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CLAMP AROUND THE LEAD: 
and measure de current 0.1 ma to 10 amps, without breaking 
circuit leads, without loading the circuit. 

Pull back the probe flange, the probe opens. 
Aim it at a lead and let loose. The probe 
closes. Now you can measure de current, on 
a bare or insulated wire ... and you can read 
it directly, even in the presence of equally 
strong ac on the same wire, without breaking 
a lead and without loading the circuit. 

The hp 4288 Clip-on DC Ammeter reads de 
current directly in 9 ranges by sensing the 
magnetic flux induced by the de current. To 
measure the sum or difference of 
currents flowing through two sepa-
rate wires, you simply clamp the 
probe around them both . .. and 
read. The standard 4288 has a range 
of 0.1 ma to 10 amps and lets you 
read de currents on wires up to ~1" 
in diameter. A recorder, osc i I loscope 
output is provided on the 4288. 

hp 3528A Current Probe 

.. 
hp 3529A Magnetometer Probe 

The hp 3528A Current Probe ($450 with degausser) lets you measure 
de current in conductors up to 2~" in their maximum dimensions 
... even pipes, multiconductor cables, lead-sheathed cables, micro
wave waveguide. 

The hp 3529A Magnetometer Probe ($75) is useful in applicat ions 
ranging from acoustical transducer design to study of the Zeeman 
effect; it measures the direction or magnitude of any magnetic field 
with 1 milligauss sensitivity. 

Look at the 4288 specs, then cal I your hp field engineer or write di
rect for a single data sheet which describes all its capabilities. 

4288 SPECIFICATIONS 
Current Range: 

Accuracy: 
Probe Inductance: 

Probe Induced-Voltage: 
AC Rejection: 

Recorder/Oscillo-

1 ma to 10 a full scale in 9 ranges 
± 3°/o, ± 0 .1 ma 
< 0.5 µ h introduced into measured circuit 
< 15 mv peak into measured circuit 
ac with peak value less than full scale affects meter accu
racy less than 2% at frequencies above 5 cps and different 
from carrier (40 kc) and its harmonics; {on 10 range, ac is 
limited to 4 a peak) 

scope Output: app. 1.4 v across 1400 ohms full sca le; frequency response 
de to 400 cps 

Probe Insulation: 300 v maximum 
Price: hp 4288, $600 (cabinet); hp 4288R, $605 {rack mount) 

(428A also available; same as 4288 except range: 3 ma to 
1 ampere full scale; no recorder output, $500) 

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

HEWLETT ~ 
PACKARD 
COMPANY . 
1501 Page Mill Rd., Palo Alto, Calif., (415) 326-7000. Sales and 
service representatives in principal areas. Europe, Hewlett-Packard 
S.A., 54 Route des Acacias, Geneva, Switzerland ; Canada , 
Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal , Que. 
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CONFIRMING optical heterodyning principles in the lab (TRG). 
Beam from helium-neon gas laser enters at lower left. Beam 
splitter center sends part of beam to phase modulator (left) 
and part to reflector (top). Reflected beams both go to detector 
(right) where modulating signal is recovered. An automatic
firequency-control system now permits separate transmitter and 
local-oscillator lasers to be used. See p 29 COVER 

ELECTRONIC MUSCLE EXERCISER developed for consumer 
use is nearing production. The transistor operated instrument 
generates a pulsed sonic pulse that is applied to muscles via 
dampened electrodes. Theraputic applications abound including 
weight reduction lG 

ARMY'S UNLIMITED FIREPOWER Now Places Emphasis on 
Command and Control Research to Provide Needed Techniques 
for Large and Small Wars. Army researchers seek to provide 
quick reaction time and a maximum of field mobility in design 
formats of advanced equipment 20 

HOW TO SUCCEED in Business on Someone Else's Research. 
Industrial espionage received a lot of publicity a few years ago 
when scandals broke in the drug and chemical fields. Gossip 
has linked these activities to our industry also, but how much 
really goes on? While a precise answer to this question is im
possible, the records of an investigative firm indicate the amount 
is substantial 22 

NEW DEVICE LOWERS MEMORY ELEMENT COST. Barium ti
tanate cells the size of a dime can be made cheaper than today's 
cores. Readout is nondestructive, and the associated circuits are 
less sensitive to noise, magnetic fields and radiation 25 

ZIP GOES THE MAIL! With phosphor-coated air mail stamps 
and ZIP code numbers, the Post Office Department will use 
ultraviolet detectors and optical scanners to speed the mail 
through. POD aims to delay future postal rate increases by mech
anizing fast enough to keep up with the annual 3 percent mail 
increase while holding on to permanent personnel 26 

OPTICAL HETERODYNING Heralds Space Signaling With 
Lasers. The laser beam affords enormous information capacity 
that now becomes realizable as familiar radio techniques are 
demonstrated one-by-one using light. The optical heterodyning 
technique offers an advantage over conventional detection with 
respect to signal-to-noise ratio and handles phase, amplitude 
or single-sideband modulation. By S. Jacobs, TRG, Inc. 29 

NEGATIVE RESISTANCE ELEMENTS As D-C Switches. New 
component, recently made available, combines the advantages 
of mechanical switches with high speed and freedom from con
tact bounce. Voltage-stable negative-resistance characteristic 
of the device is responsible for its advantages. 

By C. D. Todd, Hughes Aircraft 32 
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MISSILE-ANTENNA IMPEDANCE. Measuring It in Flight. It 
is easy to obtain antenna vswr and phase information in the 
lab but to measure it out in space you either need to buy a set 
of angel wings or use this four-probe reflectometer. The in
strument works even during reentry. 

By P. Bohley, R. Caldecott, R. McGown and R. C. Taylor, 
The Ohio State University 36 

NEW APPROACH TO WEATHER DATA: Every Plane a Sta
tion. Data now being gathered by meteorological balloons and 
rockets can be supplemented by sensors mounted on aircraft 
but instrumenting a plane can be awkward: this self-powered 
probe makes it easy. One novel instrument in the pod is a 
special dew-point sensor. 

By H. R. Farrah and P. E. Sherr, Bendix 38 

TUNNEL RESISTOR: New Device that Speeds up Tunnel Di
odes. The tunnel resistor is formed by plating a resistive path 
across a tunnel-diode junction. Tunnel-resistor biasing h as 
permitted logic functions in a 40-gate system to be performed 
at 300-Mc shift and count rates. Monostable stages as fast as 
1 Ge seem feasible. 

By M. Cooperman and R. H. Bergman, RCA 42 
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CROSSTALK 

Def eat in Venice? 

ON JUNE 6, in the venerable city of Saint Mark, 
technical committee three of the International 
Electrotechnical Commission took action that 
may represent a defeat not only for American 
manufacturers but also for the cause of stand
ardization throughout the world. But final action 
still requires approval of 80 percent of the 35 
members (one vote per nation). The voting will 
be completed sometime before next May. 

For several years the transistor symbols, like 
the one shown at the left have been a universal 
standard both here and abroad. But we may very 
well be headed for a dual standard, which as 
everyone knows is not a standard at all. The 
symbol at the right represents the proposed sys
tem of semiconductor symbols. It was proposed 
about a year ago by the Swedes. 

At first glance, the symbols might seem to 
have an advantage of being comforting to engi
neers who prefer to cling to something more 
resembling the familiar vacuum tube. However, 
this Swedish proposal is, in fact, a giant step 
backwards, especially today when equipment uses 
many thousands of transistors. 

The Swedish symbols require that the circle be 
used, while the classical symbols do not. It is dif
ficult to draw a great many circles on a single 
diagram. Furthermore, the more complex semi
conductor junction devices will be infinitely 
harder to draw in the new system. Supporters 
of the new system plead that it simplifies draft
ing and this argument appeals to many Euro
peans who do not generally use templates to the 
extent we do. 

Until recently, the Swedish system was never 
considered seriously. Not until the French ap
parently reversed several years of practice in 
using the classical symbols to support the Swe
dish system. They were joined by the Italians, 
Czechs, Swiss and Danes-making enough votes 
to bring the matter up for debate in the IEC. 

At this point the shortsighted economy meas
ures of at least two well-heeled American com
panies contributed to our defeat as several 
competent and eloquent specialists in semicon
ductor symbols were kept at home instead of 
having their fares paid to join the U.S. delega-
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tion to Venice. The sole U.S. delegate, although 
primarily a power man by training and long 
experience, gave a masterful presentation of the 
American position, but he was all but over
whelmed by the opposition. The U. S. delegate 
was able only to get agreement that the classical 
system should be designated as the preferred 
system. 

At first we received enthusiastic support from 
the British, Germans and Dutch. But the British 
later agreed to use of both sets of symbols. The 
USSR also advocated use of both sets of symbols. 

The committee decision will soon go out for a 
two-month ballot to all 35 members of the IEC. 
The trend of the times seems to be running 
strongly to compromise. 

We urge all national committees to vote NO 
and thus preserve standardization of semicon
ductor symbols. Only seven negative ballots 
would be necessary to reinstate the classical sys
tem as the sole system. 

DIAL US DIRECT 

ELECTRONICS New York staff may now be reached 

by Direct Inward Dialing, without going through our 
central switchboard. 

If you are outside our area, first dial the code num
ber 212. Then dial our "exchange," 971. Then dial 
the extension shown in parenthesis after the name 
of the man you want on the first page or the last 

page of this issue. 
To reach anyone else at McGraw-Hill in New York 

whose extension number you do not know, dial 212 
if an area code is needed, then 971-3333 
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(Advertisement) 

Pulse Network Problems COMMENT 
Solved by Experienced 
Systems Engineers Sideband Reception 

Typical Large Pulse-Forming Network 
designed by Sprague to meet a specific 
customer need. 

Prompt cooperation on customers' 
pulse network problems is readily 
available from Sprague Electric Com
pany's Pulse Capacitor and Network 
Section. 

Sprague has much to offer to de
signers of radar systems, laser sys
tems, tube testing systems, and other 
specialized systems. A highly
technical special engineering section 
devoted exclusively to pulse capaci
tors and networks includes systems 
as well as pulse network engineers. 
Sprague can help you with your prob
lems because Sprague fully understands 
your problems! 

But Sprague service does not end 
here. Following up the design aspect, 
these specialists can quickly and effi
ciently estimate pulse network sizes 
and prices for bidding purposes. They 
are also equipped to give quick reac
tion capabilities for your breadboard 
and prototype units. 

A pioneer in pulse networks, 
Sprague is a major supplier of custom 
units from less than 1 KV up to 500 
KV over a broad range of power levels. 

For application engineering assist
ance, or additional information, write 
to Pulse Network Section, Sprague 
Electric Company, 35 Marshall St,, 
North Adams, Massachusetts. 

4 CIRCLE 4 ON READER SERVICE CARD 

I am writing for a repr•int of the 
article, Better Superhets For Side
band Receptiion (p 39, May 10). 

Thi1s is the first time in any pub
lication that I have seen so com
plete a summary of the require
ments for this type of receiver. It 
also brought out two new V1iew
points about features that I have 
not seen previiously. 

I wish to thank you for a very in
teresting magavine, which I usu
ally see at the library of Michigan 
State University at Easrt Lam;.ing, 
Michigan. 

c. McCORMICK 

Lansing, Michigan 

Negative Resistance V 

A comment published in your 
April 26 issue (p 4) by Wayne T. 
Sproull on Negative Res1istance 
stimulates this further comment. 

I note that "The International 
Dictionary of Physics and Elec
tronics," D. Van Nostrand Co., Inc., 
1956, p 77 4, defines negative resist
ance as a negative value of dV / di. 
This is a very useful concept for 
non-linear electron devices whose 
current and voltage can often be 
analyzed as having a "d-c" and a 
"signal" component. (Positive re-
1sistance has its share of confusion 
also.) 

Triodes, for example, have 
among their published parameters 
that which is known as plate resist
ance. This is a slope, specifically 
dV / di. Sometimes this is called 
"dynamic" resistance, as for ex
ample, the zener region of a zener 
diode. Whatever we should call it, 
it is clear that the slope dV /di is 
an extremely useful parameter and 
often tells much more about the be
havior of the device than the simple 
resistance as defined by writer 
Sproull, namely, V /I. 

The muddy thinking which is as
sociated with this difference be
tween dynamic resistance and 
resisfance is exemplified by ad
vertisements for null-type d-c dif
ferential voltmeters. Without ex
ception, ads which I have seen for 
this type of insitrument, state that 
the instrument has infinite input 

impedance a.t null, and therefore, 
there will be no measurement er
rors due to circuit loading. This is 
correct; however, what the user 
also needs to know is how sensitive 
is the null->type instrument for the 
case of measuring voltages which 
have a high source resistance. To 
know this, the user must know the 
dynamic res1istance of the null-type 
instrument. 

I suggest that whenever the 
word resistance is applied to an ac
tive and/or nonlinear device such 
as a diode, zener diode, transistor 
or vacuum tube, that the meaning 
should always be dynamic resist
ance. If the preceding is accepta
ble, the definition that resistance is 
V /I should only be permitted to ap
ply to a resi1stor. 

F. H. HARRIS 

Electron Tubes Branch 
U.S. Naval Research Laboratory 
Washington, D. C. 

Sideband Reception II 

The following omiss.ions and cor
rections to the article, Better Su
perhets For Sideband Reception 
(p 39, May 10), are noted. 

The graph of Fig. 2, referred to 
in line 16 of the second column, 
p 40, was omitted. 

The calculation for noise factor 
in Fig. 1, line 29 of the third col
umn on p 40, should have 0.49 in
stead of 0.5 within the first pair 
of parentheses. 

In Fig. 2, "24e" should be at the 
grid side of the tube, ne~t to letter 
B, rather than on the plate side of 
the tube, since it represents the 
voltage at the grid rather than at 
the plate. 

On p 42, seventh line from the 
bottom, second column, the word 
should be multiples rather than 
multiplies. 

In Table IV, p 43 under column 
f, :f,, the third entry should be 2 :3 
rather than 2 :8. This is important 
because this entry is referred to in 
the text, lines 18-20, column 3, p 42. 

The authors have received a 
number of favorable comments 
from their colleagues on the article, 
which attests to your fine editing 
as well as the original source of the 
material. 

WARREN BRUENE 

EDGAR SCHOENIKE 

Collins Radio Company 
Cedar Rapids, Iowa 
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7 seconds ... done! 

No rejects! 
Just one crimp terminates the contact in this new 
A-MP BNC Series COAXICON• Connector. One 
crimp terminates inner conductor, outer braid 
and cable support ... simultaneously! Result? You 
save more than 50% in applied costs over other 
BNC assemblies. And that's just the beginning! 

There's never any time loss or hidden costs. Con
tacts come pre-assembled, ready to crimp. Never 
any rejects or faulty connections. Controlled cycle 
crimping tools permit no variance in the connec
tions. Each termination is identical-precision 
crimped and electrically stable. Each delivers 
minimum discontinuity for example at 4,000 meg· 
acycles, the voltage standing wave ratio is 1.12:1. 

Make a match-our BNC Connectors against any 
others. Ours are fully intermatable with com· 
parable UG/U series connectors. They meet and 

electronics • July 12, 1963 

exceed all specifications of MI L-C-3608A. They're 
available in a broad range of RG/U cable sizes, 
with Right Angle, Tee and Bulkhead adapters to 
meet every design requirement. 

Add up the advantages: quick assembly, stable 
performance, lowest applied cost. For RF applica
tions in your most advanced electronic equipment 
choose A-MP BNC Series COAX ICON Connectors. 
They're available now. Send today for complete 
specifications and test data. 

"Trademark of AMP INCORPORATEO 

AMP products and enKineerin1 assistance are 1111ilablt throu1h subsidiary companies in: Australia 
• Canida • Ena/and • Fr1nc1 • Holland • Italy • Japan • Mexico • West Germany 
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400 CYCLE 
MINIATURE 

POWER 
TRANSFORMERS 

TlllYllM 
• Range from 

1 .5 VA to 7 5 VA with 11 5V 

primaries and secondary 

voltages from 6V to 300V 

•Save weight, space and 

improve performance 

• Are hermetically sealed, 

metal cased and stud 

mounted • Are built to meet 

MIL-T-27 A, grade 4, class S 

requirements • Special 

Yes, its true TORWICO achieved the almost im· 
possible. Now within 24 hours from the time you 
give us your order, TINYMAX, 400 cycle power 
transformers, will be shipped to your plant. 
Don't waste costly time - get peak efficiency 
- let TORWICO experts do the design work. 

designs up to 2.5 KVA. 

July 12, 1963 •electron ics 



electronics NEWSLETTER 

Thermal Effects Aid Microcircuits 
CHICAGO - Thermal propaga
tion techniques may provide a 
solution to problems encountered 
in dealing with low frequencies 
in microelectronic circuits, ac
cording to J. S. Kirby of Texas 
Instruments. Because of the low 
capacitance and lack of induct
ance, microelectronic-type oscil
lators and low-pass filters in the 
30 to 1,000-cps range have been 
difficult to construct. 

Speaking at a conference here 
sponsored by ELECTRONICS and ITT 
Research Institute, Mr. Kirby de
scribed experiments exploiting the 
thermal properties of a silicon bar. 
A thermal pulse was introduced 
into one end of a thermal bar and 
a delayed thermal pulse was noted 
at the other end. Using suitable 
feedback circuits, stable oscillations 
in the 30- to 1,000-cps region have 
been achieved. 

A second concept, in which paral
lel capacitors are commutated at a 
fixed rate, indicated that with re
finements, microelectronic i-f am
plifiers could also be constructed 
for operation in the 30 to 1,000-cps 
range. 

Japan Will Purchase 
Hughes' 'Sage' System 

TOKYO-The Japanese Defense 
Agency has decided to buy the 
Hughes' version of the small-scale 
Sage-type air warning and control 
system (p 7, March 8). Officials 
here said reasons for the choice in
clude low initial cost and low oper
ational cost. Hughes' major com
petitor had been Litton. GE was in 
the race too, but was eliminated 
early because of the high price of 
its system. GE last week lowered 
its price to equal Litton's, but this 
move apparently came too late. 

The decision was made on the 
day following the return of the 
team that had been in the U. S. to 
inspect the Hughes and Litton sys
tems (p 8, June 21). It reported 
the Hughes system should satisfy 
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technical and delivery require
ments. 

A Japanese-American joint oper
ation study and a system design 
phase, lasting approximately 4 
months, are contemplated. These 
would be followed by a Japanese
American cost conference and sign
ing of the contract, around October, 
1964. Completion of the contract is 
expected in March, 1967. 

Delay Lines Provide 
"Scratch Pad" Memory 

MARTIN has developed superconduc
tor delay lines for use as "scratch 
pad" memory devices in high-speed 
computers. The new delay lines 
give precise delay times from 100 
to 2,000 nanoseconds. In computers 
with clock rates of about 125-Mc, 
an 800-nanosecond delay line will 

Latest Nurses' Aide 

provide a 100-bit storage capacity. 
The delay line occupies a volume of 
2~-inches in diameter, by 1 is-inches 
in height. Additional uses for the 
delay lines include radar pulse 
storage and delay, millimicrosecond 
and video pulse processing, and 
pulse comparison. 

Philippines Buying 
Telecommunications Net 

EMERGING NATIONS are bypassing 
conventional wire-type telephone 
and telegraph systems and going 
directly to radio relay links. In the 
latest instance of this, the Philip
pine Government has contracted 
with ITT Philippines, Inc. for a 
$12-million telephone and telegraph 
system. The cities of Manila, Cebu, 
and Cagayan de Oro, on the three 
major islands, will be connected by 

IBM 1710 computer is the heart of a hospital information system that will 
be installed next spring at Children's Hospital of Akron (Ohio). Terminals 
at nursing stations and other locations will feed patient information to 
the 1710, which in return will send the stations schedules for medications, 
diets, lab tests and x-ray examinations 
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over-the-horizon radio links usinl,\' 
tropospheric scatter. 

Microwave links are planned be
tween larger centers on each island, 
with vhf feeder links to the smaller 
centers. Training of local person
nel in the operation and mainte
nance of the new equipment has 
been arranged by the United Na
tions through the International 
Telecommunications Union, and is 
being implemented by the Bureau 
of Telecommunications of the Phil
ippines. 

FAA Wants Low-Cost ILS 
For Small Airport 

WASHINGTON-ITT has been se
lected by the Federal A via ti on 
Agency to develop a low-cost, com
plete instrument landing system 
which would be inexpensive enough 
for smaller airports with insuffi
cient traffic to justify a full-scale, 
conventional system. 

A regular instrument landing 
system costs about $276,000, ac
cording to the FAA. The agency 
wants a system costing about one
third this sum. It says the savings 
could result from a simplified de
sign, prefabrication of certain com
ponents, and a lower power unit. 
FAA estimates that there are about 
200 small airports that would be 
in the market for the simplified sys
tem. 

Spy Will Cost Sweden 
$200 Million in Repairs 

STOCKHOLM-Government observ
ers estimate Sweden must spend at 
least $200 million to repair damage 
to its defense system resulting 
from espionage committed by Col. 
Stig Wennerstrom. Colonel Wen
nerstrom, one of Sweden's disarma
ment specialists, confessed several 
weeks ago to having spied for the 
Russians for 15 years. 

Big investments are expected 
here in electronics for antiaircraft 
equipment. Some Swedes fear they 
will no longer be able to purchase 
advanced military equipment, espe
cially missiles, from the U.S. and 
England, thus requiring huge in
vestments in Swedish industries to 
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produce this material. In Washing
ton, the Pentagon would only say 
"it is not appropriate at this time 
to make a comment since the Wen
nerstrom case is still under study." 

Electroluminescence 
May Light Runways 

MADRIGAN Electronics has received 
an FAA contract to design and de
velop an experimental runway 
lighting system using electrolumi
nescent panels. The panels for a 
system such as this could have been 
made years ago, but a new power 
driver developed by Madrigan 
doubles light output and permits 
brightness levels almost equal to 
primary lighting. The electrolumi
nescent panels, measuring eleven 
inches in diameter and one inch in 
thickness, are expected to operate 
under water or ice. 

Heart's Magnetic Field 
Detected, Measured 

TWO ELECTRICAL engineers at Syra
cuse University report detecting 
the magnetic field about the human 
heart. Using a device called a mag
netocardiograph, Dr. Gerhard 
Baule and Dr. Richard McFee 
measured the strength of the field 
as roughly one millionth of the 
earth's field. They said it fluctu
ates according to currents produced 
in the chest by the heart's electric 
forces. 

The magnetocardiograph uses a 
pickup assembly consisting of a 
pair of foot-long coils, each wound 
with more than two million turns 
of wire. The instrument was de
vised to study activity where elec
trical forces in one side of the heart 
are opposed by equal and opposite 
forces in the other side. In such a 
situation, the electric field is weak 
but the magnetic field is compara
tively strong. 

The magnetocardiograph detects 
types of electrical activity usually 
not revealed by electrocardiograms 
and may yield new information 
about the physiology of the heart. 
It could also prove more sensitive 
to certain kinds of heart diseases 
than the electrocardiograph. 

In Brief ... 

LASER may be used to fuse walls out 
of stone or brick, reports Dr. I. 
Belinkin of the University of 
Cincinnati. New method may 
prove useful for military applica
tions where time is at a premium. 

RAYTHEON received a $6-million 
Army contract to produce high
power illuminator radars for the 
Hawk missile system. 

THE NORWEGIAN Telegraph Admin
istration has ordered 'Autospec' 
equipment from Marconi. Auto
spec reduces radioteleprinter er
rors by using a special 10-char
acter teleprinter code in place of 
the normal 5-character code. 

NASA has awarded $83,000 to GE 
and $40,000 to Martin Marietta 
fo1~ space nuclear electric power 
studies. Martin has already de
veloped a device for providing a 
constant 28-v output from the 1-v 
thermionic SNAP-13 Nuclear 
generator. 

PAN AM received $128 million from 
the USAF to operate the At
lantic Missile Range for another 
year, bringing 11-year total to 
$714 million. 

BULGARIA plans household semicon
ductor refrigerators in 1964. 
Present plans are to produce 
solid-state refrigerators for 
medical laboratories, electronic 
devices, and similar applications. 

THOMPSON Ramo Wooldridge was 
awarded a five-year, $23.5-million 
contract from the Army for r&d 
on tactical automatic data proc
essing systems. 

THE ARMY has awarded Western 
Electric $20 million for r&d on 
a multifunction array radar for 
the Nike X. 

MORE THAN 50 percent of Hong
kong's transistor radio exports 
went to the United Kingdom in 
May. Exports to the U.S., previ
ously Hongkong's best customer, 
dropped to less than 35 percent. 

DIGINAMICS, INC. has been sold to 
the 3M Co., 3M says. 
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• Such an outstanding record of resistor performance
accumulated over some twenty-five years-clearly 
demonstrates the all around reliability of Allen-Bradley 
hot molded resistors. It is more conclusive proof of the 
total reliability of the A-B resistors than could be pro
duced by any massive testing program. The unique 
Allen-Bradley hot molding process results in such uni
formity from resistor to resistor-year after year-that 
long term performance can be accurately predicted. 

Because the many years of use in the most critical appli
cations have established the reputation of Allen-Bradley 
hot molded resistors for their stable characteristics and 

conservative ratings, they are generally "required" in 
today's critical military and industrial electronic circuitry. 

Let your own circuitry benefit from the reliability 
that's based on more than ten billion field proven re
sistors -without a single failure. For detailed specifica
tions on Allen-Bradley's resistors, please send for 
Technical Bulletin 5050. You also should have Publi
cation 6024, which briefly describes the full line of 
Allen-Bradley quality electronic components. Allen
Bradley Co., llO W. Greenfield Ave., Milwaukee 4, Wis. 

In Canada : Allen-Bradley Canada Ltd., Galt, Ontario. 

ALLEN-BRADLEY 
QUALITY ELECTRONIC COMPONENTS 
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1 DC 2 DC 3 AC 4 VOLTS CURRENT VOLTS OHMS 

OHMS 

AC ZERO 

FUNCTION 
SELECTOR 

AOV 

HEWtrrT<!jJPACKARO 

• 
150UA 
RxJOK 

l.5V 
50/4A 

RxlK 
.5V 

15UA 
Rxtoo 

.15V 

51JA 
R><IO 
.05V 
l.5UA 
.Or5V 

RANGE 
.5 MA 
RxfOOK 

5V 

1. de voltage - 1.5 r.-.v to 1500 v - no zero set 

2. de current - 0.15 nanoamps to 150 ma - no zero set 

J • ac voltage - 50 mv to 300 v - to 700 me 

4. resistance - 0.2 ohm to 500 megohms - no zero or oo set 

f.5MA 
RXIM 
15V 
5MA 
Rx I OM 
50V 

15MA 
150V 
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MULTIMETER 
CONVENIENCE
with LABORATORY 
PRECISION! 
hp introduces the 410C Electronic Voltmeter-a 
compact, wide-range instrument that makes all the 
measurements of a pocket-size meter 
with laboratory accuracy! 

No single instrument has ever offered the accuracy 
available to cover this wide range of measurements: de 
voltages from 15 mv to 1500 v full scale, direct 
current from 1.5 /La to 150 ma full scale, resistance 
from 10 ohms to 10 megohms center scale and, with an 
optional plug-in probe, ac voltages at 20 cps to 700 
me from 0.5 v to 300 v full scale. Special current ranges, 
± 1.5, ± 5 and -+- 15 nanoamps may be measured 
on the 15, 50, and 150 mv ranges using the voltmeter 
probe; 5% accuracy and 10 megohm input resistance. 
The compact design and light weight of the 410C make 
it an ideal multimeter for laboratory, production line 
and service department. 
A neon oscillator and unique photoconductor chopper 
amplifier combine with the best advantages of vacuum 
tube and solid state design to provide such features as: 

no zero adjustment for de voltage, current and 
resistance ranges 

100 megohms de voltmeter input impedance 
low resistance recorder output of less than 3 ohms 
de voltage accuracy of ±2% of full scale, current 

accuracy of -+-3% of full scale 
Further, the high sensitivity, low drift and low noise 
of the neon oscillator photochopper amplifier 
make the instrument ideal as a preamplifier for 
data logging on analog recorders. 
Add to this the optional hp 11036A AC Probe, and the 
410C measures ac voltages with 3% accuracy. 
AC probe responds to positive peak voltage 
with meter reading in rms. 
DC voltage measurements may be made up to 400 v 
above ground, thus eliminating ground-loop problems, 
and built-in self protective devices permit recovery 
in less than three seconds from overloads 
at up to 100 times full scale! 
The individually calibrated taut band meter 
incorporates a 5:15 scale which permits most 
measurements to be made on the upper two-thirds 
of the meter scales. 
Call your Hewlett-Packard representative now for 
convincing demonstration of the 410C on your bench. 

HEWLETT <!/) 
PACKARD 
COMPANY ® 

1501 Page Mill Rd., Palo Alto, Calif ., (415) 326-7000. Sales and 
service representatives in principal areas. Europe, Hewlett-Packard 
S.A., 54 Route des Acacias, Geneva, Switzerland; Canada, 
Hewlett-Packard (Canada) Ltd ., 8270 Mayrand St., Montreal, Que. 
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DC VOLTMETER 
Voltage Ranges: 

Accuracy: 
Input Resistance: 

DC AMMETER 
Current Ranges: 

Accuracy: 
OHMMETER 

Resistance Range: 

Accuracy: 
AMPLIFIER 

Voltage Gain: 
Output: 

AC Rejection: 

Output Impedance: 
Noise: 

DC Drift: 

Overload Recovery: 

AC VOLTMETER 

SPECIFICATION S 

±15 mv to ±1500 v full scale 
±2% of full scale, any range 
100 megohms ±1 % on 500 mv range 
and above; 10 megohms ± 3% on 15 
mv, 50 mv and 150 mv ranges 

±1.5 µa to ± 150 ma full scale 
±3% of full scale, any range 

resistance from 10 ohms to 10 meg
ohms, center scale 
± 5% of reading at mid-scale 

100 maximum 
proportional to meter indication; 1.5 
v de at full scale ; maximum current 
1 ma 
3 db at 112 cps; approx. 66 db at 50 
cps and higher frequencies for sig
nals less than 1600 v peak or 30 times 
full scale, whichever is smaller 
less than 3 ohms at de 
less than 0.5% of full scale on any 
range (p-p) 
less than 0.5% of full scale / year at 
constant temperature; less than 
0.02% of full scale / ° C 
recovers from 100:1 overload in less 
than 3 sec 

hp 11036A AC Probe Required 
Ranges: 0.5 v to 300 v full scale, 7 ranges 

Accuracy: ± 3% of full scale at 400 cps for si
nusoidal voltages from 0.5 to 300 v 
rms; the ac probe responds to the 
positive read-above-average value of 
the applied signal. 

Frequency 
Response: -3% ± 2% at 100 me; ± 10% from 20 

cps to 700 me (400 cps reference); 
indications to 3000 me 

Frequency Range: 20 cps to 700 me 
Input Impedance: Input capacity 1.5 pf, input resist

ance greater than 10 megohms at low 
frequencies; at high frequencies im
pedance drops because of dielectric 
loss 

Meter: 

GENERAL 

peak-above-average responding, cali
brated in rms vol ts for sine wave 
input 

Maximum Input: dc-100 v on 15, 50 and 150 mv 
ranges; 500 v on 0.5 to 15 v ranges; 
1600 v on higher ranges; 100 times 
full scale or 1600 v, whichever is less 
ac-100 times full scale or 450 v 
peak, whichever is less 

Power: 115 or 230 v ± 10%, 50 to 1000 cps, 13 
watts (20 watts with 11036A Probe) 

Dimensions: 6-17 / 32 " high, 51/a" wide, 11 " deep 
behind panel 

Price: hp 410C, $300 
Option 01: hp 11036A Probe calibrated with in

strument, add $50 to price of 410C; 
hp 11036A Probe when sold sepa
rately, $60 

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

GETS MOST OF 

NASA MONEY 

MORE SKILL 

NEEDED FOR 

DEFENSE THAN 

CONSUMER WORK 

U. S. FIRMS MAKE 

NEW INROADS 

IN EUROPEAN 

MARKET 

HOUSE SCORES 

SUBCONTRACTING 

PRACTICES IN 

ZEUS AND NIKE X 
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WASHINGTON THIS WEEK 

NASA ESTIMATES THAT electronic components account for 
over 40 percent of the costs of its space boosters, over 70 percent of 
the cost of its spacecraft, and over 90 percent of the cost of building 
tracking and data acquisition facilities. The estimates were made by 
the Agency's head, James Webb, in a recent letter to Rep. George Miller 
(D., Cal.), chairman of the House Space Committee. 

THE LABOR DEPARTMENT has compiled figures which show 
that engineers, scientists, and technicians represent one-third of the 
work force producing military electronic products, but only about one
tenth the work force making consumer electronic goods. The figures 
were compiled in a 1962 survey, yet to be published, of occupational 
patterns in the communications equipment and general electronics manu
facturing industries. 

Semiskilled and unskilled production workers, according to the new 
figures, make up only about one-fourth of the military electronics work 
force, but nearly two-thirds of the consumer electronics work force. 

Labor Dept. officials report that employment in plants producing com
munications equipment totaled 281,000 in 1962, up 44.4 percent over 
1958. Total employment in plants making "electronic components and 
accessories" amounted to 243,200 last year, 35.9 percent more than 
in 1958. 

U. S. ELECTRONICS producers sold over $1-million worth of in
struments and components in just seven days last month at an exhibit 
in the Commerce Dept.'s Trade Center at Frankfurt, Germany. Fifty
six firms participated in the exhibit. Exhibitors estimate that potential 
sales on the European continent "could increase by $25 million by the 
end of 1964 as a result of the exhibit,'' the Commerce Dept. says. Of 
the 56 U.S. electronics exhibitors, 50 already had European agents or 
distributors. 

REP. GERALD R. FORD, Jr. (R., Mich.), ranking minority mem
ber of the House Defense Appropriations Subcommittee, has complained 
to the Army about subcontracting procedures on the Nike Zeus and 
Nike X projects. He objects that Western Electric, the prime contractor, 
is being allowed to handle components work in-house rather than foster
ing competition among subcontractors. 

His specific complaint involves Lear-Siegler, Inc., which won a com
petitive award to design the gyro reference platform for Zeus. The 
Army subsequently authorized Western Electric to build the components 
in-house. 

An Army spokesman told Ford that the Army is making "a maxi
mum effort, within the bounds of the program's time urgency,'' to obtain 
competition in development of Nike X components. 
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A MIGHTY BIG STEP 

NEW 
STANDARD 
CIRCUITS 

A M IGHTY IMPORTANT STEP FOR YOU! YOU CA N NOW BUY PRINTED 
CIRCUITS WITH YOUR CONDUCTOR AND HOLE PA T TERN • • • WITHOUT 
A RTWORK • •• WITHOUT QUOTATIONS ••• WITHOUT TOOL CHARGES, AND 
IN MOST CASES, AT HALF THE USUAL COST AND IN HALF THE USUAL 
DELIVERY TIME! Our new Standard Circuit Division reduces printed circuit manufacturing 
overhead to the barest minimum by automation and standardization. Mass production techniques 
drastically reduce costs, delivery time, and improve quality-

yet still give you flexibility in board design. Sound exciting? Ph 0 to c1·rc u1·ts 
For complete information write today for our 16 page 
brochure detailing this major printed circuit breakthrough. CORPORATION • GLEN COVE,N.Y •• ANAHEIM.CALIF. 
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The high-voltage barrier to passivated PNP transistors has finally been broken 

- but it took a new manufacturing process to overcome the obstacles. 

Now f ram MOTOROLA 
Epitaxial, Passivated PNP SILICON TRANSISTORS 

Made by the Annular* Process 

Some new words are being 
added to the dictionary of semi
conductor terms-wor ds like 
Annular" and Band-Guard t, 
words that relate to.a new manu
facturing process which will 
have a strong influence . on tran
sistor design and promises to open 
new areas for transistor applica
tions. The Annular manufactur
ing process provides a new 
degree of freedom from surface 
effects for semiconduc t or 
products. 

For years, the industry had been 
working to design high voltage silicon 
PNP transistors with the low leakage 
currents normallv associated with NPN 
types, surface p;ssivated by the planar 
process . For PNP devices, planar tech
niques proved inadequate since any 
attempt to increase voltage ratings be
yond approximately 20 volts (through 
increasing collector material resistivity) 
induced a phenomenon, called chan
neling, which actually increased leak
age current for beyond tolerable levels. 

Channeling is a condition whereby 
the surface portion of a transistor col
lector region actttally changes polarity 
and becomes an extension of the base 
region. Th e base-collector function, 
therefore, rather than coming to the 
top surface where it is protected from 
the environment by a silicon oxide coat
ing, extends to the unprotected edges 
of the transistor where it is subfect to 
contamination and surface damage. 
This phenomenon circumvents the pas-
sivation advantages of planar designs 
and results in excessive leakage cur
rents. 

The formation of channels has been 
traced to effects of ionized or polarized 
particles on or within the passivating 
oxide coating which create an electrical 
environment that tends to alter the ap
parent polarity of the material directly 
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N-TYPE CHANNEi. P-TYPE . EPITAXIAL COLLECTOR REGION 
N-TYPE BASE REGIOf'I 

Cross Section of Annular Transistor 

beneath the oxide-an effect which is 
particularly pronounced in lightly 
doped P-type material. The channels 
are random in nature and erratic in 
characteristics, and can be highly sen
sitive to radiation bombardment. 

As a result of channeling, some man
ufacturers have reverted to earlier sili
con mesa structures or have deliber
ately circumvented the oxide passiva
tion in planar transistors in order to 
produce high voltage devices. These 
methods have yielded high voltage rat
ings but other characteristics of the 
resulting transistors do not compare 
favorably with those of surface passi
vated devices. 

Cross Section of Planar Transistor 

Now, l\·fotorola has overcome these 
obstacles-but it has taken a new man
ufacturing process to do so. Rather 
than trying to eliminate the channel, 
Motorola, in a new series of "Band
Guard" transistors, has deliberately in
troduced a channel whose controlled 
characteristics completely oversh adow 
the variable effects of any randomly 
induced channel, thus providing a high 

degree of performance stability. More
over the controlled channel is ter
minated close to the base region by a 
diffused annular band of· the same 
polarity as the collector region but with 
a resistivity level impervious to chan
neling. The collector-base junction , 
therefore, is properly terminated un
derneath the oxide coating where it is 
protected. against environmentally in
duced leakage currents. The resultant 
"Band-Guard" PNP silicon devices, for 
the first time, combine the low-leakage 
characteristics of passivated junctions 
with the high-voltage characteristics of 
non-passivated, or mesa structures. 

And, if theoretical analysis of this 
process is confirmed by tests now in 
progress, they will prove to be more 
resistant to radiation , thus heralding 
improved performance and greater re
liability of space equipment. 

Though initially devised for the pro
duction of high voltage silicon PNP 
transistors, there are strong indications 
that the Annular process yields major 
benefits for NPN and field effect tran
sistors and other semiconductor devices 
as well. 

In view of these considerations, there 
is little doubt that the new, \fotorola 
developed Annular process will take 
its place among the major milestones 
in the advancement of the semicon
ductor art. 
*Patents Pending fTrademark of Motorola Inc. 
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... made by the new ANNULAR PROCESS 
Four new Motorola PNP silicon transistors made by the 

Annular process and featuring high speed . .. high voltage , . . 
low leakage ... and surface passivation and stability, are now 
immediately available as types 2N2800, 2N2801, 2N2837, and 
2N2838. Called "Band-Guard" transistors, the new devices re
flect performance advantages inherent in an Annular, oxide
passivated, epitaxially fabricated transistor. 

Annular Process - Provides a new degree of freedom from 
surface effects of adverse environments. Gives a new degree of 
performance stability by eliminating sub-surface leakage paths 
to the unprotected edges of the device. Makes possible com
bined high voltage and true silicon oxide passivation. 

Oxide Surface Passivation - Prevents contamination of the 
junction by external agents. Makes possible the low collector 
leakage current ( 1110th that of other PNP units) of Motorola's 
"Band-Guard" transistors. 

Epitaxial Structure - Gives lower saturation voltage (%. 
lower) and twice the frequency response (120 me) of ordinary 
PNP devices. 

Other types supplied as "Band-Guard" units include 2N1132, 
2Nll32A, 2N1132B, and 2N722. 

Motoro/,a passivated, epitaxial "Band-Guard" transistors are im
mediately avaiwble from your Motorola Semiconductor Distributor 
or District Office. For full electrical specifications write: Technical 
Information Center, Motorola Semiconductor Products, Inc., Box 955, 
Phoenix 1, Arizona. 

"Band-Guard" Transistor Performance Ratings 

Characteristic 2N2800 2N2801 2N2831 2N2838 
(T0-5 Pkl.l (T0-5pkl) (TO·tl Piii) (T0·11Pkll 

Collcc1or-Base Breakdown Voltage 
(le= JO µAde, le= 0) lO lO lO lO 

Collector-Emillcr Breakdown Voltage 
(le = IOOmAdc. 111 = 0) 3l 3l 35 3l 

Collector Cutoff Curren! 
(Vet:= 25 Vdc, Vn = 0.5 Vdc) 100 100 100 100 

DC Forward Current Transfer Ratio 
(le= 150 mAdc, Vn: = JO Vdc)<J 30-90 7.5-22.5 30-90 7l-22l 

Current-Gain - Bandwidth Product 
(le= 50 mAdc, Vrr. = IO Vdc. f = 100 me) 120 120 120 120 

•Pulse Test: Pulse Width ~ 300 µsec, duty cycle~ 2% 

, .. also supplied as "Band-Guard" types: 

Characteristic 2N1132 2N1132A 2N11328 2Nl22 
(T0·5Plll) CT0·5 pk1l CT0·5 Pill) (T0·11 Pill) 

Collector-Base Breakdown Voltage 
( le= 100 µAde, lz = 0) lO 60 70 lO 

Collector-Emitter Breakdown Voltage 
(le= 100 mAdc pulsed) 3l 40 4l 3l 

Collector Cutoff Curren! 
(Ven = 30 Vdc, I.:= 0) 1.0 - - 1.0 
(Vee= 50 Vdc, h: = 0) - .l .01 -

DC Forward Current Transfer Ratio 
Uc= 150 mAdc. Yet= 10 Vdc) 30-90 30-90 30-90 30-90 

Current·Gain - Bandwidth Product 
Uc= 50 mAdc, Vrr. = 10 Vdc, f = 20 me) 60 60 60 60 

"new leader in Total Silicon Technology" 

MOTOROLA Semiconductor Products Inc. 
BOX 955•PHOENIX1, ARIZONA • A SUBSIDIARY OF MOTOROLA INC . 

Unit 

Vdc 

Vdc 

nAdc 

me 

Unit 

Vdc 

Vdc 

µAde 

-

me 
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PORTABLE ELECTRONIC 

MUSCLE EXERCISER 
NEARS PRODUCTION 

Pulsed sonic waveform 

is applied to muscles 

by variable carrier 

A TRANSISTOR INSTRUMENT 
to exercise muscles by using a low
voltage, pulsed sonic waveform is 
under study by several physicians 
at hospitals and rehabilitation 
centers. Designed for eventual 
consumer use, the instrument is 
said to be capable of exercising 
anything from a human leg to the 
muscle of the eye. 

Developed by Micro Precision 
Corp., New York, the instrument 
connects to humans with il-inch 
diameter electrodes dampened and 
applied to the surface of the skin. 
No surgery is required. Such elec
trodes are suitable for muscles as 
small as those in the human fin
ger. Battery operation of the de
vice is employed to eliminate 
shock hazards. Nickel cadmium 
batteries and a trickle charger are 
used. 

already been used on laboratory 
animals as well as humans. The 
low-voltage current passing 
through the muscle, causes it to 
contract; cessation of current flow 
permits the muscle to return to its 
original state. Applications may 
include treatment of muscles of 
bed-ridden patients to improve 
muscle tone or prevent atrophy. 
It has been used in therapeutic 
tests for special eye exercises at
tempting to correct defects in 
children afflicted with walleye 
(pointing out ) and cross-eye. 

Cerebral palsy patients may 
benefit from exercise administered 
by the instrument. The task of 
manually exercising persons af
flicted with this disease is an ar
duous one, and even with the in
terest and sympathy of devoted 
relatives the forty minutes per 
muscle is hard to accommodate. 

In cases of damage to a portion 
of the brain, which controls cer
tain muscle action, it has been 
demonstrated that therapeutic ex-

ercise of muscles without control 
may develop new areas of the 
brain and permit them to take over 
control of the immobilized mus
cles. The technique of brain re
learning is receiving attention and 
much work remains to be done. 

WEIGHT REDUCTION-The pos
sibility of using the new instru
ment for weight reduction in hu
mans has been advanced. The 
improvement of muscle tone ob
tained by applications of the in
strument in appropriate areas of 
the body might provide a slimming 
effect. A secondary result could 
be weight reduction. 

While the instrument should be 
available to the general public in 
time, doctors will probably first 
supervise their use in therapeutic 
programs. The variable controls 
on the device facilitate the doc
tors' choosing the appropriate sig
nal parameters. 

According to Herbert Fried
lander, the president of Micro 
Precision, his firm will manufac
ture and market the instrument 
before the end of the year. Several 
patents assigned to the company 
are pending. The company pre
dicts that the price of a commercial 
instrument when it is introduced 
will be within the economic reach 
of most people. The eight-year-old 
firm, headed by an engineer, ex
pects the electronic muscle exer
ciser to be a major product. 

Transistors, some having spe
cial characteristics, are employed 
in the design of the instrument. 
The complete device measures 3 
x 4 x 1 inches, approximately the 
size of two packs of cigarettes. 
The output waveform is a sonic 
carrier continuously variable over 
the range of 20 cps to 4 Kc. It is 
modulated by a pulse with contin
uously variable on and off time. 
Both on and off time may be ad
justed from 0.1 second to 7.0 sec
onds. Output developed across a 
1,000 ohm load, which is taken as 
average body resistance with the 
electrode techniques used, is 15 
volts. 

Metal Sheet Memory Operates 

Independent of Temperature 

APPLICATIONS - Some physi
cians and physiotherapists have 
large electronic muscle exercisers 
for office use now. And the new 
transistor portable instrument has 
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CURRENT work on memory com
ponents at Fort Monmouth is con
centrated on a thin-sheet memory 
of Permalloy, etched to form 
multi-aperture arrays. This trans
fluxor-type memory will be used by 
RCA in small low-power tactical 
computers for the Army, and will 
operate independent of tempera
ture. 

The holes are etched in a !-mil 
sheet of molybdenum Permalloy, 
an inch or two square. Copper 
conductors are deposited by evap-

oration on the holes and out to the 
edges of the metal sheets for con
nections. 

The sheets are stacked to form 
a computer memory, with 2-mil 
copper sheets in between for elec
trical shielding. 

At the present state of R&D, 128 
elements can be placed on a sheet 
one inch square, with a total thick
ness of 5 mils . Unlike cores, which 
are sensitive to temperature, the 
thin-sheet memory operates be
tween -50 and +125 C. 
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COMPUTER GRADE 
ELECTROLYTIC CAPACITORS 
If you need high energy content per unit volume ... if 
you want exceptionally low ESR . .. if you would like 
to have capacitors that withstand high ripple currents 
without overheating .. . get the facts about Sangamo's 
Type DCM Computer-Grade electrolytic capacitors. 

These stable, long-lived capacitors are designed for use 
as energy-storage and filter components in circuits re
quiring high levels of reliability. They have been used, 
primarily, where peak power requirements exceed the 
maximum output of the associated power supply. 
Standard ratings include capacitances up to 500,000 µ f 
(at 1.5 WVDC ... in a 3 1/t611 X 6"case), but Sangamo 
will welcome the opportunity of engineering and pro
ducing capacitors to almost any specification you re
quest. Complete information is yours for the asking . 

• ELECTRONIC COM PONENTS 

SANGAMO ELECTRIC COMPANY 
S PRING FIE LD , I L LINOI S 



SANGAMO 

Size 14 PMG-highly specialized, 
custom-designed generator for ex· 
tremely rigid OEM specifications as 
to electrical characteristics and 
physical dimensions. 

Size 25 PMG-aircralt and tacho· 
meter generator meets rigid and 
varied specifications for reliability 
and mounting flexibility. 

PERMANENT MAGNET GENERATORS 
SPEED SENSING ... PHASE SENSING ... 

VARIABLE FREQUENCY SOURCE 

Here are miniature precision generators that provide sinusoidal output signals with frequencies 
and ampli tudes directly proportional to the speed of their permanent-magnet rotors. They can 
be used as speed-sensing devices based on either output amplitude or frequency, or as a source 
of variable frequency voltage. The PM generators shown here were originally designed for aircraft 
tachometer applications, but they have been adapted to many other uses in miniaturi zed servo 
systems. Other PM generators are available in frame sizes from I" to 3Y2 ". 

Sangamo also manufactures precision servo motors, induction generators, drag-cup motors, 
synchros, synchronous motors and motor generators in sizes 5 to 25, with integral gearing if 
required. Most are available in either 60 or 400 C PS. With Sangamo·s new stock-inventory 
program, almost any of our 700 existing designs can be delivered ... in quantity . .. in 4 to 6 weeks, 
but we will be glad to develop special designs for your particular needs, including packaged servos. 

> 
SANGAMO ELECTRIC COMPANY 

SPRINGFIELD. ILLINOIS 
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The day when the designer selected his materials 

all hy his lonesome is past-especially in ekctroniC's. 

Lots of enginN'rs, from many deparh11c11ts, get info 

the electronics buying act with the desig11 engineer 

today. Production engineers, for exarnpl<•, frl'l free 

to hare their fangs at ai1y specified prodnd they 

feel would snafu the produdion line. Pnwnn·rnent 

people growl for their freedom to respc<'if°~T for the 

sake of better prices or deliYery. Service engineer::;, 

oJtcc burned hy a fanlty component or snlwsscml>ly, 

arc twice shy and thrice lond abont its i11(·l11sioll in 

fnturc equipment. And management's oxen are 

notoriously goreahlc. That's what makes clectronies 

marketers turn gray. The advertiser today must 

reach the design e11gineer and C'Veryone C'lsc in 

eledronies engineering. He ca11 do so either through 

a passel of splinter publications, or through 

ckc·tron ics. 

vVdl, that's the price of progress. 

electronics is the weekly, conkrnporary e11gineC'ri11g 

pnhliration of the modern clectr011ics industn' . It 
i11frgrates the interests of 57,000 engineers in all 

phases and fnnctions of electronics-the l)l'Ople who 

pass on your products before tlwy arc bought. In a 

fiC'M a hounding with free publications, tl1ese 57,000 

eugincers pay up to $6 a year to ::.mhseril>l' to 

elcdronics. They need electronics. You need them. 

Advertise in electronics. 

electronics: your basic buy for electronics advertising /A McGRAW-HILL PusucAr10N ~~: ~1 
330 Wes ~ 42nd !::it., New York 36, N. Y. 
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Army Demands 

New Electronics 

Techniques 

Communications, airborne 
gear, surveillance receive 
researchers' attention 

By LEON H. DULBERGER 
A ssociate Editor 

THIS WEEK in the bitterly con
tested jungles of South Vietnam, 
GI's were learning lessons that will 
shape Army's electronics require
ments for years to come. And alert 
manufacturers were already cash
ing in on Army's hard-won experi
ence in limited war. 

U. S. Army's unlimited fire-power 
now brings the requirement for 
increased mobility and control of 
tactical and strategic forces to the 
vanguard of the service's opera
tional problems. 

New electronic techniques
some radical, others an extension 
of known principles-are under 
study to extend command and con
trol over weapons and field mis
sions. 

The areas of electronics in which 
Army seeks technology break
through fall generally under com
mand and control. They break 
down into the generic areas of: 
communications, such as telephone, 
radio and exotic; surveillance, such 
as radar, ir, photography; identi
fication (iff), airborne gear; and 
data processing. 

Often, Army cannot use existing 
commercial equipment or tech
niques on military missions be
cause Army's needs are different 
from industry's needs. Addition
ally, commercial systems depend 
heavily on field engineering to 
achieve operational status. The 
Army seeks to avoid field engi
neering by performing all the 
preengineering possible in the 
laboratory, thus simplifying field 
operation. 
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ARMY COMMUNICATIONS without field engineering is m aj or goal 

S URVEILLANCE - The greater 
area of firepower influence today 
requires that Army surveillance 
penetrate to a greater depth and 
have greater mobility. Evaluation 
of the vast amounts of data col
lected in many forms must be done 
quickly at a single location and 
interpreted effectively. 

All of the various sensor inputs 
-such as radar, camera, ir, pris
oner-of-war interrogations, front
line observers-must speak to 
evaluators in a common final lan
guage. This means the man-ma
chine interface must be designed 
for quick information transfer
ence. Army points out that the 
interface techniques required can
not be met by commercial means. 

The problem of determining the 
military status of targets under 
surveillance is receiving much at
tention. Several techniques are be
ing studied such as: 

• Military targets are man-made 
and generally have angular char
acteristics of form and structure. 
Non-military targets are natural 
in form. Radar and other equip
ment designed to detect angular 
characteristics are being developed 

• Target movement is a well
known criterion for target identi
fication and the technique is re
ceiving further refinement 

• Heat radiating from a target 
provides important information on 
its military nature. Devices to 
measure temperature accurately 
over great distances are in develop
ment 

• The texture of the surface of 

an object provides indications of 
its military importance 

• Polarization techniques using 
specially designed radars are under 
study. 

The data gathered from all sen
sors would ideally be combined to 
provide as many factors to aid in 
identification of a single target as 
possible. This would preferably be 
accomplished before the final read
out form of surveillance informa
tion is assumed, usually a photo
graphic record. 

AIRBORNE-The new emphasis 
on an airborne army to provide in
creased mobility and quick reac
tion time leads to extended air
borne equipment requirements for 
the Army. Self-contained beacon 
systems are needed. Communica
tions breakthroughs and system de
velopments are called for. Army's 
air-navigation problems are acute. 
Identification equipment (iff ) with 
instant readout is badly needed to 
keep pace with improved ab ili ty to 
down an aircraft rapidly. 

COMMUNICATIONS-Army's a t
tempts to apply commercial com
munications equipment to military 
applications are frustrated by the 
fact that commercial systems a re 
fixed installations while Army re
quires mobile facilities. In addi
tion the time-frame in commercial 
communications is usually hours 
or days, while Army must handle 
information in seconds to be mili
militarily useful. Command and con
trol systems developed for Army 
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AUTOMATED FIRE direction center is example of Army's needs 

mu st be capable of covering both 
small and large wars, and effect a 
smooth transition to large scale 
conflicts growing out of small ones 
without loss of control. 

Army finds that automatic tele
phone-switching techniques used 
in commerical communications do 
not permit changes in switching
center computer programming to 
be made in minutes. This frus
trates the service's short-time re
sponse needs. 

In a scheme aimed at replacing 
signaling and routing equipment 
with simpler gear, Army, in one 
theoretical approach, is investigat
ing a technique dubbed satura
tion signaling. In this concept a 
1-msec pulse may be sent out over 
all radio telephone lines, perha ps 
a thousand of them, and the single 
telephone corresponding to the 
coded impulse could hook itself 
up to the system. If proven success
ful it would materially simplify 
the military phone book. All equip
ment other than the signaling gear 
could be conventional in design. 

JUNGLE PROBLEMS Jungle 
communications presents a special 
problem where the sheath formed 
by tropical vegetation with heights 
of the order of 200 feet produce 
an impenetrable barrier to radio 
signals. It represents one of Army's 
most pressing problems because of 
their present involvement in brush
fire conflicts. A technique which 
may prove worthy of development 
involves thrusting an antenna 
through the vegetation roof. 
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To obtain high information
carrying capacity in radio com
munications, wide bandwidth is 
needed. This demands high carrier 
frequencies, resulting in line-of
sight limitations on propagation 
characteristics. Among possible 
solutions are elevated repeaters 
such as satellites, mountain-top in
stallations, or the use of chaff. 

One concept under consideration 
by Army is use of a relay balloon 
designed to hover at 50,000 feet. 
At this altitude air streams circu
lating about the earth move just 
above and below the balloons posi
tion, under certain weather condi
tions and specific areas of the 
tarily useful. Command and con
earth. Army points out an enemy 
seeking to destroy the hovering 
balloons would require a single mis
sile for each balloon making it a 
costly counter-operation. 

Techniques employing chaff, and 
scatter communications are also 
being explored. 

Army's data transmission 
activity is expanding with the need 
to handle more and more data. In 
selection of data transmission 
techniques the question of de
veloping general purpose equip
ment or special systems for specific 
applications is under study. 

Another technique aimed at 
avoiding switching centers is 
Army's Random Access Discrete 
Address System (ELECTRONICS, p 
18, April 5). Army is considering 
the system, still in the mathemati
cal stage, as a solution to a plethora 
of field communications problems. 

MT-36: THE MOST 

1 

RELIABLE TRANSPORT 
in its price range 

The Potter MT·36 Digital Ma~netic 
Tape Transport offers maximum 
reliability for computer systems 
requiring an economical transport. 
The Potter MT-36 features: 

8 NO PROGRAM RESTRICTIONS ... 
up to 200 commands per second 
at 36 ips. 

8 SOLID STATE CIR.CUITRY., . 
photo electric sensing minimizes 
the need for switches and relays, 

8 VACUUM TROUGH GUIDES,,. 
provide smooth tape stops. 

8 IMPROVED PINCH-ROLLER CIR· 
cu ITS .•• offer fast tape starts 
and stops. 

• EASE OF MAINTENANCE ••• drlve 
electronics and fully regulated 
power supply are mounted on 
Individual plug-in boards. 

• RAPID TAPE THREADING ... Just 
15 seconds for complete 
threading. 

8 BUILT" IN TAPE CLEANER , , • 
vacuum on trough guide removes 
all loose oxide and dust. 

For full Information and speclfl· 
cations on the MT-36 Digital Mag. 
netic Tape Transport, write today. 
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How to Succeed in Business 
On Someone Else's Research 

Industrial espionage 

-how much goes on 

in electronics? 

By DAN SMITH 
Assistant Edi tor 

INDUSTRIAL espionage has been 
a much-discussed subject since the 
scandals in the drug and chemical 
fields several years ago. The elec
tronics industry is included in the 
gossip and speculation but so far 
no one has been able to say authori
tatively how much goes on. 

ELECTRONICS asked the security 
directors of some of the largest cor
porations in the industry for their 
estimates and for the most part re
ceived surprisingly complacent re
plies. "We've never had a case in 
my firm and I've heard of few 
others throughout the industry," 
one said. "If it goes on, we don't 
know about it," another said. A 
third admitted his firm's security 

program "doesn't amount to much." 
Fine-except there was another 

officer, employed by an organiza
tion fully as prosperous and power
ful as the others in the survey, who 
said just the opposite: "Industrial 
spying goes on all the time and is 
steadily on the increase." How to 
fit that opinion into the pattern
for it was bitter and cynical and 
hinting at dark knowledge. It 
couldn't be ignored, but there was 
a catch: the man was unwilling to 
cite examples involving his firm, 
although he claimed there had been 
many. He set us straight on one 
thing though-we might just as 
well forget about the electronically 
sophisticated snooping devices we'd 
been hearing bits and snatches 
about for years. Yes, the equipment 
exists and microminiaturization is 
making possible newer and more 
stealthy gadgets all the time, but 
there is seldom reason to use them. 
There is a harder-to-detect device 
available-man. Human spies can 
be planted in most firms with ease 
and, easier still, employees on the 

Cryogenic Memory Stores 16,384 Bits 

22 

SUPERCONDUCTIVE, THIN FILM memory, shown recently by RCA's 
Sarnoff Research Center, stores 16,984 bits in 2 X 2-inch plate (ELEC
TRONICS, June 28, p. 8). Experimental unit, only 120 millionths of an 
inch thick (left), accepts all connections on the plate itself-with 32 con
nections from the first plate and two for each additional. L. L. Burns of 
RCA Laboratories (right) lowers the memory into 3.6-degree K liquid 
helium 

payroll can usually be persuaded to 
steal secrets for pay. Our cynical 
friend, though, is taking no 
chances. Periodically, in the wee 
hours when his firm's office build
ing is otherwise deserted, he 
'sweeps' the board room and execu
tive offices for electronic eaves
droppers, a safeguard he feels is 
too important to be left to subordi
nates. 

UNDERCOVER MEN-So far we 
had talked to about two dozen se
curity officers and we had little that 
was solid to show for it. Weeks 
passed. We talked to others, with 
much the same results. Clearly, we 
needed a new approach. We read 
all we could on the subject, scanned 
our notes for leads and, finally, 
without too much hope, went to call 
on Norman J aspan Associates, 
which had been described to us as 
"a management engineering firm 
with a twist." The twist, we had 
heard, was this: before Norman 
J aspan suggests organizational 
changes, it contrives to have oper
atives hired by the customer firm 
through normal personnel chan
nels. They might pose as porters 
or engineers, anything that will get 
them close to the information they 
desire. Usually only the highest 
executives in the firm know of their 
presence. After several months of 
surveillance, the operatives write 
detailed reports of what they have 
heard and seen. Armed with these, 
a Jaspan representative sits down 
with department managers and 
discusses what is wrong with the 
company set-up. The Jaspan man, 
who often knows more about the 
firm's operations than the man
agers themselves, usually wins his 
points. Maybe, we said to our
selves as we set out for our inter
view, the undercover men learn of 
other things besides inefficiencies. 

CASE HISTORY-We had been 
talking only a few minutes with the 
Norman Jaspan man (who, because 
of the nature of his work, prefers 
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to remain anonymous) wh en he 
related this anecdote to us, drawn 
from the files of the approximately 
fifty electronics firms Norman 
Jaspan counts among its hundreds 
of customers. 

The research director of a large 
electronics firm was recently ex
posed for selling company secrets 
to a competitor over the course of 
seven years. He was discovered 
when a Jaspan agent, working in 
the mail room, opened a heavy car
ton from him which was to be sent 
to a Los Angeles area address. Th 3 
research director had scrawled "Re
prints" across the carton but inside 
was found logs, blueprints and 
original research data t hat it had 
t aken the company three years to 
assemble. Upon interrogation, it 
developed that the research di
rector had been a silent partner in 
t he competitor fi rm for four years: 
the first three years he had merely 
been paid cash for t he secrets. 

THE RECORD-The J aspa n man 
reeled off other case histories with 
ease. Going over t he records, we 
found that in t he past year Nor
man Jaspan Associates fi led $1 mil
lion in claims to cover losses in
curred by electronics firms from 
the theft of company secret s. It had 
filed for approximately t he same 
amount in each of t he previous two 
years; claims filed in any one year 
of course may be for losses sus
tained over several years. The $1 
million represents out-of-pocket 
losses of the victimized fi r ms, the 
amounts they had spent in labor 
and materials for research and de
velopment. The potential market 
value of the secrets was not taken 
into account. And there were other 
losses not covered by bonding com
panies. 

The $1 million then is a con
servative figure-and for only a 
portion of the industry. While no 
one knows precisely how much spy
ing goes on in electronics firms, 
it is safe to say that the amount 
is substantial. T hat even security 
officers don't know of its extent is 
not surprising. Rarely are they 
told that Norman Jaspan Associ
at es is investigating their firm. 
And the offenses are seldom pub
licized or prosecuted in court. 
Firms are usually content to fire 
the wrongdoers. (F irst of two 
articles) 
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The First of its Kind I 

A Solid Tantalum 

5-Ampere Feed-thru Capacitor 

for RFI Suppression 

Sprague Type 1800 Tantalex 
Capacitor on transparent panel 
to illustrate feed -thru mounting. 

G Sprague's Type 1800 Tantalex® Capac• 
itor is another result of extensive 
pioneer work in the field of solid· 
electrolyte tantalum capacitors. 

9 Three-terminal unit-line current is 
carried through tantalum section from 
lead to lead, case is ground terminal. 

O Neglig ible self-inductance, minimum 
length of internal path for RFl
large values of capacitance in small 
physical si:ze account for unusually 
effective elimination of spurious and 
unwanted signals. 

G Completely new case design assures firm metallic contact with 
mounting surface over a closed path, completely encircling the 
feed-thru conductor. 

G Threaded body and spanner nut of same outside diameter as 
collar of the case permit close mounting and maximum stacking 
capacity. 

G Corrosion-resistant metal case, hermetically-sealed with glass• 
to-metal solder seal terminals for maximum protection against 
severe environmental conditions. 

G All units carry 5 amperes thru-current. Capacitance ratings range 
from 60 µF at 6 volts to 6.8 µ F at 35 volts d-c. 

For complete technical data, write 
for Engineering Bulletin 3525A 
to Technical Literature Section. 
Sprague Electric Company, 35 
Marshall St., North Adams, Mass. 

SPRllGUE® 
THE MARK OF RELIABILITY 
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NEW MALLORY ZENER DIODE 

BREAKS THE QUALITY-PRICE BARRIER 

The new Mallory ZA molded zener diode is a new kind of component ... it gives you military 
reliability and performance at half the cost of hermetically-sealed units. Advanced Mallory 
production techniques and packaging concepts made this price/ performance breakthrough 
possible ... brings reliable zener performance to commercial electronics, even home instruments. 

This Mallory one-watt zener diode uses the same silicon cell that goes into our types made 
to military requirements; gives you performance never before found in a low-price zener. 
And Mallory keeps the price low by using unique production techniques and putting the ZA 
in a rugged, economical molded plastic case ... an electrically cold case that shrugs off mois
ture, takes temperature changes in stride, permits high density packaging. 

The Mallory type ZA is available in zener voltage ratings 
ranging from 6.8 to 200 volts. Write today for litera
ture: Mallory Semiconductor Company, Du Quoin, Ill. MiITORY 

Silicon rectifiers• Packaged rectifier circuits• Zener diodes• Silicon controlled rectifiers 
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Mallory zener diodes are available 
·from stock at factory prices from 

Mallory Industrial Distributors 

f 
115"min 

t 
. 375"max 

L-:~ 
.220" max 1 1.25" mill 

~ _L 
--+! I I'-- .032± .001 

RATINGS AND 
SPECIFICATIONS 

Mallory Nominal 
Part Zener Volt.ace 
No. @ IZT 

(VZ) Volts 

ZA6.8 6.8 
ZA7 .5 7 .5 
ZA8.2 8 .2 
ZA9.l 9.1 
ZAlO 10 
ZAll 11 
ZA12 12 
ZA13 13 
ZA15 15 
ZA16 16 
ZA18 18 
ZA20 20 
ZA22 22 
ZA24 24 
ZA27 27 
ZA30 30 
ZA33 33 
ZA36 36 
ZA39 39 
ZA43 43 
ZA47 47 
ZA51 51 
ZA56 56 
ZA62 62 
ZA68 68 
ZA75 75 
ZA82 82 
ZA91 91 
ZAlOO 100 
ZAllO 110 
ZA120 120 
ZA130 130 
ZA150 150 
ZA160 160 
ZA180 180 
ZA200 200 

Write for the name of the 
Mallory Distributor nearest to you 

Mallory Distributor Products Company 
P. 0. Box 1558 

Indianapolis 6, Ind. 

CIRCLE 25 ON READER SERVICE CARD 
electronics • July 12, 1963 

New Device Lowers 

Memory Element Cost 

LOW-COST, miniature barium ti
t anate cells for computer logic and 
memories were introduced by Alvin 
Kaufman, Litton Systems, at the 
recent Joint Automatic Control 
Conference at the University of 
Minnesota . 

Dime-sized, eight-bit, multi-port 
cells can be fabricated for less than 
today's cores, according to Kauf
ma n. The voltage output of these 
cells permits them to drive multiple 
logic gates without amplification. 

Other advantages include non
destructive readout (which permits 
elimination of writeback elec
tronics), simplified support equip
ment, and associated circuits less 
sensitive to noise pickup and mag
netic field interference or to nu
clear and space radiation. 

Although the memory is already 
much smaller than the sum of cores 
required for the same bit-number 
word, cell density may be further 
expanded to 20-40 bits, Kaufman 
said. 

The cell is constructed in two 
parts, from a single piece of ferro
electric material. The central dot 
electrode is a permanently polarized 
motor element, across which a pulse 

or sinewave of voltage is developed 
by a sinusoidal or unipolar pulse 
clock generator, to deliver a s inu
soid signal from the eight-bit radial 
memory portion of the cell. 

The polarity of a short pulse, at 
35 to 350 volts d-c, applied to 
memory elements for write-in , de
termines the phase of the readout 
signal referenced to the clock. The 
phase of the readout signal defines 
the storage of a digital zero or a 
digital one. 

The clock frequency is chosen to 
operate the memory cell near or at 
electro-mechanical resonance, where 
the memory output is shifted to 90 
degrees with respect to clock drive. 
The cells are normally operated 
above or below resonance, at the 
point where clock signal and 
memory output are in phase. De
tuning secures the zero phase 
shift between clock and memory 
cell. 

Alternately and preferably, the 
clock supply to a logic gate-where 
the pulse output is used-would be 
supplied through a delay network 
so that the cell could be used at 
resonance, its memory output and 
a gating pulse being synchronized. 

Short-Necked Color TV Tube Is Lighter 

WIDE-ANGLE, 92-degree, 23-inch rectangu lar color-mask tube (right) 
demonstrated r ecently by Motorola weighs abou t four pounds less than 
conventional round 21-inch, 70-degree color tube (left). B eing pr oduced 
in quantity by National Video in Chicago, the new tube allows 4?.-inch 
reduction in cabinet depth 
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ELECTRONIC ADDRESS READER (right) for scanning ZIP code 
numbers is coupled to a 90-pocket mechanical ,qorter (left), made by 
Rabinow Engineering. Reader optically scans letters automatically while 
sorter separates mail for 50 states and 100 cities at high speed 

ZIP Goes the Mail! 
Ultraviolet detectors, 

optical scanners speed 

mail, delay rate hikes 

By JOEL STRASSER, 
Assistant Editor 

WASHINGTON - E 1 e c tr o n i c 
mechanization will send stamp 
collectors looking for invisibly
coated air mail stamps within the 
next weeks and has already sent 
millions scurrying to put ZIP code 
numbers on their letters earlier this 
month as the Post Office Dept. be
gins implementing a vast program 
of mail service improvement. 

Requests for proposals for op
tical scanning equipment are due 
this month and ultra-violet detec
tion equipment begins a field test 
with phosphorescent "tagged" air 
mail stamps in Dayton, 0. shortly, 
Edward Harriman, director of 
POD's research and engineering 
office told ELECTRONICS. 

The end result, Harriman em
phasized, is to delay future postal 
rate increases. The idea is to mech
anize fast enough, he said, to keep 
up with the annual 3 percent mail 
volume increase while retaining 
permanent employees. 

tection equipment and will make 
possible priority handling of air 
mail. Cost will be less than $5,000 
per device, according to Harriman. 

Green and blue phosphors are 
also being laboratory tested. Harri
man indicated that these and other 
color phosphors will be used to 
identify different stamp denomina
tions and special services. Reading 
of combinations of phosphor 
stamps is also planned for the fu
ture. 

ZIP-Early this month, POD in
troduced the ZIP code (Zone Im
provement Plan). This requires 
using a 5-digit code instead of 
postal zone numbers on mail 
throughout the country. For ex
ample, "New York 36, N. Y." now 
is addressed as "New York, N. Y. 
10036." 

The code will be used with either 
of two optical scanning devices
one developed by Farrington, the 
other by Philco. The Farrington 
device does slit scanning at 24,-
000 rpm and is capable of identify
ing characters on envelopes. Reso
lution is 15 to 20 scans per 
character. The Philco scanner uses 
a 5-inch diameter tube to do flying 
spot scanning. Using a broad beam 
initially, it conducts a rough scan 
locating the bottom line of the ad-

u-v 
MARK TI DETECTOR == FOR FACER-

TAGGED CANCELLER 
STAMPS 

dress. It then registers the x-y di· 
mension, rescans with a 3 or 4-mil 
beam (the fine scan) and seeks out 
the alphanumeric information. The 
Philco system seeks out the salient 
features of the address for further 
processing, while the Farrington 
system picks out the vertical char
acteristics of the address, adjust
ing for height before scanning. 
Washington, D. C. has the first 
scanner. 

ZIP is also expected to provide 
a tool for companies with their own 
data processing systems. By pro
gramming the ZIP code number 
onto punch cards or magnetic tapes, 
a company will be able to bypass 
the POD's first three sorting steps 
and send its mail straight to the 
dispatch stage. POD will insert 
ZIP code numbers on magnetic 
tapes and punch cards, as well as 
addressograph plates, for com
panies that don't own the equip
ment. 

SORTING-For sorting letters, 
POD is rapidly bringing into use a 
multiposition letter sorter that is 
3 to 6 times as fast as manual sort
ing. Operated by 12 men at key
boards, the machine is capable of 
300 separations at 3 letters per 
second. Eventually, the machine's 
keyboards will be replaced with 
four scanning heads and ZIP code 
sorting will be done automatically. 

The multi-position machines cost 
the POD $100,000 each and are ex
pected to pay for themselves within 
4 to 6 years. Designed by Rabinow 
Co., they are being built by Bur
roughs and Cadillac-Gage. They 
will replace a single-position, one
man machine that is capable of 50 
separations at 1 letter per second. 

Mark II facer-canceller, already 
in use for several years, is the in
between machine to complete the 
flow. Following the u-v tagging ma
chine and preceding the scanner, 
the equipment was supplied by 
Pitney-Bowes at a cost of about 
$20,000 each-yielding a return of 
about 100 percent in 1 year. 

OPTICAL LETTER .. l=::::::::I SCANNER SORTER 

STAMP TAGGING will begin field 
tests at Dayton within the next two 
weeks using equipment of the Na
tional Cash Register Co. To 
separate air mail from regular mail 
before the cancelling process, an 
orange phosphorescent material 
will be applied over the printed sur
face of air mail stamps. The coat
ing will be visible only to u-v de-

FLOW CHART shows relative position of new equipment in mail-proces.s
ing chain being implemented by the Post Office. Buffer storage stage sep
arates the facer-canceller from the ZIP code optical scanner 
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MEETINGS AHEAD 

MEDICAL ELECTRONICS INTERNATIONAL 
CONFERENCE, IFME, University of 
Liege, Liege, Belgium, July 22-26. 

ELECTROMAGNETIC MEASUREMENTS & 
STANDARDS SEMINAR, National Bu
reau of Standards ; NBS Labora
tory, Boulder, Colo., July 22-Aug. 9. 

AEROSPACE SUPPORT INTERNATIONAL 
CO N FERENCE & EXHIBIT, IEEE, ASME; 
Sheraton-Park Hotel, Washington, 
D. C., Aug. 4-9. 

I NTERNATIONAL ELECTRON ICS CIRCUIT 
PACKI NG SYMPOSIUM , University of 
Colorado, et al; a t the Universit y, 
Boulder , Colo., Aug. 14-16. 

W ESTERN ELECTRONICS SHOW AND CON
FERENCE, WEMA, IEEE; Cow Palace 
San Francisco, Calif., August 20-23. 

DATA PROCESSING NATIONAL CONFER
ENCE & EXHIBITION, Association for 
Computing Machinery; Denver Hil
ton Hotel, Denver, Colo., Aug. 27-30. 

AUTOMATIC CONTROL INTERNATIONA'L 
CONGRESS, International Federation 
of Automatic Control; Basie, Swit
zerland, Aug. 27-Sept. 4. 

MILITARY ELECTRONICS NATIONAL CON
FERENCE, IEEE-PTGMIL; Shoreham 
Hotel, Washington, D. C., Sept. 9-11. 

ELECTRICAL INSULATION CONFERENCE, 
IEEE, NEMAj Conrad-Hilton Hotel, 
Chicago, Sept. 10-14. 

JOINT ENGINEERI NG MANAGEMENT CON
FERENCE, IEEE, ASME, et al; Biltmore 
Hotel, Los Angeles, Sept. 12-13. 

INTERNATIONAL ASSOCIATION FOR ANA
LOG COMPUTING, AICA; Brighton Col
lege of Teehnology, Lewes Rd. , 
Brighton, England, Sept. 14-18. 

INDUSTRIAL ELECTRON ICS ANNUAL CON
FERENCE, IEEE, ISA ; Michigan Sta te 
University, East Lansing, Mich., 
Sept. 18-19. 

PHYSICS OF FAILURE IN ELECTRONICS 
SYMPOSIUM, Armour Research Foun
dat ion and Rome Air Development 
Center, Illinois Institute of Tech
nology, Chicago, Sept. 25-26. 

ADV ANGE REPORT 

VEHICULAR COMMUNICATIONS INTERNA
TIONAL CONVENTION, IEEE-PTGVC; New 
York City, March 28 - 26, 1964. Aug. 15 
is t h e deadline for submitting 5 0-word 
abstracts to : E . W . Borden, Session 
Organizer, American Telephone and 
Telegraph Company, 195 Broadway, New 
York 7, N. Y. Original papers on any 
subject of general interest in the fie ld 
of mobile communications wi ll be con
sidered. Manufacturers of vehicu lar sys
tems equipment and system users are 
urged to · pr esent new· developments and 
previously unpublished knowl edg e or 
experience. 

electro ni cs • Ju ly - 12 , l963 

New ac-dc laboratory standard 

True RMS 
Indication 

Speed voltmeter calibration 
Simplify supply voltage monitoring 
±0.03% accuracy of indication. Engelhard's new Differential Thermo
couple Voltmeter provides features never before available in a single instru
ment. Model 35700 DTVM is designed for rapid, high-precision voltmeter 
calibration, monitoring of supply voltages, and is ideal for critical ac and de 
measurements as well. The instrument offers an accuracy of ±0.03% at any 
voltage from 1 to 1011.1 v--either de or 5cps to lkc. Accuracy is rated as 
percent of actual reading rather than full-scale deflection. 

Model 35700 indicates results directly, without multiplying factors or 
calculations, and requires only one operation per calibration reading. In 
addition, all measurements are performed without accessory equipment. 

Circuitry is based on a similar design developed by Griffin and Hermach for 
the National Bureau of Standards. Calibration of the instrument is trace
able to NBS, and the DTVM is acceptable for certification by the Bureau. 

Exceptional stability permits uninterrupted observation of voltage changes 
as small as 0.02% over a period of several hours. Zener diodes establish a 
precise basic reference voltage, while a balanced thermal-converter circuit 
cancels effects of ambient temperature variations. 

Simplified operation speeds measurement and helps eliminate error. 
Calibration and monitoring results are indicated directly in percent on 

the DTVM. Voltage readings appear directly in volts on the instrument . 

. SPECIFICATIONS 

Range (ac-dc): 
Accuracy (±0.03%): 
Accuracy (±0.05%): 

Size (Inches): 
Power requirement: 

Write Engelhard for details on 
Mode l 95700 DTVM. We'll send a 
technical data sheet with full in· 
formation and specifications. 

l to 1011.l, with overranging 
de and ac from 5 cps to l kc, 
any voltage rating. 
1.0 to 600v (lkc to 30kc) 
600 to 800v (lkc to 20kc) 
800 to 1011.lv (lkc to lOkc) 

· 19xl9x9 
1
,105/ 125v, 60cps, lOw 

ENGE&HARD 
N D U s. N C. 

INDUSTRIAL EQUIPMENT DIVISION 

lnst,..ument s and Systems Sect ion 

850 PASSAIC AVENUE• EAST NEWARK, NEW JERSEY 
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Hot, 

or in· between, 
Temperature stability is part and ·parcel of the Heinemann 
hydraulic-magnetic circuit breaker. The Heinemann breaker's 
current rating and calibrated trip points don't drift in response 
to temperature changes. The breaker will carry 100% rated 
load at any ambient within its overall operating range, and will 
always trip at the same specified overcurrent values. You 
don't have to derate. 

Reason? Magnetic actuation. No heat-sensing (and heat· 
sensitive) elements. The breaker's magnetic overload coil 
couldn't care less what the temperature is: it responds only to 
actual load currents; never to heat, ambient or otherwise. (With 
a Heinemann breaker protecting your equipment, you will never 
hear of a heat-caused power interruption). 

cold, 

a Heinemann breaker's 

ampere rating 

won't vary a hair. 

\ 

And the nice part is, this unshakeable stability is combined, 
in the Heinemann breaker, with decimal-point-precise current 
ratings. Heinemann can give you any integral or fractional 
rating you need-anything from 0.010 amp on up. You don't 
have to settle for "pretty close." 

These specs apply to every breaker that Heinemann makes. 
Little breakers, like the VP shown above. Big breakers, like our 
480-volt EH. Breakers for DC service. Or AC service. For 
frequencies up to 400 cycles-and beyond. With any of several 
inverse time-delays. And every single one of them carries a 
five-year repair-or-replace guarantee. The new Heinemann 
Engineering Guide, Bulletin 202, will give you detailed tech
nical information. Yours for the asking, of course. 

HEINEMANN ELECTRIC COMPANY, 2600 Brunswick Pike, Trenton 2, N. J. 



The Optical 
Heterodyne 
Key to Advanced 
Space Signaling 

Frequency control of local oscillator laser 
and reduction of noise combined with non
linear photodetection show the direction 
for successful modulated space communi

cations with coherent light 

By STEPHEN JACOBS*, TRG, Incorporated, Syosset, N. Y. 

ENORMOUS INFORMATION capacity of optical 
frequency transmission has been the subject of con
siderable interest for the past several years. With 
the advent of the laser, it is now possible to gen
erate highly monochromatic electromagnetic waves 
at optical frequencies and today, one by one, various 
radio techniques are being demonstrated with light. 
These include oscillators, amplifiers, mixers, rectifi
ers, discriminators, modulators and harmonic gen
erators. The optical heterodyne technique of detection 
is no different in principle from that of heterodyning 
in the radio-frequency region, except that it is not 
preceded by any stages of amplification. 

The method of optical heterodyning is described 
below. A laser local oscillator beam is made spatially 
and temporally coherent with an incoming signal 
beam as shown in Fig. 1. Both beams are made to 
fall on the surface of a radiation detector and a cur-

----;-;ri;-is work wa s supported by the Communicatio ns Bra nch of 
ASD, by the AdV1anced Communications Tech niqu es Bra nch of 
R ADC, and by ARPA thro ug h AFOSR. 
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LASER BEAM enters from lower left (note different 
arrangement of equipment from that on color cover) . 
Beam splitter (center) produces two beams. Phase modu
lation occurs wi th piezoelectric mirror (left center) . Local 
oscillator niirror (u pper right) and phototubemultiplier 
(lower right) complete setup. Autocollimator (top) is 
used to align the beam initially 

rent, at the difference frequency of the coincident 
beams, is generated by the nonlinear process of 
photodetection. This beat current is called the signal 
current. The effect of mixing the signal beam with 
a powerfu1l local oscillator beam is both to generate 
the signal current and to introduce a large amount 
of shot noise, which becomes the limiting noise of 
the system. As will be shown, the signal current and 
the rms shot noise current are both proportional to 
the square root of the local oscillator power. The 
signal-to-noise ratio inherent in t:Jhe signal beam is 
thus preserved through this amplification process, 
while the incoherent background noise is submerged 
with respect to the local oscillator noise. 

OPTICAL HETERODYNING processes may be 
clarified by considering the mixing of two coherent 
fields on the photosensitive surface of a square-law 
detector, that is, one that responds in proportion to 
the square of the interfering fields. All photode
tectors are square-law in the sense that i is propor
tional to E'. 

Let the field at the photosensitive surface be 
E = E L cos wL t + Ea cos wa t 

where E L = local oscillator field amplitude 
E a =signal field amplitude 

wL, wa = respective angular frequencies. 

Assuming E L and E s have the same polarization, then 
the resulting photocurrent is proportional to 

E 2 = ! EL2 + EL Ea cos (wL - wa) t + j Ea2 

averaging over a response time, T, such that 

I 
(wL - wa) « T « wL 

29 



WHY OPTICAL COMMUNICATION? 

In a nutshell, when information is carried on a mono
chromatic beam of light, optical heterodyning makes 
it possible to filter out and amplify only the band
width of interest-that is, the information bandwidth. 
Besides this advantage, a laser communications link 
has extremely narrow beamwidth as contrasted with 
a radio-frequency system. 

More data on optics of real atmospheres will be 
necessary before optical heterodyne transceivers can 
be employed for doppler velocity and acceleration 
applications. But one feasible application is ex
tremely long range, broad-band communications 

through space 

INCOMING LASeR SIGNAL BEAM 

LASeR 

RADIATION 

DETECTOR 

LASER BEAMS from remote source and local oscillator 
combine for optical heterodyne detection-Fig. 1 

SIGNAL-NOISE power 
(nep) varies with incident 
signal beam power assum
ing 71=t!i.f=l-Fig. 2 

t! 100 
z,__ 80 
~z 
'::::t! 60 

~~ 40 
z 
~;;::: 20 
1-- 0 I 

0.4 
I 

2 

'oc 
L 0 CAL OSCILLATOR 
beam power shot noise is 
inadequate to mask back
ground-Fig. 8 

I I I I 
3.5 6 10 15 

WAVELENGTH IN MI CRONS 

ATMOSPHERIC transmittance through 200 yards of 
17-mm precipitable water-Fig. 4 
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The a-c component of the photocurrent at the differ
ence frequency wL - ws is 

and if E,, >>Es 

. PL 
id-c = 7J Tue 

where .,, = detection quantum efficiency 
PL = local oscil lator beam power 
e = electronic charge 
h = Planck's constant 

= light frequency 
Under the above conditions, the a-c signal power is 
amplified in proportion to PL 

i 0 • 0
2 

= 2 ( ~~ ) ' ic1-.' = 2 ;~ ic1-c2 
= 2 ( ~~ Y PL Pa 

where Ps = signal beam power 

Finally, the shot noise is given by, 

iN2 = 2 eic1-o t!i.f = 2 ~e: PL t!i.f 

Therefore, if the local oscillator generates only shot 
noise in the detector, the signall-to-noise ratio 

i •. 0 2 Ps ( signal photon rate ) 
iN2 = 71 hut!i.f = 71 frequency bandpass 

One characteristic difference between optical 
heterodyne detection and conventional detection is 
that the signal-noise ratio is not limited by the noise 
equivalent power, nep. Under the condition that the 
local oscillator shot noise predominates over all other 
noise in the detector, it is only the detection quantum 
efficiency tha:t determines the minimum detectable 
power. 

Figure 2 illustrates how signal-noise power ratio 
depends on signal beam power under the above con
ditions. It has been demonstrated in this laboratory 
that power levels two orders of magnitude less than 
a detector nep can easily be detected with a band
width t!i.f = 1 cps. Figure 3 shows what happens 
when, for a given signal beam power, the local oscil
lator power is allowed to drop below the level where 
the shot noise is the dominant noise in the detector . 
Note that there is no improvement in the signal-noise 
ratio for large local oscillator power. 

INTERFERENCE - To avoid interference with 
tr-ansmitted information the laser in a broadband op
tical heterodyne communications system should trans
mit a single frequency only. Beyond this considera
tion of information capacity, the requirements of 
optical demodulation dictate that the optical hetero
dyne system be in tune at some frequency. Definite 
phase relationships must be established to detect side
bands about a certain carrier frequency. It is not 
generally possible to satisfy these relationships si
multaneously for more than a single frequency. 

The requirement can be summarized as a need for 
lasers with high single-mode power. This means more 
than a single-mode spot on the wall, but ailso a single 
temporal, or axial, mode as well. In choosing be
tween lasers of comparable single-mode power, the 
lowest frequency J.aser, with the most photons per 
unit power, gives the best sig.nal-noise ratio for given 
signal beam power. 
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MODULATION-Either phase, amplitude, or single 
sideband modulation is appropriate for optical 
heterodyne detection. The modulator must be able 
to operate on the light beam without seriously dis
turbing the coherence of the wavefront as it passes 
through. This requires good optical! surfaces and 
homogeneity. 

Especially important in broadband systems is the 
need to keep modulation power reasonably low. This 
avoids thermal distortions, and obviates practical 
limitations of available power, size, weight, and 
cooling. 

The modulation mechanism must not allow distor
tion of signal owing to nonlinearities and must, of 
course, be appropriate to the type of the laser being 
modulated. An example of such 1ight modulation is 
the electro-optic effect with crystals of KDP. 

FIGURE OF MERIT - Fundamental to optical 
heterodyne detection is the detector quantum effi
ciency. In addition to the basic relationship between 
detector speed and information capacity there is a 
subtle but all-important requirement, imposed by the 
condition that the laser photocurrent shot noise must 
exceed all other detector noise. 

Fulfilling the above condition involves different 
considerations for different types of detectors. For 
example, there is a problem with thermal noise in 
detectors of low resistance 

- 4kT 
lli2thermal = --X- llf 

Comparing this with the ilaser-induced shot noise 

it is required that 

2 . » 4kT 
ei ~ or 

1Ji"2shot = 2ei !lj 

Vsignat = iR » 2
kT = 50 mv 
e 

at room temperature. Thus a low resistance detector 
may require an intense local oscillator to generate 
adequate shot noise to mask the thermal noise. This 
may even bring the detector into an intolerable satu
ration region. 

Other special considerations apply to special de
tector types, such as the need to overcome bias cur
rent noise of a photoconductor, or the need to elimi-

nate signal-dependent noise of an unbiased photo
voltaic detector. 

TRANSMISSION PATH-Dispersive, turbulent, ab
sorbing atmospheres are problems as yet generally 
unexplored. The least unknown of these quantities is 
the transmittance of the atmosphere (Figure 4). 
Lit1Jle is known about the variations of refractive 
index in the atmosphere that cause a coherent laser 
beam to be changed in direction and phase, as well 
as displaced in the plane of the receiver. Some ref
erences to recent studies are listed. 

Even in a perfectly isotropic optical medium, op
tical dispersion tends to limit the usable information 
bandwidth. The frequency variation of the refrac
tive index gives rise to differences in transit times 
for photons of different frequency. The dispersion 
has not only linear frequency dependence but also 
higher order terms that are difficult to compensate 
and that impose a bandwidth limitation. Some of 
the problems of phase distortion and disiplacement 
can be met by techniques of single sideband trans
mission and doublle-Jetection, the details of which 
are beyond the scope of this paper. 

Although the problems associated with real atmos
pheres presently appear formidable, it is consoling to 
recaH that most of the universe is free from such 
problems. 

FREQUENCY CONTROL-Any optical heterodyne 
system involving separate transmitter and receiver 
lasers must maintain either a frequency that is 
discretely offset or positive frequency control. 
It has been shown that two He-Ne gas lasers, free
running under ideal isolation conditions, can be kept 
stable to within 30 cps over a few tens of miilliseconds 
and are resettable to somewhat less than 0.5 mega
cycle. However, such ideal conditions cannot usually 
be maintained and frequency feedback control is 
needed. Utilizing the circuit shown in Fig. 5, the 
frequency-locking of two lasers has been demon
strated to within several kilocycles under ordinary 
laboratory conditions. This represents frequency 
control of one part in ion and is only a modest be
ginning. There may be considerable advances beyond 
this when improved servo systems are developed. 

:w~ 
~ ~ . 

10.7 MC 

, 1s0Kcl 

~ 

~ 
~ 
~ . 5 
~ ~ 3xl0 Ge 
~ . ~~ ~ '- 50KC 

~ OPTICAL SO KC 
~ BEAM 
~ SPLITTER 
~ 

AUDIO 

INFORMATION 

50 KC 

DETECTOR 
FEEDBACK 
AMPLIFIER 

CONTROLLED 
LOCAL 

OSCILLATOR 
LASER 

INFORMATION 
OUTPUT 

EEDBACK TO 
PIEZO-ELECTRIC TRANSDUCER 

DUAL-LASER setup for demonstrating optical heterodyne detection of frequency modulated light employs afc of local 
oscillator-Fig. 5 
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ADVANTAGES OF THE NRE 

The Negative Resistance Element overcomes many of the 
limitations of other negative-resistance devices or circuits. 
These limitations include nonlinearity or unpredictability 
of electrical characteristics, and temperature sensitivity 

By CARL DAVID TODD 
Head of Engineering, Modula r Circuits . 
Hughes Aircraft Co., Newport Beach, Calif, 

TYPICAL D-C SWTTCHING circuit (A); operating 
characteristics for a mechanical switch ( B )-Fig. 1 

USING A NEW COMPONENT: Design of D-C Switches 

Composite circuit recently made available, provides speed and 

freedom from contact bounce when used as an electronic switch. 

Design in switching applications is outlined step-by-step 

A TYPICAL CIRCUIT for a mechanical switch is 
shown in Fig. lA. Switch S" which connects source 
voltage V1 to load resistor RL, has two possible con
ditions: open or closed. In closed or ON, the full sup
ply voltage is applied to RL and the operating point 
on the load line is at A (Fig. lB). When S1 is open 
or OFF, the operating point must be at point B and 
little current can flow. 

The ideal switch will have zero resistance, and 
thus zero voltage drop across it, when it is ON. It 
will have infinite resistance, so that load current will 
be zero, when S1 is OFF. The ideal switch is ap
proached even for practical switches of the mechan
ical form. 

A characteristic known as toggle switching may 
be desired, where the switch remains in the position 
to which it is set until moved. Thus, it is not neces
sary to retain the control signal (force applied to the 
switch handle), to retain either the ON or OFF condi
tion. 

Although the mechanical switch approaches the 
ideal condition for ON and OFF resistance, it lacks 
the speed and freedom from bounce required for 
many applications. It is here that electronic switches 
prove valuable. 

NEGATIVE-The Hughes family of negative resist
ance elements (NRE) (ELECTRONICS, p 21, May 31, 
1963) are composite circuits having a voltage-stable 
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or S-type negative resistance characteristic appear
ing at the output terminals. Figure 2A is a typical 
family of electrical characteristics for the SC5141 
or SC5157 negative resistance elements. 

The shape of the characteristic curve is clearly 
defined and is highly predictable. Peak current is a 
direct function of the magnitude of the bias current, 
I" and is almost equal to it. The polarity of I p, how
ever, is negative. 

The slope of the characteristic curve in the region 
of negative resistance (region II), where an increase 
in terminal voltage produces a decrease in terminal 
current, is approximately -1/1,000 ohms or -1 
milliohm. 

The valley voltage, which represents the boundary 
between region II and the second positive resistance 
region, region III, is roughly equal to the product of 
Ip and R., the magnitude of the a-c negative resist
ance. For the SC5141 and the SC5157, V,. is given 
by: 

Vv = /pRu = [p (1,000) (1) 

Therefore, if 11 is made equal to lOma, I p will be 
nearly equal to -lOma and V v will be -10 volts. 

The current Iv that flows for a terminal voltage 
V v is small. Typically the value of H , the ratio of 
Ip to Iv will be 50 or more. The slope of the char
acteristic curve for voltages just larger than V v is 
positive, and is approximately 50,000 ohms. This 
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OUTPUT CHARACTERISTICS: for negative resistance elements with R,. = 1,000 ohms (A); for an NRE with RA 
of 10,000 ohm s (B); for several values of R , (C)-Fig. 2 

With Negative Resistance Elements 

value varies somewhat from unit to unit, depending 
upon the source resistance for Ii. 

The terminal voltage, V x, where the current rapidly 
increases with a small increase in the VT• is approxi
mately 0.7 volt larger than the bias voltage, Vi. The 
maximum allowable value of V, for the types of NRE 
shown is -30 volts. Should it be desirable to make 
the value of the knee voltage less than the value of 
V,, a voltage regulator diode may be placed directly 
across the output terminals to modify the character
istic curve. If more convenient, a diode clamp may 
be used. 

The electrical characteristics for the SC5142 and 
the SC5158 NRE are given in Fig. 2B; the value of 
R .. for these two types is 10,000 ohms and the valley 
voltage is: 

V v = IP (10,000) (2) 

Other characteristics of the curves will be similar to 
those of the SC5141 and the SC5158. 

A third class of NRE, types SC5140 and SC5156, 
may be used to produce almost any negative resist
ance from -50 to -100,000 ohms. The value of Rn 
will be nearly equal to the value of an external re
sistor, R,, placed across the input terminals provided. 
This approximation becomes less accurate for very 
low or very high values of Ri or for very low values 
of I i. A typical characteristic family is shown in Fig. 
2C for several values of Ri and for an Ii of 10 ma. 

BIASING-An NRE, operated under the load-line 
conditions of Fig. 3A will have two stable states, 
points A and B. At point A the voltage across the 
NRE is typically about 0.5 volt positive and the cur
rent through it is relatively high. This corresponds 
to operating point A in Fig. lB for the closed or ON 

switch. 
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At operating point B the terminal current is much 
lower than it was at A and practically all of the 
supply voltage is dropped across the NRE. This con
dition corresponds to operation at point B in Fig. lB 
for the open or OFF switch. 

For the circuit of Fig. 3B, a voltage slightly larger 
than the supply voltage appears across the load when 
operation is at point A or the switch is ON. The load 
current when the switch is closed must be less than 
the peak current of the NRE, roughly equal to I , in 
magnitude. 

When operation is at point B in Fig. 3A, most of 
the supply voltage appears across the NRE and little 
voltage is impressed across the load. The load current 
is thus small and corresponds to the condition of 
an open or OFF switch. Switching is not perfect 
since the current in the OFF condition is not zero, but 
this is not a problem in many applications. The value 
of the knee voltage, V K, must be larger than the 
supply voltage. With the arrangement of Fig. 3B, 
this condition is automatically obtained, since V K is 
about 0.7 volt higher than the applied voltage bias. 

TRIGGERING-Consider the mechanism for switch
ing from the closed or ON condition to the open or 
OFF condition and back again. Assume that the con
ditions are as illustrated by the solid characteristic 
curve of Fig. 3A and the operating point is at B . 

As seen before, the switch is effectively open or 
OFF. A small trigger current, I., applied to terminal 
1 will modify the d-c characteristic curve since it 
adds or subtracts from the value of Ii depending upon 
the polarity of the trigger. 

If I . is positive or in the direction shown in Fig. 
3B, the characteristic curve becomes that illustrated 
by the dotted line. The load line now intersects the 
new characteristic curve at only one point, C, very 
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OPERATING CHARACTERISTICS (A) for switch cir
cuit (B) using a negative-resistance element-Pig. 9 , ~ 

near to A and the operating condition must shift to 
this point. If I. is now reduced to zero, the character
istic curve of the NRE will assume its original form. 
The operating point, however, will remain at A. Thus, 
by the application of a positive trigger current ap
plied to terminal 1, the switch is turned from OFF to 
ON. 

Consider now what happens upon the application of 
a negative value of I., with the direction of I . being 
opposite to that indicated in Fig. 3B. The character
istic curve of the negative resistance element now 
takes the form of the dashed line of Fig. 3A. Again, 
the load line intersects the modified characteristic 
curve at only one point, but this time the only per
missible condition is D, or a high-voltage state near 
B. As / 2 is again made zero, the operating point 
remains at B. Thus, a negative trigger current 
applied to terminal 1 will cause the switch to change 
from ON to OFF. 

The switch is bistable and, once triggered, will 
remain in the demanded state until a trigger of the 
opposite polarity is applied. Thus, a memory func
tion is provided similar to the mechanical toggle 
switch. 

The circuit of Fig. 3B has considerable power gain 
both for the turn-off as well as for the turn-on con
ditions. The power required to turn the switch OFF 

is about 5 microwatts. For turning the switch ON, 

the required power is quite circuit-dependent, but 
may be held to around one milliwatt. The power 
switched in the load is 110 milliwatts. 

The switch of Fig. 3B may be turned OFF by the 
application of a negative voltage pulse applied to the 
alternate trigger point. The amplitude must be 
greater than the terminal voltage corresponding to 
point E on the curve of Fig. 3A before switching 
t akes place. The energy required is much greater 
than that required at terminal 1, but this method 
of triggering may be desirable in some applications. 
The trigger normally must be a pulse of short rise 
time for decisive triggering. 

COMPENSATION-During normal operation of the 
switch of Fig. 3B, a voltage slightly larger than the 
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CURRENT LEVEL is limited by the power rating of R , 
for switching applications-Fig. 4 

value of the supply voltage appears across the load 
resistor. This is due to the slightly positive voltage 
at point A and may be compensated for by the inser
tion of a small resistor R0 in series with load resistor, 
R,. For perfect compensation, the voltage drop across 
R e when the switch is ON must be exactly equal to 
the voltage VA corresponding to point A in Fig. 3A, 

(3) 

POWER DISSIPATION - The ideal mechanical 
switch of Fig. 1 dissipates no power since the voltage 
drop is zero when it is closed and the current through 
it is zero when it is open. The · NRE switch of Fig. 
3B approaches this state for most applications and 
therefore the power dissipation due to the ON voltage 
or the OFF current will be negligible, or at least 
within the V rl r rating of 250 mw. There are other 
portions of the internal circuit of the NRE which do 
consume power that must be dissipated in the form 
of heat. 

The area of major concern is the resistor that gen
erates the effective negative resistance, R., whether 
the resistor is internal as in the SC5141, SC5142, 
SC5157, and SC5158, or external as with the SC5140 
and the SC5156. The power dissipation in this re
sistor, R,, is greater when the switch is OFF or op
eration is at point B in Fig. 3A. The maximum value 
of 11 which may be permitted under the general cir
cuit conditions of Fig. 3B may be determined from 

(4) 

where P,m.. is the maximum power dissipation al
lowed in R,. 

Equation 4 is plotted in Fig. 4 for several pos
sible resistor power ratings. This analysis is limited 
to the case where V v of the NRE is less than V,. It is 
not always possible to operate a given resistor up to 
its rated power because of voltage limitations. Only 
the switching case has been considered and it is as
sumed that power dissipation in switching from one 
state to the other is small. 

DESIGN PROCEDURES-Consider the steps neces-
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AUTHOR measures the operating parameters of a bread
boarded d-c switch 

sary to arrive at a final design for a d-c switch cir
cuit like that shown in Fig. 3B. Assume that it is 
desired to apply or disconnect a given supply voltage, 
V,, to a given load resistor, R L. 

It is necessary that the peak current, I,, of the 
NRE be larger than the load current, 11. , when the 
switch is ON. This may be easily accomplished by 
making / ,, the applied bias current slightly greater 
than I L· A 5 or 10-percent margin is normally ade
quate: 

- Vi 
I , = h (1 + k) = ~ (1 + k) (5) 

where k represents the desired fractional margin. 
For a bistable load line, the value of R,,, the mag

nitude of negative resistance developed by the NRE 
must be smaller than R ,.. To reduce the trigger cur
rent required to turn the switch ON, R,. must be as 
large as practical and yet still be less than R1• • For 
the same relative stability as before, V,. should be 
made 5 or 10 percent lower than V,. This demands 
that R. be made 10 to 20 percent lower than RL: 

Rn = RL (l - k') ~ R1 (6} 

The next step is to determine the power require
ments of the resistor R1 : 

P, = I, 2R1 (7) 

where P, is the actual power dissipation in R, when 
the switch is in the OFF state. Should the switch 
remain ON most of the time and the duration of the 
OFF time be relatively short, it may be possible to 
use a resistor with a smaller power rating than that 
suggested by Eq. 7. If the switch is to remain OFF 

for rather long periods, the power rating should be 
somewhat higher than indicated by Eq. 7. 

The NRE used must be rated for a voltage equal to 
V, or higher. In addition, it mu st be able to with
stand the required value of / 1• 

The required trigger current, ! ,, to turn the switch 
ON or OFF may now be calculated: 

h ON = t;J P = - :~ - 11 (8) 

I , OPP~ - (!, - IL) (9) 

Thus, a positive current will turn the switch ON 

electronics • July 12, 1963 

if its value exceeds that indicated by Eq. 8, and a 
negative current will turn it OFF if its value exceeds 
that indicated by Eq. 9. Using the recommended 
margins given above, typical trigger currents will be 
5 or 10 percent of the value of 11 • • 

Should it be desirable to compensate for the posi
tive voltage drop when the switch is ON, the compen
sation resistor, R,., may be calculated directly from 
Eq. 3, repeated here for convenience: 

(3) 

TYPICAL EXAMPLES-Suppose it is desired to 
design a switch that may be used to connect a power 
supply of -11 volts to a 1,200-ohm load resistor. The 
normal load current under the ON condition will be 
9.2 ma. The required value of the bias current may 
be computed from Eq. 5: 

Ii = I L (1 + k ) = 9.2 X 10-3 (1 + O. l) = 10.1 ma (10) 

Here a margin of 10 percent has been used. A bias 
current of 10 ma will be assumed. 

Next, it is necessary to calculate the required value 
of R ,,. This may be done by using Eq. 6 and assum
ing the margin k' to be 15 percent: 

Rn = R1, (1 - k') = 1,200 (1 - 0.1 5) = 1,020 ohms (11) 

An NRE with a negative resistance of 1,000 ohms 
may be used. The SC5140 may be used with an ex
ternal R, connected between terminals 1 and 2, or an 
SC5141 may be used alone. 

It is necessary to check that power ratings are not 
exceeded. Equation 7 gives a requirement of 0.1 watt, 
which is well within the rating of the SC5141. 

Equations 8 and 9 yield the required trigger cur
rent level. Thus, a value of I , of +1 ma will turn 
the switch ON and a value of I" of -0.8 ma will turn 
it OFF. 

For a second example, assume that it is required 
to switch a -28-volt power supply to a load resist
ance that varies from 1,000 to 3,000 ohms. The load 
current, therefore, varies from 28 to 9.3 ma. 

When the load current varies, it is necessary to 
design for the maximum value of its range. There
fore, the design will be based on the limiting case 
where R,. is 1,000 ohms. 

Equation 5 will indicate a required bias current, 
I,, of 30 ma using a margin of about 7 percent. From 
Eq. 6 is determined a value of R,. of 820 ohms using 
a margin of about 18 percent. 

Power in R, will be 0.74 watt, so a 1 or 2-watt 
resistor must be used between pins 1 and 2 on an 
SC5140 NRE. 

The trigger current required to turn the switch 
ON will be about +3.4 ma. Because the load resist
ance varies, the trigger current required to turn the 
switch OFF also varies. As RL is changed from 1,000 
ohms to 3,000 ohms, 1,m,F varies from -2 ma to 
-2.7 ma. 

The examples indicated are only representative of 
the many possible applications of the Negative Re
sistance Element family. The circuits shown are pri
marily for NRE types designed primarily for use 
with negative voltage supplies. Types are also avail
able which will allow the use of positive voltage 
supplies. 
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R. C. TAYLOR 
Antenna L aboratory, 
Dept. or E lectr ical Engineering, 
The Ohio State University, 
Columbus , Ohio 

4-l 

J: ""TRANSMISSION LINE 
I 

0'-----'---'--'--'-----
2 3 4 

. PROBE POSITION 

(A) (Bl 

TYPICAL four-prob e refiectometer feeding a differ ential amplifier (A) 
and probe 7Jositions on a standing wave ( B )-Fig. 1 

Measuring Missile Antenna 
Antenna vswr and phase information are easy to obtain in the laboratory 

where an abundance of test equipment is available. However, getting 

this data from a missile in flight presents some obvious problems. 

This instrument makes it possible even during reentry 

VHF refiectometer represents one configuration of the instrument--Fig. 2 

MEASUREMENT of missile an
tenna impedance during flight re
quires the use of a light-weight, 
compact, automatic system with a 
fast response time. Response time 
is particularly important during 
vehicle reentry where available 
measurement time is only a few 
seconds, and it is des irable to ob
tain the variations in impedance of 
of the antenna during this ex
tremely short time interval. Con
ventional laboratory techniqu es 
using slotted lines and bridges 
usually require an operator and 
bulky equipment that has s low 
overall response time. Many sys
tems have been developed for mi s
sile applications that will measure 
the vswr of an a ntenna; but to 
measure impedaHce, which is a 
more useful quantity, phase infor
mation is required. 

DESIGN-The design of the in
strument is based on a meth od' 
where probes are spaced one-eighth 
of a wavelength apart along a 
transmission line. The pro·bes are 
capacitance coupled to the trans
mission line, and each in turn is 
connected to a crystal rectifier as 
shown in Fig. lA. The output volt
ages from the crystal rectifiers are 
then fed to two differential ampli-
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Impedance In Flight 
fiers. The circuit for probes 2 and 
4 in Fig. IA is identical to that 
shown for probes 1 and 3. A typical 
s tanding-wave pattern with an 
arbitrary location of the four 
probes is shown in Fig. IB. 

A photograph of the 4-probe 
network designed to operate at a 
frequency of 237 Mc is shown in 
Fig. 2. The transmission line is 
fabricated using strip-line tech
niques to reduce physical size and 
facilita te coupling the probes to 
the transmission line. The block 
containing the four probes and 
crystals is constructed so that the 
unit can be easily removed and at
tached to another strip line de
signed to operate at a different fre
quency. 

The 4-probe network using the 
strip-line transmission line can be 
designed to operate over approxi
mately the same range of fre
quencies as coaxial cable. 

Previous difficulties with the 4-
probe technique have been princi
pally those of obtaining identical 
crystals, disturbance of the stand
ing wave by the probes, and the 
lack of a constant-power signal 
source. By using balancing po-

tentiometers and variable-gain 
differential amplifiers, the require
ment of identical crystals has been 
eliminated except for the square
law response. In addition, the 
probe coupling to the transmission 
line is adjustable by thin Teflon 
washers, thus further reducing the 
requirement for identical crystals. 
Differential amplifiers allow the 
probes to be more loosely coupled 
to the transmission line for a given 
s ignal-to-noise ratio, resulting in 
reduced disturbance of the stand
ing wave. Due to the development 
of stabilized signal sources, the 
requirement for constant-power 
oscillators has been fulfilled, 
especially if an isolator is used on 
the oscillator output. Calibration 
measurements of the instrument 
have shown a total system error 
of less than 5 percent. 

Calibration of the instrument 
can be accomplished by placing a 
sliding short on the r-f output ter
minals and adjusting until a maxi
mum occurs on one channel; the 
balancing potentiometer on the 
other channel is then adjusted for 
zero output. The process is then 
repeated for the case of a maxi-

HIGH-FLYING MEASUREMENTS 

Measuring the characteristics of a missile antenna in flight poses 
several problems. Not the least of th ese is measuring phase data 
in very short time periods such as missile re-entry. To accomplish 
this, the authors have developed a system that has very fast re
sponse time. Moreover, the basic device can be applied to a 
number of configurations in the vhf range 
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mum on the other channel. The 
gain of the differential amplifiers 
is then adjusted so that the maxi
mum voltages on the two channels 
are the same and equal to 2.5 volts 
if standard telemetry outputs are 
required. 

The 4-probe network shown in 
Fig. 2 has been subjected to the 
following environmental conditions 
and found to perform satisfac
torily: shock test, 20 g; vibration, 
15 g; temperature, 200 F; and alti
tude to 1 mm of pressure. 

APPLICATION-Although the 4-
probe instrument was developed 
for a particular missile application, 
the instrument can be used in vari
ous laboratory experiments. The 4-
probe method has been satisfac
torily used at 3.2 Ge in coaxial 
cable, and at 10 Ge in waveguide. 
One waveguide system incorporates 
a standard slotted guide so that the 
positions of the probes may be 
easily adjusted to operate over the 
frequency range of the waveguide. 
Other possible applications include 
error-sensing systems for high
speed impedance matching, and 
automatic high-speed impedance 
plotting in shock-tube or pattern 
range measurements. This work 
was sponsored in part by the Propa
gation Division of The Aeronautical 
Systems Division, Air Force Sys
tems Command, United States Air 
Force, under Contract No. AF33-
( 657) -10426. 

REFERENCES 
(1) A . L. Samuel, An Oscilloscope 

Method of Presenting Impedance on the 
Reflection Coeffi c ie nt Plane, Proc IRE., 
35, No 11, p 1279-1283, Nov. 1947. 
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New Approach to Weather Data: 

Data now being gathered by radiosonde balloons and rockets can be supple

rnented with data gathered by pods rnounted on aircraft. Improved weather 

forecasting rnay result, particularly on the west coast where data over the Pa

cific Ocean is scanty 

By H. R. FARRAH and P. E . SHERR, Be nd ix Systems Div., Ann Arbor, Michigan 

WEATHER RESEARCH and pre
diction has historically been ham
pered by a lack of reliable, up to 
the minute data-especially data 
about the upper atmosphere. To 
repair the lack, scientists started 
taking instruments aloft in balloons 
in about 1885. At the turn of the 
century, giant kites with instru
ments aboard were flown as high as 

3 kilometers, controlled by piano 
wire and machine driven winches. 

Even today, with balloon borne 
radiosondes and Tiros satellites, 
more weather data is wanted by the 
forecasters. The west coast par
ticularly, whose weather is made 
far out over the Pacific ocean, would 
benefit by a more efficient reporting 
system. 
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HOW'S THE WEATHER UP THERE? 

The idea of gathering weather data by flying around in an air
plane and measuring the items of interest is not new. Usually the 
sensors were poked through the airplane's skin, powered by the 
plane's electrical system, and the data recorded in the plane. 

But why not build a self-contained, self-powered pod that can 
be attached to small airplanes and will telemeter data back to 
the ground? The authors did it. Now the U. S. Weather Bureau 
is going to attach it to drones and send it into cyclones in Kansas 

STATIC PRESSURE PROBE 

PRESSURE 
Sl!NSOR 

TEMP 
SEN SOR 

OP 
SENSOR 

MATCHING 
NETWORK 

COMMUTATOR 
TRANSMITTER 

MODIFIED 
AMT-4 

A NT. 

BESIDES sensors shown here, pod could be adapted to measure ozone 
content and other variables-Fig. 1 

What could become a help-and 
has already aroused Federal Avia
tion Agency and U.S. Weather Bu
reau interest-is a new meteorolog
ical pod that can easily be attached 
to subsonic aircraft. Small, light
weight, the meteorological pod has 
been successfully flown and has 
transmitted useful data over a 
1,680 Mc telemetry link to conven
tional ground meteorological devices 
(GMD). 

The M-9 meteorological pod, 
shown mounted on a Na vi on in one 
of the photographs and disassem
bled in the other, is a self-contained 
system designed as an easily 
mounted external store for drones 
and light aircraft. Two hours of 
operation is provided by the in
tegral battery power supply, which 
is rechargeable. 

Measurement of the basic atmos
pheric parameters of static pres
sure, total temperature and ambient 
dewpoint are obtained from the pod 
as shown in Fig. 1; the sensor com
plement could be expanded to meas
ure variable atmospheric properties 
of less common interest such as 
ozone content and microwave index 
of refraction gradients. 

Static pressure is measured at 
ports located on the probe extend
ing forward from the nose cone of 
t he pod. The ports are connected to 
a Giannini Model 451212 high reso
lution aneroid pressure transducer. 
A Rosemount Engineering Corpo
ration Model 101 total temperature 
probe extending well beyond the pod 
boundary layer is used as a housing 
for a Bendix thermistor to detect 
the air temperature. 

Dewpoint measurement is made 
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Every Plane a Station 

with a mirror hygrometer. 
All three sensors provide a vari

able resistance output proportional 
to the meteorological variable meas
ured. These resistances are used on 
a time-shared basis to control the 
repetition frequency of 50-micro
second pulses carried on the 1,680-
Mc data link; time-sharing is 
accomplished by a motor driven 
commutator. Transmitter circuits 
are identical with AN/ AMT-4 ra
diosonde transmitter normally used 
with the GMD ground equipment. 

Except for the dewpoint sensor, 
the system is of conventional de
sign. 

DEWPOINT SENSOR - A block 
diagram representation of the dew
point sensor appears in Fig. 2. The 
hygrometer operating technique is 
to control the temperature of a 
metallic mirror surface such that a 
thin film of dew or frost is main
tained on this surface with approxi
mately constant thickness. At the 
equilibrium condition of unchang
ing thickness, the saturated water 
vapor pressure over the mirror film 
is equal to the partial pressure of 
water vapor in the air sample flow
ing through the sensor. The mirror 
surface temperature is then the 
dewpoint of the air sample. 

A photoelectric system, compen
sation network, chopper, pulse am
plifier, demodulator and bistable 
power stage are used for controlling 
the mirror temperature to provide 
a constant reflectance of film thick
ness. 

An ultra-small bead thermistor 
mounted directly below the mirror 
surface converts the mirror tem
perature (dewpoint ) to a resistance 
analog output signal. A copper
constantan thermocouple is also sol
dered in the mirror rod adjacent to 
the bead thermistor to calibrate the 
thermistor. 

SERVO- The control method is a 
bang-bang servo, where the output 
temperature control has only two 
stable states, either full on or full 
off. 

Figure 3 is a schematic diagram 
of the electronic part of the instru-
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WEATHER DATA t elemetry pod mounts to wings of subsonic aircraft. 
Maneuverability of aircraft, including drones, provides a fle xible way to 
obtain weather profiles at altitudes UJJ to 40,000 feet 
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WHEN MIRROR surface temperature is at the dew voint, the thickness 
of the water or frost film on the mirror will stay constant. The servo cir
cuit error signal is developed from the light reflected from the mirror to 
hold film thickness constant-Fig. 2 

ment. The photocell assembly is 
driven by a regulated d-c voltage 
supplied by D ,. The photocells are 
two arms in a bridge, with the other 
arms of the bridge consisting of 
R,, R,, and R,. Bridge balance is 
accomplished by varying R,. In 
practice the output of the bridge 

shows little sensitivity to tempera
ture variations since temperature 
matched cadmium sulfide cells are 
used. Analysis'·' reveals that a lead 
network of the form 

(O 25 S + 1) (0 05 S + 1) 
(0 . 01 S + l) (O 005 S + l) 

(1) 

is needed to insure adequate re-
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sponse with a small limit cycle. 
Because of drift, it is advan

tageous to chop the d-c signal from 
the photocells so that an a-c ampli
fier can be used. The compensation 
can be introduced in three possible 
places: d-c compensation can be 
used either before the signal is 
chopped, or after the signal is de
modulated ; an a-c carrier type lead 
network can also be employed. How
ever, the a-c lead technique would 
require a drift-free oscillator if an 
RLC network were used, or would 
introduce severe noise problems if 
a synchronous carrier were em
ployed. It was decided to put the 
lead network prior to chopping the 
d-c signal for two reasons: 

• If saturation occurs in the a-c 
amplifier, it is desirable to employ 
lead compensation before the satu
ration component 

• If a lead network is used after 
demodulation, then a highly filtered 
demodulator must be employed to 
filter out the carrier noise. 

If a passive lead network is used, 
a severe d-c attenuation would re
sult that would lower the signal-to
noise ratio in the chopper because 

of temperature drift. If an active 
d-c lead network is used with d-c 
gain, then drift problems would be 
encountered. 

The compensation scheme finally 
used is shown in block diagram 
form in Fig. 4. High frequency 
gain is provided by the a-c coupled 
amplifier, while a straight through 
d-c path is provided for by resistor 
R io. 

FEEDBACK - One complication 
arose in that the a-c coupled ampli
fier must have positive gain, which 
means that R, ., forms a positive 
feedback path. Care must be taken 
in the final design to insure against 
instability. It is desirable to keep 
the positive feedback low not only 
for stability, but also to reduce the 
effect of chopper noise. The final 
design of the compensation network, 
shown in the schematic, Fig. 3, a p
proximates the theoretical compen
sation required in Eq. 1. Minor 
changes were also made in the form 
of the lead compensation after the 
unit was operating. These opti
mized changes are also reflected in 
the schematic. 

The chopper and pulse amplifier 
are of fairly standard design. A 
free-running multivibrator supplies 
square wave excitation for the 
chopper and demodulator at a fre
quency of approximately 5,000 cps. 

The demodulator supplies a train 
of positive or negative spikes, de
pending on the phase of the signal 
at the output of the pulse amplifier. 
If the output at F is in phase with 
F ,, C" can di scharge rapidly through 
D,., but must charge slowly through 
R~, . The result is a train of negative 
pulses that will be passed by D,,. 
When the signal at F changes 
phase, it will be in phase with F ,. 
Capacitor C, can then charge rap
idly through D,, but must dis
charge slowly through R,,. This will 
give rise to a train of positive 
pulses, which will be passed by D.,; 
D ... and D. serve the function of 
only passing negative and positive 
spikes respectively. The train of 
negative and positive spikes are 
added in R,. and applied to the 
input of the power stage. Because 
of the logic circuits involved, a 
positive and negative train of pulses 
cannot occur at the same time. 
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POD is 6H inches long, weights 16 ~ lb, will measure pressure, temperature and dew point for two hour periods with 
power from its own batteries 

OUTPUT-The power stage is a 
complementary flip-flop . Transistor 
Q. directly drives Q0, a power tran
s istor. Positive feedback is provided 
from the heater (the load for Q.) 
through R,. to the base of Q., with 
Cw used for speedup. Circuit values 
are chosen so the pos itive train of 
pulses turns Q. and Q. on while 
negative pulses turn the stages off. 
Since Q. is operated in the pulse 
mode, on ly a small amount of power 
is dissipated in Q., thereby obviat
ing t he need for large cooling fin s . 

In operation, R , is adjusted for 
proper frost thickness on the mirror 

surface. Since a bang-bang system 
is employed, the mirror temperature 
oscillates about the correct value, 
with a maximum excursion less 
than 0.5 C, increasing to 1.5 C at 
-80 c. 

Oscillation frequency is about 4 
cps, changing slightly with dew
point and air sample velocity. Re
sponse of the sensor is good, espe
cia lly at dewpoints above - 40 C. 
A typical example of the transient 
response of the sensor is shown in 
Fig. 5. The response to a 10 C step 
change is less than 2 seconds, with 
a 1 second response to the peak. 
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COMPENSATION circuit for dew point servo combines a-c and d-c sig
nals-Fig. 4 
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TRANSIENT r esponse of dew point bang-bang savo-Fig. 5 
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The latest dewpoint sensor de
signs use thermoelectric mirror 
temperature control and more con
ventional servo design. The model 
presented in this article was chosen 
as the topic of discussion because it 
incorporates some unusual circuit 
features while embodying all of the 
general dewpoint sensor character
istics, and because it was the first 
dewpoint sensor installed in the M-9 
meteorological pod. Future versions 
of this pod will contain the more 
advanced sensor. Instead of a bang
bang circuit, the new model uses a 
proportional servo, containing a ll 
d-c transistor circuits.3 The drift
free amplifier in the new model has 
been detailed elsewhere.' In all 
other respects, the theory of opera
tion of the sensor is the same in the 
two models and the performance is 
comparable. Operating times of 
greater than 2 hours are possible 
with the new sensor. 

The data gathering system is ca
pable of obtaining high perform
ance meteorological data from sub
sonic aircraft at altitudes up to 
40,000 feet. 

The authors acknowledge help 
from the Aerial Reconnaissance 
Laboratory of W ADC and the Me
teorological Development Labora
tory of AFCRL for sponsoring work 
leading to the development of the 
dewpoint sensors. 
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MONOSTABLE CIRCUIT using a tunnel diode (A), with analysis of switching (B) and output waveform (C)-Fig. 1 

Tunnel Resistor-New Device 

Pulse amplifier gain and speed can be in

creased with this new tunneling device. A 

typical pulse amplifier is described 

By M. COOPERMAN and R. H. BERGMAN 
EDP Advanced Development 

Engineering, 
Hadio Corporation o[ America, 
Camden. New Jersey 

MICROWAVE LOGIC? 

Tunnel resistor biasing has permitted logic functions 
to be performed in a 40-gate subsystem at 300 Mc 
shift and count rates. The authors say that with im
proved fabrication techniques, it should be possible 
to increase the speed of a tunnel-resistor monostable 
stage to l Ge 
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T UNNE L RESISTORS are new tunneling devices 
that permit circuit design for better use of tunnel
diodes. Specifically, they allow tunnel-diode pulse 
amplifiers to operate with increased gain, speed, toler
ances and reduced power diss.ipaition. 

A tunnel diode, operating in a monostable mode, 
provides a practical way of getting pulse amplifica
tion. A simple monostable circuit, Fig. lA, is ana
lyzed graphically in Fig. lB. Resistor R and V,. form 
the biasing characteristic that interseets the tunnel
diode characteristic at point 1 of Fig. lB. To sim
plify t he analysis, assume that inductance L of Fig. 
lA is relatively large, so thait there is negligible 
change of current in R as the diode switches from 
point 1 to point 3. Under these conditions, when a 
current step input is applied to node 1 of Fig. lA, it 
all goes into the tunnel diode. When the total current 
into the tunnel diode exceeds the tunnel-diode peak 
current, the operating point switches to point 3 along 
the trajectory indicated by the dotted lines in Fig. 
lB. The trajectory is a plot of the total current avail
able to the diode versus the voltage across the diode. 
Thus, during the time that the diode is switching 
from point 1 to point 3, a current of!,., + I,, is avail
able, resulting in a constant-current dynamic load 
line of this magniitude. 

Switching speed from point 1 to point 3 depends 
on how quickly diode capacitance C can be charged to 
the new voltage. In general, the instantaneous rate 
of change in voltage across a capacitor C may be 
expressed as 

(1) 
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LOGIC SUBSYSTEM built with tunnel resistor biased 
circuit 

to Speed up Tunnel Diodes 

where v is capacitor voltage i , is the charging cur
rent, and t is time. In this case, i , is the difference 
between the total available current, / ,. + !, " and the 
current i ,, . The 'instantaneous charging current, i,, 
is shown graphically in Fig. lB as the distance KL. 
Thus, for a given diode, the longer the distance KL, 
the faster the switching. 

If the input is removed immediately after the di
ode reaches point 3, the operating point of the tunnel 
diode moves to point 4. This is not a sitable state, 
however, and the current in L decays causing the dy
namic operating poiint to proceed toward point 5. 

The speed of moving from point 4 to point 5 de
pends upon how quickly the current in the inductance 
can change. In general, the instantaneous rate of 
change of current in an inductance, L, may be ex
pressed as 

VL 

L 
(2) 

where i L is the current in the inductance, vL is the 
voltage across the inductance, and t is time. In this 
case, v,, is the difference between the bias.ing net
work voltage, v,, and the tunnel-diode voltage v,, 
(Fig. lA ). Voltage v,, is shown graphically in Fig. 
lB as the d1istance PM. Thus, for a given inductance, 
the longer the distance PM, the fas ter the dynamic 
operating point moves (r elaxes) from point 4 to 5. 

When point 5 is reached, the current in L con
tinues to decrease since v,, is not zero. This action 
takes the diode once again into the negative-resist
ance region, causing it to switch to point 6 by a 
mechanism similar to that which caused it to switch 
from points 1 to 3. 
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MONOSTABLE ST AGE using tunnel resistor-Fig. 9 

Point 6 is still not stable s1ince v,, is not zero. Note, 
however, that vL has changed sign, which causes the 
current in L to increase until point 1 is reached. Here 
again, for a given inductance, the longer the distance 
QN, the factor the operating point moves (relaxes) 
from point 6 to point 1. Point 1, the initial operating 
point, is stable since both v,. and i 0 are zero. The 
voltage, V .,, obtained from the switching trajectory, 
is shown as a function of time in Fig. lC. The wave
form of the complete cycle is subdivided into time 
intervals as indicated. The delay, rise t 1ime and fall 
time are functions of ic!C in their respective regions. 
The pulse width and recovery time are functions of 
L/vr_ , in their respective regions. Thus, the mono
stable circuit provides a reshaped voltage pulse and 
can supply an output current approximately equal to 
I " (Fig. lB ) which is several times the magnitude 
of / ,,,, and current amplification is obtained. 

SAVING TIME- For high-speed operation, it 
is necessary to reduce the total cycle time to a mini
mum. Mos t of this time is composed of the pulse 
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COMPARISON between tunnel resistor and linear bias
ing-Fig. 4 

width and the reoovery pe:niod, which decrease as 
the inductance is decreased. When repetition rates of 
hundreds of megacycles are desired, the inductance 
has to be made so small (about 5 nanohenries) that 
it becomes ineffective in blocking the inpurt current 
from flowing into the biasing network while the 
tunnel diode is switching over the pe,ak. Thus, a 
larger input current is required, but that reduces 
current amplifiootion and usefulness of the circuit. 

An ideal answer to this problem is the tunnel 
resiistor. The tunnel res,istor is formed by plating a 
resistive path across a tunnel-diode junction. The 
two are then mounted in one glass package to form 
one device. The process of plating and mounting in 
one package is used in order to keep the sitray reactive 
elements to a minimum, otherwise, the tunnel diode 
may oscillate, thereby preventing the two elements 
from acting as one dev<ice. The characterisitic of a 
tunnel resistor and the elements from which it is 
formed are shown in Fig. 2. 

OUTPUT WAVEFORM of tunnel resistor pulse ampli
fier-Fig. 5 
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MONOSTABLE STAGE-In a monostable circuit 
employing a tunnel resistor, Fig. 3, the tunnel resis
tor merely replaces the res.istor of Fig. lA. The bias
ing characteristic formed by the tunnel resistor and 
the supply voltage is shown superimposed on the tun
nel-diode charaderistic Fig. 4. For comparison, the 
linear resistor biasing cha,racteristic is also shown. 

Assuming L to be so small that it has a negligible 
effect in delaying the flow of current, then the char
acteristics must be raised above the peak of the tun
nel diode in order for switching to take place. It 
can be seen that the tunnel resistor provides a de
sirable biasing characteristic as it is relatively flat 
when the tunnel diiode switches over the peak ; it 
then drops sharply to permit monostable operation. 
Therefore, the input current (!,,,,) required for 
switching is considerably less than the input current 
(! ,,,,) in the linear resistor case. Output waveform 
is shown in Fig. 5. 

ADVANTAGES-Tunnel resistor biasing elimi
nates the need for any inductance as far as switch
ing over the peak is concerned. However, some in
ductance (about 5 nanohendes) is needed to slow the 
current decay in the tunnel resistor so that an output 
current can be supplied to a load. If linear biasing 
were used this amount of inductance would still 
cause a r~latively Jong recovery time. Here again, 
the tunnel resistor offers an advantage. In accord
ance with Eq. 2, the recovery time decreases as r , is 
increased. It can be seen that, in the recovery region, 
v,. is larger with Eq. 2, the recovery time decreases 
as v, is larger with tunnel resistor biasing, thus 
resulting in faster recovery for a given inductance. 

The tunnel resistor also offers a tolerance advan
tage which is due to the flat region of its biasing 
characteristic. For a given tunnel resistor, the bias
ing voltage may be varied by approximately ::::: 20 
percent with neglig.ible effect on the current bias 
point. 

All these features are obtained with relatively low 
power diss,ipation. In this case, the power dissipa
tion is about 5 milliwatts. In general, however , the 
disS1ipation is ddrectly proportional to the tunnel
diode peak current. Consequently, by lowering the 
peak current, the dissipation per stage can be re
duced. Power dissipation in the order of microwatts 
can be realized. 

The tunnel resistor monostable stage can be use
ful in many applic:itions where high speed is re
quired. An immediate application of this stage is 
found in logic circuits for high-speed digital com
puters. Using this stage for high-speed amplifica
tion with low power dissipation, a logic subsystem, 
capable of shifting and counting at 300 Mc, was 
constructed. 

The tunnel resistor was proposed by H. Ur, of this 
activity, and developed in collaboration with J. T. 
Wallmark, C. W. Benyon and L. Varettoni, of the 
RCA Laboratories, Princeton, New Jersey. The 
authors wish to express their gratitude to other 
colleagues a.t Pennsauken, Somerville and Princeton, 
for their supporit and cooperation. Particular thanks 
are due R. K. Lockhart and J. N. Marshall for their 
guidance and support. 
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MEASURING a 

FROM 

In determinations of acceleration factors for metal 
and carbon film resistors for the high reliability 
MINUTEMAN Program, Electra Manufacturing 
Company uses an Automatic Resistor Data Logging 
System designed and built by Electro Instruments. 

This system, in conjunction with other test equip
ment, has accumulated over 60 million resistor hours 
<>f data in the last 18 months. Without this accele
rated testing system, 7 ~ years of test time would 
have been required! Most important, the EI system 
gives Electra the confidence that their products meet 
stringent government specifications. 

As in this EI system created for Electra, EI all 
$Olid state Digital Multimeters are the basis for 
better measuring at greater speed, higher reliability, 
significant cost savings and a much lower investment. 

Whether your interest lies in spacecraft, electronic 
components or industrial processes, we can demon
strate to you the advantages of EI digital instru
ments in measuring DC volts, AC volts, DC ratios, 
resistance, capacitance, inductance and impedance. 
Let EI all solid state Digital Multimeters or Com
plete Systems provide swift, accurate, low cost solu
tions to your measurement and display problems! 

For full details on El's individual digital instruments, or 
tJUr complete capabilities in the field of measurement, dis
play and recording-write direct to Electro Instruments, Inc. 

Technician at Electra Manufacturing Company inserts test 
resistors in the Automatic Resistor Data Logging System 
designed and built by Electro Instruments. Over 60 million 
resistor hours of data were accumulated in 18 months. 

[3 
D 
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Electro Instruments. Inc. 
8611 Balboa Avenue, San Diego 12, California 
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RESEARCH AND DEVELOPMENT 

Avalanche Transistors Test 10-Nsec Logic 

Three avalanche 
transistors eliminate 
delay-line circuit 

By ROGER CHARBONNIER, 
Rochar Electronique, 
Montrouge, Seine, France 

PARIS-Three avalanche tran
s istors, driven by a single saw
tooth signal, eliminate cumbersome 
delay lines in a pulse generator de
veloped to test response of 10-nano
second decade counters to compact 
groups of two or three pulses. 

The generator delivers to a com
mon output recurrent groups of 
two or three pulses of a few nano
seconds' duration at an individually 
adjusted delay, following an in
ternally generated synchronizing 
pulse. Recurrence frequency is not 
important. 

Of a number of transistors tested 
in development, type 2N706A 
proved most successful for the 
avalanche pulsers. This silicon 
transistor delivered pulses of 8 to 

-12 

+12 +12 

SYNC OUT IK 

l 

0 1 TO 07 '2N964 

0 8 TO 0 10 • 2N706A 

-12 -18 -6 

+12 

BREADBOARD MODEL of pulse 
gc11erator that delivers recurrent 
g1·oups of two or three p11/ses to 
co11Z111on output-Fig. 1 

10 volts peak amplitude into a 75. 
ohm termination, with risetime be
low 1 nanosecond. 

The three independent avalanche 
pulse rs (see Fig. 1, 2) are driven 
by a sawtooth signal through ad
justable bias networks. Trans istors 
Q, and Q, form an emitter-coupled 
free-running multivibrator. Sync 
output from the collector of Q, uses 
a decoupling diode. Transistor Q, 
operates as a sawtooth generator, 
with a 47-pf integrating capacitor; 
it drives the emitter follower Q,. 

Three individually biased ampli-

-12 -6 +128 

m 
OUT 

-12 

PULSE GENERATOR schematic circuit shows pulse processing-Fig. 2 
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fiers Qr., Q. and Q, provide for de
lay adjustment. Each drives one 
silicon transistor ( Q., Q,,, Q,0 ) work
ing in avalanche mode. Three 100-
ohm resistors connect the three 
transistors to a single output. 

H-V SUPPLY-The high-voltage 
supply uses a 120-v d-c generator 
and 120-K resistor. The high volt
age value is critical and must be 
adjusted to ±10 percent. That 
means the series resistors in the 
high-voltage circuit must be vari-

(.} 

GROUP OF THREE pulses, dis
played at 5 nanoseconds/division, 
illustrate generator output-Fig. 3 

able, or the transistors suitably 
selected. 

While no long-run test has been 
made to determine the life ex
pectancy of the avalanche tran
sistor, performance to date has 
been stable. Figure 3 shows a 
typical group of three pulses dis
played at a sweep velocity of 5 
nanoseconds per unit length. 

Author acknowledges the help 
of Gerard Dao in developing the 
breadboard circuit. 

Physicist Says Baryon, 
Lepton 2 Basic Particles 

THE BARYON and the lepton are the 
only two basic elementary particles 
and 30 other so-called "particles" 
are merely different states of these 
two, asserts Victor F. Weiss-
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"A-OK" 
FOR PPM-FOCUSING of TWT's 
ALNICO VIII from ARNOLD 

• • • 

For periodic permanent magnet 
focusing of traveling wave tubes, 
Arnold offers you Alnico VIII 
rings in the finishes you require, 
as illustrated above, and in sizes 
as small as Yi" diameter or less, 
weighing a fraction of an ounce. 

They're characterized by highly 
uniform magnetic properties from 
front to back and from piece to 
piece. You're assured of more 
constant flux density and more 
uniform field patterns from end 
to end of the stack required to 
accomplish the needs of your 
structure. 

Use Arnold Alnico VIII for its 
high coercive force (in excess of 
1400 oersteds if required), for rela
tively high energy product, and 
for lowest temperature coefficient 

(you can eliminate temperature
compensating elements and hold down 
TWT size). It's available from 
Arnold in production quantities, 
and in various shapes and sizes to 
meet your requirements. 

Also use Alnico VIII for other 
microwave applications, such as 
tubular-type straight field focus
ing magnets, and in backward 
wave oscillators, etc. In addition, 
Alnico VIII is your logical choice 
where length is a premium, or 
where strong demagnetizing fields 
are encountered-such as in two
pole rotors, motors, generators, 
and torque transmission through 
an air gap. 
• Let us help you engineer it to 
your needs. For more information, 
ask for Bulletin PM-119. .,,..," 

A DDRESS DEPT. E-7 

$~~1~GQ~.!?. 
THE ARNOLD ENGI NEERING COMPANY, Main Office1 MARENGO, ILL. 

BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL CITIES 
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kopf, MIT physics professor and 
director-general of CERN. 

Writing in "Physics Today", Dr. 
Weisskopf says: "I contend that the 
view that there is a large number 
of particles is based on a misunder
standing which is arrived at be
cause of three practices: each anti
particle of a given particle has been 
called a new particle; each excited 
state of a particle has been called 
a new particle; entities such as the 
light quantum have been called 
particles, a point which is perhaps 
a matter of taste." 

The leptons are a class of elemen
tary particles that have a spin of 
one-half, and mass less than that 
of the nucleons. Leptons include 
electrons, positrons, neutrinos and 
antineutrinos. Baryons are com
monly defined as those elementary 
particles whose mass lies in the in
terval from the nuleonic mass up 
to but not including the deuteron 
mass. Baryons include protons and 
neutrons. 

Color Vision May Be 
A Waveguide Phenomenon 

NEUROLOGICAL CODE that is used by 
animals and humans in identifying 
colors is close to solution, accord
ing to scientists at Goodyear Aero
space Corporation in Akron, Ohio. 

Results of this work may in
fluence control of color in color 
printing, color television and color 
photography, said A. J . Cacippo, 
head of Goodyear's Life Sciences 
department. 

He explained that the retina of 
the vertebrate eye contains millions 
of microscopic light receptors. the 
rods and cones, which receive light 
as electromagnetic energy and 
translate it into intensity and color 
information. The color sorting may 
be accomplished by a kind of wave
guide effect involving all the cones. 
Previous classical theory postulated 
three different kinds of cones, each 
sensitive to only one primary color. 

In the research study, scientists 
recorded the electrical signals from 
the retinae of laboratory animals 
exposed to different colored lights. 
Results indicate that the color in
formation is carried by the wave
form of the response signal. A 
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WA VE FORM carrying color inf or
mation from retina of test animal 
to its brain is intercepted and an
alyzed on oscilloscove 

special networll: of nerve cells then 
recognizes each basic waveshape as 
a specific color. 

The work is supported by the de
velopment of an analog-computer 
model of the dynamics of the ver
tebrate color identification process. 

Undersea Weather Forecast 
By Number Studied 
UNDERSEA WEATHER forecasting is 
the subject of Navy-sponsored re
search program initiated at Lock
heed-California in Burbank, Cali
fornia, under a $49,000 contract. 

Series of mathematical equations, 
to be developed from existing 
oceanographic data and theory, will 
provide numerical models for com
puter use, to analyze and forecast 
sea temperature, sound velocity, 
and currents, analogous to auto
matic numerical weather forecast
ing methods. 

The models would be applied to 
various ocean zones to permit rapid 
automatic area and depth analysis 
of existing and future data using 
computers. 

The resulting knowledge of short
term variations in undersea condi
tions is essential to the accurate de
tection and tracking with sound of 
objects such as submarines, and 
could be also used for avoiding 
enemy sonar signals. 
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Sales Engineer, North Atlantic Industries 

how to match a PAV 
to tough GSE specs 

From its all solid state circuitry to its MIL·type hermetically sealed meter and plug·in

amplifiers, every design feature of the Model VM ·235 Phase Angle Voltmeter has 

been selected for rigorous service in Aerospace Ground Equipment. 

Your North Atlantic man can quickly demonstrate how this rugged , miniaturized 

version of North Atlantic's famous PAV provides direct, acwrate reading of phase 

angle, nulls, total, fundamental, quadrature and in· phase voltages-even under the 

roughest of military field conditions. 

The VM-235's ability to meet tough system specs is demonstrated daily in opera· 

tional and support equipment for USAF and Navy aircraft and missile programs. Its 

capabilities for complex measurements are shown in the abridged specifications 

below: 

Voltage Range ... ..... .... ........... .•..... ....... ....... . l mv to 300 v f.s., 12 ranges 

Voltage Accuracy····· ········ ·· ··· ··-···· --········----··· ···· ··· ··--· ·· ·- ·· ··- -··· ··- -±2% f.s. 
Phase Accuracy .. .... .... .... ..... .... ..... dial: ± 1°; meter: ±3% of F.S. degrees 

Signal Frequency·········· ····· ···· ··-·-- -·---·--· ·-······ ··········· ·· ····· ··· ······· ··400 cps 
Input lmpedance ... .. .. ........ ... .. ... .... ..... ..... .. ... ...... ... .... .. .... .... ... l megohm 

Reference lnput.. .... ............. .... ..... ..... .. .. ..... ....... .... ....... .... .. 26 v or 115 v 

Meter scale .... ... .... ... ... ... ..... ...... .. ... ............. ..... ... ... .. 3-0-3, 10-0-10 linear 

Phase Angle Dial... .... .. .... ..... ......... .................. 2 scales, 90° (elec.) apart 

Nulling Sensitivity ... ... ... ........ .. .. .............. . 2 microvolts (phase sensitive) 

Harmonic Rejection ...... ......... .... .. .. ..... ..... .. ....... .. ... .. ... 55db (with filters) 

Dimensions .... ................ ... ...................... ..... .. .. 8 1/1•" h. x SW' w. x 6'%" d. 
U:::::::;;==:::==:::::::::::::::::::::=:::::=====·~--:-: -;:__::=~s::t:1:zt11Ell&l!c::::lm:::~::r:.:m::11111111111~ 

North Atlantic's field engineering representative in your area has full data on the 
VM·235, as well as modified versions for specific systems requirements. 

For his name, call or write today, or request Bulletin VM -235. 

NORTH ATLANTIC industries, inc. 
TERMINAL DRIVE.! PLAINVIEW, L. I., NEW YORK _• OVerbrook 1-8600 
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COMPONENTS AND MATERIALS 

Will British TWT's Make Further Inroads? 

They now hold healthy 
chunk of traveling wave 
markets. Here's why 

By DEREK BARLOW 
McGraw-Hill World News 

OVER 500 microwave repeater 
stations in North America now use 
British traveling wave tubes. Brit
ish spokesmen say that low costs 
and two technical breakthroughs 
have captured for Britain around 
60 percent of all U.S. and Cana
dian twt requirements on long
haul microwave communication 
links. 

Market is worth over two million 
dollars a year. 

Presently two British firms, 
Mullard Ltd. and M-0 Valve Com
pany, share this market between 
them, supplying around 3,000 
trave ling wave tubes a year to 
North America. 

Directors of both British firms 
pinpoint lower costs and a differ
ent manufacturing philosophy 
than Stateside firms as the initial 
reasons for their success. Follow
ing hard came two technical de
ve lopments-lightweight periodic 
permanent magnet focusing, and 
later directly replaceable tube ele
ments within the magnet stick. 

COST-First British break into 
the market came in 1957 when 
costs of Briti sh twt's were often 
one-fifth or even one-tenth those 
of comparable U.S. twt's. First 
sa le was achieved by M-0 Valve 
for the East Canadian Rimou ski 
link, an order worth $150,000. 

Next big order went in 1960 to 
Mullard for tubes worth $2 mil
lion. This was the installation 
that RCA designed for Western 
Union in the 3,300-mile multi chan
nel transcontinental microwave 
communications link. 

Last year Mullard obtained an 

50 

BRITISH firms send over 3,000 
traveling-wave tubes a year to 
North A merican installations 

order, worth half-a-million dollars 
for the MM600 microwave system 
built for the Canadian Pacific Ca
nadian National Telecommunica
tions System from Montrea l to 
Vancouver. 

Similarly, M-0 Va lve has been 
increasing sales to around 1,500 
twt's a year in the States with ap
plications on the Alaska Dewline, 
the trans-Canadian links, and the 
Maritime-Montreal system. With 
the aim of even bigger sa les, M-0 
Valve recently set up a special 
outlet in Toronto to cover :North 
America. 

M-0 Valve's sales chief, David 
La Frenais, looks for a twenty
fold increase in sales, s pread over 
the next five years. Peter Britton, 
general manager for Mullard 
tubes, pinpoints Britain's s uccess 
to "the extensive research and de
velopment programs that were 
stimulated by Britain's major 
stake in this telecommunications 
field." 

TECHNOLOGY-Tight control of 
production is a must for manufac
ture of twt's on the scale practiced 
by Mullard and M-0 Valve. 

British manufacturers say rea
sonable profit level s are ac hi eved 

by operating close statistical feect
back quality contt·ol systems that 
reduce rejects to negligible quan
tities . The tube comprises an elec
tron gun and a long wire helix 
mounted in an evacuated precision 
bore glass tube around which is 
the magnetic focusing system. 
Tolerances are down to one-hun
dredth of a millimeter. 

Typical of the diagnostic tech
niques used at M-0 Valve are 
fault prevention routines of 100-
percent measu rement on 35 com
ponents and a 100-percent x-ray 
inspection of all gun assemblies. 
Construction techniques for the 
helix are another area where com
pany's method differs from pres
ent U.S. practices, company says. 

Using only simple medium pre
cision machin es, company engi
neers have devised techniques 
that achieve exact tolerances. De
tails a re not disclosed. In spection 
is required only for checking 
winding pitch at the end of the 
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POLARIZING VOLTAGE deter
mines resistance between contacts 
in new solid-state variable resistor 
described by Y. Tanii and J. 
L. Moll of Sta11forcl Unive1·sit11 
(ELECTRONICS, p 24, JHne 21). 
E.1·perimental potentiometer could 
be useful in ada11tive systems or 
integrated circuits 
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Are you a 
COMPLETELY 
INFORMED 
electronics 
engineer1 

Today you may be work· 
ing in microwaves. But 
on what project will you 
be working tomorrow? 
You could have read 
electronics this past year 

and kept abreast of, say, microwave technology. 
There were 96 individual microwave articles be· 
tween July, 1961 and June, 1962! 

But suppose tomorrow you work in some area 
of standard electronic components, in semiconduc
tors, in systems? Would you be up-to-date in these 
technologies? Did you read the more than 3,000 
editorial pages that electronics' 28-man editorial° 
staff prepared last year? 

electronics is edited to keep you current wher· 
ever you work in the industry, whatever your job 
function (s). If you do not have your own copy of 
electronics, subscribe today via the Reader Service 
Card in this issue. Only 7Yz cents a copy at the 3 
year rate. 

l 
X-ray 
to be 
sure 

flow, ltere's true qualify control an iran• 
sistors and other electronic components. 
X-ray is an economic and efficient non 
destructive testing method that assures 
reliability and provides a film record to 
prove it. Send samples for free test report 
or request literature. 

X-ray Problem? Ask Bo/teou About ltl 

laalleaul 
BAL TEAU ELECTRIC CORPORATION 
10-14 MEADOW ST. • STAMFORD, CONNECTICUT 

electronics 
CIRCLE 201 ON READER SERVICE CARD 
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Fill in, cut out coupon below 
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REPRINT ORDER FORM 
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NOW ONLY $40 

WILL BUY A 

NEXUS 
sGX-3 solid state 

operational 
amplifier 

• Now in production for fast 
delivery. 

• Use G.E.'s new family o~ 
ZNZlll transistors for maxi· 
mum performance per dollar. 

• SGX-3 gain 10,000 and input 
z 0.1 megohms: $40 (1-gg). 

• SGX-4 gain 100,000 and in
put z 1;4 megohm: $60 (1-gg). 

• Write for Technical Bulletin 
SGX (4/63). 

II NEXUS ,. 
RESEARCH LABORATORY, INC, 
19 Needham St., Dedham, Mass. 617-326-8414 . 
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Tired of the "Madison Avenue Pitch" on micro
circuitry? .... Take a look at practical logic 
modules. 

The INTELLUX approach is realistic-it's here 
today-in any volume (2, 3, 4 or 5,000 per week 
if you want)-and best of all their use can put 
profit back in your computer-sales. 

Drop us a card for the complete story, but here 
are the brief facts: 

Available immediately ... Flip Flops, Double NOR 
Gates, Gate Buffers and Free-running Multivibrators. 

They can be mounted physically adjacent to each 
other ..• and still be interconnected. 

Standard semiconductors are married to thin film 
passive components. 

Stability of resistors guaranteed to 30,000 hours. 

Outperforms descrete component modules •.. and 
on a par with the most sophisticated microcircuits. 

So rugged in construction they need no special 
handling-just treat them like any ordinary radio 
component. 

Unquestioned economic and reliability advantages. 

For complete data and 

specifications write: 

P.O. Box 929, Santa Barbara, Calif. 
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helix. At all other points the wind
ings automatically maintain a 
pitch-to-pitch ratio better than 
0.005 in. 

Permanent magnet focusing, 
employing staked barium ferrite 
magnet disks has long been a fea
ture of British traveling wave 
tubes. Field uniformities of bet
ter than one-percent over the ten
inch tube lengths are obtained by 
adjustment of the 35 individual 
magnet units. A controlled curie 
point sheet wrapped around the 
magnet acts as a variable mag
netic path shunt. This compen
sates for flux variations over a 
-30 to 69 C temperature range. 

Latest improvement is direct 
tube replacement within the per
manent without the need for re
matching the tube to the wave
guide system. Tube alignment 
within the housing is corrected by 
merely adjusting four screws. 

Planar Technology Aims 
For Consumer Markets 

DES PLAINS, ILL.-A large scale use 
of silicon planar transistors in con
sumer products was predicted over 
the next few years by C. R. Gray, 
manager of commercial engineer
ing at Philco's Lansdale Division. 

Opinions were presented at the 
annual Spring Conference on Broad
cast and Television Receivers. 

Gray says that the planar devices 
will soon provide performance equal 
or nearly equal to germanium units 
and at a lower cost to consumer 
product manufacturers. 

Circuit design hurdles will keep 
germanium units in some sockets a 
bit longer, according to Gray. In
terchangeability problems should 
be minimized as semiconductor 
manufacturers gain more experi
ence in making planar devices for 
consumer products, Gray says. Di
rect-coupled audio circuits are a nat
ural market for silicon transistors 
because of their low leakage cur
rents. Medium power audio circuits 
will gain the 3 to 5 watt ratings of 
silicon units, compared to maxi
mum ratings under one watt pro
vided by germanium transistors. 
The silicon devices will fill the gap 
between the 250-mw germanium 
units and the higher power tran-
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sistors, accord ing to Gray. Though 
high power si licon units are now 
expensive, compared to germanium, 
he bel ieves t hat price breakthroughs 
are in the offing. 

A good bit of the maximum avail
able gain of the si licon devices will 
have to be sacrificed to achieve the 
same degree of stability now ob
tained for germanium devices in 
broadcast and fm radio circuits. 

P RICE FACTOR-Television is 
the last consumer market open to 
transistorization. It now hinges 
only on relative prices of transis
tors and tubes. Gray notes that 
either germanium or silicon units 
are capable of producing a tv set 
competitive with tube sets in terms 
of sensit ivity. But if si licon devices 
can be priced right, there is a mar
ket here for 125 to 150 million 
transistors a year. 

The video output stage will be a 
silicon device because of its better 
combination of voltage, power and 
frequency. Vertical output will use 
the lowest price device. And t hough 
presently either germani um or 
silicon can be used for the hori
zontal output, more design work 
needs to be done. 

For uhf television tuners, Gray 
claims that present designs using 
a local oscillator will welcome the 
power dissipation and frequency 
performance of the silicon transis
tor. But he also sees the possibility 
that the better noise figure and re
duced oscillator rad iation which re
sults from the addition of an r -f 
stage may force American manu 
facturers to adopt the European 
type of an r-f amplifier/converter 
tuner circuit eliminating the diode 
mixer. In this case, he concedes 
that germanium devices will hold a 
performance edge for some time. 
Germanium transistors will also be 
better if the industry goes to a 
single combination uhf-vhf t un er 
which would require an r -f st age, 
he said. 

Solid-State Ignitions 

ALREADY installed on Ford's heavy 
duty trucks, solid-state ignition 
systems may not be far away for 
passenger car use, according t o 
Hoffman Electronics. Company says 
reliability is now proven. 
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Unusual stability 

@ 

in miniature, surface-mounted 
platinum temperature sensors 

Al l SENSORS 
APPROXIMATELY % SI ZE 

Performance is excellent for such small sensors in the REC 
line of miniature surface sensors. Range covered is from 
-435° F. to + 1800° F. Repeatability after 10 consecutive 
shocks from liquid nitrogen at -320° F. to silicon oil at 
300° F. is within :1: 0.1° F. 

The easily attached sensors can be cemented, spot 
welded or clamped to surfaces. Cylindrical models fit around 
standard small pipe sizes. 

REC surface sensors have elements of highest purity 
platinum wire, fully annealed and mounted so that the 
resistance wire is well isolated from any strain in the surface. 
Outer cases are platinum, stainless steel, epoxy compounds, 
or ceramic, depending on the model. Some have inter
c ha ngea bl e bridge networks to provide a choice of 
tern peratu re-voltage relationsh ips. 

For more details, write for Bulletin 9625, Platinum 
Resistance Surface Temperature Sensors. 

A complete precision line 
Rosemount Engineering Company designs and manufac
tures high quality precision equipment in these lines: 

Air data sensors 
Total temperature 
Pitot-static tubes (de-iced) 

Surface temperature 
sensors 

Pressure sensors 
Immersion temperature Accessory equipment and 

sensors (including cryogenic) aeronautical research 

For more information please write for the REC catalog. 
Specific questions on any temperature or pressure prob
lems are welcomed. 

ROSEMOUNT 
ENGINEERING 
COMPANY 
4900 West 78th Street • Minneapolis 24, Minn. 

SPECIALISTS IN TEMPERATURE & PRESSURE MEASUREMENT 
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PRODUCTION TECHNIQUES 

Will Lasers Weld Circuit Components? 

Power density exceeds 
requirernents. Extended 
pulse used 

By K. W. DUNLAP 
D. L. WILLIAMS 
Advanced Technology Laboratories 
Genera] Electri c Co . 
Sc henectady, N. Y. 

SPOT WELDS with adequate pene
tration can result with the pulsed 
output of a ruby laser yielding 
6943 Angstrom radiation. Work is 
continuing at GE's Advanced Tech
nology Laboratory (fo rmerly the 
General Engineering Laboratory) 
to determine production welding 
possibilities and required param
eters. Improvements are being 
made in existing experimenta l 
equipment. 

There is li ttle question that the 
short, high-power laser pulses de
livering energy in the range of 
tens of joules will be valuable in 
circuit-component we lding. This 
can be done right now, but laser 
welding will not be competitive 
until it can be operated on a con
tinuous basis or at a high repeti
tion pulse rate. Whi le drilling a nd 
cutting of material has been popu
larly demonstrated almost without 
effort, the process of applying laser 
beams to welding is proving to be 
much more difficult. 

EXPERIMENTATION - Regula
tion of the energy-delivering rate 
required for different we lding ap
plications is made by varying pulse 
life with a pulse-forming network. 
Such regulation prevents exceed
ing of the critica l power density 
characteristics of materials. Thu s, 
while power delivered in a 2-milli
second pulse would vaporize a 
particular material, delivered in a 
12-milli second pulse it would per
mit much greater dissipation of 
heat through the material without 
exceeding fusion temperatures in 
most of the weld-area. 

54 

HIGH ENERGY laser head components consist of: cylindrical reflector 
housing (left), 8 X 0.6-inch ruby rod, linear flash lamp 

Schematic diagrams of pulse
forming network hookups are 
shown in Fig. 1. As shown, pulse 
duration is varied by using differ
ent combinations and inductances 
in energy storage bank. The two 
hookups illustrated are for operat
ing with 2 and 12-millisecon d 
pulses. 

EQUIPMENT- Pulses generated 
by network energize the xenon 

XENON 
LAMP 
FT- 86 

XENON 
LAMP 
FT - 86 

--~--1 

CH ARGING 
CIRCUIT 

CAPACITORS 

15 KV 
TRIGGER 
PULSE 
CIRCUIT 

15KV 
TR IGGER 
PULSE 
CI RCUIT 

2 MILLISECOND 
PULSE DU RATION 

12 MIL LISECOND 
PULSE DU RATION 

TWO HOOKUPS of pulse forming 
network give 2-millisecond and 12-
millisecond laser welding pulses. 
Th e 12-millisecond pulse results in 
more satisfactory welds-Fig. 1 

lamp that optically pumps the ruby 
rod. Rod is 8 inches long by 0.6 
inch in diameter. In addition to 
having its shaft highly polished, 
one end of rod has a total-inter
nal-reflecting roof accurate to 
better than one second of arc to 
provide 100 percent reflection on 
one end of the bas ic cavity. The 
other end is flat to within ! wave
length of light emitted by ruby 
and is coated with a 50-percent re
flective dielectric coating. 

The highly collimated light gen
erated by this configuration re
quires only a s ingle element lens 
for converging it on work area. 
Since beam divergence with this 
rod is 1.3 degrees, a 1-inch focus 
f/1.5 lens could be placed up to 2 
feet from laser head in those ap
plications when energy source 
must be located remote from the 
work. 

The laser head when used with 
the power supp ly described below 
has an overall efficiency of about 
0.1 percent. Energizing lamp in 
head has a norminal rating of 9,000 
joules. Thus, when capacitance of 
power supply is charged to thi s 
level, output energy of slightly 
over 9 joules is generated. 

The power supply was con
structed by ATL to actually de-
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Here's how Martin Company saves $16,000/year 
cleaning safety suits for TITAN II I 

electronics • July 12, 1963 

PROBLEM: It used to be an expensive and 
time-consuming job for Martin Company's 
Canaveral Division to clean these critical safety 
garments. The suits protect TIT AN II launch
stand personnel from toxic propellants during 
fueling and countdown. They must be cleaned 
after each wearing for toxicity and sanitation 
reasons. Formerly, Martin did this laborious
ly by hand with detergents at $6.35 per suit. 
SOLUTION: An entirely new cleaning sys
tem based on FREON fluorocarbon solvents. 
FREON is an efficient selective solvent. It quick
ly removes toxic fuels or vapors, oil, grease 
and dirt from the suit while not affecting plas
tic or metal parts in any way. 

To clean the suits, Martin uses FREON in a 
modified shower cabinet, fitted with several 
nozzles to drench 2 suits thoroughly-both 
inside and out. Since adopting this system, 
cleaning time per suit has been cut from 1 Y2 
hours to 5 minutes; cost, from $6.35 to $1.10. 
So in one year, with 3,600 safety suits cleaned, 
that's a saving of $ 16,000 ! 

Martin also likes FREON because it is non
flammable, nonexplosive, and has very low 
toxicity-making it safe and easy for workers 
to handle. And-extremely important-con
taminated FREON is easily purified for reuse 
over and over again. 

Wherever you have a critical cleaning prob
lem, components or assemblies, electronic, 
electrical or mechanical, it's quite possible 
FREON solvents could improve operations and 
cut costs. We'd be happy to discuss it with 
you! First step: send the coupon or Reader 
Service Card for our new cleaning booklet. 

FREON® ~ 
SOIVefttS Better Things for Better Living 

... through Chemis1ry 

MAIL COUPON FOR NEW 
BOOKLET ON CLEANING 

E. I. du Pont de Nemours & Co. (Inc.) 
FREON Products Division 

N-24i°OE-7, Wilmington 98, Delaware 

Name __________ Title. ____ _ 

Company ______________ ~ 

Address. _______________ _ 

Please send new booklet on FREON solvents for precision 
cleaning. (Offer good in U.S.A. only.) 
I am interested in cleaning _________ _ 

D I would like Du Pont to send a cleaning specialist. 
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PRECISION 
TIMING A 

PROBLEM? 

HERE1S 
HELP. 

N ew, complete cata log 
describes full line of Standard! 
precision timers. Various 
models have scale divisions 
from 1/1000 sec. to 1/5 sec., 
totalize from .360 sec. to 
60 min., are available in 
accuracy range from 
± .0002 sec. to ± .1 sec. 

•• 

REGIUEST Catalog No. 257 

THE ONE TIMER WITH ALL THE FEATURES 

THE STANDARD ELECTRIC TIME COMPANY 
89 LOGAN STREET • SPRINGFIELD, MASSACHUSETTS 
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WELDS obtained with 2-milli
second pulse. First three overlap
ping welds made with focus 5/32 -
inch inside best focus. Nex t 5 shots 
progress to best focus. Next 4 
progress beyond best focus-Fig. 2 

liver up to 30,000 joules so that it 
can be used in further high-power 
laser experiments. Consisting of a 
charging circuit, energy storage 
bank and a control circuit, the 
power supply uses storage capaci
tors rated at 5 Kv, 100 µ.f. 

SPOT-WELD CAPABILITY-Pro
duction spot-welding capabilities 
were determined using Zircalloy-2 
material -fir -inch thick. This is a 
highly refractory metal difficult to 
weld. A GE customer has expressed 
interest in using it for fuel cell 
construction. 

A 2-millisecond pulse was im
tially used at a constant energy 
level of about 25 joules. By vary
ing focus of electrical beam with 
optical system, varying energy 
densities were obtained on work 
surface. Best focus yielded a spot 
weld having a 0.030-inch diameter 
and 0.070-inch penetration (depth 
of cast area, which is surrounded 
by heat-treated interface lying be
tween it and metal in original 
state). 

However, when optical system 
was adjusted to iii -inch inside best 
focus a greater diameter with less 
penetration resulted: 0.064-inch 
and 0.015 inch, respectively. With 
optical focuses beyond best focus, 
diameters remain fixed but pene
tration becomes less. 

Fig. 2 illustrates spot welds ob
tained. Upper view is that of edge. 
rejoined after breaking for exami
nation of interface as shown in 
lower view. 
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PULSE E XTENSION-A one-to
one penetration ratio (diameter-to
depth) results when going to a 12-
millisecond ·pulse and best focus as 
shown in Fig. 3A (welds 1, 2, 3). 
As can be seen in Fig. 3B (a 50 x 
section through weld 1), the one
to-one penetration ratio was ob
tained only at best focus. Diameter 
and depth of weld measured 30 
mils. 

VAPOR BUBBLE-While getting 
the desirable one-to-one penetra
tion ratio, a vapor bublYle in the 
cast area indicates that fusion tem
peratures have been exceeded in 
the weld's center. Further experi
mentation will be done to reconcile 
pulse duration with desired pene
tration. 

Efforts have been made to dis
tribute the heat energy along inter
face of the joined pieces using a 
cylindrical optical focusing system. 
Results are shown in Fig. 3A. While 
giving promise of being a reason
able approach to controlling energy 
distribution and minimizing vapor
ization, satisfactory penetration 
could not be made. 

PLANS-Laser welding character
istics of various materials will be 
determined. And, though it is felt 
that spot welding of circuit com
ponents can be done right now, 
future work on welding equipment 
will involve development of a more 
complicated optical system, more 
power, and use of pulses longer 
than 12 milliseconds. 

PULSES of 12-milliseconds give 
welds 1, 2, 8 showing effect of in
creasing pulse energy (top). De
sired penetration of one-to-one is 
obtained with these welds (bottom). 
Welds 4 and .'i show heat distribu
tion obtained with use of cylindri
cal optical system-Fig. 8 
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FROM WESTON 

Portable Standard replaces 
eleven other standards 

' ' 

New Weston Portalab® is an ac-dc portable laboratory voltammeter with 
unusual features. It combines ±0.05 % accuracy of indication, plus light, 
rugged construction for field and production testing. Truly portable, it 
performs the measurements of eleven precision instruments, permitting 
lab accuracy on location. 

Direct readout and a movable, lighted decimal point eliminate inter
polation, make reading easy. A highly-stable Zener reference source is 
contained in a temperature controlled oven. The Portalab is designed for 
use from - 10 to +40C, ambient. Fuses and instrument relays protect 
measuring circuit a gainst overload, and a diode network guards thermo 
elements against da mage. 

Range, de: 0.01 to l,500v; 100 µ.a to l.5 amperes. True RMS response 
is provided in ac meaqurements: l to l,200v; and 0.01 to 12 amperes. 
Frequency span: de and 50 to 2,500cps (5,000cps to 120v). Input power: 
105/130v, 50/440cps. Write for details on Model 1572 Portalab. 

WESTON 
Instruments & Electronics I Division of 

Daystrom, 
Incorporated 

814 FRELINGHUYSEN AVEN UE, NEWARK 14, NEW JERSEY 
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NEW PRODUCTS 

Biquinary Indicator Uses 7 Transistors 

New numerical indicator 

tube simplifies 

driver circuits 

FIRST practical biquinary nu
merical indicator tu be recently 
announced by Amperex Electronic 
Corp., 230 Duffy Avenue, Hicks
ville, N. Y., is designed for read
out applications in digital volt
meters, calculators, counters and 
computers. 

Designated the ZM1032, the tube 
has bases of five and two that 
greatly facilitate biquinary count
ing and decimal readout. Moreover, 
it represents increased economy 
by requiring substantially simp li
fied driver circuits similar to that 
shown in the sc hematic where 7 
transistors replace the ten re
quired with conventional indica
tors. 

Construction differs markedly 
from ordinary decade tubes in that 
the ZM1032 has two separated 
anodes and is divided internally 
into two vertical sections by a 
shield electrode. The rear com
partment contains one anode and 

+1351 5% 

t6V 

-6V 

115VAC 

ODO EVEN 
~ 

BINARY SIGNAL K' Xl,000 

the figures 0-2-4-6-8, while the 
front section has the second anode 
and the numbers 1-3-5-7 and 9. 
Figures are connected electrically 
in pairs such as 0 to 1, 2 to 3, 4 to 
5, 6 to 7 and 8 to 9. 

Externally, the tu be uses a 
standard 9-pin miniature socket. 
Figures are 0.6 inch high and 
are place behind each other to 
provide visibility at the same spot 

2-3 

QUINARY SIGNAL 

220 K 

ODO ANODE 
5 7 9 

ZMl030 
OR 

ZMl032 

for in-line readout. They are 
viewed from the side permitting 
narrower panel spacing and wide
angle viewing. Type ZM1030 is 
identical except that its envelope 
has a translucent external coating 
of red lacquer to prevent glare. 
Indicator is priced at $6.00 in large 
quantities and will provide 20,000 
hours of reliable operation. 
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Synchronizer Locks Klystrons To 1 Part In 108 

,-----------------
1 100-120 MCSEPARATION - - -1 

I 11111 : 

I CRYSTAL IOO I 
I IN IT200 DOUBLER HARM ONIC MIXER I 
I OVEN MC GENERATOR 1-15 GC I 
I I 
I I 
I 30 MC PHASE 30 MC I 
I XTAL COMPARATOR AMPLIFIER I 

I ,-----------------j 
I I 
I VFO I POWER 
I 29-30 MC : SUPPLY KLYSTRON 

L __ MOD~~~- J 
58 

MICROWAVE Oscillator Syn
chronizer soon to be introduced by 
the Instrument Division of LFE 
Electronics, Boston, Mass ., can 
phase lock most reflex-klystron 
oscil lators to at least 1 part in 
10• per second. Called the Model 
242, the new instrument obtains 
r-f reference frequency from an 
integral oven-mounted quartz crys
ta l cut between 100 and 120 Mc, 
and i-f reference from either an 
internal 30 Mc crystal or a tun
ab le 29 to 30 Mc vfo as shown in 
the diagram. 

To obta in stability required at 
these frequencies, the klystron 
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SIZE 8 FEEDBACK WINDING RESOLVERS 

These resolvers are designed for 
use with transistorized "booster" 
amplifiers in cascaded chains. 

Chains of precision size 8 wind
ing compensated resolvers accu
rately solve the trigonometry of 
coordinate translation, rotation and 
conversion. 

A chain of five resolvers is typi
cally employed to solve for an un
known side and angle of oblique 
spherical triangles. 

Individual resolvers exhibit func
tional errors of less than 0.1 % 

and axis perpendicularity errors of 
± 5' max. In combination with the 
proper amplifier, the closed loop 
phase shift is 0.00° ± 0.01° 

sin A sin c 

and the transformation ratio is 
1.0000 ± .0005. The residual null 
voltage is 1 mv/v max. over a 
range of lOV, 400 - . 

.l:- ----- ----1 

I 
I 

.J 

SERVO 

I 
I 

~-------------_J 

SIZE 11 "BOOSTER LESS" RESOLVERS 
FOR SERVICE IN REVERSIBLE CHAINS 

SIZE 11 RESOLVER TRIMMED FOR 
ZERO PHASE SHIFT CONTAINS ALL 
COMPENSATION IN 2114 " LENGTH 

''· JI .,. .. I. 
:_ .. ~ ! I 

The frame of these size 11 computing resolvers also 
houses a matching transformer which simulates 
a pair of resolver windings at maximum coupling. 
In a reversible chain of alternately intercon
nected resolvers (only partially diagrammed), the 
excitation may be applied to either end of the 
chain and the outputs taken from the other end. 

Quick disconnect allows ease in harnessing. 
Accuracy: ±5' of arc or Jess; winding perp. ±5'. 
Electrical characteristics: Input to EITHER rotor 
or stator. Input voltage 115v 1600 - ; output 
voltage llOv with either stator or rotor as primary; 

phase Shift (stator RI~ ~S r s• 
primary) 1.1°; phase ~ L 
shift (rotor primary) RJ s2 

1.9°; Zso (nom.) J::1 ~ 
990 + jl3500; Zro Rb R< Rl SJ SI Sb 

(nom.) 1150 + ==:EllC 
j 13500. RS • • SS 

e 
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The YZH-11-E-l precision 
computing resolver has been 
developed for use in a cas
caded, amplifierless resolver 
system at 900-. 

These units have been 
trimmed to provide zero phase 
shift and compensated for 
transformation ratio stability, 
under temperature, when 
working into their iterative 
impedance. 

Accuracy: Functional error 
.lo/o or less; winding perp. 
::!: 5'. Electrical characteris
tics: Input voltage (stator) 
40v900 - ; output voltage 
(rotor) 33.2v; phase shift O; 
max. null voltage 1 mv/v. 

Also ready for delivery is 
an equivalent, compatible 
pancake resolver. By its use, 
differential information from 
an inertial platform may be 
obtained and introduced into 
the system. 
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-70°C 

TUBINGS 
for a wide range 
of temperature 
requirements ... 

One of these Markel FLEXITE Ex
truded Tubings will meet your partic
ular needs with economy and reliability 
for the lifetime of your equipment. 

FLEXITE TFE Teflo; Tubing combines 
superior electricals with exceptional 
heat stability, chemical resistance, and 
physical strength. Recommended for 
continuous use from -55°C to 250°C. 

FLEXITE SR-200 Silicone Rubber Tub
ing is extremely flexible, highly tem
perature stable, and has excellent 
corona resistance. It meets MIL-R-
5847C, and is recommended for use at 
-70° to 210°C. 

FLEXITE FEP Teflon Tubing has most 
of the outstanding characteristics of 
TFE, and is recommended for use where 
high reliability is required at tempera
tures from -55° to 200 °C. 

Ask for data sheets, samples and prices 
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signal is mixed with a harmonic 
of an r-f reference to produce an 
i-f reference that is amplified and 
phase compared with a stable, 
fixed-crystal oscillator. The re
sultant phase difference or error 
is added in series with the kly
stron reflector power supply for 
control and stabilization of the 
klystron output. In operation, the 
r-f reference is doubled, simul
taneously mixed and applied to 
a varactor harmonic generator. 
Useful harmonics are obtained be
tween 1 and 15 Ge resulting in a 
comb with lines 100 or 120 Mc 
apart, depending upon crystal fre
quency selected. These are mixed 
with the external klystron signal 
to form lock frequencies that are 
either 30 Mc above or below the 
harmonic line. 

Provisions are made for stabiliz
ing and measuring long-term 
drift to one part in 10° per week, 
short-term drift to one part in 10" 
per second and incidental fm of 
five parts in 10°. The Model 242 
has an input power of -20 dbm 
at X band, -10 dbm at 15 Ge, + 10 
dbm maximum; a reflector voltage 
of 2,000 vdc maximum; reflector 
current of 50 µ.amp maximum; fm 
deviation of ± 1 Mc; fm deviation 
rate of 0 to 50 Kc fl.at between 0 
and 20 Kc and deviation sensi
tivity of 100 Kc per volt into 12,-
000 ohms. Unit price is $1,450. 
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Tiny Diode Handles 
1,500 Volts 
SHARP breakdown voltage silicon 
micro diodes now available from 
MicroSemiconductor Corp., 11250 
Playa Court, Culver City, Calif., 
operate in the 1,000 to 1,500 volt 
range. Units have low leakage cur
rents in the order of 10 to 20 namp 
at 1,200 v and can handle currents 
between 1 ma and 1 ampere. Di
odes can be supplied in micro and 

Acoustical Components 
of Superior Quality 

JAPAN PIEZO supplies 80% of 
Japan's crystal product require
ments. 

STEREO CARTRIDGE 
Crystal - "PIEZO" Y-130 

X'T AL STEREO CARTRIDGE 
At 20°C, response: 50 to 10,000 c/s 
with a separation of 16.5 db. 0.6 V 
output at 50 mm/sec. Tracking 
force : 6 ± 1 gm'. Compliance : 1. 5 x 
10-6 cm/dyne. Termination: IMO 
+ 150 pF. 
Write for detailed catalog on our 
complete line of acoustical products 
including pickups, microphones, 
record ·players, phonograph motors 
and many associated products. 

JAPAN PIEZO 
ELECTRIC CO., LTD. 
Kami-renjoku, Mitoka, Tokyo, Japan 
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subminiature s izes as shown in the 
photo; device reliability and per
formance meet or exceed all ap
plicable MIL-S-19500C and MIL
STD-202B requirements. Prices in 
quantities of 100 vary between 
$2.50 and $7.50 each. (303) 

Directional Coupler 
For X-Band Use 
X-BAND cross guide directional 
coupler covers the frequency range 
from 5.85 to 18.0 Ge. Vswr is 1.10; 
directivity, 20 db. All parts are 
plated rhodium over silver to pre
vent oxidation and tarnish. Micro
wave Components and Systems 
Corp., Monrovia, Calif. (304) 

Teflon Capacitors 
Feature Compactness 
PRECISION miniature Teflon capaci
tors have been announced. A com
plete range of capacitors from 
0.001 µ,f and up, in all working volt
ages is available in standard and 
custom types. Stability is 0.02 peT
cent from -62 C to 125 C. Capaci
tance deviation with tempernture is 
± 0.2 percent from - 10 C to 85 C. 
Insulation resistance is 2 x 10" 
megohms at 125 C. Component Re
search Co., Inc. , 3019 So. Orange 
Drive, Los Angeles 16, Calif. (305) 

Terminals Furnished 
In Chain Form 
SERIES of terminals for 1 in. male 
tabs for quick connect/ disconnect 
applications is now available. They 
are furnished in chain form for 
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Today, 25 glass zeners replace 841 D.A.T.A.-listed numbers to 

simplify circuit engineering! 
The new simpler way to meet maximum design considerations with minimum 
compromise is by specifying Hoffman Oxide-Passivated zener diodes. 
Because a mere handful of these high·reliability devices-1N960A through 
1N984A*-meets or beats any military, in-house or commercial spec ever 
written for 9 .1 to 91-volt 400 mW zeners . And they work equally well as 
rectifiers or regulators . So, all you do is choose the right number from among 
these 25 - rather than puzzle over the countless number of DATA-listed 
and additional manufacturers• numbers currently offered. When you do, 
you'll get diodes that deliver stability, temperature confidence and microamp
level voltage regulation equal to or better than any zener - alloy or diffused -
you 've ever looked at. These 25 uniquely versatile zeners are available
like now!-from your Hoffman salesman or distributor, along with a full 
i ntercha n gea bi I ity I ist. *usN, No•<• rH•ouGH u s N 1 N973 e AVAILABLE 

BASIC ZENER TEST MAX . DYNAMIC MAX. REVERSE BASIC 2ENER HST MAX . DYNAMIC MAX. REVERSE 
EIA VOLTAGE CURRENT RESISTANCE cu~~~~~u<fd~?°o EIA VOLTAGE CURRENT RESISTANCE cu~~~~~u<fd~?% TYPE E1@ I ~ ,, - ~(OHMS) TYPE [ ,@ t, " 

Z, (OHMS) 

NO. (VJ (mAdc) @ I. z.- 25 c 200 c NO. IVJ (mAdc) @ I. z,· 2s · c 200 c 

1N950A 9.1 14 7.5 400 .05 10 1N975A 39 3.2 80 650 .05 10 
1N9&1A 10 12.5 8.S 450 .05 10 1H97&A 43 3.0 93 1000 .OS 10 
1N962l 11 11.5 9.S 4SO .05 10 1N977A 47 2.7 lOS 1000 .OS 10 
1N963A 12 10.S 11 .S 450 .OS 10 1N97H Sl 2.S 12S 1000 .05 JO 
1N964A 13 9.S 13.0 500 .OS 10 1N979.l S6 2.2 lSO 1250 .05 10 
1H965A lS 8.S 16.0 soo .OS 10 1N910A 62 2.0 18S 1250 .OS 10 
1N96H 16 7.8 17.0 soo .OS 10 1N91U 6b 1.8 230 1800 .OS 10 
1NH7l 18 7.0 21 500 .OS 10 1N912l 7S 1.7 270 1800 .OS 10 
1N9&1A 20 6.2 2S 5SO .OS 10 1N913A 82 l.S 330 1600 .OS 10 
1N969A 22 S.6 29 . sso .OS 10 1N914A 91 1.4 400 2000 . OS 10 . 
1N970A 24 5.2 33 600 .OS 10 
1N971l 27 4.6 41 600 .05 10 NOTES : Dynamic resistan ce is measured by superimposing 
1N972A 30 4.2 49 650 . OS 10 an A C. current havi ne an RMS value equal lo 10~. of the O. C . 
1N973A 33 3.8 58 6SO .OS 10 current on the O. C. current . 
1N974A 36 3.4 70 6SO .OS 10 'IN960A measured @ .SmA; all others @ .25mA. 

II ff I ELECTRONICS 0 111an CO .RPORATIO.N 
Semiconductor D1v1s1on 

'1501 N . ARO EN OR ., EL MONTE, CALIF,• CUMBERLAND 3-7191•TWX:213-•42-5633 
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OMARK® GRAMWELD® 
PERCUSSIVE STUD WELDING 

11 !!// ·'' . . J:fl . fl,~, I i , 
/ . ,,,.. / I f : I .i 

MANY BIG PROBLEMS 
HAVE SMALL 

CORRECT ANSWERS 
Not infrequently in metal fastening, the 
apparent size of the problem obscures 
the obvious solution. Particularly when 
the correct answer is a small, readily 
and economically applied Gramweld 
stud, such as that shown here. Think 
about it. Then let's talk about it. 
You can reach a technically qualified 
OMARK representative through the 
yellow pages. 

©Copyright 1963 b:/ PORTLAND OREGON • GUELPH ONTARIO w "W ' ' 

OMARK INDUSTRIES INC 
AMSTERDAM, HOLLAND • VARBERG, SWEDEN 

' , • •BRANCHES IN 27 MAJOR U.S. CITIES 
CONSULT THE YELLOW PAGES 
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HELP YOUR POST OFFICE 
TO SERVE YOU BETTER 

BY 
MAILING EARLY IN THE DAY 

NATIONWIDE IMPROVED MAIL SERVICE 
PROGRAM 

rapid machine crimping, thus elimi
nating costly hand labor and assur
ing uniform quality. Series 250 
Tabon terminals are made with 
large radii for quick, easy insertion 
and feature vertical and horizontal 
spring arm action. They are vibra
tion proof and assure uniform elec
trical contact over the full length 
of the mating areas. Insulating 
sleeves of super high impact poly
vinyl chloride can be furnished. 
Mako Mfg. Co., 4025 West Lake 
St., Chicago 24, Ill. 
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Tantalum Capacitors 
Rated 75 and 100 V 
SOLID electrolyte tantalum capaci
tors in 75 and 100 v ratings are 
available. Capacitor operating tem
perature range is -80 C to +125 C. 
The 75-v units are available in ca
pacitance values that range from 
0.47 µ,f to 3.3 µ,f while the 100-v 
solids are available from 0.47 µ,f to 
2.7 µ,f. Depending upon rating, the 
75 and 100-v units will be supplied 
in standard case sizes of 0.125 in. 
diameter by 0.250 in. length and 
0.175 in. diameter by 0.438 in. 
length. Mallory Capacitor Co., a 
division of P .R. Mallory & Co. Inc., 
Indianapolis 6, Ind. (307) 

Power Supplies for 
Computer-Type Systems 
TRANSISTORIZED dual power supplies 
provide plus and minus voltages 
used in computer-type systems. 
They are available in any combina
tion of voltages from 6 to 60, and 
feature all silicon design, only 7 in. 
deep. Advanced Development Corp., 
1134 South Prairie Ave., Haw
thorne, Calif. (308) 

Voltage Digitizer 
Features Flexibility 
HIGH-SPEED, high-accuracy voltage
to-digital converter features extra 
flexibility in programming and out
put format control, as a result of a 
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novel patchboard and output shift 
register arrangement. Series VDC 
is available in both strnight binary 
and binary-coded decimal models, 
in order to satisfy all user require
ments. Internal conversion rate of 
both models is approximately 2 Kc. 
Input voltages can be converted 
with an accuracy of ± 0.05 percent 
of full scale, ± :l: v of the least 
significant digit in t he code. The bi
polar input voltage ranges of both 
models are ± 1 v, ± 10 v, and ± 
100 v. Electronic Development 
Corp., 423 W. Br oadway, Boston 27, 
Mass. (309 ) 

Feed-Through Terminal 
Saves Space 
METAL-TO-METAL pniss fit terminal, 
designed for 100 grid spacing or 
other extremely small applications, 
has been announced. Featuring the 
N url-Loc principle, these feed
through terminals measure only 
0.098 in. in diameter. They are 
available with bifurcated lug for 
soldering on one end, and with a 
pigtail lead for solder ing, on the 
opposite end. High temperature 
diallyl pht halate insulat ion is actu
ally molded between conductor and 
eyelet. Metal-to-metal press fi t as
sures t he highest possible radial 
and axial pu ll out forces. Electronic 
Molding Corp. , 52 Church St., P aw
tucket, R. I. (310) 

Joint Compound Has 
High Stability 
LOW THERMAL RESISTANT joint com
pound for use between semicon
ductor or thermoelectric module 
and heat dissipat or is available. The 
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Today, 25 glass zeners replace 841 D.A.T.A.-listed numbers to 

optimize diode standardization! 
Forget the hundreds of in- house numbers not even included in these 
841 zener listings. Because you don't need all of them-anymore. A mere 
25 high -reliability, Hoffman Oxide- Passivated devices-1 N960A through 
1N984A* -meet or beat any mil itary, in-house or commercial spec ever 
written for 9.1 to 91 -vo lt, 400 mW diodes. And these work equally well 
throughout your subsystem as rect ifiers or regulators. High reliability? These 
babies are built to take environmental abuse. Like instant temperature cycl 
ing from - 190° to + 250°C . . . with superb stability , because Hoffman 
Oxide Passivation literally locks out deteriorative elements so permanently 
that you can successfully Joy-bomb these zeners without their glass cases. 
Furthermore, though they're registe red as 400 mW, we rate and guarantee 
them to perform at 600 mW. And , • ..,. 
just take a look at these knees! 
Proof that these devices deliver 
precise voltage regu lation even at 
microamp current levels ( perma· 
nently!) thanks to a leakage rate 
less than 1 / lOOth the Mil Spec 
and extremely low ZzK· For the 
full story, including an inter
changeability list, check your 
Hoffman salesman or distributor 
or write to us direct. 
*usN1N902B THROUGH U SN 1N973B AVAILA61.E 

IUO SO 10 

ZENER VOLTAGE vs. ZENER CURRENT 
600 mW PASSIVATED GLASS REGULATORS 

TYPE IN983A (82.0V) 

10 60 50 40 Jo io 10 
v,(Vomi 

lloff1nan / ~:i;o~!!~~!;~E 
4501 N. ARDEN DR., EL MON TE, CA LIF.• C UMB<RLAND 3· 7191 •TWX ;213·442· 5633 
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'make Springs 
in Seconds! 

Save Costly Special Orders 
With the NEW 

DI-AC RO* 
Spring Winder 
This unique machine eliminates costly 
special spring orders, saves valuable waiting 
time. Winds compression and extension 
springs to 1 'h" 0.D. Handles round, flat 
and rectangular wire to%" dimension. Note 
exclusive features in the hand operated Di
Acro Spring Winder which assure accurate 
tension and fast operation without special 
experience or skill. 

new :,..;----

new 
~ 

new 
:,..;----

TENSION CONTROL-Simply adjust to 
desired tension-the control keeps it 
uniform. for winding one spring or 
hundreds, and releases when each spring 
is wound. 

WIRE CUT-OFF-After spring is wound, 
release tension and use cul·off lever 
to quickly cut end of spring to desired 
length. 

CAM LOCK-Simply feed wire under 
cam. turn handle and wire is securely 
locked to arbor while spring is wound. 
No threading required. 

FREE ENGINEERING SERVICE 

I I I 
Send us your spring forming problems-sam
ples or dimension sketches-together with suf
ftoient test material, and let us wind som e 
sample springs for you free of charue. No 
obligation. 

Quick Facts Folder 
gives details on all 
Di-Aero Precision 
Machines. Consult 
the yellow pages of 
your phone book 
under Machinery, Ma
chin& Tools, for the 
name Of your OiaAcro 
distributor or write. 

Dl·ACRO CORPORATION 
formerly O'Neil-Irwin 

Mfg. Co. 
4378th Ave. , Lake City, Minn. 
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No. 120 compound has the low 
thermal res istance of 0.05 C/ w for 
a film thickness of 0.001 in. over a 
1-in. square area, which represents 
approximately 25 percent of the 
thermal resistance inherent in sili
con grease. It is electrically non
conductive, stable from -40 C to 
+200 C, and non-toxic. Wakefield 
Engineering, Inc., 139 Foundry 
St., Wakefield, Mass. 
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Miniaturized Meters 
For Indicator Uses 
MINIPILOT meter model CFM-11 
weighs less than 0.2 oz. It is de
signed for a variety of indicator 
applications such as: stereo balance, 
record level for tape recorders, f-m 
tuning, power on, signal strength, 
battery capacity, volume indication, 
or wherever a relative indication 
is desired in a small package. Manu
factured by Kuwano Electrical In
strument Co. of Japan, it is avail
able in ranges from 200 µa to 2 ma 
and in various d-c voltages. Philip 
Ray Co., 5312 N. Oriole, Chicago 
31, Ill. (312) 

Variable Attenuator 
Covers Full Ku-Band 
MODEL Ku102VA covers from 12.4 
to 18.0 Ge, with a maximum vswr of 
1.35 and an attenuation that can be 
varied from 1.2 db to 20 db. Model 
Ku103V A is indicative of the type 
of characteristics which are attain
able over a narrow bandwidth. This 
unit covers the 14.0 to 16.0 Ge fre
quency band with a max vswr of 
1.25 and an attenuation that can be 
varied from 1.0 db to 25 db. Both 
are designed in UG-419/U wave-

You Get Things Done With 
Boardmaster Visual Control 

"(;:{ Gives Graphic Picture of Your Operations
Spotlighted by Color 

'{::( Facts at a glance - Saves Time, Saves 
Money, Prevents Errors 

"(;:{ Simple to operate - Type or Write on 
Cords, Snap in Grooves 

"(;:{ Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

"(;:{ Made of Metal. Compact and Attroctive. 
Over 750,000 in Use 

Full price 54 950 with cards 

l_f_R_E_E-·124-PAG~ sooKLE.T ~o. c-10 
Without Obl1gat1on 

Write for Your Copy Todoy 

GRAPHIC SYSTEMS 
Yanceyville, North Carolina 
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FASTENERS FROif~ 
rJ~ iLfoY" Zinc All~ 
'Y 
Wing Nuts CAP NUTS 
~ 
Cap Nuts 

MOLDED 
NYLON & 

DELRIN 

Screws 

~ 
Hex Nuts 

~ 
Washers 

Screw 
Insulators 

Exclusive 
High 
Series 
~ Regular 
'-...~Series 

Widest range of types and 
thread sizes FROM STOCK 
NC' w C'xelusi,,e trves newr before 
arailabln-stAnda.rd or full dl a. wash
er baso wit h open or closed ends
no separate washer need ed ... SPC'e<I 
a ssombly. Also high se ri es with 50% 
great er thread d epth . . . a nd re~cu 
Ja r f-le ri cs In open or closed end . 15 
hex sizf'S , threads from .:tt 4 to 5/8"'. 
ALL GRC 'CAP .l'HJ TS feature rust
proof , l'Orrosion resistant surface!-!. 
un iform arcuracy . . . are romplf't<' lv 
fref' of tool marks and cut-ofT burrS. 
enc·~ exrtush·e methods-die casting 
zinc a lloy or molding Nr lon and 
Delrin fnsteners In one h igh sp('NI 
automatiC' opf' ration - assure hi gh 
ouali ty at lowest J)O'i.i;.;i bl<' cost. 
Write, wire. phone TODAY for SAMa 
PLES, prices, your copy of G RC's 
NEW !NOUS- I 
TRIAL FAS-
TENER CAT-
ALOG ® 

World's Foremost Producer of Small D ie Oast11aos 
151 Beechwood Ave. • New Rochelle, N. Y. 

Phone: (914) NEw Rochelle 3-8600 
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guide. The d-c resistance of each is 
approximately 30 ohms, and less 
than 200 ma of drive current is re
quired to achieve the speci fied char
acteristics. E&M Laboratories, 
Califa St., Van Nuys, Calif. (313) 

Compound Amplifier 
Offers High Gain 
DESIGNED for circuits requiring very 
high gain, high input impedance 
and low noise, the Darlington com
pound amplifier features a d-c cur
rent gain of 1,600 to 10,000. Des
ignated the RM3022, it is con
structed of two high-gain silicon 
planar transistors interconnected 
within a standard T0-18 case. 
Breakdown voltage is 1000 v, and 
leakage current is 5 nanoamperes. 
Raytheon Co., 350 Ellis St., Moun
tai n View, Calif. (314) 

Life Tester for 
Integrated Circuits 
HIGH FREQUENCY operation is fea
tu red in the model 8003 integrated 
circuit life tester. Operating with a 
fast rise time 100 Kc signal, the 
system has provisions for life test
ing of 3000 integrated circuits or 
functional electronic blocks includ
ing: flip-flops, clocked dual NAND 

gates and shift registers. Modular 
construction permits life testing in 
groups of 20 with systems available 
from 100 to 10,000 positions. Tem
perature range is -55 C to + 150 
C for the integrated circuits with 
voltage and current monitoring fa
cilities included. Ava ilable as a 
complete system including tempera
ture chamber or as a separate elec
tronic system. Micro Instrument 
Co., 2245 S. Federal Ave., Los An
geles 64, Calif. (315) 
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Today, 25 glass zeners replace 841 D.A.T.A.-listed numbers to 

maximize diode value engineering! 
There has never been an easier (or safer) way to stretch a procurement dollar 
or value engineer diode circuitry. Because these Hoffman Oxide-Passivated 
1N960A through 1N984A* glass zeners , just 25 numbers in all, meet or 
beat any military, in-house or commercial spec ever written for 9.1to91-volt 
diodes. And they ' re yours from a Minuteman·approved vendor who's just 
invested $ 1/2 million more in new equipment to meet present and future 
demand! So, now you can simplify your inventory with devices that minimize 
special testing, cut down on prints and in general save countless manhours. 
Nice. Because they combine stability, voltage regulation at microamp cur· 
rents and temperature confidence levels the likes of which you've never seen 
before in one device. And what's more , this makes 'em ideal for rectifying 
as well as regulation . Best news yet . These Oxide Passivated zeners are priced 
right down with competition, number for number. And you can get 'em in 
quantity now-along with a full interchangeability list-from your Hoffman 
distributor or any of these Hoffman sales offices. 
>l<uS NlN962 B THR OUG H U5 N l N973 B AVAILAB LE 

EASTERN & Chicago District WESTERN REGION 
CENTRAL REGION Evanston. Illinois Regional Office & 

UN iversity 9-2400 Los Angeles District 
Regional Office Dallas District So. Pasadena, Calif. 
Metuchen, New Jersey Dallas. Texas MUrray 2-3741 
Liberty 9-3500 EMerson 3·6627 San Diego District 
Boston District Dayton District Coronado, Calif. 
West Newton, Mass. Dayton, Oh io HEmpstead 5-9076 
WOodward 9-8411 222-4617 San Francisco District 
New York City District Detroit District San Carlos. Calif. 
Great Neck, L. I. , N. Y. Detroit , M ichigan l Ytel 1·5796 
HUnter 7-2660 BRoadway 3-7806 EXPORT DEPARTMENT 
Philadelphia District Minneapolis District El Monte, Calif. 
Jenkintown, Pa . St . Paul , M inn. cu 3·7191 
WAverly 4·0307 Ml 6·4835 

II ff I ELECTRONICS 

0 11180 ~:i~o~d?c~:'~!,~~ 
~501 N. ARDEN DR., EL MONTE, CALIF •• cu ..... LAND 3-7191. TWX: 213-442-5633 
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available by mail 
for 10 days' 
free examination 

INFRARED PHYSICS 
AND RADIATION 

Ju s~ Ou.t. l'ro,·i<l t's a wenlth of physics, 
p11g-111eer1ng-, antl ;inalytical help in d es ig-n
i!1~ modern infran•d sy:-otl·m:-:. ('(fft•rs o p c•rn
t1011s anal:n·ds. i11fo1·1uatin11 t lu'nry. spaee 
filtering. s ~':-ilL'lllS Sl·nsith·it\'. l'te. Hv J. 
.Jamieson, R . )lC'Fet> , n . Grube. an(i R . 
R ichards, nll of AeroJl't-Gt"ru~ra l Corr•. ; nnd 
(i. J,ln ss, Ford .\lotor Corp. fiKO ,,p, , illus ., 
~10.00 

AN INTRODUCTION TO 
SEMICONDUCTOR ELECTRONICS 

Just Out . This c l1 ·a r trt•atllll'nt of Sl'IHil'On
duetor dpvicl•s pro,·idl's tla• l's:-:c>ntia l hack
g-round in solid statl' physin:. nnd df"sc ribes 
how to apply tbt• eircuit antl de,·ieP theorieR. 
Di:-:eusses hoth t hP pJt.ctrnni('s of SPmi
eo11d11ctor intt•rnn1 l H'hnYinr nntl cirC'ttit per 
formance. B ;\' R. ~· anan11 i , S;n·a<·use U ni v. 
4 IO JlJl ., Illus ., $ 12.50 

CIRCUITS, MA TRICES, AND 
LINEAR VECTOR SPACES 

Just Out. I ntroduet>s matrix nwthods for 
<lyscribin~ general ll(' t \\'11rk sit 11:-ltions. an cl 
l 1.n('a ~ vector spael':-1 f nr <1 ff(•C't i \'l'I y a na I ~rz i ug 
c1rc u1t!-'. Show~ ho\\' to applr b()th 1Pchnirp1es 
to the ana1~·s1!'l ::1nrl synt lit' sis 11f all Jin C'ar 
lumped circuit!-<. By L . P. H_ 11f'l~mn11 , Univ. 
of Arlzonn. 27:1 pp .. 2:10 illu s . , ~10.7 :> 

FOURIER SERIES AND 
BOUNDARY VALUE PROBLEMS 

Just Out-2nd Ed . Prr-sents Rn introduct ion 
to Fouri~r seriPs and !lil'ir npplh-ntion to 
th e so lutwn of boundary n1l11t1 proh lpms in 
partial diff'Pr(•ntinl pquarions in Pll.~.!'inee ring 
an<l physic·:-;. }{pvist·d l 1 ditin11 ineludP~ alldi 
tion.a l rnaterinl on important nspPf'ts of the 
s11 hJ t.•r t. By R. \ ', C hurt·hi ll, l , nh·. of 11kh . 
2 nd Ed. 25n 1>1> ., illu s., $fi.7.1 

TECHNICALLY SPEAKING: 
Oral Communication for Engineers 
Scientists, and Technical Personnei 

Just Out. K e,\"l' <l specilil'al l:r tu lll't.• cl s of the 
t.ec l1ni ca l man hplp~ ,rou pr

0

Pparp and cklin•r 
forc.(•ful S JH.•et'lu·~: gin• eh>ar instrllf't ion: or
g-a11 1ze and dcliY~· r tt·t.·lllliea J reports· ton
,.t.· r ~e lucidly about p lans. opinions, a'livir0; 
<kn•tov tlH• art of pr11d11cth·e 1i ~te11ing. 
B~· Harold \ Veisiro & .Jarnl"s H. )lcG rnth . Jr .. 
both of So . Method ist U ni v. 304 PJJ., $7.95 

l 0-DAY FREE EXAMINATION 
direct from McGRAW-HILL 

McGraw-Hill Boak Co ., Dept . L-7- 12 
327 W. 41st St., New York 36, N. Y. 

~(·r~d me boo!\( .'>) clJl•cl\w l ht•low !'or IO clays t'X 

~1111na.tion on apprm 1d . ln JO cla, ~·s I \\ill n•rni t 
101' book(s) 1 kt'ep, p\u ..; ll'w cC'nl..; for rlt•lin,·n· 
('(his, and rf'turn mrnnnted book<") po.;;1pai1i. 
f \\'t' par rlelin•1T 1•0..:1~ if ~·on r('mit \\ith thi" 
rm1oon-same return prhileJ.:"e.) 

CJ .Jamieson. rt al- Infrared Phys. & Rad ., $\!l .00 

D ~a$~2~1\~-An Intro . to Semiconductor El ec .. 

D lhwlsmun-C irc., Matri. & Lin . Vee. Spaces. 
$10. 7.; 

0 l'h$\~·:/~ill-Fouri er Series & Bound . Val. Probs., 

0 \\'1..•iss & McC:ra1h- Tech nica lly Speaking. $7.!).3 

xa111 (• .. 

.\ thlrrss 

l •ity. Zone . .. . Stat<'. 

('onipan y .. ......•. , ..•........•. 

1•0 .. ition .. ... . . ...... . 

For price and terms out sirle U. S. write 
McGraw-Hill Intl . N.Y.C . 36 L- 7 ·1 2 

-----------------~ 
66 

Literature of 
the Week 

PHASE-SHIFT CAPACITOR Nilsen Mfg. 
Co., P.O. Box 127, Haines City, Fla. 
Technical data sh eet describes a 
phase-shift capacitor with screw
driver adjustment and lock. 
CIRCLE 316, READER SERVICE CARD 

DIG IT AL MODULES Cambridge Thermi
oni c Corp., 445 Concord Ave., Cam
bridge 38, Mass. An engineer s' 
catalog covers a line of 18 different 
families of digital modules, 35 mod
u les in a ll. (317) 

SPEED CONTROL TACHOMETER Electro 
Products Laboratories, Inc., 6120 
W . Howard St., Chicago 48, Ill. 
Bulletin ET-263 is a guide for 
selecting the proper model tachom
eter for measuring speed and pro
viding overspeed/ underspeed con
trol. (318) 

POTTING APPLICATOR Philip Fishman 
Co., 7 Cameron St., Wellesley 81, 
Mass. Bulletin 103 describes No
Drip appl icator for sealing, en
capsulating, or potting miniature 
or subminiature components. (319) 

PCM DECOMMUTATION SYSTEM Tele
metries, Inc., 12927 So. Budlong 
Ave., Gardena, Calif. Data sheet 41 
describes model 620 pcm rlecommu
tation system. (320) 

COMPUTING RESOLVERS Theta Instru
ment Corp., 520 Victor St. , Saddle 
Brook, N. J., has publi shed a 16-
page primer fol' engineers which 
discusses the characteristics of 
computing resolvers. (321) 

HYDROGEN FILLED TUBES Tung-Sol 
Electric Inc., One Summer Ave., 
Newark 4, N. J. A 6-page folder on 
hydrogen filled tubes and their ap
plication to a broad range of high
powered radar and microwave u ses 
is available. (322) 

MILITARY-TYPE CAPACITORS General 
Electl'ic Co., Schenectady 5, N. J. 
Bulletin GET-2982 covers a line of 
military-type porous anode Tanta
lytic capacitors. (323) 

FREQUENCY SYNTHESIZER Hewlett-
Packard Co., 1501 Page Mill Road, 
Palo Alto, Calif. Brochure illus
trates a nd describes model 5100A-
5110A frequency synth esizer that 
provides an output frequency ad
justable from 0.01 cps to 50 Mc in 
steps as fine as 0.01 cps. (324) 

RELAY S AND FUSES Networks Elec
tronic Corp., 9750 DeSoto Ave., 
Chatsworth , Calif. T wo new data 
sheets, one covering temperature
sens i tive relays and one covering 
temperature-sensitive fuses, are 
available. (325) 

RELIABILITY INDICATORS The A. W. 
Haydon Co., 232 North Elm St., 
Waterbury 20, Conn . Data sheet 
DS-lA covers a-c and d-c subminia
ture and microminiature elapsed 

AUTOMATIC CHECKOUT 
OF 

MANNED SPACECRAFT 
North American Aviat ion's Space 
and Information Systems Division 
is developing a checkout system 
consisting of unique and highly 
versatile computer controlled dig
ital command, data acquisition , 
and data transmission systems. 
State-of-the-a rt technologies a re 
being employed with applications 
toward future requirements where 
microminiatur ization and ad
vanced systems design concepts 
will require new studies and tech
niques. 

LOGIC DESIGNERS 
to perform conceptual analyses 
and trade-off studies resulti ng in 
logic designs of command and 
data systems. 

PCM TELEMETRY ENGINEERS 
to develop a PCM System util ized 
in checkout of the spacecraft 
systems. 

SYSTEMS ENGINEERS 
to analyze spacecraft vehicle sys
tem characteristics and perform 
system studies of an automatic 
digital checkout system. 

RF SYSTEMS ENGINEERS 
to analyze requirements and 
establish criteria for RF system 
checkout equipment. 

Send your resume (in complete 
confidence) to: Mr. P. G. Moseby, 
Engineering and Scientific Employ
ment, 12214 Lakewood Blvd ., 
Downey, California. 

All qualified applicants will receive considera
t ion for employment without regard to race, 
creed, color, or national origin. 

SPACE AND INFORMATION 
SYSTEMS DIVISION A 
North American Aviation ~& 
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time indicators and events indi
cators for monitoring reliability 
performance of components and 
systems. (326) 

MAGNETIC TEST EQUIPMENT RFS En
gineering Co., 2nd and Westmore
land Sts., Philadelphia, Pa., has 
published an 8-page brochure de
scribing a line of magnetic test 
equipment. (327) 

SPACE POWER SYSTEMS Electro-Optical 
Systems, Inc., 300 N. Halstead St., 
Pasadena, Calif., has published a 
new brochure on its total space 
power systems capabilities. (328) 

EXPANDED METAL Metalex Corp., P .O. 
Box 148, Libertyville, Ill., has avail
able a 12-page designers' catalog on 
expanded metal. (329) 

THERMISTORS Victory Engineering 
Corp., Springfield, N. J., has avail
able a data sheet covering "VECO 
Thermistors for Flow Measure
ment." (330) 

ISOLATION TRANSFORMER Elcor, Inc., 
1225 West Broad St., Falls Church, 
Va., has released a 6-page descrip
tive data sheet on a new high
powered line isolation transformer 
series. (331) 

DIPPED MICA CAPACITORS The Electro 
Motive Mfg. Co., Inc., Willimantic, 
Conn. Design information covering 
El-Menco dipped mica capacitors is 
presented in a 20-page folder. (332) 

CARD, TAPE READERS Hoffman Electron
ics Corp ., El Monte, Calif. Three 
data sheets cover the HSRA-9, -10 
and -12-basic products for reading 
punched holes in paper tapes and 
cards with tiny solar cells. (333) 

SERVO AMPLIFIERS Helipot Division of 
Beckman Instruments, Inc., 2500 
Ha1·bor Blvd., Fullerton, Calif., has 
available data sheet 63542 on three 
new models of transistorized servo 
amplifiers. (334) 

MOUNTING STUDS Endevco Corp., 801 
South Arroyo Parkway, Pasadena, 
Calif. Specification data sheet de
scribes a complete line of mounting 
studs for use with the company's 
piezoelectric transducers. (335) 

:MICROWAVE RO'l'ARY JOINTS Airborne 
Instruments Laboratory, Deer 
Park, L. I., N. Y., offers a 4-page 
brochure describing microwave ro
tary joints. (336) 

ELECTRON BEAM POWER PACKAGE Brad 
Thompson Industries, Inc., 83-810 
Tamarisk St., Indio, Calif. Six
page catalog 1615.1 describes 6 kilo
watt power supply for electron 
beam. (337) 

SILICON BRIDGE RECTIFIERS Interna
tional Rectifier Corp., 233 Kansas 
St., El Segundo, Calif. Bulletin SR-
232 covers miniature silicon bridge 
rectifiers that provide up to 1.8 amp 
d-c, 200 to 1,000 v prv. (338) 

CAPACITORS Captronics, Inc., 9 Cricket 
Terrace, Ardmore, P a . Technical 
bulletin 403 deals with capacitors 
designed to surpass requirements of 
MIL-C-25A, characteristic E. (339) 
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Today, 25 glass zeners replace 841 D.A.T.A.-listed numbers to 

uncomplicate diode purchasing! 
At last you can save the strain of reaching for that neat blue book every time 
the job calls for diodes. Because Hoffman's new Oxide-Passivated series 
meets or beats any military, in-house or commercial spec ever written for 
9 .1 to 91-volt glass zeners. All with a mere 25, easy-to-remember numbers : 
1N960A through 1N984A*, to be exact. All selling at today's going price 
for equivalent numbers. All stocked at your local Hoffman distributor in 
quantities up to 999 for availability-like now! (If you insist on writing a 
p. o. for more, of course, you'll have to wait a little longer for delivery. Like 
48 hours.) Look, you're busy. So we won 't bore you with all the exciting tech 
nical poop on these things. Just ask your circuit designers, standards people 
or value engineers. They 've already read our other three ads in this magazine 
and know the whole story. Or check with any of these Hoffman distributors 
(they've got interchangeability lists, too). 
*usNlN9628 THROUGH USN1N973B AVAILABLE 

ALAMOGORDO - Kieru lff DETROIT - Newark-Ferguson OAKLAND - Elmar 
ALBUQUERQUE - Kierulff GLEN DALE - Weatherford ORLANDO - Hammond 
ANAHEIM - Weatherford HOUSTON - Harrison PALO AL TO - Pencor 
ATLANTA - Ack Radio HYATTSVILLE - Milgray PHILADELPHIA - Milgray 
BUFFALO - Standard Elect. INDIANAPOLIS - Graham PHOENIX - Kierulff 
CEDAR RAPIDS - Deeco KANSAS CITY - Esco PITTSBURGH - Cameradio 
CHICAGO - Allied LOS ANGELES - K·Tronics SALT LAKE - Standard Supply 

Newark Radio Products SAN DIEGO - Kierulff 
CINCINNATI - United Radio MILWAUKEE - All ied Rad io Parts 
CLEVELAND - Pioneer MINNEAPOLIS - Lew Bonn ST. LOUIS - Olive 
COLUMBUS - Hughes-Peters MONTREAL - Cesco SYRACUSE - Essex 
DALLAS - Esco NEW ORLEANS - South'n Radio SEATTLE - Western Elect. 
DAYTON - Srepco NEWTON - Cramer TULSA - Esco 
DENVER - Newark NEW YORK - Milgray WALTHAM - Durrell 

II ff I ELECTRONICS o 1080 ~~i~o~d?c~:'~:i~:: 
4501 N. ARDEN DR., El MONTE. CALIF. • CUMBERLAND 3-7191•TWX:213-442-5633 
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PEOPLE AND PLANTS 

RCA Puts $11.6 Million in New Tube Plant 

Management ok's one of 

largest single requests 

for any RCA installation 

LANCASTER, PA. - Two new 
buildings, planned here, will pro
vide an additional 46,000 square 
feet for color-television picture
tube engineering, and 154,000 
square feet for conversion-tube 
manufacturing. 

The $11.6 million plant expan
sion is said to be the largest single 
expenditure undertaken by RCA. 

Move means that several hun
dred additional employees will be 
added to the present RCA work 
force of 4,200 at Lancaster. 

Conversion-tube facilities will 
be established within the next 21 
months. Ground breaking plans 
for the color-tube engineering sec
tion will follow after occupancy of 
the first addition. 

Conversion-tube operations in
clude image orthicon and vidicon 
camera tubes, image converters, 
display storage tubes, photo tubes 
and photomultipliers. These types 
are widely used in television, space 
satellites and astronomy, as well 
as for medical, military and nu
clear operations. 

COLOR-Company spokesmen say 
that RCA is, of course, interested 
in any new development in the 
color-tv picture-tube field, and 
anticipate the concept of a tv tube 
as a picture on the wall-someday. 
Over the years they have experi
mented with a variety of rectangu
lar tubes, including 17-in., 21-in., 
and 23-in. sizes. 

"The 21-in., 70-degree round 
RCA color tube, now in commercial 
production, is the only one that 
meets our rigid standards for 
faithful reproduction of color, as 
well as black and white reception 
comparable to the best black and 
white receiver", company says. 

Spokesmen say they will continue 
their efforts to solve the technical 

68 

KEY EXECUTIVES of RCA's Electronic Component and Devices Divi
sion review expansion plans for Lancaster plant. D. Y. Smith, vice presi
dent discusses effect enlarged facili ties will have on electron tu be m arket 
with J. B. Farese, division vice president and Tex Burnett, v-p w ho worked 
hard to sell expansion idea to com pany 

problems of other kinds of color 
tu bes to meet the same goals of re
liability and acceptance that have 
been established for the 70-degree 
tube. 

The existing Lancaster plant was 
built in 1942 with U. S. Navy 
funds, and was operated by RCA 
for the Armed Forces during World 
War II. Between 1942 and 1946, 
the facility was the largest single 
supplier of cathode ray and power 
tubes used for radar, shoran, loran, 
airborne television and other stra
tegic military systems. 

Company purchased the plant 
from the Navy in 1946 as a base 
for black-and-white picture-tube 
production and as a location for 
power and special-purpose tube en
gineering and production. With the 
advent of color tubes in 1954, black
and-white picture-tube production 
was transferred to RCA's Marion, 
Indiana plant. 

Douglas Y. Smith, vice president, 

RCA Electronic Components and 
Devices, reported that sales of RCA 
electron tubes rose to an all time 
high in 1962-20 percent over 1961 
levels. Presently company product 
line consists of over 1,700 electron 
tube types. 

National ResisTronics 
Names Forman 

SAM FORMAN has been appointed 
manager of the Micro-Module divi-
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Digital electronics systems and compo· 
nents have been designed and devel
oped by General Time with this 
single rule in mind-"Keep it simple, 
while meeting or exceeding perform· 
ance specifications." 

• INCREMAG, the precision electronic 
counting element counter with a 
memory 

• MU·CHRON, the highly stable magnetic 
oscillator 

• Solid State Delay Switches 
• True Rotary Solenoids, no axial motion 
• Digital control systems 

These General Time units for tim
ing, counting, programming control 
and memory storage have reliably 
fulfilled stringent requirements of 
space, military and industry ... and 
now stand as a high point in the 
state of the art. 
Based on solid state and magnetic 
core principles, General Time equip
ment offers these advantages: 

• Design simplicity-dependability 
• Low power consumption 
• Minimum size and weight 
• Resistant to shock, vibration, thermal 

stress 

General Time digital electronic units 
are available on an off-the-shelf 
basis, or can be readily modified to 
meet specific requirements. 

GENERAL TIME 

~!?!~C~Y~!~~2~ ~ 
201 Summer Street, Stamford, Conn. mm 

CIRCLE 206 ON READER SERVICE CARD 

sion of National ResisTronics, Inc., 
Pearl River, N. Y. He was formerly 
a reliability engineer for General 
Transistor. 

National ResisTronics special
izes in the manufacture of micro
miniature cir cu it s , instrument 
grade components, precision wire 
wound resistors, and d-c measuring 
devices. 

Leif er Accepts 
Sylvania Post 

MEYER LEIFER has been appointed 
director of the Systems Engineer
ing and Management Operation 
(SEMO) of Sylvania Electric Prod
ucts Inc., Waltham, Mass. 

Leifer, who is rejoining Sylvania 
after two years as chief engineer of 
the Video and Instrumentation di
vision of Ampex Corp., formerly 
was general manager of Sylvania's 
Microwave Device division. 

Cook Electric 
Promotes Wall 

JOHN E. WALL, division factory man
ager since last December, has been 
named general manager of Cook 
Electric Company's Wirecom di
vision, Chicago, Ill. 

Wall will direct a marketing, 
sales, manufacturing, and engineer
ing program to refine and improve 
Cook's line of precision electronic 
relays and components. 

Hughes Names Two 
To New Positions 

PROMOTION of two laboratory man
agers to assistant directors of the 
research and development division 

ACCURATE ± 0.2 linearity for analog 
data 

FLEXIBLE as many data channels as 
you need from 2 to 14 

COMPACT a 7-channel system fits in 
less than 2 ft. of rack space 

LOW COST modest initial cost, true 
operating economy 

MNEMOTRON NEW MODEL 700/1400 
SERIES MAGNETIC TAPE RECORDING SYS· 
TEMS record any electrical quantity 
from DC up to 5000 cps. A uniquely 
simple pulse-frequency modulation tech· 
nique insures that data signal in.telli· 
gence is free from non-linearity due to 
tape coating or other distortions. 
Select as many data channels as you 
need, up to 14. Choose the tape format 
you want-If.I", 1/2" in-line, or standard 
IRIG. If standardization is desired, simply 
specify 7 channels on 1/2-inch tape in 
the standard IRIG configuration. 
Record/ Reproduce electronics for each 
channel are integrated in a single plug. 
in module featuring unity gain. An in· 
tegral speed switch permits selection 
of data conversion for 2, 3 or 4 tape 
speeds - no additional plug-ins needed. 
For maximum flexibility, each multi· 
channel input is isolated. Data can be 
accepted from unbalanced, differential 
or push-pull outputs - or different DC 
levels on input signal ground returns 
can be preserved. Test points allow 
monitoring of input during recording, 
output voltage level when reproducing. 

Write for the pleasant details. 

I NEMOTRON 
Division of 

TECHNICAL MEASUREMENT 
CORPORATION 

Executive Sales Offices: 
202 Mamaroneck Ave., White Plains, N.Y. 
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\I termination-proof I\ 
careers for 

Electronic Engineers 
in Washington, D. C. 

Why let your career hang on the whim of a single defense 
contract .•• or your professional development be 

restricted to a single program? 

\/ Electronic Engineers at the Navy's Bureau of Ships head-
-,,- quarters activities here in the nation's capital tangle with 

an unending series of large-scale programs for sub
marines, surface ships, shore installations, and amphibious 
craft. If one program is terminated, or fails to live up to its 
promise, the BuShips engineer simply turns his attention to the 
six or seven other programs he is concerned with ... or takes 
on the next task coming down the pike. 

Today this might involve IFF & Electronic Navigation 
. . . Acoustics ... Strategic Computers ... VLF Systems .. . 
Sonar and Radar ... Gyros ... Control & Display Systems .. . 
IR and Toxic Vapor Detection ... Antennas .. . Crypto Equip-
ment ... Communications ... and many more. 

Tomorrow, and in the years ahead, this might involve 
automation of electronics on all naval vessels in order to reduce 
the number of personnel required for extended operations ... 
quick-reaction tactical data systems for hydrofoil and hydro
skimmer craft capable of speeds of 100 knots ... high per
formance radars using pulse-compression techniques . . . 
revolutionary sonar and noise reduction concepts for deep
diving submarines ... further subminiaturization of all elec
tronics on operating vessels ... and many, many more advanced 
programs. 
Electronic Engineers at BuShips headquarters work in one or 

more of the following categories: 

ELECTRONIC-ELECTRICAL DESIGN to provide systems layout 
and specifications at the very early stages of ship design. 

PROJECT ENGINEERING to manage the electronic develop
ment programs, and to initiate R & D and/or Production 
contracts, work with Design people, trouble-shoot fleet 
technical problems, and recommend future areas of 
R & D attention. 

SHORE ELECTRONICS ENGINEERING to provide systems 
planning, installation and maintenance for Aeronautical 
Facilities (communications, radar, navaids, etc.) . . . 
Communications Facilities (the worldwide Naval Com
munications System) ... and Special Facilities involving 
highly classified work. 

R & D MANAGEMENT - directing BuShips $200 MILLION 
PER YEAR research effort into noise reduction, ocean 
surveillance, advanced warfare systems, and, of course, 
ASW. 
It's all right here in Washington at BuShips headquarters 

-the interesting jobs, the even more interesting future, and the 
many useable benefits of Career Civil Service. (Salaries are 
competitive, by the way, and there's another increase coming 
in January, 1964.) 

Make uncertainties and limitations a part of your past, and 
the nuclear Navy a part of your future. Get in touch with 
Mr. L. E. Probst, Code 263R, and find out what you and 

BuShips can offer each other. 

Bureau of Ships 
An Equal Opportunity Employer 

Department of the Navy 
Washington 25, D. c. 

of Hughes Aircraft Company's 
Aerospace Group in Culver City, 
Calif., is announced. 

The new appointments are Wil
liam A. Craven, Jr., manager of the 
group's infrared systems and guid
ance heads laboratory, and Elvin 
E. Herman, manager of the signal 
processing and display laboratory. 

Both men will continue as man
agers of their respective labora
tories in additon to their new 
duties. 

PEOPLE IN BRIEF 

Melvin W. Caquelin promoted by 
Collins Radio Co. to director of 
the Components div. The Magna
vox Co. advances James T. Smith 
to director of operations of its 
Urbana facility. Richard W . 
Karcher, formerly with GE, ap
pointed director of engineering at 
Cornell-Dubilier Electronics' Mica 
div. Donald H. Blouch moves up 
at General Kinetics Inc. to mgr. 
of the Magnetic Tape Services div. 
E. C. Boycks, previously with 
Abacus, Inc., named product mgr., 
systems at the Computer div. of 
Packard Bell Electronics. Ian B. 
Dickson elevated to g-m of Ameri
can Micro Devices, Inc. Robert R. 
Rutherford leaves U.S. Semicon
ductor Products to join Motorola 
Semiconductor Products div. as 
product mgr. of glass diodes. Ed
cliff Instruments boosts F. Donald 
Calkins to asst. g-m. J. H. Zeigler 
raised to plant operations mgr. at 
Electro Instruments, Inc. Sidney 
Bass promoted to asst. mgr., Com
munication and Radar Section, 
Electronics div., IIT Research In
stitute. Indiana General Corp. ups 
Thomas 0. Quinn to ch ief mfg. en
gineer for the Magnet div. Donald 
Wahl, ex-GD/Electronics, named 
v-p of engineering and mfg. at 
Optics Technology, Inc. R. Dean 
Eanes advances to director of the 
engineering department of Leeds 
& Northrup Co. Norman J. Regnier 
of RS Electronics Corp. takes the 
new position of v-p of marketing. 
Reginald A. Alexander, form erly 
with RCA, appointed v-p in charge 
of special assignments at Indus
trial Electronic Hardware Corp. 
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EMPLOYMENT 
' 

'OPPORTUNITIES 
-~~ 

·e1ectronics~; 
i 

WEEKLY QUALIFICATION f!ORM 
FOR POSITIONS AVAILABLE 

ATTENTION: 
ENGINEERS, SCIENTISTS, PHYSICISTS 

This Qualiflcation Form is designed to help you advance in the elec

tronics industry. It is unique ond 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 Qualiflcation Form below. 

STRICTLY CONFIDENTIAL 
Your Qualiflcatlon form will be handled as "Strictly Confldential" by 

ELECTRONICS. Our proce11ing 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 

companln. 

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 Qualiflcation Form. 

S. Fill out the form completely. Please print clearly. 

COMPANY 

ATOMIC PERSONNEL INC. 

Philadelphia , Penna. 

BUREAU OF SHIPS 

Department of the Navy 

Washington, D. C. 

GENERAL DYNAMICS / ELECTRONICS 

A Div. of General Dynamics Corp. 

Rochester, New York 

INTERNATIONAL BUSINESS MACHINU CORP. 

Space Guidance Center 

Owego, New York 

SOCONY MOBIL OIL CO ., INC. 

Dallas 21, Texas 

SPACE AND INFORMATION SYSTEMS 

Div. of North American Aviation, Inc. 

Downey, Calif. 

~! 

SEE PAGE 

72 

70 

57• 

72 

72 

66 

6. Mail to: Classifled Advertising Div., ELECTRONICS, Box 12, New 

York 36, N. Y. (No charge, of course). 
* These advertisements appeared in the July 5th issue. 

KEY # 

2 

3 

4 

5 

6 

------------------ ----------------(cutheN) electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE (cut here) 

(Please type or print clearly. Necessary for reproduction.) 

Personal Background Education 
NAME PROFESSIONAL DEGREE(S) ••.••••••••••••••••••••••••••••• 

HOME ADDRESS ....••..•.••...••..•... . .......•.••.••.. MAJOR(S) ..... . .......•..••..••.•••••••••••••••••••••• 

UNIVERSITY . . . ..... . . ...... . .........••.•••••••••••••• 

DATE(S) . . ..... . .......•.. . ....•...•••..••..••••••••••• 

CITY ••.. • .......••.•••.. ZONE ....... STATE ..•..•....... 

HOME TELEPHONE •...••................ . •...••.••...... 

FIELO.S OF EXPERIENCE (Please Check) 71263 

0 Aerospace 

0 Antennas 

0Asw 

0 Circuits 

0 Communications 

D Components 

D Computers 

0ECM 

D Electron Tubes 

D Engineering Writing 

0 Fire Control 

0 Human Factors 

0 Infrared 

D Instrumentation 

0 Medicine 

0Microwave 

D Navigation 

D Operations Researc 

D Optics 

0 Packaging 

0 Radar 

0Radio-TV 

D Simulators 

D Solid State 

D Telemetry 

D Transformers 

D Other ..... . •• ••• • • 

0 .. ..... ... ...... .. . 
0 .... ......... ..... . 
0 ........ .. ... ... .. . 

CATEGORY OF SPECIALIZATION 
Please indicate number of months 

experience on proper lines. 

RESEARCH (pure, 
fundamental, basic) 

RESEARCH 
(Applied) 
SYSTEMS 
(New Concepts) 
DEVELOPMENT 
(Model) 
DESIGN 
(Product) 
MANUFACTURING 
(Product) 
FIELD 
(Service) 
SALES 
(Proposals & Products) 

Technical 
Experience 
(Months) 

Supervisory 
Experience 
(Months) 

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 
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IBM FEDERAL SYSTEMS DIVISION 

SPACE GUIDANCE CENTER 
MANAGEMENT AND SENIOR STAFF LEVELS 

Candidates with more than five years of professional experience are 
invited to investigate newly defined positions involving the establishment 
a nd desig n of new programs and new systems- in a fine professional 
envi ronment. 

PRINCIPAL AREAS OF INVESTIGATION 
Advanced Computer Organization and Reliability 

Reconnaissance Data Acquisition 
Reconnaissance Data Processing 

Design Automation 
Systems Synthesis 

Operations Research 
Guidance and Control Systems Design 

Inertial Guidance Systems and Equipment 
Space Navigation 

Manned Space Flight 
Space Trajectory Analysis 

Semiconductor Physics 
Thin Film Studies 

Aerospace Materials Engineering 
Electromagnetic and Optical Sensors 

Plasma Physics 
Paramagnetic Resonance 

PRINCIPAL POSITIONS TO BE FILLED IN 
Advanced Systems Research 

Applied Research 
Operations Analysis 

Human Factors 
Marketing 

Geographic locations are throughout the U. S., primarily Owego, N. Y. 
(in the Finger Lakes region) ; Huntsville, Alabama; and Los Angeles, 
California . 

IBM, a n Equal Opportunity Employer, offers a fa r-sighted program of 
personal and fam ily benefits. 

Your letter or wire wi ll receive personal attention. 

Arthur E. Cooper, Dept. 554G3 

Space Guidance Center Manager 

IBM Federal Systems Division 

Owego, New York IBJ4 
INTERNATIONAL BUSINESS MACHINES CORPORATION 

SOCONY MOBIL 
RESEARCH LABORATORY 

DALLAS, TEXAS 

ELECTRONICS TECHNICIAN 
High School Graduate, some col

lege preferred. 5-10 years Elec

tronics training and experience in 

construction of test equipment a nd 

electronic instruments required. 

Work is non-routine and requ ires 

exceptional ability and under

standing of electronics components, 

circuits, layouts, and specifications. 

Applicants should submit detailed 

personal resumes including experi

ence and education to J. F. Glea

son, Jr., Socony Mobil Oil Com· 

pony, Inc ., Research Department, 

P. 0 . Box 900, Dallas 21 , Texas. 

An Equal Opportunity Employer 

E. E.'s 
for FEE-PAID Positions 

WRITE US FIRST! 
Use our confident ial application 
for profess ional , i ndividualized 
service ... a complete national 
techn i cal employment agency. 

ATOMIC PERSONNEL, INC. 
Suite 1207l, 1518 Walnut St., Phlla . 2, Pa. 

Put Yourself in the Other Fellow's Place 

TO EMPLOYERS - TO EMPLOYEES 

Letters written otrertng Employmen t or appJ.ylng 
tor same &re written with the hope or satisfying a 
current need. An &nswer, regardless of whether 
It ts favorable or not. ts usually expected.. 

Mr. Employer, won't you remoTe the mystery 
about the status of &n employee'• application by 
acknowledging all applican ts and not Juat the 
vromlslng candldates. 

Mr. Employee you, too, can help by &Oknowledglng 
n.opllcations a-nd Job otrers. This would encourage 
more companies to answer position wanted ads in 
this section. 

We make t his suggestion in a solrtt of helpful 
cooperation between employers and employees. 

Thls section wUl be the more useful to all as a 
result or this consideration. 

Classilied AdverHsing Division 

McGRAW·HllL PUBLISHING CO., INC. 

330 West 42nd St .. New York 36, N. Y. 
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CLASSIFIED s EA R c H L I G H T s E c T I 0 N ADVERTISING 

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 

DISPLAYED RATE UNDISPLAYED RATE 
The advertising rate is $27.25 per inch for advertising appearing 
on other than a contract basic. Contract roles quoted on request. 

$2.70 a line., minimum 3 lines. To figure advance payment count 5 
average words as a line. 

AN ADVERTISING INCH is measured 'i's inch vertica lly on one column, 
3 columns-30 inches-to a page. BOX NUMBERS count as one line additional in undisplayed ads. 
EQUIPMENT WANTED or FOR SALE ADVERTISEMENTS acceptable only 
in Displayed Style. 

DISCOUNT of 10% if full payment is made in advance for four con
secutive insertions of undisplayed ads (not including proposals.) 

The publi sher cannot accept advertising In the Searchlight Section, which ll1ts the names of the manufacturers 
. ·: ·. ,~ of resistors, capacitors, rheoatats, and potentiometers, or other names designed to describe such products. 

Send NEW ADS ar inquiries to Classified Adv Div. of Electronics P. 0 . Sax 12, N . Y. 36, N . Y. 

CIRCLE 954 ON READER SERVICE CARD 

ADDRESS BOX NO. REPLIES TO: Boa; No. 
Claasi/iea A.av. Div . of this publication. 

Send to office nearest 11ou. 
NEW YORK 86: P. o. Box 12 

CHICAGO 11: 645 N. Michigan A~e. 
SAN FRANCISCO 11: 255 California St. 

BUSINESS OPPORTUNITY 

Leading Puerto Rico electronic parts and 
equipment wholesaler seeking experienced 
partner with $25 ,000 to invest in expansion. 
Will stand rigid investigation. Write B0-
2542, Electronics. 

FREE 
TUBES & COMPONENT 

.. . CATALOG 
BARRY ELECTRONICS 

512 BROADWAY 212·WAlker 5·7000 
NEW YORK 12, N.Y. TWX-571-0484 

CIRCLE 955 ON READER SERVICE CARD 

SMALL AD but BIG STOCK 
of choice test equipment 
and surplus electronics 

Higher Quality-lower Costa 
Get our advice on your problem 

ENGINEERING ASSOCIATES 
434 Patterson Road Dayton 19, Ohio 

CIRCLE 956 ON READER SERVICE CARD 

POTIING APPLICATORS 
MANUAL AND DISPOSABLE 

6cc l 2cc 30cc 
FOR POTTING, ENCAPSULATING, AND 

SEALING OF MINIATURE COMPONENTS 
PHILIP FISHMAN CO. 

7 CAMERON ST .. WELLESLEY 81. MASS. ' CIRCLE 957 ON READER SERVICE CARD 

AUTOTRACK ANTENNA MOUNT 
360 degree azimuth, 210 d egree elevation 
sweep with better than 1 mil. accuracy. 
Missile velocity acceleration a nd slewing 
r ates. Amplidyne and servo control. Will 
handle up to 20 ft. dish. Supplied com
plete with control chassis. In s tock
immediate delivery. Used world over by 
NASA, ABMA, USAF, USN. 

SCR 584 RADARS AUTOMATIC TRACKING 
3 CM & 10 CM 
Our 584s in like new condiLlon . ready to go, and in 
stock ror immediate d e livery. Ideal for telemetry 
research and development, mls.slle tracking, satellite 
tracking, balloon tracking , weather forecasting, anti
aircraft d efense defense tacUcal air support. Used 
on Atlantic Missile Range, Pacific ?\fissile Range, 
N.A.S.A. \VaUops Island, A.B.M.A. \Vrite us. Fully 
Dcsc. MIT Uad. Lab. Series, Vol. t, pps. 207-210 , 
228. 284 - 286. 
7.5KW PHONE TRANSMITTER 
RCA type ET-4750, tunes 2 to 22 mes. Broadcast 
(luality. Can also be keyed for C\V or modifted for 
SSB. Price $5000. 00. 

PULSE MODULATORS 
MIT MODEL 9 PULSER 
1 MEGAWATT-HARD TUBE 
Output 25 kv 40 amp. Duty cycle, .002. Pulse lengths 
. 25 to 2 mcirosec. Also .5 to 5 microsec. and .1 to .5 
msec. Uses 6C2l. Input 11 5v 60 cycle AC. Mfr. GE. 
Complete with drh•er and high rnltage pcwer supply. 
Ref: MIT Ilad. Lab. Series Vol. 5 pps. 152· !60. 

SOOKW THYRATRON PULSER 
Output 22kv at 28 amp. Rep. rates: 2.25 microsec. 
300 pps, t. 75 msec 550 pps, .4 msec 2500 pps. Ust>s 
5C22 hyd rogen thyratron. Complete with drh·er and 
high rnlta~e power supply. Jnput 115v 60 cy AC. 

2 MEGAWATT PULSER 
Output 30 h-v at 70 amp. Duty cycle .001. Rep rates: 
1 microsoo 600 ups, l or 2 msec 300 PPS. Uses 5948 
hydrogen tl1:rra.tron. Input 120/208 VAC 60 c:rcle. 
Mfr. GJ.~. Complete witJ1 high voltage power supply. 

15KW PULSER-DRIVER 
Biased multivibrator type pul se genera.tor using 3E29. 
Output 3kv a.t 5 amp. Pulse lgths .5 to 5 microsec , 
easily adj. to . 1 to .5 msec. Input 1 t5v 60 cy AC. 
$475. Ref: MIT Had. Lab. Series Vol. 5 pps. 157· 
160. 
MIT MODEL 3 PULSER 
Output: 144 kw (12 kv at 12 amp.) Duty ratlo: 001 
max. Pulse duration: 5.1 and 2 mlcrosec. Input: 
115 v 400 to 2000 cps and 24 vdc. $325 ea.. Fllll 
desc. Vol. 5 MIT Rad. T.~b. series pg, 140. 

C.E.C. AMPLIFIER·SYSTEM D 
c/ o 12 channels #1· 11 2C Linear Integrating Am-

plifiers 
I Oscillator Power Supply #2· I 05A 
I Amplifler Case 
Condition: LIKE NEW. Orio . cost: $7,000.00 

Now : $2.750.00 complete 
Additional 1-112C Ampliflers: $175.00 ea. 

GIL DAGENAIS 
1600 Angelus Avo.. L.A . 26, Cali!. 

CIRCLE 952 ON READER SERVICE CARD 

--1 ELECTRON TUBES I;---. 
KLYSTRONS e ATR & TR e MAGNETRONS 
SUBMINIATURES • C. R.T. • T .W.T. • 5000· 

6000 SERIES 
e SEND FOR NEW CATALOG A2 • 

A & A ELECTRONICS CORP. 
1063 PERRY ANNEX 
WHITTIER. CALIF . 

AN 92865 0 R 943·2829 

CIRCLE 953 ON READER SERVICE CARD 

TO SEARCHUGHT ADVERTISERS 
Your Inquiries Mean OPPORTUNITY! 

... not only for the adve rti ser , or the publisher, but FOR YOU! When you men
tion this publication in inquiries to advertisers, you e nable them to value the 
evidence of your readers hip ... This advertisers 'sati sfaction' means we have an 
ca8ier time securing more SEARf'HLIGHT adverti sem e nts - meaning :\10RW 
Information, MORE choice of proc111ct s, MORE value - FOR YOU! 

electronics • July 12, 1963 

MICROWAVE SYSTEMS 
300 TO 2400MC RF PKG. 
300 to 2400MC CW. Tuneable. Transmitter 10 to 30 
Watts. Output. As new $475. 
AN/TPS-ID RADAR 
500 kw 1220-1359 mes. 160 nautical mile search range 
P.P.I. and A Scopes. MTI. thyratron mod. :.iJ26 
magnetron. Complete system. 
AN/TPS-lOD HEIGHT FINDER 
250 KW X-Band GO & 120 mile ranges to G0,000 feet. 
Comple te. 
10 CM. WEATHER RADAR SYSTEM 
Raytheon, 275 KW output S Band. .Rotating yoke 
P.P. l. Weather Rand. 4, 20 and 80 mile range. 360 
degree azimuth scan. Supplied bra.nd new comolete 
with instruction books and installation drawings. 
Price $975 complete. 
AN/ APS-158 3 CM RADAR 
Airborn e radar. 40 kw output using 725A ma.gnetron. 
Model 3 pulser. 30·in . parabola.. stabilized antenna.. 
Pl•r S<'Ope. Complete system . $1200 each. New. 
lOKW 3 CM. X BAND RADAR 
Complete RF head including tr.i.nsmltter, rerelvrr, 
modulator. Uses 2J42 magnetron. Fully described In 
MIT Had. Lab. SPri('S Vol. I . pps 616-625 a nd Vol. 
JT, pps. 171· 185 $375. Complete System. $750. 
AN/ APS-27 X BAND RADAR 
ComplPte 100 kw output airborne systf'm wtth AMTT. 
5C22 thyr. mod, 4J52 magnetron, PPT, 360 deg az 
sw(•ep, 60 deg. elev. sweep. gyro stablltzer, hi -gain 
rcvr. Complete with all plugs and C'a.bles $2800. 
M-33 AUTO-TRACK RADAR SYSTEM 
X band with plottini:t boa.rd, automati<' range track
ing. C'te. ('ornpletc in 2 van complex incl. 1 mega.
wan aroulsition rnrfar . 
AN/ APS-45 HEIGHT FINDER 
Airborne system, 40.000 ft. altitude di splay on PT'T 
& RJII. 9375 mes. 400kw output using QK-172 
megatrnn. !')622 thyratron. 
L BAND RF PKG. 
20 KW prnk 990 to 1040 MC. Pulse width .7 to 1.2 
microser. R ep rate 180 to 420 pps. Input 115 vac. 
TnC'I HPC'Pin·•r $1200 .. 

QUARTZ DELAY LINE 
500 Microsecs. 30 MC. 1000 OHMS Termination Jle
sistance--witb Callb. Curve LFE Type 11445. Price 
$275 each. 

CIRCLE 950 OH READER SERVICE CARD 

CIRCLE 951 oa Rl'ADH SHVICe CARD 
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INDEX 
• AMP Incorporated . . . . . . . . . . . . 5 

Allen-Bradley Co. . . . . . . . . . . . . . 9 
Arnold Engineering Ca., The. . . . . 48 

Balteau Electric Corp.. . . . . . . . . . 51 
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• Clifton Precision Products Co., Inc. 59 
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of Clrculatlon 
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Publicatton• 

Audited Paid Circulation 
JAMES T. HAUPTLI (2210) 

Advertising Sales Manager 
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NE W YORK TELEPHONE: 
A.rec Code 212 . locally, 971 plus 
ex tensions shown above in parenthesis 
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TO ADVERTISERS 
Motorola Semiconductor Products 

Inc ..................... 14, 15 

Nexus Research Laboratory, Inc .. 51 
North American Aviation. . . . . . . . 66 

• North Atlantic Industries, Inc... .. 49 

Omark Industries, Inc...... . .. . 62 

Photocircuits Corp. . . . . . . . . . • . 13 
• Potter Instrument Co., Inc..... .. 21 

• Radio Corporation of America. 4th cover 
• Rosemount Engineering Ca.. . . . . . 53 

Sangamo Electric Co .......... 17, 18 
Sperry Electronic Tube Div . 

Sperry Rand Corp ........ 3rd cover 
Sprag ue Electric Co ........... 4, 23 
Standard Electric Time Co., The . . 56 

• Tarwico Electronics Inc. . . . . . . . . 6 

Weston Instruments & Electronics 
A Division of Daystrom Inc. . .. 57 

• 
CLASSIFIED ADVERTISING 

F. J. Eberle, Business Mgr. 
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For Sale • • • • . • • • • . • • • • • • • • • • • • • • • 73 
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• A & A Electronics Corp.. . . . . • • • 73 
Atomic Personnel Inc. . . . . . . . . . . 72 

• Barry Electronics Corp.... . . . . . • 73 

• Engineering Associates .. . . . . . . . 73 

• Fair Radio Sales. . . . . . . . . . . . . . . 73 
Fishman Co., Philip. . . . . . . . . . . . 73 

Gag enais, Gil..... . ......... ... 73 

• Houde Glass Co.. . . . . . . . . . . . . . . 73 

International Business Machines. . 72 

lifschultz Fast Freight . . . . . . . . . . 73 

Radio Research Instrument Co. . . 73 

Socony Mobile Oil Co., Inc..... .. 72 

• 
• See advertisement in the July 25, 1962 issue 
of Electronics Buyers' Guide for complete lin e of 
product s or services . 

This Index an d our Reader Service Numbers are pub
lished as a service. Every precaution is taken to make 
them accurate, but electronics assumes no responsi
bilities for errors or omissions. 

ADVERTISING REPRESENTATIVES 

ATLANTA (9): 
Michael H. Miller, Robert C. Johnson 
1375 Peachtree St. N.E. , Trinity 5-0523 

(area code 404) 

BOSTON (16 ): 
William S. Hodg·kinson 
McGraw-Hill Building, Copley Square, 
Congress 2-1160 (area code 617) 

CHICAGO (11): 
Harvey W. Wernecke, Robert M. Den mead 
645 North Michigan Avenue, Mohawk 4-5800 

(area code 312) 

CLEVELAND (13): 
Poul T. Fegley 
55 Public Square, Superior 1-7000 

(area code 216) 

DALLAS (1): 
Frank le Beau 
The Vaughn Bldg., 1712 Commerce St. 
Riverside 7-9721 (area code 214) 

DENVER (2): 
John W. Patten 
Tower Bldg ., 1700 Broadway, 
Alpine 5-29B1 (area code 303) 

HOUSTON (25): 
Kenneth George 
Prudential Bldg., Holcombe Blvd., 
Riverside 8-1280 (area code 713) 

LOS ANGELES (17): 
Ashley P. Hortman, John G. Zisch, 
William C. Gries 
1125 W. 6th St., Huntley 2-5450 

(a rea code 213) 
NEW YORK (36): 

Donald H. Mille r (3615) 
George F. Werner (3617) 
Donald R. Furth (3616) 
500 Fifth Avenue, Dial 971 plus Nos. in 
parenthesis (area code 212 ) 

PHILADELPHIA (3): 
Warren H. Gardner, William J . Boyle 
6 Penn Center Plaza, lOcust 8-4330 

(area code 215) 
SAN FRANCISCO (11): 

Richard C. Alcorn 
255 California Street, Douglas 2 -4600 

(area code 415) 
LONDON Wl: 

Edwin S. Murphy Jr. 
34 Dover St. 

FRANKFURT/ Main: 
Motthee Herfurth 
85 Westendstrasse 

GENEVA: 
Michael R. Zeynel 
2 Place du Port 

TOKYO: 
George Olcott, 
l , Kotohirocho, Shiba, Minato-ku 
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ELECTRONIC 
TUBE 

DIVISION 

SPERRY RAND CORPORATION 
GAINESVILLE FLORIDA 

CIRCLE 901 ON READER SERVICE CARD 

So •tt l . 

New low-cost reflex klystrons designed to meet the severest 
environments of vibration and shock are now available from 
Sperry Electronic Tube Division. 

An example is Sperry's SRU-4192. It offers 250 mW 
minimum output at any frequency you specify between 15.5 
and 17.5 Ge. It's trim tunable across a 100 Mc range. It 
operates at an unusually low voltage. It's available within 30 
days from receipt of your order, but with all these advantages 
it's priced far below comparable tubes. 

Sperry has similar capabilities in other areas of the spec
trum. If you need a ruggedized reflex klystron anywhere in 
X, U, K, or V band (8.2 to 40 Ge), Sperry has the answer. 

To avail yourself of the outstanding performance of one 
of Sperry's rugged new reflex klystrons, place your order now. 
Contact your Cain & Co. representative or write Sperry, Gaines
ville, Florida. In Europe, contact Sperry Europe Continental, ·· 
Paris. .. . 



A MAJOR 
ADVANCE 
IN LASER 

DETECTION 

RCA LASECC>N 
JOINS THE FAMILY OF RCA DETECTORS FOR LAS ER SYSTE MS 

·-

A new electron tube, the LASECON, soon to be available on a 
sampling basis from RCA, is the industry's most advanced micro
wave phototube designed for use as a laser signal detector and con
verter. Capable of handling several hundred television cha nnels 
simultaneously over a si ngle light beam, the LASECON is also 
expected to play an important role in the use of lasers for space 
communications, optical radar , and radar as tronomy. 

Designated RCA-Al 283 , the LAS ECON joins the fa mil y of RCA 
Photomultiplier, Photojunction, and Photoconductive square-law 
detectors. It is a primary example of how the RCA Electron Tube 
Division is extending to the optical frequency region its capability 
in devices for generating, amplifying, modulating, and detecting 
electromagnetic radiation-to develop even more sophisticated 
detectors of coherent light. 

Many of RCA's square-law detectors meet the major require
ments of coherent light detection and mixing devices . They have 
broad bandwidth, low noise, and fast response. 

The LASECON, recently tested under a contract with the U .S. 
Army Electronics Research and Development Laboratory, has re
covered modulation at frequencies ranging from I ,000 to 2,000 
Mc. It was employed to recover the beat frequency generated by 
two modes of a ruby laser which were separated by 1,700 Mc. 

For more information on the LASECON and other RCA devices 
for use in the li ght portion of the frequency spectrum , write: Man
ager, Marketing, RCA Electronic Components a nd Dev ices, Lan
caster, Pennsylvania. e The Most Trusted Nam e in Elect ronics 

Some Lasers and Recommended RCA Detectors 
-----~------~----~ --------------, 

Approxima t e 

Gas Ne -· 0 

Lase1 Ou tput 
Wavelength 

in A.U nits 

7,090 

Recommended 
Detector Units {Sl 

C70042A --- - -
C70042A 

-- ~~~~*-1 
~___. - c7oio2~_:_~Ci0o1A 

8,<150 C70 102B. C70007A 

sr r 1 :NcP t 10.350 C701028 , C70007A 

Solid CaF 2:Nd> t 10.60-0 7467 

Gas He , Ne ll.200·12,000 7467 
1-------+-------+---

G as Ar 16, 100 7467 ------
Gas Kr 17,000 7467 

ca r 1 Dy 23.600 C70274 

Gas He -t Ne ___ 3_4,00~ C70274 , C7020l 

71,600 ·----+--c-io21c, c1020J.c10015 Gas Cs 

Pertinent Data on RCA Laser Detectors 

Appro11mate Response Equivalent 
Type and No. Usable Time in NOISt! Input 

Spectrum 1n A Seconds in Walls 

Head-on Type 
Photomultiplier 4500-10 ,000 2 . 10-9 21 JO- U <S,- 25-C 
C70007A 

Head-on Type 
Photomultiplie r 3000·8000 2 l 10-9 2 x 10- u @ 25~ c 

C70042A 

Head-on Type 
Photomult1pl1e r 4500· 10,000 21 10-• N.A. 
C70102B 

Photojunction Celt 3500·18,700 I 1 10--s l.3110- 10 @ 25 c 7467 

Head-on Type 
PhotoconductiveCell 18,000·85,000 Ix IQ-Ii 5 x 10-- 10 (aJ 77 - K 
C70274 

Head-on Type 
PhotoconductiveCell J0,000 -135,000 Ix I0-6 J.6 x 10-" (aJ 21 - K 
C70201 

Head-on Type 
Phot oconduct iveCell J0,000-155,000 11 10--• 2.7 x 10-'il @ 21 ~ K 
C700 15 

RCA FIELD OFFICES: 
OE."1 SALES, Newark 2, N . J., 32-36 Green St., {201) 
485-3900 • Chicago 54, Ill., Suite 1154, Merchandi se 
Mart Plaza, f3 12J 527-2900 • Los Angeles 22, Calif., 
680 1 E. Wo•hington Blvd., {213) RA 3-8361 • GOVERN
MENT SALES, Horrison, N. J. <T IS South Fifth St., 1201) 
485-3900 • D::iytc.n 2, Ohio , 22-1 N. Wilkinson St., (513) 
BA 6-2366 • Washing ton 6, D. C., 1725 "K" St., N.W., 
{202) rE 7-8500 • l~ITERNATI ONAL SALES, RCA Inter
national Division, Clark, New Jer•ey, !20 1) 382- 1000 


