although 
current indicated on the meter is 
higher than actual charging cur-
rent, it is the ratio of currents that 
indicates the unknown capacitance. 
Leakage in the capacitor under test, 
however, does affect accuracy. 
An alternative scale that may be 

useful in many cases can readily be 
provided. By putting C, in series 
with C, the meter will indicate cur-
rent i, so the Eq 3 becomes 

CC.,/(C + C, ) = C(i./i) 
from which 

C. = C i,/(i — i,) (4) 
Capacitance in this case is indicated 
on a scale similar to that of a con-
ventional ohmmeter with zero at the 
bottom and infinite capacitance at 
the top. 
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systems 
analysts: 

Quantify the complex 
on important projects 

at Hughes! 

SURVEYOR (soft lunar landing space-
craft), SYNCOM (synchronous communi-
cations satellites), ARPAT (terminal anti-
ballistic missile defense system), BAMBI 
(anti-ballistic missile defense feasibility 
study). These are a few of the many im-
portant and complex projects under de-
sign, development and study at Hughes. 

Because of these projects and others 
important to the nation's defense, pre-
paredness and space effort, Hughes of-
fers more opportunities to Systems An-
alysts than ever before. 

Involved with these positions are the con-
sideration of many basic problems such 

Creating a new world with ELECTRONICS 

HUGHES 
HUGH ES A,PC4A , Y COMPANY 

AEROSPACE DIVISIONS 

as: the proper mix of manned vs. un-
manned satellites; the requirements of 
manned space flight; IR systems require-
ments for high speed strike reconnais-
sance systems or unmanned satellites; 
analysis of weapon systems from con-
ception through development, test and 
customer use; and many others. 

Inquire today. If you are a graduate 
engineer or physicist from an accredited 
university, a U. S. citizen, and believe 
that you can contribute to and benefit 
from the important projects at Hughes, 
contact us today. Airmail your resume to: 

Mr. Robert A. Martin, 

Supervisor of Scientific Employment 
Hughes Aerospace Divisions 
11940 W. Jefferson Blvd., 
Culver City 81, California 

We promise you a reply within one week. 

An equal opportunity employer. 
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Enlarged view of tantalum 
anode element used in Mallory 
Type XT capacitors. 

Mallory Type XT Tantalum Capacitors 
... one-third the size, twice the life 

Actual Size 

Proved reliability. Continuously produced for over 
13 years, Mallory Type XT tantalum capacitors 
have earned an impressive record for reliability, 
through extensive testing and in the toughest mili-
tary and commercial applications. They've been 
life tested to 45,476 hours. Individual test data for 
each production lot is kept for five years. Inde-
pendent two-year testing shows they have twice 
the anticipated mean time to failure of other 
tantalum capacitors. 

Practically infinite shelf life. Stored for as long as 
ten years, Mallory Type XT tantalum capacitors 

still meet original limits of d-c leakage. All capaci-
tors in the XT series are hermetically sealed (glass 
to metal), and incorporate the sintered wet slug 
anode pioneered by Mallory. They pack high 
capacity in a small case —as much as smaller 
than other capacitors, for comparable mfd-volt 
ratings. Available in many configurations, including 
MIL types, plus many different terminal connec-

tions. Made in five types ranging from miniature 
to high-capacity, for temperatures from 175° to 
200°C. Write for catalog or consultation. Mallory 
Capacitor Company, Indianapolis 6, Indiana. 
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XTK 

XTH 
XTV 

TYPE MAX. TEMP. CAPACITY AND 85°C V.D.C. 

XTM 175°C 4 mfd, 340 volts to 140 mfd, 8 volts 

XTK 175°C 2 mfd, 340 volts to 70 mfd, 8 volts 

XTH 200°C 7 mfd, 630 volts to 240 mfd, 18 volts 

XTL 200°C 3.5 mfd, 630 volts to 120 mfd, 18 volts 

XTV 200°C 12 mfd, 630 volts to 2200 mfd, 12 volts 

P. R. MALLORY & CO. Inc. 

MALLORY 
March 23, 1962 

Delivered from stock at factory 
prices by these distributors: 
Baltimore, Md, 

Radio Electric Service 
Binghamton, N.Y. 

Federal Electronics 
Boston, Mass. 
Cramer Electronics 
DeMambro Radio Supply Co. 
Lafayette Radio 

Bridgeport, Conn. 
Westconn Electronics 

Buffalo, N.Y. 
Wehle Electronics 

Chicago, Ill. 
Allied Electronics Corp. 
Newark Electronics Corp. 

Cincinnati, Ohio 
United Radio 

Cleveland, Ohio 
Pioneer Electronics 

Dallas, Texas 
Engineering Supply Co. 

Dayton, Ohio 
Stotts-Friedman Co. 

Denver, Colo. 
Denver Electronics 

Houston, Texas 
Harrison Equipment Co., Inc. 
Lenert Company 

Indianapolis, Ind. 
Graham Electronics 

Los Angeles, Calif. 
Allied Radio of California 
California Electronics 
Kierulff Electronics, Inc. 
Radio Product Sales 

Minneapolis, Minn. 
Northwest Radio 

Monrovia, Calif. 
Lynch Electronics 

Montreal, Que. 
Canadian Electrical Supply Co. 

Mountainside, N.J. 
Federated Purchaser, Inc. 

Nashville, Tenn. 
Electra Dist. Co. 

Newark, N.J. 
Lafayette Radio 

New York, N.Y. 
Harrison Radio Corp. 
Harvey Radio Co., Inc. 
Lafayette Radio 
Milo Electronics 
Terminal Hudson Electronics 

Oakland, Calif. 
Elmar Electronics, Inc. 

Orlando, Fla. 
East Coast Electronics 

Ottawa, Ont. 
Wackid Radio-TV Lab. 

Palo Alto, Calif. 
Zack Electronics 

Perth Amboy, N.J. 
Atlas Electronics 

Philadelphia, Pa. 
Herbach & Rademan 
Philadelphia Electronics 

Pittsburgh, Pa. 
Radio Parts Co. 

Salt Lake City, Utah 
Kimball Electronics 

St. Louis, Mo. 
Olive Electronics 

Seattle, Wash. 
F. B. Connelly Co. 

Tampa, Florida 
Thurow Electronics, Inc. 

Toronto, Ont. 
Alpha Aracon Radio Co. 
Electro Sonic Supply 
Wholesale Radio & Electronics 

Tulsa, Okla. 
Engineering Supply Co. 

Washington, D.C. 
Capitol Radio Wholesalers 
Electronic Industrial Sales 

White Plains, N.Y. 
Westchester Electronic Supply Co., Inc. 

Winston-Salem, N.C. 
Electronic Wholesalers Inc. 

Complete line of aluminum and tantalum 
electrolytics, motor start and run capacitors 

;Se( 
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COMPONENTS AND MATERIALS 

Transistor Uses Electro-Optical Drives 
A NEW transistor, developed at 
Philco's Lansdale Division, Penn-
sylvania, is an epitaxial planar de-
vice designed to respond in nano-
seconds to both light and electrical 
signals. Computer logic operations 
may be performed in response to 
both types of signals simultane-
ously, according to C. G. Thornton, 
director of semiconductor R & D. 
The new device may be partic-

ularly significant to future genera-
tions of computers wherein light 
rather than wiring could be used 
for electrical connections—per-
mitting unprecedented speed in the 
transfer of intelligence among vari-
ous elements within the computer. 
The device combines the proper-

ties of ultra-fast switching tran-
sistors with ten times greater light 
sensitivity than available photo-
transistors. Use of optical and elec-
trical drives permits an overall 
propagation time of less than 0.1 
microsecond. 

In fabricating the electro-optical 
transistor, a special spherical lens 
was designed, and the glass was 
selected on the basis of refractive 
index and thermal coefficient of ex-
pansion. The focal lens is tailored 
to the TO-18 package. The use of 

T.0 18 
PACKAGE 

EPITAMAL 
5EMICONDuCTOR 
ELEMENT 

Configuration of electro-optical epi-
taxial planar transistor in TO 18 
package 

carbon molds in forming the lens 
was avoided to eliminate the pos-
sibility of light diffusion from car-
bon particles trapped in the glass. 
The active region of the device, 

0.025 mm2, is placed within a few 
microns of the semiconductor sur-
face, insuring high sensitviity. 
Thornton noted the devices 

unique capacity to read high speed 
computer tapes and then transfer 
information with the speed of the 
fastest switching transistors avail-
able. 

In combining transistor and light 
sensor, a flexibility has been 

CHARACTERISTICS OF ELECTRO-OPTICAL TRANSISTOR 

Conditions Min. Max. 

Collector to Base 
Breakdown Volt., BVCBO 

Collector to Emitter 
Breakdown Volt., BVCEO, pulsed 

Emitter to Base 
Breakdown Volt., BVEBO 

Turn-On Time 

Turn-Off Time, toil 

Light Current Sensitivity, 
ICE light intens.= 100 ft-C 

toff 

IC = 10 ma 

IC = 10 ma 

LE = 10 nia 

IC = 
IB, 
IB2 
IC = 
113, -=-
1B2 = 

10 ma 
:3 ma 
1 ma 

10 ma 
nia 
1 ma 

35 v 

15 v 

5v 

25nsec 

75nsec 

ga ift-C 
25nsec 
75nsec 

temperature = 25 deg C 

Transistors with lenses may be 
building blocks in the substitution 
of optical and electrical paths in 
computers 

achieved that also opens up new 
possibilities for high frequency 
communications in conjunction with 
modulated laser sources having a 
frequency output within the sensi-
tivity region of the electro-optical 
transistor. The device operates with 
greatest sensitivity in the region 
of 0.4 to 1.1 microns. 

Perhaps the most serious prob-
lem that limits the speed of modern 
computers is the problem of com-
munication within the machine. As 
the frequency increases, the radio-
active losses increase, the unwanted 
cross-couplings increase, and the 
length of time it takes to transmit 
signals from point to point become 
significant. Thus, while it is rela-
tively easy to build a high speed 
memory, it is extremely difficult to 
communicate in and out of this 
memory without serious complexity, 
loss of speed, or both. Optical com-
munication techniques may solve 
many of the problems in this area. 
The resolving power of a good 

lens is better than 100 lines per mm, 
resulting in a total of 10' lines per 
sq mm. Assuming a really poor 
lens, the resolving power is better 
than 10 lines per mm, or 100 lines 
per sq mm. 

If a ray of light can be made to 
carry information, it should be 
possible to pack anywhere from 10' 
to 102 communication channels 
within a sq mm. There is virtually 
negligible interaction between these 
communication channels, even 
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FILTER DESIGNERS! 

INDIANA GENERAL 
TEMPERATURE COMPENSATED 
CUP CORE ASSEMBLIES OFFER 
YOU ALL THESE ADVANTAGES: 

1 Seven sizes (International Series) from stock 
599" to 1.425" O.D. 

2 Frequencies — 1 kc to 1.5 mc. 

3 "Q" values to 800. 

4 Standard Gapped Inductance Values 40 to 1,000 
MH/1000 turns. 

5 Unmatched temperature stability. 

6 Available in complete assemblies with trimmer for 
minimum of 12% adjustment. 

7 Complete test specifications and performance 
curves available. 

431 

Shell Mounting 
Bracket 

Temperature Stable 
FERRAMIC Cup Core 

Bobbin in 1, 2, or 
3-Section Types 

Cores Shipped as 
Matched Pairs with 
Precision-Ground Air Gap 

Trimmer Assembly 

Base Plate 

a Rivets 

Specify Indiana General TO cup core assemblies next time you order. Wire 

or call for price and delivery information to Indiana General Corporation, 

Electronics Division, Keasbey, New Jersey, for complete performance curves 

and specifications. 
Visit us at the IRE show — Booths 1310-1316 

INDIANA GENERAL tra 
lip, .... . 

e 
. .i.•-• 

FERRITES MEMORY PERMANENT MINIATURE MEMORY 
PRODUCTS MAGNETS MOTORS PRODUCTS 
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HOW TO BEND 
BARS and TUBING 

9 HOW TO BEND . . . OFF CENTER EYES 

o 
Insert bar stock be-
tween Locking Pin and 
Radius Pin of desired 
size. 

e 
Set Forming Roller 
against material and 
advance Operating 
Arm. 

e 
Complete operation 
with one steady move-
ment. 

o 
Clamp tube. Insert Fol-
low Block between ma-
terial and Forming 
Roller. 

Advance Operating 
Arm until it strikes 
Angle Stop. 

Remove Follow Block, 
release clamp and re-
move tube. 

D I -RAC RO 
BENDER 

Complete details on forming rods and tubing with 
standard accessories as well as tips and technical 
data on angle, channel and other materials will be 
found in "It's Easy to Bend", a 32 page summary of 
Di-A.cro Benders and bending. A copy is yours 
free of charge. 

Consult the yellow pages of your phone book for 
the name of your nearest Di-Acro distributor or 
write: 

pronounced die-ack-ro 

DI-ACRO CORPORATION 

433-W 8th Ave., Lake City, Minn. 

. . _ 

Jo 000 
PRECISION 

METALWORKING 
TOUIPMENt 

o 

OUTPUT CHARACTERISTICS IN TERMS 

OF LIGHT AND CURRENT BIAS 

T•25•C 

13 O24t  L I. 60011.0 

Ifl• 020mA LI•5001I-C 

TB • .016 AA I. 4001I-C 

111 , 0,2 I. 3001 , —C 

13 • 008mA 1.200.1 C 

004eKAL I•1001,—C 

5 lO 
VCE— volts 

13 

though they are so tightly packed. 
The speed of transmission of 

these channels is that of the speed 
of light and transmission loss is 
extremely small. Also, transmission 
can be accurately controlled by the 
use of well developed optical tech-

niques. The use of fiber optics 
would allow for increased flexibility 
in the transmission paths. A large 
number of information paths can 
be easily interconnected optically 
by the use of a diffusion element. 
Optical techniques will only be truly 
successful with a small, inexpen-
sive, fast, low powered source of 
light transistor. 

Other desirable aspects of optical 
communications are based on the 
fact that optical signals are highly 
directive in nature. Thus signals 
can be aimed sharply at receivers, 
resulting in secure communications. 
In addition, optical antennas are 
extremely small, high gain devices. 
The wave aspects of light may be 

used to perform some extremely 
complex electronic functions in the 
realm of network synthesis. 

Prototypes are available at $35 
each. 

New Ceramic for Molding Wafers 

New 'molding boat solves old problem of alloying indium to germanium 
or silicon wafer, holds closer tolerance required for semiconductor tooling 

A CRITICAL operation in semiconduc-
tor manufacturing is the alloying 
of indium to the germanium or sili-
con wafer. 

This controlled alloying of the 
semiconductor materials is ac-
complished at temperatures around 
1,600 F, with the parts contained 
in an alloying jig. 

There are severe requirements 
for the high temperature process. 
The alloying jig must be of refrac-
tory nature, able to resist "wetting" 
by molten indium. The jig must 
have a low thermal expansion rate, 
so that thermal changes will not 
cause warping or charge in toler-

ance. Jig material must contain 
minimal reducible oxides, which can 
cause contamination of the semi-
conductor. 
The jig must be capable of being 

produced in extremely small sizes 
to very close tolerances. 
A new ceramic material, called 

GR-100, developed by Duramic 
Products Inc., Palisades Park, N. J., 
is said to meet the requirements. 
The material is one-third the 
weight of stainless steel and has 
lower thermal expansion; it is four 
times the hardness of graphite and 
can be produced to a finer surface 
finish. 
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Proof. 
The final test report attached to each and every EMI photo-

multiplier — and to no other leading make — is proof of out-

standing performance. Almost as convincing as the difference 

you notice when you plug in the tube itself. And, performance, 

of course, is the reason why the most demanding photomulti-

plier users always specify from the EMI/US catalog describing 

37 types—ranging from UV to IR response. Better write for your 

copy so you can start doing the same. 1750 North Vine Street, 
Los Angeles 28. In Europe: EMI Electronics 

Ltd., Hayes, Middlesex, England. 

EMI/ T-7 S 

frld ) ,911)9ue'd 
NAS 714 — 715 Series of 

PLUGS and 
RECEPTACLES 
with 7 to 23 contacts 

by (et bode 

A significant step ahead by Methode — the more effi-
cient, better performing NAS-714 and NAS-715 Series 
of Plugs and Receptacles with 7, 11, 15, 19 or 23 
contacts. Designed to meet all the requirements of 
the NAS-713 specification. 

WITH THESE ADDED FEATURES: 

V Closed entry, removable socket contacts for solder 
crimp termination in NAS-714 type receptacle 

V Crimp type sockets meet MIL-C-26636 require-
ments for termination 

V Closed entry sockets use Berylco pressure spring 
for maximum reliability 
NAS-715 circuit board plugs have removable con-
tacts for maximum economy 
Split type socket contacts optional 

Typically Methode, these new, im-
proved printed circuit connectors 
feature outstanding reliability and 
uniformity—good reasons way more 
industry leaders turn to Methode 
first, for quality that lasts! 

SAMPLES and detailed 
literature are available. 

et-hode Electronics, Inc. 

7447 West Wilson Avenue 
Chicago 31, Illinois 
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SUPPORT ENGINEERING 
A GROWING CAREER FIELD 

At Paramus in northern New Jersey, and at installations 
from the Mediterranean to the Arctic, Federal Electric's engi-
neering staffs are adding new knowledge, new techniques to 
the rapidly expanding technology of support engineering. 
Behind the effective operation of every large-scale electronic 
system you will find an engineering organization whose job 
it is to assure that equipments and systems perform as 
specified by the user. 

This is Federal Electric's role. It encompasses engineering 
for the application, installation, evaluation, maintenance and 
operation of complex electronic systems. Present projects 
include troposcatter communications systems, digital data 
processing systems, early warning systems and missile test 
range instrumentation systems. 

The heart of this engineering activity is our central engineer-
ing staff at Paramus. This professional staff plans, engineers 
and guides the programs and projects of the company and 
supports the efforts of our field engineering staff throughout 
the world. Positions now open to qualified engineers include 
the following: 

Systems Implementation—development of installation plans, 
test and maintenance programs for large-scale systems. 

Computer Maintenance — for installation design and check-
out for a global digital command/control system. 

Reliability-Maintainability — equipment and systems evalua-
tion, including maintenance and engineering studies and 
failure data studies. 

Engineering Publications — planning, organizing, writing and 
producing technical publications covering theory, mainte-
nance and operation of a broad variety of electronic systems. 

To inquire about these and other positions, write Manager, 
Professional Staffing, Dept. EL. A resume will be helpful. 

FEDERAL ELECTRIC CORPORATION IService Division of International Telephone and Telegraph Corp. 
Paramus Industrial Park, Paramus, New Jersey 

An Equal Opportunity Employer. 

Guaranteed Castings 1 

Of the 5,396 foundries in the U.S.A., 

we know of only one that guarantees 

casting quality with the Machining 

Bond on Castings. Were that one. 

Write us about your problem casting. 

request free Resources & 

Capabilities booklet: 

Morris Bean & Company 

Yellow Springs 8, Ohio 

aluminum & ductile iron foundries 
CIRCLE 205 ON READER SERVICE CARD 

electronics 

Editorial 
Opportunity 

IT DOESN'T HAPPEN OFTEN, 
but electronics, "bible of the in-
dustry" and a McGraw-Hill publi-
cation, has an opening for an 
Assistant Editor. 

Ideally, the man we are look-

ing for and to whom a post on 
our New York staff could be a 
long-term challenge, would have 
an electrical engineering degree 
or technical equivalent, practical 
experience in our field and a 
demonstrated aptitude for edit-
ing, writing, reporting. He prob-
ably lives somewhere in the 
metropolitan area and therefore 
would have no relocation prob-
lem. 

Write The Editor, electronics, 
330 W. 42nd St., New York 36, 
stating experience, aspirations 
and past earnings. Mark the 
envelope "Confidential" and it 
will be kept that way. 
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Is it ancient history 

by the time you see 

electronics? 

Get the facts while they're new. Don't 
wait for electronics on a route slip. 

Look in this issue for the Reader Service 
Card. Fill out and mail the "for subscrip-
tions" section. Only 71/2  cents a week. 

electronics 

A McGraw-Hill Publication, 330 West 42nd St., N. Y. 36 

'SILJP•eFtscon 
WORLD LEADER 
in the manufacture of 
ELECTRON GUN MOUNTS 
exclusively! 

SUPERIOR Electronics maintains a full 
complement of experienced engineers and 
skilled specialists to design, develop and 
manufacture electron gun mounts of highest 
quality and dependability. 
SUPERIOR electron gun mounts are available 
in the widest range of Standard and Magnetic 
Facie; Types for: 

COLOR TELEVISION and COMMERCIAL 
TELEVISION Picture Tubes 

INDUSTRIAL, MILITARY, SPECIAL PURPOSE and 
EUROPEAN Tube Types 
Write today for our complete catalog of facilities and types. Samples, prices, on request. 

SUPERIOR ELECTRONICS 
CORPORATION 

208-212 Piaget Ave. • Dept. E 232 • Clifton, N. J. 
Area Code: 201 • Tel: 772-2500 • in NY: LO 3-7030 

—CONFIDENCE THROUGHOUT 

THE WORLD.' 

CIRCLE 212 ON READER SERVICE CARD 

The high standards of MITSUMI electronic 

components are insured by a fully-auto-

mated assembly system, and double-checked 

by rigid quality controls. Mitsumi Electric 

Company is Japan's largest manufacturer 

of components for radio, television and 

communications equipment. 

MITSUMI PARTS  
MITSUMI ELECTRIC CO., LTD. 

Komae, Kitatama, Tokyo 

Good 
parts 
work 
best! 

Intermediate 

Frequency 

Transformer 

IFT 

POLYVARICON 

Variable 

Capacitor 
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PRODUCTION TECHNIQUES 

Circuit diagram under mold guides operator in placing 
components 

Clear plastic mold, with somewhat the same consistency 
as an art-gum erasure, is peeled from aluminum mold 

Plastic Mold Simplifies Component Boards 

By G. J. MAROTTA 
A. J. MURABITO 
Western Electric Co., 
Merrimack Valley Work, 
North Andover, Mass. 

AMPLAS, standing for Apparatus 
Mounted in Plastic, is a word coined 
by Western Electric' to describe a 
method of fabricating component 
boards. The basic idea is shown in 
the sketch. A clear plastic mold is 
placed over a scale drawing of the 
circuit and the components are put 
in position by hand. Epoxy is then 
poured into the mold to a depth of 

WIRING CONNECTION 
INDICATOR COMPONENTS 

about k inch. When the epoxy has 
cured and the plastic mold is peeled 
off, the components are held rigidly 
by their leads. Interconnections are 
then made manually with bare wire, 
except where crossovers might 
cause a short, and the boards are 
then dip-soldered. 
The technique has a number of 

advantages for certain types of pro-
duction. In particular, component 
mounting is greatly simplified, since 
such parts as tube sockets, transis-
tors and connecting plugs can be 
molded right into the board. All 

AFTER COMPONENTS ARE IN PLACE, 
EPDXY IS APPLIED 

CLEAR 
PLASTIC 
MOLD 

CIRCUIT LAYOUT DRAWING 

Components are put into place by punching the leads through the clear 
plastic. After the epoxy sets, the plastic mold is pulled away, and al-
though it can be used again, it is usually melted and recast 

components are held rigidly by the 
cast epoxy and there is no strain on 
soldered connections; solder joints 
are used only for electrical connec-
tions and not for support. As the 
drawing shows, some parts can be 
mounted vertically, obtaining 
enough support from the epoxy 
from only one side of the compo-
nent. In printed wiring boards, ver-
tical mounting will often require a 
second board so the component can 
be supported by both leads. 
With respect to manufacturing 

costs, amplas has the advantages of 
reduced manufacturing lead time, 
low tooling costs, simplification of 
design, and ease of manufacture. 
The only tooling required is the alu-
minum mold from which the clear 
plastic molds are made. The alumi-
num masters cost less than $100 on 
the average, compared to several 
thousand dollars for printed circuit 
tooling. The primary purpose of the 
aluminum master is to indicate wir-
ing runs and set the size of the final 
board; since indicated wiring runs 
can be ignored if desired, changes 
in circuit design can be accom-
plished quickly and easily. 

After a fairly extensive check of 
available epoxies that would be suit-

74 electronics 



Picture of sound 
being relayed 

under 
FREON°solvent 

At recent national electronics shows 
we actually performed the demon-
stration depicted above. We taped a 

message, then connected the recorder's playback 
head to a high-fidelity amplifier. This we immersed 
in a tank of "Freon" for the entire duration of the 
show. Wires connected the output stage of the am-
plifier to a row of headphones. Show visitors listened 
to the message relayed under "Freon". 
This demonstration was possible because "Freon" 

solvent is a superb dielectric and a selective clean-
ing agent. It cleans components or complete assem-
blies effectively without harm to metal parts, finishes, 

elastomers or plastic insulation. 
Nothing cleans out oil, dirt, grease 

more efficiently. Its unique low sur-
face tension gives deep penetration 

of tiny openings . . . keeps moving parts of missile 

SEE THIS DEMONSTRATION IN ACTION 

systems operating at tolerances as low as 0.00005 
inch! And "Freon" cleans with safety. Nonflam-
mable, nonexplosive, virtually nontoxic, it leaves no 
residue and can be recovered and used again and 
again for maximum economy. 
Send for free 33q rpm demonstra-

tion recording made with the ampli-
fier immersed in "Freon". Write on 
your company letterhead. If you have 
a specific cleaning problem, we'll be glad to arrange 
a visit by our representative. "Freon" Products Di-
vision, Room N-2420, E-3, E. I. du Pont de Nemours 
& Co. (Inc.), Wilmington 98, Delaware. 

FREON solvents 

ele le 

jiiè:ièiè 

ttpe 
BETTER THINGS FOR BETTER LIVING . THROUGH CHEMISTRY 

AT OUR IRE SHOW BOOTH NO. 431749 
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For production line testing, 

quality control, 
trouble shooting... 

 NEW METERED 
V RIABLE AUTO-
T ANSFORMER 
AC BENCH 
SUPPLIES kt 

• Deliver any voltage up to 140 VAC 
• Linear variation of output throughout 
entire range 
• Smooth rotary brush-tap controlled by 
dial on panel 
• Highly efficient variable auto-trans-
former of toroidal core design 
• No waveform distortion or voltage drop 
from no-load to full-load 
• Separate output ammeter and output 
voltmeter 
• Dual range ammeter: Switching per-
mitted under load 
• Rugged, compact, professional appear-
ance 

Study the performance of electric or elec-
tronic components under varying line con-
ditions ... expose intermittent components 
by inducing failure with over-voltage . . . 
check power consumption . . compensate 
for power line voltage variations. 

Model 1073 (3 amp. rating) 
Kit $35.95 Wired $47.95 

Model 1078 (7 1/2  amp. rating) 

Kit $42.95 Wired $54.95 
(Add 5% in the West) 

See the 41 additional test instruments ... help-
ful for your lab and production work. Write for 
free Catalog & name of Distributor. 

EICO Electronic Instrument Co., Inc. 
Dept. E-3B, 3300 N. Blvd., L I. C. 1, N. Y. 

Export Dept: Robum Agencies, Inc. 
431 Greenwich St., New York 13, N. Y. 

mplas construction, left, compared with printed circuit board construction 

able for the cast board, a relatively 
new formulation was chosen, prima-
rily because it had high flexural 
strength and excellent resistance to 
vibration, being able to withstand 
25g when mounted in an aluminum 
frame. The epoxy is a silica-filled 
undiluted resin with a new flexi-
bilized hardener of the aliphatic, 
primary diamine, polyether type. 
It mixes readily to form a free-
flowing system that cures overnight 
or in 30 minutes at 150 F; water 
gain for a 2-hour boil is +0.65 per-
cent; dissipation factor and dielec-
tric constant at 101 cps are, respec-
tively, 0.021 and 4.5; heat distortion 
temperature is 148 F. Corrosion 
tests were passed and resistance to 
impact at —40 F is superior to 
XXXP phenolic laminates. 
A special plastic was developed 

for the mold in which the compo-
nents are held when the epoxy is 
poured. Developed in association 
with Western Electric, the material 
is a plasticized cellulose acetate 
butyrate compound with a poly-
meric plasticizer. The material 
melts at 265 F; its room tempera-
ture density allows component wires 
to be inserted easily yet it is strong 
enough to accept a relatively large 
number of close-spaced leads; it 
seals the leads sufficiently to keep 
epoxy from leaking through to form 
insulation; it is not affected by the 
epoxy and releases the cured epoxy 
adequately. 

After the epoxy has cured (nor-
mally 30 minutes at 150 F) the plas-
tic mold is peeled off and point-to-
point pencil wiring is completed for 

Bare wire, fed through a pencil 
tube, is looped around circuit leads 
in accordance with molded-in con-
nection guides 

interconnections, with the wirer fol-
lowing the raised guide lines in the 
epoxy. Soldering is then accom-
plished on an automatic dip solder-
ing machine. Because the connec-
tions being soldered are raised 
above the board, and because of the 
epoxy's heat tolerance, soldering 
temperature is not limited but can 
be reasonably as high as needed for 
good connections. 

If a component fails on an amplas 
board, it is not necessary to throw 
the circuit away, since sufficient 
heat applied to a lead will soften 
the board enough to allow removal 
of the defective component and in-
sertion of a new one. Also, single 
board construction, instead of the 
two-board sandwiches often needed 
with printed circuits, gives easy ac-
cess to components. 

REFERENCES 
(1) G. J. Marotta and A. J. Murablto, 

A new Concept in Electronic Component 
Packaging, Western Electric Engineer, p 
10, July, 1961. 
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MELPAR CAPABILITIES 
RANGE FROM TO 

And we are looking for scientists and engineers to help us expand these capabilities and to grow with us. 

A as in ANT ... 
or A as in ARTRON . . . At Melpar scientists study 
animal life to apply its functions to the machine. 
Result: A machine with "instincts" and "intelligence," 
one that can "think" its own way through problems. 

Z as in ZEROING IN • • . 
After research comes development and production of hard-
ware—from the smallest components to entire sytem com-
plexes. Melpar has made, and continues to make, vital 
contributions to the nation's space and missile programs. 

AN OPEN LETTER . • • To those who would help forge the future, Melpar offers unusual 

growth potential as it expands its exciting work. Outstanding opportunities are now available 

in our AEROSPACE, MINUTEMAN, RESEARCH, ENGINEERING, AND APPLIED SCIENCE Divisions. We invite 

engineers and scientists on all levels to participate in projects involving: • RADIATION FIELD 

THEORY • SYSTEMS ANALYSIS • SPACE COMMUNICATIONS SYSTEMS • RADAR SIGNAL PROCESSING • 

INFORMATION THEORY • THERMODYNAMICS • ACOUSTICS • TRANSISTOR CIRCUITRY • AERONAUTICS 

• MICROELECTRONICS • INFRARED HOMING • DIFFERENTIAL GAS ABSORPTION SPECTROSCOPY • HORIZONTAL 

PATH ATMOSPHERIC SCINTILLATION • E.H.F. • ADVANCED DETECTION PRINCIPLES AND SYSTEMS • MULTILAYER 

INTERFERENCE FILTERS • SHOCK AND VIBRATION 

ANALYSIS • ELECTRO OPTICAL INFORMATION 

COLLECTION. If you want to be part of our 

dynamic team, write to me direct for personal 

interview. 
J. T. Lafrank 
Director of Personnel 

NIELPAR INC 
A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE CO 

3309 ARLINGTON BLVD., FALLS CHURCH, VA. 

An equal-opportunity employer. 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

E IC 
11510-8ER-1216K in case 

e • • 
• 

50 amp power supplies 
0.1% regulation 

Output 
Model Voltage* Ripple  Delivery Price 

115/60-BER-12/600 12 1 mv, rms From stock $ 945 
230/ 60-BER-28/ 1400 28 2 mv, rms Less than $1750 

30 days 

*Output voltage adjustable over ±17% range. 

These supplies have magnetic circuit breakers for 
overload protection, metered outputs, and remote 
sensing capability. Optional features include modi-
fications for parallel operation and remote pro-
gramming. Available for 19-inch racks or in case 
mountings. 
Write for complete specifications on these and 
many other EIC power supplies. 

ELECTRODYNAMIC INSTRUMENT CORPORATION 
Subsidiary of Reed Roller Bit Company 

JA 6-3761 • 1841 Old Spanish Trail • Houston 25, Texas 
CIRCLE 208 ON READER SERVICE CARD 

rtermazi; HEATH COMPANY Benton Harbor 67. Michigan 

FREEI 

Just mail 

the coupon 

SHOP 

HEATHKIT'S 

CATALOG 

FOR 

SUPERB 

VALUES 

100 pages ... over 250 different kits 
for home, hobby and industry . . . 
Test and Lab instruments, Stereo/ 
Hi -Fi, Marine, Amateur Radio, Edu-
cational. Compare the great Heath-
kit value. 

E Please Send My FREE 1962 Heathkit Catalog 

NAME  

ADDRESS  

CITY ZONE  
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NEW PRODUCTS  

DESIGN AND APPLICATION 

Rejection Filter 
30 DB REJECTION AT i-PERCENT SEPARATION 

RECENTLY announced by Applied 
Research Inc., 76 South Bales Ave., 
Port Washington, N. Y., is the 
MICRO-NOTCH rejection filter 
whose curve is shown in the ac-
companying sketch. At a center fre-
quency of 425 Mc (±10 percent), 
a better than 30 db rejection is 
shown. The notch bandwidth at 1 
db insertion loss is 2 Mc, or less 
than percent. Insertion loss out-
side of the notch is approximately 
0.5 percent. One photo shows a wide 
sweep where approximately 10-per-
cent bandwidth is shown. The other 

AGC 1 VIDEO VIDEO 2 AGC 
CONTROL CONTROL 

Diversity Combiner 
WIDE DYNAMIC RANGE 

PRESENTLY available from Defense 
Electronics, Inc., 5455 Randolph 
Rd., Rockville, Md., is the TDC-1 
Diversity Combiner which uses a 
pair of beam deflection tubes in a 
post detection diversity combiner 
that automatically results in ratio-

photo shows the same filter adjust-
ment with only the sweep width 
changed. The 1 Mc markers can be 
seen at the 1 db points. This shows 
the very narrow steep skirted fre-
quency adjustable rejection filter 
that provides a better than 30 db 
difference in loss to two frequencies 
separated by i-percent or more 
while presenting an essentially re-
sistive impedance at the input. In-
sertion loss in the passband is 
extremely low. 
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squared combining with a linear 
control function. The basic com-
biner circuit shown in the sketch 
has corresponding deflection elec-
trodes tied together and opposite 
plates connected together and shar-
ing a common load resistor. Video 
signals are fed directly to the grid 
of each tube while control voltages 
are applied to the respective deflec-
tion electrodes. As control voltages 
vary, total current in plate load re-
mains the same while relative pro-
portion contributed by each video 
signal changes. Combined output 
does not vary in amplitude as long 
as the two video inputs are of equal 
amplitude and in phase. Linear 
control signals are derived from 
receiver age circuits. 

Conventional telemetry receivers 
have nearly logarithmic representa-
tions of r-f input signals. A direct 
coupled differential amplifier is in-
corporated within the combiner so 
that it establishes an approximately 
linear relationship between control 
signals and maintains a constant 
mean potential between the deflec-
tion electrodes and cathode of the 
beam tubes. 
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Volts To Freq Converter 
MEASURES UP TO 1 KV 

ANNOUNCED by Avtron Manufac-
turing, Inc., 10409 Meech Ave-
nue, Cleveland 5, Ohio, are the 
T299, T301 and T303 voltage to 
frequency converters that accept 
either a-c or d-c voltage signals and 
deliver a proportional output fre-
quency. Any conventional electronic 
frequency counter can then be used 
as an accurate voltmeter. Basic 
circuit is shown in the sketch. The 
d-c amplifier and capacitor are con-
nected so that current flowing 
through the capacitor is directly 
proportional to d-c input voltage 
signal. When the capacitor voltage 
reaches a particular stabilized ref-
erence level, the electronic switch 
closes momentarily to discharge the 
capacitor. Frequency at which the 
switch operates is therefore pro-
portional to d-e input level. Capac-
itor and switch are arranged so 
that both positive and negative in-
put signals can be measured. With 
external electronic frequency 
counter, full scale readings of 0.1, 
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Twin-Pulse Now Standard on General-Purpose Generator 
Double twin-pulse instrument 
also available in same series 

Something new has been added to 
the SERVOPULSE" Model 3450D 
Megacycle Pulse Generator. And at 
no extra cost. Twin-pulse capability, 
previously available only as a fac-
tory modification extra, is now a 
standard feature. 

Extended Applications 

Wide-range performance covers all 
requirements, from long-duration 
pulses (10 milliseconds) at very low 
rep rates to ultra-short (50 nano-
seconds) signals at multi-megacycle 
rates. Use of twin-pulse is optional, 
and can be switched in whenever it 
is desirable to generate two pulses 
on a common time base, each pulse 
having the same width, polarity, and 
amplitude. Typical laboratory appli-
cations include designing and test-
ing radar, navigation and fire con-
trol sygtems, digital computer and 
other pulse circuitry. Equally versa-
tile as a test instrument, Model 
3450D is used for blasting cap test, 
shock tube spark ignition, high volt-
age drive of strain gages, system 
transient testing, and the like. 

Advanced Circuit Design 

Some outstanding features of this 
versatile instrument are: fully regu-
lated power supplies to remove line 
voltage variation as a factor in criti-
cal amplitude testing; variable rise 
time as short as 15 nanoseconds; 
step attenuation plus full fill-in for 
clean waveform generation at levels 
as low as 50 mv peak; automatic 
overload protection; and step and 

SYNC 

TWIN 

SINGLE 

Main Pulse Outputs (03-oh In load) 

Model 3450D Generator 

fill-in major controls to aid in rapid 
set up of critical parameters. 

Modular Concept 

The modular design concept, an 
important factor in cost reduction 
and built-in flexibility of all SERVO-
PULSE instruments, is fully realized 
in the new Model 3450D. Not only 
does the instrument now offer twin-
pulse generation as a standard fea-
ture, but its modular construction is 
such that, with factory modification, 
extra low rep-rates of .05-5000 cps 
and 1 volt input trigger sensitivity 
may be added to the standard 
specifications. 

Double Twin-Pulse Generator 

Companion Model 3465A—in effect, 
two Model 3450D's operating from 
a single time base and housed in one 
cabinet providing separate or mixed 
outputs—has also been redesigned to 
furnish double twin-pulse generat-
ing capability. Unmixed output pro-
vides 2 separate pulse pairs; mixed 
output combines the 2 pulse pairs. 

Many Standard Instruments 

The broad line of SERVOPULSE instru-
ments includes many cataloged units 
and over 100 standard pulse and 
digital circuit modules (both tube 
and transistor types). Traditional 
Servo Corporation quality and 
system-proved reliability prevail 
throughout the line. Phone or write, 
outlining your proposed applica-
tions, for prompt recommendations. 

Model 3465A Double Twin-Pulse 
Generator with additional delay 
module 

SERVOPULSE'"' PRODUCTS 

SERVO CORPORATION OF AMERICA • 111 New South Road • Hicksville, L. I., N.Y. 
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closeckycle 

IR COOLERS 
... introduce no microphonics 
... need no support equipment 

...These original systems utilize highly 
developed non-lubricated compressors 
and Joule-Thomson cryostats. Tests on 
both high- and low-impedance infra-
red detectors show that Air Products 
closed-cycle coolers introduce no 
microphonics into IR systems. 

Reliable, compact Air Products 
cryogenic coolers include the following 
advanced features: 

• Dynamic balancers counteract re-
ciprocating motion of compressor 
pistons 

• Carbon-filled fluorocarbon resin pis-
ton rings prevent gas contamination 

• Non-orificed heat exchangers gener-
ate no measurable microphonics 

• Sound - absorbing mounts prevent 
transmission of compressor-gener-
ated microphonics along gas lines 

These closed-cycle cryogenic units 
for IR-detector cooling weigh as little 
as 16 pounds... measure 5" x 8" x 12" 
... provide up to 5 watts of refrigera-
tion at 80°K. Completely self-con-
tained, they require no external lique-
fiers or high-pressure gas supplies. 

For your IR-cooling requirements, 
consider using a closed-cycle refrig-
erator. It will enhance your system 
by reducing need for ground-support 
equipment. 

ADVANCED PRODUCTS DEPARTMENT 
DEFENSE AND SPACE DIVISION 

cAelt7iede and am ica 
INC. 

Allentown. Pennsylvania 

• Air Products manufactures a complete 
✓ line of cryogenic electronic coolers. 

1, 10 and 1,000 v, d-c or a-c, can be 
measured thereby supplanting the 
need for a large number of volt-

480 
VAC   
60 - 

SYM   

Research Furnace 
15 V AT 2,000 AMPERES 

INTRODUCED by Tylan Corporation, 
4203 Spencer Street, Terrance, 
Calif., is the power supply 153-001 
capable of delivering 2,000 amperes 
at up to 15 volts. Originally de-
signed and built for black body 
radiation studies at temperatures 
over 5,000 F, it has been applied 
to ablation studies, operating large 
magnets and calorimeter calibra-
tion. The regulation is -±1 percent 
for 100 to 2,000 ampere loads and 
the water flow is 2 gpm, 10 —50 
psig between 32 and 100 F. The 
power supply is either current or 
voltage regulated and may be 

Frequency Multiplier 
SOLID STATE 

MICROWAVE ASSOCIATES, INC., Bur-
lington, Mass. The MA-8028 can be 
driven with 3 w c-w power at about 
36-40 Mc and will deliver 200 mw 
at the 32nd harmonic in the L-band 
range. The bandwidth is 1.25 per-
cent. Body is U, in. long, 22: in. 
wide and 2 in. deep, excluding 
mounting pads and connectors. 

meters to accomplish measurements 
over the same ranges. 
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SYM. 

TRANSDUCTOR 

CONTROLLER 
FEEDBACK 

CURRENT 
ADJUST 

+ 0-15 VDC 
2,000 
AMPS 

operated from a pyrometer to ac-
curately control furnace tempera-
ture. The basic elements are a 
transformer, silicon-controlled rec-
tifiers and an inductor. Conduction 
angle of the rectifiers is selected by 
the current control, and is held con-
stant -±1 percent for load and line 
changes by a feedback loop which 
senses current through a trans-
doctor. Overall dimensions are 22 
x 22 x 36 and it weighs 600 lbs 
and does not require a soundproof 
air conditioned room. 
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Total weight is less than 2 lb. 
Nominal input impedance is 50 
ohms with type N input and output 
connectors. 
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Subminiature Pot 
WATERS MFG., INC., Wayland, Mass. 
The VL/3 p-c pot has numbered po-
sitions on the case to allow fast and 
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accurate reading of the wiper posi-
tion over a rotational span of 320 
deg controlled by mechanical stop. 
Available in a resistance range 
from 10 ohms to 15,000 ohms, it 
will operate over a temperature 
range from —55 C to +150 C. 
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Coating Machine 
FOR COMPONENTS 

CONFORMING MATRIX CORP., 830 New 
York Ave., Toledo 11, 0. Model 
PR-1 is a high production machine 
for the application of 10 to 15 mils 
thick coatings of epoxy materials 
to axial lead components. The auto-
matic feed unit accepts either ad-
justable or portable magazines ac-
cording to the required handling 
rate of the components. 
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Sealed Cell 
SONOTONE CORP., Elmsford, N. Y. 
The S-113 sintered-plate, nickel-
cadmium, rechargeable sealed cell 
is in. by 18 in. in size and weighs 
only 1. 8 oz. 

CIRCLE 308 ON READER SERVICE CARD 

Wide Range Test Set 
FOR TRANSISTORS 

SYRACUSE ELECTRONICS CORP., P. O. 
Box 566, Syracuse 1, N. Y. Test 

Roberta Peters, lovely distinguished coloratura 
soprano, has brought fine music—via opera and 
concerts, television and RCA Victor recordings— 
to more people than any diva in history. This sum-
mer Miss Peters will again perform in the Soviet 
Union where, in 1960, she received one of the 
greatest ovations ever accorded a visiting artist. 

There's 
More 
To Sound 
Than 
The Ear 
Can 
Imagine 

More than the soaring strains 
of the most thrilling vocal in-
strument, painting a songscape 
of images, sound is a mover of 
the scientist's designs ... coax-
ing the ebb and flow of cre-
ativity into a constant current 
of industrial progress. At 
Dynasonics, experienced ultra-
sonic engineers are turning 
many dreams of scientific ac-
complishment into realities, 
making sound a silent sentinel, 
bending it to such tasks as the 
monitoring and control of the 
flow of liquids used in indus-
trial processes. These and 
other challenging problems in 
ultrasonic flow metering, level 
sensing and component clean-
ing are now being mastered for 
clients in the atomic energy, 
industrial and military fields. 

For creative ultrasonic answers to many problems in custom instrumenta-
tion, control and industrial cleaning, contact DYNASONICS CORP.... 

Ultrasonic Cleaners Ultrasonic Education Devices Ultrasonic Level Sensors 

MASTERS OF SOUND FOR INDUSTRY'S MANY NEEDS 

Durla.scorlic.s 
CORPORATION 

200 Michael Drive 
Syosset, New York 
WAInut 1-7100 

SUCCESSOR TO SARDA ULTRASONICS CORPORATION 

Key Territories Open To Qualified Representatives 
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computer power 

LOGIC 
AND 

NON-LOGIC 
POWER 
FOR 
4651 

465-L Global Communica-
tions Network computer sys-
tem power supplies are de-
signed and built by ITT. 

These units can regulate 
from poor quality input and 
maintain MTBF of 8000 
hours. 

ITT power for high reliability. 

For further information write 
for Data File E-1817-I. 

II 
Industrial Products Division 
Internal.onal Telephone and Telegraph Corperauo• 

15191 131.(11. Street • Ur, Ferfunde. Cold. • [lip. 7.6161 

set measures all the important 
parameters on the standard com-
mercial types of unijunction tran-

sistors. Suitable for lab use or 
limited production testing, the in-
strument measures stand-off ratio, 
interbase resistance, emitter satu-
ration voltage, base-two modulated 
current, emitter leakage current, 
peak point current, and base one 
peak pulse voltage. 
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Digital Voltmeter 
HEWLETT-PACKARD CO., 1091 Page 
Mill Road, Palo Alto, Calif. The 
405BR CR digital voltmeter fea-
tures automatic ranging, simple 
touch-and-read measurement and 
bright, clear readout. 
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Ultrasonic Generator 
BROADBAND 

INTERNATIONAL ULTRASONICS, INC., 

331 Centennial Ave., Cranford, 
N. J. Broadband ultrasonic gener-
ator provides output for research 
and development in chemical, medi-
cal, metallurgical, plastics, flaw de-
tection, and a wide range of other 
applications. Using a special output 
transformer developed by the com-

pany, model IU-250-BB generator 
has continuously-variable output 
from zero to 250 w at 10 Kc to 2 
Mc and can be built for down to 1 
Kc on special order. 
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Electrometer Head 
VIBRATING VANE 

WAYNE KERR CORP., 1633 Race St., 
Philadelphia, Pa., offers a vibrating 

N ow 
A family of 
Precise 
Thermistors 
vs: produces a family of precise ther-
mistors which match standard Resist-
ance-temperature curves within -±1%. 
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TEMPERATURE IN °C 

100 

You can now use stock YSI thermistors 
interchangeably as components in any 
temperature transducer or compensator 
circuit without individual padding or 
balancing. 

DATA 
Base resistances at 25 ° C. of: 
100 s2 1 K 10 K 
300ç 3 K 30K 

100 K 

• Each family follows the same RT 
curve within ± 1% accuracy from 
—40° to -" 150° C. 

• Cost under $5.00 each, with sub-
stantial discounts on quantity orders. 

• Quantities under 100 available from 
stock at YSI now. 

• YSI can produce precise thermistors 
with different base resistances and 
beta's where design requirements and 
quantities warrant. 

For complete specifications and details write: 

u.. , idm 
mid 'lanai 

VL JII-7Z11• 

YELLOW SPRINGS INSTRUMENT CO.. INC 

Yellow Springs. Ohio 
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vane electrometer head that has a 
high effective mechanical Q, oper-
ates at a resonant frequency of 1 
Kc, has an input impedance of 1,000 
trillion ohms, and can be energized 
from tube or transistor circuits. 
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Delay Line 
MAGNETOSTRICTIVE 

TEMPO INSTRUMENTS, INC., Techni-
cal Industrial Park, Plainview, 
N. Y., announces a series of mag-
netrostrictive delay lines designed 
for use as memory units in smaller 
digital computers and sophisticated 
business and accounting machines. 
These sonic delay lines are availa-
ble in unsealed and in hermetically 
sealed cases. Delay length is 3,500 
µsec; repetition rate 2 Mc—NRZ; 
temperature stability ±-0.08 psec, 
10 to 50 C; size, 11i by 12 by 17« 
in. 
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Magnetic Shields 
FOR DEWAR FLASKS 

MAGNETIC SHIELD DIVISION PERFEC-

TION MICA co., 1322 No. Elston 
Ave., Chicago 22, Ill., offers a line 
of diversionary Netic and Co-Netic 
magnetic shields which minimize 
effects of the earth's magnetic field 
as well as all other low level fields 
on samples being tested under 

Togetherness, with Greater Isolation ... 

by new NEMS-CLARKE® Multicoupler 

Another new addition to the Nems-Clarke line of telemetry equipment 
is the Solid State Multicoupler, SSM-101. It accepts the output of an 
antenna-mounted preamplifier and provides eight outputs with a minimum 
isolation between any two outputs of 50 db. The gain is held to approxi-
mately unity and is flat within 3 db across the band. 

The SSM-101 is designed for use in the 225-260 megacycle telemetry band 
but can be supplied to cover other bands between 55 and 300 megacycles. 
Input and output connections are made at rear of the unit through type C 
connectors. Its integral power supply will also energize the Nems-Clarke 
Solid State Preamplifier, SSP-101. 

Write for Data Sheet 899. 
Vitro Electronics, 919 Jesup-Blair Dr. 
Silver Spring, Maryland 
A Division of Vitro Corp. of America 

VISIT VITRO AT I. R. E. SHOW 

Booth 3821-3823. 

l e were-cm:west 

Specifications 

1. Pass Band   225-260 megacycles 

2. Uniformity response   within 3 db 

3. Gain   approximately unity 

4. Isolation . between outputs 50 db minimum 

5. Receiver outputs   8 

6. Impedance . . . . Designed to operate in 
SO ohm system 

7 Power source 

115 v, 60 cps. . . approximately 6 watts 

R. Connectors   type C 
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Select your circuits-plug 'em in 
...that's UNIDAP flexibility! 

Now you can create your own research data systems at will. With 
DCS's new UNIDAP modules, you actually convert from block dia-

gram to hardware as fast as you can plug in the modules. And, pro-
vision exists for interconnecting an endless variety of component 
modules for maximum versatility and variety of applications. 

Maximum Versatility 

This means you can change — adapt — or augment your system any 

time you wish. When the system must be changed or enlarged, simply 
substitute or add any other UNIDAP components you select. 

All Solid State! 

What's more, you sacrifice nothing to get this advantage. UNIDAP 
modules are all solid state for low heat dissipation and high reliabil-
ity. And, UNIDAP gives you a built-in power supply, complete with 
self-contained blower for necessary cooling. 

VCO's ... Frequency Translators...Reference Oscillators...Summing 
Amplifiers ... Discriminators ... these are just some of the UNIDAP 
off-the-shelf modules now available for assembling FM, PDM, PAM 
and digital data systems. If you're concerned with magnetically 
recorded data for any purpose, you'll want to know more about 
UNIDAP's unique capabilities. 

For more information, address: 

Dept. E-2-4. 

DATA-CONTROL SYSTEMS, INC. 
lftderamuceettto« 1,4se Ze.4ealed 

Los Angeles • Santa Clara • Wash., D. C. • Cape Canaveral 
Home Office: E. Liberty St.. Danbury. Conn. • Pioneer 3-9241 

cryogenic conditions in any size 
dewar flask. Two, three or four 
concentric cylindrical shields can be 
used, one inside the other. For 
viewing the sample under cryogenic 
test conditions, a multi-section 
viewing port is provided. 
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Grid-Dip Meter 
FOR LAB & INDUSTRY 

JAMES MILLEN MFG. CO., INC., 150 
Exchange St., Malden 48, Mass. 
Model 90662-A laboratory and in-
dustrial grid-dip meter contains a 
transistor d-c amplifier to permit 
full scale meter deflection through-
out the entire tuning range of 225 
Kc to 300 Mc. A self-contained 800 
cycle tone modulator is included. 
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S-W Amplifier 

TRANSISTORIZED 

FXR, division of Amphenol-Borg 
Electronics Corp., Danbury, Conn., 
offers model B813T transistorized 
standing wave amplifier. Full scale 
maximum error is only ±-0.05 db 
at 5 db. Calibrated range is 75 db. 
Price is $285 with rechargeable 
battery. 
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PRODUCT BRIEFS 

MINIATURE MICA CAPACITORS radial-
lead. Cornell-Dubilier Electronics, 
50 Paris St., Newark, N. J. (317) 

X-BAND MICROWAVE DELAY LINES 

multiple output. Franklin Technical 
Corp., Kulpsville, Pa. (318) 

P-C DRILL PRESS high speed. Digital 
Systems, Inc., 1042 E. Edna Place, 
Covina, Calif. (319) 

OPTICAL MASER high stability. Min-
neapolis-Honeywell, 2600 Ridgway 
Rd., Minneapolis, Minn. (320) 

METAL FILM RESISTANCE CARD for 
microwave attenuation. Filmohm 
Corp., 48 W. 25th St., New York 10, 
N. Y. (321) 

BRUSHLESS MOTOR/FAN high speed. 
Astro Dynamics, Inc., Second Ave., 
Northwest Industrial Park, Bur-
lington, Mass. (322) 

SONIC DEVICE detects missing parts. 
Wintriss Controls, Div. of Indus-
trionics, Inc., 20-24 Vandam St., 
New York 13, N. Y. (323) 

HIGH TEMPERATURE JIGS from new 
ceramic material. CFI Corp., Ce-
ramics for Industry, Cottage Place, 
Mineola, N. Y. (324) 

ROTARY JOINTS single and dual chan-
nel. Electronic Specialty Co., Ken-
nedy Antenna Div., 155 King St., 
Cohasset, Mass. (325) 

SPIN-OVER JACK for printed cir-
cuits. Sealeetro Corp., 139 Hoyt St., 
Mamaroneck, N. Y. (326) 

BROADBAND MOUNTS for square law 
detection. MSI Electronics Inc., 
116-06 Myrtle Ave., Richmond Hill 
18, N. Y. (327) 

InIECISION RESOLVERS minimum size 
Solvere, Inc., 1902 W. Chestnut St., 
Santa Ana, Calif. (328) 

IIALL GENERATOR thin-film. Helipot 
Division, Beekman Instruments, 
Inc., 2500 Harbor Blvd., Fullerton, 
Calif. (329) 

DATA ACQUISITION SYSTEM analog 
• to pulse duration. Geniseo, Inc., 
2233 Federal Ave., Los Angeles 64, 
Calif. (330) 

T-W TUBES for space applications. 
Hughes Aircraft Co., Microwave 
Tube Div., 11105 S. LaCienega 
Blvd., Los Angeles, Calif. (331) 

HOW CHEAP 
IS "CHEAP"? 
"Why should we buy from you when 
we can get the 'same thing' from 
other suppliers at a lower price?" 

In selecting a supplier of lacing tape (or any component), price and compli-
ance with specifications are not the only criteria. But too often, manufacturers 
ignore the other factors involved and consequently lose money. 

For example, in a $15,000 piece of equipment there may be only 15 cents 
worth of Gudebrod lacing tape. It costs $75 to work this tape. It may be possi-
ble to buy the same amount of tape from other suppliers for 2 or 3 cents 
less. .. it "will meet the specs" according to these suppliers. But one of our 
customers recently pointed out why he still specifies only Gudebrod lacing 
tape in such cases. 

"We tried buying some cheaper tape that 'met the specs.' Within a few 
months our production was off by 50% . . . boy, did the production people 
really scream about that tape. And our labor costs doubled... our 
costing people really flipped! 

"Another thing, why should we risk the possible loss of thousands of 
dollars when the original material cost difference is only a few cents. 
Once you put cheaper tape on and something goes wrong after the equip-
ment is finished . . . you've had it. No, thank you! We learned our lesson! 
We buy Gudebrod lacing tape!" 

Whether your firm uses one spool of lacing tape or thousands, there are four 
advantages in specifying Gudebrod for all your lacing requirements: 

1. Gudebrod lacing tape guarantees increased production! 

2. Gudebrod lacing tape guarantees reduced labor costs! 

3. Gudebrod lacing tape guarantees minimal maintenance after 
installation! 

4. Gudebrod guarantees quality! On every spool is a lot number 
and seal which guarantees that all Gudebrod lacing tape is pro-
duced under strict quality control. Our standards are more 
exacting than those required for compliance with Mil-T. 

Our Technical Products Data Book explains in detail the complete line of 
Gudebrod lacing tapes for both civilian and military use. For your copy 
write to Mr. F. W. Krupp, Vice President, Electronics Division 

GUDEBROD BROS. SILK CO., INC. 
Electronics Division Executive Offices 
225 West 34th Street 12 South 12th Street 

New York 1, New York Philadelohia 7, Pa. 

Visit Gudebrod Booth 4032 at the IRE Show 
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We don't know why anyone would want to slice a light bulb up like 
an onion. But we do think it is an awfully good demonstration of the 
Airbrasive's ability to cut hard brittle materials. Imagine, for example, 
cutting precision slivers like these with a mechanical tool! 

This unique industrial tool is doing jobs that were up to now con-

sidered impossible. Its secret lies in its superfine jet of gas-propelled 
abrasive particles that are capable of precision cutting without shock, 
heat or vibration. Thus the most fragile materials can be shaped, 
drilled, abraded, or cleaned with complete safety. 

Use it to make cuts as fine as 0.008"... remove surface coatings 
debur tiny parts ...wire-strip potentiometers ... adjust microminia-

ture circuits ... cut germanium, silicon, ferrites, glass, ceramics ... in 
the laboratory or on the production line. 

The cost is low, too. For under $1000 you can set up an Airbrasive 
cutting unit in your own shop. 

Send us samples of your 
"impossible" jobs and let us 
test them for you at no cost. 

WRITE FOR 

BULLETIN 6006. 

Complete information. 

S. S. WHITE INDUSTRIAL DIVISION 

Dept. EU, 10 East 40th St., New York 16, N. Y. • Telephone MU 3-3015 collect. 

dlefe INDUSTRIAL 
AIRBRASIVE 

Literature of 
POWER SUPPLY Consolidated Elec-
trodynamics Corp., 360 Sierra 
Madre Villa, Pasadena, Calif. Two-
page bulletin describes the capabili-
ties of the type 3-131 power supply 
unit. (332) 

GLASS INDUCTORS Corning Electronic 
Components, Bradford, Pa. Refer-
ence File CE-5.02 describes metal-
lized glass inductors in panel mount 
and p-c styles. (333) 

DIGITAL LOGIC ELEMENTS Tech 
Sery Inc., 4911 College Ave., Col-
lege Park, Md., has prepared a 
catalog on transistorized digital 
logic packages. (334) 

TUBE REFERENCE HANDBOOK Cal-
vert Electronics, Inc., 220 E. 23rd 
St., New York 10, N. Y., offers a 
reference handbook on the English 
Electric Valve line of communica-
tion and microwave tubes. To ob-
tain a copy write on company letter-
head. 

INSTRUMENTATION Baldwin-Lima-
Hamilton Corp., 42 Fourth Ave., 
Waltham 54, Mass. Catalog 4400-A 
shows instruments for readout on 
strain gages, transducers. (335) 

PEAK DETECTOR SYSTEMS Datex 
Corp., 1307 S. Myrtle Ave., Mon-
rovia, Calif. Bulletin 131 describes 
peak detection with analog-to-digi-
tal conversion. (336) 

TEFLON TERMINALS Alisco Co., 
809 Stewart Ave., Garden City, 
N. Y. offers a reference manual on 
Teflon terminals. (337) 

SCR TESTER Power/Radiation, Inc., 
Box 616, Suffern, N. Y. Technical 
data bulletin describes model R-102 
portable silicon controlled rectifier 
tester (338) 

DIRECT WRITING RECORDER Brush 
Instruments Division of Clevite 
Corp., 37th and Perkins, Cleveland 
14, 0. Bulletin illustrates the crisp 
tracings made by the Mark 200 
recorder. (339) 

ELECTROSTATIC CHARGE AMPLIFIER 

Kistler Instrument Corp., 15 
Webster St., North Tonawanda, 
N. Y. Bulletin describes model 568 
electrostatic charge amplifier with 
universal range. (340) 

POWER SUPPLY Microdot Inc., 220 
Pasadena Ave., South Pasadena, 
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the Week 
Calif. Bulletin ACPS-1 deals with a 
transistor regulated a-c/d-c power 
supply. (341) 

BWO Watkins Johnson Co., 3333 
Hillview Ave., Palo Alto, Calif. 
Bulletin describes a 100-w c-w ()-
type bwo for Ku-band. (342) 

PLASTICS Chemical Development 
Corp., Danvers, Mass., has prepared 
a catalog "Products For the Plas-
tics and Allied Industries." (343) 

ELECTRONIC WARFARE SPECTRUM 

The Hallicrafters Co.. 5th and 
Kostner Ave., Chicago 24, Ill. New 
military and civilian regulations on 
active airborne ECM in the U. S. 
and Canada are summarized in a 
color-coded wall chart. (344) 

VACUUM FURNACE Lindberg En-
gineering Co., 2450 W. Hubbard St., 
Chicago 12, Ill. Bulletin 113 de-
scribes and illustrates a vertical 
cold wall vacuum furnace. (345) 

POWER SUPPLIES Anders Elec-
tronics, Inc., 640 Memorial Drive, 
Cambridge, Mass. Technical data 
sheet TS105 deals with a line of 
high amperage power supplies for 
computer applications. (346) 

MAGNETIC TAPE ADAPTER Elec-
tronic Engineering Co. of Califor-
nia, Box 58, Santa Ana, Calif. Two-
page data sheet describes the EECO 
754 magnetic tape adapter for 
ERMA/IBM. (347) 

ROTARY COMMUTATING SWITCH 

Precision Specialties, Inc., P. 0. 
Box 118, Pitman, N. J., has avail-
able data sheet A-4 on the rotary 
commutating switch. (348) 

DATA TRANSMISSION SYSTEM 

Lynch Communication Systems, 
Inc., 695 Bryant St., San Francisco, 
Calif., has available literature on 
the type B109 data transmission 
system. (349) 

SOLENOIDS Cannon Electric Co., 
3208 Humboldt St., Los Angeles 31, 
Calif. Catalogs are available for 
both the SE and SG series of sole-
noids. (350) 

INCANDESCENT INDICATOR Tran-
sistor Electronics Corp., 3357 Re-
public Ave., Minneapolis 26, Minn. 
Data sheet 193 covers a transistor 
controlled incandescent indicator 
with replaceable lamp. (351) 

March 23, 1962 

IMMEDIATE DELIVERY: 
HOAIEYV/ELL METERS 
Distributors in 28 key cities now stand ready to ship standard Honey-

well meters the same day they receive your order.. For a catalog describ-

ing the full line of Honeywell meters, and the name of your nearest 

distributor, write to Honeywell Precision Meters, Manchester, N. H. 

"where electronics meets the eye" 

Honeywell 
lJt P/tgete&g., rTne* 
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PEOPLE AND PLANTS 

George J. Pandapas Arthur Asch W. P. Maginnis 

Electro-Tee Realigns Top Management 

ELECTRO-TEC CORP., West Caldwell, 
N. J., manufacturer of precision 
slip ring assemblies, relays and 
switches, has announced three 
changes in top management. 

George J. Pandapas was elected 
chairman of the board of directors, 
relinquishing his duties as presi-
dent. Pandapas founded Electro-
Tee in 1945. 
Arthur Asch succeeds him as 

president and was appointed treas-
urer. Asch has been with Electro-
Tec since 1950 and has served in 
the capacity of executive vice presi-
dent since 1956. 

Otarion Electronics 
Elects Kranz 

OTARION ELECTRONICS, INC., Ossin-
ing, N. Y., has expanded its re-
search activities with the formation 
of a separate research division. 
Fred W. Kranz has been named a 

W. P. Maginnis joins the firm as 
executive vice president. Prior to 
assuming his new post, Maginnis 
was vice president of Maxson Elec-
tronics Corp., NYC; vice president 
of ITT's Components Division, Clif-
ton, N. J., and also chief engineer 
of the Components Division of 
RCA, Camden, N. J. 

In November 1961, Electro-Tec 
opened its new 30,000-square-foot 
headquarters plant at West Cald-
well, N. J. The company also oper-
ates manufacturing plants at 
Blacks b u rg, Va., and Ormond 
Beach, Fla. 

vice president of the company and 
director of the division. 

Kranz, formerly a vice president 
of the Sonotone Corp., served as a 
consultant to Otarion before his 
new appointment. 

Zenith Radio Plans 
$7 Million Expansion 

DIRECTORS of Zenith Radio Corp., 
Chicago, Ill., have authorized con-
tracts for construction of a new $7 
million dollar building on its 28 
acre plot of land located immedi-
ately south of the company's main 
plant. 
The new building with total floor 

area of 672,000 sq ft will be de-
voted to manufacturing and ware-
housing, and general administra-
tive offices. The additional space 
will permit rearrangement of fa-
cilities to provide for further ex-
pansion of research and develop-
ment and manufacturing opera-
tions. 

Construction is scheduled to be-
gin in late spring as soon as final 
architectural plans are approved. It 
is anticipated that the manufactur-
ing area will be in operation late 
this year, and that the entire proj-
ect will be completed by the slim-
mer of 1963. 

Grow Corporation 
Names Greenbaum 

THE GROW CORP., Plainview, N. Y., 
recently appointed William H. 
Greenbaum as engineering man-
ager. 
Greenbaum is a former vice 

president and director of engineer-
ing of Otarion Electronics, Inc., 
and senior supervising engineer of 
the Sonotone Corp. 

Republic Electronics 
Hires Two Engineers 

REPUBLIC ELECTRONICS, Huntington, 
L. I., N. Y., has appointed Milton S. 
Goldstein senior mechanical engi-
neer, and Richard G. Gundlach 
project engineer. Both will be as-
sociated with the company's re-
cently acquired $215,700 Coast 
Guard contract for development 
and production of 200 portable 
transmitter-receiver systems. 

Before joining Republic Elec-
tronics, Goldstein was with Corn-
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RELIANCE DEVELOPS ADVANCED COMMERCIAL 
FREQUENCY-CONVERTED D-C POWER SUPPLY 

Facts book now ready covering data 
processing and communications equipment 

Converting from 60 to 3000 cycles 
before rectifying to d-c. this new 
Reliance D-C Power Supply brings 
you these major advantages: 

1. High frequency A-c. distribution 
— multiple rectifiers at point 
of use. 

2. Low cost, compact, high freq-
uency components. 

3. Maximum protection against 
line voltage and frequency dis-
turbance. 

4. Simplicity in maintaining high 
quality D-c. voltages. 

Talk to our people about 
this new Reliance devel-
opment . . . and be sure to 
get the booklet with all technical 
facts. Write today. Reliance 
Electric and Engineering Co., Dept. 
83-3, Cleveland 17, Ohio. Cana-
dian Division: Toronto, Ontario. 

RELIANCE 

k ill 

ELECTRIC AND • 
ENGINEERING CO. 

CIRCLE 210 ON READER SERVICE CARD 

et -ebb. 

How to grow a beard... 
Sit back and wait for your copy on that routing list. 
Okay if you like beards. Otherwise, look in this issue 
for the Reader Service Card. Fill in the "for sub• 
scriptions" section. Mail. Only 71/2 cents a week. 

electronics 

A McGraw-Hill Publication, 330 West 42nd St., N. Y. 36 

Flame-Retardant 
laminated plastics 
for electrical and 
electronic applications 

There are now 4 flame-retardant Synthane lami-
nates to help the designers of computers, missile 
control equipment, transformers, circuit breakers or 
any other components subject to flame or heat. 

These four grades FR-1, FR-2, FR-3 and FR-4 not 
only have excellent flame retardance but they com-
bine many more properties desirable in an electrical 
insulation, such as low moisture absorption, low 
dielectric losses, mechanical strength and machin-
ability. Supplied plain or copper clad. It will pay 
you to send for samples for your own evaluation 
and test . . . or write for information. 

SYNIT-IANfi 
CORPORATION fii OAKS, PEN NA. 
GLendale 2-2211 TWX Valley Forge 735U 

Synthane-Pacific, 518 W. Garfield Ave., Glendale 4, Calif. TWX G1.01. 441711 

Synthane Corporation, 36 River Rd., Oaks, Pa. 

Gentlemen: 
Please send me your Engineering Bulletins on: 

Clisiew Flame-retardant Grades [Mew High-temperature Grades 

Name  

Address  

City Zone State  
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NEWSIiim‘ 

NEW! COMPLETE DATA FILE ON 
VERNITRON PRECISION SERVO 

COMPONENTS 
vernitron 
precision 
control synchros 
torque synchros 
resolvers 

1;prism-r. Fit Cli 1%1 

Here's al the data you need, in 
one handy package,for specifying: 
CONTROL 8 TORQUE SYNCHROS: 
Transformers, transmitters, re-
ceivers, differential transmitters 
and receivers, receiver transmitter. 
Engineered and manufactured to 
MIL-S-20708A, MIL-S-16892, MIL-
S-12472, MIL-S-2335, FXS-1066, 
Sizes: 8, 11, 15, 22, 23. Fre-
quency: 60 and 400 cycles, Ac-
curacy to ± 3 minutes. 
RESOLVERS: Data transmission, 
computing, phase shifting, sweep, 
including feedback units with high 
voltage capabilities between wind-
ings. Engineered and manufactured 
to MIL-R-14346. Sizes: 8 through 
23. Frequency: 60 through 10,000 
cycles. Deviation from Sine Wave: 
to ± .05%. 
Wire, phone, or write today for 

0 It.t 1.• CD Ft —r o your copy. 

THE QUALITY NAME IN PRECISION SERVO COMPONENTS 
606 Old Country Road, Garden City, N.Y. Pioneer 1-4130 TWX, G-CY-NY-1147 
West Coast Plant: 1742 South Crenshaw Blvd. 
Torrance, Cal.—FAirfax 8-2504 TWX: TNC-4301 

CIRCLE 211 ON READER SERVICE CARD 

ELECTRONICS SYSTEMS ENGINEERS 
Senior level openings to staff expanding Aerospace activities at the Lockheed-
Georgia Company in the following fields: 

Guidance Systems 
Countermeasures and Reconnaissance 
Bomb Navigation Systems 
Space Systems Check-out 
Systems Circuit Design 

Requires BS, or preferably MS, degree in Electrical Engineering, with five to ten years experi-
ence. 
Enjoy the cultural, educational and climatic advantages of the metropolitan Atlanta area. 

Write in confidence to: Hugh L. Gordon, Professional Employment Manager, Lockheed-Georgia 
Company, Department t'Y-88, 834 West Peachtree Street, Atlanta 8, Georgia 

An Equal Opportunity Employer 

LOCKHEED-GEORGIA COMPANY 
A Division of Lockheed Aircraft Corporation 

for STANDARD SYMBOLS 
use Self/et-54de 
ELECTRONIC DRAFTING TEMPLATES 

LATEST semiconductor and electronic symbols front 
57 IRE 21.53 and MIL-STD-15A including uni-
junction, S.C.R. four layer devices, tetrodes etc. 

PRECISION machined with double beveled cuts for 
smooth pencil guidance. 

SYMBOLS grouped for efficient use and repeated to 
avoid need for rotating template. 

MODEL 200 
ex5" for 0.2" grid 4.95 each 
MODEL 250 
6"x6" for Vi" grid 5.95 each 

Sold Only By Send for brochure and symbols chart 

QUINTEC INSTRUMENT COMPANY \ BOX 85 \ ALTADENA,CALIFORNIA 

puter Sciences, Inc. Gundlach was 
formerly with Loral Electronics 
Corp. 

Litton Industries 
To Build in Atlanta 

LITTON INDUSTRIES, INC., Beverly 
Hills, Calif., will build a $16-mil-
lion electronics plant in Atlanta, 
Ga. 

Plans call for completion of an 
initial $4-million facility, providing 
500 jobs, by the end of 1962, to be 
followed within six months to a 
year by a $12-million expansion, 
which would bring employment up 
to 2,000. 

According to Litton vice presi-
dent Crosby M. Kelly, the Atlanta 
plant will probably produce data 
processing systems of the type used 
in the country's missile defense 
warning system, unless the com-
pany should find in the next few 
months that there is a more urgent 
need for the new operation to make 
some other precision product. 

Tempo Instrument 
Occupies New Plant 

TEMPO INSTRUMENT INC. has occu-
pied its newly-completed plant in 
Plainview, L. L. N. Y. Designed to 
company specifications, the build-
ing contains over 25,000 sq ft of 
office, engineering, and manufactur-
ing space, has facilities for about 
250 employees per shift. 
Tempo manufactures electronic 

components and equipment for such 
applications as business or military 
computers, missile, space vehicle, 
and aircraft guidance systems, 
ground-based radar installations, 
and similar systems. 

RCA Space Center 
Adds Two Buildings 

RADIO CORP. OF AMERICA has an-
nounced that more than 100,000 sq 
ft of engineering and administra-
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tive space will be added to its Space 
Center near Princeton, N. J., 
through the leasing of two new 
buildings. 
When the Space Center first 

opened in 1958 only 40,000 sq ft 
of floor space was utilized. Since 
then, new additions have brought 
the total available engineering space 
to more than 200,000 sq ft. The new 
buildings, scheduled for completion 
in the Fall of this year, will bring 
total area to more than 300,000 sq 
ft. 
Number of employees at the 

Princeton facility is now approach-
ing the 1,500 mark. This, plus the 
additional space, gives the RCA 
Space Center the capability of 
handling additional projects, ac-
cording to Barton Kreuzer, vice 
president and general manager of 
the Astro-Electronics Division. 

PEOPLE IN BRIEF 

Lt. Gen. William E. Hall, USAF 
(Ret.), has been elected chairman 
of the board of Madigan Elec-
tronic Corp. D.W. Spence, ex-Texas 
Instruments, named manager, re-
corder products at Houston In-
strument Corp. Carr Wilson, from 
Datex Corp. to the parent com-
pany, Giannini Controls Corp., as 
senior staff engineer. Daniel M. 
Ekstein, former president of Mat-
thew Instruments, Inc., appointed 
director of R&D of Medical De-
velopments, Inc. Augustine R. 
Stratoti, previously with Sylvania, 
now chief electrical engineer for 
Gabriel Electronics. Donald G. 
O'Brien leaves American Measure-
ment and Control, Inc., to form 
D. G. O'Brien, Inc., in Waltham, 
Mass. Loral Electronics Corp. pro-
motes Ralph Rosenfeld and Luther 
Nashman to div. mgr. and engi-
neering mgr., respectively, of the 
Defense ECM Div. Richard Reigel 
moves up to director of manu-
facturing at Babcock Relays. 
Three new members have been 
added to the technical staff of the 
R&D Laboratory of Fairchild 
Semiconductor: Edward Duffek, 
formerly with Stanford Research 
Institute; Arthur E. Lewis, ex-
Hoffman Electronics; and Everett 
Guthrie, most recently with 
Melabs. 

ON THE SECOND MORNING 

AFTER SHIPMENT, COMMON 

CARRIERS FROM GEORGIA 

UNLOAD YOUR PRODUCTS IN 

NEW YORK / DALLAS 

FT. WORTH / CHICAGO 

ST. LOUIS / HOUSTON 

and MIAMI 

' ps•-■411.1e411”.4 

INDUSTRY is on the go to Georgia, because 

finished goods move to nearby markets 
FAST and ECONOMICALLY. 

Georgia is today's BIG WHEEL in delivery 

and distribution to ONE-FOURTH of the 

UNITED STATES with maximum efficiency, 
with such facilities as: 

29 rail carriers-13 main lines-7 railway systems 
100 fixed-route motor carriers 

6 major airlines-372 daily flights (Atlanta alone) 

2 deepwater ports served by 100 steamship lines 

2 inland barge terminals now in operation 

Do you enjoy these competitive advantages? 

GEORGIA 

DEPARTMENT 

OF 

COMMERCE 

100 State Capitol 

Atlanta, Georgia 

" 

mow air — Mr morsr 1«.111[ 

FREE — Opportundy Reports pre-
pared by Georgia Tech industrial 
research specialists. Write for list 
of projects, or for any specific 
industry. 
NAME  Dept. E-3 

NeNtebil, ; 

Pi 4'1 ‘1 

ADDRESS  

CITY   STATE 
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EMPLOYMENT OPPORTUNITIES 

electronics 
WEEKLY QUALIFICATION FORM 
FOR POSITIONS AVAILABLE 

ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 

This QualiFication Form is designed to help you advance in the elec-

tronics industry. It is unique and compact. Designed with the assistance 

of professional personnel management, it isolates specific experience 

in electronics and deals only in essential background information. 

The advertisers listed here are seeking professional experience. Fill in 

the Qualification Form below. 

STRICTLY CONFIDENTIAL 

Your Qualification form will be handled as "Strictly Confidential" by 

ELECTRONICS. Our processing system is such that your form will be 

forwarded within 24 hours to the proper executives in the companies 

you select. You will be contacted at your home by the interested 

companies. 

WHAT TO DO 

1. Review the positions in the advertisements. 

2. Select those for which you qualify. 

3. Notice the key numbers. 

4. Circle the corresponding key number below the Qualification Form. 

5. Fill out the form completely. Please print clearly. 

6. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS, 

Box 12, New York 36, N. Y. (No charge, of course). 

cut here) 

COMPANY 
BOEING COMPANY 

Seattle, Washington 
DAYSTROM INC. 

Electric Div. 
Poughkeepsie, New York 

ESQUIRE PERSONNEL SERVICE INC. 
Chicago, Illinois 

FEDERAL ELECTRIC CORP. 
A Div. of I T & T Corp. 
Paramus, New Jersey 

GENERAL ELECTRIC CO. 
Communication Products Dept. 
Lynchburg, Virginia 

GENERAL ELECTRIC CO. 
Defense Systems Dept. 
Syracuse, New York 

GENERAL ELECTRIC CO. 
Light Military Electronics Dept. 
Utica, New York 

HERCULES POWDER CO., INC. 
Allegany Ballistics Lab. 
Cumberland, Maryland 

DANIEL D. HOWARD ASSOC. 
Chicago, Illinois 

LOCKHEED-GEORGIA CO. 
Div. of Lockheed Aircraft Corp. 
Atlanta, Georgia 

MELPAR, INC. 
Sub. of Westinghouse Air Brake Co. 
Falls Church, Virginia 

NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION 

Washington, D. C. 
SCOPE PROFESSIONAL PLACEMENT CENTER 

Waltham, Massachusetts 
SPACE TECHNOLOGY LABS., INC. 

A Sub. of Thomoson-Ramo-Wooldridge 
Los Angeles, California 

SYLVANIA MOUNTAIN VIEW OPERATIONS 
Mountain View, California 

UNION SWITCH 8 SIGNAL 
Div. of WABCO 
Pittsburgh, Pennsylvania 

These advertisements appeared in the 

SEE PAGE KEY # 
16 1 

94 2 

94 3 

72 4 

128 5 

127 6 

130 7 

93 8 

94 9 

30 10 

77 11 

129 12 

94 13 

15 14 

93 15 

94 16 
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electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE 
Personal Background 

NAME   

HOME ADDRESS   

CITY  ZONE STATE  

HOME TELEPHONE   

(cut here) 

Education 

PROFESSIONAL DEGREE(S)   

MAJOR(S)   

UNIVERSITY   

DATE(S)   

FIELDS OF EXPERIENCE (Please Check) 

EAerospace 111 Fire Control E Radar 
Antennas 

E ASW 
El Circuits 

El Communications 

FT Component' 

El Computers 

El ECM 

Electron Tubes 

El Engineering Writing 

EHuman Factors E Radio—TV 

111 Infrared E Simulators 

E Instrumentation E Solid State 

El Medicine ri Telemetry 
Transformers III Microwave  

Navigation E Other   

El Operations Research 

E Optics 
E Packaging 

I=1 

3-23-62 CATEGORY OF SPECIALIZATION 
Please indicate number of months 

experience on proper lines. 

Technical Supervisory 
Experience Experience 
(Months) (Months) 

RESEARCH (pure, 
fundamental, basic) 

RESEARCH 
(Applied) 

SYSTEMS 
(New Concepts) 

DEVELOPMENT 
(Model) 

DESIGN 
(Product) 

MANUFACTURING 
(Product) 

FIELD 
(Service) 

SALES 
(Proposals & Products) 

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT INTEREST YOU 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
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INSTRUMENTATION 
ENGINEERS 

How do you fit 
into the rocket 

research picture? 

Developing 
instrumentation 

to prove out advanced 
concepts in solid rockets on 

the firing range calls for your 
highest technical skills and in-

ventiveness. You will work with 
Hercules Powder Company at 
Allegany Ballistics Laboratory, 
collaborating with the men who 
created many Hercules rockets, 
boosters and the critical upper-
stage propulsion for 43 satellites, 
test vehicles and space probes. 

TEST INSTRUMENTATION 
(BS, MS/ Development of 
measurement techniques and 
equipments using strain 
grids, X-ray, magnetic cir-
cuits, electrohydraulic servo 
systems and other physical 
principles to improve con-
trol and measurement of 
more than 100 rocket vari-
ables; i.e. develop a method 
to determine accurately the 
instantaneous mass rate of 
discharge of a rocket motor. 

DATA CONVERSION (BS, MS) 
Design and improvement of solid-
state logic circuits used in 
high-speed multiplexing and analog-
to-digital-conversion of data ac-
quired by instrumentation. 

DATA COLLECTION (BS, MS) 
Development of systems to acquire and 
analyze high-frequency dynamic data in-
cluding spectrum analysis and three-di-
mensional data presentation. 

CALIBRATION STANDARDS (BS) 
Develop new orders of accuracy in calibra-
tion and measurement techniques for 
Standards Laboratory. Establish electrical 

and electronic standards. 2-5 years 
electronics experience. 

For more 
information about these 
assignments write to: 
Mr. W. D. Linkenhoker 

" 4.All qualified applicants 
mill receive consideration 
for employment without 
regard to race, creed, 
color, or national origin. 
U. S. CITIZENSHIP 

REQUIRED 

HERCULES POWDER 
COMPANY 

ALLEGANY BALLISTICS LABORATORY 
CUMBERLAND, MARYLAND 
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Demanding Assignments for 

Engineers at 

SYIKANIA 

Reconnaissance Systems Laboratory 
on the 

SAN FRANCISCO PENINSULA 

SYSTEMS ENGINEERS. System analysis and synthe-
sis in new programs at Sylvania's RSL offer a broad spectrum of 
challenging problems involved in reconnaissance systems in-
cluding: feasibility studies, conception and definition of opti-
mized system solutions to basic operational requirements; 
application and development of advanced techniques; specifica-
tion of constituent subsystems; human factors engineering; 
operations research; system performance analyses. A minimum 
of 5 years experience is required in progressive assignments in 
system analysis and synthesis and integration of subsystems. 
Should have background in receiving systems in the HF through 
millimeter bands. Advanced degree preferred. 

DESIGN ENGINEERS. The design groups in RSL have 
openings for engineers at all levels with design and develop-
ment background in one or more of these areas: receivers, RF 
components, DF equipment, antennas, magnetic tape recorders, 
teletype equipment, displays, data transmission, data converters 
and computers. Opportunities for both technical specialists and 
supervisors. 

SENIOR RELIABILITY ANALYSIS ENGINEERS 
Positions requiring systems analysis, test design, availability 
and effectiveness studies, proposal writing, major reliability 
reports. Must have BS in EE or Physics with knowledge of funda-
mentals of calculus or probability; a minimum of 4 years of 
senior responsibility in reliability engineering involving imple-
mentation of reliability programs. 

THE REWARDS. Work in a compact and growing labora-
tory which offers the creative engineer the opportunity to grow 
with an expanding organization. Take advantage of the individual 
recognition and advancement opportunities of a small organiza-
tion (approximately 500 employees) with the security, benefits 
and diversified opportunities of a large corporation. Enjoy the 
ideal Northern California climate in relaxed suburban com-
munities with excellent schools and recreational facilities for 
you and your family. Live within 40 minutes of cosmopolitan 
San Francisco. Realize the advantages of being close to leading 
universities (Stanford is just five miles from the Laboratory). 

An equal opportunity employer. 

Complete information may be obtained by writing, in confidence, to 

Roger Harlan at: 

SYLVANIA RECONNAISSANCE SYSTEMS LABORATORY 

P.O. Box 188, Mountain View, California 

*NW 

SYLVANIA ELECTRONIC SYSTEMS 
Government Systems Management 

for GENERAL TELEPHONE :ELECTRON/OS 

1111111#111111M1 
7703 
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SENIOR ENGINEERS-PHYSICISTS FOR DAYSTROM 

EXPANDING RESEARCH & DEVELOPMENT PROGRAMS 

Create Immediate Positions in 

ADVANCED RESEARCH AND DEVELOPMENT 

ANTI SUBMARINE WARFARE SYSTEMS 

SINCE 1944 

DAYSTROM Incorporated has excep-
tional opportunities in ASW research, study 
and systems development. Physicists and 
Engineers in this enlarged ASW Division 
will participate in the determination of 
areas suitable for applied Research and 
advanced studies. 

Engineers will propose, develop and direct 
new concepts in ASW systems, Underwater 
acoustics, Signal processing, Sensors, Sono-
buoys, Sonar transducers, Display systems, 

1•;111111% DAYSTROM 
irme ELECTRIC DIVISION 
An Equal Opportunity Employer 

Detection theory, Transistor circuitry, Oper-
ational analysis. 

Our need is for professional, creative scien-
tists and engineers who can apply imagina-
tion and create proposals leading to new 
approaches and new concepts in ASW. 

These are key positions offering excellent 

salaries and growth potential in our ex-
panding operation. 

To arrange an 

INCORPORATED 

Interview, Write MR. P. V. PETERS 

DAYSTROM, Incorporated 

Electric Division 

229 Manchester Road 

Poughkeepsie, N.Y. 

or call Globe 2-4000 

SCIENTISTS 
& ENGINEERS 

Welcome to new Ilopk 
and to the yee- eh,,, 

• 
SCOPE, Professional Placement Cen-
ter, has excellent job openings in the 
electronics industry in these areas: 

• Research, Design, Development 

• Soles, Marketing, Application 

Choice of climate and location. BS, 
MS and or PhD degree required. 

Visit us at Headquarters Hotel for 
interviews. Call NEW YORK CITY, 
PL 2 4934. On the spot interviews 
can be arranged. 

• Alan Glou . . . Technical/Scientific 

• Sid Hopner . . . Sales/Marketing 

Registered Employment Cowmen°, 

PROFESSIONAL PLACEMENT CENTER 
1277 MAIN ST. • WALTHAIV1, MASS. 

TWinbrook 9-8250 

MANAGER SYSTEMS GROUP 
SALARY TO 516.500 PER YEAR 

Requires a E. E. possessing a broad background 
and a proveo record of accomplishments in the 
electronics field. Should have 12 yrs. roper.: he 
capable of doing senior project work in the design 
of UHF components and systems: have ability to 
write intelligent proposals, and manage a groan 
of competent engineers. COMPANY CLIENTS 
ASSUME ALL EXPENSES. 
ESQUIRE PERSONNEL. 202 S. State, Chicago 4, III 

COMMUNICATIONS MANAGER 
We are a new d iviSi011 of one of America's out-
standing growth companies. Already we are a 
leader in the design and manufacture of message 
distribution and handling, memory devices, and re• 
taled military communication equipment. Due to 
continuing rapid expansion we need a manager 
with strong technical and educational background 
having 10 or more years of engineering project ex. 
Perience with sales and management capahility 
The starting range is 520-25,000. 

TRANSDUCER SUPERVISOR 
We also need a strong sonar transducer engineer 
with at least 5 years of direct experience who can 
perform theoretical calculations. view problem s 
broadly, and can direct technical efforts of others. 
The starting range is S15-20.000. 

Write fully and in confidence to our consultants: 

Attn: William Dreffin 

Daniel D. Howard Associates 

t,. 

28 East Jackson Blvd. 

Chicago 4, Illinois 

SEARCHLIGHT 

FOR RESEARCH— 
DEVELOPMENT 411c 

EXPERIMENTAL WORK 
Over 10,000 different electronic parts: 
waveguide, radar components and parts, 
test sets, pulsers, antennas, pulse xmfrs, 
magnetrons, IF and pulse amplifiers, 
dynamotors, 400 cycle xmfrs, 584 ant. 
pedestals, etc. 

PRICES AT A FRACTION OF ORIGINAL COST! 

Visit or Phone— 

COMMUNICATIONS EQUIP CO. 
343 CANAL ST., N. Y. 13, N. Y. 

(Formerly at 131 Liberty St.) 
CHAS. ROSEN, WOrth 6-4045 

ELECTRONIC DEVELOPMENT 
ENGINEERS 

Immediate openings for FE,. esperienred in orig-
inal semiconductor circuit and component design. 
Positions require problem definition. system &-
sign and prutotype evaluation. Salary open. 

Send re,iinics to Mr. J. F. '.11c5lalion. 

UNION SWITCH & SIGNAL 
Division of 5\ ARCO Pittslottrult IR.. l'a. 

.4DDRESS BOX NO. REPLIES TO: Box 
Classified Adv. Div, of thin publication. 
&rid lo office nearest you. 
NEW YORK 36: P. O. Box 12 
CHICAGO 11: 645 N. Michigan Are. 
SAN FRANCISCO II: 255 California St: 

SELLING OPPORTUNITY WANTED 

Sales Representation—Competent Staff of 
Professional Engineers available to represent 
aircraft & equipment manufacturers in Texas, 
Oklahoma. Kansas and Missouri. Facilities 
resume upon request. RA-8 5 1 5, Electronics. 

BOOKS 

Electronics Magazine, 5/53-4/61 with Buyers 
Guide. $5 per year. Livingstone. Ellis Ave., 
Fair Lawn, N. J. 

COMMUNICATIONS APPLICATION ENGINEER 
Analysis of advanced electronic communication sys-
tems including radio, carrier, telephone, microwave: 

Must Imeo tiesign and marketing l's• 

intrienve with eornmerela) and mili-
tary users. 

FE degree. 5 ym. exp. min. 
Send net:nine tot 

Microwave Services International Inc. 
coneiatiul Ent/ine•I rs 

limite Dent N. .1. 

Manufacturers' Representatives 

Years of Sales Success 
in Electronics Products 
NEW YORK • NEW JERSEY 

PENNSYLVANIA 

KENNETH E. HUGHES Co., Inc. 
4808 Bergenline Ave., Union City, N. J. 

94 
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Aerospace Corporation   
• Air Products & Chemicals. Inc  
• Amperes Electr  • • Corp  

• Arnold Engineering Co., The  

Bean & Co.. Morris  
Boeing Co The  16 

2o • Servo Corporation of America  79 
MO Space Technology Lal'oratories. Inc  13 
32 Sperry Ele, Ironic Tube Div. 
5 Sperry Rand Corp 3rd covet 

Sprague Electric Co  
Superior Electronics Corp  73 

72 Synt bane Corp.   89 

• ( Co., il   
• ( ( tarp.   

Data-I 'un t ru Systems, Inc  
Act.° Corp  

duPont rie Nemours & Co., Inc. E. I. 
DynaeollieS Coup.   

Technical Research Group  29 
Tektronix. Inc.   21 

30 
Texas Rank & Trust Co. of Dallas  28 

57 
Texas Instruments, Ineorporated 
Semiconductors & Components Division 30 

• Tokyo 5h11,,, lira Electric Co.. Ltd  41 
Electrqnics C.., Inc   
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70 
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Si 

EMI Electron ics   71 
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Electrodynamic Instrument 
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43 

Yellow Springs Instrument Co., Inc... 82 
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Kenneth E. Hughes Co., Inc   94 

CLASSIFIED ADVERTISING 

F. J. Eberle, Business Mgr. 

EMPLOYMENT OPPORTUNITIES. .93-94 

77 EDUCATIONAL 

• Ilewlett-Packatrd Co.  10, 11 Books   94 
Hoffmann Eleetronies Corp  9 
Hughes Aircraft Vo. 
Aerospace Divisiona 65 EQUIPMENT 

(Used or Surplus New) 
For Sale   

• Indiana General Corp  69 
ITT Industrial Products Division  92 
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Levin and Son. Inc.. Louis  
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'Magnetic° Inc.   
Mallory and Co.. Inc.. P. R 66. 

• McCoy Electronics Co  
Melpar Inc.   

• Methode Electronics, Inc  
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• 5Incon Corp.   
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94 

INDEX TO CLASSIFIED ADVERTISERS 

63 • C lllll  s Email •itt Co  94 

ISaystrom, Inc., Electric. Div  94 

Esquire Personnel Service Inc  94 

31 Hereules Powder Co  90, 

Howard Assoc.. Daniel D  94 

Scope Professional Placement Center  94 
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Union Switch & Signal, Div. of 
WAI1CO   94 

17 

90 

30 
67 
60 
77 

71 

13 

96 

15 

Quintet- Instrument Co  90 

Radiation Inc.   14 
• Radio Corporation of Americas...4th cover 
Raychem Corp.  26, 27 
Reliance Electric 8r Engineering Co... 89 

• 

• See advertisement in the July 20, 1961 issue 

of Electronics Buyers' Guide for complete line of 

products or services. 

This Index and our Reader Service Numbers are pub-
lished as a service. Every precaution is taken to make 
them accurate. but ELECTRONICS assumes no 
responsibilities for errors or omissions. 

Stromberg-Carlson 
TELEPHONE-TYPE 

COMPONENTS 
FOR UNFAILING QUALITY 

RELAYS 

wide range, for many electromechani• 
cal switching applications. Send for 
Bulletin T-5000R3. 

KEYS 

many designs available in pushbutton, 
cam and twist types. Send for Bulletin 
T-5002R2. 

TELEPHONE 
HANDSETS 

lightweight high-efficiency models. 
Standard or with switch assemblies. 
Send for Bulletin T•5017R. 

Plus all other telephone switchboard 
components. For bulletins and more in-
formation, contact our nearest Sales 
Office. Atlanta: 750 Ponce de Leon 
Place N.E.; Chicago: 564 W. Adams 
Street; Kansas City (Mo.): 2017 Grand 
Avenue; Rochester: 1040 University 
Avenue; San Francisco: 1805 Rollins 
Road. 

GENERAL DYNAN! I CS 

I 
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MLICON's 
MOLDED-BOX 
CAPACITORS 

150°C. 
OPERATION 

ow 

CAPACITANCE 
VALUES from 
lOmmf. to .022 mf. 

VOLTAGE RATINGS 
200WVDC & 500WVDC 

Write for new M-1 bulletin. 

MUCON 
CORPORATION 
9 St. Francis Street, Newark 5, N. J. 

MI 2-1476, 7, 8 

Audit Bureau 

Of Circulations 

LI 1BP 

Associated Business 

Publications 

Audited Paid Circulation 

R. S. QUINT: 
Assistant Publisher Buyers' 
Guide and Business Manager 

FRED STEWART: 
Promotion Manager 

B. ANELLO: 
Market Services Manager 

JAMES T. HAUPTLI 

Advertising Sales Manager 

RICHARD J. TOMLINSON: 
Production Manager 

GEORGE E. POMEROY: 
Classified Manager 

HUGH J. QUINN: 
Circulation Manager 

ADVERTISING REPRESENTATIVES 

NEW YORK (36): 
Donald H. Miller, Henry M. Shaw, 
George F. Werner 
500 Fifth Avenue, OXford 5-5959 

BOSTON (16): 
William S. Hodgkinson, Donald R. Furth 
McGraw-Hill Building, Copley Square, 
Congress 2-1160 

PHILADELPHIA (3): 
Warren H. Gardner, William J. Boyle 
6 Penn Center Plaza, LOcust 8-4330 

CHICAGO (11): 
Harvey W. Wernecke, Robert M. Denmead 
645 North Michigan Avenue, Mohawk 4-5800 

CLEVELAND (13): 
Paul T. Fegley 
55 Public Square, Superior 1-7000 

SAN FRANCISCO (11): 
R. C. Alcorn 
255 California Street, Douglas 2-4600 

LOS ANGELES (17): 
Peter S. Carberry, Ashley P. Hartman 
1125 W. 6th St., Huntley 2-5450 

DENVER (2): 
J. W. Patten 
Tower Bldg., 1700 Broadway, 
Alpine 5-2981 

ATLANTA (9): 
Michael H. Miller, Robert C. Johnson 
1375 Peachtree St. N.E., Trinity 5-0523 

HOUSTON (25): 
Joseph C. Page, Jr. 
Prudential Bldg., Holcomb Blvd., 
Jackson 6-1281 

DALLAS (1): 
Frank Le Beau 
The Vaughn Bldg., 1712 Commerce St. 
Riverside 7-9721 

LONDON WI: 
Dennis McDonald 
34 Dover St. 

FRANKFURT/Main: 
85 Westendstrasse 

GENEVA: 
Michael R. Zeynel 
2 Place du Port 

"Headquarters for Business Information" 

McGraw-Hill 

American Machinist Metal-
working Manufacturing 

Aviation Week and Space 
Technology 

Business Week 
Chemical Engineering 
Chemical Week 
Coal Age 
Construction Methods and 

Equipment 
Construction Daily 
Control Engineering 
Electrical Construction 

and Maintenance 
Electrical Merchandising Week 
Electrical Newsletter 
Electrical West 

Technical and Business Publications 

Electrical Wholesaling 
Electrical World 
Electronics 
Engineering Digest 
Engineering and Mining Journal 
E 8. M.1 Metal and Mineral 

Markets 
Engineering News-Record 
Factory 
Fleet Owner 
Industrial Distribution 
National Petroleum News 
Nucleonics 
Nucleonics Week 
Platt's OiIgram News 
Platt's OiIgram Price Service 
Power 

Product Engineering 
Purchasing Week 
Science Week 
Textile World 

Overseas only: 
Automobile International 

(English, Spanish) 
Ingenieria Internacional 
Construccion (Spanish) 

International Management 
(English, Spanish 
Portuguese editions) 

Metalworking Production 
(Great Britain) 

Available by subscription only — to qualified persons actively engaged in the field of the publi-

cation. For subscription rates and information describing the editorial coverage of any of the 

above publications, write to: Subscription Manager, Circulation Department, McGraw-Hill Pub-
lishing Company, 330 West 42nd Street, New York 36, N. Y. 
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soy microwave memo: 

SPERRY'S NEW K-BAND 
OSCILLATOR family has 
shown great desirability for use 
in phased array radar systems. 
Indications are that their applica-
tion will reduce the total number 
of tubes required in such systems 
by several hundreds. 

Production-ready K-band oscillators 

deliver 600 mW over a 20 Mc bandwidth 
A new family of K-band two-cavity oscil-
lators is now production-ready at Sperry 
Electronic Tube Division Sperry Rand 
Corporation, Gainesville, Florida. 
The new tubes show particular promise 

for parametric amplifier pumping applica-
tions because of their inherent amplitude 
stability and high power output levels at 
K-band frequencies (18-26.5 Cc). De-
pending on voltage mode of operation, 
power levels from 200 to 600 mW are 
available. While the lower level is highly 
promising for single amplifier pumping, 
the higher outputs offer tremendous pos-
sibilities in applications where several am-
plifiers must be pumped simultaneously. 
In fact, one tube—operating on the mode 
which delivers 600 mW minimum power 
output—will pump 10 or more parametric 
amplifiers. 

COMPONENT SAVINGS 
POSSIBLE 

The capability çp.f these new tubes to 
pump several parametric amplifiers will 
greatly reduce the number of tubes re-
quired in many systems. In phased array 
radars, for example, a net saving of sev-
eral hundred tubes may result when a 
switching network is coupled with mul-
tiply pumped parametrics. 

DESIGN ECONOMIES REALIZED 
Dramatic reductions in system design costs 
are indicated when the new Sperry Tubes 
are used in doppler radars, FM communi-
cations systems, and other K-band applica-
tions. Operating in a flat-top mode these 
tubes have an amazing 20 Mc bandwidth. 
This characteristic permits tremendously 
increased latitude in the specification of 
other parts. The system designer, freed 
from the tedious necessity of closely match-
ing components, works more quickly, more 
efficiently, and more economically. 
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Beam Vol age 

A typical main mode, adjusted for opti-
mum flat-top operation 

FREE K-BAND BROCHURE 

A NEW, FREE BROCHURE DE-
SCRIBES THE CAPABILITIES OF  
THE NEW SPERRY K-BAND OSCIL-
LATOR FAMILY IN GREATER DE-
TAIL. FOR YOUR COPY, WRITE TO  
SPERRY ELECTRONIC TUBE DI-
VISION, SEC. 118, GAINESVILLE,  
FLORIDA. 

Since the new Sperry family is ready 
for volume production, you can start 
specifying them now. Unit price is $2,995. 
Cain & Co., which represents Sperry 
Electronic Tube Division nationally, has 
a salesman near you. He'll be happy to 
help you work out the details. Call him 
today! 

GAINESVILLE, FLA. / GREAT NECK, N. Y. 
SPERRY RAND CORPORATION 



A modern approach to your 2040 Applications 

The RCA-4037 is a low-power transmitting tube designed for 
plug-in use with almost any 2C40 cavity. 

Gold plated for maximum electrical efficiency, the RCA-
4037 is manufactured to the same high standards set by the 
RCA Pencil Tubes used in space exploration. Benefits of this 
design include increased operating efficiency, higher degree 
of reliability, small size, and long life—and at low cost! 
The RCA-4037 features a low heater power of 0.85 watt— 

about one-fifth that of comparable types. Overall perform-
ance of the 4037 is enhanced by high plate efficiency—it is 
capable of delivering 0.075 watt output at 3370 Mc. 

Next time you need a power-tube replacement for a 2C40 
cavity, consider RCA's 4037 Pencil Tube. 

RCA-4037 OCTAL BASED PENCIL TUBE 

• «bout nr, us , o•noca, 

watt of heater power os compared to 
planar types 

• One-third the worm-up time of comparable 

planar types-12 seconds to reach 90% of 
operating dc plate current 

• Output power and frequency remain essen-
tially constant over 10% heater-voltage 
fluctuations 

• Cantilever arrangements of coaxial elec-
trodes provides low interelectrode leakage. 
adds to efficiency, insures reliability 

For a technical bulletin, write: SectionC-19-Q-4, 

Commercial Engineering, RCA Electron Tube 
Division, Harrison, N. J. 

The Most Trusted Name in Electronics 


