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DISCAP 

CERAMIC 
CAPACITORS 

for ceramic capacitors 

with greater 

Frequency 
Stalbility 

RMC type JF DISCAPS 

Type JF DISCAPS are especially designed for 
applications requiring a ceramic capacitor 

with superior frequency stability. 
These DISCAPS extend the available capacity 

range of the RETMA Z5F type capacitors between 
+10' and +85 C and meet Y5S specifications 

between -30' and +85'C. Now manufactured in 
capacities between 150 MMF and 10,000 MMF, 

Type JF DISCAPS exhibit a change of only ±7.5% 
between +10' and +85" C. 

Write today on your company letterhead for 

information on RMC DISCAPS. 

RADIO MATERIALS CORPORATION 
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, III. 

Two RMC Plants Devoted Exclusively to Ceramic Capacitors 

FACTORIES AT CHICAGO, ILL. AND ATTICA. 
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FRONT COVER: This year the Institute of Rodio Engineers Annual Show moves into a 
brand new home, New York's sparkling new Coliseum. Visitors to the show will find them-
selves in the heart of down town New York City, close by hundreds of other activities 
that should add a great deal of color to the proceedings. For details on the show and 
the technical sessions that will be held during the week, turn to page 61. 
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The Real Transistor 52 

  Transistors have 
been treated un-
til now only on a 
theoretical and 
mathematical 
basis. Here is a 
practical expla-
nation of them 
as physical com-
ponents. 

Marine Interference 56 

The military finds 
that altogether 
too much effort 
is going into fil-
tering of marine 
equipment. Here 
are their recom-
mendations for 
adequate, eco-
nomical filtering. 

$100 Printed Circuit 72 

Labs and small 
volume printed 
circuit producers 
can set up "print-
ing" operations 
for less than $ 100 
using the "Oza-
lid" method. 

New Look At Inductors 78 

For the first time 
the inductor 
losses are treated 
separately. Iron 
loss is examined 
and found neg-
ligible compared 
with "insertion 
loss." 
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AUTOMATIC TESTING 

RADARSCOPE 
mamba   
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This elaborate test pale! at Westinghouse's Air Arm Div. runs com-
plete dynamic tests os ccmplex equipment in a ma-ter of seconds. 

For mo-e detai's, see page 55. 

THE AIRCRAFT INDUSTRY is plowing back 65% 
of their earnings into research and development 
programs. This figure is higher than that of any 
other industry and is necessary because of the star-
tling advances in aviation technology which are be-
ing made under the pressure of military necessity. 

THE ENGINEER SHORTAGE is "greatly over-
rated," says Dr. Frederick E. Terman, of Stanford 
University School of Engineering. He cited figures 
from the National Science Foundation that about 
25% of college graduates went into engineering or 
the sciences. Dr. Terman agreed that there are 
shortages of engineers, but, he pointed out, there are 
shortages in other fields, too. Many engineers have 
left to go into sales, service, and administrative po-
sitions and that their loss is naturally being felt. 

TRANSISTOR MANUFACTURERS are looking to 
the automotive industry as a tremendous potential 
market. Electronic ignition using transistors is al-
ready on the way, and fuel injection units designed 
by Bendix and using five transistors are being in-
troduced this spring in the Nash Rambler. The next 
target is a transistorized voltage regulator. Tran-
sistor powered electronic clocks for cars, busses and 
planes are just around the corner and transistorized 
electronic controlled traffic lights is another almost 
certain development. 

STEREOSCOPIC TELEVISION is finding applica-
tion in nuclear research where ordinary closed-
circuit television makes it difficult for the operator 
to judge the distance of remote manipulating equip-
ment used to handle dangerous radio-active mate-
rials. 

THE SELENIUM SHORTAGE has lessened to the 
point where certain selenium commodities are avail-
able for export. The Bureau of Foreign Commerce 
reports a supplementary quota of 10,000 lbs. (se-
lenium content) has been established by the first 
quarter, and a total of 30,000 lbs. (selenium con-
tent) for the second quarter. 

ENGINEER RECRUITING comes into its own as 
a full fledged exposition on June 8 to 12 in Chicago. 
The "Technical Personnel Recruiting Exposition" 
to be presented in conjunction with the National 
Technical Carrer Conference will feature exhibits 
by leading research and manufacturing organiza-
tions, and panel discussions to provide registrants 
with a yardstick to measure their professional prog-
ress. A preview of this show says "more informa-
tion will be available at this exposition about the 
job and the company behind it than has ever been 
given to prospective technical employees." 

ATOMIC-AGE NIKE 

NIKE-Hercules, newest version of the NIKE, has many times the 
destructive power and is much faster than the original. It will re-

portedly carry nuclear heads. 



Analyzing current developments and trends throughout the electronic 

industries that will shape tomorrow's research, manufacturilg and operation 

GENERAL PRICE INCREASE seems imminent. Fis-
cal statements of the top firms in the industry all 
show the same trend—sales are up, but profits are 
down, compared with 1955. Industry officials seem 
to agree that a general 10% increase in prices will 
be in force by the end of 1957. 

A PESSIMISTIC NOTE was sounded by Tung-Sol 
Electric Co. in announcing that they are discontinu-
ing for the present all further activities in color TV 
picture tubes. 

MANUFACTURING 

THE TV OUTLOOK, as the first quarter of 1957 
ends, is not bright. The low-cost portable TV set 
which had given the industry such a shot in the 
arm in 1956 has now become the last line of resis-
tance for the manufacturer. The warehouses are 
bulging with more than 2,000,000 unsold TV's. The 
profit margins have been shaved to the point where 
TV manufacturing has become unprofitable to all 
but the largest manufacturers. Throughout the in-
dustry, groups of company executives are being har-
assed by exasperated stockholders who can not or 
will not face the fact that TV sales have reached a 
temporary saturation. Completely impossible situa-
tions seemed to be in the making, as the manufac-
turers on the one hand insist that TV receiver prices 
must be raised 10% and on the other hand dealers 
are refusing to accept any but the low-priced porta-
ble models because the public has become accus-
tomed to the $100 price and refuses to go any higher. 
There is only one solution—prices must be raised. 

LABOR RELATIONS 

SERIOUS CLASH seems inevitable between the 
IUE, representing workers in the radio-TV industry 
and the radio-television manufacturers. As the man-
ufacturers pulled in their belts to weather the most 
serious setback they have encountered in the post-
war years, the union was announcing their inten-
tion to ask for a guaranteed annual wage and a 
shorter work week in the radio-TV industry. The 
suggestion for a shorter work week came after a 
report to the conference that the productivity in the 
industry had soared in the last few years. The union 
also warned manufacturers who were planning out-
of-the-country operations in cheaper labor markets, 
notably Puerto Rico, that they could expect to deal 
with organized labor in those areas as well. The 
IUE, they said, already has organizers in Puerto 
Rico where several large electronics manufacturers 
have recently set up plants. These organizers have 
been able to raise wages substantially in a number 
of plants on the island. 

COMMUNICATI4)NS 

AT THE N.A.R.T.B. SHOW a great deal of interest 
will be shown in a paper to be presented on the sin-
gle side band system by Leonard R. Kahn of Kahn 
Research Laboratories, Freeport, New York. Mr. 
Kahn will be explaining his compatible single side 
band system to the broadcasters, after having had 
remarkable success in taking his case to the military 
and air lines. Mr. Kahn has already had some suc-
cess in applying the system to the Voice of America 
broadcast. Arinc has already stated flatly that the 
compatible single side band system will eventually 
be adopted for all air navigation communication. 
At a meeting in Washington of the Aircraft Elec-
tronics Engineering Committee of Aeronautical 
Radio, three competing systems were examined— 
Kahn's, Collins, and General Electric. The Kahn 
system was adopted mainly because of its compati-
bility, an extremely important feature to the air-
lines. Following its adaption by Anne, the Kahn 
system was purchased from the Kahn organization 
by Kaiser Aircraft & Electronics Corp., an affiliate 
of Kaiser Industries Corp. Kaiser now has full 
rights for manufacturing and sale of this system to 
military and owns the necessary patents. 

TRACKING GUIDED MISSILES 

Instrumentation radar system developed by RCA makes possible for 
the first time direct calibration and immediate evaluation of the 
performance and behavior pattern of guided missiles. Designated 
the AN/FPS-16, is now in production for the Army, Navy and A. F. 
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SPRAGUE offers you a choice of 2 truly 
high-temperature magnet wires: 
TETROC is recommended for continuous 

operation at hottest spot temperatures up to 
200°C (392°F) and up to 250°C (482°F) 
for short periods of time. Tetroc, a teflon-in-
sulated wire is available in both single and 
heavy coatings. 
CEROC is recommended for continuous 

operation at hottest spot temperatures up to 
250°C (482°F) and up to 300°C (572°F) 
for short periods of time. Ceroc wire insula-
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tion consists of a ceramic base with either 
single or heavy Teflon overlays—combining 
the best properties of both materials. r= 

Both Tetroc and Ceroc • kew, lo"—fli  
Magnet Wires provide ex-
tremely high space factors. • L%.0.02212 411 MAGNET WIRES 
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FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 
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As We Go To Press 

Atomic Heads For 
New NIKE Missile 
An improved version of the 

NIKE guided missile, recently des-
ignated as Nike Hercules, with 
many times the destructive power 
of the original Nike, is undergoing 
final tests at White Sands. 

Although longer, heavier and 
more than double the diameter of 
Nike Ajax, the Hercules model will 
have extreme maneuverability at 
altitudes far in excess of those 
capable of being reached by Ajax. 
Its higher velocity will permit 
swifter interception of the most 
advanced types of aircraft and its 
increased lethality will make Nike 
Hercules one of the most effec-
tive weapons in America's defense 
arsenal. 

According to a special announce-
ment by Secretary of Defense 
Charles E. Wilson, nuclear capabil-
ity will be incorporated into the 
Nike Hercules surface-to-air guid-
ed missile system. 

The ground guidance and control 
equipment and missile guidance are 
being manufactured by the West-
ern Electric Company at its Burl-
ington and Winston-Salem plants 
in North Carolina. 

Miniature Computer 

The first model of a general-purpose, all-
transistor digital computer, the CP-266, has 
been produced and delivered to the U. S. 
Air Force Rome Air Development Center. The 
rugged 200 pound unit requires no installa-
tion or set-up time, features self-refrigera-
tion, etched-circuit plug-in boards, self-con-
tained test console and self-checking cir-
cuits. The unit is a product of Autonetics, 
a division of North American Aviation. 

WIDE-RANGE ULTRASONICS 

This is the new lonovac speaker. The tiny 
quartz cell shown beside the speaker gen-
erates a pulsating ionic cloud which replaces 
the diaphragm of ordinary speakers. The 
unit is being developed primarily for the 
range 1 kc to 1 mc, and is not limited to a 
single frequency as are most conventional 
ultrasonic transducers. lonovac was recently 
placed in production by Dukane Corp., St. 
Charles, Ill. 

Storm R-F to Aid 
Propagation Studies 

Scientists plan to use nature-
operated broadcasting stations dur-
ing the International Geophysical 
Year (TGY) to learn more about 
radio interference and how radio 
waves travel through the atmos-
phere. They will record radio sig-
nals sent out by some 50,000 thun-
derstorms that occur daily on 

earth. 
NBS Boulder Laboratories have 

designed special radio noise record-
ing equipment for the study. These 
atmospheric noise recorders, oper-
ating continuously, will chart the 
intensity and behavior of thunder-
storm signals broadcast at 15 kc 
to 20 mc. 
Some interfering noises made by 

man will also be recorded and 
studied. Mostly, however, the scien-
tists will try to choose sites as far 
removed from the din of man and 
machines as possible. One station 
is being installed at Marie Byrd 
Base in the Antarctic which is 
about as far as it is earthly possi-
ble to get from the belt of high 
thunderstorm activity around the 
equator. Here information will be 
gained on how radio waves travel 
long distances through the atmos-
phere. 

FCC Orders 4 Areas 
To Use UHF-TV Only 
The FCC took the first step last 

month toward alleviating the finan-
cial troubles of the UHF TV sta-
tions. The Commission ordered all 
television broadcasting in four 
areas — Albany, Schenectady-Troy, 
N. Y.; Elmira, N. Y.; Springfield, 
Ill. and Peoria, Ill. — to be con-
fined to the UHF band. At the 
same time the Commission moved 
to switch broadcasting in St. Louis 
predominantly to the very-high-
frequency band. 

Only two stations will be re-
quired to change. General Electric's 
station WRGB, Schenectady, N. Y., 
has been directed by the Commis-
sion to show cause why it should 
not change from its present Chan-
nel 6 to Channel 47. First reports 
said that a WRGB spokesman had 
called the decision "obviously not 
in the public interest" and that GE 
would contest the decision. 

In St. Louis station KTVI will 
be switched temporarily from 
Channel 36 to Channel 2, pending 
the outcome of FCC proceedings on 
applications for "regular opera-
tion" of a TV station on Channel 2. 

The decision also affected two 
other stations, authorized but not 
yet constructed. Station WTR,L-
TV, Peoria, which had been tem-
porarily assigned Channel 3, and 
WMAY-TV which had been as-
signed Channel 2 in Springfield. 
Both will be given UHF channels. 

Army Builds Solar 
Furnace 

Solar energy will be used to pro-
duce exceedingly high tempera-
tures at the Army Quartermaster 
Center, Natick, Massachusetts. The 
system will be used to test protec-
tive equipment for military person-
nel and equipment. The giant re-
flecting mirror will automatically 

track the sun. 

MORE NEWS ON PAGE 8 
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Model 520 

The Model 520 Capacitance Meter is a general laboratory instru-
ment which measures capacitance over the wide range found in 
paper, plastic, mica, ceramic and air type capacitors. The value 
of unknown capacitance is read directly from the meter scale by 
manipulating only one control knob. The ability to measure direct 
capacitance, excluding strays, makes it very useful for low N'alue 
measurements. Adjustable limit pointers, together with fast oper-
ation, make it valuable for incoming inspection departments. The 
instrument has a built-in calibration standard. 

RANGE: 

ACCURACY: 

SPECIFICATIONS 

0.01 ppf to 12 pf FREQUENCY: 

2 % , 0.1 ppf to 12 pf; METER: 
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Logarithmic scale 
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make yo-ur scope naulti-cliazariel 

NEW" EITJR,ROTJG-1-IS EE.A.IVIPLEXER, 

displays up to 10 separate 

signals on a single-channel 

scope simultaneously 

Now you can have the advantages of multi-channel oscillo-

graphy at a fraction of the cost of a multi-channel oscillo-

scope. Just hook Burroughs' new Beamplexer up to your 

present single channel scope, and you'll be able to observe 

up to ten separate channels of info -mation simultaneously 

on the face of your present single-gun tube. 

The Beamplexer is actually a fast electronic switch. Its 
heart is the Burroughs Beam Switching Tube which acts as 

a gate, picking the ten parallel input signals off in sequence, 

at adjustable speeds ranging from push button to 100 kc, 

and putting them out on one line. Each signal can be 

located on the scope as desired, and even superimposed 

on one another through individual positioning pedestal 

controls for each channel. Other controls include separate 

amplification for each channel. 

Power consumption is 120 volts a-c, 60 cps, single phase, 
0.73 amps, with the entire unit self-contained for cabinet 

or standard relay rack mounting. 

Full details on how the Beamplexer can make your 

scope more useful . . . make your time more efficient . . . 

are given in Technical Bulletin 346 available for the 

asking. Write for your copy. 

BURROUGHS CORP. • ELECTRONIC INSTRUMENTS DIVISION 

Department D • 1209 Vine Street • Philadelphia 7, Penna. 
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As We Go To Press ...  

TASO Begins Study 
Of TV Allocations 
The important Television Allo-

cations Study Organization 

(TASO) has begun functioning 

with Dr. George R. Town serving 
as Executive Director. Dr. Town 
is on leave of absence from Iowa 

State College where he is Asso-

ciate Director of the Engineering 

Experiment Station. He was for-
merly Manager of Engineering 

and Research at Stromberg-Carl-
son and is a Fellow of the IRE 
and AIEE. 

The formation of TASO re-

sulted from a request by the FCC 

in September, 1956, to five major 

elements of the television indus-

try to cooperate in conducting a 

study program into the technical 

aspects of UHF and VHF TV 
broadcasting. Together, the par-
ent organizations of TASO repre-

sent every phase of the TV indus-

try in this country —  VHF and 

UHF stations, stations in both 

large and small markets, the educa-

tional broadcasters, and the manu-
facturers. 

Five technical panels have al-
ready been formed to begin the 

work of TASO: Transmitting 
Equipment, Receiving Equipment, 

Field Tests, Propagation Data, 
and Analysis and Theory. 

In an exclusive report to ELEC-

TRONIC INDUSTRIES on the 

present status of TASO, Dr. Town 
emphasized that, 

"It is our sincere wish that any 

representative of a broadcast sta-

tion or a television manufactur-

ing company, whether or not his 

employer is a member of one of 

the parent organizations of TASO, 

shall notify us of his interest and 

capabilities so that we may truly 
represent the industry as a whole. 

We might add that tentative lists 
as of this date already include 

such representation, and we are 

anxious that this industry-wide 
participation shall continue. The 
only qualifications for member-

ship are technical competence, 
plus the desire and time to serve 
on the panels." 

MORE NEWS ON PAGE 12 

ELECTRONIC SHORTS 
> Air pollution experts will welcome the news from Hanford atomic plant 
that dirt-free, sootless, smogless heating may result from atomic heating. 
Use of reactor waste heat has been proved technically feasible in the 
Hanford buildings. Unlike many development projects, the Hanford in-
stallation has proved remarkably sound and trouble-free — and will 
result in a net saving of about $60,000 a year after a three to seven 
year amortization. 

> The newly developed Bell Labs type M1789 traveling-wave tube may 
be the forerunner of a popular class of tubes. It is a medium power 
tube capable of amplifying a 500 mc band at a center frequency of 
about 6000 me, with a gain of approximately 33 db at its nominal output 
of 5 watts. Current-consuming focusing solenoids have been eliminated, 
and other improvements are introduced to give an average life in early 
models which exceeds 10,000 hours. 

> British manufacturers are now producing marine radar sets at a rate 
to equip more than 5 vessels a day. More than 1800 British-made marine 
radar sets per year are being supplied to ships of all nations throughout 
the world. Mr. C. H. T. Johnson, Chairman of the Radio Communication 
and Electronic Engineering Association, speaking of Britain's stringent 
Marine Radar Performance Specification: "It is right that Britain, where 
radar was invented, should set and keep the world standard for this type 
of equipment." 

> Choking traffic problems, now faced by most American cities, may be 
answered by effective use of closed-circuit TV. Cameras would be stra-
tegically located along busy cross-city intersections or other important 
traffic arteries. A traffic coordinator, seated in front of a bank of monitors, 
at a central traffic bureau, could view conditions and control traffic by 
radio-controlled lights. A few cities are already using radio-controlled 
lights, but no concerted effort has been made to test traffic control by 
closed-circuit TV and radio-coordinated traffic systems. 

> The National Bureau of Standards (NBS) has developed a punched card 
transcriber which makes possible more rapid feeding of data into an auto-
matic computer. Numbers and instructions recorded on punched cards are 
converted into a binary serial code. The system is about 150 times faster 
than the present paper tape inscriber and can handle up to 600 cards/min. 

> Great Britain has announced that it will begin forming its first guided 
missiles regiment. The regiment to be known as the 47th Guided Weapons 
Regiment (field), Royal Artillery, is to be equipped with United States 
made Corporal missiles that have a range of about 50 miles. It will be 
stationed in Hampshire, in the south of England, but it will have a training 
range on South Uist, one of the outer Hebrides, off Scotland. Patterned 
more after the U. S. missile battalion than ordinary British artillery regi-
ments, it will comprise about 500 men, including 30 officers, organized in 
two batteries and a maintenance unit. 

> Jamming radio programs from the west is costing the Soviet Union 
between $3- and $4-billion a year according to an estimate by the former 
Supreme Allied Commander in Europe, General Alfred M. Gruenther. The 
U. S. informational program costs about $125-million a year. So much 
money is spent on jamming radio programs that it exceeds the amount of 
all the cultural and informational activities of the entire western world. 
The Soviets are spending the tremendous sums in the form of pure propa-
ganda—radio, pamphlets, and others. The propaganda is very clever and 
almost imperceptible as such. 

> The Federal Communications Commission has directed AT&T and Bell 
Systems subsidiaries to permit phone subscribers to use the Hush-a-Phone 
and similar devices. The Hush-a-Phone is a cup-like device that can be 
snapped on the telephone mouthpiece to give privacy to conversations and 
shut out surrounding noise. The New York manufacturers of the device 
have challenged, in the courts, the telephone company regulations prohibit-
ing "foreign attachments" on telephones. The court held that a telephone 
subscriber had a right to use his telephone "in ways which are privately 
beneficial without being publicly detrimental." 

8 
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If your design utilizes an amplifier to boost a 
minute signal for relay operation — or, if you 
have 'shelved' some new product idea because 
the cost, space requirement and other 
drawbacks of amplifiers made the design 
impractical — Sensitrol relaye are for you. 
For these tiny, ultra-sensitive relays, which 
operate direct on input signals as slight as 
I millivolt or 1/2  microampere, and handle 
substantial wattage at 110 volts, entirely replace 
amplifiers, vacuum tubes and auxiliary power 
supplies. They are available with single or 
double contacts, fixed or adjustable, manual or 
solenoid reset. For engineering assistance in 
adapting Sensitrol relays to present products, or 
new problems you have in mind, call your 
nearest Weston representative, or write for the 
Sensitrol bulletin B-25-B . . . Weston Electrical 
Instrument Corporation, 614 Frelinghuysen 
Avenue, Newark 5, N. J. 

Boost feeble 
input signals 
with compact 

Sensitiot 
sensitive ries ultra- 111 IT 

Instruments DAYSTROAV UNIT 
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New IRC 

Dual Diodes 
New answer to the bulk, higher cost, and 
assembly problems of vacuum tube diodes in 
low current applications. 

• featuring balanced miniature selenium cells 
with low shunt capacitance and high back 
resistance to 25 volts 

• excellent stability and reliability over wide 
temperatuse range and environmental 
conditions 

• long life 

• economical 

New IRÇ 

Distributed 

Parameter 

Delay Lines 
A compact, more uniform prod-
uct for time delays of less than 

1.0 microsecond at impedance 

levels of 4000 ohms or less. 

• designed for mass produc-

tion in a continuous process 

• featuring high stability and 

uniform characteristics 

I economical 

Expanded line of axial lead resistors 
offering wider ranges, higher operating 
temperatures and easier assembly at 

lower cost. 
• now available in 5, 7 and 10 watt 

• leads automatically secured to ele-

ratings 

ment for maximum terminal security 

• sturdy rectangular ceramic case with 

special IRC insulating cement 

ower 
Resistor Une 

New IRC Hermetic 

Sealing Terminals 

Superior hermetic sealing and insulating performance 
in miniature units meeting a wide variety of space, 
electrical, and termination requirements. 

• four body designs and six lead types 

• excellent resistance to thermal shock, zero water 
absorption, physically tough, will not crack or craze. 

• special fluorocarbon plastic body with superior 
electrical and mechanical characteristics 



4 

MI» 

1111) (i()ST lelt()131.1:1VIS 

Deposited Carbon 

Resistors New molded resistor line providing o m eans of 
obtaining long-term stability up to 100 rneg-

ohms with savings in cost and bulk. 

• e , Y2, 1 a w 
nd 2 att ratings 

• excellent load life choracteristics and resis-

Ytance to aging 
• conserva y tivel toted at 70° C. ambient 

Low Range 
BW Wire 

Wound 
Resistors 

Now mass produced at low 

cost for transistor applica-
tions where the low value 

and stability of a wire 
wound resistor is an impor-
tant factor. Ruggedized unit 

to withstand rigors of mod-

ern installation techniques. 

• fully insulated 

• values from 0.24 ohm to 

10 ohms 

Insulated Composition Resistors • 
Deposited and Boron Ca-bon 
Precistors • Power Resistors • 
Voltmeter Multipliers • Ultra HF 
and Hi-Voltage Resistors 

Wilefiel%1 -t14.0 (?.d4/t•Lült, SG.te-

Low Wattage Wire Wounds • 
Resistance Strips and Discs • 
Selenium Rectifiers and Diodes • 
Hermetic Sealing Terminals • 
Insulated Chokes • Precision Wire 
Wounds • Potentiometers 

IRC PLANTS—Asheville, N.C. • Boone, N.C. 

Burlington, Iowa • Phi.adelphia, Pa. 

Hycor Division, Sylmar, California 

Circuit Instruments Inc., St. Petersburg, Fla. (subsidiary) 

Hycor Company, Inc., Vega Baja, P.R. (subsidiary) 

VISIT BOOTHS 
2821 2823 2825 

Components Floor 

RADIO ENGINEERING SHOW 

March 18 to 21 

INTERNATIONAL RESISTANCE COMPANY 
Dept. 230, 401 N. Broad St., Philadelpt ia 8, Pa. 

In Canada: International Resistance Co., Lta, Toronto, Licensee 

Send complete information on D Selenium Dual Diodes, El Delay Lines, 
[3 Hermetic Sealing Terminals, [3 Power Resistors, D Molded Deposited 
Carbon Resistors, J BW Wire Wound Resistors 

Name  

Company  

Address  

City State  



As We Go To Press . . . 

Interface Impedance 
Test Established 
At its last meeting, ASTM Com-

mittee F-1 on Materials for Elec-

tron Tubes and Semiconductor De-
vices reported progress in improv-

ing the method of test for interface 

impedance. The data from extensive 
interlaboratory tests have been 

recorded on punched cards and will 
be analyzed at the Bell Telephone 

Laboratories. The committee is 

concentrating its efforts in measur-
ing time constants below 1 micro-

second as it is this range which is 

most critical in measurement of 

low values of interface impedance. 

Tubes which develop an apprecia-
ble interface impedance lose their 

ability to handle high frequencies, 
especially pulses, and thus may be 

rendered inoperative in such appli-
cations as computers. 

Long experience has indicated 

that measurement of physical, elec-
trical and chemical properties of 
materials outside an electron tube 
does not always indicate perform-
ance of the materials in a tube. 

Therefore, the committee is devel-

oping reference tubes, both diodes 
and triodes, in which the quality of 

materials and details of construc-

tion are carefully specified. These 
reference devices are useful for 
evaluating properties of tube mate-
rials. 

CRYSTAL INGOT 

Bar of pure germanium, after processing by 
Hughes Aircraft Co.'s semi-conductor divi-
sion in Los Angeles, is converted into the 
small pile of crystals shown-80,000 of them. 
Each forms the heart of a germanium diode. 

Coming Events 
A listing of meetings, conferences, shows, etc., occurring during 

the period April and May, that are of 
special interest to electronic engineers 

Apr. 7-11: 35th Annual Convention, 
sponsored by NARTB; at the Con-
rad Hilton Hotel, Chicago. 

Apr. 8-10: Techniques of Supervisory 
Training (Pt. 2), sponsored by the 
American Management Association; 
at the Sheraton-Astor Hotel, N. Y. 

Apr. 8-11: National Electrical In-
dustries Show, sponsored by East-
ern Electrical Wholesalers Assn., at 
71st Reg. Armory, New York. 

Apr. 8-12: Annual Welding Show, 
sponsored by American Welding So-
ciety and AIEE; at Hotel Sheraton 
and Convention Hall, Philadelphia. 

Apr. 9-10: Annual Industrial Elec-
tronic Educational Conf., sponsored 
ble IRE Industrial Electronics Grp. 
and Armour Found.; at Ill. Inst. of 
Tech., Chicago. 

April 9-11: 14th Annual British Radio 
Component Show (incl. TV, elec-
tronic and telecommunication equip-
ment); Radio & Electronic Corn-

! ponent Mfrs. Federation, 21 Tothill 
St., London S. W. 1; in London. 

Apr. 10: Annual Meeting & Dinner, 
sponsored by the Radio Pioneers; 
at Conrad Hilton Hotel, Chicago. 

April 11-13: 9th Southwestern Re-
gional Conf. & Electronics Show, 
sponsored by Houston Section, IRE; 
at Shamrock Hotel, Houston. 

April 11-13: Nat'l Simulation Council 
sponsored by IRE-PGEC, Houston 
Section, (as part of S. W. Reg, 
Conf.) ; Shamrock Hotel, Houston. 

April 14-27: U. S. World Trade Fair 
(incl. electronic equipment and sci-
entific instruments); at The Coli-
seum, New York. 

April 15-18: Meeting of the Radio 
Technical Commission for Marine 
Service; at the Shoreham Hotel, 
Washington, D. C. 

April 15-17: National Symposium on 
Telemetering. sponsored by IRE; 
at the New Sheraton Hotel, Phila. 

April 15-17: Symposium on Systems 
for Information Retrieval, spon-
sored by Western Reserve Univ., 
at the Western Reserve Univ., 
Cleveland. 

April 16-18: Symp. on Nondestructive 
Tests Developed in the Field of 
Nuclear Energy, sponsored by the 
AICE, American Nuclear Society, 
ASTM, and Society for Nonde-
structive Testing; at the Morrison 
Hotel. Chicago, Ill. 

April 23-25: 5th National Electro-
magnetic Relay Conf., sponsored 
by Oklahoma Inst. of Tech., Okla-
homa A & M and National Assn. 
of Relay Mfg.; at Oklahoma A & 
M, Stillwater. 

April 23-25: Syrup, on Role of Solid 
State Devices in Electric Circuits, 
sponsored by IRE and Dept. of De-
fense; at Engineering Society Bldg., 
New York. 

April 23-25: International Symp. on 
the Role of Solid State Phenomena, 
sponsored by the Polytechnic In-
stitute of Brooklyn, Microwave Re-
search Institute; at the Auditorium 
of Engineering Societies Bldg., 
N. Y. 

April 24-25: National Industrial Re-
search Conf., sponsored by Armour 
Research Foundation; at Conrad 
Hilton Hotel, Chicago. 

April 25-26: Annual Technical Meet-
ing of the Institute of Environ-
mental Engineers; at the LaSalle 
Hotel, Chicago, Ill. 

April 26-27: 11th Annual Spring TV 
Conf., sponsored by IRE; at Eng'g. 
Society Bldg., Cincinnati. 

April 27-May 2: SAMA Annual Meet-
ing, sponsored by SAMA; White 
Sulphur Springs, W. Virginia. 

April 29-May 3: 81st Semi-Annual 
Cony., sponsored by Society of Mo-
tion Picture & TV Engineers; at 
Shoreham Hotel, Wash., D. C. 

May 1-3: Electronic Components 
Symp., sponsored by IRE, AIEE, 
RETMA, WCEMA; at Morrison Ho-
tel, Chicago. 

May 9-10: Annual Meeting, Covering 
Ferrites Devices, sponsored by IRE 
Microwave Theory & Techniques 
Grp.; at the Western Union Audi-
torium, N. Y. 

May 12-16: 111th Annual Meeting: 
sponsored by the Electrochemical 
Society; at the Hotel Stotler, Wash-
ington, D. C. 

May 13-15: National Aeronautical & 
Navigational Conf., sponsored by 
IRE; at the Dayton-Biltmore Hotel, 
Dayton, Ohio. 

May 14-15: Industrial Nuclear Tech-
nology Conf., sponsored by Armour 
Research Found.; at Museum of 
Science and Industry, Chicago. 

(Continued on page 130) 

Abbreviations: 

AICE: American Inst. of Chemical %gm. 
AIEE: American Inst. of Electrical Eagrs. 
ASTM: American Society for Testing Materials 
SAS: Inst. of Aeronautical Sciences 
IRE: Institute of Radio Engineers 
ISA: Instrument Society of America 
NARTB: National Assn. of Radio & TV 

Broadcasters 
NEDA: National Electronic Distributors Assoc. 
RETMA: Radio-Electronic-Television Manufac-

turers Assoc. 
SAMA: Scientific Apparatus Makers Assoc. 
WCEMA: West Coast Electronic Manufactur-

ers Assoc. 
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LOOK TO for CREATIIIE ELECTRONICS 

THE LORAL GROUND TRACK PLOTTER provides an 
instantaneous and permanent record of the ground track 
of the aircraft. The position of a target relative to the 
present position of the aircraft may be automatically 
set into the unit. 

LORAL has consistently and successfully followed a forward looking 
progressive policy of creative development from problem recognition 

and functional requirement through research, development and pro-

duction engineering. 

During the past decade LORAL has established a solid record of 

accomplishment in the development and production of complex pre-

cisioi electronic and electro-mechanical equipments. 

We welcome any opportunity to assist in your engineering 

problems. 

Among recent 

developments are: 

•  The LORAL AIRBORNE 
NAVIGATIONAL COMPUTER. A 
compact and accurate system 
computes and indicates ground 
displacement of aircraft. 

te The LORAL Automatic Short 
Range GROUND POSITION 
INDICATOR—on 18 lb. naviga-
tional computer automatically 
indicating ground position. 

LORAL ELECTRONICS CORPORATION 
NEW YORK 54, NEW YORK 

inq .n AVION CS • AIRBORNE NAVIGATIONAL EQUIPMENT • COMMUNICATION SYSTEMS • RADAR EQUIPPAIN1 • HST EQUIPMENT 
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deefee, FROM TRANSISTOR CENTER, U.S.A. 

301 

For general high 
frequency use, 
the SB101 
offers a narrow, 
controlled Beta 
range—plus 
medium gain 
characteristics. 
Here is a good 
wide-band 
video or IF 
amplifier. 

SB102 is a 
higher gain 
transistor, with 
controlled Beta 
range. 
Performs 
extremely well 
in oscillators, 
converters, 
mixers and 
narrow-band 
video. 

SB103 
SB103 
features 
hi-frequency 
(min. f max.--
60 MC). This 
transistor is 
ideally suited to 
higher frequency 
oscillators and 
converters, or 
wherever high 
frequency 
operation is the 
most important 
consideration. 

Other Philco Surface Barrier 
Transistor types are available 

for military applications 
(2N128, 2N129) and for high 
speed switching (2N240). 

NOW... High Frequency Transistors for 
easier circuit design—unequalled reliability 

New PHILCO SBT Family 

Simplifies Transistorization for 
Communications Engineers 

For the first time—anywhere—Philco offers a complete line of Surface 

Barrier Transistors for low voltage communications circuitry (1-5 volts). 

Now you can select the best general purpose, high-frequency transistor 

for each application . . . RF . . . IF . . . video amplifiers, converters, 

oscillators ... and for high-speed switching circuits. 

The low cost of Philco Surface Barrier Transistors extends their 

usefulness to every type application. Low collector capacitance and 

low leakage current make them highly desirable for critical circuitry. 

Performance of hermetically sealed Philco SBT's is precise and dependable. 

Circuit specification is simple ... accurate! 

Get the facts on the Philco SBT Family 

Test ... compare ... specify Philco 

SB101 58102 SB103 

Min Typ Max Min Typ Max Min Typ 

Current Amplification 
Factor, hf. 

Maximum Frequency of 
Oscillation, fos max 

11 

30 50 

33 25 

30 50 

110 10 

60 75 mc 

Max. Ratings (58101, 102, 103) VCE = —.5Y., lc = —5 ma., Pc @ 40°C = 20 mw. 

Write for complete data and prices. Make Philco your prime source of information for high-frequency transistor applications! 

I-i iL(O CORPnRATION 
c LE TUBE COMPANY 



Facts and Figures Round-Up 
April, 1957 

ELECTRONIC 
INDUSTRIES TOTALS 

2000 
Roo 
ace 
1700 

1600 

-1500 
psoo 

e 112,0.00 

1000 e 900 
arc 
700 

11, 600 

500 
400 

300 

100 

I 

RADIO & TELEVISION RECEIVER 

PRODUCTION RADIO SETS 

1951-1956 

SETS -RADIO 

TELEVISION SETS TELEVISION SETS-.-

1951 1952 1953 1954 1955 1956 
.1F ,1.1,4,41,J 6,0,N ,D J,F,M,A.IA,J A,S,0,8,0 J F,6,0 U,J,J,4,5,0,8,6 J,F,IA,A,411,J,J,4,5,0,111,0 J,F,11A,AM,J,J,A,S,O,N,D J,F,K1,A,114,J,1,45,0,4,1) J,F 

2000 
Roo 
ROO 

1703 

1600 

1500.. 
1400 I 

1300 

1200 

1100 

1000 

900 e 
800 

700 

600 

500 
400 

300 

200 

100 

B.S. 
M.S. 
Ph.D. 

Degree 

Enrollments 

lot Year 
2nd Year 
3rd Year 
4th Year 
5th Year regular 
5th Year cooperative 
Other 

Subtotal 

M.S. graduate students 
Ph.D. graduate students 

Total 
-Engineers Joint Council & Scientific Manpower Commission 

Year 

ENGINEERING DEGREES 

1954-55 

22,589 
4,379 
599 

1955-56 

72,825 
50,841 
39,377 
31,300 
1,358 
1,450 

24,297 

221,448 

18,482 
3,163 

243,093 277,052 

1955-56 

26,306 
4,705 
610 

1956-57 

77,738 
55,767 
44,610 
37,571 
1,387 
1,838 

32,210 

251,121 

22,529 
3,402 

TRANSISTOR PRODUCTION 

Quantity $ Value 

1956 
1955 
1954 

12,840,000 
3,646,802 
1,317,327 

37,352,000 
9,860,062 
5,122,266 

-Retma 

Budget Category 

MILITARY EXPENDITURES 

Fiscal year 1st quarter 

1956 FY 1957 

Aircraft 

Ships and Harbor Craft 

Combat Vehicles 

Support Vehicles 

Guided Missiles 

Electronics and Communications 

Research and Development 

Miscellaneous 

Millions of Dollars 

$ 925.0 

80.0 
9.5 

5.8 

630.0 

770.2 

265.0 

47.5 

TOTAL $2,733.0 

HOUSEHOLDS WITH 

Aug. 

Sets in household 1956 

All households 

With one set or more 

One set 

Two sets or more 

No set 

$213.0 

17.0 

1.0 
.2 

205.0 

130.0 

66.0 

.4 

$632.6 
-Ref ma 

TV SETS 

Feb. June 

1956 1955 

100% 100% 100% 

76% 73% 67% 

72% 69% 65% 

4% 

24% 27% 33% 
-Dept. of Commerce 

GOVERNMENT ELECTRONIC CONTRACT AWARDS 

This list classifies and gives the value of electronic equipment selected from 

contracts awarded by government procurement agencies in February, 1957. 

Amplifiers 
Amplifier Parts 
Antennas & Components 
Battery Chargers 
Batteries, Dry 
Batteries, Storage 
Cable Assemblies 
Capacitors 
Circuit Breakers 
Coils 
Computers & Accessories 
Computers, Airborne 
Connectors 
Co-ordinate Data Sets 
Dummy Loads 
Echo Boxes 
Generators, Signal 
Handsets & Headsets 
Indicators 
Insulators 
Intercom Racks 

331,497 
1,198,547 
286,743 
89,600 

400,791 
768,606 
235,013 
113,565 
37,748 
138,599 
80,173 

6,736,102 
41,970 

741,168 
60,458 
122,035 
278,829 
581,580 

2,925,336 
45,650 
54,307 

Inverters 
Kit Radar Installation 
Kits, Modification 
Meters 
Meters, Frequency 
Meters, Ohm 
Meters, Volt 
Multimeters 
Networks 
Oscilloscopes 
Power Supplies 
Radar Components & Spares 
Radar Equipment 
Radio Receivers 
Radio Set Controls 
Radio Transmitters 
Radomes 
Receivers-Transmitters & Acces. 
Recorders-Reproducers 
Rectifiers 
Relay Assemblies 

174,779 
120,999 
928,172 
25,935 
58,713 
63,526 
49,510 

212,593 
95,570 
42,722 

802,202 
214,127 
51,419 
32,000 
25,600 

374,220 
343,492 

5,451,974 
41,958 
45,377 
139,588 

Relay Components 
Relays 
Resistors 
Servo Positioning Mechanisms 
Signal Comparators 
Simulators, Target 
Spare Parts 
Speakers 
Stroboscopes 
Switches 
Syncros 
Tape, Recording 
Television Equipment 
Testers 
Test Sets 
Transformers 
Transponder Set 
Tubes, Electron 
Vibrators 
Wavemeters 
Wire & Cable 

48,857 
221,087 
28,325 
104,990 
45,194 

214,176 
26,430 
113,044 
39,058 
173,307 
66,536 
27,500 

289,705 
65,687 
27,437 
I 09,842 
35,599 

2,253,647 
25,800 
27,869 

1,377,856 
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Electronic Industries' News Briefs 
Capsule summaries of important happenings in affairs of equipment 

EAST 

INTERNATIONAL BUSINESS MACHINES 
CORP. has revealed plans to establish the 
new manufacturing unit for the company's 
recently formed Data Processing Div. in the 
village of Essex Junction, 6 mi. east of Bur-
lington, Vt. 

SANGAMO ELECTRIC CO. is now oper-
ating its newest factory, located at Pickins, 
S. C., a short distance from Greenville. This 
completely air-conditioned bldg. provides ap-
prox. 200,000 sq. ft. of floor space. 

GULTON-SPEIDEL, INC., is the name of the 
recently formed, jointly owned corporation of 
Speidel Corp. and Gulton Industries, Inc. The 
new firm has been formed for the purpose of 
marketing a series of new electronic products. 

X-RAY AND INDUSTRIAL ELECTRONCS 
DIV., a recently formed new division of the 
Westinghouse Electric Corp., will be headed 
by W. J. Delaney, Jr. 

RETMA HEADQUARTERS is now in its 
new building at 1721 DeSales St., N. W. 
Washington 6, D. C. 

FISCHER & PORTER CO has purchased 
2 tracts in central Bucks County, Pa. Both 
tracts, 8 mi. from the present Hatboro loca-
tion, are tied in with plans for company 
expansion. 

SPERRY RAND CORP. has selected Clear-
water, Fla., as the site of a $2,000,000 elec-
tronics plant for research in microwave 
physics and development of advanced radar 
and missile instrumentation. Eugene J. Ve. 
nagua will be manager of this new division. 

DATA & DISPLAY DEPT. Is a newly 
formed group of A. B. DuMont Labs. Inc. 
This new group is in the circuit research 
div. Its formation was prompted by in-
creased activity in research and development 
work on data pick-up, processing, and dis-
play techniques. 

GE'S LIGHT MILITARY ELECTRONIC 
EQUIPMENT DEPT. has received a letter 
contract totaling $20 million from the USAF 
for production of airborne electronic coun-
termeasures equipment (radar jammers). 

CONSOLIDATED ELECTRONICS INDUS-
TRIES CORP. directors have authorized the 
company to negotiate an agreement to supply 
overall management assistance to the Ses-
sions Clock Co., Forestville, Conn. 

BOGUE ELECTRIC MFG. CO. has been 
awarded a contract totaling $2.5 million for 
control systems for the long range bomber 
missiles. Production originally scheduled over 
a 2 yr. period has been accelerated in a 
crash program to provide for completion of 
the work in approx. 9 months. 

NEW YORK UNIV., COLLEGE OF ENGI-
NEERING, has placed into operation an 
IBM 650 high speed electronic computer. The 

million dollar medium-sized "mechanical 
brain" will be used for research and in a 
new educational program. 

RESIN INDUSTRIES, Santa Barbara, Calif., 
has acquired a Leominster, Mass., plant of 
21,000 sq. ft. At the same time, an eastern 
sales office was opened at Stamford, Conn. 

WHITEHEAD METAL PRODUCTS CO.. 
INC., laid the cornerstone for their new 35,000 
sq. ft. office and warehouse at Windsor, Conn. 

SIGHTMASTER, CORP., manufacturers of 
fuses, has announced that it has acquired 
Mutual Electronic Industries Corp., a producer 
of patented cable and panel equipment and tri-
axial connectors. Both companies have manu-
facturing facilities at New Rochelle, N. Y. 

AMERICAN ELECTRONIC LABORA-
TORIES, INC., announces the removal of its 
main administrative offices to the Copeland 
Bldg., 121 N. 7th St., Philadelphia 6. 

MID-WEST 

UNIV. OF MICHIGAN, COLLEGE OF 
ENGINEERING, has announced 2 summer 
Intensive Courses in Automatic Control. The 
first is scheduled for June 17 to 22 incl.; 
the second. June 24 to 26, 1957, incl. The 
courses are intended for engineers who find 
it necessary or who wish to obtain a basic 
understanding of the field, or who cannot 
spare more than a few days for this pur-
pose. 

ADMIRAL CREDIT CORP., a wholly 
owned subsidary of Admiral Corp., has been 
formed to handle the financing of dealer pur-
chases throughout the country. The organi-
zation will ultimately finance consumer pur-
chases as well. 

BENDIX AVIATION CORP. has entered 
into a contract to acquire the business and 
assets of the Sheffield Corp., Dayton, O., a 
privately owned company, which is one of the 
major manufacturers of precision, gauging and 
measuring instruments. 

PHOTO CRYSTALS, INC., opened manage-
ment offices at 1974 E. 61st St., Cleveland, O. 
The company factory will presently remain at 
Geneva, Ill. The company manufacturers a 
line of miniature light, heat, and humidity 
sensing elements. 

FIELDEN INSTRUMENT DIV., ROBERT-
SHAW-FULTON CONTROLS CO., has moved 
to larger quarters at 6116 St. Clair Ave., 
Cleveland. Harold N. Gilmore has been named 
to head the Cleveland office. 

FOREIGN 

CONTROLS CO. OF AMERICA has an-
nounced an expansion program to increase 
assembly and fabrication operations at the 
Nijmegen, Holland, plant of its subsidiary, 
Controls Maatschappij Europa N.V. 

AMP ATOMICS INC., American Machine 
& Foundry Co. subsidiary has been awarded 
a contract by the Greek Govt. to design and 
build a nuclear research reactor near Athens 
as the center of a new Greek National Atomic 
Energy Laboratory which will be named for 
Democritus, acknowledged discoverer of the 
atom. 

G-V CONTROLS, INC., East Orange, N. J., 
has negotiated an agreement for the manu-
facture and sale, under license, of its prod-
ucts in Europe through Societe Inter-
technique, a French firm active in the aero-
nautical and electronic fields. 

HUMPHREY INC., San Diego manufac-
turer of electro-mechanical instruments, has 
appointed Industrial Imports Ltd., Tokyo, as 
its representative in Japan. 

and component manufacturers 

WEST 

ALBUQUERQUE. N. M., CHAMBER OF 
COMMERCE, INDUSTRIAL COMMITTEE 
has announced the appointment of an Elec-
tronics Advisory Board to advise electronics 
firms that indicate interest in locating there. 
Joe Hegge, manager of the Sandia Corp. 
Electromechanical Development Dept. was 
named chairman of the new board. 

ALWAC CORP. is the new name for 
Logistics Research. The new title will pro-
vide better identification with the company's 
products and services which all bear the 
Alwac name. 

CALIFORNIA TECHNICAL INDUSTRIES 
has moved to 1421 Old County Rd., Belmont, 
Calif. The company has recently changed its 
name from Color Television Inc. 

SYSTRON CORP. has been formed to de-
sign and manufacture electronic control sys-
tems and data processing equipment. G. H. 
Bruns, Jr., is president and director of the 
company. The firm is located in Concord, 
Calif., about 20 miles east of San Francisco 
Bay. 

BEHLMAN ENGINEERING CO., 114-116 
South Hollywood Way, Burbank, has recently 
expanded. The move doubles the firm's previ-
ous floor space. 

LOCKHEED'S MISSILE SYSTEMS DIV. has 
established two new weapon system organiza-
tions. The managers of the new organizations 
are John H. Carter and Stanley W. Burriss. 

C. P. CLARE & CO., Chicago relay manu-
facturer, opened a new field engineering and 
sales office at 6047 Hollywood Blvd., Los An-
geles 28. Jesse R. Stone will be in charge of 
the new office. 

SCIENTIFIC INSTRUMENTS DIV., BECK-
MAN INSTRUMENTS INC., Fullerton, Calif., 
has received an order for a 200-channel Beck-
man 112, completely transistorized data-proc-
essing system, from Douglas Aircraft. The 
system will be used to speed research on the 
"Thor," an intermediate range ballistic missile 
now being developed for the Air Force. 

BECKMAN & WHITLEY, INC., San Carlos, 
Calif., manufacturer of high-speed research 
cameras, meteorological instruments, and ex-
plosive-actuated devices, more than doubles its 
floor space in assimilation of the building ad-
joining its present plant. 

DATAIRE CO. is the new subsidiary of West 
Coast Research Corp. It will handle data re-
duction, analysis, and computer work. Martin 
Seldom, will function as General Manager of 
the company. 

MINNEAPOLIS-HONEYWELL'S A E R 0 - 
NAUTICAL DIV.'S Missile Controls Lab. at 
Los Angeles will carry out work on a half-
million dollar study contract concerned with 
the development of a new type of air-to-ground 
rocket. 

AUTONETICS, DIV. OF NORTH AMERI-
CAN AVIATION CORP., has been elected to 
membership in the Radio Technical Commis-
sion for Aeronautics. 

TEXAS INSTRUMENTS, INC., announced 
that two wholly-owned subsidiaries have be-
come operating divisions. Houston Technical 
Laboratories, geophysical and industrial in-
strument manufacturer, has become the Indus-
trial Instrumentation Div. W. I. Mann Co., 
precision optics manufacturer, located in Mon-
rovia. Calif., is now the Optics Div. 
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'aytheon —World's Largest Manufacturer of Magnetrons and Klystrons 

ea- Jevet--

BOST CHI DET LA NY PHILA OFC KLG 
NEM RAYTHEON RECORDING STORAGE TUBE. co STORE A PICTURE 

OR DATA In LESS Tilo 1/60 SECOND. READ OUT 30,000 TIMES. 

NOM MITH OVER 600 LINES RESOLUTION 

CO 
àT IMF-AMPLITUDE 

MODULATION. CAN BE USED FOR FREQUENCY OR SCAN 

STEED NVERSION. 

A SUPERIOR TUBE IN MRITING-ERASING, U SPEED, 

AMONG ITS USES ARE 1. DATA STORAGE FOR ANALOG UE COMPUTERS. 
DYNAIC M RANGE AND CAPACITY . 

2. STOP SIG TO 

MOTION OF TV SIGNALS. 3. STORAGE OF SIGNAS 

L 

TO BAND COMPRESS. 4. EY,PANSION OF TV SIGNALS FOR NARROU 

BAND TRANSMISSION. 5. STORAGE OF REPETITIVE NALS 

TAPROVE 

BEI SIGNAL-TO-NOISE RATIO. NE U PRODUCT USES 

DATA SHEETS ON THE RK-6S35/UK-464 ARE JUST OFF THE PRESS. NG DEVELOPED. 

MRITE FOR YOURS NOM. NO OBLIGATION. TUBES RE 

AVAILABLE FOR IMMEDIATE DELIVERY ON 
ORDERS. 

svALL QUANTITY  

Excellence in Electronics 

RAYTHEON MANUFACTURING COMPANY 

Microwave and Power Tube Operations, Section PT-96, Waltham 54, Mass. 

Regional Sales Offices: 9501 W. Grand Avenue, Franklin Park, Illinois; 622 S. LaBrea Avenue, Los Angeles 36, California 

Raytheon makes: Magnetrons and Klystrons, Backward Wave Oscillators, Traveling Wave Tubes, Storage Tubes, Power Tubes, Receiving Tubes, Picture Tubes, Transistors 
Circle 9 on Inquiry Card, page 97 



BUSS FUSES provide maximum 
protection against damage due 
to electrical faults 

Protection against damage due to 

electrical faults can be no better than 

the device used to protect the equip-

ment. The safest, most défAndable 

protection you can get is with BUSS 

fuses. 

To make sure BUSS fuses will clear 

the circuit should an electrical fault 

occur,—BUSS fuses are electronically 

tested. A sensitive testing device auto-

matically rejects any fuse not cor-

rectly calibrated, properly constructed 

and right in all physical dimensions. 

This careful testing is also your as-

surance BUSS fuses won't give a false 

alarm by blowing needlessly. Shut-

downs due to faulty fuses blowing with-

out cause are eliminated. 

With a complete line of "trouble-

free" BUSS fuses available in all sizes 

and types,—it is just good business to 

standardize on BUSS fuses. 

If your protection problem is 

unusual, you can save engineering 

time by letting the BUSS fuse engi-

neers help you select the fuse or fuse-

holder best suited to your needs. 

For more information on BUSS and 

FUSETRON Small Dimension fuses 

and fuseholders . . . Write for bulletin 

TT. Bussmann Mfg. Co. (Div. of 

McGraw-Edison Co.) University at 

Jefferson, St. Louis 7, Mo. 

BUSS fuses are made to protect—not to blow, needlessly TIMITWOIMIT NAMES IN 

IIlCTflCAt PIOVICTION 

BUSS 

Makers of a complete 
line of fuses for home, 
farm, commercial, 
electronic, automotive 
and industrial use. 

457 
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MILLIONS of crystals made to ANY 

specifications but only ONE standard quality 

Midland frequency control units are on the job in two-way communications 

on land, seo and in the air throughout the world. Nów they're playing a leading 

role in color television. The range of applications Midland serves is wide, but 

every Midland crystal has one thing in common: a single level of quality. 

That one quality is simply the highest that modern methods and machines 

can produce. It's assured by Midland's system of critical quality control— 

exacting inspection and test procedures through every step of processing. 

Result: Your Midland crystal is going to give you the best possible service in 

frequency control—with stability, accuracy, and uniformity you can stake your 

life on ...as our men in the armed forces and law enforcement do every day. 

liket elta exeseitett chit ki#1 

ekecitiuta,k.eiciettuteextita 
• 

MANUFACTURING COMPANY, INC. 
3155 Fiberglas Road, Kansas City, Kansas 

/WORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS 
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a few of the NEW 
ELECTRONIC COMPONENTS 

from 

On prominent display at AMPHENOL'S IRE exhibit this year 

were 4/Egi components of unusual interest: Connector 

custom-engineered for production to the most stringent 

demands of the electronics industry. AMPHENOL research 

and engineering, responsible for these advanced designs, 

is always available for the development of special con-

nectors and cable to meet the NEW demands of the elec-

tronics industry. 

AMPHENOL Custom engin g can help you meet your 

special component requirements:Tor NEW ideas—contact 

MPHENOL! 

HENOL ELECTRONICS CORPORATION 
- 

chicago 50, illinois 

,111/1C1:' Phil ig 

• 

Tele-Tips 

TV SERVICE INDUSTRY last 
month unloosed a bitter blast at 
the manufacturers planning fac-
tory service operations, and in the 
process put their finger on one of 
the paradoxes of the times. Auto-
mobile radios, as new equipment, 
are holding an average price of 
$90.38, and range up to $135.00 
per set. Television sets, even the 
most anemic, have three times as 
many components, plus CRT and 
expensive cabinet. Yet dealers are 
finding it difficult to get more 
than $100.00 apiece for them. 

OUR ELECTRONIC TIMES: Pope 
Pius XII transmitted his Apos-
tolic blessing by radio to 3,000 
Cardinals, Archbishops, Bishops, 
other clergymen and laymen. 

FIRST COLOR TV OUTLET, Sta-
tion WNBQ, Chicago cut back 
their programming from 44 to 
381/4 hrs. per week. Reason: no 
sponsors. 

FIRST CRYSTAL-CONTROLLED 
all-weather radar has gone into 
operation at London Airport. The 
new system operates on the 50 cm 
band and is almost impervious to 
weather conditions. It incorpo-
rates a moving target indicator 
system to eliminate permanent 
echoes. High operational stability 
is ensured through complete crys-
tal control. 

MOBILE RADIO has found a new 
application, tying together ceme-
tery operations. Groups of work-
men can be at work at widely 
spaced locations yet be available 
in a few moments for any needed 
duties. 

NEW "RADAR RULER" survey-
ing tool developed by Motorola 
and the U. S. Signal Corps is ac-
curate to within a few feet over 
a distance of 50 miles. 

GRAND PRIZE in Pyramid Elec-
tric's Twist Mount Capacitor Con-
test will be a weekend for two at 
the Waldorf-Astoria Hotel, N. Y. 
plus $100 cash. 

(Continued on page 24) 



General Electwic Company 
Laminated Products Dept. 
Sec. El-37, Coshocton, O. 

D Please have your 
representative call. 

Please send me complete information on 
G-E lextolite0 11572 Cold Punch Laminate. 

Name 

Title   

Firm 

Street 

City     Zone   State   

No gimensioed 
change 

part 

e'er part 

after pet 

Textolite® 
COLD PUNCH 11572 

New General Electric Textolite 11572 is an 
outstanding XXX-P high IR laminate designed to 
provide extremely close tolerance punching at 
normal room temperature, with no cracking or 
delamination. 

The cold fabricating quality, plus outstanding 
product uniformity, eliminates dimensional vari-
ations from piece to piece . . . permitting the use 
of automatic assembly equipment. 

Common degreasing solvents have no effect 
on G-E Textolite 11572 in standard etching prac-
tices. For example G-E 11572 withstood exposure 
to hot trichloroethylene up to 15 minutes. 

This new cold punch laminate is recommended 
for electronic applications using high voltage at 
radio frequencies. G-E Textolite 11572 exceeds 
NEMA X XX-P standards and meets military speci-
fications MIL-P-3115-PBE-P. 11572 is available in 
unclad or copper-clad form with 1 or 2 oz. copper 
on one or both sides for precision printed wiring. 

73-ogress Is Our Most Impor/ant Product 

GENERAL ELECTRIC 

When the properties have to be right . . 

Specify G-E Textolite® 

• 
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TINY like a beetle -*-
RUGGED like a turtle 

..because they both 
have a SHELL 

TYPE 
SUBMINIATURES 

...light, but strong steel shells give maximum support to Cannon "D" Sub-Miniature 
Plugs. And... mounting depth is actually less than on conventional shell-less connectors. 

Zytel 101 insulators allow a greater number of contacts within a smaller area in 
standard units. Four DH Connectors are now made for hermetic seal applications. 

And, junction shells specially adaptable for potting. The DF Sub-Miniature Series feature 
new floating mounting holes for ease of alignment; screw locking assemblies, miniature 

coaxial contact combinations, and straight and angle 90° junction shells with cable clamps. 

Five shell sizes. 9, 15, 25, 37, and 50 five ampere contact insert arrangements; gold plated 
brass contacts in plastic inserts; cadmium plated steel contacts in fused glass insulators. 

Keystone polarization. And ... most important of all... Cannon Electric assured quality. 

NOW ... Available in Diall plastic. 

Standard D available in Zytel or 
Diall. DH hermetic seal units ha% e 
vitreous insulators; solderpot 
shown; eyelet also available. 

Floating mounting holes aid align-
ment in multiple mount rack-and-
panel applications. 

Screw locking mechanism is simple, 
positive. 

-77:;:.17777 

Junction shell with 90° cable clamp. 

Write for 8-page Bulletin D-6. 
"D" Connectors Are Stocked by 

More than 200 Jobbers, Coast-to-
Coast—and by Cannon Service Stores. 

tj 

Cutaway of standard 

"D" sub-miniature connector 

Each miniature coaxial replaces five 
5-amp. contacts in "D" layout. 

Look 
for this 

Display Box 
of Cannon "D" 

' • Sub-Miniatures 

Please  refer to Dept. 201 

CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 31, Calif. 
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Write for FREE samples and cat-
alog on your firm's letterhead. 

ACTUAL SIZE 

Homo Peteilee4- 
now rated for even 

LONGER LIFE! 
El-Menco Dur-Aliat Capacitors Can Now ASSI1 

You Of Dependable PerfOrmance Up To 18 Years! 

Not An Extravagant Claim, But A Tested Fact. The latest series 
of rugged trials by El-Menco engineers found El-Menco DM15, 
DM20 and DM30 Dur-Mica Capacitors outlive and outperform 
all others. Under accelerated conditions of 11/2  times rated voltage 
at 125°C ambient temperature; El-Menco capacitors continued 
to perform reliably after 12,000 hours. Translated into normal 
conditions, this indicates a lifetime of from 15 to 20 years! 

MEET ALL ENVIRONMENTAL AND ELECTRICAL REQUIREMENTS OF 
BOTH CIVILIAN AND MILITARY SPECIFICATIONS. 

EI-Menco Dur-Mica DM15, DM20 and 
DM30 Capacitors Mean: 

1. LONGER LIFE 

2. POTENT POWER 

3. SMALLER SIZE 

4. EXCELLENT STABILITY 
—  SILVERED MICA 

5. PEAK PERFORMANCE 

In addition to longer life, El-Menco Dur-Mica 
Capacitors with tougher phenolic casing assure 
greater stability over wide temperature range. 

DM20 
ACTUAL 

SIZE 
DM 15 

WITH NEW CRIMPED LEADS. 

Crimped, parallel leads simplify 
application in television, printed 
circuits, electronic brains, computors, 
guided missiles and other civilian 
and military uses. 

THE ELECTRO MOTIVE MFG. CO., INC. 
WILLIMANTIC CONNECTICUT 
• molded mica • mica trimmer 

• tubular paper • ceramic • silvered mica films. 
Arco Electronics, Inc., 64 White St., New York 13, N. Y. 

Exclusive Supplier To Jobbers and Distributors in the U.S. and Canada 
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UNION Miniature Relay, 
actual size. 

HIGH LOADS and LOW LOADS can 
be handled at the same time and 
with consistent reliability by one 
UNION Miniature Relay with HI-
LO contacts. (Photo enlarged 21/2 
times.) 

New MO Contacts 
make one UNION Relay 

do two jobs! 
Now you can use one UNION Minia-
ture Relay for both high-level and 
low-level circuits. A new contact 
material handles high loads of two 
amperes or low dry-circuitry loads 
with consistent reliability. Formerly, 
two separate relays were required for 
these applications. 
The new HI-LO contact material 

provides optimum contact resistance 
for both high-level and low-level 

loads. This means you can frequently 
save the cost of buying two different 
types of relays . . . and inventory 
expenses are much less. 
You can get all standard UNION 

6-pole and 4-pole Miniature Relays 
with HI-LO contacts. They meet or 
exceed specification Mil-5757-C and 
are available in DC or AC models. 
Write for Bulletin 1012 on UNION 
Miniature Relays. 

See our exhibit at the I.R.E. Show, 
March 18-21, Booths 2122-2124 

GENERAL APPARATUS SALES 

UNION SWITCH & SIGNAL 
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 

PITTSBURGH 18, PENNSYLVAMA 

Tele-Tips 
(Continued from Page 20) 

INTERFERENCE from electrical 
and electronic equipment is im-
pairing the operation of America's 
modern defense systems, declared 
a Signal Corps spokesman at the 
two-day Radio Interference Re-
duction Conference, conducted by 
the Armour Research Foundation 
of Illinois Inst. of Technology. 
Brig. Gen. E. F. Cook said that 
many new equipments are on the 
drawing boards but before they 
can become practical something 
must be done to decrease the high 
interference a 1r ea dy existing 
around present equipment. 

THE WORLD now has 845 TV 
stations and 56,000,000 TV sets. 
The U. S. alone has 496 TV sta-
tions and 42,000,000 receivers. 

NUCLEAR POWER PLANTS are 
finding it difficult to sell the in-
stallation of reactors to nearby 
residents because of the public's 
apprehension over the radiation 
problem. Now a special PR 
course has been designed express-
ly to instruct company personnel 
in soothing the public's objec-
tions. 

MICROWAVE LINKS now consti-
tute about half of the Bell Sys-
tem's national coaxial network. 

SKIP HAPPY. Squad car 1 called 
in, "I need some anti-freeze, sarge. 
Any there in the station?" The 
sergeant in a N. J. station called 
back, "Yeah, five cans. Come in 
and get it." After a few moments 
squad car 2 broke in, "Don't wait 
for him, sarge. That's a car out 
in Denver, Colorado." Explana-
tion: sunspots. 

THE ELECTRONIC AGE has fi-
nally caught up with the Army. 
The Signal Corps announces that 
some 1,000 carrier pigeons they 
have been training at Ft. Mon-
mouth, N. J., will soon be offered 
for sale, marking the end of these 
colorful couriers in Army service. 
The Army started using pigeons 
back in 1897 as carriers of mes-
sages, map overlays and photo-
graphic film. During WW II, ap-
proximately 40,000 racing pigeons 
were supplied the Army without 
cost by pigeon fanciers. 
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Eliminates costly, wasteful -baking operatio • • • 

REVOLUTIONIZES etched circuit Production 

Semi-Automatic 

D.S.P.'s new Mark III-A press means greater produc-
tion as well as high quality printed etched circuits 
. . . with rejection practically nil. 

Like other D.S.P. presses, Mark III-A prints dry, 
delivers 600-800 perfectly dry impressions per hour, 
each one of which is ready to etch. And, since it 
prints dry, the resist can't run — it stays fast in the 
exact pattern of the stencil design. Not only that, but 
baking or other drying steps are completely elimi-
nated, cutting the time cycle from blank stock to 
etched panel to a minimum. Add 5-6 seconds to the 
time it now takes you to etch each piece and that's 

D 

the total time involved with Dry Screen Process. 

Mark III-A prints on single or double copperclad 
laminate up to 4 inch in thickness. Effective impres-
sion size up to 22" x 28" allows maximum number 
of designs per impression. 

Equally fine results may be obtained in electro-
plating the blanks with reverse printing design. 

Besides this high volume press, two other models 
are available with capacities of 200 impressions per 
hour. All models print dry, cut production time, 
lower costs, give excellent results. 

Write today for full information and literature 

SCREEN PROCESS, INC. 
1016 MADISON AVE. • PITTSBURGH 12, PA. 

Mgrs. of Dry Screen Printing Equipment 

Dry Screen Process Colors 
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TI PROGRESS REPORT ON PRECISION 

DEPOSITED CARBON RESISTORS ... 

TI MIL-Line Precision Resistors 

181, 11, k„ oit 

HOLD TOLERANCE...EVEN WHEN DRIPPING WET! 
Soaking wet, dried out, or `shook up' — TI MIL-
Line deposited carbon resistors still far exceed 
MIL-R 10509B ... emerge from one acceptance 
test after another — by major electronics manu-
facturers — with performance records that have 
not been equalled. It's the seal that makes the 
difference... an exclusive Texas Instruments 
process that snugly wraps these precision resistors 
in tough jackets of a special coating with high 
dialectric strength. 

For ease in design, production, and maintenance 

For complete data, write for 

Bulletin DL-C 539. 

... for improving the reliability and saleability of 
your products, the moisture resistance of TI 
deposited carbon MIL-Line resistors is just one 
field-proven factor. You also get a choice of 1, 
2, or 5% tolerances ... high stability over wide 
temperature ranges and under full load...low 
negative temperature coefficients ... negligible 
voltage coefficient and noise levels ...long sheif-
life ... wide selection of sizes and resistance 
values ... reasonable prices ... and, if desired, 
reel-type packaging for automation. 

Here is a typical TI reel pack designed to speed production. 

TI precision deposited carbon resistors are mass produced and 

packaged in five sizes from 1/2 watt to 2 watts with resist-
ance values from 25 ohms to 30 megohms. 

TEXAS INSTRUMENTS 
INCORPORATED 

6000 LEMMON AVENUE LI N' 



HOW TO ADD TO THE 

Saleability 
OF MANY ELECTRICAL PRODUCTS 

...Instruments 

...Appliances 

...Small Motors 

...Radio, TV, 
Audio Equipment 

TO ENGINEERS, Stackpole Slide Switches in more than a dozen in-
expensive types offer many interesting design possibilities for improv-
ing product performance. 

TO BUYERS of today's instruments and appliances, the convenience 
of unique and attractive modern switching arrangements exerts strong 
sales appeal that far exceeds the modest cost involved. 

Stackpole Slide Switches cover the 1/2  to 3 ampere range. They vary 
from simple ON-OFF units to types that provide complicated inter-
circuit switching in minimum space—often with less costly mount-
ings than conventional switches. Electronic Components Division, 
STACKPOLE CARBON COMPANY, St. Marys, Pa. 

STACKPOLE 
S-L- D-E SWITCHES 

New SLIDE SWITCH DATA 
Stackpole Bulletin RC-10D — just out — gives 
complete ratings, dimensions, modifications, 
and other specifications for all standard Stack. 
pole Slide Switches. Write for your copy or 
see your local Stackpole representative 

KEY TO CONTACT ARRANGEMENTS 

POSITION I 
POSITION 2   

23 6 POSITION 3 

POSITION 4 :••": 

3-Position 
Otto. Detent 
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Need 
MULTIPLE CABLES... 

See LENZ, of course! 
Whether for Electronic Control Equipment, Public Address 
or Inter-Corn Systems, you'll want a cable that is just right 
for the job. Whatever your mechanical or electrical require-
ments, Lenz will meet them. 

Organized in 1904, with a half century of wire and cable 
engineering experience behind us, we can help you select 
a standard cable from our catalog or supply you with cables 
built to meet your special requirements. 

Send us your specifications! Remember, a Lenz Cable is a 
Quality Cable! 

WRITE TODAY for the LENZ WIRE and CABLE CATALOG, 
containing detailed illustrations and valuable technical 
data on cable construction. 

LENZ ELECTRIC MANUFACTURING CO. 
1751 North Western Avenue Chicago 47, Illinois 

In Business Since 1904 

Industry 

News 
Col. Forrest W. Donkin, USAF 

(Ret.) has joined Page Communica-
tions Engineers, Inc., as Vice-Presi-
dent and Dir. of Operations, Western 
Div. Colonel Donkin was closely as-
sociated with the building of the first 
Ionospheric-Scatter Communications 
System. 

John K. McDonough has been pro-
moted to Vice President and General 
Sales Manager of General Instruments 
Corp. His experience of more than 15 
years in the radio and TV industry 
has encompassed all phases of manu-
facturing, engineering, and purchas-
ing, as well as sales. 

J. K. McDonough W. M. Pierce 

Wayne M. Pierce, Jr. has been ap-
pointed Vice President for Engineer-
ing and Manufacturing at Norden-
Ketay. He planned the layouts of 
operations for several of their plants. 
Mr. Pierce's offices are at Norden-
Ketay's headquarters in Stamford, 
Conn. 

Russel A. Schlegel is now General 
Sales Manager of the Weston Elec-
trical Instrument Corp. 

William W. Bum pus has joined Hy 
con Eastern, Inc. as General Manager 
of the Sales Div. Mr. Bumpus brings 
with him a broad background in elec-
tronics having been affiliated with the 
USAF Nuclear Weapons Program 
for 6 years. 

Iry ine I. Ser has been named Gen-
eral Sales Manager of Astron Corp., 
East Newark, N. J. 

J. R. Wolff is now Director of Re-
search at Radiation Instrument De-
velopment Laboratory. He will corre-
late engineering and development be-
tween RIDL, Chicago, and the manu-
facture of their equipment by Inter-
technique of Versailles, France. 

Thomas Teigen has been made Man-
ager of Sangamo's Advertising Dept. 
with full charge of its administration 
and direction. 

(Continued on page 32) 
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No matter what 

factors govern your 

choice of precision 

components ... 

;,>››,  

4e°% e.> •-• 
y 

THE ANSWER IS HER 

The Fairchild line of precision components includes forty-two 
standard types of precision potentiometers, pressure transducers 
and accelerometers. Please note that this does not include any of 
the countless specials or design variations on basic units that we 
have made for various customers . .. or could make for you. 

The 42 standard types embody seventeen basic product 
categories including wire wound or metal film, single- or 
multi-turn, linear and non-linear in both phenolic and metal cases; 
and high temperature types. Pressure transducers, accelerometers, 
trimmer potentiometers and linear motion potentiometers are 
also available. 

In all these, Fairchild's continuing and extensive research now 
provides you with the optimum designs for size and functional 
conformity to best meet your individual needs. Whatever your 
potentiometer or transducer problem is, let Fairchild help you. 
Write for our new condensed catalog. Fairchild Controls 
Corporation, Components Division, Dept. 140-82E. 

EAST COAST 

225 Park Avenue 

Hicksville, L. I., N. Y. 

WEST COAST 

6111 E. Washington Blvd. 

Los Angeles, Calif. 

, 
• -Àe 

4 5> 

PRECISION POTENTIOMETERS 
and COMPONENTS 

ELECTRONIC INDUSTRIES & Tele-Tech • April 1957 Circle 21 on Inquiry Card, page 97 29 



C
U
R
R
E
N
T
 
G
A
I
N
 
B
 

Industry's 
Highest Power 

Transistors 
Combine stability with long life 

I 0 0 

80 

60 

40 

20 

o 2 3 4 5 6 7 

COLLECTOR CURRENT (AMPERES) 

Delco Radio's 2N173 and 2N174 alloy junc-
tion germanium PNP transistors have un-
usual stability and reliability. These superior 
characteristics are retained by hermetic seal 
and proper internal atmosphere. 

In addition, normalizing processes contribute 
to the high output power, high gain and 
low distortion characteristics that were de-
signed into them. Delco Radio High Power 
transistors, ideal for your audio as well as 
general power applications, are produced by 
the thousands every day. Write for infor-
mation and engineering data. 

1957 
1951 

TYPICAL CHARACTERISTICS 

2N173 2N174 2N277 

Properties (25°C) 12 Volts 28 Volts 12 Volts 

Maximum current 12 12 12 amps 

Maximum collector voltage 60 80 40 volts 

Saturation voltage (12 amp.) 0.7 0.7 0.7 volts 

Power gain (Class A, 10 watts) 38 38 38 db 

0.4 mc Alpha cutoff frequency 0.4 0.4 

Power dissipation 55 55 55 watts 

Thermal gradient from junction 
to mounting base 1.2° 1.2° 1.2° °C/watt 

Distortion (Class A, 10 watts) 5% 5% 5% 

DELCO RADIO 
30 Circle 22 on Inquiry Card, page 97 

DIVISION OF GENERAL MOTORS 

KOKOMO, INDIANA 
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EHF 
MICROWAVE 
GENERATORS 

AND SOURCES 

18,000 to 50,000 mc 

with 

PLUG-IN 
TUNING UNITS 

Now, with the Polarad plug-in interchange-

able tuning unit feature you can equip your 

laboratory with Extremely High Frequency 

generators and sources covering 18,000 to 

50,000 mc permitting wide flexibility of op-

eration at minimum cost. Each of the various 

tuning units requires no further adjustment 

after plug-in — all voltages and controls are 

automatically set for proposed operation. 

These new Polarad self-contained instru-

ments operate simply with direct reading, 

wavemeter dials. They provide cw or modu-

lated signals of known frequency for field, 

production line and laboratory testing of 

microwave equipment, components and sys-

tems. 
Write to Polarad or your nearest represen-

tative for complete information. 

EHF Microwave 

Signal GENERATORS 

• 7 plug-in r-f tuning units cover the fre-
quency range from 18,000 to 39,700 mc. 

• Direct-reading calibrated attenuator out-
put, accuracy -±-2 db. 

• Frequency calibration accomplished by a 
+01% direct-reading wavemeter. 

• Internal 1000 cps square-wave modulation. 
• Capable of external modulation, both 

pulse and fm. 
• Equipped with integral electronically-

regulated power supplies. 

El*" MICROWAVE 
SIGNAR GENERATORS 

EHF MICROWAVE 
SIGNAL SOURCES 

EHF Micrc wave 

Signal SOURCES 

• 9 plug-in r-f tuning units cover the fre-
quency range from 18,000 to 50,000 mc. 

• Internal 1000 cps square-wave modulation. 

• Capable of external modulation, both 
pulse and fm. 

• Equipped with integral electronically, 
regulated power supplies. 

• Frequency calibration accomplished by a 
±-0.1% direct-reading wavemeter. 

SIGNAL GENERATORS 
Basic Unit Model EIU-2 

Plug-In Tuning 
Unit Model No. 

Power Output 
Calibrated 

FREQUENCY RANGE 

SIGNAL SOURCES 
Basic Unit Model NU-1 

Plug-In Tuning Power Output 
Unit Model No. Average 

G1822 

G2225 

G2427 

G2730 

G3033 

03336 

03540 

—10 

to 

—90 dbm 

18.000 — 22,000 mc S1822 10 mw 

22,000 — 25,000 mc 

24,700 —  27,500 mc 

27,270 — 30,000 mc 

29,700 — 33,520 mc 

33,520 —  36,250 mc 

35,100 —  39,700 MC 

37,100 —  42,600 roc 

41,700 —  50,000 mc 

S2225 10 mw 

S2427 10 mw 

S2730 10 mw 

S3033 10 mw 

S3336 9 mw 

S3540 5 mw 

S3742 

S4150 

Approx. 3 mw 

Approx. 3 mw 

Model SG-1218, S goal Generator and Model SS 1218 Signal Source 
are available to cover the frequency range 12,400 to 17,500 mc. 

POLARAD ELECTRONICS CORPORATION 

43-20 34th Street, Long Island City 1, N. Y. 

REPRESENTATIVES: Albany, Albuquerque, Atlanta, Baltimore, Boston, Chicago, Cleveland, Dayton, Denver, Englewood, Fort Worth, Kansas City, Los Angeles, New York, 

Philadelphia, Portland, Rochester, St. Louis, San Francisco, Schenectady, Stamford, Syracuse, Washington, D. C., Winston-Salem, Canada: Arnprior, Ontario. 
Resident Representatives in Principal Foreign Cities 

MODULATION: 

Internal modulating: 
Frequency  1000 cps square wave. 

Requirements for external pulse modulation: 

Pulse repetition frequency 100 to 10,000 pps. 
Pulse width rate 0.5 to 10 microseconds. 
Pulse amplitude 10 volts peak, minimum. 
Pulse polarity Positive. 

Requirements for exterral frequency modutation: 

Waveform  Sawtooth or sine wave. 
Frequency  50 to 10,000 cps. 
Amplitude  Approx. 10 volts rms, to 

produce 40 mc deviation. 

For private demonstration 
without obligation 

ask for the 

to stop 
at your plant 

Reliable ma ce 
service througho 

the country is 
an important 

part of the 
Polarad instrument. 
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To 
Withstand 
The Ages! 

Even in the days of Rameses 

craftsmanship and knowledge 

were outdistancing 

the crude machinery of the day. 

Following in the footsteps 

of ancient artisans whose 
experience and skill 

enabled them to preserve their 

cherished possessions, 

EPR's hand-winding techniques 

have proven equally effective 

in preserving the precision 
and stability 

of its wire wound resistors. 

W. C. Byrne 

Like the embalmers of long ago, 
EPR has proven 

that automation alone 

cannot duplicate technical know-how 
and experience. 

Meticulously wound by 

highly skilled personnel, 
and enveloped in an inpenetrable 

shield of thermo-setting resin, 

Eastern Precision Resistor's "N-CAPS" 

are recommended for application 

where long term stability 
is required. 

Our Principal Product —  

RELIABILITY 

eLea/ 

Send For OurA Complete Handbook 

of Precision Wire Wound Resistors, 

EASTERN PRECISION RESISTOR CORP. 

675 BARBEY STREET, BROOKLYN 7, N. Y. 

Industry 

News 
(Continued from page 28) 

Keeton Arnett has submitted his 
resignation as a Vice-President of the 
Allen B. DuMont Laboratories, Inc. in 
order to accept the Executive Vice-
Presidency of the Chamber of Com-
merce of Greater Phila. 

Walter C. By rne, Jr. has been pro-
moted to the position of Sales Man-
ager, for Motorola Microwave and 
Industrial Control Dept. Mr. Byrne 
joined the company as a Senior En-
gineer in 1950 and then became a 
specialist in microwave and industrial 
control products. 

P. J. Teich 

P. .1. Teich has been appointed Man-
ager of Marine and Ordnance Radar 
Systems Engineering for General 
Electric's Heavy Military Electronic 
Equipment Dept. His engineering re-
sponsibilities have been related ex-
clusively to military electronics sys-
tems. 

Dr. Lee L. Davenport will become 
President of Sylvania-Corning Nu-
clear Corp. upon its formation in the 
near future. He also has been ap-
pointed to an executive post with Syl-
vania Electric Products Inc. The new 
corporation is being formed as a 
jointly owned company by Sylvania 
and Corning Glass for expanded re-
search, development and production 
activities in the atomic energy field. 

Robert L. Colfax and Otho C. Lind-
sey are now Sales Managers of IRC, 
Hycor Div., Sylmar, Calif. and IRC's 
subsidiary, Circuit Instruments, Inc., 
St. Petersburg, Florida, respectively. 

Dr. Harvard L. Hull, Vice-President 
of Litton Industries, Inc. has been 
named General Manager of the Col-
lege Park, Md. subsidiary of the com-
pany, formerly the Ahrendt Instru-
ment Co. 

Donald C. Wagner was promoted 
from Production Manager to Plant 
Manager of Magnetic Research Corp., 
El Segundo, Calif. 

(Continued on page 34) 
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Typical of the scientific tech-

nology that is behind Triplett's 

world wide reputation for relia-

bility—these jewel pivot bear-

ings are so minute that 1000 do. 

not even half-fill this one-half 

inch bottle and every jewel is 

perfectly balanced with more 

painstaking ,care than the watch-_ — 
makers' art. 

Triplett current catalog offers 

more than 15,000 available types 
and ranges of clear plastic front\-.. 

and conventiOnal design black 

plastic panel meters. 

The identical careful accuracy 

and high reliability is available 
in the complete Triplett line of 

VOMs, VTVMs, scopes and 

other test equipment. 

TRIPLETT ELECTRICAL INSTRUMENT COMPANY 

Bluffton, Ohio 

Over half a century of experience 

.0* og•ia 

••' one 
important 

tithe detail 

100 times 

enlarged! 

20 30 

D. C. 
MICROAMPERES %sb 

000' 

•••.••-•..:4-7,iffi,..•"- • 



CERAMIC CAPACITORS IN A 
WIDE RANGE OF VALUES 

Gm, ..••• 

REDUCE YOUR CCISTa 
WITH FRIF Par 

ERIE EMBOSSED WIRING BOURN 
WIN COPPER EMBOSSED 

CIRCUIT ON THE 
REVERSE SIDE 

RESISTORS IN A WIDE RANGE 
OF VALUES 

• 

EXCELLENT 
Sag.DER JOINTS 

I t 

OFFSET WEDGE TYPE TERMINALS WITH WAX IMPREGNATED THERMOSETTING 
HEAVY COATING OF SOLDER PHENEVC MOISTURE SEAL 

*PRE ASSEMBLED CIRCUITS 
The ERIE Pre -Assembled Circuits system presents an 
entirely new approach to packaging electronic components. 
This new modular system is now being used by many large 
radio and TV manufacturers in their 1957 models. PAC has 
proven itself to be technically sound as well as economical 
and easy to handle on the assembly line. 

Leading producers choose PAC—because PAC reduces 
labor costs ... requires fewer component insertions. .. needs 
less assembly equipment . . . uses a smaller printed wiring 
board area . . . means fewer punched hole. .. reduces over-
head costs.. . keeps inventory down. 

For further information write for Engineering 
Bulletin 450-1 or contact your ERIE representative. 

ERIE ELECTRONICS DIVISION 
ERIE RESISTOR CORPORATION 

M0111 Offices and Factories ERIE, PA. 
Manufacturing Subsidiaries 

HOLLY SPRINGS, MISSISSIPPI, • LONDON, ENGLAND • TRENON, ONTARIO 

Industry 

News 
(('mitiemed from page 32) 

Dr. Robert P. Petersen, former Di-
rector of Nuclear research for Re-
public Steel Corp., was elected Presi-
dent of Applied Research Inc. He has 
played a prominent part in the de-
velopment of the nations atomic 
energy program. 

Andrew 'I'. Fischer has been named 
Marketing Director for Alwac Corp. 
(formerly Logistics Research, Inc.). 
Mr. Fischer has been Sales Manager 
of RCA Computer Div. before joining 
Alwac. 

A. T. Fischer M. j. Volcansek 

Brig. Gen. Max J. Volczensek, Jr. 
USMC (Ret.) has joined Texas In-
struments Inc. in the Apparatus Div. 
Engineering Dept. He will be head of 
the Administrative Branch and will 
be responsible for all planning of an 
administrative nature. 

E. Philo Davis, formerly of Hughes 
Products, has joined the staff at Hoff-
man Labs. 

Leslie A. Skinner, nationally known 
missile and rocket specialist has 
joined as Manager, RCA Missile Oper-
ations at the White Sands Proving 
Grounds. 

E. V. Space for the newly created 
position as Manager, Equipment and 
Production Development, RCA Semi-
Conductor Div. 

Harold Hechtman will now serve as 
Director of Public Relations of Air-
borne Instrument Laboratory, Inc., 
Mineola, N. Y. 

Harry E. Pinkerton has been named 
president of the Intercontinental Elec-
tronics Corp. (INTEC). Mr. Pinker-
ton's experience is particularly suited 
to the overall objective for which 
INTEC was created — the application 
of French Scientific Discoveries for 
the American market. 
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6-fingered SPEED CLIP' 

holds glass panels tight, saves 46%! 

This special SPEED CLIP fastens glass panels to 
aluminum extrusions with a grip that prevents 
slippage. Heat stays in, rain stays out of green-
houses and similar glass structures. Working closely 
with engineers of the Metropolitan Greenhouse 
Mfg. Corp., Brooklyn, Tinnerman developed this 
unique fastener that saves almost one-half the cost 
of former less effective assembly methods! 

Installation is fast and simple. Two overlapping 
glass panels are positioned against the extrusion. 
A screw driven into the spring-steel SPEED CuP 
spreads the two center fingers outward to grip the 
inner walls of the extrusion. No secondary fasten-
ing devices required—SPEED Cues hold tight, yet 
are easily removed to permit replacement of glass. 

This is another example of a fastener engineered 
by Tinnerman to satisfy special, complicated 
fastening problems. A Fastening Analysis of your 

products may produce a similar cost-cutting solu-
tion. See your Tinnerman representative soon. 

TINNERIVIAN PRODUCTS, INC. 
BOX 6688 • DEPT. 12 • CLEVELAND 1, OHIO 

TINNERIVIAN 

FASTEST THING IN FASTENIN;GSe 

Canada: Onmilltel Fautrices. Limited. Fannin, Ontario. beat kite: Sinunonds Aeroc2 mats, limited, Peloresl, Wales. Trance Sirenoas, S. A , 3 rue Sahrnon de liotliscIfire, Suresnes (Seine). Sermon:113ns Staten« WIN "AlICAN 0", tam- - COOL 
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Automatic Circuit Recloser Parts made from Syn-
thane sheet and tube provide insulation for high 
voltages. 

and you put Synthane laminated plastics to work 
Think of the many conveniences avail-
able simply by plugging into an electrical 
outlet. 
On both sides of the outlet Synthane 

laminated plastics are at work in power 
generation and distribution, home appli-
ances and other electrical equipment. 
You find Synthane laminated plastics 

in circuit breakers, buss bar coverings, 
transformers. Synthane laminated plas-
tics are important insulators in toasters, 
ranges, food mixers. Synthane is at work 
in thermostats, voltage regulators, 
power tools. 
Synthane is valued in electrical appli-

DIELECTRIC STRENGTH IMPACT STRENGTH 

cations chiefly for its high dielectric 
strength, low moisture absorption and 
low dissipation factor plus its additional 
properties of dimensional stability, ma-
chinability and mechanical strength. 
Synthane is available in over 30 standard 
grades in sheet, rods, tubes or you can 
avail yourself of our complete fabricating 
services. 

For more information about the many 
properties of Synthane and how you can 
benefit by using Synthane materials and 
fabricating services, write for our product 
catalog. Synthane Corporation, 11 River 
Road, Oaks, Pennsylvania. 

LIGHT WEIGHT HEAT RESISTANCE 

SYNIIIANE ... industry's unseen essential 
--, 

SYNTHANE CORPORATION, 11 RIVER ROAD, OAKS, PA. 
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close-control RHEGSTATS 

build reliability 
into your product 

with 
HMIITE P 

COMPONENTS 

WRITE on 
Company Letterhead 

for Catalog and 
Engineering Manual. 

All-ceramic and metal, close•control rheostats for 
unsurpassed dependability and smocthness of operation. 

Ten stock sizes, 25 to 1,000 watts. 

wire-wound RESISTORS 
A wide range of dependable, fixed, adjustable, tapped, 

and noninductive power wire-wound resistors. Also 
a wide range of precision resistors. 

general-purpose RELAYS 
65 Types in four stock models. Good delisery on made-to-order 

relays. Contact current ratings up to 25 amps, AC or DC. 
Wide variety of contact arrangements. Hermetically sealed 

or dust-protective enclosures available. 

high-current TAP SWITCHES 
Five compact models, up to 100 amperes, AC, up to 12 

taps. All-ceramic and metal construction. Silver-to-
silver contacts, with self-cleaning rotor contact. 

radio-frequency CHOKES 
Single layer R.F. plate chokes and power line chokes 
on steatite or plastic cores. Protected by a special 

moisture-resistant coating. 

,feerk.,,d OHMITE 
RHEOSTATS • RESISTORS • RELAYS • TAP SWITCHES • TANTALUM CAPACITORS 

OHMITE MANUFACTURING COMPANY • 3662 Howard Street, Skokie, Illinois 



MASS SPECTROMETER SEPARATES 
ELECTRON PARTICLES 

This mass spectrometer for basic 
research in the petroleum industry 
required an extremely stable, high-
intensity field which could be 
varied. 

This assembly, which incor-
porates a massive 1,300-pound In-
diana Alnico permanent magnet, 
provided the answer. It has a 
maximum field strength of 6,000 
gauss, and stability is maintained 
without tne use of complex con-
trol equipment normally associ-
ated with electromagnets. 

ELECTRONIC "BRAIN" SENSITIVITY 
DEPENDS ON ALNICO 

This electronic computer manufac-
turer required a permanent magnet 
housing for the magnetic tape 
reader and recorder unit of the 
processing machine in order to im-
prove sensitivity. 

Using Alnico for this housing 
brought on immediate improve-
ment in signal strength . . . and 
better sensitivity because of the 
magnet's high efficiency. 

NUCLEAR RESONANCE RESEARCH 
UNIT USES 1,000-LB. MAGNET 

The University of Chicago, re-
nown in the field of basic research, 
required a high intensity magnetic 
field to extend their research in 
nuclear resonance. 

This huge permanent magnet as-
sembly, containing over 1,000 
pounds of Indiana Alnico, pro-
duces a field of 6,750 gauss. The 
stability — an inherent quality of 
permanent magnets — is main-
tained without the use of costly 
controls. 

How three unusual products use Alnico permanent 
magnets plus creative design ... by Indiana 
These dramatic examples of the use 

of Alnico permanent magnets illus-
trate how the creative engineering 

and manufacturing skill of The In-

diana Steel Products Company have 
combined to meet the critical re-

quirements of three unusual 
products. 

This sanie experience can be put to 
work for you, too . . . regardless of 

application. Indiana offers the larg-

est staff of magnet engineers and the 

most complete research and produc-
tion facilities in the world to assist 
in the development of permanent 

magnets for use in your products. 

Be sure your new designs incorpo-

rate the most efficient and econom-

ical magnet! Contact Indiana, today, 
for engineering assistance and rec-

ommendations--without cost or ob-
ligation, of course! 

For your product development work, Indiana stocks a 

wide variety of standard Alnico V magnets—available immediately 
in experimental quantities. Write for Catalog 11-N4 

THE INDIANA STEEL PRODUCTS COMPANY • VALPARAISO. INDIANA 

World's largest manufacturer of permanent magnets 

IN CANADA: The Indiana Steel Products Company of Canada Limited • Kitchener, Ontario 

You can expect from Indiana: 

• Uniform, high energy 
magnets 

• 24-hour service on 
"stocked" Alnico V 
magnets for your product 
development work 

• Engineering assistance with 
new magnet designs—no 
cost or obligation 

• World's most complete 
magnet production and 
research facilities 

INDIANA 

PERMANENT 

MAGNETS 
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MECHANICAL ENGINEERS are using their skills in the de-
sign and development of new mechanisms required for business 
machines and for those mechanical products which are associ-
ated with electronic data processing equipment. 

ELECTRO-MECHANICAL ENGINEERS are constantly faced 
with the problems of capturing information from the various 
input devices and converting this information into a usable form 
for subsequent use in data-handling equipment. 

ELECTRONIC ENGINEERS enjoy an unparalleled freedom COMPUTER ENGINEERS backed by the company's computer 
in the development of new types of circuitry and components research since l938 are developing an economical, flexible digi-
which are necessary to maintain leadership in the competitive tal computer to meet the requirements of all record-keeping 
field of record-keeping automation. applications. 

ENOINFLWING UNLIMITED 
AT ONE OF THE WORLDS' MOST SUCCESSFUL CORPORATIONS 

If you are looking for a challenging opportunity with an established 
company which has tripled its sales in ten years—one that offers excellent 
starting salaries as well as permanent positions . . . 

Act at once! Send resumé of your education and experience to Employ-
ment Department, Technical Procurement Sec. L, The National Cash 
Register Company, Dayton 9, Ohio. 

THE NATIONAL CASH REGISTER COMPANY 
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vilenek -emde 
NOISE SOURCE TUBES 

Offer unusual stability plus freedom from ambient 
temperature corrections 

As measured sources of noise power in microwave equipment, 
Bendix Red Bank noise source tubes offer several distinct 
advantages. 

First, temperature changes and fluctuations in noise output 
present no problems with these tubes, because we make them 
so that no correction in noise figures is necessary over the 
range from —55°C. to +85°C. Next, our precise quality 
control works to close tolerances that produce unusual sta-
bility and long life—far beyond that usually found in noise 
source measuring equipment. 

Finally, as can be seen in the table at right, Bendix Red 
Bank noise source tubes cover an extremely wide range of 
frequencies, so that there is no difficulty in finding a type to 
meet any specific need. 

If you have any sort of application in measuring noise and 
sensitivity in microwave receiving equipment, check with us 
for the most efficient answer. Write RED BANK DIVISION, 

BENDIX AVIATION CORPORATION, EATONTOWN, NEW JERSEY. 

West Coast Sales & Service: 117 E. Providencia Ave., Burbank, Calif. 
Export Sales & Service: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 

Canadian Distributor: Aviation Electric Ltd., P.O. Box 6102, Montreal, Quebec 

1 

Microwave test equipment 
used in calibrating all 
Bendix noise source tubes. 

Bendix 
Type 

RETMA 
No. 

Wave-
gNuiod.e 

Frequency 
Anode 

rCur-en t 
MA 

Nom. 
TubeDroo 

Volts 

Nom. 
rf;looteg 

db 

Mount 

TD-10 6356 
RG49/U 3.95-5.85 

250 70 15.2 10°E 
RG50/U 5.85-8.20 

TD-11 6357 RG25/U 8.20-12.40 200 75 15.2 10°E 

TD-12 6358 RG48/U 2.60-3.95 250 80 15.2 10°E 

TD-13 6359 RG53/U 18.00-26.50 200 65 15.2 10°E 

TD-18 6684 RG91/U 12.40-18.00 200 70 15.2 10°E 

TD-21 — RG69/U 1.12-1.70 250 65 15.2 90°H 

TD-22 — RG48/U 2.60-3.95 250 45 15.2 90°H 

TD-23 — RG52/U 8.20-12.40 200 115 18.0 10°E 

TD-24 — WR 229 3.30-4.90 250 65 15.2 10°E 

AVIATION CORPORATION 
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( CHATTANOOGA 5, TENN. 

55TH YEAR OF CERAMIC LEADERSHIP 

A Subsidiary of 
Minnesota Mining and 

Manufacturing Company 

, • • 

oe'Çe' 4e4e . e re. 

‘S4  (":.. • I 

e ( 

die pressed 

C eramics 

— s•vall 

If you need a strong, low cost component ... 

custom made for your application . . . with 
superior electrical characteristics . . . great 
thermal shock resistance . . . produced to 
close dimensional to erances ... available in 

volume . . . it will pay you to investigate the 
"plus" values of AlSiMag pressed ceramics. 

Most complete choice of special characteris-
tic materials in the industry, including new 

and rugged AlSiMag Alumina "super ceram-
ics." Wide latitude in design. Strict Quality 

Control. Dependable uniformity. Fast deliver-
ies. Batteries of high speed presses. Complete 
equipment for the most efficient and economi-
cal production of parts to specification in any 

quantity. Ample facilities for volume raw ma-

terial preparation, firing and machining. 

Prototype service available. Check perform-
ance under actual operating conditions before 

placing orders for tooling, quantity lots. 

Send sketch with detailed specifications for 
prices and suggestions from our highly spe-

cialized Engineering Department on material 

and design. No obligation. 

AMERICAN LAVA 
>2,)eCORPORATION 

For service, contact Minnesota Mining & Manufacturing Co. Offices in these cities (see your local telephone directory): Atlanta, Ga. • Boston: Newton 
Center, Mass. • Buffalo, N. Y. • Chicago, Ill. • Cincinnati, O. • Cleveland, O. • Dallas, Texas • Detroit, Mich. • I-igh Point, N. C. • Los Angeles, 
Calif. • New York: Ridgefield, N. J. • Philadelphia, Pa. • Pittsburgh, Pa. • St. Louis, Mo. • St. Paul, Minn. • So. Sail Francisco, Calif. • Seattle, Wash. 
Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. 0. Box 757, London, Ont. All other export: Minne,ota Mining 8. Manufacturing Co., 

International Division, 99 Park Ave., New York, N. Y. 



ARE AC ENGINEERS 
really smarter? 

Many are the absolute top men in their respective fields. 

Currently, we are actively engaged in the fields of 

Avionics, Missile Guidance, (IRRM), Computers 

(Digital and Analog), Jet Engine Fuel Controls, Land to Air— 

Shore-to-Ship Communication Equipment, etc. 

We are permanently dedicated to RESEARCH and 

DEVELOPMENT in .every conceivable field of ELECTRONICS. 

Opportunities for your personal development are unlimited. 

G.M.'s policy of decentralization creates exceptional opportunity 

for individual advancement. Starting wages are high, 

you work with the finest of equipment on challenging problems. 

Construction is already under way for an additional plant 

(225,000 square feet) in an exclusive Milwaukee suburb. 

MASTER'S DEGREE GRADUATE PROGRAM 
AC has worked out a Master's Degree Graduate Program (evenings) at the 

University of Wisconsin, Milwaukee. AC pays all tuition fees for this program. 

Undergraduate programs are also available at Wisconsin, Marquette 

and Milwaukee School of Engineering. 

For your future's sake, you too be smart—send for complete 
facts and employment application form to Mr. Cecil E. Sundeen, 

Supervisor of Tecnnlcal Employment. 

AC THE ELECTRONICS DIVISION 

Milwaukee 2, Wis. Flint 2, Mich. 
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Now...an accomplishment so far reaching it will 
change the sights of all rectifier users 
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RADIO 
RECEPTOR'S 

improved new 
vacuum process 

TYPICAL FORWARD 
CHARACTERISTICS 

500 

400 

300 

200 

Other American 
rectifiers k 

now available r 

100 

* PEITI-SEL 
* High Current Density 

Industrial type 
SELENIUM R   F,C'FIFIERS 

Developed by the famous Siemens Organization of West Germany 
and now manufactured by Radio Receptor Co. in the U S. A. 

Estimated life 100,000 hours 

Much smaller cell sizes than conventional 

units of the same ratirgs 

Lower forward voltag( drop 

Suitable for high temperature applications 

Far smaller in size than other rectifiers of the same current ratings, the new 
Radio Receptor HCD Petti-Sel units are manufactured under laboratory con-
trolled conditions with fully automatic machinery, assuring new standards of 
product uniformity. 

Field experience extending over several years with these rectifiers indicates 
an estimated life of 100,000 hours. This is largely attributable to the special 
process requiring no artificial barrier layer. Low forward voltage drop and low 
aging rate make the new Petti-Sel Rectifiers applicable to magnetic amplifiers 
and other control applications. 

0 05 I.0 

FORWARD' VOLTAGE (A C.RMS) 

TYPICAL AGING 
CHARACTERISTIC 

Cell size 4" x 4", single 
phase bridge (4-5-1-B) oper-
ated at 130 volts AC input, 
8 amperes DC output cur-
rent, resistive load, 35° C 
ambient temperature. 

110 

o 
HOURS 0 5000 10000 15000 

Watch for further announcements of unique developments 
on these history-making rectifiers. If you would like our new 
bulletin as soon as it is available, write today to Section T-3-R. 

20q-pc: 

Semiconductor Division 
RADIO RECEPTOR COMPANY, INC. 

Radio and Electronic Products Since 1922 
240 Wythe Avenue, Brooklyn 11, N. Y. • EVergreen 8-6000 

Radio Receptor Products for Industry and Government: Selenium Rectifiers • Germanium Diodes 
ni•loacV140.efia• n•naratnr. P Pr9P.'llf • rnmrn.m.i,..atinn. Rmoilr & navieatinn 



If it's a 4X250B by Am perex...you know it's 

interchangeable 
electrically and physically with the 4X150A! 

Amperex TYPE 4X250B AS R-F 
POWER AMPLIFIER OR OSCILLATOR 

Class C Telegraphy or FM Telephony 
(key down conditions, per tube) 

MAXIMUM RATINGS 
DC Plate Voltage .2000 volts 
DC Screen Voltage_ .300 volts 
DC Grid Voltage —250 volts 
DC Plate Current 
Plate Dissi pation ........ -...................................... 250 watts 
Screen Dissipation. 12 watts 
Grid Dissipation... .2 watts 

TYPICAL OPERATION 
DC Plate Voltage.... 500 
DC Screen Voltage. 250 
DC Grid Voltage_ _________. —90 
DC Plate Current 250 
DC Screen Current........_____.__ 45 
DC Grid Current .........._ _ _ 32 
Peak RF Grid Voltage (approx.) _ 118 
Driving Power... _ .____ ___ _____ 3.6 
Plate Power InPut.__________ 125 
Plate Power Output________ 85 

1000 1500 2000 volts 
250 250 250 volts 
—90 —90 —90 volts 
250 250 250 ma 
35 30 25 ma 
28 28 27 ma 
116 126 115 volts 
3.2 3.2 2.8 wafts 
250 375 500 watts 
195 300 410 watts 

The 4X250B has numerous applications as a replacement, in exist-

ing circuits, for the 4X150A, where longer life and additional plate 
dissipation up to 500 Mc are required. It is therefore imperative 

that the brand of 4X250B you choose be an exact plug-in replace-
ment for the 4X150A — meaning the identical base, identical 
dimensions, identical dectrode inductances and identical inter-
electrode capacitances. With the AMPEREX 4X250B you can be 

certain of getting just that total electrical and physical 
interchangeability! 

RMPEPEX 

Write for Detailed Data Sheets 

Amperex ELECTRONIC CORP. 
230 Duffy Avenue, Hicksville, Long Island, N.Y. 

In Canada: Rogers Elec.ronic Tubes and Components 
11-19 Brentcliffe Rood, leaside, Toronto 17, Ont. 
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Type 6363 

; 

3/4  " 

Type 6365 

preose 
PHOTOELECTRONICS* 

*The conversion of light input to highly 

magnified electrical output in a dependable, 

precise relationship. 

Depend on Du Mont Multiplier Phototubes for 

precise quantitative and qualitative 

measurements. Available in a wide selection 

of sizes and electrical characteristics for 

every photoelectronic need. 

DUMONT° 
Industrial Tube Sales, ALLEN B. DU MONT LABORATORIES, INC. 2 Main Ave., Passaic, N. J. 
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Now—only from Sylvania 

1.11111'.7617 • 111 

frerli 

MICROSECONDS 50 100 

Zero cathode output at 100 KC. Short recovery time 
makes it possible to achieve 100 KC counting speed 
and respond reliably to random pulses such as those 
received from radiation detection devices. 

igi pie) COM\TTER, TUBES 
-wrap 100 KC counting circuits into 

a single envelope 

Sylvania answers the designer's biggest need for high speed bi-
directional counting. Now with these 100 KC tubes designers can 
minimize circuitry in counters requiring multiple stages and re-setting 
functions, work previously done with numerous vacuum tubes and 
neon-indicators. 

These high speed counter tubes exhibit the same neon glow 
characteristics as the lower speed types. Thus it is possible to design 
a 100 KC stage into a counter and retain readout color uniformity 
on the instrument panel. 

And they make it possible to design smaller, lighter, counter 
instruments at lower cost. Write for complete details. Address 
Department D4OR. 

Now, Sylvania is your leading source for 
both medium and high speed counter tubes 

Min. 

D.C. Mvx. 

Output Supply Anode 
Type Freq. Cathodes Base Voltage Current 

6909 100KC 4(0,5,8,9) Octal 400 V. 1.2 ma 
6802 4KC 4(0,5,8,9) Octal 400 V. 0.6 ma 

6910 100KC 10 Duo 400 V. 1.2 ma 
Decal 

6476 4KC 10 Duo 400 V. 0.6 ma 
Decal 

6879 5KC 3(0,8,9) 7-pin 320 V. 0.8 mo 

SYLVAN IA 
SYLVANIA ELECTRIC PRODUC IS INC. 

1740 Broadway, New York 19. N. Y. 

Canada: Sylvania Electric (Canada) Ltd. 

Shell Tower Building, Montreal 

LIGHTING • RADIO • TELEVISION • ELECTRONICS • ATOMIC ENERGY 
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... if they involve POTENTIOMETERS 

DALOHM has the answer! 
All Dalohm components are carefully designed and skillfully 
made to assure you of supreme quality and dependability, plus 
the widest versatility of application. These recent additions 
to the Daleehm line already have met with wide acceptance 
and enthusiasm: 

You can 
depend on 
DALOHM 

Mil-E-Trized A10-W TRIMMER POTENTIOMETER 
Wire Wound,High Temperature, Humidity-Proof, Ruggedized 
This Dalohm Trimmer is designed to meet the ever-increasing requirements of 
such specifications as MIL-E-5272A and MIL-R-12934. It provides precision 
adjustments in critical electronic circuits under extreme environmental 
conditions. It has an extended winding surface and assures high precision 
resolution without sacrificing sub-miniature design. Size is .220 x .310 x 1.250; 
weight is 2.25 grams. 

• Resistance values 10 ohms to 100,000 
ohms; standard tolerance 5%; power 
rating 0.8 watt; temperature coefficient 
of wire 0.00002/Deg. C. Other 
resistances, tolerances, leads available 
on special order. 

• Completely sealed; housing of thermo-
setting, glass filled material with heat 
resistance of 200° C continuous. Precious 
metal plating on all terminals; air 
evacuated and filled with silicone grease. 

Mil-E-Trized DP-12 POTENTIOMETER 
Built to Surpass JAN-R-19 

Hermetically Sealed, Moisture-Proof, Ruggedized 
Completely protected from arctic cold or tropic damp, from shock, vibration, 
salt-laden air and ultra-high altitude. Powered at 4 watts, the DP-12 has a 
power rating of 100q at 40° C, derated to 0 at 125° C. Housing and shaft of 
black anodized aluminum with back plate of corrosive resistant aluminum. 
Unit designed for back panel mounting with integral threaded base. 

• Operating temperature range-55° C to 125° C. Minimum rotational life 
is 25,000 mechanical cycles. 

• Standard resistance range 100 ohms to 40K ohms with standard tolerance 
of 5%. Other ranges and tolerances available on special order. 

• Precision winding gives excellent linearity with 3% maximum deviation. 
• Temperature coefficient of wire 0.00002/Deg. C on values of 500 ohms 
and up; 0.00050/Deg. C on values below 500 ohms. 

• Sensitive shaft adjustment. 
Write for Bulletin R-31 

JUST ASK US! 
Write for the complete Dalohm catalog of precision resistors, 
potentiometers, and collet-fitting knobs. 

If none of our standard line fills your need, our staff of able 
engineers and skilled craftsmen, equipped with the most modern 
facilities, is ready to help you solve your problem in the realm 
of development, engineering, design and production. 

Just outline your specific situation. 

• Unique new type sliding 
contact; unique safety clutch. 

• Unit holds set resistance values. 
• Mounting flexibility provided 

for either stacked or multiple 
arrangements. 

Write for Bulletin R-32B 

DALE 
PRODUCTS 

INC. 
1304 28th Ave. 

Columbus, Nebraska, U.S.A. 

• In Canada: 
Charles W. Pointon. Ltd. 

6 Alma Ave., 
Toronto. Ont. 

• Export Dept: 
Pan Mar Corp. 
1270 Broadway, 
New York 1, N.Y. 
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CLEVELAND CONTAINER CO. 

Paten's Pending 

YION CO/I FORMS 
A NEW PRODUCT INTRODUCED BY 

Makers of CLEVELITE* . 

the QUALITY name for Phenolic Tubing 

CLEVELAND'S NYLON FORMS . . . 

\ CLEVELAND CONTAINER 

• are a one-piece precision molded, high temperature form 
for use with threaded cores. 

• eliminate costly assembly operations as they can be had 
with the collar as an integral part of the form. 

collars are notched to prevent slipping turns, speeding 
winding operations. 

• edges are serrated to provide greater friction when engaged 
with winding arbor. 

• have six internal ribs enabling cores to be pressed into 
form, eliminating time consuming hand threading 
operations. 

• have unique patented chassis lock, eliminating costly 
mounting clips. 

resist electrolysis indefinitely. 

available in all R.E.T.M.A. standard colors, for easy identi-
fication . . . in certain lengths to fit 8/32 and 1/4-28 
core sizes. 

•nec U 
THE 

COMPANY 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES: 

CHICAGO • DETROIT • MEMPHIS - PLYMOUTH, WIS. • OGDENSBURG, N Y. • JABIESTURG. NJ. • LOS tiNGELES 

ABRASIVE DIVISION at CLEVELAND, OHIO 

Clev•land Ccniainer Canada, Ltd, Primott and ToronM, Ont. 

Representatives: 

MEW YORK ARIA: R. 1. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N.1. 

NEW ENGLAND: R. S. PETTIGREW d CO., 62 LA SALLE RD., WEST HARTFORD, CONN. 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICAGO 

WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST. LOS ANGELES 

S. Pat. OD 

Letters 
to the Editor 

"Crystal Ball" 

Editor, ELECTRONIC INDUSTRIES: 
As a result of the article on my 

"Crystal Ball" which you published in 
the February issue of "ELECTRONIC 
INDUSTRIES AND TELE-TECH," 
the response has been something more 
than astounding, including telephone 
calls and flying visits from all over 
the country. Already there have been 
many hundreds of inquiries, and in-
terest appears to be snow-balling. A 
pattern of interest has begun to take 
shape. 

James R. Alburger 
President 
Shannon Luminous Materials Co. 

Editor's note: 
Mr. Alburger has summarized the 

number of new applications of "Elec-
troflors" which have come to mind as 
a result of the above inquiries. Copies 
may be obtained by writing to the 
Editor, ELECTRONIC INDUSTRIES 
& Tele-Tech, Chestnut and 56th Sts., 
Philadelphia 39, Pa. 

"New Look" 

Editors, 
ELECTRONIC INDUSTRIES: 
I certainly have been favorably im-

pressed by the "new look" displayed 
by the last dozen or so editions of 
Tele-Tech. I think you are doing an 
excellent job; kindly accept my con-
gratulations. 

Irving Gottlieb 
Calif. Registered Electrical 

Engineer #3207 
1592 Waxwing Ave. 
Sunnyvale, Calif. 

Editor, ELECTRONIC INDUSTRIES: 
The expanded format of ELECTRON-

IC INDUSTRIES has constantly caught 
my eye and I am quite pleasei with 
the development of your publication. 

R. T. Silberman 
Kin Tel (Kay Lab) 
5725 Kearney Villa Rd., 
San Diego, Calif. 

Editor, ELECTRONIC INDUSTRIES: 
Keep up the good work on the wide 

variety of articles of general inter-
est as well as those for specific seg-
ments of the field of electronics. It 
helps us keep up with what is going 
on. The January, 1957 issue is an 
excellent illustration of this. 

Harold I. Peters 
Chief Engineer 

Radio Station WOMI 
Owensboro, Ky. 

48 Circle 40 an Inquiry Card, page 97 ELECTRONIC INDUSTRIES & Tele-Tech • April 1957 



Westinghouse IGNITRON TUBES 
still the industry standard. 

YOU CAN BE SURE ...IF IT'S Westinghouse 

fffi 

7L1.',103-0 

Westinghouse invented the Ignitron tube and has maintained a record of improvements 
that are today the accepted industry standards: 

• kovar seals to permit use of steel envelopes • improved ignitors to assure accurate ignition. 
• thermostatic control for overload protection and water savings. 

For highest quality Industrial and Special Purpose tubes—always specify Westinghouse. 
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a Quality Potentiometer 

for a Quality Product 

The General Radio Type 970 Potentiometer serves as a basic element 
in a variety of electronic and electro-mechanical apparatus. But, perhaps 
the greatest recommendation that can be given this Potentiometer is that 
it is used in precision laboratory measuring equipment of all kinds, in-
cluding G-R instruments, requiring the utmost in component performance 
and reliability. 
The new General Radio Types 1391-A Pulse and Time-Delay Genera-

tor, 1603-A Universal Impedance Bridge, and 1750-A Sweep Drive — the 
finest instruments of their kind — use 970 Potentiometers. Mechanical 
and electrical performance approaching the best available has been ob-
tained at low cost through a unique simplicity of design and utilization of 
the latest in materials and manufacturing techniques. Individual inspec-
tion for conformance with linearity and noise specifications insures that 
every unit shipped is up to these high standards. 

Write For The G-R Potentiometer Bulletin For Complete Specifications 

Uniform Contact Pressure at all settings assured by 
unique circular brush-arm — also minimizes 
effects of side-thrust on shaft. 

Track Durability — highest available 
grades resistance-alloy wire used — re-
sistance card is cemented to base, and 
complete assembly is then baked to 
cement and stress-relieve the card. 

All Phenolic Case for minimum ca-
pacitance to ground — no unequal 
curing or aging stresses, insuring 
uniformly concentric surface for 
wound-wire card — cleanliness re-
sulting from complete enclosure 
keeps noise low. 

Glass-Reinforced Polyester 
provides superior electrical per-
formance, strength, and insur-
ance against warpage. 

Type 
970 Series 

Potentiometers 

enearity Better Than ±0.2% for larger units, 
graded to ±2% for smaller sizes (stable with age 
and over wide range of environmental conditions). 

%/17 Sizes from 2 to 500,000 ohms — 2- to 20-watt 
ratings at 40°C ambient — 11/4" to 41/4" diameters. 

%/Ganged units available with no loss of excellent 
low-capacity characteristic offered by individual 
units. 

Low Cost — $3.50 to $10.00 

Este nal Phasing — screws in 
projecting hub secure the shaft, 
permitting convenient shaft 
orientation without opening 
case. 

Single Cover Retaining Screw permits easy 
inspection evert when pot is mounted — 
also serves as brush stop; strikes brush 
arm 180° from brush so as not to bend or 
strain spring. 

Precious Metal-Alloy Brush is spot welded to 
spring arm; has small diameter to contact no 
more than two wires at a time — noncorrosive 
alloy keeps electrical noise low, is heat hard-
ened to give long life. 

Sturdy Mounting on any thick-
ness panel or shelf by screws 
through base; pot keyed against 
rotation. 

GENERAL RADIO Company 
275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A. 

Broad Avenue at Linden, Ridgefield, N. J. NEW YORK AREA 920 S. Michigan Ave. cHicAGO 5 

Versatility 
in addition to potentiom-

eters normally stocked, units will be provided 
on special order with: 360° mechanical rota-
tion — taps as close as 1/4" apart along entire 
winding — special at-metal or metal-fined 
shafts — resistance values other than stand-
ard — resistance functions other than linear 
- resistance and linearity tolerances better 

than standard. 
Attractive prices can be offered when qnscreti-
ties are sufficient to warrant special production. 

8055 13th St., Silver Spring, Md. WASHINGTON, D. C. 1150 York Road, Abington, Pa. PHILADELPHIA 
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ELECTRONIC 
INDUSTRMeb 

at TELE-TECH 

M. CLEMENTS, Publisher • O. H. CALDWELL, Editorial Consultant • B. F. OSBAHR, Editor 

GAW 

Unionization 

The Bubble 
Can Burst 

In the past month there have been two 
important announcements by labor that 
have a direct bearing on the electronic 
industries. The first is that the IUE 
(International Union of Electrical, Ra-
dio & Machine Workers of America) will 
seek to introduce GAW (guaranteed an-
nual wage). The second is that attempts 
will be made to unionize electronic engi-
neers. 
Both of these efforts can have serious 

consequences. GAW in the radio and 
television industry for example, can spell 
the difference as to whether medium 
sized or smaller organizations can re-
main in business. There appears little 
doubt that its introduction will cause 
higher prices and add more fuel to the 
inflationary spiral. 

At the present time the unions claim 
to represent about 10% of the engineers 
in the U. S. and this membership appears 
to be confined to firms that hire engi-
neers by hundreds or thousands. Thus 
the union inroad into the professional 

sphere has been comparatively small and 
this is probably because of the creative 
ability of engineers and their desire to 
be individualistic. There is a feeling 
among many that unionization is not the 
answer but there is also the admission 
that there is no workable organization 
standing between unions and the profes-
sional engineering societies. 

In any event, the months ahead will be 
important. We should be aware of the 
circumstances and take pains to acquaint 
ourselves with all the details in order to 
properly evaluate conditions. Two impor-
tant booklets have been issued in recent 
months that deserve individual review. 
The first is "Unionization Among Amer-
ican Engineers" (Studies in Personnel 
Policy No. 155), published by the Na-
tional Industrial Conference Board, Inc., 
460 Park Avenue, New York 22, N. Y. 
The second is "Monopoly Power As Ex-
ercised by Labor Unions" issued by the 
National Association of Manufacturers, 
2 East 48th Street, New York 17, N. Y. 

Government contracts provide each 
contractor with a reasonable expense 
allowance for help wanted advertising. 

All of us have been aware during 
recent years of the tremendous demand 
for electrical and electronic engineers. 
All of us have heard of the excellent 
salaries and large number of fringe 
benefits that suitably trained and ex-
perienced engineers can acquire. Per-
haps some of us have taken this ad-
vantageous time to "job-hop" and in a 
few short years arrive at an income 
that would normally have taken two or 
three times longer to achieve. 
While expenditures for military elec-

tronics have risen over the last six 

years, the rise no-where-near parallels 
the rise in help wanted advertising 
lineage. In 1950 the Chicago Tribune 
reported approximately 161,000 display 
lines. In 1956 this figure comes to more 
than 600,000. So the question arises 
. . . What is a reasonable allowance 
for help wanted advertising? And who 
pays for the increase in lineage? 
There are signs on the Washington 

horizon now that "reasonableness" will 
be more critically watched. It would be 
well to evaluate personnel requirements 
and personnel status now. If the "help-
wanted bubble" does burst there could be 
difficult times ahead for both the elec-
tronic manufacturers and the engineers. 

ELECTRONIC INDUSTRIES & Tele-Tech • April 1957 51 



INTERNAL BARRIER 
POTENTIAL DUE TO 

IONIZED IMPURITY ATOMS. 

 o V 

EXTERNAL 
POTENTIAL 

Fig. 1: An elementary PN diode 
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Fig. 5: Grounded-base switch "on" 
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R. B. HURLEY 

Flow Line 
Analysis 

Practical engineers will welcome 

this pictorial analysis of transistor 

switching circuits—it gives an intu-

itive check on design calculations. 

By RICHARD B. HURLEY 

Senior Research Engineer 

Convoir, Pomona, Calif. 

Limiting potentials and currents 
are of concern in switching circuits 
and in the biasing of transistors. 
The large-signal analyses of Ebers 
and Moll', the switching studies of 
Bright2, and the floating potentials 
derived by Be113 combine the more 
significant interactions within a 
transistor to yield a good approxi-
mation of its external performance. 
Quite often, however, the results 
are not intuitively obvious. "Flow 

line analysis" is presented as an intuitive check on the 
results of calculations. 

This method of analysis employs no new relation-
ships. It is a pictorial expression of equations devel-
oped by Ebers and Moll, and gives an intuitive correla-
tion between internal and external transistor behavior. 

Preliminary 

The PN diode represented by Fig. 1 should obey the 
conventional diode equation4 (below) at small applied 
voltages and resulting currents, if body ohmic drops 
and surface leakages are ignored. 
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Is 

kT 

V 

I = (evikT _ 1), where 

= body saturation current, 
= electronic charge, 
= Boltzmann's constant, 

= absolute temperature, 

= 0.026 volts @ 300°K, 

= applied forward voltage, and 

(1) 

I = forward current. 

Furthermore, if the P-side is heavily doped relative to 
the N-side, the saturation current should be4 

Is —  LPN (q PN Dp A), where (2) 

PN = density of "free" holes on the N-side, 
Dp = diffusion constant for holes, 
A = cross-sectional area, 

L55 = VDp rpN = diffusion length of holes on the N-side, and 
rpN = lifetime of holes on the N-side. 

A small germanium diode might be fabricated by 
creating a heavily doped P-region on an N-type crystal 
chip with an effective junction area of, say 0.01 square 
centimeters. The N-type crystal might have a resis-
tivity of 5 ohm-cm. and lifetimes of 100 micro-seconds. 
Thus a calculation of the saturation current would 
yield— 

Is 2 jet. 

Should the length of the N-region now be cut to where 
it is much less than the original diffusion length, the 
length of the N-region would become approximately 
the new diffusion length, and the lifetimes would be 
appropriately reduced. If the length of the N-region 
is reduced to, say 0.0025 cm., and this length is sub-
stituted for the diffusion length in equation (2),— 

IS 50 ma. 

Now consider a PNP triode in which both P-regions 
are heavily doped relative to the base N-region, e.g., 
a conventional alloyed PNP transistor. In addition, 
assume that the collector-base diode has the proper-
ties of the preceding diode example with a base thick-
ness of 0.0025 cm. Now if this transistor is symmetri-
cal and has alphas of about 0.95, the measured collec-
tor-base current under a few-tenths of a volt reverse 
bias might register about 5 p.a. That is, if the emitter 
is left open, and voltages are applied between the col-
lector and base terminals, the resulting device acts 
externally like an ordinary diode, but with a satura-
tion current of about 5 p.a rather than the anticipated 
saturation current of about 50p.a. Such a situation is 
as it should be, but a degree of confusion could exist 
without a clear picture of the internal actions of a 
transistor. A satisfactory insight to such transistor 
action can be gleaned from a "flow line analysis." 

Basic Method 

The basic ingredients (ignoring surface leakages 
and body ohmic drops) of "flow line analysis" are 
illustrated in Fig. 2. The barrier potentials shown 
are the net external voltages and not the internal 
barrier potentials. Due to the thermally generated 
barrier (not "seen" externally), the actual internal 
barrier potentials are assumed always to be negative 
on the P-side and positive on the N-side as illustrated 

in Fig. 1. Thus an applied forward voltage simply 
reduces the size but does not reverse the polarity of 
the internal barrier potential. Therefore both junc-
tions in a transistor are always "collecting" junctions. 
That is, both barriers have a net internal electrostatic 
potential of proper polarity for collecting minority car-
riers from the base region. 

"Emission" by a junction (as used herein) refers 
to a current flow through a junction by virtue of its 
own diode action as governed by eq. (1). "Collection" 
by a junction refers to a current flow across a junction 
by the process of collecting minority carriers in the 
base region that are due to emissive action on the part 
of the other junction. Therefore a given junction is 
always in a collecting state, but its emission may be 
positive, zero, or negative depending on whether the 
net external voltage is forward (positive on P-side), 
zero, or reverse. The basic rules employed here for 
flow line analysis are as follows: 

1. Flow lines are given arrowhead directions in the 
direction of conventional positive current flow. 

2. The emission of a given junction is assumed posi-
tive if its external junction voltage is assumed for-
ward. 

3. The emission of a given junction is assumed nega-
tive if its external junction voltage is assumed reverse. 

4. The "chain of events" along a flow line follow the 
direction of the arrowheads for assumed positive emis-
sion, but they go against the arrowhead directions for 
assumed negative emission in a PNP transistor. The 
converse is true in an NPN transistor. 

(P) 8 (NI C (P) 

Fig. 6: Grounded-base "of " switch 

The equations representing the flow line action in 
Fig. 2 are— 

IEX 

ICX 

'EX = IES(PElla — 1). and 

Icx = Ics(e.iVelkT 1), where 

=1'current emitted by the emitter, 
-= current emitted by the collector, 

(3) 

(4) 

IEs = internal body saturation current of the emitter-base 
diode, and 

-= internal body saturation current of the collector-base 

diode, and 
'es 

aj 

aN 

IN = INN — ai Icx, and 
IC = ICX — aN IEX, where 

= inverted alpha (emitter collecting), and 
= normal alpha (collector collecting), 

(5) 
(6) 

Before applying the flow line analysis to particular 
problems, the alphas will be restricted. It will be 
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Flow Line Analysis (Continued) 
assumed that the alphas are constants of the transis-
tor and are therefore independent of the level of the 
various voltages and currents. Thus it will be assumed 
that there are no induced fields in the base region5, no 
space-charge layer widening effects6, and no avalanche 
multiplication action at the collecting junctions7. The 
flow line technique of analysis is not, in general, de-
pendent upon constant alphas, but such a limitation 
does allow for simple equations, easy calculations, and 
yet frequently useful results. Obviously the restricted 
alphas will give most reliable performance data when 
the transistors are used in low-level applicationsl such 
as millivolt choppers2 or low-power multivibrators. 
However, Ebers and Molli have illustrated good agree-
ment between analysis and experiment even at higher 
levels in an example where measured high-level alphas 
were employed in the equations. 

Collector Saturation 

A good example of flow line analysis is found in the 
case cited earlier where a reverse voltage is applied 
to the collector-base diode and the emitter is left open 
(Fig. 3). With a few tenths of a volt reverse poten-
tial applied to the collector-base diode, the body satu-
ration current will be exposed, amounting to a nega-
tive emission at the collector junction of I. Since the 
emission is negative and the device is PNP, flow line 
events are against the arrowhead direction. Of the 
current emitted at the collector, the emitter collects a 
fraction, al, and the rest is lost to the base region. 
Since the emitter terminal is open, the al fraction 
cannot leave the emitter but must be emitted back into 
the base region. In turn, the collector will collect its 
fraction, aN, and the difference is lost to the base 
region. The flow diagram is now complete since all 
flow lines terminate in regions conected externally. 
The external current is— 

= ION — al aN ION = (1 — ai «N) ICS. (7) 

By conventional definition, however, I = Top. Therefore-

1.03 — 
'co 

, and similarly 
1 — au 
IE0 

'ES —  , where 
1 — as 

Ico = collector saturation current, emitter open, and 

ho = emitter saturation current, collector open. 

Hence, if ¡co = 5eta, and ar = arr = 0.95, 

5  
ION — D.2 50µa, 

1 — (0.95)2 

and the previously mentioned point of confusion is re-
solved. In other words, even though the emitter is 
open, transistor action is still taking place. The net 
result is that the transistor action significantly re-
duces the saturation currents as "seen" externally. 
The complete collector saturation current can be 

obtained by shorting the emitter to the base (Fig. 4). 
In this case the emitter cannot emit since its external 
potential is zero. Therefore all of its collected current 
goes out its terminal connection. Thus,— 

Ico  
-- Ice = (10) 

1 — aN 

as shown previously by Ebers and Moll.' 

(8) 

(3) 

Floating Potentials 

Floating potentials, as developed by N. W. Bells can 
also be obtained by flow line analysis. Before proceed-
ing, a very convenient relationship proved by Ebers 
and Moll' for restricted alphas will be added to the list 
of equations. 

'CoaI  = au Iso, and, hence, (11) 

ar Ice -= as 48. (12) 

In addition, a particular reference symmetrical tran-
sistor (RST), operating at room temperature will be 
considered for use in numerical examples. 

al = ai = 0.95, and 
Is° = 'co = 5pa, 

The governing equations for the grounded-base "on" switch as 

kT 
obtained from flows in Fig. 5, are, assuming VE > > 

'EX = 'ES eqlrElkT = emitter emission, (13) 

OIN 'EX ± 12 = IOB (eqvcikT— 1) = collector emission, (14) 

II =- Iss (1 — al aN) — a 12, and (15) 

V2= Vc. (16) 

Solving the above equations and making free use:of eqs. (8) , 

(9), and (11)— 

(Continued on page 136) 

Fig. 7: Grounded-emitter switches 
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Fig. 8: Grounded-emitter saturation current 

Fig. 9: Emitter and collector tied together 
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Fig. 1: Diagram of 
an automatic trans-
former primary vs. 
secondary turns-ratio 
tester. Heart of sys-
tem is a null-seek 
ing bridge circuit. 
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Fig. 2: Pot checker measures resistance, function, hi-pot, and noise. 
Accuracy: mechanical, ±-2' of arc; electrical ±.015% of the full scale. 

Automatic 
Test Station 

At Westinghouse, complete dynamic test 

equipment takes a fraction of the time 

consumed by conventional methods. 

Fig. 3: Automatic function tester measures impedance or 
voltage of components in circuits and does functional tests. 
Typical application: airborne radar power supply check. 

Fig. 4 (above): The automatic cable harness checker is 
used chiefly for circuit testing chassis and cable harness. 

Fig. 5 (right): Forty-eight test problems can be provided 
for analog computers by the semi-automatic test stand. 



VERTICAL WHIP ANTENNA 
Fig. 1: Interference locations 
are shown on a typical boat. 
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Marine Equipment 
is Over-Filtered 

By JOHN J. O'NEIL. 
Chief, Suppression Systems Sec., 

Signal Corps Eng'g Lobs., For 
Monmouth, N. J. 

Included among the interference 
reduction responsibilties of the 
Signal Corps is the design and test 
of radio interference suppression 

sytsems for watercraft procured by 
the Transportation Corps. These 
craft range in size and type from 
an 18-foot Utility Boat to a 210-
foot Floating Repair Shop. Wood, 
Steel, and plastic hulls are used and 
as many as 67 devices capable of 
producing interference are installed 
for various functions aboard the boats. 

JAN tests indicate that simpler methods of filtering can 
be just as efficient and considerably less expensive. 

Reviewed here are their findings and recommendations. 

During the 
past four years, the Signal Corps Engineering Labora-
tories have completed more than 100 separate investi-

gations of design, development, application engineer-
ing and testing of suppression systems for various 
types of weercraft. 

Suppression Specifications 

During early suppression investigations of water-

craft, SCEL noted that the contractors were not 
aware of the many engineering advances made in the 
art of interference reduction, but were applying 
costly suppression components. Consequently, based 
upon previous experience with other Army equip-
ments, Military Specification MIL-S-13237 entitled 
"Suppression, Radio Interference, Requirements for 
Watercraft" which reflected these advances, was im-
mediately prepared and referenced as the governing 
suppression document for all watercraft procurements. 
The principal features of the specification include 

the following: 
a. The reduction of interference over the frequency 

range of 0.15 MC to 1000.0 Mc to a degree which as-

sured optimum operation of all Army communication 
equipment. 
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b. Design of the watercraft to achieve the maxi-
mum interference reduction with a minimum of sup-
pression measures. 

c. An outline of a minimum suppression system 
consisting principally of the application of 0.1 id 
capacitors of the proper voltage rating at the brushes 
of the motors of the various equipments. 

d. The availability of technical assistance and 
guidance by SCEL. 

e. The requirement that capacitors he used unless 
tests definitely proved that filters were required to 
achieve the required interference reduction. 

It is of interest to note that the grounding of the 
metallic sheath electrical wiring with which all craft 
are equipped, is ignored as a specification require-
ment. This was done purposely as it was believed that 
to insist on satisfactory r-f grounding for all cable 
shielding would be too expensive as well as unneces-
sary, except in specialized cases. Furthermore, where 
necessary, those cables which were radiating or 
reradiating interference could be grounded at the 
time of test. 

Effectiveness of Capacitors 

In practically all instances, the tests performed 
over the last four years proved that the application of 
by-pass capacitors (Fig. 3) to the many motor-driven 
equipments, attenuated radio interference to the 
levels specified in MIL-S-13237 and assured optimum 
use of all communication and electronic equipment 
operating in the frequency range of 0.15 to 1000.0 Mc. 
In those rare instances where further interference 
reduction was necessary, the application of feed-thru 
type capacitors to items such as electric windshield 
wipers as shown in Fig. 2, furnished the required 
degree of noise reduction. These tests have also 
revealed that insofar as Army requirements were con-
cerned, no serious attention to grounding of the 
metallic sheathing of the electrical wiring was neces-
sary on either wooden or steel hull boats. 

Costly brute force filtering has always been consid-
ered by interference reduction engineers a necessity 
for adequate interference reduction below 150 KC/sec. 
Consequently, when the use of by-pass and feed-thru 
type capacitors proved successful on Army watercraft, 

it raised the questions "How effective in practical ap-
plication are such capacitors at frequencies lower than 
150 KO Would these capacitors furnish sufficient in-
terference reduction, for example, at 14 KC/sec. which 
the Navy utilizes, or are filters always necessary at 
this frequency? Is power cable shielding really neces-
sary or justifiable for interference reduction pur-
poses?" In an effort to obtain the answers to these 
questions, JAN tests were recently conducted on an 
Army Patrol Boat. The purpose of these tests was to 
determine, by actual installation of standard Navy 
communication receivers covering the major portion 
of the frequency range of 14 KC to 400 MC, whether 
the type of radio interference suppression system used 
by the Army would be satisfactory for Navy use 
aboard a watercraft that was equipped with power 
cable shielding. 

JAN Test 

Arrangements were completed with the Transpor-
tation Research and Development Command, Fort 
Eustis, Virginia, for a 63 ft. wooden hull patrol boat 
on which the investigation was to be performed. This 
boat had been in service for approximately one year. 
It had been equipped, during its construction, with an 
Army suppression system. Standard power cable 
shielding, the grounding of which had been ignored 
as a suppression measure during the initial suppres-
sion investigation, was also existing. 
A wooden hull watercraft was selected to assure 

maximum interference conditions as no shielding ef-
fect would be provided between the sources of inter-
ference and the test equipment antennas as would be 
the case with a steel hull watercraft. No inspection 
was conducted to determine if the suppression system 
designed for this type of craft had been properly ap-
plied or maintained. 
Upon locating a site which was free of man-made 

interference, the Army test equipments and Navy 
communcition receivers were installed as shown in 
Fig. 1. It will be noted that 3 locations were used to 
assure that all possible interference would be recorded. 
The Navy's standardized installation test procedure, 

which requires the use of an audio output meter at 
(Contivned on page 12) 

Fig. 2: Feed-thru type capacitors are used as suppressors on electric windshield wipers. 
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Fig. 3: By-pass capacitors are sufficient for 
motors. 
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THE measurement of high currents at frequencies 
much greater than 60 cps is complicated by induc-

tance, stray magnetic fields, and by magnetic forces 
that tend to disassemble the device. 
The radial shunt shown in Fig. 1, when used with 

an oscilloscope, measures currents having amplitudes 
of 100,000 amperes, a frequency range of from de to 

500,000 cps, and pulse lengths up to 0.001 second, with 
an average error of 21/2%. The accuracy of the meas-
urements made with the device is well within the 
limits of experimental error. 
The shunt is about 4 in. diameter, 6% in. long, and 

weighs 21/4 lb. From the cross section, Fig. 1, and the 
schematic diagram, Fig. 2, it can be seen that the 
shunt is essentially a noninductive device, since the 
current flow through the measuring element is at 
right angles to the field produced by the current 
supply. 

Isolation of the shunt from regions of high field 
intensity is accomplished by attaching it to the end of 
a length of RG-19/U coaxial cable. To avoid measure-
ment errors from voltages generated by ground loops, 
it is desirable to ground the circuit at one point only. 
A grounding lug on the shunt serves this purpose. 
A skin-effect correction factor should be applied to 

measurements at frequencies higher than 100 cps. 
Fig. 3 shows the skin-effect correction factor, and also 
the phase angle, plotted against the frequency. 

Skin-Effect Correction 
= total current flowing at frequency under consideration 
= total current flowing under d-c condition 

= a-c voltage measured across shunt in x = t plane 
= d-c voltage measured across shunt in x = t plane 
= skin effect correction factor 
= current density at any point r, x 
= current density at point r in plane of x = 
= current density at r = r2 in plane of x = t 

= current density at r = r2 in plane of x = 

= radial voltage gradient at the point r in plane x 

Radial Shunt 
Is Used For 

Measuring 
100,000-Ampere 
Pulses 
Large, high-frequency, short-pulse currents 

normally beyond the capabilities of a mea-

suring instrument are measured to an average 

error of 21/2% with a noninductive radial 

shunt in conjunction with an oscilloscope. 

By H. BRUCE McFARLANE 
University of California 
Radiation Laboratory 
Livermore, Calif. 

Fig. 1: Cross section of radial current shunt 

uhl connector 

Polyethylene 
insulation 
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vrt = radial voltage gradient at the point r in plane t 

f = frequency in cycles per second 

= permeability of shunt material in henries per meter 

= conductance of shunt material in mhos per meter 

r2 = major radius of shunt 

rt = minor radius of shunt 

= skin depth in meters 

Calibration of the shunt is accomplished with direct 
current. A constant, Ide/Vd, is obtained. At a fre-
quency other than 0, the calibration constant will be 
different from the d-c constant due to skin effect. 

I./Vac = K Idr/Vd. 
(1) 

K = Vd./Iac Vac 

Current density at any point (r, x) can be expressed 
in terms of the current density at the point (r, 0). 

where 

and the skin depth 

Ira = iré e-rx 
r = 1 ± j/e5 

= 1/(x-fur)'/2 

The total current flow for any value of r is: 

'total = 27r72 f 12() e-rx dx i222ar2/r (1 - e-r') 

o 
The radial voltage gradient at any point is: 

Vrx = Ira/ti 

And the plane x = t the radial voltage gradient is: 

vrt = irt/o. 

From the geometry of the shunt element it can be said 
that: 

And 

2Tr2i2X = 2T7i,•X 

irx = 12a r2/r 

Then in the plane x = t: 

irt = iu r2/r 

The radial voltage drop across the plane x = t is: 

f l's f r2 i 

Vt = vrt dr = --r t- dr - i2t r2  I r, (6) a a n 
rt 

rt ri 

And substituting Eq. (2) in the above: 

120 e-T1 r2 
Vt = In— 

a rt 

Referring to Eqs. (3) and (4) : 

When f = 0, ô = co, and r = O. 

Then V1(dc) = ln 
o• r1 r 1 

(7) 

Substitution of the above in Eq. (5) shows that in the 
exponential form 'total becomes indeterminate for 
"6. = 0. Expanding the exponential portion of Eq. (5) 

in an exponential series: 

1 1 
— (1 - en-) = ---

I' T 
2,t2 T 3t3 T 4t4 

[1 — 1 +  Tt — + 6 —  ] (8) 
2  24 

And substituting .s =0 in the whole expression, 

1de = i20 27r re 

RG-I9/U RG-8/U 
 o 

120 measured at 
this point 

v,i measured in 
this plane 

Fig. 2: Schematic 
and symbols used in 
skin-effect correc-
tion 

Fig. 3: Skin-effect 
factor and phase 
angle vs.. frequency 

To oscilloscope 

ex IiK 114 

Frequency-cycles per second 

[i 202art (1 - e-rt)1 Inr j20  21 
La rt 1 - e-rt 

7 [i20271-72t1 [ i"e-e' in r2 
r1 

1 
K — (ert - 1) (9) 

rt 

In order to yield accurate results at low frequencies, 
this expression must be converted to the form of an 
exponential series. 

(7.0n-1 rt (702 ert)3 (rt) 4 
K = 1 ± -2T ± --3T- 4! — + 5!  n!  (10) 

t t' t4 tb  

= [i ± 28 - 1283 - 308 18080 

r t t2 ta 
L 28 + 38' 4- 12#5' 1808' 

The last expression was obtained by substituting 
= I + j/8 from Eq. (3) into Eq. (10). 
A graph of the magnitude and phase relationship 

ate-rt 

From Eqs. (1), (5), (6), and (8), we can say that: of K is plotted in Fig. 3. 
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Pulse Measurement (Continued) 

Current Measurements 

In an LCR circuit the current flowing at any time is: 

I = (E/Lt)e-aL sin fit 

wll(r( a = R/21., the decrement factor in second-1 

fi = (1/2) [(4/LC) - (R/L)1/2 = [(1/LC) - a21112 
= natural frequency in radians/second 

Ifa5 < < 1/LC, then e = 1/(LC)1/2 and L = 1/132C (12) 

From a photograph of a current waveform (Fig. 4), 
the following were determined: 

Time of I cycle, r = 1.15 X 10 second. 

The first peak occurring at t = r/2/1 was 3.2 cm high = Al. 

A second peak occurring at, t = 3r/2B was 2.5 cm high = As. 

The current at a peak is given by: 

I. = A,, K = (E/1.43) (3-0% 

= K = (E/Lf3) e-al n 1 

Solving: 

a -= 1/(t.+1-1.) In (An/A, H) = (13/r) In (A/A +1) (13) 

27 X 104  = 2r/r = - 5.46 X 104 radian/second (14) 
1.15 

From (13): a = (5.46 X 10'br) In (3.2/2.5) = 4.29 X 103 sec 

From (12): C = 2.08 X 10-4 farad as measured. 

L 1/02C = 1/(5.46)2 X 10' X 2.08 X 10-4 = 1.61 X 10-6 

henry. 

Peak current occurs at n = 1 where t = r/2,3 

sin fit . L- sin (r/2) = 1.0 

I, = (E/LO) e-ae = 1.5 X 104/1.61 X 10-6 X 5.46 

X 10 e -4.20 x 10 xx 1.71 X 102 e-cou 

= 1.52 X 105 amperes (15 

This may be considered as the theoretical current 
based upon calculations and the parameters of the 
system L, C, R, and E. 

Direct-current calibration of the shunt in use gave a 
sensitivity of 8.62 x 103 amperes per volt. 

Skin depth (5 = 1/(rfeiff)1/2 

From (14) f = (3/27r = 5.46 X 104/2r = 8.68 X 103 

= 4r X 10-2 henries/meter 

=- 9.25 X 106 mhos/meter 

= 1/(r X 8.68 X 103 X 4r X 10-2 X 9.25 X 105)1/2 

= 5.64 X 10-3 meter 

Skin-Effect Correction (Eq. 11) 

t = 7.95 X 10-' 

= 5.64 X 10-3 

t/(5 = 1.41 X 10-1 = 0.141 

K = [I ± 0.141/2 - (0.141)2/12 - (0.141)4/301 

j [0.141/2 ± (0.141)2/3 ± (0.141)3/12 - (0.141)31111 

= 1.069 ± 0.077j = I 1.072 I 

Peak measurement on oscilloscope was 3.2 cm; oscillo-
scope sensitivity, 5 volts/cm. 

Rearranging Eq. (1) 

Ide 
K V, = 1.072 X 8.62 X 103 X 3.2 X 5.0 
v de 

= 1.48 X 106 amperes (16) 

Error = (1.52 - 1.48)/1.52 = 2.6% 

The figures given in Eqs. (15) and (16) are, co-
incidentally, closer than one would expect, considering 
the accuracy to which oscilloscope traces can be read. 
This demonstrates, however, that the radial current 
shunt can be used to measure currents and that it 
performs well within the limits of experimental error. 

Construction Notes 

Refer to Fig. 1. Remove the outer vinyl jacket of 
the RG-19/U coaxial cable for a distance of about 
4 inches from the end of the cable. Remove the poly-
ethylene insulation for a distance of about 3/4 in. from 
the end. 

Slide the slotted end of Part A over the polyethy-
lene insulation and under the outer braid. (Part A 
has 8 slots in its cylindrical end to facilitate the in-
sertion operation and to assure good contact with the 
outer braid.) 

Hard-solder Part B to the copper center conductor 
of the cable. When Part B has cooled, place copper 
screen, part C, over studs in Part B, and place copper 
screen, Part D, on the flanged portion of Part A, lin-
ing up the holes in the screen with those in the flange. 

Fig. 4: 140,000 amp pulse; period about 110 •sec. 

Place Part E over the studs in Part B, attach nuts 
to studs and tighten. Align outer holes in Parts A, D, 
and E; assemble bolts, lockwashers, and nuts in the 
outer holes of Parts A, D, and E, and tighten the nuts. 
Tin the end of the No. 16 wire protruding from the 

center of Part E. Attach Part F to Part E with 
screws. Apply solder to center conductor of 83-1R 
connector. Place connector in position and melt solder 
by means of heat applied to center conductor of 83-1R 
connector from outside. Install screws to hold the 
83-1R connector in place. 

Stainless steel hose clamps are used to clamp the 
outer braid of the RG-19/U cable to Part A. 

Calibration 
The radial shunt is calibrated with a 1.5-volt, lead-acid storage 

cell, a known d-c shunt, and a millivoltmeter. The value of 
lic/"Vd (amperes per volt) is obtained by calculation. The ratio 
of can be computed from the above ratio and from the 
skin-effect correction factor, K1, read from the graph, Fig. 3, for 
any given frequency. 
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Technical Sessions 
Highlight IRE Show 

Particularly high /eve/ of interest will be focussed on 
this year's technical program. Latest developments 
in semiconductors, electronic controls and a com-
patible single-sideband system will be the highs pots. 

A comprehensive program of 55 
technical sessions is expected to 
attract at least 50,000 Radio Engi-

neers and Scientists. Thirty-three 
sessions are scheduled for the 
Waldorf-Astoria Hotel and 22 will 
be held at the Coliseum. Approxi-

mately 250 papers will be pre-
sented at these sessions. 

One of the opening sessions on 
Monday afternoon will discuss 
how pilot errors on jet aircraft 
may be reduced. The application 

of human engineering principles 
to electronics controls has re-

sulted in vastly improved per-
formance and corresponding error 
reduction. A paper titled "The 
New Look In Electronic Controls" 
by R. J. Meyer of Collins Radio 
Co., Cedar Rapids, Iowa, explains 
these thoughts fully. Also on 

Monday a paper titled "A New 
Semi-Conducter Device," by C. A. 
Aldridge, General Electric Co., 
Syracuse, N. Y., will discuss how 
significant circuit economies are 
achieved with a new semiconduc-
ter amplifying device that will be 
introduced. The mechanical and 
electrical characteristics will be 
described fully at this session. 

The ratio of assigned channel 
bandwidths to intelligence band-
widths has been gradually reduced 
from about 60:1 to 10:1 in the 
past 10 years. The question arises 
will equipment manufacturers 10 
years hence approach a ratio of 
1:1? "How Far Can We Go In 
Narrowing Channels in the Land 
Mobile Radio Services?" by C. B. 
Plummer, FCC, Washington, D. C., 
answers these questions. 

"Single-Sideband Broadcast De-
velopments," being presented by 

L. Kahn, Kahn Research Lab., 
Freeport, N. Y., will be of great 

interest to broadcasters. This pa-
per describes a new system which 
will permit a greater number of 
broadcast channels. The transmit-
ter will only require an adapter 
while home receivers do not ne-
cessitate any change. 

Management is a most impor-

tant factor in security analysis. 
Who is behind a balance sheet is 
usually more important than 

what. The quality of a company's 
management is reflected in the 
price of its securities. A paper 
being presented Tuesday morning 
titled "Finance: Wall Street Looks 
at Engineering Management," by 
O. C. Roehl, Keystone Custodian 
Funds, Boston, Mass., covers this 
area of management thoroughly. 

Aircraft and telemetering de-
signers should find great interest 
in the paper "High Altitude 
Breakdown Phenomena" being 
presented by J. Ashwell, E. B. 
Cole, A. Pratt, and D. Sartorio, all 
of the Glenn L. Martin Co., Balti-
more, Md., on Tuesday morning. 
Breakdown problems associated 
with the operation of antennas at 
high altitude and high speeds will 
be the focal point of this discus-
sion. 

The cry, "Make it smaller— 
make it lighter," has been ringing 
in the radio electronics engineer's 
ears since before World War I. It 
seems that the more he accom-
plishes along this line the louder 
and more insistant the cry be-
comes. Added to this cry is the 
modifier, "but make it more reli-
able." A session titled "Micro-

(Continued on page 113) 
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IRE's 1957 Fellows Predict . . . 
Exclusive statements horn the nation's leading electronic 

engineers summarize the future for the electronic industries. 

ACOUSTICS 

Laurence Batchelder, Raytheon Mfg. 
Co.—". . . Sonar remains the primary 
means of depth sounding and the in-
dispensable means of detecting sub-
marines. By intensive effort, detection 
ranges are increasing to meet the 
threat of improved submarines, and 
this progress must continue despite 
the difficulties of accoustic propaga-
tion in the ocean." 

L. Batchelder D. W. Martin 

D. W. Martin, The Baldwin Piano Co. 
—"Before World War II en eminent 
scientist advised, 'Acoustics as a field 
of research is dead'. However, just as 
in other branches of science and tech-
nology, new knowledge has raised new 
questions in acoustics—particularly in 
voice communication, recording and 
reproduction, electroacoustic trans-
ducers, musical acoustics, and noise 
control. As long as there are receptive 
listeners and creative producers of 
new and better sounds, there will be 
new horizons of research and en-
gineering in this steadily expanding 
field" 

AIR 

NAVIGATION 

Dr. Carl A. Frische, Sperry Gyroscope 
—"Problems of air traffic control, 
inertial navigation, missiles, radar and 
radio devices and industrial automa-
tion dictate that progress be made 
more rapidly in all facets of electro-
nics. From improved components, such 
as semi-conductor devices, to in-
creased efficiencies in the management 
of large weapon systems programs, 
our industry has plenty of challenges 
to meet all along the line." 

C. A. Frische M. H. Schrenk 

M. H. Schrenk, Dept. of the Navy— 
"The state of development of solid 
state devices and associated circuitry 
offers the possibility of designing 
computers and automatic control de-
vices of small size and weight having 
small power requirements and high 
reliability. Their use in aircraft and 
on the ground in applying modern 
techniques of storage and processing 
of flight information will permit more 
nearly optimum flight paths and 
more precise traffic control and mate-
rially reduce the increasing burden 
imposed on air crews and traffic con-
trollers by high speed high density 
air traffic." 

Paul G. Hansel, Servo Corp. of Amer-
ica—"In the area of air navigation 
we will see many devices and systems 
now regarded as competitive, inte-
grated into an overall system in 
which these devices have complemen-
tary rather than competitive roles. 
Ground-based direction finders will be 
improved radically in sensitivity, ac-
curacy, speed of operation and reli-
ability and will ultimately have great 
importance in such cooperative tech-
niques as terminal area navigation 
and traffic control, meteorological bal-
loon tracking and rescue operations. 

P. C. Hansel C. F. Wolcott 

G. Frederick Wolcott, Gilfillan Bros., 
Inc.—". . . the density of air traffic is 
increasing at a very rapid rate. I see 
the use of color phosphors in radar 
display tubes as a potent means of 
quickly and positively distinguishing 
various types of targets by color iden-
tification." 

Leslie E. Flory, RCA Laboratories—. 
"Really mass application of television 
to everyday problems has awaited 
simple low-cost equipment. Transis-
torized circuits with miniature pickup 
tubes may provide the answer. Elec-
tronics in medicine has a particularly 
promising future. Nowhere in our 
field are the problems more challeng-
ing or their solution more rewarding." 

L. E. Flory J. Hillier 

COMMUNICATION 

SYSTEMS 

Dr. James Hillier, RCA Laboratories 
—"The electron microscope has so 
fully achieved its place in science to-
day that we accept as a matter of 
course the delivery of a score or more 
each month for various research tasks 
in the fields of chemistry, metallurgy 
and biology. Looking into the future, 
we can anticipate the further simpli-
fication rather than radical improve-
ments of the microscope, as well as 
the development and application of 
other devices employing many of its 
principles. Among these will be novel 
electronic probing instruments to de-
tect and measure phenomena in the 
submicroscopic range, leading us to 
greater understanding of the atomic 
and chemical structures of micro-
scopic particles." 

James C. W. Scott, Defence Research 
Board, Canada—"In the coming years 
research into radio propagation will 
be increasingly concerned with atmos-
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pheric phenomena which are at pres-
ent only of marginal importance for 
practical communications and radar 
systems. Consequently increasing em-
phasis must be placed, not only on 
measuring and understanding such 
phenomena as cosmic and solar noise, 
meteor and auroral scatter and spe-
cial modes of propagation but also on 
using these phenomena to our advan-
tage" 

R. A. Sykes J. C. W. Scott 

R. A. Sykes, Bell Telephone Labors-
tories—"Recent advances in the de-
velopment of high frequency plated 
crystal units having substantially a 
single resonance will play an impor-
tant part in the future of radio com-
munication. This will allow present 
crystal filter theory to be applied to 
the design of very selective filters in 
the frequency range from 5 to 20 
megacycles resulting in only a single 
step of conversion for the VHF and 
UHF regions. The increased precision 
and stability of quartz crystal units 
will permit even single sideband 
transmission at these frequencies." 

Ernest H. Schreiber, Pacific Tele-
phone & Telegraph Co.—"An exten-
sive network of monochrome and 
color TV, teletype-writer, integrated 
data, telephotograph, facsimile and 
other channels are in daily use over 
the entire nation. These facilities 
range from the older voice frequency 
open wire and cable conductors to 
many of the newer systems which in-
clude coaxial cables and broad band 
microwave systems which can handle 
literally thousands of individual mes-
sage channels. With the development 
and growth of these new communica-
tions systems and those foreseeable 
in the next decade telephone compa-
nies will be in an excellent position to 
continue to meet the increasing de-
mands of industry." 

E. H. Schreiber G. S. Turner 

George S. Turner, F.C.C.—"The F.C.C. 
is now sponsoring Cooperative Inter-
ference Committees which bring to-
gether the many radio services within 
a community in the form of "User 
Committees" whose purpose it is to 
help each other in the prompt detec-
tion and elimination of routine inter-
ference. A year's operation has al-
ready proven the effectiveness of the 
idea. The next step is to extend the 
plan nationwide." 

S. G. L. Horner, Hudson's Bay Co.— 
"The Canadian North is going 
through one of the greatest develop-
ment stages in its history, due to the 
intense search for minerals, iron ore, 
uranium, copper, etc Hand in hand 
with these great developments goes 
radio communication and over the 
next five years the Northern part of 
this continent will become a network 
of communication systems ranging 
from Microwave and "Scatter Sys-
tems" to auxiliary systems using SSB 
in the VHF and HF frequency spec-
trums." 

S. G. L. Horner R. E. Samuelson 

BROADCAST 

Dr. R. E. Samuelson, Motorola, Inc.— 
"Our high speed age is requiring us 
to communicate information using the 
narrowest share of the spectrum and 
the least amount of time. I foresee 
greatly increased use of SSB and 
other narrow-band techniques for 
VHF and UHF communications. This 
is particularly true in the case of mili-
tary and civil aviation where I further 
expect to see such improved voice 
communication methods supplemented 
by automatic data links." 

COMPUTERS 

R. M. Ryder, Bell Telephone Labora-
tories — "The electronic revolution, 
foreshadowed by the invention of 
transistors, is now well underway 
both in transmission of information, 
in development of new knowledge 
through electronic computation, and 
in use of information to control ma-
chine operations. We look forward to 
the day when all routine operations 
in manufacturing will be taken care 
of by automatic equipment of high 
reliability. People will be freed of 
deadening drudgery and will be able 
to have a better standard of living 

since automatic manufacture is both 
better and cheaper. No end is in sight 
to the opportunities for people with 
high skills and capabilities." 

R. M. Ryder E. Mittlemann 

Eugene Mittelmann, Consulting En-
gineer—"The future machine shop 
will see perhaps as a routine matter, 
electronic units which will correctly 
prescribe the proper sequence of op-
erations, carry out these operations 
with maximum accuracy, check the 
final product and even classify the re-
jects into salvagable groups One of 
the by-products of electronically pro-
grammed and operated machine tools 
will be perhaps the universal replace-
ment of the fractional system by the 
decimal system, thus saving addi-
tional thousands and thousands of en-
gineering man-hours for more useful 
purposes." 

Dr. John W. Mauchly, Remington 
Rand Univac—"The field of applica-
tions for digital computers should ex-
pand rapidly for many years to come 
for at least two basic reasons. First, 
new components and manufacturing 
economies are bound to reduce the 
cost of using such equipment, and 
make very profitable many applica-
tions which cannot today find eco-
nomic justification. Second, and just 
as important, will be the effect of im-
proved techniques of programming 
and the exploration and development 
of new procedures and methods for 
the application of such devices to 
fields not presently regarded as fall-
ing within the scope of automatic data 
processing." 

J. W. Mauchly H. R. Hegbar 

Dr. H. R. Hegbar, Goodyear Aircraft 
—"The explosive growth of electron-
ics will project the analog computer 
into a new growth pattern embracing, 
on the surface, paradoxical features 
—(1) simpler operation, (2) more 
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IRE "Fellows Predict .... (Continued) 

complex applications, and (3) smaller 
size. The combination of digital and 
analog techniques, along with new 
circuit elements, will reduce the size 
of the installations and at the same 
time broaden the fields of applica-
tions. The future will see the opera-
tor's tasks simplified by completely 
automatic insertion of prepared. 
"packaged" problem statements, and 
automatic readout of the problem 
setup for checking and record stor-
age." 

Burgess Dempster, Electronic Engi-
neering Co.—"One of the most urgent 
and difficult problems is to find how 
to adapt developments in the data 
handling field to industrial applica-
tions. If we can find how to do an ef-
fective job of applying our knowledge 
of data handling to commercial uses, 
we can look forward to industrial 
electronics soon becoming as large a 
part of our electronics industry as en-
tertainment or military." 

B. Dempster F. C. Williams 

Dr. F. C. Williams, Manchester Uni-
versity, England—"I am currently 
concerned with the development of 
brushless variable speed induction 
motors, and I foresee a considerable 
future for them since they combine 
the ruggedness and simplicity of the 
squirrel cage motor with the variable 
speed features which have hitherto 
only been obtainable by using either 
commutators or sliprings." 

COMPONENTS 

Jesse Marsten, International Resis-
tance Co.—"Major advances will re-
sult from research and development 
leading to new and improved materi-
als. In the next few years, maximum 
effort will be directed towards a 
search for new resistor and dielectric 
materials. Bulk metals used as resistor 
materials will gradually and partly 
be replaced by films of one kind or 
another. New dielectric materials will 
enable resistors to be operated at 
much higher temperatures and humid-
ities." 

J. Marsten L. Podo'sky 

Leon l'odolsky, Sprague Electric Co. 
—". . . basic research on materials in 
the solid state, on ultra pure metals, 
and on vacuum refining methods will 
open new fields for revolutionary 
components both in performance and 
in ability to meet severe environ-
ments. These components will in 
many cases be far different in struc-
ture and function from the present 
lumped constant items with which we 
are familiar today." 

ELECTRON DEVICES 

G. Ross Kilgore, Signal Corp.—"I look 
forward to more and more break-
through in the electron device area, 
which inevitably will expand all of 
electronics. With use of solid state 
devices just starting, even now re-
search in atomic and molecular reso-
nance is forecasting a new era in fre-
quency stabilization and microwave 
receiver sensitivity" 

G. R. Kilgore 1. 0. McNally 

J. O. McNally, Bell Telephone Labs.— 
"Reliability in electronic equipment 
will be more important in the future, 
and the job of developing, producing 
and applying electron tubes to obtain 
long life and high operating reli-
ability has hardly been started. Fu-
ture work in this direction might re-
move a very large percentage of tubes 
used from the lists of expendable 
items." 

A. K. Wing, Jr., Federal Telecommu-
nication Laboratories — "During the 
past two decades intensive work has 
been carried on in the electron tube 

field. I anticipate that this level of 
activity will be increased in the years 
just ahead, particularly on special 
devices for handling and processing 
large quantities of information for 
various purposes. These new devices 
will be designed to perform a wide 
variety of operations which will push 
out the boundaries of what can now 
be accomplished by electronic sys-
tems." 

A. K. Wing W. T. Born 

MAGNETIC TAPE 

W. T. Born, Geophysical Research 
Corp.—"The recent application of 
magnetic tape recording to the tech-
niques of geophysical prospecting is 
giving great impetus to experimenta-
tion looking toward new and improved 
methods of data processing and inter-
pretation. The availability of original 
data in easily produceable form makes 
possible many investigations which 
were previously impossible or imprac-
tical. Although I do not expect any 
revolutionary developments, it seems 
certain that work now going on will 
lead to much more effective use of ex-
isting field techniques." 

MICROWAVE 

Leland E. Thompson, Engineering 
l'roducts Div.—"Developments in mi-
crowave communication, using both 
line-of-sight and scatter propagation, 
will play an increasingly important 
part in supplying the ever-growing 
need for communication." 

L. E. Thompson L. D. Smullin 

L. D. Smullin, M.I.T.—"I believe that 
the next few years will see marked 
increases in the operating efficiencies 
of high power microwave tubes. With 
the generation of 10's and 100's of 
kilowatts of average power, efficien-
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cies of 20-30 per cent are no longer 
tolerable, and even 50 per cent seems 
too low "In the low-noise field, we 
still have to learn what limits the 
theoretical noise figure of traveling 
wave tubes We now know how to get 
the lowests noise figure from a given 
beam. The next problem is to learn 
how to reduce noise injected into the 
beam." 

Dr. Georg Goubau, Signal Corps.— 
"The Surface Wave Transmission 
Line (nick-named "G-String") is pres-
ently applied in the commercial field 
in lieu of coaxial cable in community 
TV systems The trend to UHF televi-
sion will soon extend the range of ap-
plications to TV transmitter and re-
ceiver antenna installations I believe 
that the time will come when this line 
will be used to transmit television to 
moving trains" 

G. Goubao W. A. Edson 

W A. Edson General Electric Co.— 
"The MASER opened the door to an 
entirely new area of microwave gen-
eration and amplification. Recent 
work indicates that the same general 
results may be obtained from solid 
state devices. I believe the develop-
ment of this new class of microwave 
devices substitutes one of the exciting 
and important trends in the electronic 
industry." 

MILITARY 

Maj. Gen. J. D. O'Connell, U. S. Army 
—"In the future the overall combat 
capability of the United States Army 
will more and more depend upon the 
effectiveness of its communication and 
electronic systems. These systems 
for gathering information and dis-
seminating decisions are needed to 
develop maximum results from the 
Army's increased firepower and mo-
bility. Our present capability for re-
liable and flexible means of command 
control must be greatly increased. 
This will be done as rapidly as scien-
tific advances in communication and 
electronics permit." 

W. S. Hinman, Jr., Diamond Ordnance 
Fuze Laboratories—"The advent of 
electronics in ordnance ammunition, 
first in proximity fuzes, and then in 
guided missiles, increased weapon 
performance by adding intelligence in 
the missile to the intelligence at the 
firing line. It is a new specialization 
in electronics. As in all new fields, 

J. D. O'Connell W. S. Hinman 

much needs to be done, and there are 
many opportunities for exceptional 
contributions and inventions." 

NETWORK THEORY 

Sidney Darlington, Bell Labs.—". . . 
there are still many unsolved prob-
lems in network theory, the solution 
of which will facilitate further devel-
opments. Currently, the trend ap-
pears to be toward design techniques 
which apply to more general circuit 
components and configurations. The 
object is to arrive at an ever closer 
correspondence between theoretical 
results and practical needs." 

S. Darlington H. Q. North 

SEMICONDUCTORS 

Harper Q. North, Pacific Semiconduc-
tors — "Such familiar semiconductor 
devices as the copper oxide and sele-
nium rectifier for power applications 
are being outstripped in performance 
by newer gemanium and silicon de-
vices Estimates of the national mar-
ket for semiconductor devices in 1965 
center around $500,000,000, while 
those for 1975 range between 1 bil-
lion and 1.5 billion dollars These fig-
ures, large as they are, ignore solar 
cells, infrared detectors, microwave 
amplifiers such as the solid state 
maser, and a wealth of probable de-
vices not yet invented. In short, the 
field of solid state electronics is com-
ing into its own and shows every evi-
dence of becoming one of the most 
important, if not the most important 
branch of the electronic component 
industry." 

James E. Keister, General Electric 
Co. — "Although the semiconductor 
infant has barely been born, its future 
is breath-taking The diode, rectifier, 

and transistor are in the first glim-
merings of its potential. Understand-
ing and exploitation of its small size, 
low power consumption, indefinite 
life, and unique characteristics will 
change the whole complexion of the 
electronics field. Equipments and ap-
pliances will occupy volumes and con-
sume powers in the order of 1/100 or 
'ess of their tube counterparts and 
new applications not feasible or prac-
tical before will become commonplace. 
Just as the electron tube gave us the 
12-billion dollar electronics industry, 
so the semiconductor may give us an-
other such industry." 

J. E. Keister T. H. Kinman 

T. H. Kinman, British Thomson-Hous-
ton Co.—"After more than fifty years" 
of constant change it is reasonable to 
expect that the technique of power 
conversion will soon be stabilized by 
using the unique properties of semi-
conductors which, apart from their 
greater conversion efficiency, are in-
herently more stable and adaptable 
than older devices to a wide field of 
application. This process of conver-
sion is already under way and will 
reach full flood in the coming years." 

L. G. Abraham, Bell Labs.—"As I see 
it, the greatest changes in radio sys-
tems of the future will be due to the 
general introduction of solid state de-
vices, including the maser. Size, re-
liability, power requirements and 
complexity should be greatly im-
proved. Data transmission in various 
forms for defense purposes, and for 
many general business uses, should 
expand tremendously in the next few 
years. Some of this will be over con-
siderable distances." 

L. C. Abraham W. J. Morlock 

TELEVISION 

William J. Morlock, General Electric 
Co.—"The application of closed circuit 
industrial television will change the 
methods and procedures of industrial 

(Continued on Page 160) 
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1—Panoramic Radio Products, Inc. 

Specifically designed for telemetering applica-
tions, the TMC-307 sequentially furnishes 

• 7 equally spaced frequencies/ channel. 

2—Raytheon Mfg. Co. 

A complete line of special purpose tubes in-
cluding the reliable subminiature tubes which 
are widely used in guided missile. Booth 2611. 

3—Pyrofilm Resistor Co. 

PT 501, w. nominal rating, and PT 1001, 
1 w. nominal rating, are usable to ambient 
temperatures of at least 400°C. Booth 3938. 

4—Microdot, Inc. 

Two new miniature coaxial plugs, 32-66 and 
32-68, were designed for the new all "Teflon" 
RG-195/U miniature coax, of .155 in. 

5—Norden-Ketay Corp. 

A new binary coded decimal analog digital 
converter. Using the 1, 2, 4, 8 pattern, output 
is presented in parallel form on 12 terminals. 

6—Precision Scientific Co. 

A new Thelco Model 18 Mechanical Convection 
Oven will be displayed. This cabinet has been 
completely redesigned. Booth 1521. 

7—Key Electric Corp. 

• Model 101 Digital Magnetic-Tape Handler will 
feature a new magnetic head making available 
10 tracks on %-inch tape. Booth 1730. 

8—Syntorque, Inc. 

Four distinctive motor types for servos: hys-
teresis and induction motors; ac permanent 
magnet and sine wave generators. Booth 4415. 

9—Rotron Mfg. Co. 
DFE dual frequency fan operates on either a 
ground 50-60 cps power supply or the 320 to 
1000 cps encountered on aircraft. Booth 2234. 

10—American Machine & Foundry Co. 

The new "PFM" meters consist of a 3-in. 
D'Arsnoval galvanometer and a case contain-
ing potted circuit components. Booth 1506. 

11—Collins Radio Co. 

Entire exhibit will be devoted to SSB develop-
mental achievements. Displayed will be the 
SC-101 Station Control for SSB service. 

12—Gates Radio Co. 

The MO-3815 totalizer is a precision unit used 
to record the time a signal is at or above a 
pre-selected value. Booth 1302. 

13—GE Electronic Components Div. 
A new sub-miniature, solid electrolyte 95 v. 
battery which has a projected shelf life of over 
20 years. Booth 2904. 

14—Phaostron Instr. & Electronic Co. 

New core magnet design assures good linearity 
for 100° of scale arc. Simplified design pro-

• vides many structural advantages. Booth 3116. 

15—Industrial Instruments, Inc. 

A new line of type PG Voltage Breakdown 
Testers. These units range in output from 
3 KV to 30 KV with output capacity of 5 KVA. 

16—Branson Ultrasonic Corp. 

Exactly 10 ft. long, this ultrasonic cleaning 
tank will be a production item. The stainless 
steel tank is 9 in. wide x 18 in. deep. 

17—Artos Engineering Co. 

CS-6 Machine measures, cuts, strips, and 
marks wire leads automatically in 1 operation 
at speeds up to 3000 finished pieces/hr. 

18—Hamner Electronics Co., Inc. 

A complete Gamma Ray Scintillation Spec-
trometer. Also included in the exhibit will be 
a line of regulated power supplies and chassis. 

19—G. Felsenthal & Sons, Inc. 

Edge-lighted control panels are featured simi-
lar to those used in the SAGE project. Acrylic 
plastic will transmit light most efficiently. 

20—Baleo Research Labs. 

Metallized teflon capacitors have miniature 
dimensions and give exceptional performance 
at 200° C without derating. Booth 2123. 

21—Gardner-Denver Co. 

The 14E Component "Wire-Wrap" Machine 
has 2 laterally adjustable wrapping tools 
mounted side by side. Booth 4126. 

22—Craig Systems, Inc. 

The HELICOP-HUT accommodates countless 
equipment layouts. A wall of displayed radio 
relay station will be plexiglas. Booth 1325. 

23—Assembly Products, Inc. 

A three-position controller offers certain ad-
vantages previously unattainable with controls 
incorporating contact meter-relays. 

24—G. M. Giannini & Co., Inc. 

A high temperature, infinite-resolution poten-
tiometer has been added to the line of slide-
wire type precision potentiometers. 

25—Cubic Corporation 
Model 504 Transistor Curve Tracer presents 
parameters as a single curve or a simultane-
ous presentation of a family. Booth 1723. 

26—Radio Frequency Laboratories, Inc. 

Model 1051 C-R-A-M Unit provides a precise 
frequency standard at modest cost for labora-
tory, communications or production line use. 

27—LEL, Inc. 

Embodying crystal band pass filters and a dis-
criminator, this new i-f amplifier provides ex-
treme skirt selectivity. Booth 2108. 

28—Eclipse-Pioneer. 

Size 10 and 15 precision induction generators 
and size 23 generators will be shown. Particu-
larly adaptable as computer components. 

23 



Page from an 

Engineer's 
Notebook #39—Transistor Formulas 

By PAUL PENFIELD JR., Consulting Engineer, 752 Lakeside, Birmingham, Mich. 

(Fig. 1) 

RIN = e1/i i 

Roer = e2/i2 when output is excited, 

input dead 

A = e2/e, 

A1 = 12/11 

g, = ie/v 

G = e2i2/etit = 

Gt = e212 4Re/v2 = 4 (g.)2R.RL 

(Figs. 2, 3, and 4) 

ehe = hitie lit2ebe = rhie gob° 

ie 11 22p1„. = —ai, yeebe 

fi --- /(1 — a) 

Low-frequency small-signal 
transistor amplifier formulas are 
tabulated, using 2 popular parame-
ter sets, defined by their equiva-
lent circuits, Figs. 3 and 4. The 
h-parameters are easily measured; 
the other set has an intuitive ap-
peal. To relate the 2 sets, use the 
conversion formulas. The approx-
imations re + rb < < re (1 — a) or 

ycn, + p.a < < (1 — a) 

were made in all formulas. Sys-
tem transconductance g0, useful 
for input stages, is the ratio of 
output current to source voltage. 
Power gain G is the ratio of out-

put power to input power; trans-
ducer gain G, is the ratio of out-
put power to available source 
power. 

rh 

a 

Ye 

a 

Parameter Set Relations 

= r, + rb (1 — a) 
- rb, Tc 
— a 

= 1/re 

= a/(1 — a) 

= 1 /ye 

= ti,/ye 

a = a = 

re = r1. — (1 — a)làIY 

(Fig. 

Common-Base 

oie 

(Fig. 41 

RIN 

ROUT 

A, 

Common-Emitter 

rh( 1 +0)(1 -1-143re)+Ralit  

1 +Ror.(1. +(3) 
rh(l+e)+R.  

y.(1 +13) (rid-Rg) +143 

ria +13)(1 +Rore) + R1.13,4 

e 
i+RLy.(1+13) 

e 
(rb+R„)[1+RLy0(1+0)]+fle+RLO 

ajaRL 
rh 

1 +14ye 

1 

+am/(Re + rh) 
aRL 
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—a 

1+RLy. 

—a 

rh +R.(1 +RLYe) +14(Yert. +Ace) 

Common-Collector 

(1+0)(rh+RL)  
1+RLy.(1+a) 

rb(1-n) +Re  
(1 -1-r1)(1 +Rae) 

14-1-rh 
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A. 
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a 

1 —a + (RL/re) 
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± r  RIA-r.(1—a)  
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11.-Fre+rb 
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ro+rb(1 —a) + (re+rb) (RL/r.) 

—a 

1+ (RL/re) 

—are 

(re +rb +Re) (r. +RL) —arerb 
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—1 

1 —a + (RL/re) 
—1 
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D. Kaufman Staff 
Engineer. RETM A 
Eng'g Dept., 11 W. 
42nd St., New York. 

How Tubes Are Named 

Centralized agency (JETEC) ensures that tubes are 

designated in a precise pattern, and that all manu-

facturers meet the spec;fications described for the tube. 

By DAVID KAUFMAN 

Although most people are fa-
miliar with the fact that electron 
devices' can be "identified" by 
type designations, we often get 
inquiries as to how these designa-
tions are assigned, or who handles 
these assignments, or, in general, 
what constitutes this phase of the 
standardization program both in 
the United States and the rest of 
the world. 

Before going into the mechanics 
of the type designations systems, 
it would be well to mention the 

standardizing organizations concerned. 
RETMA, the Radio-Electronics-Television Manu-

facturers Association, is a national trade association 
which represents all major manufacturing segments 
of the electronics industry. 
NEMA, the National Electrical Manufacturers As-

sociation, is the counterpart of RETMA as a national 
trade association of electrical manufacturing compa-
nies. 

In 1944, RETMA and NEMA established the Joint 
Electron Tube Engineering Council to serve the elec-
tron tube industry. JETEC is composed of Product 
Committees (i.e. receiving tubes, cathode ray tubes, 
transmitting tubes, semiconductors, etc.) and Ser-
vice Committees (i.e. mechanical standardization, 
type designations, packaging, etc.). The activities of 
these Committees are coordinated by the JETEC 

Council, which is comprised of top-level representa-
tives from the tube industry. 

Administration 

The type designation systems are administered by 
the RETMA Engineering Office on behalf of JETEC. 
In making type assignments, the administrator has 
4 RETMA-NEMA Standards to work with: 

1. Designation System for Receiving Tubes — 
(Primarily for Home Entertainment)—RETMA 
Standard ET-110A, NEMA Publication No. 
506A. 

2. Tube Type Designations—(Principally for In-
dustrial Applications-5500 Series)—RETMA 
Standard ET-108A, NEMA Publication No. 
504-A. 

3. Designation System for Cathode Ray Tubes— 
RETMA Standard ET-111A, NEMA Publication 
No. 507-A. 

4. Designation System for Solid-State Devices— 
RETMA Standard ET-115, NEMA Publication 
No. 512. 

In addition to these standards, the various JETEC 
Product Committees, along with the Committee on 
Type Designations, have formulated rules for the 
use of the type administrator. 

In order to follow the mechanics of type assign-
ments, let us examine the steps both the manufac-
turer and the type administrator take in the process. 
Any manufacturer of an electron device, whether a 
member of the standardizing associations or not, 
may request a designation for a developmental type. 
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How Tubes Are Named (continued) 
This request must be in writing and accompanied 
by sufficient data, both mechanical and electrical, to 
enable the administrator to adequately search the 
records to determine the uniqueness of the device. 

Type Designation 

On receipt of a request for a type in the Home 
Entertainment Series, an arbitrary number is as-
signed to conform to the RETMA-NEMA (JETEC) 
Standard. This standard states that the type desig-
nation shall consist of (1) a first number symbol; 
(2) a first letter symbol; (3) a second number sym-
bol; and, (4) one or more suffix letters as required. 
Therefore, looking at the submitted data we may find 
that the type has a filament or heater voltage of 
6.3 v. This establishes the first number symbol as 
"6," since the standard lists the first number symbol 
as being an integer "n" where n is in excess of (n-0.4) 
and up to and including (n -I- 0.6). Skipping over 
the first letter symbol, we assign a second number 
symbol which is determined by the number of useful 
elements for which terminals are provided. Now say 
the device is a diode-pentode with terminals provided 
for: 

1. Diode Plate 
2. Diode Cathode 
3. Pentode Plate 
4. Pentode Grid #3 and Cathode 
5. Pentode Grid #2 
6. Pentode Grid #1 
7. Heater (both terminals) 

Even though the tube may be a 9-pin miniature 
with either 2 pins listed as "no connection" or hav-
ing multiple terminals of any of those listed, the 
second number symbol "7" is assigned. So we have 
our tentative type designation of 6-7. On comparing 
the mechanical and electrical data of 6-7 with all 
other diode-pentodes listed in this category, we de-
termine the uniqueness of the device. If it is suffi-

ciently different, we fill in the blanks with the first 
letter symbol and now may have 6BV7. The "BV" 
is assigned in sequence starting with single letter 
"A" and progressing through single and then double 
letter combinations, except that the letters "I," "0" 
and "P" are not used, nor are identical double let-
ters used. 

We may find that the type designation request is 
for a variation of an existing type. In this instance, 
if the new type can be used as a direct replacement 
for the existing type, a suffix letter "A, B, C, D, E, 
or F" is assigned. Thus we have a 6CB5A which is 
the equivalent of the 6CB5 but for overall length, or 
the 6DQ6A which has higher maximum ratings than 
the 6DQ6, or the 6AN8A which features controlled 
heater warm-up time that is not a part of the 6AN8 
data. 

Type designation requests for devices covered by 
the three remaining standards are handled in a sim-
ilar manner. For tubes "Principally for Industrial 
Applications," the designation will consist of a pure 
numeric starting with "5500" and is assigned con-

secutively and chronologically in the order of type 
requests. The 5500 Series, while designated as types 
"Principally for Industrial Applications," covers a 
wide variety of electron devices. We find ruggedized 
receiving tubes, magnetrons, klystrons, traveling 
wave tubes, thyratrons, storage tubes, phototubes, 
and miscellaneous types, that for some reason or 
other do not fit into the Receiving Tube for Home 
Entertainment category. As was indicated, assign-
ments of type numbers in the 5500 Series are made 
as the requests are received, in chronological order. 
Thus we may have 6500 as a traveling wave tube, 
6501 may be a hydrogen thyratron, while 6502 may 
be a magnetron. 

Cathode Ray Tubes 

For Cathode Ray Tubes, the designation consists 
of three groups of symbols, such as assigned to the 
Home Entertainment Types, except for CRT the first 
symbol number shall be a measurement in inches, 
of the largest bulb diameter. The second symbol is 
a letter or letters, other than I, 0, P, or combina-
tions of identical letters, to distinguish those types 
having the same bulb diameter. The third symbol 
consists of the letter "P" and a number to designate 
the screen characteristics. Thus our type assign-
ment may be 17AVP4, which would indicate a tube 
having a 17 inch diagonal dimension and a "P4" type 
phosphor on its screen. 

At the present time, the Engineering Office has 
reached P27 in the phosphor designation system. A 
peculiarity of the CRT designation system is that a 
basic tube type such as 17AV—may be assigned any 
number of phosphors. So that it is feasible to have 
anything from 17AVP1 to 17AVP27. Of course, the 
phosphor type is limited to the use of the tube, so 
that for television applications the phosphor "P4" is 
commonly used for monochrome, while the "P22" is 
for color. Types used for radar may have several 
phosphor designations, as will tubes used in oscil-
loscopes. 

Suffix letters are assigned to CRT designations to 
indicate later modified versions which may be uni-
laterally interchanged with the prototype. So that 
17AVP4A may indicate a higher anode voltage rat-
ing, while the 17AVP4B may have a filter glass as 
opposed to the clear glass of the prototype. Then, 
the 17AVP4C may have an aluminized screen, and 
so forth. 

Solid-State Devices 

In making assignments for solid-state devices 
(diode and transistors), we find that the type desig-
nation consists of (1) a first number symbol; (2) a 
letter symbol; (3) a second number symbol; and 
(4) a suffix letter if required. The first number 
symbol indicates the number of useful electrical con-
nections, less one. That is, a diode having two useful 
connections will be started with the number 1. A 
transistor having three useful connections would be 
assigned 2, and so forth. The letter symbol is always 
"N." The second number symbol consists of a 
numeric starting with 21 and assigned consecutively 
in the class as indicated by the first number symbol. 

(Continued on page 144) 
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Fig. 1: Some methods for protecting transistor s against application of incorrect voltage poi. rity 

Eliminate 
Transistor 
Burnout 

Incorrect battery insertion can ruin sen-

sitive transistors. Here are design tech-

niques for eliminating this problem. 

By DR. HANS E. HOLLMANN 

Consultant Physicist 

Los Angeles, California 

DOLARITY is a problem with transistor circuits. 
Unlike vacuum tubes, transistors can be destroyed 

by reversing battery polarity. The miniature elec-
trolytic capacitors used with transistors are also 
sensitive to incorrect polarity. 

Point-Contact Symmetry 

An interesting feature of transistors is the dual 
nature of their electrodes and junctions. In a point-
contact transistor, either cat-whisker can be used 
as emitter or collector depending upon their electri-
cal formation and whether they are biased in the 
reverse, or high impedance, direction or in the for-
ward, or low-impedance, direction. Energy trans-
mission is substantially the same in both directions 
regardless of which cat-whisker is utilized as emitter 
or collector, at comparable values of emitter and 
collector currents. 

Junction Symmetry 

A similar philosophy holds for the junction types 
but is complicated by asymmetry. Since transistor 
action is based upon a more efficient collecting abil-
ity of one junction as compared to that of the other, 
the collectors of standard junction transistors have 
larger areas than the emitters so that a favorable 
angle exists for the charge carriers to be collected 
before recombination occurs. Symmetrical junction 
transistors with equal collector and emitter geome-
try do not exhibit the necessary collecting efficiency. 
In other words, symmetrical junction transistors 
generally are obtained at the expense of current 
gain and efficiency. 

(Continued on page 162) 

Fig 2: The symmetrical transistor (b) has low gain; the circuits of (a and b are suitable for protection o' a complete transistor circuit 
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ETCHING TRAY 

- &poem; TR« SUN 
LAMP 

SENSITIZED 
P 

Fig. 1 Shown is all the equipment required to make good printed circuits. 

$100 Starts This 
Printed Circuit 

Business 

With the Ozalid method, anyone can make 

good quality printed circuits that are ideal 

for model labs and low volume production. 

By NORRIS C. HEKIMIAN 

and ROBERT E. ROBINSON 

Fig. 2: (al Original drawing. (b) Foil exposed. (c) Foil developed. (dl Laminate exposed. 

(a) 

In the usual printed circuit proc-
ess, a thin sheet of copper backed 
with plastic and covered with a 
light sensitive chemical is masked 
with a photographic negative made 
from a scaled drawing of the wir-
ing pattern required and exposed 
to the light of an arc lamp. The 
light penetrates the negative along 
the lines representing wires, and 
affects the chemical coating. The 
sensitized surface is then developed. 
This process leaves the plate with 
a coating resistant to the etching 
solution at the points where it was 
previously exposed to light. Fi-
nally, the plate is immersed in a 
suitable etching solution( i.e., Fer-
ric Chloride) which eats away the 
copper not protected by the coat-
ing, leaving only the wiring 
"printed" on the plastic backing. 
The cost and complexity of the 

usual printed circuit process are 
considerably reduced by introduc-
ing 3 improvements: the arc light 
is replaced by an ordinary sun 
lamp radiating through a dark blue 
filter; the photographic negative 
is replaced with Ozalid reversal 
foil; and the process of etching is 
speeded up by an electrolytic tech-
nique which removes a large part 
of the undesired copper in ionic 
form. 

Light Source 

The light source employed is a 
conventional sun lamp available in 
many drug and department stores 
at a relatively low price. Tt is to 
be observed that a true sun lamp 
is used instead of the simple in-
candescent lamp. However, it has 
been found that the direct radia-
tion from the lamp is generally 
excessive and will deteriorate the 
optical qualities of the resist coat-
ing on the copper clad laminate.' 
To avoid this it was found neces-
sary to use a dark blue filter placed 
between the light and the sensitized 
surface of the laminate. A blue Du 
Mont oscilloscope filter was used, 
although any similarly tinted filter 
would do. By spacing the sun lamp 
approximately 10 in. from the sen-
sitized surface and exposing the 
surface to the light for 4 to 6 min-
utes (after the lamp arc has 
struck) an exposure equivalent to 
2 to 3 minutes of the usual carbon 
arc is obtained. 

It is desirable to protect the 
exposed surface from the initial 
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light of the sun lamp until the are 
strikes. This is because prior to 
the striking of the arc, the light 
radiated by the sun lamp is rich 

4 in visible light and heat which only 
deteriorates the surface and does 
not produce the desired photo-
graphic effect. As contrasted to the 
carbon arc, the sun lamp does not 
require special equipment, holders, 
or unusual techniques in its opera-
tion. Maintenance consists of sim-
ple replacement in case of failure. 

.4 

Ozalid Process 

In the process described, the 
major difference from the conven-
tional procedure is in the substitu-
tion of an Ozalid reversal foil for 
the photographic negative usually 
required. Ozalid foil is inexpensive 
and can be processed by conven-
tional Ozalid machines, which are 
readily available in many offices 
and laboratories. Trained personnel 
(as contrasted with the photo-
graphic technician) are not re-
quired. The use of Ozalid foil re-
sults in a considerable saving in 
processing time, personnel and 
equipment. 
As in the usual process, an orig-

inal drawing is required and it 
is preferable that this be done in 
India ink on some high contrast 
medium such as tracing cloth or 
vellum. The drawing is made in 
a 1:1 ratio since there is no photo-
graphic reduction involved. Next 
a contact print using Ozalid re-
versal foil is made. This is done by 
feeding the Ozalid foil and the cir-
cuit drawing into the machine in 
the usual manner. The reversal 
foil as it comes out of the Ozalid 
machine must be washed in water 
to fix the image and to prevent 
deterioration by normal room light. 
(Fig. 2a-2c). 

If a machine is unavailable, an 
equivalent process can be per-
formed by exposing the reversal 
foil through the ink drawing for 
several minutes. The light source 
may again be the sun lamp but with-
out a filter. After exposure, the foil 
is developed in ammonia solution or 
vapor and is then rinsed in tap 
water. The entire process is non-
critical and can be performed in 
normal room light. 

Sensitizing the plate is accom-
plished by cleaning the copper sur-

.. face, flowing the photo resist on 

it, and then drying and insuring 
an even coat by spinning the plate 
at 60 to 100 RPM in a whirler. 
(a suitable whirler can easily be 
made from an old phonograph turn-
table.) This method does have a 
disadvantage, the coat becomes 
slightly thicker at the plate edges. 
This usually has no harmful effects 
and the whirler appears to be the 
simplest way of obtaining a satis-
factory result. Eastman Kodak 
recommends this, as well as spray 
gun and quick-dip application tech-
niques. Baking of the dried plates 
by the use of hot air, strip heaters 
or infra-red lamps has not been 
found necessary. 

is then retained on the surface for 
approximately 30 seconds, to allow 
time for it to set in the exposed 
areas. Finally the excess dye is 
washed off under a jet of luke-
warm water. The dyeing step is 
not essential in the process, but it 
affords a simple and accurate check 
to the operator so that he can ob-
serve any defects which may exist 
in the plate. The dye will stain 
the exposed area (which will be 
resisted by the etching solution) 
to a deep black. The area that will 
be etched away in the bath will be 
unstained, and appears copper 
colored (Fig. 2d). 

Should a faulty image occur, the 

Fig. 3: Completed printed circuit chassis. Note sharpness of printed wiring. 

The processed Ozalid foil is 
placed in contact with the sensitized 
surface and exposure is made un-
der the sun lamp and filter as dis-
cussed above. Care must be taken 
that the foil is in complete contact 
with the sensitized surface of the 
copper clad laminate or there may 
be loss of definition because of light 
leakage around the edges of the 
lines on the Ozalid foil. After ex-
posure, the plate is immersed in 
photo resist developer for approxi-
mately 3 minutes. Agitation of 
the developer bath is helpful. 
Next the developed plate is 

flushed with photo resist dye, which 

AUDi.0 AMP 
NeK RER 

plate can be stripped down to the 
original copper simply by scrub-
bing with developer solution. It 
is then ready to be reprocessed. 
full confidence is developed in the 
process of the exposure and de-
veloping, the dyeing step may be 
omitted. At this point the plate 
is now ready to be etched.2 
One of the most popular etching 

solutions is a highly concentrated 
solution of ferric chloride. The 
plate may be immersed in a tray 
of ferric chloride and simply al-
lowed to etch at a normal rate. In 
this case etching time may be of 

(Continued on page 114) 
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TV Compares 

Photographic 

Data 

Two films, differing widely in size, can be 
compared by superimposition on a TV moni-
tor. Error is as /ow as 1%, making the 
method ideal for aerial survey interpretation. 

By E. J. OELBERMANN, 
Project Engineer 

Haller, Raymond and Brown, Inc. 
State College, Pa. 

In recent years, photographic 
recording has become one of the 
most importatnt techniques for 
collecting data on various tran-
sient phenomena which cannot, 
because of bandwidth or re-
sponse time, be studied on other 
types of recording equipment. 

In many cases, the engineer 
and scientist must compare film 
records of electrical waveforms 
and other photographic data which have not been 
corrected for scale differences. The film is often too 

Fig. 1 TV comparaeor. Vertical motion of camera affects scaling. 

small to be examined without magnification. In 
other instances, such as the case with larger photo-
graphs, film comparison is impeded somewhat by the 
lack of a simple means for transforming the data. 
The present article describes a technique for 

studying 2 rolls of film data by means of 2 vidicon 
type television cameras, a resistive mixer circuit, a 
difference amplifier and a video monitor. 
The experimental equipment shown in Fig. 1 has 

been used for the comparison of 2 rolls of 9-in, film 
such as that used in aerial survey work. The film is 
mounted in 2 aluminum film holders which may be 
moved manually in x, y, and 0 on the transparent 
working surface of a comparator table. Scale change 
is provided by vertical movement of the TV cameras 
which have been modified to focus on objects as near 
as 1 in. and as far as 1 ft. away from the lens. Illu-
mination is provided by 2 dazor lamps with light 
diffusing screens. 

Advantages 

For certain purposes, a TV comparator such as 
that shown in Fig. 1 has advantages over a flying 
spot scanner which is very often used for scanning 
film data. Several of these advantages are as fol-
lows: 

1. The TV scanner can yield a better signal to 
noise ratio because of the relatively unlimited 

2. 2 
rneg 

Fig. 2 (left): Resis-
tive mixer used for 
additive matching. 

Fig. 3 (right): Phase 
reversal in V1(13) 
provides white signal 

for subtraction. 

RC 59 ir 
(Mixed Video 
to Monitor) 

.1.1 enlato,. 1/2.natt soup, a. noted 

Ta Monitor 
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amount of illumination which can be used on the 
photograph. 

2. The TV scanner is a "single-ended" device 
which allows more freedom of movement on the 
operator's side of the photograph. 

3. Although a flying spot scanner generally has 
better resolution than a closed circuit TV system, 
fewer variables in the optical system of the latter 
device generally make it easier to produce scale 
transformations. 

4. Photographic data can be transmitted to remote 
▪ locations more easily and more economically on the 

TV system. 
Several simple matching experiments have been 

conducted using the photographic data comparator. 
The resistive mixer circuit shown in Fig. 2 has been 
used for additive matching, and the difference am-
plifier in Fig. 3 has been used for matching by sub-
traction. 

Matching 
For purposes of illustration, 2 coins were placed 

on separate sheets of paper on each side of the align-
ment table. Fig. 4a is a photograph of the mixed 
or added signals obtained on the monitor screen 

• when the images of the 2 coins were superimposed 
through the resistive mixer. Note that the apparent 
density of either coin can be varied at will by ad-
justment of R2 and R4 in the mixer circuit. The 
dense overlap region, represents the added video 
signals. As the coins are pushed closer together the 

• eclipsed area will increase until a single dark area 
appears on the monitor. It is possible by means of 
scale change to align and compare objects of differ-
ent size and to observe the differences between 2 
patterns which fail to match. 

Difference matching is illustrated in a similar 
manner in Fig. 4b which was produced when the 
images of the 2 coins were mixed or superimposed 
in the difference amplifier. In this case, the white 
signal is produced by phase reversal of input No. 1 
in V1 (B), Fig. 3. As the coins are pushed closer 
together a difference overlap region shown in Fig. 
4c appears. The null signal in Fig. 4d is obtained 
when the images are almost completely overlapped. 

Data matching by TV techniques is limited at 
present to either simple pattern matching of large 
data or small area matching of more complex data. 
With a simple optical system, the alignment table 
has been used for reading microfilm and for com-
paring printed materials. This technique may also 
be used for editing 8mm, 16mm, or 32mm movie film. 
The television equipment used in this investiga-

tion consisted of 2 Dage Model 65A2 driven sweep 
TV cameras, 1 Model 420A synchronizing generator, 
and a Dage Model 602-A 14-in. monitor. The accu-
racy of the matching technique was limited to 3% 
error using the present equipment. It is estimated 
that the error could be reduced to 1% by using 
matched deflection yokes and common sweep voltages 
for the vidicon cameras. 
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Fig. 4: Two coins are shown (a) as added signals partly overlapped, 

when superimposed tlyough the resistive mixer. Mixed in the differ-

ence amplifier, they are represented as (b) separated, (c) partly over-

lapped, and (d) as a null signal when almost completely overlapped. 



What's New. 

NBS Designs Improved R-F Power Bridge 
An improved rf-power-measur-

ing bridge has been developed by 

the High Frequency Electrical 
Standards Section at the Boulder 
Laboratories of the National Bu-
reau of Standards. Unlike conven-
tional bridges, the present design 
measures the power effects of the 
rf current directly and eliminates 
measurements of large currents 
and then obtaining the difference. 
The operation of a power-measur-

ing bridge is based on the equiva-
lent heating effect of de power and 
rf power when both are dissi-
pated in a purely resistive load. A 
temperature-sensitive resistor such 
as a thermistor or a Wallaston wire 
forms one arm of a Wheatstone 
bridge circuit which is biased with 
de power until the bridge is bal-
anced. When rf power is fed into 
the thermistor simultaneously with 
the de bias power, the bridge be-
comes unbalanced and a quantity 
of de power must be withdrawn to 
effect a rebalance. 

Usually direct measurements of 
I. and L, the de bias currents before 
and after rf power is fed into the 
thermistor, are made. This results 
in large errors when the rf power 
level is small because the measure-
ment involves the difference be-
tween two large quantities. To al-
leviate this problem, it is the usual 
practice (an inconvenient one) to 
use several bolometer or thermis-
tor elements with various sensitivi-

ties to cover the power range from 
microwatts to milliwatts. 

Design 
The approach used in the present 

improved design eliminates the 
difficulty by measuring the differ-
ences, I, directly, and at the same 
time making available a very sim-
ple and relatively foolproof circuit 
arrangement. 

The basic principle is to use o 
fixed total amount of direct cur-
rent, furnished by a constant cur-
rent source, and to divert the nec-
essary part of this current from 
the bolometer bridge into a shunt 
resistor, where it can be measured 
directly. The more constant the 
current source, the greater the ac-
curacy, especially at low power 
levels, and thus the overall usable 
range is increased. 

Current Source 
A simple constant-current source 

can be improvised from a regulated 

laboratory de power supply and a 
series resistor whose value is about 
100 times that of the bridge resist-
ance. The maximum change in 
the total current due to load im-
pedance changes will then be only 
about 1%. Accuracies of the order 
of 5% or better can be obtained 
with such a source and a 50-ohm 
single-thermistor bridge at power 
levels of about 1 to 100 mw. 

Stability 

Much better current regulation 
as well as stability can be obtained 
by using a well designed constant-
current source. The source in use 
at the Bureau (a special electroni-
cally regulated power supply) has a 
regulation of 1 part in 10' for load 
variation from zero to 100 ohms 
while the stability is ± 1 part in 10' 
per hour. Stabilities of It 1 part 
in 10" have been observed over peri-
ods of from 5 to 10 minutes. With 
this source, RF power levels at the 

CONSTANT 
CURRENT 
SOURCE  

_L 

Fig. 1 (Above) : Cir-
cuit diagram of the 
NBS rf bridge. 

Fig. 2: The simple, 
reliable, single ther-
mistor rf-power mea-
suring bridge devel-
oped at NBS em-
ploys a constant-dc 
(or Constant-al) cur-
rent source and a 
shunt branch (R) to 
make direct mea-
surements of the rf 
power equivalent. 

thermistor from 100 mw down to 
100 mi.,. were measured with re-
spective accuracies of 0.05 to 5%. 
The design of this bridge circuit 

readily permits incorporating a 
self-balancing feature by having 
the amplified output of the bridge 
control the amount of shunt cur-
rent. The improvement over pres-
ent-day commercial bridges is 
about ten to one in the power 
range and as much as 100 to 1 in 
percentage accuracy, with the 
greatest improvement at low levels. 



- French Electronic Exchange 

This 20-line, fully electronic telephone ex-
change requires no mechanical or electrical 
adjustments after installation. This unit was 
designed for use by the French Navy 

Exciting new possibilities in 
audio and super-sonic engineering 
are opened up by announcement 
of a speaker which has no moving 
coil, no cone, diaphragm, or vi-
brating crystal. All these com-
ponents are replaced by a pulsat-
ing cloud of highly ionized air. As 
an example of the performance of 
the new "Ionovac" speaker, tests 
on an early model showed a re-
sponse of ±. 4 db at a 94 db level 
from 1800 to 20,000 cps. 
While the product is being of-

fered initially to the high-fidelity 
market as a loudspeaker for the 
more expensive record players 
and radios, its applications as a 
generator of ultra-sonic waves for 
use by a wide variety of indus-
tries is considered of even greater 
importance. 
Heart of the new invention is a 

small open-ended quartz cell the 
size of a peanut shell. Air is 
cupped in a chamber which nar-

rows down to an aperture about 
the size of an automatic pencil 
lead. Within this small space, air 
molecules are bombarded with a 
high frequency, high voltage cur-
rent which ionizes the air. The 
resulting ionized cloud, which 
glows with a violet hue, functions 
in place of the traditional dia-

phragm. 

Basic components of the new 
French telephone switching center 
are silicon junction diodes and 
ferro-resonant circuits composed of 
a saturable self-inductance coil in 
series with a capacitance. Speech 
currents pass through gates formed 
by the diodes and are controlled by 
the magnetic trippers. Each gate 
consists of two diodes inserted in 
the subscriber line circuits. In the 
blocking condition they present a 
resistance of 1000 megohms; in the 
passing position, a resistance of 
about 4 ohms. 
The new equipment has no mov-

ing parts and no vacuum tubes, 
thus possessing great inherent re-
sistance to shock and vibration. At 
a later stage of development, it is 

intended to design a subscriber 
station to meet the same test con-
ditions. This will mean, in partic-
ular, replacing the present dial with 
a push-button call sender, and re-
placing the ringer with an electro-
acoustic transducer supplied from a 
transistor amplifier contained in 
the subscriber station. This will 
eliminate the magnetic amplifier 
now included in the line equipment 
and reduce its weight considerably. 
The new equipment was devel-

oped by Laboratoire Central de 
Telecommunications, French re-
search associate of IT&T. The 20-
line exchange is a first step toward 
complete replacement of electro-
mechanical devices with all-elec-
tronic systems. 

lonovac Super-Sonic 
How It Works 

The ionized particles, when ex-
posed to an intense electric field, 
become highly agitated. When the 
strength of the field is changed, 
the breadth of the oscillations of 
each of the particles is also 
changed. Each variation causes 
an expansion of the "cloud," fol-
lowed by a contraction, thereby 
producing sound waves in any 

Fig. 1: The small 
quartz cell shown 
beside this lonovac 
speaker is the elec-
tronic heart of the 
new device. Unlike 
conventional speak-
ers with their mov-
ing coils and vibrat-
ing cones, or con-
ventional ultra-sonic 
transducers with 
their piezoelectric or 
magnetostrictive ele-
ments, the new cell 
creates a tiny cloud 
of ions which is 
made to expand or 
contract in response 
to audio or ultra-
sonic signals. The 
transducer is broad-
band, enabling use 
of one unit to cover 
a wide range of 
ultra-sonic frequen-
cies. 

Speaker 
strength, form and frequency 

needed. 
Moving parts in loud speakers 

—the coils and diaphragms—are 
at present the weakest links in 
high fidelity sound reproduction. 
Within the receiver and amplifier 
we have learned how to design 
with extremely low distortion, 
only to destroy the fidelity by the 

(Continued on page 151) 



Fig. 1: View of typical machinery, winder C.7. counter, used in manufacturing miniature toroids. 

New Method of 

Evaluating 

Ferro-Inductors 
For the first lime, the iron loss is treated as a 
separate entity—negligible compared to the in-
sertion loss. Formulas for measuring the insertion 
loss are derived and applied to typical cases. 

By W. J. POLYDOROFF 

Fig. 2: Toroids 1, 2, & 3 produce Q of 450 to 300; 4a, b, & c show optimum Q vs. 
Permeability; 5 b. 6, min. insertion loss; and 7, cannot be improved by iron core. 

7 

A good number of articles nave 
been dealing with iron core coils. 
Even the very recent ones treat 
the insertion of the core as "the 
iron loss," or equivalent resis-
tance. This article will show how 
misleading this practice may be 
in the design of inductors, testing 
the cores in the usual solenoidal 
coils. It is hoped, that it will lead 
to the design of better coils with 
optimum utilization of wire and 
core material. 

Iron Losses 

We start with the general ex-
pression of iron losses as shown 
by Leggl: 

111 Lip. f (aB ef gf2) 
in which the fourth term gf2 was 
observed some time ago by the 
writer, when noticing behavior of 
inductors at higher frequencies, 
and confirmed by other investi-
gators. 

Knowing the inductance, perme-
ability, frequency and values of 
a, c, e and g, one can easily cal-
culate the iron loss resistance 
(ohms) which will be added to the 
coil's resistance to get the loss re-
sistance of the combination. In 
actual practice, we may safely 
omit hysteresis loss resistance for 
h-f work (aB) as this loss in nor-
mal circumstances will not exceed 
2% of the R1. We may, therefore, 
deal with the other 3 terms as a 
"package" and knowing the coeffi-
cients c, e, and g, make tables vs. 
frequency. 

We note now that R1 is propor-
tional to p. and Li, or to p.2 and L., 
where L. would be an inductance 
of the coil as such. While Legg's 
formula was primarily designed 
for toroidal inductance, where is 
the full permeability of the mate-
rial, we may extend the same to 

any other application utilizing 
permeability. Bearing in mind 
that the loss resistance of the iron 
is proportional to the degree of 
utilization of its magnetic proper-
ties. 

This has been proven time and 
time again. In a majority of re-
cent measurements, increment of 
permeability is compared with in-
crement of loss. If we accept this 
principle, we may extend Legg's 
equation to any shape and form of 
inductor. Also, take for p. its "ef-
fective" value, p.., as can be mea-
sured from the ratio Li/L0 of in-
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ductances with, and without, mag-
netic material. Further, in this 
investigation, it will appear that 
the above principle holds true. 

Magnetic Losses 

Now consider the magnetic 

losses. Coefficient e denotes eddy 
current loss which, according to 
the laws on induction, must be 
proportional to f2, the total in 
ohms being R, = Lila% This loss, 
in powdered cores, is proportional 
to the conductivity of iron or al-
loy, to the (diameter of parti-
cles) 2, and to the ("packing fac-
tor")-%. Also, it will depend on 
the overall conductivity of a core 

W. J. Polydoroff 
Consulting Engineer, 
927 15th St., NW, 
Washington 5, D. C. 

or on the degree of insulation be-
tween the particles. 
The second term of the "pack-

age" may be attributed to fric-
tional losses within the material 
and is usually called "residual." 
The term c and the loss, R, = 
Lilac, is more pronounced at the 
lower frequency of the range, 
while the last term of gf2 or the 
loss, R, = Led3g, because of its 
frequency dependence, is evi-
denced at higher frequencies and 
acts as a brake for the use of any 
iron at a certain "limiting" fre-
quency. (This is especially true 
for the ferrities, both powdered 
and solid, where eddy current loss, 

because of very low internal con-
ductivity, is practically absent, 
yet every material has a definite 
upper frequency limit because of 
g-loss.) 
When Legg's method was ap-

plied to a series of measurements 
of toroidal coils at several low 
(telephone) frequencies and 
plotted vs. frequency, we were 
able to determine the coefficients 
c and e. Unfortunately, the same 
method applied to high frequen-
cies produced most confusing and 
conflicting figures, indicating the 
influence of the windings. The 
author, therefore, as early as 1940, 
replaced toroids by coaxial lines 

Table 1 gives the values of loss 
coefficients recently determined 
from the NBS measurements on 
several grades of carbonyl iron 
specimen cores. As it is customary 
to express coils in terms of their 
Q, the values of Qi at different p. 
are calculated: 
From Legg's equation, it follows that 

27r  

c ef gf2 

Note the values of Qi of the or-
der of thousands as compared with 
the same of the coil proper. Also 
interesting to note that Qi, after 
a certain high frequency, rapidly 
declines due to term g which is 
proportional to f3. 

Loss coeff 
Loss coeff e 
Loss coeff g 
freq. mc 
0.5 
1.0 
2.0 
5.0 

10.0 
20.0 
50.0 
100.0 
150.0 

Table 1 

Q, AND LOSS COEFFICIENTS 
for "hard" carbonyl iron powdered cores. 

1.9 X 10-4 1.25 x 10-4 
1.9 X 10-10 0.8 x 10-to 
1.9 X 10-18 1.6 X 10 18 

at µ.=10 p.=8 p=m8 
2,200 2,700 4,800 
1,700 2,200 3,800 
1,100 1,400 2,800 
550 700 1,350 
270 340 725 

330 

"SF" 'W' 
1.0 X 10-4 3.2 x 10-4 15.0 x 10-4 
0.25 X 10-10 3.2 x 10-10 0.1 x 10-10 
1.2 x 10-18 1.25 x 10-18 0.9 x 10-18 
m=8 m=6 ,7=7.6 m=6 m-8 
- - - - 

6,250 8,300 900 1,000 
5,200 7,000 870 1,000 
3,400 4,400 800 920 
1,650 2,200 670 850 

710 950 470 600 
180 240 130 160 
55 74 55 70 

Table 2 

670 
500 
250 
110 
50 

Q 
Item Core Turns Liall p. 0.8 1.0 1.2 1.5 1.7 2.0 mc 
1 AIR 125 13.1 1.0 - 150 155 185 180 170 
2 "E" 127 95.0 7.0 440 410 390 330 300 230 
3 "E" 114 85.0 6.9 470 460 430 400 360 330 
4 "TH" 127 85.1 6.4 460 430 410 380 360 330 
5 "E" 125 42.5 3.3 190 225 230 225 220 215 
6 "TH" 111 64.0 6.4 460 480 470 410 445 400 

loaded with specimen of iron and 
obtained some consistent figures. 
They were far from being accu-
rate because of two limitations: 
very high frequencies at which 
the measurements could be made 
and inadequacy of measuring 
tools. 

Recently, the same methods 
were applied by NBS employing 
long lines, low enough frequency 
and a precision bridge. The fig-
ures for coefficients c and e, thus 
obtained, are extremely low for 
carbonyl iron powders of standard 
grades and are in conformity with 
those recently published in En-
gland. 

With the coefficients now given, 
we may calculate Ri resistance in-
crease due to iron. Or for those 
mostly interested in Q of an in-
ductor, knowing Q of the coil, Q1 
of the iron, and resistance of the 
coil proper at a given frequency, 
Re, to arrive at the Q of the com-
bination we have a simple expres-
sion: 

or 

Q = Rrf Ri 

In actual practice, such calcu-
lations do not agree with the 

(Continued on page 147) 

goRrf QiRi  
Q - 

Ri 

WL. WL.(» - 1) 
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New 

Products ...for the Design Engineer 
ELECTROLYTIC CAPACITORS 

Style EX and EZ feature superior 
quality materials, specially anodized, 
99.99% pure aluminum foil, and sci-
entifically compounded electrolytic 
formulas. They have been specially 

designed to meet exacting require-
ments of small size, extremely low 
leakage and long idling or shelf life. 
Ideal for printed and transistorized 
circuitry. These rugged, hermetically 
sealed capacitors supply dependable 
performance over wide temperature 
ranges. EX has standard twist prong 
mtg.; EZ is for printed circuit mtg. 
Astron Corp., 255 Grant Ave., East 
Newark, N. I. 

Circle 43 on Inquiry Card, page 97 

DELAY RELAY 

A new miniature thermal delay re-
lay (shown at the left) has just been 
announced. This vibration resistant 
unit is specifically designed for appli-
cations in both missiles and jet air-
craft. Arnong its many design fea-
tures are: virtual elimination of con-
tact chatter up to 1500 cps at 10 g's; 
no resonance to 500 cps; good am-
bient compensation between —65°C 

and C—contacts rated for 1 a. 
at 27.5 vdc. or 3 a. at 115 vac.; and 
extra-rigid construction for excep-
tionally high contact pressure. Instru-
ment Division, Thomas A. Edison In. 
dustries, West Orange, N. J. 

Circle 44 on Inquiry Card, page 97 

SWITCHING TRANSISTOR 

These new pnp computer transis-
tors, the 2N-315, 2N-316 and 2N-317 
are the germanium alloy type in-
tended primarily for applications 
where high speed, high current switch-

ing is of paramount importance. The 
2N-317 has, with only a minimum of 
drive current, a typical switching 
speed of 0.3 msec. at 400 ma. of col-
lector current. Series resistance when 
conducting is ohm; nonconducting 
series resistance is as high as 10 Megs 
with a result that approaches opti-
mum efficiency at high current levels. 
General Transistor Corp., 91-27 138th 
Place, Jamaica, N. Y. 

Circle 45 on Inquiry Card, page 97 

VARIABLE CONTROL 

A new variable composition control 
for the RV4 style under MIL R-94A 
using a molded composition resistance 
track, employs a radial resistance ele-
ment, filling the entire inner perim-
eter of the resistor barrel. Wattage 
dissipation is higher and localized 
hot spots are reduced. Model "R" 
offers a 3 w. std. rating; 2 w. under 
RV4 style. After moisture resistance 

type testing the resistors will exceed 
the "Y" environmental characteristic, 
with an average change of 2%. Lin-
ear, cw, and cew tapers provided. 
Reon Resistor Corp., 117 Stanley Ave., 
Yonkers, N. Y. 

Circle 46 on Inquiry Card, page 97 

PLUG-IN CIRCUITS 

A new "Computer-Series" of plug-
ins, said to represent a refinement of 
the building-block concept to a degree 
hitherto unknown, has been an-
nounced. Performance of the new 

plug-ins has been engineered for ap-
plication where ultra-conservative de-
sign at the component level is essen-
tial because of system complexity. A 
full line of circuits is available, in-
cluding Flip-Flops, Shift Register 
Elements, DC "Not" Circuits, Delay 
Units, Pulse Mixer Amplifiers, and 
One-Digit Subtractor Matrixes. En-
gineered Electronics Co., 506 East 
First St., Santa Ana, Calif. 

Circle 47 on Inquiry Card, page 97 

DC POWER SUPPLY 

Model 30B-25 Power Supply pro-
vides de from 1.02 to 302 v. at up to 
250 ma. with -±-100 ppm long time 
stability, 0.01% load regulation fac-
tor, 0.002% line regulation factor, and 
less than 0.5 mv. hum and noise. Cali-
brated dials select desired output volt-
age to an accuracy of 0.02% or 5 mv. 
DC output impedance is less than 0.01 
ohm, and ac output impedance is less 

e e 
e 
ti  00 000 

- 
than 0.5 ohm to 200 KC. Response time 
is less than 0.2 mecs. Varible bias 
from 0 to —150 v. at 10 nia. and 6.3 
v. ac filament voltage at 5 a. KINTEL 
(formerly Kay Lab), 5725 Kearny 
Villa Rd., San Diego 11. 

Circle 48 on Inquiry Card, page 97 
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A 

New 
Products ... for the Design Engineer 

STEPPING SYNCHRO 
Precision stepping synchros utiliz-

ing an electro-mechanical positioner 
to drive the rotor of a differential 
synchro in fixed increments of 1° 

4 produce an ac output that is syn-

chronous with rotor position. Rota-
tion of the mechanism is unlimited in 
both directions, and is operated by an 
electrical input pulse at any speed 
up to 60°/sec. The Model 89161A-1 
Stepping Synchro will fit a multitude 
of applications such as often found 
in complex directional or guidance 
systems where the need exists for 
servo actuation. G. M. Giannini & Co., 
Inc., 918 E. Green St., Pasadena 1. 

Circle 49 on Inquiry Card, page 97 

READ-OUT TUBE 
The first mass-produced all-elec-

tronic "read-out" tube is now in vol-
ume production. The NIXIE, a small, 
low-cost electron device, converts elec-
tronic signals directly to readable 
characters. It contains all the numeric 
digits, any one of which can be se-
lected and displayed. It can be trig-
gered by beam switching tubes or any 
suitable voltage source requiring ap-

prox. 1/4 w. Applications include com-
puter read-out, industrial control, 
electronic instrumentation, military 
electronic control, and channel selec-
tors. Burroughs Corp., Electronic 
Tube Div., Plainfield, N. J. 

Circle 50 on Inquiry Card, page 97 

ELECTRONIC VOLTMETER 

One of a series of miniature, panel-
mounted electronic instruments, the 
Model 310 DC Electronic Voltmeter 
has been especially designed for in-
corporation into equipment where 

compactness and dependability are 
important considerations. The instru-
ment is a completely self-contained, 
multirange voltmeter possessed of 
good electrical characteristics which 
include high input impedance, good 
accuracy and the ability to effect 
voltage measurements up to 1000 vdc. 
It offers a large scale with 7 voltage 
ranges, 0-1/3/10/30/100/300/1000 v. 
Pameco, Mill Lane, Waterford, Conn. 

Circle 51 on Inquiry Card, page 97 

MEMORY RELAY 
This device is a bistable time relay 

with SPDT snap action contacts. The 
relay is thermally operated, having 
two separate heater circuits. Each 
heater serves to transfer a movable 
arm from one contact to the other. 
The relay being bistable remains in 
either of the two contact positions 
until operated by means of the ap-
propriate heater circuit. Because of 

the thermal actuating characteris-
tics, a time delay is associated with 
each operation. The bimetal strips 
are perfectly m a tched, Curtiss-
Wright Corp., Electronics Div., 631 
Central Ave., Carlstadt, N. J. 

Circle 52 on Inquiry Card. page 97 

JACK PANEL 

These video jack panels are de-
signed to provide co-axial patching 
facilities for television installations 
or other applications where 70 ohm 
lines are used. These panels are avail-

able with jacks for both the RCA and 
Western Electric size. Individual 
jacks, plugs, patchcords and looping 
plugs are also available. Panels may 
also be obtained with 12 groups of 
either 2, 3 or 4 jacks. A sub-chassis is 
included providing 24 Amphenol con-
nectors and plugs to allow disconnec-
tion of long lines. Perfect shielding 
guaranteed. Nems-Clarke, Inc., 919 
Jesup-Blair, Silver Spring, Md. 

Circle 53 on Inquiry Card, page 97 

COOLING PANEL 
A new cooling panel for flushing 

clean, cooling air through standard 
19-in, enclosed relay racks has been 
announced. A built-in fan pulls air 
through a 2-in, thick fiberglass dust-
filter on which there is a novel Filter 
Pilot (white circle), which automat-
ically indicates when filter replace-
ment is due. The Model RF Cooling 
Panel is capable of handling 2000 w. 

dissipation with a 40° F. temp. rise 
and can operate continuously in 125° 
F. ambients. Height is only 7 in. and 
total weight 7 lbs. Rotron Manufac-
turing Company, Schoonmaker Lane, 
Woodstock, N. Y. 

Circle 54 on Inquiry Card, page 97 
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WASHINGTON 
News Letter 

MICROWAVE OVERHAUL—The FCC is com-
mencing its all-important hearings the latter part 
of April or early May to determine the future uses 
of the frequency spectrum above 890 Mc. Full writ-
ten cases by the participants in the proceeding were 
submitted to the Commission during the latter part 
of March, but they will not be made available to all 
participants "for competitive reasons" until a short 
time before the hearings are under way. 

DATA ON RECORD—The objective of this pro-
cedure is to get most of the data, particularly sta-
tistical information, on record at the FCC before 
the oral sessions start. This will allow more time 
for the parties to emphasize special points during 
the oral hearings. The hearings will run two or 
three days a week. While more than 200 organiza-
tions have filed notices of appearance or comments, 
a number have indicated that they do not intend to 
testify and numerous others have simply endorsed 
the position of other participants. 

PROCEDURE TO BE FOLLOWED—Cross-exami-
nation during the microwave hearings will be done 
exclusively by the FCC Commissioners or staff at-
torneys. The parties in the case will be given an 
opportunity to submit for Commission consideration 
any questions they may want to ask of another party. 
There will be no "round-robin" cross-examination of 
witnesses by the FCC staff, it was emphasized. Some 
method of rebuttal by the different parties is being 
formulated by the FCC legal staff in charge of the 
microwave hearings' planning and this will be al-
lowed after the conclusion of the oral sessions. 

FIVE-YEAR LICENSES—Strong support for 5-
year license periods for broadcasting and television 
stations instead of the present three-year renewal 
requirement came recently from two top-ranking 
governmental sources. Senator John Pastore (D., 
R. I.) who heads the communications-radio subcom-
mittee of the Senate Interstate and Foreign Com-
merce Committee and FCC Chairman George C. Mc-
Connaughey advocated the longer license periods on 
the premise that renewals of broadcast-TV stations 

should only be refused for violation of the Commu-
nications Act. In fact, Senator Pastore indicated 
that he favored permanent licenses for the broad-
casting field. FCC Commissioner John C. Doerfer in 
an address several months ago had also proposed 
that the licenses be awarded "in perpetuity." 

SCATTER READY—At a conference of federal 
government and armed services officials under the 
sponsorship of the Telecommunications Planning 
Committee it was recently disclosed to ELEC-

TRONIC INDUSTRIES' Washington Bureau that 
radio communication by ionospheric scatter has now 
progressed where it is ready for routine operational 
application. The objective of the conference, at-
tended by government and military officials who are 
or may be in the future responsible for operational 
use of ionospheric scatter, was a comprehensive re-
view of the theoretical, experimental and operational 
state of scatter communication. Besides the govern-
ment and military participants at the classified con-
ference, speakers included representatives from 
Aeronautical Radio, Inc., Collins Radio Co., Lincoln 
Laboratories, and Page Communications Engineers. 

SINGLE SIDEBAND FOR AVIATION—Endorse-
ment of single sideband for civil aeronautical com-
munications service as "still the right conclusion" 
was the determination of the Airlines Electronic 
Engineering Committee, affiliated with Aeronautical 
Radio, Inc., following a recent all-day symposium on 
single sideband and double sideband attended by 
around 350 aviation radio engineers at which repre-
sentatives from Collins Radio, General Electric, Hoff-
man Laboratories and Kahn Research Laboratories 
presented their views on different systems for 
ground-air communications. The AEEC concurred 
in the previous findings of the International Air 
Transport Association resulting from its analysis 
of SSB potentialities at Montreal last November. 

SSB DATA TRANSMISSION—Both speech proc-
essing and data transmission can be accomplished 
on SSB, the AEEC concluded, although for data 
transmission more "sophisticated" techniques are 
required. The ARINC technical agency cited "it is 
clear there is a relative spectrum advantage in SSB 
systems over DSB systems," and single sideband is 
"the logical replacement" for the present AM com-
munications system. 

DEFENSE SPENDING—During the first half of 
the government fiscal year 1957 which ended last Dec. 
31, the Department of Defense spent $455,176,000 
out of a total $2,938,145,000 available for communi-
cations and electronics requirements for both mili-
tary functions and the military assistance program. 
For military functions alone $366,689,000 out of a 
fund of $2,554,281,000 available. Spending by de-
partments with amounts available in parentheses 
included: Army, $72,292,000 ($579,771,000); Navy, 
$56,483,000 ($444,614,000); and Air Force, $230, 
914,000 ($1,529,896,000). For the military assistance 
program $88,487,000 was spent in the last half of 
1956 out of $383,864,000 available. 

National Press Building ROLAND C. DAVIES 
Washington 4 Washington Editor 
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* Visual Alignment Unnecessary. 

36-4200-85 36-4100-8P 

..Ribbon Spring Contacts., 

Floating Bushings 

BLUE RIBBON CONNECTORS 

The ribbon contact principle, with 
dielectric guide and support elimi-
nates the possibilities of damaged or 
bent contacts and prevents difficul-
ties of plug-in. No dependence on 
contact arrangement or visual align-
ment is necessary. 

36-4200-165 

36-4200-245 

36-4100-16P 

11/  

36-4200-325 36-410032P 

For your connector requirements — 

you can depend on CINCH. 

BY CINCH 
BARRIER POLARIZATION TYPE INSURE 
QUICK POSITIVE CONTACT WITH EASE 

The Wedge principle with the strong spring action of the 
contacts holds the connector in posilive contact, and provides 
ease of insertion and withdrawal. The protective barriers be-
tween ribbon contacts insure the spacing. The entire length 
of the contacts are supported by quality dielectric. Multiple 
mounting makes it possible to make or break any number of 

circuits simultaneously. The high tensile strength of blue di-
electric provides positive polarization. Molded-in mounting 

plates are of corrosion resistant passivated stainless steel. 

BLUE RIBBON CONNECTOR 
IMPROVED MILITARY TYPE 

Improved design of plug ai 
socket casting eliminate ai 

possible breakag 

IMPROVED TYPE: 

36-4100- 8P 13451 
36-4100- 85 1345) 

36-4100-16P 1345) 
36-4100-165 (345) 

36-4100-24P (345) 
36-4100-245 (345) 
36-4100-32P 13451 
36-4100-325 1345) 

REGULAR TYPE: 

36-4100- 8P 
36-4100- 85 
36-4100-16P 
36-4100-165 
36-4100-24P 
36-4100-24S 
36-4100-32P 
3 6-4 100-325 

Centrally I Dcated plants at Chicago, 

Illinois; Shclbyville, Indiana; LaPuente, 
California; St. Louis, Missouri. 

1334) 
13341 
(334) 
(3341 
1334) 
(334) 
1334) 
13341 

CINCH MANUFACTIJR:(NG CORPORATION 
1026 South Homan Ave., Chicago 24, Illinois 

Subsidiary of United-Carr Fastener Corporation, Cambridge, Ma 



another example of exciting work at los alamos... 

BREAnivaPROBLEMBARRIERs 

The linearized Boltzmann equa-

tion shown at the right describes 
the transport of neutrons in a slab. 
Its mathematical structure was 
first completely worked out at Los 
Alamos. This is only one of the 

many fundamental problems in 
disciplines ranging from pure 

mathematics through biology that 
are yielding to newly developed 
methods of experimental and 
theoretical analysis. 

The Laboratory has entered a new 
phase of scientific endeavor. Pio-
neering activities in the unex-
plored realms of nuclear power, 

nuclear rocket engines, and con-
trolled thermonuclear power have 

been added to its weapons pro-
gram; experiments are being 
planned and carried out at pres-

sures and temperatures far beyond 
any previously created by man. 
These activities exemplify the 

imaginative approach by which 
the Laboratory maintains its pre-

eminence in scientific achievement. 

Los Alamos Scientific Laboratory is a 

non-civil service operation of the 

University of California for the U. S. 

Atomic Energy Commission. 
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Mathematical support for nany of the Laboratory's programs is 
given by the Theoretical Division, which also pursues its own investi-
gations in hydrodynamics, magnetohydrodynamics, computer theory 
and design, and other fields. The vast amount of computation in-
volved has brought about the creation at Los Alamos of the largest 
known computing center devoted exclusively to scientific work. 

The "Maniac" (above) is one of the many advanced computers 
in use at the Laboratory. 

• e)alamos 
scientific laboratory 

OF THE UNIVERSITY OF CALIFORNIA 

LOS ALAMOS NEW MEXICO 
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International 

ELECTRONIC SOURCES 
ELECTRONIC INDUSTRIES' exclusive monthly digest of the world's top electro lic engineering articles 

miummimmumlimmi 

IIT 
ANTENNAS. PROPAGATION 

Sky Waves For Short Range Transmission, by 
R. E. Lacy and J. J. Egli. "El. Ind. Op. Sect." 
April 1967. 2 pp. The authors examine the con-
ditions affecting short range (25 miles) com-
munication on all parts of the earth. Variables 
investigated are atmospheric radio-noise levels, 
attenuation (both free-space and ionospheric 
absorption), and ionospheric usable frequencies. 

The Reflection of a Plane Wave from a Wire 
Grid when the Wave is Normally Polarized, by 
V. G. Iampol'sky. "Radiotek." Nov. 1966. 5 
pp. The paper examines the problem of the 
reflection of a plane electromagnetic wave from 
a grid consisting of equally spaced round con-
ductors for the case when the electric field in-
tensity vector of the incident wave lies in the 
plane of the grid and perpendicular to the axes 
of the conductors. 

A Limiting Case in the Design of an Excited 
Reflector Antenna, by V. A. Krishnaswamy. 
"J. ITE." Dec. 1956. 6 pp. The author brings 
together the basic theory relating to the ex-
cited reflector and the parasitic reflector, and 
spotlights the situation where the excited re-
flector breaks down. The vector diagrams help 
to comprehend clearly the role of the mutual 
impedance in altering the base impedance of 
the aerials to different values. 

Terminated Horn Enclosures, by W. E. Glenn. 
"IRE Trans. PGAU." No. 6, 1956. 3 pp. The 
characteristics of a finite exponential horn 
terminated in a physically realizable imped-
ance have been calculated on an IBM 650 
computer. Some of the results of the calcula-
tions and some experimental results of tests on 
such a terminated horn are presented. 

Radiation by Disks and Conical Structures, by 
A. Leitner and C. P. Wells. "IRE Trans. 
PGAP." Oct. 1966. 4 pp. This paper studies 
the use of the method of integral transforms 
in a class of radiation and antenna problems 
involving mixed boundary conditions on co-
ordinate surfaces of the spherical system. 

Foreign Publications as an Engineering 
Tool, by J. G. Adashko. "Ford Instru-
ment Company Engineering Log." Jan. 
1967. 2 pp. Mr. Adashko emphasizes 
the importance of foreign technical pub-
lications as a source of information. 
He points out that the Russians, Ger-
mans, and French publish more tech-
nical material than we do—the Russians 
have at least three magazines compara-
ble to the IRE Proceedings. Speaking 
of his own work in nuclear equipment 
he lists as probably most valuable the 
very expensive "Avtomatika i Tele-
mekhanika." Only El's exclusive IN-
TERNATIONAL ELECTRONIC 
SOURCES regularly and thoroughly ab-
stracts this Russian journal. 

Radiation Absorbers—Their Selection and Use, 
by D. J. Newman. "El. Des." Feb. 1, 1967. 
3 pp. The article deals with electromagnetic 
energy absorbers to simulate free-space. 

Ferrad Radiator System, by F. Reggia, E. G. 
Sencer, R. D. Hatcher, and J. E. Tompkins. 
"Proc. IRE." March 1967. 9 pp. Ferrod 
radiator systems for 3-cm have been developed 
which are especially useful in the field of port-
able radars and have good possibilities in the 
miniaturization of fire-control antenna systems 
requiring high-speed electrical scanning or 
lobing. 

Simplification of Field Strength Computations 
for Shielded Enclosures, by R. G. Lessner and 
A. S. Markham. "Proc. IRE." March 1967. 1 
p. The authors of this note derive a simplified 
formula for the method developed by Haber 
in "Generation of Standard Fields in Shielded 
Enclosures." 

Military Standardization of Dummy Loads, by 
L. Field and A. C. Metzger. "El. Des." Feb. 
1, 1957. 2 pp. 

Partially Reflecting Sheet Arrays, by G. von 
Trentini. "IRE Trans. PGAP." Oct. 1966. 6 pp. 
Multiple reflections of electromagnetic waves 
between two planes are studied, and the in-
crease in directivity that results by placing a 
partially reflecting sheet in front of an antenna 
with a reflecting screen is investigated at a 
wavelength of 3.2 cm. 

Line-of-Sight Wave Propagation in a Randomly 
Inhomogeneous Medium, by B. M. Fannin. 
"IRE Trans. PGAP." Oct. 1956. 5 pp. The-
oretical calculations have been made, using 
single-scattering approximation, for propaga-
tion in a randomly inhomogeneous medium in 
which the deviations of refractive index from 
the mean are small. The emphasis in this 
paper is in indicating the transition from the 
ray treatment results to the scattering cross 
section results. 

Computer Predictions of LUFS and MUFS. 
"Research for Industry," Jan. 1957. 2 pp. 
Computations of lowest useful high frequency 
and maximum usable frequency by the Signal 
Corps Radio Propagation Agency at Fort Mon-
mouth, N. J., are described in general, and 
applicability of computers to the task dis-
cussed. 

Circulatory-Polarized Biconical Horns, by C. 
Goatley and F. D. Green. "IRE Trans. PGAP." 
Oct. 1956. 5 pp. The method of obtaining 
elliptical and circular polarization described 
here consists basically of interposing a dense 
array of thin, conducting elements on cylindri-
cal plastic forms between the faces of the 
cones. The authors discuss polarization obtained 
and radiation patterns, gain, phase differences, 
and applications of the antenna. 

Phase Centers of Microwave Antennas, by D. 
Carter. "IRE Trans. PGAP." Oct. 1956. 4 pp. 
Contrary to the prediction of aperture theory, 
it is shown that the phase centers of axially 
symmetric antennas are not in the aperture 
plane, but they are dispersed about it. It is 
pointed out that the phase centers of the re-
fleeted radiation field can be varied and even 
pushed behind the dish by defocusing and 
separating the primary feed phase centers. 
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For more information, contact the respec-
tive publishers directly. Names and addressee 
of pubFshers may be obtained upon requegt 
by writing to "Electronic Sources" Editors. 
ELECTRONIC INDUSTRIES & Tele-Tech. 
Chestnut & 56th Sta. Plaladelnhla eq. 
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A High-Performance Conically-Scanning X-
Band Antenna of Novel Design, by J. G. 
McCann and R. J. Stegan. "IRE Trans PGAP." 
Oct. 1956. 4 pp. This paper describes the tech-
niques employed to obtain a conically-scanning 
antenna producing a pencil beam having equal 
E. and H-plane beamwidths and having polari-
zation—changing features enabling quick 
change from linear to circular to vertical 
polarization. The problems encountered and 
their solutions are described. 

Systematic Errors Caused by the Scanning of 
Antenna Arrays: Phase Shifters in the Branch 
Lines, by L. A. Kurtz and R. S. Elliott. "IRE 
Trans. PGAP." Oct. 1966. 9 pp. 

History of the Directional Antenna in the 
Standard Broadcast Band for Purpose of Pro-
tecting Service Area of Distant Stations, by 
R. M. Wilmotte. "RE Trans. PGBTS." Feb. 
1957. 6 PP. 

The Shape of Dielectric Antennas, by G. V. 
Trentini. "Nach. Z." Feb. 1967. 5 pp. The 
radiation properties of various types of di-
electric antennas are investigated by means of 
experiments. Rods with steps in the dimen-
sions of their cross-sections have produced 
similar results as those of the usual design 
in the form of tapered roda with equal length. 
Plates of suitable dimensions exhibit a 
stronger beam concentration in one plane 
and composite systems such as parallel or 
crossing plates, horns, horns with tubular ex-
tensions and variations thereof have a higher 
gain for almost concentrically concentrated 
beams. 

A New Method for the Measurement of the 
A  Dielectric Constant of the Under-
ground Medium on Site, by Mohamed A. H. 
El-Said. "IRE Trans. PGAP." Oct. 1966. 6 pp. 
An electromagnetic interference pattern in the 
far-distance condition is utilized to determine 
the average dielectric constant of the under-
ground propagational medium. The method de-
pends upon the determination of the surface 
wave velocity by means of measuring the first 
self-resonance frequency of a dipole wire laid 
on the earth's surface. 

The Image Method of Beam Shaping, by P. T. 
Hutchison. "IRE Trans. PGAP." Oct. 1966. 
6 pp. At microwave frequencies, cosecant-
squared radiation patterns are obtained with 
parabolic reflectors no larger than those re-
quired to give pencil beams of commensurate 
beam widths. A qualitative analysis of a para-
boloid fed by a horn and several images is 
shown to agree with measured results. 

Loop Antenna Measurements, by P. A. Ken-
nedy. "IRE Trans. PGAP." Oct. 1956. 9 pp. 
Experimental measurements on three loop 
antenna configurations are presented. The 
technique for obtaining impedance and current 
distributions using a single-wire transmission 
line over an image plane is described with 
particular attention given to the form, and 
for loops where theoretical results are avail-
able, curves comparing theory and experiments 
are presented. 

AUDIO 

Sawtooth Testing of Audio Amplifiers, by R. C. 
Hitchcock. "IRE Trans. MISTS." Feb. 1957. 
4 pp. A sawtooth wave contains all harmonics, 

and a single oscilloscope picture shows flatness 
of frequency response, transient stability, and 
overload of an audio amplifier. 

The AF Anechoic Chambers at Cherry Hill, by 
M. S. Corrington, R. L. Libbey, and S. V. 
Perry. "IRE Trans. PGAU." No. 6, 1956. 6 

pp. Design features and construction details of 
"sound proof" rooms for acoustic measure-
ments on TV and radio receivers, phonographs, 
and loudspeakers are discussed. 

On the Phasing of Microphones, by B. B. 
Bauer. "IRE Trans. PGAU." No. 6, 1966. 7 
pp. The phasing of all gradient and of some 
phase-shift microphones is reversed for rear-
wardly arriving sound waves. In this paper 
the phase-frequency characteristics of most 
common microphones are described; methods 
for predicting or ascertaining the phasing of 
microphones are given: and a system is pro-
posed for experimentally determining the ab-
solute phasing of an unknown microphone. 

An Experimental 9000-Watt Airborne Sound 
System, by D. W. Martin et. al. "IRE Trans. 
PGAU." No. 6, 1956. 10 pp. Results of 0P-
peration of the experimental sound system 
were poor. Important factors included turbu-
lence and gross inhomogeneity in the medium 
(resulting in random fluctuations in level), the 
effect of source motion in speeding up the 
fluctuations, multipath interference, normal 
attenuation with distance, high-frequency ab-
sorption in the medium, and Doppler effect. 

Automatic Reverberation Time Recorder, by 
C. R. Viswanathan. "J. ITE." Dec. 1966. 9 pp. 
An equipment has been constructed which can 
plot reverberation time vs. frequency of an 
enclosure under test in a relatively short time. 
The time taken for 40 db decay is measured 
and is taken as two-thirds the value of re-
verberation time, assuming an exponential de-
cay of sound energy. The advantages and limi-
tations of the equipment are discussed, taking 
a typical studio measurement as an example. 

Audio Induction Paging Sytem, by R. Zuck. 
"El." Feb. 1, 1967. 2 pp. Circuits and per-
formance of a three-transistor portable a-f 
receiver are discussed. 

CIRCUITS 

Electrostatic Generators, by N. Felici. "Onde." 
Jan. 1957. 16 pp. After a brief recapitulation 
of the historic causes which froze the devel-
opment of electrostatic generators until re-
cently, the principle of the insulated cylinder 
generators is briefly described and their close 
relation of electronic amplifiers is indicated. 
The principles of electronic control of these 

generators is advanced. The mathematical cri-
teria of stability are discussed as well as the 
transient response. This shows the excellence 
of the dynamic stability and the possibility of 
providing high current intensity points, which 
are used in some applications. 

Stability and Power Gain of Tuned Transistor 
Amplifiers, by A. P. Stern. "Proc. IRE." 
March 1957. 9 pp. The transistor can become 
unstable at frequencies where its internal 
feedback is sufficiently large; its maximum 
power gain is then infinite and it may oscillate. 
The author discusses the maximum power gain 
realizable as a function of required degrees of 
stability. 

The "Asmodulor" Process, by L. Paternault. 
"Onde." Dec. 1956. 9 pp. Electronic appara-
tus can nearly always be split into a number 
of homogenous sub assemblies, and this is be-
hind the "Asmodulor" process which enables 
an electronic assembly to be realized by an 
assembly of a number of identical mechanical 
units carrying the components. By reason of 
the mechanical production and small labor 
cost, this leads to a reduction in price, and 
it favors mechanized test methods more than 
conventional type equipment. Big develop-
ments in this process are particularly foreseen 
in the military and aeronautical fields. The 

article describes in detail the process, its ap-
plications. and gives some information on the 
special components employed. 

Of the Miller Integrator, by R. G. Goldman. 
"Proc. IRE." March 1967. 1 p. This brief 
note calls attention to a useful property of 
the Miller Integrator; it can generate a linear 
sweep whose peak exceeds the de 8111:009 
voltage. 

Eliminate Transistor Burnout, by Dr. Hans E. 
Hollmann. "El. Ind." April 1957. 2 pp. Dr. 
Hollmann outlines circuitry for maintaining 
correct polarity at transistor leads regardless 
of battery polarity. 

Better Regulation With Positive Feedback, by 
I. Gottlieb. "El. Ind. Op. Sect." April 1967. 
2 pp. The author describes simple circuit im-
provements which give better output level reg-
ulation in telephone carrier frequency ampli-
fiers. The technique involves addition of a 
positive feedback loop and an equal increase 
in negative feedback. 

Computation of Certain Circuits on the Basis 
of Their Response to a Unit Step-Voltage, by 
V. V. Zgirkis. "Radiotek." Nov. 1956. 8 PP. 
The paper examines problems involved in the 
determination of the circuits of fourpoles on 
the basis of their response to a unit step-
voltage. A method is developed for determining 
the elements of resonant and aperiodic four-
poles. 

The Practical Elimination of "Inverse Opera-
tion" in an Amplitude-Phase Detector when 
Pulse Interference is Present, by Tu. S. Lezin. 
"Radiotek." Nov. 1956. 8 pp. The paper ex-
amines the variation of the phase angle of the 
grid circuit voltage in an amplitude-phase de-
tector when that variation is caused by the 
interference of a single pulse. It is proven 
that the maximum value of this variation can 
be made so small that "inverse operation" will 
be impossible in such a detector when inter-
ference from single pulses is present. 

Meter-Wave Pentode Frequency Converters, by 
I. I. Levenstern. "Radiotek." Nov. 1956. 7 
pp. The paper examines different variants of 
balanced circuits for single-grid heterodyne 
pentode frequency converters. The following 
problems are analyzed: 1) the special features 
of single-grid heterodyne frequency converters 
which use a capacitive divider: 2) converters 
with an inductive divider: 3) experimental in-
vestigation of a balanced converter. 

Band-Pass Filters with an Invariant Frequency 
Response, by L M. Simontov. "Radiotek." Nov. 
1966. 3 pp. The paper provides design computa-
tions for a special band-pass filter circuit which 
has a constant frequency response over the 
entire tuning range. 

Graphs for the Design of Filters on the Basis 
of Their Characteristic Parameters, by M. M. 
Shenberg. "Radiotek." Nov. 1966. 6 pp. 
Graphs are given for the purpose of determin-
ing the parameters of matching filter elements 
in accordance with the specified attenuation 
requirements in the band of effectively passed 
frequencies. A nomogram is provided for plot-
ting the frequency responses of the intrinsic 
attenuation of filter elements in the stop-band. 

Linear Pulse-Forming Circuits, by W. C. Gore 
and T. Larsen. "IRE Trans. PGCT." Sept. 
1956. 7 pp. The authors present a generalized 
method for the design of linear pulse-forming 
circuits—circuits which have pulse-type re-
sponses to a step-function input, which would 
be applicable for a variety of pulse shapes. 

Retrace Driven Deflection Circuit, by W. B. 
Guggi. "IRE Trans. PGBTR." Oct. 1956. 4 pp. 
The circuit described here employs either a 
single transistor or a tube, operated as a 
switch. The switching operation is such that 
the inrush current upon closing the switch and 
the voltage build-up on opening the switch are 
delayed sufficiently to prevent excessive momen-
tary dissipation in the switching device. 
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Phase-Adjusting Circuits, by J. W. R. Griffiths. 
"E. & R. Eng." Jan. 1967. 6 pp. A well-
known phase-adjusting circuit is shown to be 
a special form of a more general type of cir-
cuit. Various other forma of this generic cir-
cuit are discussed, and shown to be of prac-
tical use under certain conditions of load, 
where the original circuit would not be suitable. 
The results are presented in a form useful for 
reference. 

RF AND IF Amplifier Design with Conduc-
tance Curves, by K. A. Pullen, Jr. "El. Des." 
Feb. 1, 1957. 4 pp. 

On Networks without Ideal Transformers, by 
I. Cederbaum. "IRE Trans. PGCT." Sept. 
1966. 4 pp. Necessary conditions for a matrix 
to be an impedance or admittance matrix of 
pure resistance "n" ports are given. The re-
suits are then applied to RLC networks for 
real positive values of the complex frequency, 
and the most general linear reciprocal net-
works without ideal transformers at zero fre-
quency. Some properties of the matrices ful-
filling these conditions are presented. 

Electrostatic Lens, by N. P. Carlton. "Rev. 
Sc." Jan. 1957. 2 pp. An electrostatic lens 
has been constructed which, by a succession 
of closely spaced rings at graded potentials, 
approximated a cylindrical surface along which 
the potential varies as the square of the dis-
tance from some original plane. This lens was 
more efficient in focusing a highly divergent 
beam of ions than were several combinations 
of conventional lenses which were also tried. 

On Electrical Circuits and Switching Circuits, 
by S. Seshu. "IRE Trans. PGCT." Sept. 1966. 
7 pp. During the past two decades switching 
and electrical network theories have developed 
more or less independently and both have de-
veloped a great deal. The purpose of the 
present paper is to relate the two theories 
from a point of view quite different from the 
one taken by previous workers. The two 
theories are related from a topological rather 
than an impedance point of view. 

The Characteristics of Parallel-T RC Networks, 
by D. H. Smith. "El. Eng." Feb. 1967. 7pp. 
Article discusses properties of symmetrical 
parallel-T networks, both balanced and un-
balanced. An analytical treatment of the net-
works leads to curves expressing the charac-
teristics of different forms of the networks; 
these curves are suitable for design applica-
tion. Design of oscillators and bandpass am-
plifiers using the networks is considered. 

The Tone Ringer, by F. L. Crutchfield and 
J. R. Power. "Bell Rec." Feb. 1967. 6 pp. A 
new Transistor-operated tone ringer has been 
designed at Bell Telephone Laboratories as a 
possible replacement for the conventional tele-
phone bell to provide equal or superior per-
formance in supplying a pleasant but attention-
attracting sound. 

Periodic Sampling Logarithmic Amplifier, by 
J. S. Nettel. "Rev. Sc." Jan. 1957. 4 pp. 
The logarithmic response of the amplifier is 
derived by extracting an output proportional to 
the time required for the voltage across a par-
allel resistance condenser combination to decay 
to a small fixed value. A logarithmic response 
over four decades with a deviation of less than 
1% of the maximum output is secured. An 
immediate application is the study of transients 
associated with photocells. 

Transistor Pulse Generator, by F. Rozner. 
"E. & R. Eng." Jan. 1957. 3 pp. Pnp and npn 
transistors in combination can be used to gen-
erate pulses with short rise times. Minority 
carrier storage can be used to broaden the 
pulse. Using low-frequency medium-power 
transistors, rise and fall times of the order 
of 0.7 microseconds at 100 kc repetition fre-
quency can be obtained with a peak power out-
put of 1 watt. 

ci 
COMMUNICATIONS 

Punched Tape Handles "Break" Switching, by 
A. C. Angus. "El. Ind. Op. Sect." April 1957. 
2 pp. Up to seven program sources can be 
sequentially scheduled with this new control 
equipment. It holds the time base to within 1 
see. Programming for 24 hours can be con-
tained on 80 feet of tape. 

Stabilized Bias for Broadcast Amplifiers, by H. 
G. Stratrnan. "El. Ind. Op. Sect." April 1967. 
2 pp. Dual channel, negative, regulated power 
supply holds bias constant on grids of a high-
power TV amplifier. Peak power output is 
maintained constant regardless of a light or 
a dark picture signal. 

Marine Filtering is Over-Filtered, by J. J. 
O'Neil. "El. Ind." April 1967. 2 pp. Reporting 
a series of Signal Corps investigations, the 
author mentions the many engineering ad-
vances in the art of interference reduction 
which can reduce cost of suppression. 

Radio Reception Interference which is Created 
by the Gas-Filled Rectifiers of the Transmitter 
Rectifier Unit, by G. S. Shurman. "Radiotek." 
Nov. 1956. 2 pp. A brief summary of inter-
ference data which has been experimentally 
obtained on commercial units in actual opera-
tion. The nature of the interference and the 
means for its elimination are discussed. 

The Determination of the Optimum Capacity 
Figures for Telephone Networks with Inun-
dating Traffic, by J. Rettenberger. "Nach. Z." 
Feb. 1957. 7 pp. The outlay for a telephone 
network becomes a minimum when the basic 
traffic for one communication path is passed 
through a direct group of channels and when 
the remaining traffic is passed through a 
higher level exchange. The paper shows by 
means of a section of a simple network how 
the required network with a minimum in out-
lay can be determined when in individual 
cases the traffic units, the line costa and vari-
eus types of channel grouping are taken into 
consideration. The paper continues describ-
ing the possible application of this method to 
complicated sections in networks and explains 
the practical application by means of one 
example. 

UHF Communication System Interference Re-
duction Through the Use of Selective Filters, 
by M. W. Caquelin. "IRE Trans. PGVC." 
Dec. 1966. 6 pp. 

Communication with Moving Trains in Tun-
nels, by N. Monk and H. S. Winbigler. "IRE 
Trans. PGVC." Dec. 1966. In the range of 
159 to 162 mc, where the FCC assigns rail-
road communications systems, radio com-
munications is impossible with ordinary meth-
ods while trains are in long tunnels. Experi-
ments with a two mile tunnel showed satisfac-
tory transmission in tunnels could be obtained 
for a distance up to approximately 6,000 feet 
from stationary transmitters by radiating from 
twin-lead cable such as RG-86/U suitably lo-
cated within the tunnel. 

Equalization of Military Carrier Telephone Sys-
tems, by C. L. Semmelman. "Bell Rec." Feb. 
1967. 4 pp. Excellent equalization is reported 
for two recently developed military carrier tele-
phone systems using a combination of fixed and 
adjustable equalizers and temperature-compen-
sating regulators. 

An Economical Guide to Station Planning, by 
D. M. Weise. "IRE Trans. PGBTS." Feb. 
1957. 6 pp. A brief review with illustrations, 
of the operation of the Chicago Educational 
TV Association. 

Possible Applications for Goniometera in 
Telecommunications, by H. Fricke. "Nach. Z." 
Feb. 1957. 9 pp. Goniometers, which have so 
far been used for the determinations of inci-
dent azimuthal angles for electro-magnetic 
waves, are universal circuit elements in tele-
communication engineering. New Possibili-
ties for their application exist principally in 
radio location as well as in other fields. The 
Present paper is by no means exhaustive but 
is intended to give suggestions for further 
applications of goniometers by way of 
sketched examples. 

VHF Radio Coordinated Traffic Light Control 
System, by E. W. Hassel. "IRE Trans. 
PGVC." Dec. 1966. 9 pp. The author de-
scribes a VHF carrier modulated with audio. 
frequency control tones to permit the radio 
coordinated system to perform the same as 
ordinary cable controlled systems, without 
cable. The system may be used with all con-
ventional traffic light control equipment with-
out modification. Operating experience has 
been gained with several installations. 

Crystal Oscillators in Communication Receivers, 

by56A 6 p 
A. Gp.M.anke. "IRE Trans. PGVC." Dec. 

19  

First Transatlantic Telephone Cable System, 
by E. T. Mottram. "Bell Rec." Feb. 1967. 7 pp. 

Ship Autoalarm Uses Computer Techniques, by 
E. R. Sarratt and H. H. Abelew. "El." Feb. 
1, 1967. 4 pp. An automatic alarm for use 
with a receiver tuned to the international dis-
tress frequency is described. Variations in 
atmospherics, and interfering signals must be 
discriminated against. The system uses com-
puter techniques to provide an alarm signal 
only in response to an international distress 
signal. 

The BBC Radio Microphone, by F. A. Peachey 
and G. A. Hunt. "E. & R. Eng." Feb. 1967. 
3 pp. A tiny FM transmitter is described. 

A Stable FM Receiver With Preset Tuning, by 
G. S. Robinson. "El Eng." Feb. 1957. 4 pl). 
Article describes a fixed tuned receiver using 
a crystal-controlled reference. Design details 
on the inductive components are included. 

The VF-telegraphy System Type WT 24/1, by 
H. H. Voss and J. Arnold. "Nach. Z." Feb. 
1967. 7 pp. After a discussion concerning the 
requirements which a modern VF-telegraphy 
system must meet because of technical and 
economical reasons the paper describes the 
circuits and the electrical properties of the 
new system type WT 24/1 which has been 
partly fitted with transistors. The paper ends 
in brief descriptions of special parts of the 
design. 

Instantaneous Speech Compressor, by C. R. 
Rutherford. "El." Feb. 1, 1967. 2 pp. In-
telligibility of air-ground communications is 
increased by the use of a transistorized speech 
compressor which plugs into the carbon micro-
phone jack. Unit combines advantages of clip-
per and age techniques. 

Frequency Allocation-A Complex Planning 
Task. "Wire and Radio Communications." 
Feb. 1957. 2 pp. A review of allocation func-
tions of the FCC and present assignments in 
the radio spectrum. 

Optimum Detection of Random Signals in 
Noise, with Application to Scatter-Multipath 
Communication, I, by R. Price. "IRE Trans. 
PGIT." Dec. 1966. 11 111). 

A Coincidence Procedure for Signal Detection, 
by M. Schwartz. "IRE Trans. PGIT." Dec. 
1956. 6 pp. A. coincidence method of detect-
ing a signal in the presence of noise is com-
pared to the statistically optimum Neyman-
Pearson procedure utilizing signal integration 
and threshold detection. 

ELECTRONIC INDUSTRIES & Tele -Tech • April 1957 87 



International ELECTRONIC SOURCES 

Near and Far-End Crosstalk in Balanced Pair 
Cables After Splicing, Near-end Crosstalk 
Compensation, by H. Pech. "Cab. & Trans." 
Jan. 1957. 19 pp. Formulae are given, allow-
ing determination of the permissible values of 
near-end crosstalk measured during splicing 
tests, in order to fulfill the conditions finally 
required for the completed circuits. 

Development Problems of Miniature Assemblies 
in Communication Engineering, by P. Hen-
ninger. "Freq." Jan. 1957, 15 pp. The Prob-
lems arising in connection with miniature 
components are discussed in detail. In par-
ticular the design and materials used in ca-
pacitors, and the dimensioning of the structures 
involved are considered. Chemical and other 
associated problems are introduced. 

Remote Control Receiver, by E. Bohr. "El." 
Feb. 1, 1957. 1 p. This is a superregenerative 
circuit followed by an amplifier stage, using 
the Phileo L5108 surface barrier transistor and 
a 2N43. The receiver, as described, operates 
on the 27.255 me Citizen Radio frequency, and 
is suitable for operating a control relay. 

Transistorized Communications Receiver, by S. 
Schwartz. "IRE Trans. PGVC." Dec. 1966. 
5 pp. Transistors have been used successfully 
in all sections following the mixer of a 500 kc 
to 32 kc military, vehicular-type radio re-
ceiver originally designed with all vacuum 
tubes. The receiver provides reception of CW, 
phone, and single-channel, frequency-shift 
radio teletype signals. This superheterodyne, 
multiple conversion receiver, while keeping the 
desirable characteristics of the vacuum tube 
receiver also provides for a five-fold increase 
of audio power and a reduction of battery 
power drain by one third. 

New Developments in Two-Way Communica-
tions, by A. A. Macdonald. "IRE Trans. 
PGVC." Dec. 1956. 6 pp. Coded squelch, 
transistorized dynamic microphones, tran-
sistorized portable transmitter-receivers are 
among new developments discussed. 

A Semi-Automatic Tuning High Frequency 
Communications Equipment, by M. C. Dettman. 
"IRE Trans. PGVC." Dec. 1956. 5 pp. 

Automatic Programming in Small A-M Sta-
tions, by E. C. Miller. "El." Feb. 1, 1957. Sub-
sonic tones recorded with program material on 
tape, and the time delay at the end of a musi-
cal selection serve to actuate an automatic 
control system controlling an Ampex tape 
recorder and a Seeburg automatic music sys-
tem. 

A Visual Communication System, by V. I. 
Weihe, B. R. Boymel, and S. C. Feild, Jr. 
"IRE Trans. PGAP." Dec. 1956. 5 pp. An 
analysis of air-traffic-control problems leads 
the authors to conclude that a direct viewed 
bright storage tube display method offers ad-
vantages over electromechanical indicators for 
ground-air data transmission. 

Reference Generator for SSB Systems, by M. I. 
Jacob. "El." Feb. 1, 1957. 
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Selection and Application of Precision Film 
Resistors, by P. Nyul and C. Wellard. "El. 
Des." Feb. 15, 1957. 3 pp. 

Relay Contact Life in Central Offices, by A. P. 
Goetze. "Bell Rec." Feb. 1957. 4 pp. The 
amount of erosion per operation is proportional 
to the amount of energy dissipated at the con-
tacts. Studies of erosion characteristics of 
various contact metals provide data for longer 
life and higher reliability contacts. 

Coding Tool for Translator Cards, by E. Graf. 
"Bell Rec." Feb. 1957. 4 pp. In direct dis-
tance dialing, automatic switching centers ob-
tain routing information from coded cards. In 
larger centers, as many as 10,000 such cards 
may be needed. Card blanks are made from 
sheets of thin chromium-plated steel with 40 
tabs on the lower edge and 118 holes arranged 
over the card face. A machine has been de-
vised for coding these cards. 

Miniaturized High-Altitude, High-Temperature 
Connectors, by C. H. Stuart and R. F. Dorrell. 
"IRE Trans. PGCP." Dec. 1966. 5 pp. 

Solenoids for Airborne Applications, by A. S. 
Gutman. "E. & R. Eng." Feb. 1957. 4 pp. 
A formula is derived for the optimum dimen-
sions of a single-turn solenoid, taking into ac-
count its own weight and that of associated 
power-generating equipment. Various forma 
of practical multi-turn solenoids are considered, 
and foil-wound constructions are selected, be-
cause of their greater space efficiencies than 
wire-wound types. Heat transfer is considered. 

Printed Circuits for Military Equipment, by 
J. K. Scott. "El. Des." Feb. 15, 1957. 4 pp. 
The different layout techniques, materials, 
components, and packaging required for mili-
tary equipment are discussed. 

Multipurpose Evaporated Metal Film Resistors, 
by S. J. Stein. "IRE Trans. PGCP." Dec. 
1956. 6 pp. Evaporated metal film resistors 
are described which have been prepared on 
ceramic bases which have properties that com-
pare favorably with wirewound resistors. 

Transducer Characteristics, by H. G. M. Spratt. 
"E.& R. Eng." Jan. 1957. 7 pp. The princi-
ples of transducers for vibration and strain 
are reviewed. 

The Application of Large Capacitors for Use 
in Energy Storage Banks, by D. F. Warner. 
"IRE Trans. PGCP." Dec. 1956. 8 pp. The 
information presented here establishes the 
criteria for selection of large banks of ca-
pacitors under the most favorable economic 
and technical conditions, along with an assur-
ance of reliable performance without excessive 
unused safety factor dollars. 

Synchro and Resolver Performance Definitions, 
by L. A. Knox. "IRE Trans. PGCP." Dec. 
1956. 11 pp. The author presents a consistent 
set of fundamental synchro and resolver defini-
tions, with some application notes. 

Closer Crystal Oven Temperature Control, by 
M. D. McFarlane and R. B. Metz. "El. Des." 
Feb. 15, 1957. 3 pp. The article concerns it-
self primarily with applications of the change-
of-state principle to obtain increased tempera-
ture stability for electronic components. One 
example is an oven surrounded by a quantity 
of paradibromobenzene or paradiethoxybenzene 
which is capable of maintaining oven tempera-
tures at the melting points of the salts to 
within plus-or-minus 0.015 degrees Centigrade. 

The Impedance of Condensers as a Function 
of Frequency, by J. P. Mayeur. "Cab. & 
Trans." Jan. 1957. 10 pp. A study of the 
impedance variation of condensers with fre-
quency allows determination of their natural 
resonance frequencies. Results of calculation 
are applied to the various considered types of 
condensers and compared with those of experi-
ence and are found in good agreement with 
the latter. 

Automatic Interpolation with Spiral-Scale 
Dials, bv C. D. Berger. "El. Des." Feb. 1, 
1957. 4 pp. 

Carrier-Frequency Transformers for Pl Carrier, 
by D. Ribett. "Bell Rec." Feb. 1957. 3 pp. 
Special carrier-frequency transformers have 
been developed which achieve a substantial gain 
in miniaturization, to keep up with size reduc-
tions in other components, and yet permit 
wideband transmission. 

Make Printed Circuits for $100. by N. C. Hek-
imian and R. E. Robinson. "El. Ind." April 
1957. 2 pp. Using the Ozalid method, anyone 
can make good quality printed circuits that 
are ideal for model labs and low volume pro-
duction. 

New Method of Evaluating Ferro-Inductors, by 
W. J. Polydoroff. "El. Ind." April 1957. 3 pp. 

The Selection of the Allowable Deviations of 
Parameters in Radio-Engineering Equipment 
Units, by N. F. Vollerner. "Radiotek." Nov. 
1956. 10 pp. The paper examines the problems 
of the interchangeability of elements of radio-
engineering units which are mass produced. 
Certain concepts are advanced regarding the 
selection of tolerances for electrical radio-engi-
neering parameters of radio equipment. An 
example is given of the computation of toler-
ances for the electrical parameters of power 
and output transformers. 

COMPUTERS 

Generalization of the Dynamic Equations of a 
Complex Power System and the Utilization of 
an Electronic Computer for Analyzing the Sta-
bility, by L. V. Tsukernik. "Avto. i Tel." 
Jan. 1957. 12 pp. The equations for the per-
turbed motion of a complex power system are 
presented in matrix form, while taking into 
account the automatic excitation control of 
synchronous machines which are operating in 
parallel; the paper refers to application of 
computing units for stability analysis. A sim-
plified method for programming the computa-
tion of the coefficients of the characteristic 
equation is given. A realizable logical program-
ming system for computing the boundaries of 
the region of stability in the parameter plane 
is described. The program can be used for 
dynamic systems of any type if the correspond-
ing equation of perturbed motion can be ob-
tained. 

The Design and Applications of a General-
Purpose Analogue Computer. by R. J. A. Paul 
and E. L. Thomas. "J. BIRE." Jan. 1957. 25 
pp. Various design and construction factors 
are considered, with particular attention to 
the effects of finite amplifier gain, bandwidth, 
and phase shift. An indication is given of the 
lines along which analog computers may de-
velop in the future, and of other possible ap-
plications. 

Considerations on the Principles of Universal 
Nnmerical Computers, by F. H. Raymond. 
"Onde." Jan. 1957. 11 pp. The object of the 
paper is to explain to the non-specialist a 
number of basic principles applying to the 
operation of universal numerical computers. 
The author deals, in particular, with the 
physical representation of numbers, with the 
principles on which digital computing is based 
and with the automatic aspects of pro-
grammed computer operation. This paper is 
of a purely introductory nature, and for that 
reason, deliberately ignores actual processes 
of calculation. 

Ferrite Apertured Plate for Random Access 
Memory, by J. A. Rajchman. "Proc. IRE." 
March 1957. 10 pp. Multiple ferrite memory 
cores can be replaced by a thin ferrite plate 
with a regular array of round holes. Metallic 
Plating on the surface of the ferrite plate can 
provide the necessary current conductors. The 
result is a ferrite memory plate with printed 
windings which requires much less time and 
labor for making, testing, and assembling than 
conventional magnetic core memories. The 
plates open the possibility of random access 
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memories with capacities of millions of bita, or 
lower capacity memories of extremely small 
size. 

The Junction Transistor as a Computing ele-
ment, by E. Wolfendale, L. P. Morgan, and 
W. I. Stephenson. "El. Eng." Feb. 1967. 5 pp. 
Article describes an emitter coupled bistable 
circuit which can be triggered or used as a 
source of trigger voltages with better action 
than the standard Eccles-Jordan circuit. A 
transistor blocking oscillator and several co-
incidence gating circuits using transistors are 
described. 

Deriving Information from Magnetic Memories 
without Deletion, by A. Barré. "Freq." Jan. 
1957. 9 pp. This is a detailed discussion of 
the "Transfluxor" on the basis of the behavior 
of magnetic field lines. 

Thermal Circuit Simulation Practice in Nu-
clear Reactor Plant Control, by C.-P. Caillet. 
"Onde." Jan. 1957. 6 pp. Papers given on 
the occasion of the Brussels Journées de Cal-
cul Analogique can be divided into four dis-
tinct sections 

1) Description of computers by makers and 
users. 

2) History of the development of analog 
methods. 

3) Considerations on present methods and 
their future developments. 

4) Reports on results obtained to date in 
various fields of application with simulation 
techniques. 
M. C.-P. Calllet's report deals with this last 

section. It describes how simulated nuclear-
reactor kinetic performance implies the simu-
lation of thermodynamic phenomena. The 
report includes a study of several representa-
tions and formulations used to express the 
thermal exchange process over the transition 
periods. 

C1:3(S) 

CONTROLS 

Investigation of the Dynamics of Pulse-Relay 
Automatic Control Systems, by V. P. Kazakov. 
"Avto. i Tel." Jan. 1957. 13 pp. Methods are 
given for determining the self-oscillations and 
transient responses which occur in pulse-relay 
systems; these methods are based upon the fre-
quency and time characteristics of the con-
tinuous portion of the system. The paper de-
scribes an approximate method for determining 
the self-oscillations, which involves the use of 
the first harmonic of the output of the pulse-
relay element; a method is given for taking 
the higher harmonics into account. Computed 
results are compared with experimental results. 

The Stabilization of Nonlinear Servomechan-
isms Encountered in Antenna Instrumentation, 
by J. Bacon. "RE Trans. PGAC." Feb. 1957. 
10 pp. An investigation of the problem of 
compensating the loop-gain of instrument 
servos to provide uniform transient response 
over a wide dynamic operating range. 

On the Design of A-C Networks for Servo Com-
pensation, by H. Levenstein. "IRE Trans. 
PGAC." Feb. 1957. 17 pp. This paper pre-
sents an analytical method for analysis and 
synthesis of networks for ac servo compensa-
tion. The response of a linear network to a 
modulated suppressed-carrier excitation is 
formulated in terms of in-phase and quadrature 
carrier components. The relationship between 
the modulation on these components and the 
exciting modulation is shown to depend upon 
operators simply related to the original net-
work function. 

A Survey of Techniques for the Analysis of 
Sampled-Data Control Systems, by G. J. 
Murphy. "IRE Trans. PGAC." Feb. 1957. 
12 PP• 

Heat Control in Electronic Equipment, part 2, 
by E. N. Shaw. "El. Eng." Feb. 1957. 6 pp. 
Article examines heat-flow problems in rack 
mounted equipment, plotting constant-tempera-
ture contours for various configurations of 
components with different arrangements for 
conduction, convection, and radiation of the 
generated heat. The importance of minimizing 
the removal of heat from the chassis by verti-
cal flow, and techniques for improving the re-
moval of heat are discussed. Diagrams of typi-
cal heat distributions are included. 

Final Value Controller Synthesis, by M. V. 
Mathews. "IRE Trans. PGAC." Feb. 1957. 
11 pp. A method is presented for synthesizing 
a type of control system designated as a final 
time controller. This device is a feedback con-
trol system that is designed to achieve a desired 
response at one time only, the response at 
earlier times being arbitrary within physical 
limits. The final time controller developed is 
a time varying, nonlinear system. 

A Positioning Servomechanism With a Finite 
Time Delay and a Signal Limiter, by D. H. 
Evans. "IRE Trans. PGAC." Feb. 1957. 12 
pp. The author analyzes an idealization of a 
servomechanism which is used in a digital posi-
tioning circuit. The loop consists of an ideal 
integrator, a finite time delay, and a nonlinear 
signal limiting element. 

Digital Time and Sequency Control, by M. L. 
Klein, F. K. Williams, and H. C. Morgan. "In-
struments and Automation." Dec. 1956. 5 pp. 
A binary-wired switch is used to form simple 
trunking of a matrix line. Four sets of such 
switches, with relays, control a sequency of 
events in the variable-interval automation 
controller described here. 

Fundamental Equations for the Application of 
Statistical Techniques to Feedback-Control Sys-
tems, by G. A. Biernson. "IRE Trans. PGAC." 
Feb. 1967. 25 pp. The autocorrelation function 
of the output is computed by a transient tech-
nique which treats the input autocorrelation 
function as a transient input to the system. 
By transforming this procedure, equations are 
developed for relating the spectral densities of 
the input and output, and a means of perform-
ing the computation on an analog computer is 
presented. 

INDUSTRIAL ELECTRONICS 

Transistorized Guidance System Feeds Chickens, 
by S. Knight. "El." Feb. 1, 1967. 3 pp. A 
slow-moving battery-powered cart is guided by 
the magnetic field from a single conductor 
buried in the floor. The conductor carries about 
one ampere of a-c current. Error signals are 
developed by transistorized circuitry and con-
trol a steering motor. 

The Circuit Development of a Heavy-Duty 
Dynamic Balancing Machine, by L. H. Vale. 
"J. SIRE." Jan. 1957. 18 pp. 

Capacitance Pickup Measures Small Forces, by 
J. Dimeff and T. B. Fryer. "El." Feb. 1, 1957. 
3 pp. A capacity pickup is used instead of the 
conventional movable contact of a potentio-
meter, thus eliminating the friction of a physi-
cal contact. The potentiometer resistance is 
energized by an a-c current. 

Precision Spotwelder Handles Metal Foils, by 
W. W. Robinson. "El." Feb. 1, 1957. 2 pp. 
Carefully controlled amounts of electrical en-
ergy are stored in capacitor banks. These are 
discharged through a thyratron and the primary 
of a transformer. The transformer secondary 
is connected to the welding electrodes. The 
control of welding energy is precise and very 
thin materials can be handled. 

A Study of Electrolysis Danger in Paris-Lyon 
Railwayside Cables and of Their Protection 
Means, by M. Vialaron. "Cab. & Trans." Jan. 
1957. 10 pp. The study leads to the conclusion 
that insulating sleeves do not appear to afford 
sufficient protection. The adoption of cathodic 
protection devices is suggested. 

MATERIALS 

Microwave Ferrite Phase Shifter, by S. Sen-
siper. "Proc. IRE." March 1967. 1 p. This 
note reports some of the results of tests on a 
new ferrite phase shift device which appears 
to have promise as a sideband modulator or as 
part of a high speed switch. 

Progress in Ferrite Materials, "E. & R. Eng." 
Feb. 1967. 6 pp. A survey of recent advances 
in ferrite technology. 

Ferromagnetic Granular Structures, by P. M. 
Prache. "Cab. & Trans." Jan. 1957. 34 pp. 
Magnetic materials commonly used in tele-
communications practically consist of com-
pact granular structures, the grain diameter 
of which does not exceed about 10 micrins. In 
such granular structures, there probably does 
not exist any systematic wall formation and 
it is thus possible to set up a coherent theory 
of ferromagnetic phenomena by admitting that 
the domains are constituted by the grains 
themselves, as was suggested in 1907 by Pierre 
Weiss. 

Impulse Voltage Strength of Oil Immersed 
Insulation, by H. F. Jones. "El. Energy." 
Dec. 1966. 7 pp. 

Some Problems of Aluminum Connexion, by 
C. T. Marx. "El. Energy." Dec. 1966. 4 pp. 
Methods and problems of connecting aluminum 
are discussed and attention drawn to differences 
in practice between copper and aluminum con-
nection techniques. 

Impregnation of Toroids for High-Tempera-
ture Service, by E. O. Deimel. "IRE Trans. 
PGCP." Dec. 1966. 3 pp. Two materials have 
been used successfully for vacuum impregna-
tion of magnetic amplifiers and similar devices 
for continuous operation at 325°F or higher. 
Complete impregnation, even though layers of 
interwinding tape, has been achieved. One ma-
terial discussed is an undiluted silicone rubber 
capable of withstanding 500 °F continuously. 
The other is a rizid, filled epoxy resin using 
a nonvolatile hardener, which will withstand 
325°F continuously. 

Harnessing Ferrites for Electronics, by H. W. 
Katz and E. H. Mullen. "GE Rev." Nov. 1966. 
6 pp. This is a fairly elementary general re-
view of ferrites and their applications in com-
puting and microwave. 

Materials Used in Radio and Electronic Engi-
neering, The Electrodeposition of Metals. "J. 
SIRE." Jan. 1967. 14 pp. 

A CsUTI)-Crystal Surgical Scintillation Probe, 
by C. C. Harris et. al. "Nucleonics." Nov. 
1966. 3 pp. 

MEASURING & TESTING 

Radial Shunt is Used for Measuring 100,000-
Ampere Pulses, by H. Bruce McFarlane. "El. 
Ind." April 1957. Large, high-frequency, short-
Pulse currents normally beyond the capabilities 
of a measuring instrument are measured to an 
average error of 21/2 % with a noninductive 
radial shunt in conjunction with an oscillo-
scope. 
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TELEVISION 

From Havana te Santiago—by Microwave, by 
Morton L. Long. "El. Ind. Op. Sect." April 
1957. 2 pp. The author describes the problems 
and solutions in providing a television link 
across Cuba. 

TV Compares Photographié Data, by E. J. Oel-
bermann. "El. Ind." April 1957. 2 pp. Two 
films, differing widely in size, can be compared 
by superimposition on a TV monitor. Error is 
as low as 1%, making the method ideal for 
aerial survey interpretation. 

Determining the Region of Stable Operation 
for an Inertial System of Television Synchroni-
zation, by In. N. Bakaev, P. I. Kuznetsov. 
"Radiotek." Nov. 1966. 8 pp. This paper 
solves the problem of the stability of the in-
ertial synchronizing unit which was examined 
in a previous paper. A great deal of attention 
is devoted to the composition and subsequent 
averaging of the differential equations for the 
unit, since neglecting the mathematical details 
previously led to inaccuracies. The method of 
the mean is used to derive an estimate for the 
boundaries of the stable operating region of 
the system. A modified small parameter method 
is proposed for the purpose of investigating an 
aperiodic regime. 

Practical Circuits for Junction Transistor 
Video Amplifiers, by T. M. Agakhanian, lu. A. 
Volkov. "Radiotek." Nov. 1956. 7 pp. Prac-
tical circuits are given for junction transistor 
video amplifiers, based on tupe PIE and Pli 
transistors. The circuits incorporate current 
feedback for the purpose of reducing the dis-
tortion of the pulse edges. 

Properties of Very Thin Leaves of Glucinium 
and Their Applications to the Modulation of 
Light and to Television, by M. Auphan. 
"Onde." Dec. 1956. 6 pp. By evaporation in 
vacuum it is possible to obtain leaves of 
glucinium, with both surfaces free and hav-
ing a thickness between 200 and 1 000 A. The 
process is to deposit the glucinium by evap-
oration on to a temporary support which can 
be sublimed, and which, after evaporation, 
leaves the leaf free. Gratings can be used 
during evaporation and interesting structures 
may result: in particular, a leaf of glucinium 
can be stretched parallel to a glass support 
and at a very small distance from it. This 
distance can be maintained constant by a 
number of separators. If an electron flux 
impinges on such a structure, it passes 
through the leaf, which is deformed by the 
electrostatic force caused by secondary emis-
sion. In this way a light modulator is ob-
tained which can be used in monochrome or 
color television. 

Automatic Level Control for Film Systems, by 
W. L. Hurford. "IRE Trans. PGBTS." Feb. 
1957. 6 pp. Film-TV systems are vulnerable 
to sudden changes in film density. A system 
is described for automatic compensation for 
film density. 

Television Receiver for Metric Waves, by 
V. Biggi. "Onde." Dec. 1956. 10 pp. The 
author examines the problem of designing a 
receiver intended for long distance direct re-
ception of a television signal from a main 
transmitter radiating on metric waves. The 
quality of the signal given by the receiver, 
both video and sound, must be good enough 
to modulate a satellite transmitter. 
After having given particular attention to 

the design of the input circuit in order to 
give a low noise factor, and to the selectivity 
requirements imposed by asymmetric sideband 
reception, the author suggests an original 
method of automatic gain control for positive 
modulation. 
An application of this method illustrates 

how direct reception provides a simple means 
for the transmission of the signal to a point 
for re-radiation. 

The Possibilities of Reduced Television Band-
width, by S. Deutsch. "IRE Trans. PGBTR." 
Oct. 1966. 14 pp. Present TV standards evolved 
from efforts to make TV "as good as the 
movies," as economically as possible. The result 
was a 4 mc bandwidth. In the present article, 
Mr. Deutsch has approached the problem from 
the other end: given the 60 kc bandwidth of 
tape recorders at 15 ips, and the similar band-
width of high-quality telephone lines—find TV, 
standards for maximized entertainment value, 
within limits of engineering practice and econ-
omy. The result of his deliberations is a thor-
ough analysis of the possibilities for reduced 
TV bandwidth. 

àG = àG/enpupg-

THEORY 

Flow Line Analysis, by Richard B. Hurley. "El. 
Ind." April 1957. 2 pp. Flow line analysis pro-
vides a pictorial analysis of transistor switch-
ing circuits which serves as a check on cal-
culations of circuit parameters. Practical en-
gineers will welcome this method of visualizing 
what goes on inside a switching transistor. 

The Problem of a Geometric Proof of the 
Shannon Theorem, by E. L. Blokh, A. A. 
Kharkevich. "Radiotek." Nov. 1958. 12 pp. 
In previous papers the attempt to compose a 
geometric proof of the theorem concerning 
carrying capacity has led to a divergence from 
the generally known result obtained by Shan-
non. Further investigation has shown that the 
cause of this divergence is the assumption of 
an incorrect geometric model; this present 
paper clarifies problems which are associated 
with this proof. 

Transient Regimes in Contact-Relay Circuits, 
by Ya. I. Mekler. "Avto. i Tel." Jan. 1967. 
12 pp. The paper examines the disruption of 
circuit operation when adding zero and when 
multiplying by one. A method is given which 
permits such disruptions to be avoided and 
allows reliable circuits to be constructed. This 
method makes it possible to easily transform 
circuits which require overlapping contacts, or, 
conversely, circuits which require non-overlap 
into normal circuits which are free from these 
requirements. 

One Method of Determining Desired Logarith-
mic Frequency Responses, by P. S. Matveev. 
"Avto. I Tel." Jan. 1957. 7 pp. The paper 
provides a method for determining desired 
logarithmic frequency responses. A chart is 
provided for evaluating overregulation, and ex-
ample are given which show that it is possible 
to use this method for different types of prac-
tical applications. 

Solution of Algebraic Equations: Real Roots. 
"E. & R. Eng." Feb. 1957. 2 pp. A routine is 
outlined for finding the real roots of an equa-
tion—the description is intended as an aid for 
the engineer who "does not have to do this 
every day." 

Survey of the Computations Concerning Filters 
with Losses According to the Operational-
Parameter Theory, with a Particular View to 
Band-Pass Filters in Crossed Connection, by 
C. Kurth. "Freq." Jan. 1967. 6 pp. This 
continuation of an article published in the 
preceding issue of this magazine, deals with 
the mathematical representation of the trans-
mission properties of four-terminal networks. 
Formulas are derived, and tables with co-
ordinated filter sections and formulas are in-
cluded. 

Eight Network Theorems and Their Applica-
tions, by V. V. L. Rao. "J. ITE." Dec. 1966. 
12 pp. This is a textbook presentation of: 
superposition theorem, Thevenin's theorem, 
Notron's theorem, compensation theorem, maxi-
mum power transfer theorem, reciprocity, the-
orem, Bartlett's bisection theorem, and Foster's 
reactance theorem. 

Calculation of Capacitance, by D. Harrison. 
"E. & R. Eng." Jan. 1967. 6 pp. The method 
of geometrical inversion is applied to the de-
termination of the capacitance between long 
parallel circular conductors. Formulae are de-
rived for the capacitance between a long cyl-
indrical conductor and an infinite plane con-
ductor parallel to the axis of the cylinder, 
between parallel cylindrical conductors, and 
between eccentric cylinders. The application 
of the inversion technique to field plotting and 
calculation of maximum voltage gradient is 
described. 

Molecular Amplification and Generation of 
Microwaves, by J. P. Wittke. "Proc. IRE." 
March 1967. 26 pp. The author presents a 
general introduction to the field of amplifica-
tion and generation of microwaves using 
molecular rather than electronic processes. 

Non-Linear Circuit Equation, by J. Irving and 
N. Mullineux. "E. & R. Eng." Feb. 1967. 8 pp. 
Details are given of a way of solving non-linear 
equations by a perturbation method. A numeri-
cal method is also described and employed as 
a check. 

Graphical Method of Determining the Ef-
ficiency of Two-Port Networks, by E. F. 
Bolinder. "Proc. IRE." March 1957. 1 p. 

On the Statistics of Individual Variations of 
Productivity in Research Laboratories, by W. 
Shockley. "Proc. IRE." March 1967. 12 pp. 
Dr. Shockley, writing while Deputy Director 
and Research Director of the Weapons Systems 
Evaluation Group, Dept. of Defense, has pre-
sented some facts about research productivity, 
and draws some important conclusions regard-
ing the causes of variation of productivity 
among research workers. 

rest 
TUBES 

How Tubes Are Named, by D. Kaufman. "El. 
Ind." April 1957. 2 pp. This is a description 
of procedures followed in JETEC type desig-
nation. 

28 MeV Electron-Accelerator Project for the 
C.E.N. (French Center for Nuclear Research) 
at &tally. by Leboutet, Picard, Vastel. 
"Onde." Jan. 1957. 8 pp. The authors re-
view the various considerations that motivated 
the choice of an accelerator of that type, giv-
ing basic design data. This accelerator plant 
consists of 8 cavity klystron HF sources, ac-
celerator-guide consisting of a succession of 
rr/2 cavities, external shield of concrete ma-
terial providing complete radiation-proofing 
and supporting the focussing coils, Pierce type 
electron gun, mutually synchronized modula-
tors, overall protection against radiation leak-
age provided by concrete work embodying lead 
slabs for local sheating reinforcement. 

Strong Focussing in Particle Accelerators— 
Alternating Gradient Synchrotrons, by P. La-
postolle. "Onde." Jan. 1957. 7 pp. Alternat-
ing gradient focussing, otherwise known as 
strong focussing action, is a very recent in-
vention, but it has opened up a new way of 
making high energy particle accelerators, and 
several large synchrotrons using this prin-
ciple are under construction or under con-
sideration in the world. In this article the 
various theoretical and practical problems 
which arise in setting this principle to work 
are considered in turn: the stability of the 
oscillation, transition energy, resonance, man-
ufacturing tolerances. The article concludes 
with a description of a 200 meter diameter 
synchrotron which is under construction at 
CERN (Geneva). 

The Stability of Oscillations of a Triode, by 
L. Sideriades. "Onde." Jan. 1957. 7 pp. In 
the 2nd order differential equation governing 
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the oscillations of a triode, the non-linear 
term due to the tube characteristic is of the 
first order, and the associated parameters are 
subject to discontinuities. The analysis de-
pends on the topological method applied to an 
equivalent dynamic system, and the use of 
isoclines enables a complete study of the phase 
plan to be carried out, showing the cyclic 
limits where stable oscillation takes place. 
Finally, an experimental presentation demon-
strates the integral curves on the screen of 
an oscilloscope. 

nor_ 

U. S. GOVERNMENT 

Research reports designated (LC) after the 
price are available from the Library of Con-
gress. They are photostat (pho) or microfilm 
(mic.), as indicated by the notation preceding 
the price. PrePayment is required. Use com-
plete title and PB number of each report 
ordered. Make check or money order payable 
to "Chief, Photoduplication Service, Library of 
Congress," and address to Library of Congress, 
Photoduplication Service, Publications Board 
Service, Washington 25, D. C. 
Orders for reports designated (OTS) should 

be addressed to Office of Technical Services, 
U. S. Department of Commerce, Washington 
26, D. C. Make check or money order payable 
to "OTS, Department of Commerce." OTS re-
ports may also be ordered through Department 
of Commerce field offices. 
When an agency other than LC or OTS is 

the source, use the full address included in the 
abstract of the report. Make check or money 
order payable to that agency. 
Complete copies of the selected patents de-

scribed below may be obtained for $.25 each 
from the Commissioner of Patents. Washington 
26, D. C. 

Four-Loop VOR Antenna, by S. R. Anderson, 
H. F. Keary and W. L. Wright. CAA. June 
1953. 14 pp. photo, drawings, diagrs., graphs, 
table. Mi $2.40, ph. $3.30. (LC) (PB 123578). 
This report presents the results of the develop-
ment and operational tests conducted at TDEC 
on the four-loop VOR antenna system. Except 
for the antenna, standard VOR equipment and 
a 35-foot diameter counterpoise 15 feet in 
height were used for the tests. Results from 
similar tests on a standard five-loop VOR at 
the same site are included for comparison. 

Point-Contact Transistor Life Test Under Pulse 
Conditions, by J. A. Di Giorgio. USAF Com-
munications Laboratory, Bedford, Mass. Feb. 
1956. 21 pp. diagrs., graphs. (OTS) 76 cents. 
(OTS) (PB 121560). Working data were ob-
tained by taking periodically voltage margins 
of the emitter and collector supply voltages on 
a group of 30 high-speed nonsaturating flip-
flop circuits. Three types of transistors were 
used for the test. Some life test results of 16 
stages of regenerative pulse amplifier circuit, 
employing transistors which have gone over the 
5000 hour mark, are also included. 

Power Supply Characteristics and Standards 
for Transistorized Airborne Electronic Equip-
ment, by A. B. Jacobsen. Motorola, Inc. Dec. 
1965. 120 pp. diagrs., graphs, tables. (OTS) $3. 
(OTS) (PB 121525). In order to derive a tenta-
tive standard supply voltage for transistorized 
electronic equipments, this report presents the 
problems associated with the operation of such 
equipments from various sources of primary 
power. The result of this study is a recom-
mendation for adoption by the Air Force of a 
standard power-supply output rating of 18 
volts de. A power-supply designed according 
to the specifications outlined in this report 
would function equally well from either an 
alternating-current (a-c) or d-c power line in 
an aircraft; from vehicular power sources, or 
from batteries. 

Study of the Memory Requirements of Sequen-
tial Switching Circuits, by D. A. Huffman. 
MIT. Mar. 1966. 30 pp. diagrs., tables. Mi $2.70, 
ph $4.80. (LC) (PB 123217). The number of 
elementary binary memory devices necessary 
for the realization of an arbitrary asynchronous 
sequential switching circuit is considered. The 
least upper bound is discovered to be approxi-
mately equal to twice the greatest lower bound. 
The minimum conceivable interstate transition 
time for a sequential circuit is the reaction 
time of a single memory element. A solution 
which achieves this minimum time is derived 
and its relationship to the Hamming single-
error correcting code is shown. The funda-
mental limitations of error correction schemes 
which compensate for malfunctioning of mem-
ory elements are discussed. 

Telemetering Notch Antenna 925.0 Mc/Sec 
Aerobee Hi Rocket, by H. W. Haas. New Mex-
ico College of Agriculture and Mechanic Arts. 
Feb. 1956. 39 pp. photos, diagrs., graphs. Mi 
$3, ph $6.30. (LC) (PB 122373). The design 
and development of a 225.0 me notch antenna 
for the Aerobee Hi rocket is presented. A 
detailed radiation pattern study has been made 
of the antenna installed in a full scale size 
rocket mockup. The radiation patterns have 
been measured for linear, right circular and 
left circular polarization. Measured power con-
tour plots are presented to show the distribu-
tion of power in the aft region of the missile. 
A number of photographs of the antenna, 
rocket mockup and antenna range facilities are 
included in this report. Electrical and mechani-
cal details of the antenna are shown by the 
drawings. 

Study of Type and Frequency of Communica-
tion Messages Aboard Naval Vessels, by L. 
Doty, T. D. Hanley and M. D. Steer. Purdue 
University. Apr. 1955. 37 pp. tables. Mi $3, 
ph $6.30. (LC) (PB 123763). To determine the 
efficiency of voice communications systems 
aboard Naval vessels, recordings of messages 
transmitted during actual Naval operations 
were analyzed. The frequency of occurrence of 
various types of messages was tallied and the 
relative contribution of each message in terms 
of the information transmitted was determined. 

Analysis and Matching of a Trimode Turn-
stile Waveguide Junction, by R. S. Potter. 
NRL. Dec. 1955. 51 pp. diagrs., tables. $1.60. 
(OTS) (PB 111867). The microwave junction 
studied in this report is a lossless seven-port 
variation of a turnstile waveguide junction 
with a coaxial port opposite and centered on 
the axis of the circular waveguide. The junc-
tion's scattering matrix, the normal modes, the 
normal mode scattering coefficients, the equa-
tions relating the elements of the scattering 
matrix to each other, and the equations re at-
ing the elements of the scattering matrix to 
the normal mode scattering coefficients are 
determined. 

Corrective Line Sources for Paraboloids, by 
C. J. Sletten, R. B. Mack, W. G. Mavroides and 
H. M. Johanson. USAF. Antenna Laboratory, 
Bedford, Mass. Dec. 1965. 53 pp. photos, 
diagrs., graphs. Mi $3.60, ph $9.30. (LC) (PB 
122216). The notably poor wide-angle focusing 
characteristics of the paraboloidal reflector can 
be improved by corrective line sources. Studies 
of the caustic surfaces and focal fields of the 
reflector have led to the development of (1) a 
straight line source suitable for generating fan-
shaped microwave beams, and (2) line sources 
that produce a pencil beam at a given acute 
angle with the axis of the reflector. 

Detection of Separations Between Adjacent Sig-
nals on a Simulated PPI Radar Scope, by R. M. 
Herrick, H. E. Adler, J. E. Coulson and G. L. 
Howett. Columbia University. July 1966. 28 
pp. diagr., graphs, tables. 76 cents. (OTS) 
(PB 121470). A simulated Plan Position Indi-
cator (PPI) scope was used to evaluate the 
effects of a number of visual variables upon 
the minimum signal luminance increment re-
quired for the detection of a separation be-
tween two identical signals. 

Series-Tube Core Memory, by E. J. Otis. USAF 
Computer Laboratory, Bedford, Mass. Sept. 
1965. 44 pp. photos, diagrs., graphs. $1.25 
(OTS) (PB 121558). Usefulness of magnetic 
cores as components of digital equipment, espe-
cially in the buffer and permanent storage 
sections, is evident by their incorporation in 
many of the existing digital data-handling 
systems. One of the problems in using mag-
netic cores for permanent high-speed storage 
is that of selecting the few cores representing 
a storage register and then providing the high 
currents necessary for reading out or writing 
information into this register. This paper 
solves the problem with the following assump-
tions; (a) the achievement of speeds compar-
able to those of presently available memories; 
(b) minimizing the number of vacuum tubes 
used; (c) the selection to be done external to 
the memory cores. This last assumption would 
make the memory system independent of core 
characteristics and would not require a match-
ing of the cores used. This solution requires 
a diode to be used with each core. The result-
ing core memory achieves a random access time 
of two microseconds. It requires 3n K driv-
ing tubes for re, K-bit storage registers. 

Sensitive Method for Studying Gyromagnetic 
Media, by R. S. Hebbert. U. S. Nay. Ord. Lab. 
Aug. 1964. 14 pp. photos, drawing, diagrs., 
table. Mi $2.40, ph $3.30. (LC) (PB 122049). 
Apparatus is described sensitive to Faraday 
rotations as small as one one-thousandth of a 
degree. It was constructed to aid in the de-
velopment and confirmation of a theory of the 
susceptibility tensor of multiple sublattice 
ferrites. Several such ferrites were studied but 
this report is concerned mainly with the ex-
perimental techniques necessary to achieve 
high sensitivity rather than the results of 
these investigations. 

Starting-Current Analysis of Monotrorts With 
a Cylindrical TM0,. Resonator, by H. D. Arnett 
and A. J. Ruhlig. NRL. Sept. 1956. 20 pp. 
diagrs., graphs, table. 50 cents. (OTS) (PB 
121402). An electron beam, unmodulated in 
velocity, can excite cavity oscillations in a 
single-cavity resonator by converting some of 
its kinetic energy into electromagnetic energy. 
For interaction between electron beam and 
cavity fields, there must be an electric field 
component in the direction of motion of the 
electrons. The simplest such modes are the 
cylindrical TMein modes. A calculation has 
been made of the minimum current required 
for the start of oscillations in the four lowest 
modes of this type. This type of oscillator is 
especially suited to millimeter wavelengths be-
cause of the relative ease of cavity fabrication, 
provided currents of about an ampere can be 
provided. 

PATENTS 

Optical Scanner, #2,778,872. Inv. A. Nyman. 
Assigned to Alden Products Co. Issued Jan. 22, 
1957. An elongated illuminating line of ele-
mental width is focused on the original in a 
facsimile apparatus, defining the width of the 
line. A scanning aperture positioned between 
the original and the copy is movable lengthwise 
of the illuminating line so that its width de-
fines the other dimension of the elemental 
scanning area. An optical system focuses an 
image of the illuminated line onto the moving 
aperture. Hence both dimensions of the ele-
mental area may be independently focused. 

Frequency Correcting Method and Apparatus, 
#2,778,877. Inv. R. S. Caruthers. Assigned 
Lenkurt Electric Co. Issued Jan. 22, 1967. A 
pilot signal of known frequency is incorporated 
in a band of message signals prior to its modu-
lation onto a carrier whose frequency differs 
from its nominal value by a nominal error. 
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The pilot frequency is separated out and com-
bined with a locally derived carrier to shift it 
outside the message signal band. The pilot and 
message signals are then intermodulated to 
develop two sidebands, one with twice the un-
known error, the other with cancellation of the 
error, which later sideband is used. 

Microphone, #2,778,881. Inv. D. H. Fryklund. 
Assigned Gulton Industries, Inc. Issued Jan. 22, 
1957. A titanate ceramic dise is supported 
around its edge and mechanically flexed by a 
wave progressing in the direction of its axis. 
Two annular electrodes are mounted adjacent 
the edge of the disc and inwardly spaced there.. 
from, respectively; mechanical flexing will pro-
duce a voltage due to piezoelectricity. 

Parallel Ampilfying System, #2,778,883. Inv. 
P.S.T. Bnckerfield. Assigned The British 
Thomson-Houston Co., Ltd. Issued Jan. 22, 
1957. The amplifier for de and ac voltages 
comprises a de and an ac amplifier. The input 
and coupling resistance capacitance networks 
are arranged to form a pair of T networks 
and proportioned to pass substantially uni-
formly and with inappreciable phase-shift de 
and ac voltages up to the rejection frequency 
of the parallel T-filter network. Uniform am-
plification with negligible phase-shift is ac-
complished. 

Semiconductor Signal Translating Devices, 
#2,778,885. Inv. W. Shockley. Assigned Bell 
Tel. Laboratories, Inc. Issued Jan. 22, 1957. 
One end section of a semiconductor has a 
conductivity at least several hundred times that 
of the remainder; this section is connected to 
the load, the opposite end constitutes the base. 
A pair of juxtaposed zones of the opposite con-
ductivity type, defining a pair of rectifying 
junctions, is arranged in a constricted region 
intermediate these two opposing ends. The 
input is applied between this pair of zones as 
one terminal and the base as the other termi-
nal. 

Distributed Amplifier Transmission Line Termi-
nations, #2,778,887. Inv. E. H. Bradley. As-
signed Melpar, Inc. Issued Jan. 22, 1957. A 
plurality of tubes have their anodes connected 
to points of various delay on a transmission 
line. A matching impedance is interposed be-
tween the transmission line and the anode 
supply. This impedance consists of an elongated 
co-axial transmission line structure having 
relatively small reflection, flat uhf response, 
and negligible dc resistance. 

Color Television Camera Stabilizing Circuit, 
#2,779.817. Inv. R. J. Stahl. Assigned Color 
Television, Inc. Issued Jan. 29, 1957. In a 
switching circuit, two diodes are connected in 
series between the adjacent cathode resistors 
of two preceding push-pull connected tubes 
for alternate conduction. A gating tube having 
a low internal impedance compared to the 
push-pull connected tubes is connected in paral-
lel thereto is responsive to the trigger pulse to 
simultaneously bias both diodes to cut-off. 

Electronic Vulcanization of Rubber, #2,779,847. 
Inv. G. P. Bosomworth. Assigned The Firestone 
Tire & Rubber Co. Issued Jan. 29, 1967. A 
plurality of articles of varying thickness is 
continuously heated in a high frequency field. 
These articles move between two parallel elec-
trodes with their top surface parallel to and 
equally spaced from the top electrode and with 
their bottom surface electrically connected to 
the bottom electrode. 

Synchronizing System for Color Television, 
#2,780,668. Inv. K. E. Farr. Ch. W. Baugh, 
and Ch. B. Heffron. Assigned Westinghouse 
Electric Corp. Issued Feb. 5, 1957. A rotor 
positions a succession of red, green and blue 
filters in front of a television picture screen. 
A de control winding for the rotor drive is 
supplied with a voltage depending on the rotor 
speed and a comparison voltage derived by 
moving a magnetic body in inductive relation 
to an inductor winding; this voltage is corre-
lated with the vertical synchronizing signal. 

Ultra-Sonic Wave Transducer, #2,779,880. Inv. 
G. Malherbe. Assigned Ateliers de Construc-
tions Electriques Charleroi. Issued Jan. 29, 
1957. Two frusto conical sections are co-
axially arranged with their small ends adjoin-
ing, one end terminating in a wave-emitting 
section, the other end in flexible wall. The 
unit is filled with a wave-conducting medium. 
Waves from the emitting section are repeatedly 
reflected resulting in a highly concentrated 
beam and good directivity. 

Dynamic Amplifier, #2,779,921. Inv. R. C. 
Hawes. Assigned Beckman Instruments, Inc. 
Issued Jan. 29, 1957. A low-current signal may 
be measured by applying it to a capacitor con-
nected in series between a grid and anode of 
a tube. An ammeter and a capacitor are con-
nected in series in the output circuit which 
also contains a switch. 

Complex Pulse Communication System, #2,-
779,933. Inv. E. M. Bradburd. Assigned Inter-
national Telephone and Telegraph Corp. Issued 
Jan. 29. 1967. Three Pulses are being trans-
mitted, the ratio of the spacings between two 
adjacent pulses being K for all such groups of 
three pulses. The signalling means operate 
to vary the pulse spacing by given amounts 
while always maintaining the spacing ratio K. 

Noise Actuated Disabling Unit, #2,779,935. 
Inv. C. L. Loudon and W. E. Riker. Assigned 
Holmes Electric Protective Co. Issued Jan. 29, 
1957. Noise within a predetermined range is 
amplified and used to render an alarm mech-
anism inoperative and for producing a control 
signal which, after a predetermined time delay, 
operates to render the alarm circuit operative 
again. 

Phasing System, #2.780,673. Inv. J. B. Singel. 
Assigned Westinghouse Electric Corp. Issued 
Feb. 5, 1967. A master oscillator feeds a first 
power amplifier and a transmission circuit 
connected to a second power amplifier, the two 
amplifiers supplying a common load. The phase 
and amplitude of the second power-amplifier 
output are adjusted to match those of the first 
power-amplifier output. 

Resonant Circuit, #2,780,727. Inv. J. F. Dreyer. 
Assigned Telephonics Corp. Issued Feb. 5, 1957. 
A cylindrical rotatable and slidable tuning mem-
ber extends axially into a resonant chamber. 
It carries an inductive element and cooperates 
with the opposing chamber walls to form a 
tubular capacitor, simultaneously providing 
support for the sliding and rotating tuning 
motion of the member. Inductance and capaci-
tance are simultaneously varied as the mem-
ber is rotated. 

Raster Centering Control, #2,780,749. Inv. L. 
Dietch. Assigned Radio Corp. of America. 
Issued Feb. 5, 1957. A potential dividing re-
sistor is connected between a choke and a 
winding on an output transformer; the other 
choke terminal being connected to the output 
transformer winding. The deflection winding 
extends between the adjustable contact of the 
potential dividing resistor and the common 
terminal of the choke and transformer winding. 
Thus the potentiometer is effective to control 
the de component of the deflection current. 

Semi-Conductor Network, #2,780,752. Inv. 
R. W. Aldrich, J. S. Schaffner, and J. J. 
Suran. Assigned General Electric Co. Issued 
Feb. 5, 1957. Each end of a semi-conductor is 
provided with predominantly bilaterally con-
ducting electrodes, while a unilaterally con-
ducting junction electrode is situated there. 
between. A capacitor is connected between the 
junction electrode and one of the bilaterally 
conducting electrodes and an impedance be. 
tween the junction electrode and the other of 
the bilaterally conducing electrodes. 

Solar Energy Converting Apparatus, #2,780,-
765. Inv. D. M. Chapin, C. S. Fuller and G. L. 
Pearson. Assigned Bell Telephone Laboratories, 

Inc. Issued Feb. 5, 1957. Several silicon bodies 
are connected in series across the storage bat-

tery to be kept charged. Each silicon body 
includes an n-type zone contiguous with a 
p-type zone including a concentration of boron 
impurities; the thickness of the p-type zone 
being of the order of the diffusion length of 
the electrons therein. A rectifier is inserted in 
the circuit and poled to permit only charging 
current to pass. 

Self-Saturating Reactor Circuits, #2,780,772. 
Inv. B. Lee. Assigned Vickers Inc. Issued 
Feb. 5, 1957. The reactance winding of a sat-
urable reactor is connected in series with a 
half-wave rectifier between the input and out-
put circuits of a magnetic amplifier. A second 
winding on the reactor carries the ac control 
current. A second half-wave rectifier is con-
nected in shunt to this second winding and so 
poled to permit current flow in a direction to 
establish a magnetic field opposed to that due 
to the current through the first half-wave 
rectifier. 

Stabilized Direct Current Amplifier, #2,781,-
419. Inv. V. F. Ragni. Assigned International 
Telephone and Telegraph Corp. Issued Feb. 12, 
1967. The common cathode resistor of two 
tubes is connected to a negative potential, 
while one plate is grounded, the associated grid 
being connected to an intermediate potential 
point. The other plate is connected to a posi-
tive potential. The output is derived between 
the two plates, the input applied between the 
other grid and a similar intermediate potential 
point. A given change in bias on both grids 
will cause a greater current change in the 
grounded-plate tube than in the other tube. 

Band-Pass Filter Circuit, #2,781.422. Inv. 
Ch. N. Hood. Assigned General Electric Co. 
Issued Feb. 12, 1957. The output of a first 
tube is simultaneously connected to the grid of 
a successive tube and to one terminal of a 
parallel-resonant filter. The frequency-selec-
tive filter output is fed to a second control 
electrode of the first tube and to the cathode 
of the second tube in a degenerative sense in 
both instances. 

Amplifier Gain-Stabilization, #2,781,423. Inv. 
Ch. G. Kuczun and P. A. Husman. Assigned 
Laboratory for Electronics, Inc. Issued Feb. 
12. 1967. Two parallel connected amplifiers 
accommodate slightly overlapping portions of 
a wide frequency spectrum. To stabilize the 
gain of one amplifier channel, a pilot signal is 
passed through this channel, the pilot signal 
frequency lying within the pass band of the 
other channel and outside the pass band ef-
fectively passed by the channel to be con-
trolled. A gain control signal is derived from 
a comparison of the initial and the output 
pilot signal level. 

Television Receiver, #2,781,475. Inv. G. W. 
Fyler. Assigned Motorola Inc. Issued Feb. 12. 
1957. At least one high-voltage winding is in-
ductively coupled to the deflection winding of 
an electromagnetic television beam deflection 
system. This high voltage is rectified to secure 
a high dc voltage. 

Semiconductors and Methods of Making Same, 
#2,781,481. Inv. L. D. Armstrong. Assigned 
Radio Corporation of America. Issued Feb. 12, 
1957. A metallic electrode is fused to the sur-
face of an N-type semiconductive germanium 
wafer, and a P-N rectifying junction is dis-
posed adjacent the electrode. The electrode con-
sists of indium in which minor proportions of 
germanium and either gold, silver, copper or 
nickel are dissolved. 

Helical Antenna System, #2,781,514. Inv. W. 
Sichak and J. J. Nail. Assigned International 
Telephone and Telegraph Corp. Issued Feb. 
12, 1957. A helical radiator is conductively 
connected to a ground plane and mounted on 
a hollow cylindrical dielectric structure. The 
effective length of the helical conductor can 
be varied by shorting out adjustable lengths 
thereof. The input is applied through a coaxial 
transmission line at a predetermined distance 
from the position of the short. 
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Cot proven porformaneo... 

adapt from 
WESTERN GEAR'S 

many bask motor dosigns 

Western Gear's extensive miniature motor line ranges from 1/500th to 
4 H.P., 50 to 400 cycles, any voltage required, designed and built to meet 
military specifications. Our engineers will gladly work with you in solving 

your rotary electrical problems without obligation. 

gpeeial power supply units, too! 
"ransistoriud D.C. voltage regulator employ-
;ng series power transistor and temperature 
compensated Zener diode reference voltage. 
Input voltage is 27.5 V.D.C. plus or minus 
15%. Model 7VRO9 output is 20 V.D.C. at 
50 to 250 MA; Model 7VRO8 20 V.D.C. at 10 
to 150 MA. Regulation less than plus or 
minus .1% for combined variations of input 
voltage, load current, temperature, drift and 
vibration. Shunt loss is less than 25 MA. 
Temperature range from 32°F. to 150°F. 
Measures 2" x 2" x 2". 

Afflum111.0.111%.  

MODEL 
7Y1108-9 

Model 7P01 single or multiple channel strain 
gage power supply, 115 V., 60 cycle input, 
10 V.D.C. output, adjustable from 9-11 
V.D.C. with a 10-turn potentiometer. Output 
voltage changes less than plus or minus 
.05% due to temperature change from 0 to 
45°C.; output voltage changes less than 
.1% due to 2% change in load current. Out-
put ripple is less than 300 microvolts RMS, 
isolated from ground as follows: insulation 
resistance to ground, 10,000 megohms; AC 
pickup voltage to ground, 5 microvolts peak. 

MULTIPLE 
CHANNEL 

SINGLE 
CHANNEL 

 m erlit•rifflibueitioffli~ammomn 

The difference is reliability". Since 1888 5752 

WEST RN GEAR 
ENGINEERS AND MANUFACTURERS 

PLANTS AT LYNWOOD. PASADENA. BELMONT, SAN FRANCISCO CALIF 

SEATTLE AND HOUSTON--REPRESENTATIVES IN PRINCIPAL CITIES 

Western Gea• Corporation 
Electro Products Division 
132 W. Colorado St., Pasadena 1, Calif. 

Ill Please send me motor catalog No. 254-A 
D Data sheet on voltage regulator 

Data sheet on strain gage power supply 

Name  

Title  

Company  

Address  

City  State  



Why your ceramic-to-metal seals need 

RAYTHEON R-95 HIGH-ALUMINA CERAMIC 
Fundamental to the problem of reliable seals is a repro-
ducible ceramic body. And equally basic to the quality 
of the ceramic body are these essential characteristics: 

1. Vacuum tightness 
2. Sure thermal shock resistance 

3. Peliable mechanical properties 

4. Dependable electrical properties 

5. High temperature characteristics 

6. Economica. fabrication 

7. Uniformity—from lot to lot—in each of the above 

Raytheon's R-95 ceramic meets every one of these 
exacting demands, consistently! 

Ceramic parts manufactured from Raytheon's R-95 
high-alumina are available, either alone or as hermetic 

ceramic-to-metal assemblies, in accordance with your 
specifications. The assemblies can be soldered into your 
production in your own plant. 

Send sketches or drawings outlining dimensions and 

tolerances, together with operational conditions. We 
will be pleased to supply information and help on any 
of your ceramic needs. 

Write for complete specification sheet. No cost or 
obligation, of course. 

Excellence 
  RAYTHEON in Electronics RAYTHEON MANUFACTURING COMPANY 

Ceramic Sales Waltham 54, Massachusetts 

Circle 58 on Inquiry Card, page 97 



Oldsmobile Show Uses 

Steriophonic Sound 

The 1957 Oldsmobile models 
were introduced to dealers through-
out the United States by a two-
and-one-half hour live presenta-
tion designed to present new car 
features by means of song lyrics 
and dialog. The show was pre-
sented in eight major cities 
throughout the nation. 

One of the unique features of the 
show was the elaborate stereo-
phonic sound system including a 
stage sound system, an effects sys-
tem, a portable hi-fi public address 
system, and a cueing system for 
dressing rooms. The system was 
devised by Altec's F. C. Dickely and 
Oldsmobile's William C. Hill as a 
crowning touch to the presentation. 

Altec Engineers Ravzin and Dach check the 
stereophonic control console 

A radical departure from the 
sound setup Altec had provided for 
previous shows staged by the Olds-

. mobile organization was a change 
in the mixing. Previously, this has 
been accomplished from an off-
stage position, rendering it impos-
sible for those at the controls to 
observe the action taking place on 
the stage. Altec designed and fabri-
cated a special control console, the 
work of Mike Revzin, a member of 
Altec's engineering staff at New 
York headquarters, to be positioned 
in a strategic location in the audi-
torium, enabling the control en-

, gineer to follow the entire course 
of the performance, with resultant 
pin-point timing of the required 
sound effects. 

The ultimate in tape wound cores... 
CENTR I CORES 

Centricores having uniform magnetic properties are fabricated in a 
wide variety of sizes, including the A.I.E.E. proposed standard core 
sizes listed here. All are available in metallic or phenolic cases. Write 
for bulletin C4 covering complete dimensions and testing specifications. 

Centri- 
core 
No. 

A.I.E.E. Standard 
CORE DIM. 
(I nches) 

Magnetic Metals 
CASE DIM. 

(I nches) 
centri. 
core 
No. 

A.I.E.E. Standard 
CORE DIM. 
(I nches) 

Magnetic Metals 
CASE DIM. 

(I nches) 

I D. .0 D 
Str ip 
WidthWidth ID " O' • 

. ID. n . 0 ' 
D" 

Strip ID " 0 D  ' ' H 

47 .500 .625 .125 .440 .685 .195 75 1.250 2.000 .375 1.170 2.110 .445 

2 .500 .750 .125 .440 .820 .195 15 1.500 2.500 .500 1.400 2.600 .600 

37 .625 1.000 .188 .570 1.085 .262 16 1.625 2.000 .250 1.525 2.110 .330 

3 .625 1.000 .250 .570 1.085 .340 17 2.000 2.500 .500 1.860 2.652 .610 

5 .650 .900 .125 .585 .975 .195 58 2.000 3.000 1.000 1.860 3.152 1.188 

79 .750 1.000 .250 :665 1.085 .340 76 2.000 3.300 .500 1.900 3.100 .610 

7 .750 1.125 .188 .665 1.215 .262 18 2.500 3 000 .500 2.360 3.152 .610 

9 1.000 1.250 .125 .915 1.340 , .195 19 2.500 3.500 .500 2.313 3.688 .688 

30 1.000 1.250 .250 .915 1.340 .320 20 2.500 3.500 I 1.000 2.313 3.688 1.188 

10 1.000 1.375 .250 .925 1.455 .320 21 2.500 3.750 1.250 2.313 3.938 1.438 

39 1.000 1.500 .250 .925 1.570 .320 22 2.500 3.750 1.500 2.313 3.938 1.688 

62 1.000 1.500 .500 .925 1.570 .610 23 3.250 d.500 1.500 3.062 4.688 1.688 

11 1.000 1.500 .375 .925 1.570 .445 77 3.250 5.000 1.500 3.062 5.188 1.688 

13 1.250 1.750 .250 1.170 1.820 .330 25 4.000 5.250 2.000 3.813 5.438 2.188 

29 1.250 1.750 .500 1.170 1.820 .610 78 4.000 6.00C 2.000 3.813 6.188 2.188 

UMW URALS 
Hayes Avenue at 21st Street, Camden, N.J. 

OUP Electromagnetic Cores and Shields 
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to -our clients: 

e crazy 

for demanding 

the impossible... 

and we are even crazier for supplying it! 

I 
EIFCCDN  

i CLOSE-TOLERANCE CAPACITORS 
ELECTRONIC FABRICATORS, INC. 

DEPT. 7-3, 682 BROADWAY, N. Y. 12, N. Y. 

TELEPHONE: SPRING 7-4900 CABLE: ELFACAP 

t 
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they look alike.1. 

and they are alike! 

Resistance—Ohms 
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Average resistance change 
(%) cfter temperature tests (5 
cycles from -55°C to 85°C) on 
samples from over two billion 
Allen-Bradley 1/2  watt resistors. _ 

BRADLEY 
ed composition RESISTORS 

Allen-Bradley fixed 

resistors are available in 
1/10, 1/2 ,1, and 2 watt 

sizes, in all standard 
RETMA resistance 

values. 

look as alike as peas in a pod—but actually they are far more uniform! 
istance readings taken before and after five complete cycles from -55°C 

85°C showed an average resistance change of about 1/2  of 1%. The maxi-

mum resistance change—as indicated on the chart—was below 2%, with the 

majority of the units registering below 1% change. The chart is a six year 

record—covering 1248 tests of samples from production runs totaling over 
two billion resistors. This is only one of many tests to which Allen-Bradley 

resistors are subjected—to keep "tab" on their quality and uniformity. 

This uniformity and stability is the reason that Allen-Bradley fixed resistors 

are the quality standard of the electronics industry. 

Allen-Bradley Co., 1342 S. Second St., Milwaukee 4, Wis. 
In Canada—Allen-Bradley Canada Limited, Galt, Ont. 

ALLEN-BRADLEY 
RADIO, ELECTRONIC, AND TELEVISION COMPONENTS 
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GROW FASTER IN AN ORGANIZATION 
THAT TRIPLED IN SIZE LAST YEAR 

A variety of opportunities are now open at our Stamford, Connecticut Electronics 
Laboratory. This is AMF's central organization for electronics development in our 
General Engineering Laboratories —the organization that tripled its size last year. 
Let this kind of growth help speed your own career, in such programs as: 

• Industrial electronics for application to machines such as: automatic pin 
spotter, cigarette and cigar-making machines, bakery machines. 

• Radio-frequency development for point-to-point communications systems, 
radar, and special measuring instrumenta. 

• Antenna development including design of narrow beam microwave an-
tennas, antenna phasing devices, and antenna pattern tests and propa-
gation measurements on AMF's antenna range. 

Openings for: 

ELECTRONICS ENGINEERS 

With interest in radio frequency circuits for development and applica-
tion of communications and special devices. 

ELECTRONICS ENGINEERS (Advanced) 

Experience in radio frequency circuits for development and application 
of communications and special devices. Will be responsible for organizing 
a group carrying out project objectives. 

ANTENNA ENGINEERS 

Experience in test and measurement techniques on antennas and asso-
ciated equipment. Will be trained for advanced work under direct super-
vision of experienced antenna engineers. 

ANTENNA ENGINEERS (Advanced) 

To expand our present antenna group for the analysis and design of 
antennas, rotary joints, baluns, and feed systems. Capable of working 
with mechanical engineers and designers. 

ELECTRONIC PACKAGING ENGINEERS 

With 5-10 years electronic experience in packaging of component units 

of electronic and electrical systems. Will work closely with circuit and 
system engineers from breadboard and schematic diagrams to organize 
the design of the finished product. 

OTHER OPPORTUNITIES ARE AVAILABLE FOR ENGINEERS AT ALL 

EXPERIENCE LEVELS, IN BOTH COMMERCIAL AND MILITARY FIELDS. 
Full responsibility and authority are given to engineers to carry out all 
aspects of their tasks, including design, material specifications, proto-
type fabrication, test and reports. AMF supports a tuition reimbursement 
plan, post-graduate extension courses in Greenwich, and a liberal policy 
of attendance at symposiums and technical meetings. And you'll enjoy 
top salaries and regular merit reviews. 

Please send complete resume to MR. JOSEPH F. WEIGANDT 

GENERAL ENGINEERING LABORATORIES 

American Machine & Foundry Company 
o Fawcett Building • Fawcett Place • Greenwich, Connecticut 

Books 

Television Engineering, Principles and 

Practice, Vol. 2 
By S. W. Amos, B. Sc. (Hons.), A.M.I.E.E. and 

B. C. Birkinshaw, M.B.E., M.A., M.I.E.E. Pub-
lished 1956 by the Philosophical Library, 15 E. 
40th St., New York 16. 270 pages. Price $15.00. 

This volume describes the funda-
mental principles of video-frequency 
amplifiers and examines the factors 
which limit their performance at the 
extremes of the passband. A wide 
variety of circuita is described and 
particular attention is paid to the 
use of feedback. There is a section 
reviewing the special problems of 
camera-head amplifiers. 
Because of the nature of the sub-

ject, the text is necessarily mathe-
matical, but whenever possible, self-
contained mathematical derivations 
have been included as appendices at 
the end of chapters. 

Transistor Engineering Reference 

Handbook 

By H. E. Morrows. Published 1956 by John F. 
Rider Publisher, Inc., 116 W. 14th St., New York 
11. 288 pages. Price $9.95. 

The book is divided into five major 
sections. The first section deals with 
the discussion of transistor materials, 
structures, and fabrication techniques. 
Coverage is given on the point con-
tact, field effect, fieldistor, analog, 
antianalog, filamentary, junction ava-
lanche, surface barrier, intrinsic bar-
rier, and diffused layer transistor 
types. 

In broadest terms, the book is 
planned to be used as a source book 
for technical information on transis-
tors and components designed for use 
with transistors, operating capabili-
ties, performance characteristics, and. 
sources of supply. It covers some 200 
different types of transistors; compo-
nents designed for transistorized. 
equipments presented in this book are 
450 capacitors, more than 100 cells. 
and batteries, a selection of thermis-
tors and a variety of miscellaneous. 
components. This complete tabulation 
is a definite aid to the development. 
engineer and the purchasing agent in 
all transistorized equipment research 
and production. 

Electrical Measurements and Their 

Applications 

By Waller C. Michels. Published 1957 by D. Van, 
Nostrand Co., Inc., 120 Alexander St., Princeton, 
N. J. 331 pages. Price $6.75. 

This work lays a solid groundwork 
in basic electrical measurements and, 
techniques, and then examines appli-
cations in the measurement of quanti-
ties which are not primarily electrical._ 
Recently developed instruments as-

well as the more traditional ones, are-
discussed in detail. Whenever pos-
sible, physical arguments are used to, 

(Continued on page 104) 
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Recognition, advancement, security and hard work 

Join the IT&T Team 

KENNETH STEPH ANZ -Chief Engineer, 
Vacuum Tube Department: from 

B.E.E. at Ohio State in '48, has ad-

vanced at Federal from junior to 

chief engineer, is typical of career-

minded Federal engineers. 

"In my nine years at Federal I think I have discovered the key to success — the 
right choice of company and hard work," says Ken Stephanz. "It takes an engineer 
and a company to make a career. You must know what you want to do, what 
direction you want to move in. Then you must answer a tough question . . . What 
company offers me greatest opportunity to develop my talents, to build a career 
and have a happy personal life? The rest is up to you. The rewards are great — 
recognition of your efforts and abilities, chance for advancement, and financial 
and job security. 

"True, there are other considerations — location, work of your choice, living 
conditions, association with capable engineers, company prestige and growth 
potential. Engineers at Federal find that this company provides all these advan-
tages. In fact, you will find that Federal, a member of the world-wide IT&T 
System, presents unusual opportunities for the ambitious engineer." 

The markets for Federal's many products will keep the Company growing, 
assuring a bright future for Federal and its engineers. The broad scope of engineer-
ing projects opens to you a wide choice of assignment. When you join Federal you 
join a stable, dynamic organization, a leader in the electronics industry. 

For information of engineering opportunities and assignments 
write to Mr. J. Connington, Technical Placement Director. 

Federal 7élephele and Radio Comparty 
A DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 

100 Kings/and Road, Nutley, New Jersey 
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Many Klein Pliers are 
available with a coil spring 

to keep jaws in open position. 
Spring is guaranteed for the 

life of the plier. 

A free copy of the new Klein 

Pocket Tool Guide will be sent on request 
to anyone interested. 

Above are shown a few Pliers from 
the complete Klein line. Many are 
available with coil spring. No mat-
ter what your requirement in pliers, 

Klein has a pair just suited to your 

needs. And every pair is backed by 
the Klein name and reputation— 
famous for quality "since 1857." 

ASK YOUR SUPPLIER 

Foreign Distributor: International Standard Electric Corp., New York 

Mathias KLEIN .tloir.s.A.s 
Established 1857 

1?00 McCORMICK ROAD • CHICAGO 45, ILLINOIS 

Books 
(Continued from page 102) 

supplement mathematical approaches. 
A substantial number of specific 

experiments illustrate and give real-
ity to the exposition. The author has 
tried to make these experiments va-
ried enough to meet the diversed 
needs of engineers and scientists and 
to suit the facilities of any labora-
tory. 
A highly significant chapter covers 

applications in nuclear physics, in-
cluding the measurement of nuclear 
disintegration rates. 

Relay Protection of Power Lines and 
Power Stations, 1st Volume. 

By A. M. Fedossejew. Translated from Russian 
into German by Kourtiline and Werkmeister. 
Published 1955 by VE8 Verlag Technik, Berlin, 
Germany. 329 pages. 

The book is concerned with the 
relay protection of power lines and 
power stations and in particular with 
recent developments in Russia and the 
methods presently employed. 
The type of mistakes and resulting 

disturbances, such as short-circuits, 
in the normal operation in over-head 
lines and cables are explained. Sub-
sequently the various designs, involv-
ing relays, which operate a control 
circuit when the current in a line 
reaches a predetermined maximum, 
are considered. 

Protective relay apparatus for par-
allel connected power stations and 
ring-connected lines are discussed in 
great detail. Since this type of sta-
tion arrangement involves different 
time-delays for a pair of protective 
devices, depending on the position 
of the overload, relative phases must 
be taken into consideration. 
A further type of protection in 

which the time delay depends on the 
distance is extensively treated. This 
type may be operated either in re-
sponse to the voltage, the current, 
or the phase. 
The text has been written with a 

view to assist in the selection of the 
best type of equipment in a special 
instance at hand. 

Books Received 

Basic Radio and Radio-Receiver 
Servicing 
By P. B. Zbar & S. Schildkraut. Published 1956 by 
McGraw-Hill Book Co., Inc., 330 W. 42nd St., 
New York 36. 114 pages, paper bound. Price 
$1.75. 

AMA Management Book Shelf 
Published 1956 by American Management Associa-

tion, Inc., 1515 Broadway, New York 36. 
A catalog of AMA publications and films. 

Bibliography and Abstracts on 
Electrical Contacts 

Published 1956 by American Society for Testing 
Materials, 1916 Race St., Philadelphia 3. 48 
pages, heavy paper cover. Price $1.00. 
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• GENERAL 
NOW HAS 
N-P-N 

General TransiKor now makes available to you a line 
of N-P-N germanium alloyed junction transistors 

for pur computer applications. Th?. N-0-N, when 
used in conjunction with P-N-a transistors, 

s.mplifies electronic circuitry, offers extraordinary 
circuit flexibilly, and eliminates the need 

for some additional components. 
If you ere a compeer manufacturer or use 

N-P-N tçansistors write us on your com an 
letterhead for "N-P-N Specifications." 

illilin'ill110111111111111/111111,1111111111111 

GENERAL TRANSISTOR CORP. 
91-27 138th Place, Jamaica 35, N. Y. • Olympia 7-9700 

Cable: Transistor New York 

2/1312 

er.792 
01.905 



For A-N-Ything in Alnico Magnets 
ce-eae;effige" 

e 

Meeeia4 
Cast Alnico Magnets are most com-
monly made in Alnico V, VI or III. 
Sintered Alnico Magnets usually are 
made in Alnico II, V or VI. Special 
permanent magnet materials include 
Vicalloy. Cunico, and Cunife. 

efineetierf Data 
Write for your copy 
BULLETIN GC-106 B 

Contains useful data on Alnico Mag-
nets, their physical and magnetic 
properties. Also lists stock items and 
standard tolerances for cast and sin-
tered magnets. 

ADDRESS DEPT. T-74 

Your best bet when looking for a 
source of Alnico magnets and assem-
blies is Arnold—producer of the 
most complete line of magnetic ma-
terials in the industry. Arnold can 
supply your need for any size or 
shape of Alnico magnet, as illustrated 
by the variety pictured above. 
Weights range from a few ounces to 
75 pounds or more. Die-cast or sand-
cast aluminum jackets, Celastic cov-
ers, etc., can be supplied as lequired. 
Complete assemblies are available 
with Permendur, steel or aluminum 

bases, inserts and keepers as specified 
—magnetized and stabilized accord-
ing to the requirements of the ap. 
plication. 
A wide range of the more popular 

shapes and sizes of cast and sintered 
magnets are carried in stock at 
Arnold. Unsurpassed plant facilities 
make possible quick delivery of all 
special orders. • Let us handle your 
magnetron, traveling wave tube and 
wave guide permanent magnet require-
ments, or any other magnetic material 
specification you may have. 

WSW 6elsle 

RNOLD ENGINEERING COMPANY 
Main Office & Plant: Marengo, Illinois 

Repath Pacific Division Plant: 641 East 61st Street, Los Angeles, Calif. 

District Soles Offices: New York: 350 Fifth Ave. Boston: 200 Berkeley St. 
Los Angeles: 3450 Wilshire Blvd. Washington, D. C. 1001 —15th St., N. W. 
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How much should a Tape Recorder cost? 

$45,000* The new Ampex Videotape Recorder at $45,000 achieves 
flawless reproduction of TV picture and sound. The system not only promises 
to revolutionize network telecasting but will actually reduce material costs by 
99%. In hundreds of TV stations throughout the country Ampex Videotape 
Recording will repay its cost in less than a year. 

$ 1,315 * The Ampex Model 350 studio console recorder at $1,315, 
costs less per hour than any other similar recorder you can buy. Year after year 
it continues to perform within original specifications and inevitably requires 
fewer adjustments and parts replacements than machines of lesser quality. 

$545 * The Ampex Model 601 portable recorder at $545 gives superb per-
formance inside and outside of the studio. This price buys both the finest 
portable performance available and the most hours of service per dollar. 

YOU CAN PAY LESS FOR A TAPE RECORDER BUT FOR PROFESSIONAL USE 

YOU CAN'T AFFORD TO BUY LESS THAN THE BEST 

°Net price as of August 1, 1956 and subject to change. 

SIGNATURE OF PERFECTION IN MAGNETIC TAPE RECORDERS 

934 Charter Street • Redwood City, California 

AMPEX 
C ORPORAT1 0 N 

se,e 
thee 
IN ACTION 

at de 
NARTB 
CON JENTION 
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ENGINEERS • PHYSICISTS 

at the 

MOTOROLA 
MILITARY ELECTRONIC 

LABORATORY 
IN CHICAGO 

Important assignments from the armed forces have 
created new and outstanding opportunities at 
Motorola. This is your challenge to advance your 
career with a swiftly expanding company, working 
in a modern, well instrumented laboratory. You'll 

enjoy liberal employee benefits, including an attrac-
tive profit sharing plan, and association with men 
of the highest technical competence. Salaries are 
commensurate with ability. 

If you possess the following techniques: 
• Computors • Indicators and displays • Miniaturization • Trans-
istorization • Pulse Techniques and Special Waveform Genera-
tion • Linear and Nonlinear Servo-Mechanisms 

For application to systems in the following areas: 
• Guidance • Data Handling • Data Transmission • Precision 
Distance Measuring • Weapon Control • Navigation' Ground Radar 

CHICAGO, ILL. 
MILITARY LABORATORY 
write to: 

Mr. L. B. Wrenn Dept. C 
4501 Augusta Blvd., Chicago 51, III. 

PHOENIX, ARIZONA 
RESEARCH LABORATORY 
write to: 

Mr. R. Coulter, Dept. C 
3102 N. 56th St., Phoenix, Ariz. 

PHOENIX, ARIZONA 
SEMI-CONDUCTOR DIVISION 
write to: 

Mr. V. Sorenson, Dept. C 
5005 E. McDowell Road, Phoenix, Ariz. 

RIVERSIDE, CALIF. 
RESEARCH LABORATORY 
write to: 

Mr. C. Koziol, Dept. C 
Box 2072, Riverside, Calif. 

MOTOROLA 

News of Reps 

REPS WANTED 

A leading manufacturer of general 
electronic test equipment such as os-
cillators, VTVM's pulse generators 
and power supplies seeks representa-
tion in the Mid-West and Southwest 
areas. (Ask for R4-1) 

Manufacturer of precision resistors 
wants reps for Colorado and Wash-
ington-Oregon territories. (Ask for 
R4-2) 

Technical sales reps desired for 
high quality miniature transistorized 
test and pulse programming equip-
ment. In the Midwest, North West 
and Southern areas. Manufacturer is 
rapidly expanding in the electronic 
instrumentation field. (Ask for R4-3.) 

Smith and Purdy Associates, Wal-
pole, Mass., have been appointed to 
represent Teletronics Laboratory, 54 
Kinkel St, Westbury, L.I., N.Y., in 
New England and up-state New York. 

Mr. John B. DeWolf has joined the 
Fred F. Bartlett Co., 160 Morlyn 
Ave., Bryn Mawr, Pa. 

Kendrick H. Lippitt of Earlville, 
N. Y., and Harry C. Howard, Jr., of 
Akron, O., have joined the sales force 
of D. S. Kennedy Co., Cohasset, Mass. 

Air Supply Co. and Aero Eng. Co., 
Divisions of the Garrett Corp., have 
been appointed sales reps throughout 
the U. S. for the Mica Corp., Culver 
City, Calif. 

Frank Malley, formerly sales man-
ager, Fisher Radio Corp. of New York 
City, has formed Frank Malley & As-
sociates, P. 0. Box 1764, Albuquerque, 
New Mexico. Operating out of cen-
trally located Albuquerque, they ser-
vice the areas of Arizona, New Mexico 
and El Paso, Texas. 

R. E. Thompson attained the one 
million dollar sales mark for one year 
as a rep with Kay Sales Co., Kansas 
City, Mo. 

David Bogen Co., Inc., of Paramus, 
N. J., has appointed six new sales reps 
to handle Bogen and Presto Equip-
ment. E. C. Wharfield and Leon S. 
Bush have been appointed as reps in 
the Rocky Mountain area; E. L. Ber-
man Co. of San Francisco will repre-
sent Presto in Northern California; 
Michael Scott Co., Boston, will rep-
resent Presto in New England; Mor-
ris, Cunningham and Mitchell of In-
dianapolis will handle Indiana; W. H. 
Ellinger Sales Co. of Chicago, has 
been appointed to handle Illinois and 
the Eastern half of Wisconsin; North-
western Agencies, Inc., has been ap-
pointed the Pacific Northwest. 

(Continued on page 110) 
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YOU'VE GOT TO HAND IT TO ENGINEERING! 

You've got to hand it to the engi-
neering profession. The "slide-rule" 
boys know quality when they see it 
. . . and they won't be satisfied with 
anything less. Take solder, for ex-
ample. Engineers depend on KESTER 
FLUX-CORE SOLDER in their work be-
cause they know Kester's reputation 

for quality and precision manufac-
turing ... a reputation built up over 
more than 50 years. That's why 
Kester's the preferred choice of a 
great majority of electronic manu-
facturers. Engineers know that a few 
pennies saved on a "second-line" 
solder product can waste dollars! 

SEND TODAY for your copy 
of the 78 page Kester Text-
book, "Solder . . . Its Funda-
mentals and Usage." It's Free. KESTER SOLDER 

4210 Wrightwood Avenue, Chicago 39, Illinois 

Newark 5, New Jersey, Brantford, Canada 
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NOW increase 
electron tube 
life *12 TIMES! 

AIR TEMPERATURE IN C 

20 40 60 80 100 120 140 160 180 

COMPARISON OF COOLING EFFECTIVENESS 

Exclusive IERC Tube Cooling Effectiveness Provides 
Greatly Extended Tube Life And Reliability! 

Though electronic engineers know that even the slightest tube 
temperature reduction improves tube life, the greatest success 
enjoyed in obtaining extended tube life has been when IERC Heat-
dissipating Tube Shields have been specified and used. Results show 
that extensive gains in tube life and reliability are easily achieved — 
that tube operating temperatures are reduced as much as 150°C — 
that IERC's Military Type "B" shield is the only effective answer 
to obtain these benefits in your new equipment. Positive shock and 
vibration protection plus electrostatic shielding is provided. Graphs 
show temperature reductions when IERC "B" and "TR" shields 
are used with 6005 tube operating at full plate dissipation. 

PATENTED OR PATS PEND. CROSS-LICENSED WITH NORTH AMERICAN AVIATION. INC. 

420' 

380 

340 

300 

260 

220 

180 

2 00 120 140 160 180 

Retrofit For Maximum Tube Life 
No modification is required with IERC "TR" 
'IYpe Heat-dissipating tube shields! TR's fit 
easily to existing JAN sockets—greatly extend 
tube life through excellent cooling and reten-
tion against shock and vibration. 

Complete IERC literature and Technical 
Bulletins sent on request. WRITE TODAY! 

International' 
electronic research corporation 

145 West Magnolia Boulevard, Burbank, Californif 

News of Reps 
(Continued from page 108) 

The J. Y. Schoonmaker Co. an-
nounced its move into new and bigger 
quarters at 5328 Redfield Ave., Dallas, 
Tex. The new one-story building pro-
vides 5000 sq. ft. of facilities to serve 
their customers and principals. 

Harry P. Segel Co., Inc., has opened 
new ultra-modern quarters at 886 
Washington St., Brookline, Mass. The 
completely air - conditioned building 
boasts an entirely new concept in 
manufacturers' representation. 

Robert E. Fowler has been ap-
pointed a sales rep for Magnetics, Inc., 
of Butler, Pa. He will cover areas in 
upstate New York as well as Erie, 
Warren and McKean Counties in 
Pennsylvania. 

Perlmuth Electronics Associates fin-
ished 1956 as one of the top three 
sales reps for Raytheon Mfg. Com-
pany in distributor tube sales. 

Vincent Puente has become asso-
ciated with L&M Associates, 22-02 
Raphael St., Fair Lawn, N. J., as sales 
engineer for Camden and Eastern 
Pennsylvania. 

Koehler-Pasmore Co., 11833 Hamil-
ton, Detroit, has completed negotia-
tions with BARCO, Inc., of Milwau-
kee„ importers of miniature electronic 
capacitors and rectifiers, to represent 
them in the lower peninsula of Michi-
gan. 

Smith & Purdy Associates of 944 
Main St., Walpole, Mass., are reps for 
Marconi Instruments, Ltd., in the 
New England States. 

Ben Z. Rubin, 16222 Cheyenne Ave., 
Detroit 35, Mich., has been appointed 
rep for Industrial Development Labs, 
Inc., Jersey City 5, N. J. 

LeeMark Associates have been ap-
pointed the engineering reps for 
Berkeley Div., Beckman Instruments, 
2600 Fuller Road, Fullerton, Calif., 
and Waveline, Inc., 35 S. St. Clair, 
Dayton 2, Ohio, operating in Colorado, 
Missouri, Kansas and Nebraska. 

Electro Sales Associates, Inc., 
Cleveland, O., announce the opening 
of a new sales office at 512 Orange-
wood Dr., Dayton 9, 0. John F. Sheffs 
has been appointed manager of this 
office. 

Tel-Instrument Electronics Corp., 
Carlstadt, N. J., has announced the 
appointment of three new sales reps: 
Instrument Dynamics, Inc., 6 Abbott 
Road, Wellesley Hills, Mass., will 
cover New England; Brimberg Asso-
ciates, 1028 Connecticut Ave., Wash-
ington 6, D. C., will handle the ter-
ritory of Delaware, Maryland, and 
Northern Virginia; and Cox Sales 
Co., 51 Ogden St., Denver, Colo., will 
cover Montana, Idaho, Wyoming, 
Utah, Colorado, New Mexico, West 
Nebraska and El Paso, Texas. 
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KEEP UP-TO-DATE ON MAGNETICS 

How will tape wound core users be affected 

by new size standards? 
If toroidal core winding is a familiar sight in your plant, 
you'll welcome news that standard sizes for tape wound 
cores have been proposed by the A.I.E.E.* You are going 
to benefit from a high in consistency of core performance, 
brought about by our being able to concentrate on your 
most important sizes. 

Magnetics, Inc. is now stocking al/ of the proposed standard 
core sizes in both aluminum and phenolic core boxes for 
immediate delivery. Consistency of core performance is 
increased because each size is made in large lots taken from 
the same alloy batch and dry hydrogen anneal. They all 
bear our exclusive Performance-Guarantee. 

You can find all specifications for these AIEE-standardized 
tape wound cores in Catalog TWC-102, a new publication 

which, incidentally, is the most comprehensive tape wound 
core text published anywhere by anybody. Your copy of 
this Catalog-Design Manual may be obtained by writing on 
your letterhead to Magnetics, Inc., Dept. TT-34, Butler, Pa. 

177,17011ETICS inc. 

*Paper 57-2116, Proposed Size Standards for Toroidal Magnetic 
Tape Wound Cores. Report of the Magnetic Amplifiers Material 
Sub-Committee, at the 1957 Winter General Meeting, MEE. 
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DOUBLE IMPACT! i 
g. a • 

a e e 
* . 

"W From your advertising in àELECTRONIC INDUSTRIES' 
Annual Directory Issue 

READ as an issue 

USED as a reference 
throughout the year 

Assured continued 

sales exposures 

The Electronic Industries' Directory is an integral part of a regular monthly 
issue. It is read by the top electronic engineers in the original equipment market 
as well as other design talent throughout the industry—with the same enthusiasm 
as all other 11 issues. THIS IS THE FIRST IMPRESSION YOUR ADVER-

TISING WILL MAKE. More listings . . . more complete listings . . . more prac-
tical listings make it a storehouse for electronic engineers. ELECTRONIC 
INDUSTRIES' Directory is in contact with these men whenever they look to 
buy. THIS IS THE SECOND AND LASTING IMPRESSION YOUR 
ADVERTISING WILL MAKE. 

AD DEADLINE: MAY 1, 1957 
ELECTRONIC 
INDUSTRIES 
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IRE Sessions 
(Continued from page 61) 

miniaturization —  The Ultimate 
Technique" will discuss these 
problems fully Tuesday evening. 

Printed circuits have been a 
boon to mass production of elec-
tronic equipment. New, more rapid 
methods of manufacturing printed 
circuits are being constantly 
sought. "An Automatic Dip Sol-

e dering Machine" is being pre-
sented by V. O'Gorman, United 
Shoe Machinery Corp., Beverly, 
Mass. This machine described 
fluxes, preheats, dip solders, 
cleans the residual flux from the 
boards and unloads automatically 
at a rate of 1,000 per hour. This 
discussion will take place Wednes-
day afternoon at the Coliseum. 

Until recently, techniques for 
recording digital data on perfo-
rated tape had been perfected to 
meet the requirements of the com-
munications industry. The re-
corder described in the paper 
"Design Considerations for Super 
Speed Perforate Tape Digital Re-
cording" probably represents the 
first tape perforator designed for 
instrumentation as well as digital 
computer output data recording 
applications. Recordings of stan-
dard 5, 6, 7 or 8 whole code 
patterns can be reliably performed 
at controlled rates up to 240 codes 
per second. This paper should be of 
interest to computer engineers as 
well as people concerned with 
telemetering and remote control. 
The paper will be presented Thurs-
day morning in Morse Hall at the 
Coliseum. 
Microwave switches are the 

subject of 2 papers being pre-
sented Thursday morning in Fara-
day Hall at the Coliseum. "Fast 
Acting Microwave Switch" de-
scribes a novel mechanical micro-
wave switch primarily applicable 
to low power circuitry. The 
switching time is in the order of 1 
microsecond and the stop power 
attenuation is better than 60 db 
at all frequencies of the useful 
microwave spectrum. The other 
paper is "High Speed Ferrite Mi-
crowave Switches." Problems in 
the design of the microwave struc-
ture as well as electronic driving 
circuitry are discussed. 

GOLD PLATED CELL 

The photograph above compares the new 
Energizer cell with a shirt button. The tiny 
cell is designed to power an electric wrist 
watch for more than 12 months 

Avionic Report 
"Automatic Flight," released by 

The Radio Technical Commission 
for Aeronautics, is a réport of 
studies on the application of auto-
matic flight techniques in take-
off, cruise, approach, landing, and 
taxiing. The report describes six 
categories of automatic flight and 
defines fundamental terms as a 
basis for automatic flight equip-
ment nomenclature. Of special in-
terest to avionic engineers are the 
detailed analysis of the final ap-
proach problem and the criteria 
for adjustment of ILS localizer 
facilities. Standards for localizer 
receiver output and autopilot cou-
pler output characteristics are 
recommended. 

Bendix Builds 
Minitrack Receiv ers 

Minitrack radio receivers, so 
sensitive they can "hear" invisible 
stars, are in production at Bendix 
Aviation Corporation. 

The ultra-sensitive Minitrack 
radio was designed and built orig-
inally by the Naval Research Lab-
oratory to track the earth satel-
lite. The original "Minitrack" sys-
tem, along with 11 other receivers 
under construction by the radio 
division of Bendix in Baltimore, 
will be strategically placed up and 
down the American continents to 
tune in radio beams from the man-
made moon as it orbits in space. 

In its orbit around the world, 
the satellite's 13-ounce transmit-
ter will transmit a radio signal 
on a frequency of 108 mc—at the 
upper end of the standard FM 
broadcast band—with a power of 
from 10 to 50 milliwatts. Radio 
equipment sensitive enough to re-
ceive this signal reportedly, can 

listen to radio "noise" originating 
on the sun—not ordinary sun-spot 
"static"—and detect the presence 
of stars that emit no visible en-
ergy. 
The complete Minitrack radio 

receiving system being built by 
Bendix Radio will occupy six 
racks, each about the size of a 
filing cabinet. Each system will 
be housed in an air •conditioned 
mobile trailer and receive signals 
picked up from eight antennas, 

separated by a few feet to 500 
feet, at each of the receiving sta-
tions. By measuring the minute 
difference in time required for the 
satellite's signal (traveling at the 
speed of light) to reach each of 
several antennas, the position of 
the 20-inch sphere whirling 200 to 
1500 miles above the earth will be 
pinpointed. 

The United States earth satel-
lite program calls for the launch-
ing of additional small, unmanned, 
earth-circling satellites as part of 
U. S. participation in the Interna-
tional Geophysical Year. The 
satellites will be used to collect 
data by scientific measurements 
in interplanetary space. Data will 
be obtained by radio signals com-
ing from the instrument-packed 
20-inch sphere and also by optical 

observation of the tiny "moon" as 
it orbits at 18,000 miles an hour 
—circling the earth about once 

every 90 minutes. 

The earth satellite will provide 
scientists with information on the 
outer limits of the atmosphere, 
the characteristics of inter-
planetary space, solar radiation 

and its effects on weather and 

communications, cosmic rays, the 
density of dust and micrometeor-

ites in outer space and precise 
data never before available on 
the size and shape of the earth. 
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2 CAREERS in 1... 
When you 

build a career 
atfTL 

...you build a 
career with the 
Ti System! 

"TWO Careers in ONE" exemplifies one of the many 
reasons why Federal Telecommunication Laboratories 
is such a distinctive place to work and grow. 
Achievement at FTL not only brings professional 

recognition, but simultaneously enhances your stature 
as a member of International Telephone and Telegraph 
Corporation's distinguished engineering team! 
FTL's "small-company" project system provides un-

limited opportunities for advancement. Assignments in 
FTL's eight laboratories are of the highest calibre and 
national importance.. . facilities are the finest. Stability 
is assured by FTL's long-range, diversified program and 
extensive expansion on the East and West Coasts. All 
popular medical-surgical, pension and insurance bene-
fits are available. Typical assignments at our East 
Coast Laboratory include: 

Radio Communication Systems • Traveling Wave Tubes 
Electronic Countermeasures • Air Navigation Systems 

Antennas • Missile Guidance • Computers 

Transistors and other Semiconductor Devices 

Telephone and Wire Transmission Systems 

If you prefer 

CALIFORNIA— 

Opportunities for relaxed living and career-

building also at FTL's West Coast Laborato-

ries: San Fernando, Cal., 15191 Bledsoe St. 

—openings in Digital Computers, Inertial 

Navigation Systems and Infra Red Systems. 

Palo Alto, Cal., 809 San Antonio Road— 

openings in Carrier Systems. 

FTL's East Coast Laboratory, Nutley, N. J. 

—only 28 minutes from New York City 

MAIL THIS COUPON TODAY T-4 

Federal Telecommunication Laboratories 
500 Washington Avenue, Nutley, N. J. 

Please send literature describing opportunities 
and benefits at FTL, in Nutley, New Jersey. 

Name 

Address 

City  Zone State  

'Wend Telecommunication LabonVories 
A Division of INTERNATIONAL TELEPHONE 

AND TELEGRAPH CORPORATION 

Printed Circuit 
(Continued from page 73) 

the order of 20 to 30 minutes. How-
ever, the process may be consider-
ably speeded up by applying a spray 
or jet of ferric chloride to the plate 
rather than simply immersing it. 
Other common techniques for 
speeding the operation of etching 
are (a) heating the solution or 
(b) violent agitation. Both involve 
a certain amount of risk. The first 
one entails a risk of boiling and 
the resultant danger to personnel 
and equipment. The second entails 
the risk of splashing and spillage. 
To avoid these possibilities, it has 
been found possible to employ an 
electrolytic etching technique. 

Electrolytic Etching 

Electrolytic etching simply re-
quires the connection of an external 
current source to the copper-clad 
plate and immersing another elec-
trode in the etching solution. The 
copper-clad laminate is connected 
to the positive electrode and the 
other electrode is connected to the 
negative terminal. This cathode can 
be a carbon rod. A suitable source 
of power is a 12 v. storage battery. 
Although it is readily seen that 
the electrolytic etching cannot re-
move isolated portions of the con-
ductor, nevertheless the saving in 
time achieved by etching down to 
a very thin residual layer is con-
siderable. 
The electrolytic action will assist 

in removing a large bulk of ma-
terial that would otherwise have 
to be etched away. Once this large 
bulk has been removed, the normal 
etching procedure will go to com-
pletion and yield the desired fin-
ished product. 
Care should be taken that the 

connection to the copper-clad lami-
nate is made on an inconspicuous 
portion of the plate, where no dam-
age will be done. Further, the cop-
per under the connection will not 
be etched away. Removal of the 
copper that is shielded by the con-
nection can be done in a variety 
of ways. 

Advantages 

The prime advantage of this 
system is in the extremely low cost 

(Continued on page 116) 
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Special Blow- Knox guyed 
tower for microwave com-
munications 

Planning better 

communications? 

Microwave may be the answer 
... and Blaw-Knox has the towers 

Improved service, reduced maintenance, and 
economy records of pioneer microwave in-
stallations are responsible for many com-
panies planning new communications paths 
through the sky. Quite possibly, microwave 
can best answer your growth problems, and 
Blaw-Knox can best answer your tower 
questions. 
Blaw-Knox Microwave Tower designs are 

based on more than 40 years of experience 
in building towers. For example: 

• The first Blaw-Knox Towers, four 300' 
self-supporting towers erected over 40 years 
ago in Alaska, still stand in good service. 

• The world's first atom bomb was sup-
ported by a Blaw-Knox Tower, ushering in 
the Atomic Age at Alamogordo, New Mexico, 
in 1945. 

• First electronic contact was made with 
outer space by a radar signal to the moon, 
beamed from a Blaw-Knox Tower. 

From such varied experience as this, Blaw-
Knox engineers are well qualified to design 
and engineer the type of tower system that 
will best meet your present and future re-
quirements. Blaw-Knox Microwave Towers 
meet or surpass government standards and 
recommendations of the Radio-Electronics-
Television Manufacturers Association 
for safety, wind loading and quality of 
construction. 
Get the full story of Blaw-Knox Tower 

design, engineering and fabrication services. 
Write today for your free copy of new 
Bulletin 2538. 

BLAW-KNOX COMPANY 
Equipment Division 

Pittsburgh 38, Pennsylvania 

Type ML-210 Blow-Knox 
self-supporting tower for 

. microwave communications 

MICROWAVE TOWERS 
Guyed and self-supporting Microwave Towers, custom-built 
for each installation ...and Transmission Towers ...Antenna 
Towers—guyed and self.supporting for AM•FM-TV, Radar ... 
parabolic antennas and other special structures 
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EDGE-LIGHTED PANELS 
Functional design—reducing lighting circuit assembly 
time by as much as 40 per cent — is the keynote of 
U. S. RADIUM'S new integral edge-lighted panels for 
control and instrumentation. Costly hand wiring and 
light assembly operations formerly required are com-
pletely eliminated with the new integrated units. 

By virtue of their shallow, uncluttered construction, 
USR's integral panels, already in use in a number of air-
borne applications, have provided design engineers with 
added flexibility in control planning and development. In 
addition, the integral panel-equipped control board yields 
significant weight savings and thus, important payload 
advantages. 

The new panels conform in every respect except light 
assembly to MIL-P-7788. The flexibility and photographic 
precision inherent in the LACKON® process are incorpo-
rated in USR's integral units along with LACKON'S outstand-
ing durability and resistance to solvents and weathering. 

U. S. Radium engineers will consult with you on applica-
tion of integral edge-lighted panels to your control 
system problems. Write Department B3. 

put.orp,i)ew ,TtITES RADIUM CORPORATION 
5942 W. Chicago Ave., 
Chicago 51, Illinois 
5420 Vineland Ave., 
North Hollywood, California 

Affiliates 
CANADA: Radefin-Kirk Ltd., 1168 Bay St., Toronto, Ont. 
EUROPE: United States Radium Corporation (Europe) 
36 Avenue Krieg, Geneva, Switzerland. 

(Continued from page 114) 
of setup and operation. Compared 
to photographic negatives, the Oza-

lid reversal foil is indeed inexpen-
sive, costing approximately ten 
cents for an 8 x 10 in. sheet. The 
processing required may employ a 
conventional Ozalid machine or the 
manual method described. 

The disadvantages of an arc-

light source are avoided by using 

the inexpensive and safe sun lamp 
and filter. Four commercially avail-
able chemical compounds, a simple 
spinner, and a few processing trays 
constitute the remainder of the 
equ ipment. 

All the processes involved can be 
easily performed in normal room 
light by relatively unskilled per-
sonnel. The quality of reproduction 
of the ink drawing is almost per-

fect and the overall process pro-
duces adequate results for all but 
the most exacting printed circuit 
fabrication. It is estimated that a 

complete setup suitable for model 
shop use (including about 2400 sq 
in. of copper clad laminate) can be 
obtained for less than $100. (Fig. 
1) 

Disadvantages 
About the only disadvantages en-

countered in this system arise when 
extreme accuracy of reproduction 
is required. In these cases the 
photographic process which allows 

a 4:1 or greater reduction ratio 
from a large master drawing, may 

be desirable. However, this degree 
of accuracy is required only in a 

very small percentage of the cases. 
It should be noted that double side 
printed circuitry and through-plat-

ing of holes are no more difficult 
when using this process than they 
are in the conventional one. 
The authors wish to thank Mr. 

William M. Martin for suggesting 
the use of electrolytic etching. 

1 At pres.mt almost all known printed 
circuitry techniques employing the photo 
resist process use a carbon arc as a light 
source. 

2. For further information on the photo 
resist process see Eastman Kodak Com-
pany's Bulletin, Industrial Uses of Kodak 
Photo Resist. 

CALLING ALL INVENTORS, 
Professional or amateur inventors 
often have germs of ideas useful 
in solving current National De-
fense problems. Commerce Dept.'s 
National Inventors Council says 
civilians have contributed 200 
life-saving and money-saving ideas 
since 1940. Write to NIC, Dept. 
of Commerce, Washington 25, for 
current copy of "Tech. Problems 

Affecting National Defense." 
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Personals 

Alan R. Pearlman has been ap-
pointed Chief Engineer by Universal 
Atomics Corp., Westbury, L. I., N. Y. 

John B. Suomala, Jr., of Concord, 
Mass., has joined the engineering staff 
of D. S. Kennedy & Co., Cohasset, 
Mass. 

Charles E. Arnold appointed man-
ager of Sylvania's Avionics Labora-
tory at Waltham, Mass. 

W. Dale Fuller has been appointed 
Director of Research as part of the 
Varo Mfg. Company's technical ex-
pansion program. He was Chief Elec-
tronics Engineer for Engineering Lab-
oratories, Inc. 

W. D. Fuller E. Weiss 

Eric Weiss, formerly senior staff 
physicist for Hughes Aircraft Co., has 
joined the engineering staff of Day-
strom Systems Div. of Daystrom, Inc. 
He will concentrate on the application 
and usage of computers in automatic 
systems. 

Alfred H. Grebe is now Chief Re-
search and Development Engineer for 
Filtors, Inc., Port Washington, L. I., 
N. Y. 

Paul D. Rockwell has been ap-
pointed Assistant Engineering Direc-
tor for Design Engineering for 
Page Communications Engineers, Inc., 
Washington 5, D. C. 

Donald E. Brown will now serve as 
Chief Engineer for the Glendale 
Div. of Consolidated Electrodynamics 
Corp., Pasadena, Calif. 

The appointments of Dr. Rolf W. 
Peter as Director of the Physical and 
Chemical Research Laboratory and 
Allen A. Barco as Director of the 
Systems Research Laboratory of RCA 
Laboratories were announced. 

Lawrence L. Hardin, Jr., has ac-
cepted a position as Advance Design 
Engineer with Stavid Engineering, 
Inc., Plainfield, N. J. 

Walter T. Runiewicz is now Chief 
Components Engineer, and William 
D. Dunwody is Chief Systems Engi-
neer for Clifton Precision Products 
Co., Inc., Clifton Heights, Pa. 

Bourns NEW 

DeiRIMPOT JR.* 
• micro-miniature size 
• high power rating 
• humidity proof 

'Trade Mark 

This micro-miniature potentiometer is designed for use 

with printed circuit boards and modular-type assemblies, and 

is derived from Boums' original ViiiiPor.® The new TRIM-

POT JR. is only %6"x %6"x 1" in size. Seventeen units can be 

mounted in one square inch of panel space. Power rating is 

2 watts, and maximum operating temperature is 175°C. 

The TRIMPOT JR. is built to meet or exceed government 

specifications for humidity, salt spray, vibration, acceleration, 

and shock. This potentiometer features a 15-turn screwdriver 

adjustment and 11/2 ", 0.016" diameter leads. The shaft-clutch 

assembly idles when the mechanical limits are reached, thus 
preventing possible damage from forcing of adjustments. The 

TRIMPOT JR. is mounted with 2-56 screws through stainless 

steel eyelets on 3/4 " centers. 

Deliveries from stock. Send for complete data: Bulletin JR. 

"Illie lealliagaP" Wine 1.301IRNS LABORATORIES, INC. 
General Offices: 6135 Magnolia Avenue Riverside, Californ a 
Plants: Riverside, California—Ames, Iowa 

LINEAR MOTION POTENTIOMETERS • PRESSURE TRANSDUCERS AND ACCELEROMETERS 
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DATA FOR 

HOW TO BUILD 

EXTRA DEPENDABILITY 

INTO YOUR DESIGNS 

To meet the ever-growing demand for high-quality 

tubes that will measure up to critical military specifi-

cations and exacting commercial applications—RCA 

"Premium" Tubes are controlled in process. Process 

control, rigidly monitored by 100% microscopic in-

spection of 24 categories of workmanship, constant-

ly improves RCA "Premium" Tubes ...maintains RCA 

leadership in quality and reliability. In addition, RCA 

"Premium" Tubes are controlled for—shock—stabi-

lization—glass strain—heater-cycling life—fatigue— 

and low-frequency vibration. For reliable circuitry— 

under tough conditions of vibration, impact, humidity, 

and wide temperature variations—back your designs 

with RCA "Premium" Tubes. Check the chart for the 

types you need. 

HANDY FACT BOOK ON 

RCA TUBES FOR DESIGNERS 

Fast reference guide (RIT-1041 in-
cludes technical data, socket dia-
grams, and descriptions on all RCA 

"Premium" and Special Red Tubes 
...plus computer, pencil, glow dis-

charge, small thyratrons, low micro-
phonic, and other tube types espe-
cially suited for industrial and mili-
tary applications. For your copy, mail 
the coupon on next page. 

"PHEMIUM" AND "SPECIAL RED" TUBES 
—to meet Military Specifications and Critical Commercial Applications 

RCA 
"Premium" Tube 
Type No. 

GOVERNMENT INSPEC TED PRODUCT 

Prototype Military 
No.. Type No. 

Applicable 
Military 
Specification 

Qualification 
Approval 
Certificate 
No. 

Point 
of 
Mfr.•• 

0A2-WA 
082-WA 
2D21-W 
68C7-W 
6.14-WA 

12AT7-WA 
5636 
5636-A 

5654 

565416A65-W 

5654/M(5-W/6096 
5690t 

5691-E 
5692t 
5693 
5718 
5718-A 

5719 
5719-A 

5725 
5726 
5726/6AL5-W 
5726/6AL5-W/6097 
5727/2021-W 
5749 
5751 
5751-WA 
5814-A 
5814-WA 
5840 
5840-A 

6073 
6074 
6080-WA 

6099' 

6101 
6101/6.16-WA 
6186/6AGSWA 
6189/12W-1VA 
6201 
6205 

0A2 
OB2 
2021 
6AC7 
6.14 

12AT7 
6AS6 
6AS6 

6AK5 

6AK5 

6AK5 

6S17-GT 
6SN7-GT 
65.17 

6AS6 
6AL5 
6AL5 
6AL5 
2021 
6BA6 
12AX7 
12AX7 
12AU7 
12807 

0A2 
082 
6A57-G 

616 

616 
616 
6AG5 
12AU7 
12AT7 
5840 

JAN 0A2-WA 
JAN 082-WA 
JAN 2D21-W 
JAN 6AC7-W 
USN 614-WA 

JAN 12A17-WA 
JAN 5636 
USN 5636-A 

JAN 5654/6AK5-W 

JAN 5654/6A1(5-W/6096 
USN 5690 

JAN 5691 
JAN 5692 
JAN 5693 
JAN 5718 
USN 5718-A 

JAN 5719 
USN 5719-A 

JAN 5726/6iL5-W 
JAN 5726/6AL5-W/6097 
JAN 5727/2021-W 

JAN 5751 
JAN 5751-WA 
JAN 5814-A 
JAN 5814-WA 
JAN 5840 
USN 5840-A 

USN 6080-WA 

USAF 6099 

JAN 6101/676-WA 
JAN 6186/6AG5-WA 
JAN 6189/12A87-WA 

JAN 6205 — 

Mil-E-1/290A 
Mil-E-1/291 
Mil-E-1/756 
Mil-E-1/354 
Mil-E-1/619C 

(Navy/ 
Mil-E-1/38 
Mil-E-1/168C 
Mil-E-1/715A 

(Navy) 

5 Mil-E-1/4 
Mil-E-1/4A 
Mil-F-1/236 
Mil-E-1/489 

(Navy) 
Mil-E-1/133A 
Mil-E-1/134A 
Mil-E-1/81A 
Mil-E-1/17213 
Mil-E-1/681 

(Navy) 
Mil-E-1/173C 
Mil-E-1/682 

(Navy) 

Mil-E-1/7A 
Mil-E-1/235A 
Mil-E-1/83 

Mil-E-1/10 
Mil-E-1/237 
Mil-E-1/12A 
Mill-1/238A 
Mil-E-1/140B 
Mil-E-1/72C 

(Navy) 

Mil-E-7/510B 
(Navy) 

USAF Exhibit 
WCL-582 

Mil-E-7/243A 
Mil-E-1/244A 
Mil-E-1/246A 

70255A 
70256A 
N-4220 
1,1-3299 

BuShips Ltr 
4/26/55 
21058 
20936 

BuShips Ltr 
8/24/56 

A-1941 

29767 
Belies Ltr 
4/28/55 
H-3623 
PE-3621 
N.3624 
20775 

BuShips tir 
8/4/55 
20793 

BuShips Ltr 
8/4/55 

A-1-B29 
20055 
20293 

A-19- 89 
26452 
A-4131 
20472 
20011A 

BuShips Ltr 
8/20/54 

BuShips- Ltr 
8/26/55 

A-4198 
20200 
20297 

20954 

H 

H 
H 
H 

H 
H 
H 

H 
H 
H 
H 
H 

H 
H 

H 
H 

H 
H 
H 
H 
H 
H 

H 

H 

H 
H 
H 

H 

NOTES: T 'Special-Red' Tubes. • •H = Harrison, N 1, W=Woodbridge, N. 1 
This type is intended for special Air Force application only. For <Me, military 
uses, the 6101 /616-WA is recommended. 

•Premium versions may differ from their prototypes in electrical characteristics, 
physical structure, or types of tests to which they ore subjeced. Tube data should, 
therefore, be checked before replacing a type in the prototype column will, the 
listed "Premium" type. 

EAST: HUm boldt 5-3900 

744 Broad Street 
Newark 2, N.1 

DISTRICT SALES OFFICES 

MIDWEST: WHitehall 4-2900 

Suite 1181 
Merchandise Mart Plaza 

Chicago 54, III. 

WEST: RAymond 3-8361 

6355 East Washington Blvd. 
Los Angeles 22, Calif. 
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DESIGNERS 
LONG-TERM POWER DELIVERY 

—with RCA Power Tubes 

The remarkable endurance of RCA Power Tubes in commercial and military ap-
plications is related to tube designs that have withstood the tests of practical equip-
ment operation for many years. RCA Power Tubes are available in a complete 
range of plate-input powers and frequency ratings. Some typical power types are 
pictured here. 

- BEAM POWER TUBES 
RCA-2E26 RCA-6893 

30 watts CW input to 125 Mc 
and 20 watts at 175 Mc (CCS) 
— identical CCS and ICAS rat-
ings (except heater) for both 
types. For 6.3-v. heater circuits, 
specify RCA-2E26. For 12.6-v. 
specify RCA-6893. 

BEAM POWER TUBES 

RCA-6146 

RCA-6159 

RCA-6883 

67.5 watts CW input to 
60 Mc and 45 watts at 
175 Mc (CCS) — iden-
tical CCS and ICAS 
ratings (except heater) 
for all three types. For 6.3-v. heater circuits, 
specify RCA-6146. For 12.6-v. specify RCA-
6883. For 26.5-v. specify RCA-6159. 

RCA-6161 

POWER TRIODE 

400 watts CW input to 900 Mc 
250 watts CW input to 2000 Mc 

POWER TUBE ANSWER BOOK 

RCA Transmitting Tube Manual TT-4 
(Types up to 4 Kw Plate Input) 

256 fact-filled pages cover-
ing 108 power tube types 
and 13 rectifiers. Includes 
theory, data, installation, 
application, and circuits. 

See coupon below. 

1 MEGAWATT INPUT 
TO 75 MC! 

New RCA-6949 Super l'ower Triode 

RCA-6949 is a water-
cooled, shielded-grid 
beam triode capable 
of generating useful 
continuous rf power 
in the order of 500,-
000 watts — with high 
efficiency and excep-
tionally low driving 
power. It can be used 
as a class C rf power 
amplifier (modulated 
or unmodulated) , and 
as a linear rf power 
amplifier in single-
sideband service. It 
can provide the if 
power needed for nu-
clear particle accel-
erators. 

DESIGN 

SLIMMER 

TV SETS 

WITH NEW 

RCA-17BZP4 

110° TUBE 

1 square= 1 inch 

• Only 12-9/16" long 

• No Ion-Trap Magnet Needed 

• Super-Aluminized 

• Weighs Only 10 lbs. 

Designed specifically for large-screen TV sets 
in slimmer, lighter-weight cabinets, this 17"-
type rectangular glass picture tube is actually 
3" shorter than types having the same size face-
plate and 90° deflection. "Straight-type" gun 
has improved focus and eliminates the need 
for an ion-trap magnet. 

NEW AF TRANSISTOR PROVIDES HIGH POWER GAIN 
AT LOW DISTORTION AND WITH HIGH EFFICIENCY 

RCA-2N270 ...an hermetically sealed, alloy-junction transistor of the ger-
manium p-n-p type ... is designed especially for use in large-signal audio-
frequency circuit applications in home-entertainment radio sets, 
phonographs, and battery-operated communications equipment. In class A 
service, one RCA-2N270 can deliver a maximum-signal power output of 
approximately 60 milliwatts with a power gain of 35 db. In push-pull class 
B service, two 2N270's can deliver a maximum-signal power output of ap-
proximately 500 milliwatts with a power gain of 32 db. Low collector satu-
ration current permits design of af amplifiers which can operate under 
varying ambient temperature conditions and, at the same time, provides 
both high efficiency and a high degree of operating stability. Current trans-
fer ratio of 2N270 is nearly constant over the full range of the output-
signal swing, even when the peak output-signal current reaches the peak 
collector current rating. This feature minimizes distortion at high power 
outputs when low supply voltages are used. 

Do you want an RCA TT-4 Manual...or more 
technical data on items listed below? Just 
check the item in the coupon and mail to: 

RCA, Commercial Engineering 
Sec. D5OR, Harrison, N. J. 

O TT-4 (please enclose check or money order 
for $1.00) 
RIT-104 Booklet on RCA Receiving-Type 
Tubes for Industry 
RCA-6949* 
RCA-2N270 

D RCA-17BZP4 

ID RCA-6146, 6159, 6883 
CI RCA-6161 
*Bulletin in preparation 

Name 

Title 

Firm 

Address   

RADIO CORPORATION of AMERICA 
Tube Division, Harrison, N. J. Semiconductor Division, Somerville, N. J. 
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OUR MILLIONTH FILTER SHIPPED THIS YEAR... 

FILTERS 
FOR EVERY APPLICATION 

TELEMETERING 

FILTERS 

UTC manufactures a wide variety of 
band pass filters for multi-channel 
telemetering. Illustrated are a group 
of filters supplied for 400 cycle to 
40 KC service. Miniaturized units 
have been made for many applica-
tions. For example a group of 4 cubic 
inch units which provide 50 channels 
between 4 KC and 100 KC. 

Dimensions: 
(3834) 11/4 x 13/4 x 2-3/16". 
(2000, 1) 11/4 x 13/4  x 15/8". 

CARRIER 

FILTERS 

A wide variety of carrier filters are 

available for specific applications. 
This type of tone channel filter can 
be supplied in a varied range of band 

widths and attenuations. The curves 
shown are typical units. 

DISCRIMINATORS 

These high Q discriminators provide 
exceptional amplification and linear-
ity. Typical characteristics available 
are illustrated by the low and higher 

frequency curves shown. 

For full data on stock UTC transformers, 
reactors, filters, and high Q coils, write 
for Catalog A. 

•••\ f ,"\ 

TYPE CENTRAL F14101 NCO 

4692E 1695 CPS 

4682F 2290 cps 

q 

4682G 2990 CPS 
46828 3890 CPS 

46821 5400 CPS 
4682.1 7330 CPS 

Il 

VOLTS 

e   

J 
FREQUENCY 

VOLTS 

2   

!, 10 

FRE0u1.1:,;, 

6173 DB 
•30 

,300ev 1400 1500 1600 noo 
REOUENCY 

2001 — 

50,, /0 100 150 200 250 

FREQUENCY 

6174 A 

,OnC 

IRLO LNLY 

Dimensions: 
(4682A) 11/2 x 2 x 4" 

AIRCRAFT 

FILTERS 

UTC has produced the bulk of filters 
used in aircraft equipment for over 
a decade. The curve at the left is 
that of a miniaturized (1020 cycles) 
range filter providing high attenua-
tion between voice and range fre-
quencies. 

Curves at the right are that of our 
miniaturized 90 and 150 cycle filters 
for glide path systems. 

Dimensions: 
(7364 series) 15/8 x 13/4  x 21/4". 
(9649) 11/2  x 2 x 4". 

Dimensions: 
(6173) 1-1/16 x Via x 3". 
(6174A) 1 x 11/4 x 21/4 ". 

UNITED TRANSFORMER CO. 
150 Varick Street. New York 13, N. Y. EXPORT DIVISION, 13 E. 40th St.. New Ynrk 1A N (-Arum -API Ace 



Helping Hand 

Not long ago, a plane en route 
from Hawaii radioed a distress 
call that a fire aboard had disrupted 
its navigational aid system. FCC 
monitoring stations obtained bear-
ings which enabled the Coast Guard 
to guide the plane to safety. Moni-
toring fixes also helped to bring 
in a military transport plane which 
developed engine trouble while 
nearing this country from the 
Azores. Through the same means, 
a lost Navy plane was directed to 
a landing in Bermuda with less than 
an hour's supply of fuel left. 

Marine Filtering 

(Continued from page 57) 

the receiver, consists pricipally of 
establishing the background noise 
level by disconnecting the antenna 
and adjusting the r-f gain control 
to obtain a value of —10 db on the 
output meter, reconnecting the an-
tenna and recording the ambient 
interference, energizing the equip-
ment to be tested and recording the 
meter reading at the interference 
level. In tests of this type, the 
Navy Department considers inter-
ference objectionable when the 
measured interference is 3 db 
greater than the ambient interfer-
ence. The Army considers any in-
terference exceeding the permissi-
ble levels cited in MIL-S-13237 as 
objectionable. 

Prior to the initiation of tests, 
all of the 25 potential interference 
producing devices installed aboard 
the craft were placed in operation 
and examined to determine ade-
quate functioning. It was found 
that the 24 v. de battery charging 
system of the 5 kw engine-genera-
tor, the 2 kw motor generator set, 
and the heater were not operating 
in a satisfactory manner. For this 
reason, these devices were not in-
cluded in the test program; how-
ever, because of the large number 
of equipments which were tested, 
the effect of the omission of these 
items were considered negligible. 

(Continued on page 122) 

here's a 
quick, easy way 

to find the 
answer! 

New pilot light catalog 
— contains complete 
specifications, prices 
and technical data ... 
everything you need to 
select the proper unit 
for original eqnipment 
or in.the-field replace-
ment. 

Save valuable specification time by 
selecting your panel indicators from 
Johnson's "preferred" line. This group 
contains over 47 separate assemblies 
carefully selected from Johnson's stand-
ard line by many of the nation's top 
design and development personnel. 
Available in a wide variety of types, 
these "preferred" units are immedi-
ately available at parts distributors 
throughout the country, for original 
equipment or in-the-field replacement. 
Write for your free copy of Johnson's 
newest pilot light specification catalog 
—see how easy it is to select the right 
pilot light . . . fast! 

Available types include: continuous 
indication neon types; models for high 
and low voltage incandescent bulbs; 
standard or wide angle glass and lucite 
jewels in clear, red, green, amber, blue 
or opal. Specials, including those meet-
ing military specifications are also 
available in production quantities. 

I, JF ge70171_171 SEIM Compete I17 

n e..) 2208 SECOND AVENUE S. W. • WA! ECA, MINNESOTA 

ELECTRONIC INDUSTRIES & Tele-Tech • April 1957 Circle 80 on Inquiry Card, pc ge 97 121 



To the IftWaitet7e0o 

engineer... 

>Garrett Corporation engineers 
are constantly called upon to 
provide solutions for seemingly 
insurmountable problems. The 
high degree of respect in which 
the Garrett engineer is held by 
his profession is a tribute to the 
accomplishments of our team. 

If you qualify to join us, 
stimulating assignments in the 
work you like best are only part 
of what we offer. We pay a pre-
mium for ability. You'll work 
with the finest research and labo-
ratory facilities at your disposal 
...live in the most desirable 
areas in America —California, 
Arizona, the East Coast. 

THE 

DIVISIONS: 

AIRESEARCH MANUFACTURING. LOS ANGELES • AIRESEARCH MANUFACTURING. PHOENIX 

AIRESEARCH INDUSTRIAL • REX • AERO ENGINEERING 

AIRSUPPLY • AIR CRUISERS • AIRESEARCH AVIATION SERVICE 

'44 

STICK-FORCE REVERSAL problems 
at sonic speeds are solved 

by this sensitive, accurate 
ifiResearch air data system 

incorporating transducer, 
computer and actuator 

All modern U.S. and many 
foreign aircraft are Garrett 
equipped. We have pioneered 
such fields as refrigeration sys-
tems, pneumatic valves and con-
trols, temperature controls, cabin 
air compressors, turbine motors, 
gas turbine engines, cabin 
pressure controls, heat transfer 
equipment, electro-mechanical 
equipment, electronic computers 
and controls. 
We are seeking engineers in 

all categories to help us advance 
our knowledge in these and other 
fields. Send resume of education 
and experience today to: Mr. 
G. D. Bradley 

coneommom 
9851 S. SEPULVEDA BLVD.. LOS ANGELES 45, CALIFORNIA 

(Continued from page 121) 

Test Results 

The initial test results revealed 
that no objectionable interference 
was present over the frequency 
range of 14 KC to 0.15 Mc and 220-
400 Mc as measured by the Navy 
equipments. The tests also revealed 
that the 120 y de ship's generator 
and the tachometer of the two main 
engines emanated objectionable in-
terference. This interference was 
present over the frequency range 
of 0.15 to 32.0 Aic when measured 
with both Army and Navy equip-
ments. The interference from the 
generator was traced to a broken 
capacitor lead at a generator brush 
and the omission of capacitors at 
the generator output terminals 
which, when corrected, attenuated 
the interference to an unobjection-
able level on both Navy and Army 
equipments. The tachometer inter-
ference was found to be emanating 
from the 2 input and 4 output 
leads. The application of 0.1 p.f 
by-pass capacitors at the input 
leads and 0.22 id by-pass capaci-
tors at the output leads satisfac-
torily attenuated this interference 
on all equipments. 
The next series of tests consisted 

of removing the suppression capa-
citors from 6 motors. The purpose 
of these tests was to determine 
if the motors were actually ema-
nating interference, the degree of 
interference emanated, and the rel-
ative effectiveness of capacitors. 
Test results on both Army and 
Navy equipments revealed highly 
objectionable interference in the 
range of 0.15 to 32.0 Mc. Of greater 
importance, interference of only a 
negligible level was present in the 
frequency range of 14-150 KC. 
The last series of tests were per-

formed with the positions of the 
low and medium frequency range 
Navy receivers interchanged and 
with 40 ft. horizontal wire antenna 
replacing the 9 ft. vertical whip. 
The receivers were interchanged 
to determine if interference in the 
VLF range could be detected in any 
other location. The horizontal an-
tenna was used to simulate actual 
operating conditions aboard larger 
craft. The results of these tests 
indicated no substantial differences 
in the interference level compared 

(Continued on page 124) 
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IBM GROWTH promoted these men 

Research Engineer: Before his recent promotion, this man was a 
member of a small research team comprising three E.E.'s and a 
technician. His specific project entailed the creation of a transis-
torized electronic converter combining both digital and analog cir-
cuitry. "Research is really on the move at IBM," he says. "Per-
sonnel has increased ten-fold since 1950 and we expect to maintain 
this pace for some time." 

Manufacturing Engineer: Also promoted recently, this man worked 

in one of IBM's many manufacturing plants. He was responsible for 
the analysis, design and procurement of equipment and facilities to 
produce the giant IBM electronic computers. "In a field as new as 
electronic computers," he'll tell you, "unique manufacturing equip-
ment is often imperative. Creating this new equipment is a real 
challenge to an engineer's ingenuity." 

Could you handle their responsibilities? 
Jobs like these continually open up at IBM—due to 
rapid expansion. If you are an engineer or scientist—or 
have equivalent experience—you may be qualified for 
such a position. Innumerable opportunities exist in: 

• Computer systems planning 

• Computer systems testing 

• Electronic circuit design 
and packaging 

• Electrostatic phenomena 

• Manufacturing process 

control 

• Numerical analysis and 
programming 

• Photo and magnetic device 

memory 

• Real time systems 

engineering 

• Semi-conductor research, 

development, and 

manufacturing 

• Test equipment design 

The electronic computer field offers one of the best 
ground-floor career opportunities today. Economic 
experts rank it with automation and nucleonics in 
growth potential. Sales at IBM, the recognized leader 
in this fast-growing field, have doubled, on the aver-
age, every five years since 1930. Engineering labora-
tory personnel has quintupled in the past five years. 
IBM's excellent salary and employee benefit program 
is instrumental in achieving an employee turnover rate 
far below the national average. 

IBM DATA 
PROCESSING. 

DATA PROCESSING 

ELECTRIC TYPEWRITERS 

TIME EQUIPMENT 

MILITARY PRODUCTS 

Where would you like to work for IBM? 

IBM plants and laboratories 
are located in: 
Endicott, Kingston, New York 
City, Owego, Poughkeepsie, 
N. Y.; Burlington, Vt.; 
San Jose, Calif.; Wash-
ington, D. C.; Greencastle, Ind.; 
Lexington, Ky.; Rochester, 
Minn.; Sherman, Texas. Branch 
offices in 189 cities through-
out the U.S.A. 

SEND COUPON TODAY! 

R. A. Whitehorne, Dept. 4604 IBM Corp., 590 Madison Ave. 
Mgr. of Engineering Recruitment New York 22, N. Y. 

Please send me additional information. 

Name  

Home Address  

City Zone  

State  

Experience and/or educational background  
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Scientific Staff Relations 

Extend your future in 

CIRCUIT 

DESIGN 

At Hughes we have undertaken devel-
opment of a system in which advanced 
radars using array antennas and newer 
traveling wave tube developments are 
combined with digital data handling 
and processing equipment to solve the 
complex problems of aircraft detection 
and assignment. 
We are already in an enviable posi-

tion in the intercept and destruction 
phase of defense through the Hughes 
airborne radar fire control systems and 
the Hughes Falcon guided missile. 
Achievement of these objectives in 
the very limited space and stringent 
environmental conditions of the mod-
ern defense system provides an un-
usual challenge to the creative circuit 
design engineer. 

If you are interested in joining us 
you should have experience in one or 
more of the following circuit areas: 

Transis tor—Video —Microwave— 
Pulse-1F and sr—Switching—Clamp-
ing—Phase Shift—Power Supply— 
Modulator—Electromechanical. 

a 

'A/eel e 
ammuk 

1 HUGHES 
L  

RESEARCH AND DEVELOPMENT LABORATORIES 

Culver City, Los Angeles County, California 

(Continued from page 122) 

to data obtained from tests con-
ducted prior to the change of loca-
tion. 
Summarizing the test results, it 

was indicated that when the inter-
ference producing devices of a typ-
ical Army boat was equipped with 
by-pass type capacitors and power 
cable shielding, the grounding of 
which was ignored, adequate at-
tenuation was furnished over the 
frequency range of 14 KC to 1000.0 
MC. 

Conclusions 

The fact that no objectionable 
interference was recorded over the 
frequency range of 14 KC LO 1000 
Mc by typical Navy communication 
receivers covering the frequency 
range of 14 KC to 32 Mc and 220 to 
400 Mc and by Army test equip-
ment covering the frequency range 
of 0.15 to 1000.0 Mc when by-pass 
capacitors are properly used, even 
though the grounding of the power 
cable shielding was ignored, is of 
value to the procurement agencies 
and their contractors in possible 
evaluation of their interference re-
duction requirements. Of great in-
terest to the interference reduction 
engineer, is the reason for and ap-
plication of these results. A recent 
investigation conducted by the 
Navy Department is significant in 
this connection. This investigation 
consisted of a series of compara-
tive interference tests on two iden-
tical wooden hull ships; one equip-
ped with grounded metal sheathed 
electrical wiring and the other with 
unarmored cabling. The results of 
these tests proved that approxi-
mately 35 db shielding effect was 
furnished by the armored cable at 
frequencies below 2 mc and that 
this effect decreased to about 10 db 
at frequencies above 15 MC. The 
tests also indicated that direct 
radiation from the electrical ma-
chinery itself was not the most 
important factor but that the 
coupling of the interference 
emanating from the machinery to 
the wiring and thence to the 
receiving antennas contributed 
more than expected to the in-
terference problem. 
Although the armor of the cables 

was not grounded in the patrol 

(Continued on page 126) 
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POLARAD 

POLARAD 
TV EQUIPMENT FOR 

STUDIO and LABORAlrORV 

WIDE BAND 

VIDEO 

AMPLIFIER 
.10 cps to 20 mo 

An oscilloscope deflection amplifier for 

measu-ing and analyzing pulses! Extremely 

wide band with extended low frequency 

response down to 10 cps. Will accurately 

analyze televis!on signals. Excellent to 

increase the anplitude range of your 

vacuum tube voltmeters and 

signal generatcrs. 

FREQUENCY RESPONSE 

ocrs ',Kee! Inc imc Iwo 2cok I 
Icon' 

FREQUENCY 

Te Polarad Wide Band Video Amplifier 

otters an extremely wide band coverage, 

flat within ±--1 1/2  db from 10 cycles to 20 a. 

megacycles per second. It has a time 
111 delay of 0.02 microseconds and assures - 

extreme stability because of its associated 
electronically regulated unit. A low 

capacity input probe is provided. 

TV 
STUDIO MONITOR 

MODEL M-105 

MODEL M-105 

The Polarad Model M.105 is portable — 
comes in sturdy aluminum case, can be 
rack mounted as well! And it is one of the 
finest instruments available to check the 
picture quality of video signals. Equipped 
with 12 1/2 " aluminized kinescope, 
capable of presenting highest definition 
transmitted pictures with exceptionally 
good "sync" stability over a wide 
range of operating conditions. 

PORTABLE TV 
WAVE FORM 
MONITOR 

p. 

ít) 

MODEL TO-1 

EXCELLENT FOR SUBCARRIER MEASUREMENTS 

LOOK AT THESE FEATURES: 

1. Can be rack mounted. 
2. Car be used for both color 

and black and white TV. 
3. Vertical Amplifier Bandwidth 

Switch for 2MC, 4MC, 6MC. 
4. Special TV Sync. Circuits. 
5. Horizontal Sweep Magnification 

20 Tube Diameters. 
6. Compact and Rugged. 

VERTICAL 
MOUNT 

REGULATED 
POWER UNITS 

Here are electronically regulated 
power units conrpetely accessible 
from the front anl back because of 
their vertical mou t design. They have 
extremely fine re ulafion, low ripple 
content and appreciable quantities 
of D. C. power. • 

MODEL 

PT-110 

SP ECIF.I CAT IONS 
Model PT110 Model Pit II 

Output Voltage DC 400450 Volts 250.300 Volts 
Output Current 150-235 MO 100.400 ma 
Output Impedance Less than 1.5 ohms Lase than 1.5 ohms 
Regulation Better than 0.2% Better than 0.2% 
Ripple Less than 12 my rms Less than 8 ITO rms 
Negative Supply —150 V DC, 20 ma —150V DC; 10 ma 
Filament Supply a. 6.30 o, 12 a a. 6.3V 01 12 a AC 

O. 6.30 o. 12 a O. 6.30.0 12 a 
Power Input 108.1250 10/400 cps 105.125V 50/400 cps 

Output Voltage 
Output Current 
Output Impedance 
Regulation 
Ripple 
Line Voltage 
Series Operation 

Output Power 

Parallel Operation 
Output Power 

MODEL 

PT-112 

sPEcIFiCAIlONS. 

Model PT•1110 Model PT-112 
Dual power unit, 

each sift provides: 

250.300W OC 250.300 V DC 
100.400, ma 150.800 ma 
Less than 1.5 ohms Less than 1.5 ohms 
setter than 0.2% Better than 0.2% 
Less than 8 my rms Less than 8 my rms 
105.12541, 50/400 cps 105.125V 50/400 cps 

500.600 Volts 
400.400 ma 

250.3ED Volts 
200-808 ma 

These features assure dependable. 
highest quality performance 

• Precise electronic voltage regulation 
• Low ripple content 
• Does not utilize electrolytic condensers 
• Sturdy construction 
• Provisions for rack mounting. 

AVAILABLE ON EQUIPMENT LEASE PLAN 

IE ID M A INTER A NCE SERVICE AVAILABLE 
TH RC UGHOUT THE COUNTRY 

Polarad manufactures a complete line of color TV equipment 
including a Color Slide Scanner, Sync Generator, Bar Generator 
and Color Monitors. 

ELECTRONICS CORPORATION 43-20 34th STREET, LONG ISLAND CITY 1, N. Y. 

REPRESENTATIVES: Albany, Albuquerque, Atlanta, Baltimore, Boston, Chicago, Cleveland, Dayton, Denver, Englewood, Fort Worth, Kansas City, Los Angeles, New York, 
Philadelphia, Portland, Rochester, St. Louis, San Francisco, Schenectady, Stamford, Syracuse, Washington, D. C., Winston-Salem, Canada: Arnprior, Ontario. 

Resident Representatives in Principal Foreign Cities 
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ENGINEERS, Electronic & Mechanical 

PHYSICISTS: 

Melpar's Dynamic Growth Creates 

UNCOMMON 
OPPORTUNITIES 
Melpar has doubled in size every 24 months during the 

past II years. This continuous growth, combined with our 
policy of individual recognition and organization into 
small project teams, creates opportunities uncommon to 
the industry. 

As a MeIpar staff member you will benefit from our 
policy of individual recognition, which means that your 
rate of advancement is determined solely by your skill 
and ability. 

Our technical staff is organized into small project teams, 
each of which is assigned a specific problem and respon-
sibility to carry through from conception to completion 
of prototype. Following a problem through research, 
design, development, and testing will give you the diversi-
fied background necessary to occupy high managerial 
positions. 

In addition, the project team system gives more freedom 
to your creative talents and enables us to quickly recognize 
your achievements. These factors should be of particular 
interest to the engineer or physicist stymied by the com-
plexity of a larger company. 

Our ultra-modern laboratory is located on a 44-acre 
wooded tract in Fairfax County, Virginia. Here you can 
enjoy a relaxed suburban life with a full quota of golf, 
sailing, riding and other sports. The Nation's Capital with 
its renowned cultural and educational advantages is 10 
miles away. Attractive housing is available traffic-free 
minutes from the laboratory. 

* Complete company benefit program including 
financial assistance for study. 
* Liberal travel and moving allowances. 
* Qualified applicants will be invited to inspect 
the Laboratory at Company expense. 

OPENINGS EXIST IN THESE FIELDS: 

Flight Simulators. Radar and Countermeasures. Network Theory. Systems 
Evaluation. Microwave Techniques. Analog & Digital Computers. Mag-
netic Tape Handling. UHF, VHF, or SHF Receivers. Packaging Electronic 
Equipment. Pulse Circuitry. Microwave Filters. Servo-mechanisms. Sub-
miniaturization. Electro-Mechanica I Design. Small Mechanisms. Quality 

Control & Test Engineering. Field Engineering. Antenna Design. 

For Detailed Information, write: 
Technical Personnel Representative 

M E L PA R Incorporated 
A Subsidiary of Westinghouse Air Brake Company 
3018 Arlington Boulevard, Falls Church, Va. 
10 miles from Washington, D. C. 

(Continued from page 124) 
boat jointly investigated, the very 
fact that the armor existed un-
doubtedly is the reason for the re-
sults that were obtained below 
0.150 MC. In addition, the increased 
shielding effect obtained at the 
very low frequencies from ground-
ing the cables is believed inconse-
quential in comparison to that ob-
tained from the armor itself. The 
use of armor on power cable was 
originally intended for mechanical 
protection and since the advent of 
improved power cable insulation, it 

is now possible that unarmored 
cable will be considered in the near 

future. However, before such action 
is initiated, the effectiveness of the 
armor for suppression purposes 
must be considered and the eco-
nomics of its removal carefully 
weighed against the cost of the 
resultant suppression measures re-
quired to obtain the same degree 
of attenuation. 

Acknowledgement 
The kind cooperation of the Bureau of 

Ships, U. S. Navy Department, is acknowl-
edged in facilitating the tests performed 
in the joint investigation. 

References 
"Effect of Power Cable Armor on Radio 

Interference from Electrical Machinery," 
Navy Dept., BuShips, Code 960. 
"Radio Interference Suppression Tech-

niques," Signal Corps Engineering Labora-
tories, Fort Monmouth, N. J. 

High Efficiency 
Feature of New Memory 
Consisting basically of thin, 

printed plates of special magnetic 
material perforated with small 
holes, this new memory device can 
store over a million bits in a space 
the size of a shoe box. 

Moreover, the new device lends 
itself to extremely simple molding 
production techniques, in contrast 
to the relatively complex thread-
ing of thousands of tiny cores 
onto a wire matrix to produce the 
presently used magnetic core de-
vices. 

Providing a compact and eco-
nomical memory for small com-
puting equipment, this develop-

ment should permit the design 
and construction of larger and 
more versatile systems. 

Dr. Jan A. Rajchman, RCA 
scientist who also developed the 
RCA high-speed magnetic core 
system, directed the research 
group responsible for this latest 
development. 
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RF CAVITIES 

ATHODE 

( 

L_ 

1 

J 

COLLECTOR 

RF RF 
IN OUT MODULATING 
 ANODE 

AVAILABLE NOW! 

Eimac high power klystron 
for 225-400 mc range 
Eimac has spanned another frequency range... 225-400 mc with its 

new 3KM50, 000PA ceramic klystron. This tube, designed for the 

VHF/UHF border junction, will deliver 20KW CW power output with as 

low as one watt drive and an efficiency of 45%. This high efficiency and 

power gain of 20,000 times is typical of the incomparable performance 

of Eimac Klystrons. 
Eimac has also incorporated the modulating anode which gives the 

3KM50, 000PA 100 percent modulation ability to peak power outputs 

of 40 KW. It can easily be pulse modulated with low pulsing power. 

Wide range tuning and an easy economical approach to high power 

UHF transmitters is made possible by the Eimac feature of completing 

RF circuitry outside the vacuum system. These permanent components, 

available at Eimac, make for ease of tube change plus economy since 

costly RF circuitry is not repurchased with each tube replacement. 

For further information on the 3KM50, 000PA, 
as well as other Eimac firsts, please consult our 

Application Engineering Department. 

EITEL-1111cCULLOUGH INC 
SAN BRUNO • CALIFORNIA 

eeritciec>ute in high power amplifier klystrons 

Typical Operation of the 3KM50, 000PA 

D-C Beam Voltage   20ky Driving power   lw 

D-C Beam Current 22 amps Efficiency   45% 

Power input   44kw Power Gain   43db 
9AbIgl 



cee/e/fee, SUBMINIATURE 
FILTERS i 

Designed and tested to specification :MIL-7 26085 

Supplied in two principal case sizes: 
1. For ROB channels 1 through 6, case size is 

3/4  x 11/2  x 21/4  inches high; weight: 4 ounces. 
2. For channels 7 and up, case size is 3/4  inches 

square and 13/8 inches high; weight: 11/4  ounces. 
These cases are generally equipped with a 4-pin 
plug to match the small Winchester socket. 

ATTENUATION CHARACTERISTICS 

Impedance: 100 K ohms in and out. 
Insertion loss: less than 6 db. 
At -± 7.5% band width is less than 3 db. 
At -± 25% band width is greater than 15 db. 
At 1.75 f attenuation is 40 db or more. 
At .57 f attenuation is 40 db or more. 

ere, 

IELEMETERING FILTERS 
dime 

CHAN. IMP. 100K 
FREQ. P/N B. W. SIZE WT. 

400 cps. S-60001 ±71/2 % x 11/2 x H 4 or. 
2 560 cps. S-60002 ±-71/2 % x 11/2 x 2% H 4 or. 
3 730 cps. S-60003 ±71/2 % o 11/2 x 2% H 4 or. 
4 960 cps. S-60004 ±71/2 % % 11/2 o 2.. H 4 oz. 
5 1300 cps. S-60005 ±71/2 % x 11/2 x H 4 or. 
6 1700 cps. S-60006 ±71/2 % 34 x 11/2 x H 4 or. 
7 2300 cps. S-60007 ±71/2 % 4 x x 1% H 1% or. 
8 3 KC S-60008 ±71/2 % x x 13i H l'. or. 
9 3.9 KC S.60009 ±-71/2 % x 'ho 1)i H 1.. or. 
10 5.4 KC S-60010 ±71/2 % 34 x 34 x 1% H or. 
11 7.35 KC S-6001I ±71/2 % % x x H 1% or. 
12 10.5 KC S-60012 ±71/2 % 34 o o 1% H 1% or. 
13 14.5 KC 5.60013 ±7%% 34 x 4 o 13e H 1% oz. 
14 22 KC S-60014 ±71/2 % x o 1% H I',. or. 
15 30 KC 5-60015 ±71/2 % x 24 x I% H IT, oz. 
16 40 KC S-60016 ±71/2 % 34 x x I% H I!. or. 
17 52.5 KC S-60017 ±71/2 % x 11S H 1½ oz. 
18 70 KC S-60018 ±71/2 % x x 13S H 'I!. or. 
A 22 KC S-60019 ±15% 34 x x I% H 1% or. 

30 KC S-60020 -"t15% 14 x x 1% H 1'i oz. 
40 KC S.60021 ±15% o x 1,41 H I% or. 

D 52.5 KC S-60022 ±15% '4 x 34x Pi H I'. or. 
E 70 KC 5-60023. ±15% x ill H 1 oz. 

o 

50 

ATTEHUATIO'N CHARACTER, TICS 
Of BURNELL &CO I C. 

.960 TOM THUMB EATERS 
15%8W 

FREQUENCY (KC) 

45 WARBURTON AVENUE•YONKERS 2, N. Y.• YONKERS 5-6800 

PACIFIC DIVISION .720 MISSION STREET•SOUTH PASADENA, CALIFORNIA .RYAN 1-2841 
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Sound advice for 
every recordist who wants... 

TIME-AND-A-HALF 
for OVERTIME* 

* When recording time 

runs over the capacity 

of your machine, 

you can increase it 

by 50% with 
these two types of 

Ler 

Recording 
p 

cuactiotcae 
IllAtet MAUI 

• One for maximum strength 

• One for maximum economy 

manufactured by 

LR Audiotape is available in the 
following reel sizes and lengths: 

5" reel   900 ft. 
7" "  1800 ft. 

101/2 ""  3600 ft. 
14" "  7200 ft. 

If you've ever been faced with the problem of changing reels before 
a program is over, you know that this kind of "overtime" can be very 
frustrating.You either have to interrupt the performance, or loose part of it. 

Fortunately, however, LR Audiotape offers a simple solution to the 
problem. It gives you 50% more recording and playback time on a single 
reel — equal in footage to a reel-and-a-half of standard plastic-base tape. 
LR Audiotape also assures you of the same performance and quality that 
make Audiotape the first choice of professional recordists the world over. 

The same coating formula is used on both types of LR. The only differ-
ence is in the base material. LR Audiotape on 1-mil Mylar* gives you high 
strength, immunity to heat and moisture, and freedom from embrittling 
with age. As shown by the chart below.— it is actually stronger at high 
humidity than standard 11/2 -mil plastic base tape. Plastic-base LR Audio-
tape gives you the same longer recording time on a low-cost 1-mil cellulose 
acetate base, providing maximum economy for uses where high strength 
is not required. 

Yield Strength 

STANDARD 
1 I/2 -MIL 
ACETATE BASE 

LR AUDI OTAPE 
ON 1-MIL 
MYLAR 

PLASTIC-BASE 
LR AUDIOTAPE 

at 75°F, 50% Humidits• 

at 75°F, 90% Humidity 

Breaking Strength 

7.6 

I 7.6 

Whatever the requirements of your "overtime" recording jobs, ask for 
LR Audiotape. For information on the complete Audiotape line — five dif-
ferent types for every recording need — write for Bulletin No. 250. 

*DuPont Trade Mark 

Sea fr& Mee 
AUDIO DEVICES, INC., 444 Madison Ave., New York 22, N.Y. 

In Hollywood: 1006 N. Fairfax Ave. 
In Chicago: 5428 Milwaukee Ave. 
Export Dept.: 13 East 40th St.,N.Y.16,N,Y 
Cables "ARLAB" 
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Foremost in Electronics 

WHEN THE PILOT CAN'T SEE 

"Volscan" BRINGS HIM DOWN 
. . . SAFELY! SURELY! 

One of the major advances in aviation history is “Volscan." This re-
markable electronic device enables the pilot to come in even though he 
can't see where he is or where he is going. Wouldn't you like to play 
a part in important achievements such as this? If so, we have top 
openings for engineers in many different categories. 

1. Guided Missiles 
2, Computer and Analytical 

Services 
(Design and Development) 
(Programming and 
Application) 

3. Ground Radar 
4. Air Traffic Control 
5. Antenna and Micro-WEve 

Equipment 

Contact us and find out 
where you can fit into the 
major programs now being 
started. There are numerous 
company benefits and you 
will be paid generous reloca-
tion expenses. 

SEND RESUME ro: 

6. Communications 
:Airborne Transmitt3rs 
and Receivers) 

7. Airborne Fire Control 

8. Airborne Defense Systems 

9. Servo Mechanisms 

10. Transistorized Equipment 

Mr. Nick M. Pagan, Manager 
Technical and Professional Em-
ployment Office—Dept. M. 

AVCIO Manufaüuring Ccrp. 
Crosiey Division 

1329 Arlington Street 
Cincinnati 25. Ohio 

Coming Events 
(Continued from page 12) 

May 15-17: Annual Cony, sponsored 
by RETMA; at the Sheraton Hotel, 
Chicago. 

May 15-17: I. C. A. Convention, spon-
sored by Industrial Communications 
Association; in Atlantic City, N. J. 

May 19: Annual Meeting, sponsored 
by the NEDA; at the Conrad Hil-
ton, Chicago. 

May 20-22: Armed Forces Communi-
cation & Electronics Asoc. Cony. 
& Exhibits, sponsored by IRE; at 
the Sheraton Park Hotel, Washing-
ton 8, D. C. 

May 20-23: Electronics Parts Distrib-
utors Show; at the Conrad Hilton 
Hotel, Chicago. 

May 20-24: Design Engineering 
Show; at the Coliseum, N. Y. 

May 23-25: Spring Meeting, spon-
sored by the Acoustical Society of 
America; in New York City. 

May 22-24: 11th National Convention, 
sponsored by the American Society 
for Quality Control; in Detroit, 
Mich. 

May 26-29: 49th Annual Convention, 
sponsored by the National Associa-
tion of Electrical Distributors; at 
the Sheraton Park Shoreham Ho-
tels, Washington, D. C. 

May 27-29: National Telemetering 
Conf., sponsored by AIEE, ISA, 
IAS; at the Hotel Cortez, El Paso, 
Texas. 

Flame-Powered Radio 
Philips Research Laboratories, Netherlands, 
have designed this transistorized broadcast 
receiver and thermopile power supply. The 
thermopile is made of 192 chromel-alumel 
thermocouples. The hot junctions project 
into a chimney placed over a kerosene lamp. 
The cold junctions are outside, exposed to 
ambient temperatures. Internal pile resist-
ance is 5 ohms, and the 180 degree Centi-
grade difference obtained in use can pro-
duce over 200 milliwatts-- more than suffi-
cient to operate the seven-transistor radio-
and give speaker output. 

TrIERMOCOUPLE 
POWER SUPPLY 
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FAMOUS NYLON JOINS NATIONAL'S MATERIALS FAMILY. Proved in thousands of tough 
applications, versatile Nylon now becomes more useful to the designer than ever. 
National makes it so in extruded rods and 100% usable finished fabricated parts. 
Standard rod sizes range from " through 2" in 3 and 6-foot lengths. Inquiries on 
other sizes and shapes are invited. National's expert engineering counsel assures the 
commercial soundness and economy of your product. And men, machines and capacity 
place National in a unique position to serve your immediate needs. 

NATIONAL CAN HELP YOU 
reduce unit product cost or improve 
product performance at no added 
cost. Here's why: You can select the 
"one best material" from over 100 
grades of PHENOLITE®, Vulcanized 
Fibre and NATIONAL Nylon—without 
compromise in properties or cost. You 
can simplify production and purchas-
ing with the timed delivery of 100% 

usable parts—from a single reliable 
source. You gain competitively with 
National's new materials and grades 
—the direct results of programmed 
materials-research. 
You benefit by calling National 

first. Check Sweet's PD File 2b/Na, 
the Telephone Directory Yellow 
Pages, or write Wilmington 99, Dela-
ware, Dept. E. 

INTRODUCING 5 NEW superior 
PHENOLITE ° Laminated Plastic Grades: 

E-2040—A new low ccld flow, hot punch-
ing paper base grade with good dielectric 
strength. 

Y-2500—A good arc resistant paper 
base grade with excellent flame resistance 
plus superior punching and shaving char-
acteristics. 

G-8-881 — A melamine bonded glass mat 
grade with excellert flame and arc 
resistant characteristics and good flexural 

and impact strength. Has high dimensional 
stability under humid conditions. 

G-7-3604—A new 'hick-walled silicone 
fiber glass tubing material with excep-
tional heat resistance and electrical 
properties. 

G-10-865—A new epoxy resin-bonded 
glass cloth sheet laminate with very low 
water absorption and excellent electrical 
properties. 

THESE FIVE NEW PHENOLITE GRADES bring to over 
80 the number of standard and special grades of 
this versatile laminated plastic. 

111T11,27701VALL 
VULCANIZED FIBRE CO. 

WILMINGTON 9 9 , DELAWARE 
In Canada: 

NATIONAL FIBRE COMPANY OF CINADA, LTD., Toronto 3, Ontarlo 
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KENNEDY INTRODUCES 

his new scatter antenna is specifically designed 

for the world's toughest weather conditions. Recently 

static load tested with over 32 tons (105 lbs./sq. ft.) on its 

surface, this big dish and tower have been carefully engi-

neered and constructed to withstand winds in excess of 

150 M.P.H. Even a 6' layer of ice won't disturb its per-

formance. It is, in fact, the most rugged aluminum 

antenna ever built. Yet, its light weight, sectionalized 

aluminum construction keeps shipping costs down, makes 

assembly easy. 

-oe jr 
air eir 0 D. S. KENNEDY tat CO. 
11 COHASSET, MASS. — TEL: C04-1200 

.44à 

ANTENNA EQUIPMENT 

Tracking Antennas- Radio Telescopes-Radar Antennas-

"Trans-Horizon" Antennas: Ionospheric Scatter-Tropospheric Scatter 

YOU CAN'T MISS US AT THE I.R.E. SHOW-BOOTH 2344 



ttuf for utif,. the smallest, most stable, 

fixed capacitors you can buy Here's why... 
These are glass capacitors—probably as 
much as one-third smaller than those 
you're used to; certainly much lighter. 
Though made with glass, they are not 

fragile. In fact, the layers of glass dielec-
tric, the metal foil plates and the leads 
are fused into a surprisingly rugged, in-
separable unit. 

This unusual construction, developed 
at Corning offers you these advantages: 

Small size, light weight. If you're at work 
on guided missiles, lire controls, corn-
putors, and similar devices, you can cut 
valuable ounces and inches from your 
assemblies with these capacitors. See table 
above for some indications. 

Exceptional stability. After a load life 
test at 50% more than rated vo:tage at 

Capacitance in uuf 

Size 300 V. —85" C. 500 V. —125° C. 
CY10 
CY15 
CY20 
CY30 

1-240 
57-1200 
200-5100 
470-10.000 

1-150 
5 7-5 10 
200-3300 
470-6200 

aure:e7 eceaes 4.eataeci e:c 

85°C., the average change in capacitance 
of these units is less than 0.4% after 1,000 
hours, less than 0.6% after 10,000 hours. 

Very low drift. This drift is so slight that 
it's generally within the normal error of 
measurement. Taking MIL-C-1 1272A as 
a standard, capacitance drift is less than 
0.1% or 0.1 nut (whichever is greater). 

Predictable, retraceable TC. The differ-
ence in "I C between any units at any given 
temperature is less than 15 ppmj° C. It is 
well within the limits of 140 -± 25 ppml° C. 
from —55°C. to +85° C. and referred to 
25° C. 

Low loss. Even at elevated temperatures, 
the dielectric loss is relatively low. Dis-
sipation factor at 1 kc. and 25°C. is about 
0.055% and independent of capacitance. 

Bulletin shows performance charts. Bul-
letin CD-I.00 contains charts and other 
data on these capacitors. Circle this 
magazine's service card for a copy or 
write us direct at Corning. 

Ask for information on these 

other Corning Capacitors: 

Medium Power Tronsmitting—CY60 and 
CY70. Ideal for mobile RF transmitters. 
Canned High Capacitance—Provide the 
advantages of rugged glass design to 
your specifications. 
Subminiature Tab-Lead—Up to 90% less 
volume compared to pigtail types. To 
your specifications. 
Special Combinations—The performance 
and benefits of glass in infinite shapes, 
sizes and leads. To custom order. 

Other electronic products by Corning Components Department: Glass Film Type Resistors*. LP, 
Ll'I, H, R, N, S, HI' and Water Cooled Styles. Direct Traverse and Midget Rotary Trimmer 
Capacitors*. Metallized Glass Inductances, Delayline Coil Forms, Bushings, Enclosure Tubes, 
Rectifier Tubes and Attenuator Plates. *Distributed by Erie Resistor Corporation 

CORNING GLASS WORKS, 95-3 Crystal Street, Conning, N.Y. 
Electronic Components Department 
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CLYDE E. WEED 

"92,51/ 
Portrait by Fabian Barleach 

Anaconda Employees 
Are Buying U.S. Savings Bonds 

"In October, 1955, only 34% (11,140) of the nearly 
33,000 Anaconda organization employees in this coun-
try were buying U. S. Savings Bonds through the Pay-
roll Savings Plan. 

"Late in 1955, we conducted a simple person-to-
person canvass which put a Payroll Savings Application 
Blank in the hands of every employee. There was no 
pressure, no special promotion — just the Application 
Blank. Our employees did the rest. 

"Recently, our records showed that 22,514 of our men 
and women-69% — are now Payroll Savers. Every new 
employee is given a Payroll Savings Application Blank 
and an opportunity to join with his fellow workers 

in building personal security through systematic thrift. 
"We believe The Payroll Savings Plan—with an en-

rollment of 8,000,000 employees of more than 40,000 
companies —is a significant contribution to the Govern-
ment's effort to check inflation and maintain a sound 
dollar." 

CLYDE E. WEED, President 
The Anaconda Company 

Why not take a personal interest in your Payroll Sav-
ings Plan? Your State Director will be glad to show you 
how to install the Payroll Savings Plan or revitalize an 
existing plan. Phone, wire or write, today, to Savings 
Bond Division, U. S. Treasury Department, Washing-
ton, D. C. 

The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 

ELECTRONIC INDUSTRIES 
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avco Crosley 
defense and industrial products 

Lt. General Clarence S. Irvine, 
Deputy Chief of Staff Materiel, USAF, says: 

"The great progress which has been made in the field of 
avionics has been achieved by close teamwork between 
the Air Force and private industry. Daily application of 
new developments continues to contribute mightily to 
the growth, development and well-being of our nation." 

Will today's 

defense dollars 

buy safer air travel 

tomorrow? 

Fabulous Radar —the ever-watchful eye 
that sees aircraft night and day 
through rain, fog and snow—continues 
to unfold new miracles to build an 
ever-stronger defense for America. A 
recent Avco-Crosley contribution to the 
military is the new height-finder radar, 
developed in close co-operation with 
the Rome Air Development Center, 
Rome, New York. 

But there are peacetime benefits, too. 
Avco-Crosley, for example, has 
now combined radar research and 
development knowledge with electronic 
computers to produce Volscan, a 
semi-automatic air traffic control system. 
Already tested by the U. S. Air Force, 
Volscan has proved its ability to almost 
triple airport landing capacities ... 
to help solve today's mounting 
air traffic problems. 

Such progress leads the way to 
a completely automatic nationwide 
air traffic control system. Soon, passenger 
aircraft may wing coast-to-coast in 
complete and automatic safety—watched 
and controlled from the ground. 

Thus, as defense dollars preserve the peace, 
they also help create a world of greater 
safety. And as Avco-Crosley serves 
defense, it builds for America's future. 

For additional information about 
Volsean and other Crosley electronics 
developments, write on your letterhead 
to: Manager of Electronics 
Systems Engineering, Avco-Crosley, 
1329 Arlington Street, 
Cincinnati 25, Ohio. 

Call on Crosley 
for research, development, 

detailed engineering, and production of: 
Air Weapons Systems • Ground Radar Systems 

and Components • Air Traffic Control Systems 

and Components • Communication Equipment 

Ordnance Systems and Components • Missile 

Systems and Components • Aircraft Structures 



MODULAR INSTRUMENTS 

RACK • • 
• • 

CAR RY 
with 

‘NeXible 
design 

1/6, 1 3, 23 and full rack 
width for grouping in conven-
ient space-saving panel or 
bench assemblies. 

NOW AVAILABLE 
• VTVMs 

• MULTIMETERS 

• ATTENUATORS 

• OSCILLATORS 

• POWER SUPPLIES 

• SCOPE INDICATOR 

• TRANSISTORIZED 
FREQUENCY METER 

... and more to follow! Watch 
for additional modular units 
expanding the utility of this 
system. 

YOUR OWN DESIGNS... 

Can be built into these modules with available 
rack panel adapters, panels, cases, and chassis 
frames. We welcome inquiries for complete 
assemblies designed for your needs. 

TELETRONICS LABORATORY, INC.11sIZE,LL. RN! EYT. 

Flow Line Analysis 
(Continued from page 54) 

(17) 
kT Ii 

Ve = —  ln aN —  = floating potential 
leo 

for 12 = 0, = 0.10 volts for RST and 
Ii = 0.25 ma. 

A small superposed addition to V. would 
be found to add a small current, 12, such 
that— 

(18) 

12 = 'CO EgV2iler — aN I, from which 

= 
a v, kT  

a 1, q aN Ii 

= 110 ohms for RST and I.= 0.25 ma. 

Therefore the equivalent circuit at 

the output terminals when open is 
a floating potential, V2, in series 
with a small resistance, r. 

For the grounded-base "off" 
switch (Fig. 6), the equations 
are— 

(19) 

'ES = (eve' - 1) (20) 
= negative collector emission, 

V2 = —Ve, from which (21) 

kT 1  
V. — ln (22) 

q 1 — ai 

= floating potential 

= 0.078 v. for RST. 

If again a small current is superposed at 

the output, 

hence, 

r — 

12 — 
'co 

1 — ai «a 

[(1 _ _ 
(23) 

(  a v, kT 1 — aN 

a 12 //e ll q ¡co 1 — at 

10,000 ohms for RST. (24) 

The equivalent circuit at the open 
output terminals is therefore a 
voltage in series with a resistance. 
The flow diagrams for the 

grounded-emitter switches are the 
same as for the grounded-base 
switches. Only the external input 
and output arrangements are 
changed as shown schematically in 
Fig. 7. 
For the G.E. "on" switch— 

V2 = VE — VC, and it can be 
kT 

shown that for VE > > —, (25) 

kT 1 
V2 = - in— 2- 0.0013 v. 

q 

for RST, and (26) 

(a V' kT 1 — aa a I, ),2_. ql. aN 

11 ohms for RST. (27) 
(Continued on page 138) 
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New Tech Data 
for Engineers 

Atmospheric Structure 

"Atmospheric Models" presents in 
tabular and topological forms, much 
information about the upper atmos-
phere. It is helpful to readers inter-
ested in the structure of the upper 
atmosphere, and is made more use-
ful by tables which convert its met-
rical units of measurement to the 
English systems. General Electric Co., 
3198 Chestnut St., Philadelphia. 

Circle 127 on Inquiry Card, page 97 

Polymers 
Synthetic polymers are described 

in a 16-page booklet from Oronite 
Chemical Co., 200 Bush St., San Fran-
cisco, Calif. Booklet contains complete 
specifications, suggested uses, graphs 
and tables. 
Circle 128 on Inquiry Card, page 97 

Impulse Counters 
A new 8-page, 2-color bulletin de-

scribing Sodeco Ti series predeter-
mined electric impulse counters and 
impulse transmitters is available from 
Landis & Gyr, Inc., 45 W. 45th St., 
New York 36. 
Circle 129 on Inquiry Card, page 97 

Thermistors 
Thermistor manual TH-13A is for 

the engineer concerned with thermis-
tors. The 54-page booklet contains 
tables, charts, static and dynamic 
characteristic graphs, and applica-
tions. General Electric Co., Metallur-
gical Products Dept., Detroit 32, Mich. 

Circle 130 on Inquiry Card, page 97 

Switches 
Rotary, slide and lever switches are 

described in a 36-page, 2-color cat-
alogue from Central Lab, Div. of 
Globe-Union Inc., 900 E. Keefe Ave., 
Milwaukee 1, Wis. Catalogue is com-
plete with photographs, drawings and 
specifications. 
Circle 131 on Inquiry Card. page 97 

Fiberglass 
H. Koch & Sons, Corte Madera, 

Calif. have released a 20-page, 2-color 
booklet complete with photographs on 
the manufacture and fabrication of 
fiberglass. 
Circle 132 on Inquiry Card, page 97 

Coils 

A 100-page book complete with 
specifications, prices, design data, 
tables and graphs for coils has been 
issued by Carlstedt Research, Inc., 
2501 E. 68th St., Long Beach 5, Calif. 
Circle 133 on Inquiry Card, page 97 

Metal Cabinets 
A newly completed catalogue show-

ing isometric dimensional drawings 
of typical metal cabinets available, 
along with other specifications is 
issued by the Metal Products Div., 
Mid-West Conveyor Co., 7th and Sun-
shine Rd., Kansas City, Kansas. 
Circle 134 on Inquiry Card, page 97 

Luminous Resins 
An 8-page booklet and color card 

for luminous resins is available from 
Luminous Resins, Inc., 166 W. Wash-
ington Street, Chicago 2, Ill. The 
booklet describes various products 
that may be made with this unique 
product. 
Circle 135 on Inquiry Card, page 97 

RETMA Standards 
Six new RETMA standards have 

been issued. They are: RS-171 High 
Voltage Ceramic Dielectric Capaci-
tors, Class 2; RS-172 Fixed Composi-
tion Resistors; RS-173 Emergency 
Stand-by Power Generators and Ac-
cessories for Microwave Systems; RS-
174 Audio Transformers for Elec-
tronic Equipment; RS-175 Audio In-
ductors; RS-176 Pulse Transformers 
for Radar Equipment. Standards are 
available from the Engineering Office 
of RETMA, 11 W. 42nd St., N. Y. 36. 
Circle 136 on Inquiry Card, page 97 

Klystrons 
Two new brochures on power am-

plifier klystrons, "The Care and Feed-
ing of Eimac Power Klystrons," and 
"Power Amplifier Klystrons for UHF 
and Microwave Transmission" are is-
sued by Eitel-McCullough Inc., San 
Bruno, Calif. 
Circle 137 on Inquiry Card, page 97 

Special Transducers 
A 4-page bulletin on continuous 

phase shifting transducers used at 
specific frequencies to produce time 
delays or phase variations directly 
proportional to shaft rotation is avail-
able from the Nilsen Manufacturing 
Co., Addison, Ill. 
Circle 138 on Inquiry Card, page 97 

Magnesium & Titanium 
Magnesium and Titanium Data is a 

new 44-page booklet on these two 
metals. Data covers physical and 
mechanical properties, metal weights, 
forming characteristics, specification 
tables, corrosion behavior, surface 
treatments, welding and joining, ma-
chining, heat treatment and stress re-
lief, and other similar design data. 
Books & Perkins, Inc., 1950 West Fort 
St., Detroit 16. 
Circle 139 on Inquiry Card, page 97 

Servo Motors 
A 10-page, 2-color bulletin #385 

gives characteristics, drawings, and 
application data en servo motors. The 
bulletin offers engineers complete in-
formation on standard and custom 
servo motors. Norden-Ketay Corp., 
Commerce Rd., Stamford, Conn. 
Circle 140 on Inquiry Card, page 97 

Coils & Heate-s 
A 12-page, 2-color booklet describes 

in text, photographs, charts, and 
graphs, coils and heaters manufac-
tured for the principal electronic and 
lighting applications and includes il-
lustrations of production facilities 
and processes. Sylvania Electric 
Products, Inc., Towanda, Pa. 

Circle 141 on Inquiry Card, page 97 

Aircraft Equipment 
Aircraft Radio Corporation, Boon-

ton, N. J. has issued a 2-color cata-
logue on its aircraft and communica-
tion and navigation equipment with 
some special emphasis on business fly-
ing. 
Circle 142 on II quiry Card, page 97 

Punch Presses 
Bulletin #500 DM includes specifi-

cations and detailed information on 
features and operating principals of 
40 to 150 ton capacity machines. 
Equipped with direct measuring 
gauges and table, these presses pro-
vide a flexible method of locating and 
piercing holes of many sizes in large 
metal sheets and plates in one han-
dling. Wiedemann Machine Co., 4272 
Wissahickon Ave., Phila. 32. 
Circle 143 on Inquiry Card, page 97 

Test & Meostrement 

General Radio Co., 275 Massachu-
setts Ave., Cambridge 39, Mass. has 
issued a catalogue covering their line 
of precision measuring instruments, 
scientific apparatus, industrial test 
and control equipment. This 8-page, 
3-color booklet is complete with photo-
graphs, specifications and prices. 
Circle 144 on Inquiry Card, page 97 

Test Instruments 
A short form catalogue describes 

briefly the more popular of 125 differ-
ent instruments manufactured by 
Marconi. Also included are the pre-
cision instruments of Cintel, Eddy-
stone and Wayne Kerr for whom 
Marconi Instruments is U. S. distri-
butor. They are located at 44 New 
St., New York 4. 
Circle 145 on Inquiry Card, page 97 
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lighting equipment 

control systems 

suspension systems 

effects projectors 

see the Century exhibit at the NARTB convention 

CENTURY LIGHTING, INC. 

521 WEST 43rd STREET, NEW YORK 36, N. Y. 

1820-40 BERKELEY STREET, SANTA MONICA, CAL 

1477 N.E. 129th STREET, N. MIAMI, FLORIDA 

Circle 166 on Inquiry Card, page 97 

NOTICE TO SUBSCRIBERS 
A change of address requires four weeks notice. Please notify the 

Circulation Department, ELECTRONIC INDUSTRIES & Tele-

Tech, Chestnut & 56th Sts., Philadelphia 39, Pa., as early as possible. 

Include, if you can, the imprinted strip on the magazine wrapper 

showing exactly how it is now addressed. This will enable us to 

put the change into effect with a minimum of delay. Also, please 

notify your local postmaster. 

(Continued from page 136) 
For the G.E. "off" switch— 

V2 = Vc, and it can be 
kT 

shown that for V1 > > —, (28) 

kT 
V2 = V,, I 1 ln   - 0.172 v. 

q 1 - al 
for RST and V1 = 0.25 v., (29) 

and 

r = 
fa V2  \ kT (1 - a aN)  

k ix L 2-o q Ico (1 - at) 

%) 10,000 ohms for RST. (24) 

These G.E. cases should be found 
consistent with the work on N. W. 
Be11.3 

Special Cases 

An interesting case to examine 
is the grounded-emitter saturation 
current (Fig. 8). The key point in 
the flow diagram is that since the 
base terminal is open, the two cur-
rents lost in the base region must 
be equal and opposite. This equat-
ing of the two base currents makes 
possible the sufficient number of 
equations to solve the system. 
Physically it simply means that 
the emission at the collector junc-
tion is negative though assumed 
positive. Thus it will be found 
that a false assumption will not in-
validate the results providing rules 
consistent with the assumption are 
employed. A solution reveals-

-  'co (1 — e"qV/kT) 
I   

(1 — «N) ± (1 — al) -2"—x 
ai 

which reduces for large applied 
voltages to the well known express-
s ion 

ICO 
I   = 100 p,a for RST. (31) 

1 - aN 

Furthermore it is found that for 
large applied voltages 

VE —  ln 1 ± 
kT [ apr (1 - al)  

„ (32) 
q (1 - as) 

which reduces to 

kT 
VE —  ln 2 = 0.018 volts ®.300°K (33) 

for symmetrical transistors, show-
ing an independence from as. 
Another informative example is 

obtained by tying the emitter and 
collector together (Fig. 9). A so-
lution yields— 

Ico  I =   (e vikr _ 1) 
1 - ajaN 

[(1 - ai) --I-a (1 - arr)], (34) 
aN 

(Continued on page 140) 

138 ELECTRONIC INDUSTRIES & Tele-Tech • April 1957 



WHICH OF THESE PROBLEMS 

FIT YOUR FIELDS 

OF INTEREST IN 

ELECTRONICS 

• 

Opportunities for electronics engineers and technicians at Bell Air-

craft embrace virtually every field and every facet of that great new 

science. Bell's activities are widely diversified covering all the many rami-

fications of design, research and production in such fields as weapon 

systems and rocket engines ... experimental and vertical rising aircraft 

... carrier landing systems, avionics and nucleonics. Bell products serve 

both military and civilian needs. Obviously, such diversity offers excep-

tional opportunities for professional accomplishment and growth. 

lIcre are some of the electronics problems which are under extensive 

investigation at present: 

1. Devise an automatic frequency 
control system which will hold the 

frequency of an airborne power 

transmitter operating in the up-

per microwave spectrum to one 

part in 150,000 under varied 

stringent environmental condi-

tions. 

2. Develop a range tracking cir-
cuit capable of operating on in-

termittent signals in the presence 

of heavy noise and interference. 

3. Design and develop a recip-
rocal phase shifter at x-band to 

vary phase by _ 0.125 >,g in a sinu-

soidal manner using ferrite load-
ed waveguide. VSWR to be below 

1.2 and insertion loss below 0.3 

db over 6% bandwidth. 

4. Design a low Ot microwave 
band.., rejection filter for s•band, 

for use over a 2 to 1 frequency 

spread. Insertion loss at midband 

to be between 10 and 12 db. 

For further information regarding employ-

ment opportunities in Electronics, write today: 

Mr. II. L. Ackerman, Manager, Technical Em-, 
ployment, Dept. 000. Weapon Systems Division, 

BELL AIRCRAFT CORPORATION, P. 0. Box One, 

Buffalo 5, N. Y. 

BUFFALO N. Y. 

• Aerodynamicists 

• Aeronautical Engineers 

• Automatic Control Designers 

• Chemical Engineers 

• Combustion Research Engineers 

• Communications Engineers 
• Design Checkers 

• Development Engineers 

• Digital Computer Development Engrs. 

• Dynamic Engineers 

• Electronic Engineers 
• Electronic Standards Engineers 

• Engineering Computors 

• Environmental Specialists 

• Field Test Engineers 

• Flight Test Engineers 

• Flight Test Programmers 

• Fuel Injection Specialists 

• Gear Designers 

• Guidance Engineers 

• Gyro Specialists 

• Heat Transfer Engineers 

• Hydraulic Engineers 

• IBM Programmers 

• Instrumentation Specialists 

• laboratory Test Engineers 

• Magnetic Amplifier Specialists 

• Mathematical Analysts 

• Mechanical Engineers 

• Microwave Engineers 

• Miniturization Engineers 

• Nuclear Physicists 

• Operations Analysts 

• Physicists 

• Power Plant Designers 

• Pressure Vessel Designers 

• Project Engineers 

• Publication Engineers 

• Radar Systems Engineers 

• Reactor Designers 

• Reliability Engineers 

• Rocket Test Engineers 

• Servo Systems Engineers 

• Servo Valve Engineers 

• Statisticians 
• Stress Engineers 

• Structures Engineers 

• Specification Writers 

• Technical Writers 

• Test Equipment Engineers 

• Transformer Design Specialists 

• Transistor Application Engineers 

• Thermodynamic Engineers 

• Telemetering Engineers 

• Turbine Pump Designers 

• Vibration & Flutter Analysts 

• Weapons Systems Engineers 

• Wave Guide Development Engineers 

• Weights Engineers 
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WORKING WITH RR 
These Blonder-Tongue accessories are designed as 

convenient — and often — indispensable aids to the 

man working with RF cable — in research, develop-

ment and production. 

SOLDERLESS CCAOBAII CONNECTORS 

and accessories 

Cut time and effort making cable connections 

and splices. The secret is in the 'cinch spring' — 

a B-T exclusive feature, that grips the conductor lead 

like a vise. Shield braid makes positive electrical contact, 

and outer covering is securely clamped and held 

for maximum mechanical support. 

SOLDERLESS COAX CABLE CONNECTORS 

Model P-1 1S 
Standard male fitting designed for 
use with the following types of coax 
cable: RG/1.1 8, 9, 9A, 10, 11, 12, 13, 
63, 79, 87A, 114, 117, 133 and 144. 
;1.75 list 

Model P-59S 
Standard male fitting designed for 
use with the following types of coax 
cables: RG/U 59, 62, 71 and 140. 
$1.75 list 

CABLE COUPLER 
Model MC 

A correctly matched, mechanical 
splice for two similar or dissimilar 
types of 75-ohm coax cable fitted 
with P-11S or P-59S connectors. Also 
used for terminating cable with 
Terminating Plug MTP-75 or as feed-
through in weatherproof housings. 
$2.50 list 

TERMINATING PLUG 
Model MTP-75 
Provides correct termination of 75. 
ohm cable fitted with P-11S or P59S 
connector and MC Cable Coupler. 
$2.50 list 

ROTARY CABLE STRIPPER 
Model S-1 
A handy, accurate tool. Quickly and 
easily strips insulated and shielded 
wire and cable. Cuts braid clean. 
Also cuts non-metallic tubing up to 
1/2" diameter. $3.75 list 

EXACT MATCH TV ACCESSORIES 

ATTENUATOR Model MAT 
Provides uniform attenuation from 
0 to 45 db, in 3 db steps, in fre-
quency range 0-220 mc. Has 75 ohm 
'in' and 'out' fittings. $22.50 list 

POWER LINE FILTER 
Model MLF 
Provides 60 db RF isolation in fre-
quency range 50-1000 mc, between 
input and output. Handles up to 5 
amps: Has two AC outlets and one 
BX cable input connector. Can mount 
in B-T Radiation-proof Housing 
Model MRH-A. $49.40 list 

Sold by Rodio-TV Parts Distributors arid Jobbers 
Write for Complete Catalog to Dept. TT-4 

BLONDER-TONGUE LABS. • 9-25 Alling Street • Newark, New Jersey 
Industrial TV Cameras • TV Systems 

VHF and UHF Amplifiers and Converters • TV Accessories 

(Continued from page 138) 
which reduces for symmetrical 
transistors to 

I= 
1 -I- as 

2 
'co (eV/kT - 1) , 

ax = cxx = cre• (35) 

Thus the saturation current for 
this expression is appreciably less 
than twice that of either side alone, 
and it is considerably less than 
twice the internal body saturation 
currents, a condition which might 
not have been intuitively obvious. 
For RST-

2 'co  
2-5 pa, 

1 -F as 

2 'co =- 10 pa, and 

2 Ios = 100 pa. 

Therefore, another possible case of 
confusion is clarified quite readily 
by "looking" inside the transistor 
through a flow line analysis. 
The expert criticisms, sugges-

tions, and assistance rendered by 
R. H. Mayne (Research Engineer, 
Convair, Pomona) in the prepara-
tion of this article are greatly 
acknowledged. 

References 
1. J. J. Ebers & J. L. Mon, "Large-Signal 

Behavior of Junction Transistors," Proc. 
IRE, Dec., 1954, pp. 1761-72. 

2. R. L. Bright, "Junction Transistors 
Used as Switches," TRANS. AIEE, Com-
munications and Electronics, Mar., 1955, 
pp. 111-21. 

3. N. W. Bell, "Small-Signal Analysis of 
Floating-Junction Transistor Switch Cir-
cuits," IRE TRANS. on Electron Devices, 
Oct., 1955, pp. 10-13. 

4. W. Shockley, "Transistor Electronics: 
Imperfections, Unipolar and Analog Tran-
sistors," Proc. IRE, Nov., 1952, pp. 1289-
1313. 

5. W. M. Webster, "On the Variation of 
Junction Transistor Amplification Factor 
with Emitter Current," Proc. IRE, June, 
1954, pp. 914-20. 

6. J. M. Early, "Effects of Space-Charge 
Layer Widening in Junction Transistors," 
Proc. IRE, Nov., 1952, pp. 1401-6. 

7. S. L. Miller and J. J. Ebers, "Alloyed 
Junction Avalanche Transistors," BSTJ, 
Sept., 1955, pp. 883-902. 

New Computer Center 

A new $250,000 computer is being installed 
at the Los Angeles Computation Center of 
Berkley Division of Beckman Instruments, 
Inc. Housed in a modern brick and rein-
forced concrete building, the new facility 
will be devoted, on a rental basis, to solving 
complex design problems for business, in-
dustry, and educational institutions. 
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edll 
...THE ONE 

BEST ANSWER 

TO YOUR 

DESIGN 

PROBLEMS 

SERIES C-158 

INTERMEDIATE 115‘3" • GANGED 
MULTIPLES • INDEPENDENT 
PHASING 

1/2 

ACTUAL SIZE 

• Independent linearity: d: 0.5% 
of total resistance is standard. 

• Linear or non-linear windings 
std., -17 1% on order. 
on flat card; res. toi — ± 5% 

• Rotation: electrical — 320°. 
Mechanical-325°. 

SERIES KS-200 (sleeve bearing) 

K-200 (ball bearing) 

LONG FUNCTION ANGLES • CLAMP 
PHASING • HIGH RESOLUTION 

• Resistance: linear, on triple 
Formvar copper mandrel. 

• Independent linearity: :I= 0.5% 
is standard; ± .1% on order. 

• K-200 pots are completely 
enclosed and may be used as 
single or multiple ganged units. 

precision potentiometers 
SERIES C-050 

SUB-MINIATURE IA" • SEALED 
CONSTRUCTION 

• One piece nickel plated bronze 
case and bearing. 

• Electrical rotation-320°; Mechanical 
rotation-325°, or continuous 360° 

• Voltage breakdown-1000 volts AC. 
• Threaded bushing mounting. 

SERIES C-200 (sleeve bearing) 
BC-200 (ball bearing) 

IN-FIELD GANGING • UNLIMITED 
MULTIPLES • ADJUSTABLE TAPS 

• Resistance -± 5% standard; to 
-I.- 1% on special order. 

• Linearity: 0.5% independent 
linearity is standard; ± 0.3% on 
special order for C-200; :1-- 0.2% 
on special order for BC-200. 

• Mounting: Servo type or single 
hole mounting with optional 
non-turn device. 

SERIES HP-200, 
HP-300, HP-500 

HIGH RESOLUTION • LONG 
FUNCTION ANGLES • GANGING 
MULTIPLES 

• Linearity: _+_ .5% standard to 
± .1% on order. 

• Resistance: ± 5% standard to 
IL- 1% on order. 

• Rotation: 360° mechanical; 
356° ± % ° electrical standard. 

SERIES C-078 

MINIATURE 7,f1' • GANGED MUL-
TIPLES • INDEPENDENT PHASING 

ACTUAL SIZE 

• Unit height %"; weight 1/4  oz. 
• Independent linearity: ±. 1% 

is standard. 
• Linear or non-linear windings 

on flat card; res. toi. — -±" 5% 
std., ± 1% on arder. 

SERIES C-300 

SINE-COSINE 

• Independent brush contacts produce 
accurate sine and cosine outputs. 

• Function accuracies of ± 1% 
are standard. 

• Multiple ganged units are available. 

WRITE FOR COMPLETE 
TECHNICAL LITERATURE 

Our engineering department can sup-
ply prototypes to meet unusual de-
sign specifications for tests and 
approval. Send us your specs for 
analysis. Electronic Sales Division, 
DeJUR-Amsco Corporation. 45-01 
Northern Blvd., Long Island City 1, 
New York. 

I You're 
I always 
! sure 
1 with 

PRECISION POTENTIOMETERS 
See our complete line at 
Booth 3911-13, I.R.E. Show 
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You've doubled the demand 

r HIP 
now 

ERSIL CORES... 
Westinghouse 

doubles production capacity 

atimmialrfflie 
Anticipating mushrooming expansion of both 
industrial and defense electronics, Westing-

ie 
housl has doubled its production facilities 
for H pers cores. A good indication of the 
increased usage of Type "C" Hipersil cores 
is th findings of a recent survey . . . more 
tha,í 35% of all military transformers under 
kva now use Hipersil cores. 

Among the new applications in components 
being constantly added are many specifica-
tions that can be met only by Hipersil cores, 
with such unique properties as: 

• Oriented grain direction, with 100% co-
incidental flux. 

• Highest permeability, lowest loss. 

• 100% active in carrying flux. 

• Lowest possible core volume and weight. 
for high-temperature transformers. 

• Greater mechanical, electrical and mag-
netic stability. 

It is these properties that make the Hipersil 
core the foundation for better transformers— 
smaller, lighter, more efficient—at lower cost. 

So again at Westinghouse the increased de-
mand for a superior product has led to 
expanded production facilities. Enlarged 
facilities mean one-plant availability of a 
complete line of Hipersil cores—from 0.001 to 
100 lbs. — in a full range of gauge thicknesses 
for all frequencies. Three stocking locations 
. . . Boston; Greenville, Pennsylvania and 
Los Angeles . . . mean you get better service. 

Westinghouse also makes a complete line of 
Hipermag* cores and Hiperthin* cores for 
any electronic applications. 

Want a prettier profit picture? Send for the 
Type "C" Hipersil Core Design and Appli-
cation Manual. Write to Westinghouse Elec-
tric Corporation, P. 0. Box 868, Pittsburgh 
30, Pennsylvania. *Trade-Mark 

3-70798 

YOU CAN BE SURE...IF IT'S Westinghouse 
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You can now get... 

Hipermag* cores 
that slash magnetic amplifier 
rejects up to 75% 

The greatest single advance in giving you reactor cores of 
such proved reliability is the new Roberts Dynamic Test— 
an exclusive Westinghouse development. Using the constant-
current flux-reset method, this test literally measures mag-
netic properties of the core under simulated operating 
conditions in half-wave, saturable reactors. The Roberts 
Test is the only method that offers practical performance-
matched cores required for high-precision magnetic amplifiers. 
You get data on (1) peak flux density, (2) peak differen-

tial permeability, (3) loop squareness and (4) d-e control 
magnetizing force at four points on the dynamic B-H 
curve. Test values can be used directly as constants in 
amplifier design. 
The Roberts Test actually eliminates core testing and 

matching in your plant—performance is now predictable. 
Westinghouse cores assure you, as never before, of the 
performance you design into your product. 
Also available is a full line of Hipersil® and Hiperthin 

cores for electronic applications. 
Call your Westinghouse representative or write, Specialty 

Transformer Department, Westinghouse Electric Corpora-
tion, P. 0. Box 231, Greenville, Pa. *Trade-Mark 

J-70796 

YOU CAN 8E SURE—IF 

Westinghouse 
Production line Roberts Test and performance matching at 
Westinghouse eliminate costly and complicated testing at your plant. 
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EXTENDED FREQUENCY RANGE 
with these STANDARD SIGNAL GENERATORS 

FEATURES 

• Direct-Reading scales 
and dials; individually 
calibrated. 

• Convenient microvolt 
and DBM output scales. 

• Accurate indication of 
output voltages at all 
levels. 

Low residual FM due to 
hum and noise. 

Provision fe, external 
pulse modulceion. 

( • 
MODEL 80 

2 Mc to 400 Mc 

MODEL 80-R 

5 Mc to 475 Mc 

SPECIFICATIONS 

FREQUENCY RANGE: (Model 80) 2 to 400 Mc in 6 bands. 
(Model 80-R) 5 to 475 Mc in 6 bands. 

FREQUENCY ACCURACY: ± 0.5% 

FREQUENCY DRIFT: Less than .1% after warm-up. 

OUTPUT VOLTAGE: Continuously variable from 0.1 to 100,000 
microvolts (-7 to —127 DBM). 

OUTPUT ACCURACY: ± 10 % at 0.1 volt from 5 to 200 Mc. 
± 15 % at 0.1 volt from 200 to 475 Mc. 

MODULATION: AM is continuously variable from 0 to 30%. 
Internal modulation, 400 and 1000 cycles. 
External modulation, 50 to 10,000 cycles. 

RESIDUAL FM: Less than 500 cps at 450 Mc for Model 80-R, 
and correspondingly lower for both models at lower 
frequencies. 

POWER SUPPLY: 117v, 50-60 cycles, 70 watts. 

Circle 172 on Inquiry Card, page 97 

TRANSISTOR TRANSFORMERS 

Approved MIL-T-27A designs 

HERMETIC, MOLDED, OPEN OR CASED 
SERVO, MISSILE, AIRBORNE TYPES 

Write for 
Detailed 1957 Catalog 

145 E. Mineola Avenue, Valley Stream, 

14141EDIATE DELIVERY 
AT AUTHORIZED 

STOCKING DISTRIBUTORS 
California, Oakland 
W. D. Brill Company 

California, Los Angeles 
Graybor Electric Co. 

Connecticut, Hartford 
Moses Radio Electronics Co. 

District of Columbia, Washington 
Kenyon Radio Supply Co. 

Massachusetts, Cambridge 
Electrical Supply Corp. 

New York, Jamaica 
Peerless Radio Distributors 

New York, Utica 
Wolmar Distributors 

Pennsylvania, Philadelphia 
Harold H. Powell Company 

Texas, Beaumont 
Montague Radio Supply 

Washington, Tacoma 
C & G Radio 

New York 

Tube Names 
(Continued from page 70) 

We may have reached 1N650 and 
2N300 at this time. 

Suffix letters are assigned to 
solid-state devices as indicated 
for the other devices. That is, to 
indicate later and modified ver-
sions which may be unilaterally 
interchanged with the prototype. 
When the new type number has 

been assigned, the applicant or 
sponsoring company is notified of 
the designation. Until such time 
as the sponsor is ready to release 
the tube (i.e. inform industry of 
its existence) information (reser-
vation data) is kept confidential 
by the Engineering Office. 

Registration 

The type assignment procedure, 
as described above, is referred to 
as "reservation." To complete the 
picture, we have our "registra-
tion" procedure. When the spon-
sor is ready to release the device, 
he supplies sufficient copies of the 
final data for distribution to the 
tube - manufacturing industry. 
This process of releasing the data 
to industry is what was referred 
to as registration, after which the 
sponsor relinquishes all prior 
rights to the tube and any manu-
facturer may add it to his produc-
tion line, provided patents, licens-
ing arrangements, etc., are not a 
factor. The only stipulation being 
that all devices bearing the new 
type designation shall conform to 
the registered specifications. 
After registration, any changes 

in the physical or electrical char-
acteristics are handled through 
the process of reregistration. In 
this way, changing technology can 
be incorporated and perhaps bet-
ter tubes made. These reregistra-
tions may be suggested by any 
manufacturer. However, the tube 
industry is allowed a 30-day study 
period to weigh the relative merits 
of the proposed changes. If any-
one offers valid reason for not 
making the change, the proposed 
reregistration is cancelled. If no 
objections are raised, the tube is 
characterized by the new data, 
superseding all previously regis-
tered information. Production 
lines are altered to incorporate 

(Continued on page 146) 
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READY FOR YOU...AT THE I.R.E. SHOW 

the pioneer 
/. / I is the leader 

3 significant new 
PANORAMIC instruments 
1 • Converts Panoramic Spectrum Analyzers to 

2 • Facilitates Dynamic Balance Analysis 

3 • Offers new possibilities for miniaturization of FM/FM Telemetry Ground Stations 

Power Density Analyzers 

2 

new Model PDA-1 Panoramic's Spectral Power Density 
Analyzer — A tremendously flexible instrument that expands the utility 
and versatility of Panoramic's Spectrum Analyzers from Sub-Sonic 
through Microwave .. automatically analyzes the energy distribution 
of random information. Ideal for evaluating noise, vibration and other 
changing phenomena. 

new Model SF-1 Panoramic's Synchronous Frequency 
Analyzer—A versatile, direct reading instrument that has many applica-
tion possibilities . . . automatically tracks a frequency component 
derived from a rotating or oscillating source and simultaneously provides 
a visual plot of component frequency vs. component amplitude. Excellent 
for dynamic balance analysis. 

new Model TMC-307 Panoramic's 7-Point Frequency 
Calibrator—Designed specifically for telemetering applications, the 
TMC-307 sequentially furnishes seven equally spaced frequencies per 
channel for all RDB channels within end limits of ± 7.5% . . . within 

15% for the upper five channels. Other end limits and spacings can 
be furnished. Channel and frequency point switching may be either manual 
or automatic. Accuracy is 0.02%. Occupying only 10 1/2" panel space, 
the Model TMC-307 offers new possibilities for miniaturized ground F. 
station equipment. 

3515-
3517 

Pioneers in the field of spectrum 
analyzers from sub-audio to micro-
wave, unparalleled sweep genera-
tor systems and highly reliable fre-
quency calibrators, Panoramic in-
struments have accelerated com-
pletion cf research and develop-
ment projects and helped to clear 
production test bottlenecks. 

Now, Panoramic again leads the 
way with these three new instru-
ments, highly versatile and far 
reaching in application. 

SEE these significant new instru-
ments ... get a glimpse of new 
equipment to come ... learn how 
Panoramic's instrumentation for 
testing, checking or measuring 
problems can help you . . . in the 
laboratory, on the production line, 
or in military applications. You are 
also cordially invited to witness 
dynamic demonstrations and to dis-
cuss with our engineers technical 
characteristics and applications of 
panorarrpc instruments. 

If you cannot attend the show, write, 
wire or phone for information. A 
Panoramic Applications Engineer is 
always available to discuss specific 
problems. 

PANORAMIC 
RADIO PRODUCTS, INC. 
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(Continued from page 144) 

the modifications which have now 
been made final. 

COMMUNICATIONS 
SYSTEMS 

ENGINEERS 

The expanding scope of advanced 
communications projects has 
created several unique positions 
in fields related to VHF, UHF, 
microwave transmission and 
reception, forward scatter and 
single sideband applications 
at Hoffman. Electronics engineers 
with appropriate backgrounds will 
find these new assignments profes-
sionally stimulating and financially 
rewarding. Please address Vice 
President of Engineering: 

Hoffman LABORATORIES, INC. 
A SUBSIDIARY OF HOFFMAN ELECTRONICS CORP. 

3761 South Hill St., Los Angeles 7, Calif. 
Telephone: Richmond 9-4831. 

Circle 174 on Inquiry Card, page 97 

SAVE SET-UP TIME 

ON EXPERIMENTAL 

CIRCUITRY 

Kits in two sizes. 

Write for complete 
information. 

VECTOR 
ELECTRONIC 

COM PAN Y 

3352 SAN FERNANDO ROAD 
LOS ANGELES 65, CALIFORNIA 
TELEPHONE Clinton 7-8237 

Pat. Pend. 

"'" 

Featuring the unique PUSH-IN Terminal that 

springs snugly into the holes of the board to provide 

quick set up of circuitry. The serrated edges of the 

terminal forks firmly grip the leads of resistors 

and capacitors for testing without soldering. 

Terminal has through hole, two side connections 

and small fork for transistor leads. Kit, sockets 

and brackets assemble with self-tapping screws. 

Conclusions 

So we see that the reservation, 
registration, and reregistration 
processes are open to any manu-
facturer. Reservation enables the 
sponsoring company to secure a 
type designation which will be 
universally recognizable. Regis-
tration allows for increased com-
petition if the product is a good 
one, as, with the announcement of 
the device to industry, other man-
ufacturers can decide whether 
they want to add the new type to 
their production or not. Lower 
costs and multiple sources of sup-
ply are the result. Reregistration 
affords a dynamic means of incor-
porating design changes to market 
a better product. 

Approximately 98% of all elec-
tron devices manufactured in the 
United States, and a substantial 
number of new foreign types, are 
registered by JETEC through the 
RETMA Engineering Office. It is 
indeed fortunate that the elec-
tronics industry has a centralized 
group such as JETEC to develop 
standards in the field of electron 
tubes and allied devices. Since 
the manufacture of electronic 
products, by definition, is based 
upon the use of electron tubes, we 
can visualize the chaotic condi-
tions that would exist if each man-
ufacturer of tubes went his merry 
way on type numbering and the 
users had no common method for 
recognizing the characteristics of 
tubes. There would be no easy 
method for determining inter-
changeability and replacement. It 
is safe to say that the United 
States would have been greatly 
retarded in the field of electronics, 
and, hence, the entire economy, 
but for this standardization ac-
tivity carried on through the Joint 
Electron Tube Engineering Coun-
cil. 

1 As covered by the four Standard Designations 
Systems. 

Pneumatic Dolly 

Three new models of the PN6 line 
of pneumatic-balance camera dollys 
are illustrated in a new bulletin of 
Studio Television Products Sales 
Corp., 342 West 40th St, N.Y. 18, N.Y. 

,è 
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Ferro Inductors 
(Continued from page 79) 

measurements. The error being 50 

to 200%. 
Comparison 

To find out what happens when 
a good air coil is combined with 
the iron core of high Q, a great 
number of toroids was made and 
measured. All were of the same 
dimension OD = 2.25 in., ID = 1.5 
in. and 0.375 in. thick. Wound 
with the best available Litz wire, 
100 strands No. 44, the best possi-
ble coil was started at around 1 
nic with the wire thin enough to 
eliminate "skin effect." Of this 
great number, a few of particular 
interest are shown below. Toroids 
were used for easy determination 

of p.. 
Of particular significance is the 

comparison of items 2 and 3 with 
item 4 in Table 2. When both 
toroids have the same number of 
turns, item 4, because of lower 
loss in iron, produces higher Q 
than item 2. However, the induc-
tance of item 2 is higher because 

of higher p.. 
Now let us equalize the induc-

tances for comparison. The same 
core of item 2 is rewound to a 
smaller number of turns so that 
L becomes equal in both items 3 
and 4. We see very surprising re-
sults. In spite of higher iron loss 
of "E," powder toroid 3 becomes 
superior to one of "TH" which can 
only be attributed to increased 
spacing between the turns. 

Again, if the "TH" core has an 
increased spacing between the 
turns, its Q becomes still higher 
as item 6 shows. Thus, we have 
the first conclusion: The coil itself 
predominantly influences Q. We 
shall now demonstrate the influ-
ence of iron in a solenoid. 
Here we have a coil wound with 

Litz wire into which 2 slugs of 
iron can be inserted, forming a 
core completely surrounded by the 
winding. By moving the slugs 
lengthwise, one can adjust the 
gap in the center thus varying p... 
At the frequency of measure-
ments, 800 KC, the Q of the coil is 
175 and since its inductance is 112 

Re is calculated to be 3.2 û. 
A core of 2 slugs of carbonyl E 
(no gap) inserted into the coil 
yields = 4.1 while Q is 170 or 

slightly lower than in the coil it-
self. Calculated Rrf becomes 13.0, 
or the increase in resistance due 
to the iron is about 10 û, while 
the calculated R1 is only 0.52 0. 
Now we insert 2 similar cores of 
carbonyl "SF" which yields p.. = 
3.0 but the measured Q becomes 
285 from which new Rrf = 5.73 or 
increase of only 3.4 û but the 
calculated Ri is only 0.27 û. We 
now revert back to the first core 
of "E" but arrange it with a gap 
in the center, of such magnitude 
so as to produce p.c. of the second 

case, i.e., 3.0. We see a surprising 
result. Q of the combination be-
comes 280 or just different enough 
to compensate for difference in 
calculated Ri. 
Thus we arrive at a second 

equally important conclusion: The 
total loss due to insertion of the 
iron is predominantly a function 
of effective permeability. 

Simultaneously, we observe that 
for maximum Q in each coil at a 
given frequency, there is an op • 
timum effective permeability. 

(Continued on page 148) 
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A6'we -a/Arne we UNIVERSAL DC-DC 
ALL-ELECTRONIC POWER CONVERTERS 

UAC high efficiency power supplies solve size, 
weight, vibration and shock problems in hundreds of Airborne, Military, 
Laboratory, and Commercial applications. Standard DC to DC units to 
150 Watts; custom units can be made up to 500 Watts or to 100,000 volts. 
DC to AC and AC to DC units also available, including unusual input-
output combinations such as: 28 VDC; input; 115 VAC output 
115 VAC, 400 cps, 3 phase input; 250 VDC regulated output 

o— 

eu 10 50 le, 116, I, 1. 110 

LOAD CURRENT—ma 

Non-regulated Universal 
receivers, and other 

Mod. No.: 240/28/130ma 
Input: 28 volts DC 
Output: 240 volts DC 
Output current: 

130 milliamperes 

E0 0 LO 

LOAD CURR NT _ma 

Transistorized Power Converter for transceivers, transmitters, 
navigational and communications equipment requiring a 8+ supply. 

Ripple: 0.1% Temperature: Ambient range —55°C to 85°C 
Regulation: This is a non- Shock: Will withstand up to 500 g's. 

regulated supply; how. Size: 41/2 " x 21g x 23/4" nominal. 
ever, + or — 21/2%  can be included. Weight: Approximately 2 lbs. 

Write, wire, phone your power supply requirements on current production today. 

'Transistor 1='rcpciuctS Corp. 

Dept. [14 • 50 BOND STREET • WESTBURY, L. I., N. Y. • EDgewood 3-3304 

See UAC Power Supplies and UAC portable electronic and nucleonic instruments at our 
BOOTH 3940-3942 NEW YORK IRE SHOW MAUH 18-21 
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MODEL 2400 

Ferro-Inductors 
(Continued from page 147) 

This case can be verified with a 
great variety of solenoidal coils 
ranging in diameter from % in. 
to 2 in. in diameter. 

Prominent Factors 
Now we can see that 2 factors 

prominently effect a coil with an 
iron core: (1) proximity of turns 
of the coil, and (2) the effective 
permeability of the core. The iron 
loss resistance, Ri, by the use of 
fine iron powders of carbonyl type, 
may be reduced to a negligible 
amount. A relatively large amount 
of loss resistance is added to the 
coil's resistance, which additional 
loss, previously unaccounted, may 
be termed as an "insertion loss." 
It is due to insertion of the coil of 
a permeability p... If the total r-f 
resistance of the coil after inser-
tion is R, and the coil proper re-
sistance is 

R Rrf + R., where R. is 
the added insertion loss resis-
tance. 

It appears from the above that 
an analysis of the coil is required 

in order to separate these losses. 
Butterworth2 in analyzing high 

frequency coils (in air) arrived 
at a general formula 

Rrf = R. (1 F Und2/c2 G) 
in which R. is de resistance of the 
wire, F is a term depending on the 
frequency and representing an in-
crease in wire resistance due to 
"skin effect," U. a numerical co-
efficient depending on the number 
of strands of the wire (max. value 
being 3.29), d and e being diame-
ter and spacing of the wires, re-
spectively, and G a complicated 
function of the frequency. The 
last term of the equation is gen-
erally attributed to "coiling resis-
tance," being an eddy current loss 
in the copper generated by the flux 
from turn to turn. The formula 
was later complicated to reconcile 
the actual findings with calcula-
tions and thoroughly analyzed by 
Jackson3 who, in his work, em-
ployed very thick wire (No. 16 
S.W.G.) of 1.6 mm. diam. and ar-
rived at a substantial agreement 
(within 2-12%) between measured 
and calculated value. The general 
principle of separating loss corn-

ponents into "skin effect" and 
"coiling resistance" remained 
valid. 

Contrary to the above, in this 
investigation, wire No. 44 (d = 
0.025 mm.) was used which, at the 
frequencies employed, remained 
completely "penetrated." In ac-
cordance with well known formu-
las of depth of penetration, 8 = 
1/2 d and = 6.6f-1/2 , the complete 
penetration occurring up to a fre-
quency of 40 bic. We, therefore, 
may disregard term F and sim-
plify the equation to Rrf = R. (1 
r ), where r is the term due to 

coiling resistance. Then r = (Rrf 

— R0) /R0. Measuring R. and com-
puting R rf from Q, we get the term 
r for any coil with, or without, 
the iron. In the latter case, how-
ever, when R is computed from Q 
the value of R1 must be first calcu-
lated and subtracted from R to 
get new Wrf of the coil with iron, 
which by previous designation is 
equal to Rrf ± Re 

Relationships 

In view of our findings, it 
seemed logical that the term r1 is 
related to the coil's r, and de-

For Servo Applications 

HOWARD lit 

à 

ss. 
AA. 

FRAME A 

2407 2-3/8 
2414 3 

y. 
F0111 

CAPACITOR OR 

2 PHASE TYPE 

SERVO MOTOR 

This four pole motor is de-
signed for servo applications. 

4 Low inertia rotor provides 
quick response and high im-
pedance stator windings can 
be matched to vacuum tube 
plate circuits. Center topped 
windings can be provided. As 
a 2 phase motor, the speed 

vrezett7e,t. can be varied by varying the 
3 1/8 phase angle. Responds to a 
3-3/4 

wide range of frequencies. 
Gear units are available with 
ratios from 21/2 :1 to 3600:1. 
For complete data, write 
today. 

,icifteebu. 

' \ 
2.487 0 .A. 

HOWARD INDUSTRIES, INC. 
1730 State Si. 

Racine, Wisconsin 
Divisions: Electric Motor Corp. 

Cyclohm Motor Corp. 
Racine Electric Products 

New small basic switch is 

low cost; directly interchangeable 
with AN3234 Specs 

The new Electro-Snap F2 
Series snap action switches are 
extra-compact with extremely 
high electrical capacity for 
their size. Mechanical and 
electrical life at 1/32" over-
travel is 150,000 operations, 
minimum, with accurate 
repeatability and constant sta-
bility of tolerances. Self-aligning springs provide contact wiping 
action rare in a switch of this size. 

Durable case of special plastic gives the switch an ambient 
temperature rating of —100° to +275° F. or +375° F. Avail-
able, nt /ow cost, in three basic models with a wide selection 
of actuators. 

F2 SERIES 

SERIES F2 BASIC SWITCH: F2-3: Single Pole, Double Throw 
F2-2: Single Pole, Normally Open; F2-I: Single Pole, Normally Closed 

OPERATING CHARACTERISTICS 

Electrical Rating: 10 AMP. 125/250 V. A.C. 60 cycles 
30 V.D.C. inductive and resistive (6 AMP, 30 V.D.C. for Airborne Application) 
Operating Force, 7 to 12 oz. Movement Differential, .011 -I- .005 
Reset Force, 4 oz. Min. Overtravel, 1/32 Min. 
Pretravel, 3/64 Max. 

WRITE FOR DETAILS IN DATA SHEET FG-4 

ELECTRO -SNAP 
SWITCH 8,, MFG. CO. 

4244 W. LAKE ST., CHICAGO 24, ILLINOIS 
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pends on the permeability p.., since 
the coiling resistance term is in-
creased by virtue of increased flux 
due to iron. We, therefore, assume 
that ri = r p. e. and proceed to 
evaluate x. Calculations show that 
the term I' of the toroidal air coil 
(item 1), Table 2 varies from 0.3 
at 800 KC to 1.4 at 2 Mc, which 
values are approx. proportional to 
f2. Similar calculations for a to-
roid wound on carbonyl E core 
produce considerably greater val-
ues of P ranging from 1.25 at 800 
K0 to 10.0 at 2 Mc, being also sub-
stantially proportional to the same 
power of frequency. From our as-
sumption, lee = re, which ratio, 
when averaged within the fre-
quency range, produces x = 1.0. 
Substantially, the same results 
when exponent x is calculated for 
items 3, 4 and 6. For item 5 (re-
duced p.), x comes out as 1.1. The 
fact that the ratio of the "coiling 
resistance" term with iron and the 
same for an air-cored toroid re-
mains substantially constant, 
within the range of frequencies 
of this investigation, proves our 
assumption that the coiling resis-
tance term of an air coil is in-

creased by the presence of iron as 
a function of permeability. For 
toroids, this increase numerically 
equals p.. Therefore, expressing 
R. in terms of Rde and Rrf, we may 
present the total resistance R of 
a ferro-inductor as 
R = Ryf Ri (Rrf — R.) (p. — 1) 
the last member being "insertion 
loss" due to the core. Calculations 
of losses for the toroidal inductor 
of item 2 at 1 Mc gives the follow-
ing figures: Rrf = 0.55 0: Ri = 
0.18 û: Rd = 0.42 0, hence R. 
calculated at p. = 7 is 0.78 û. Total 
r-f resistance of the inductor 
(from its Q) = 1.45 û. Subtract-
ing Ryf and Ri from the total, we 
get the actual R. = 0.72 û. 

Thus, the total resistance is 
composed of: 
Rrf of the coil 38% 
Ri of the core 12% 
R. or insertion loss due to core 

50% 
This example clearly shows the 

predominance of insertion loss 
over the iron loss proper. 

Approximately the same de-
pendence of insertion loss on per-
meability is observable in long 
solenoidal coils. Again we note 

that a maximum Q is attained at 
a certain effective permeability. 

Results 

Many different shapes and wind-
ings were investigated. In some 
small coils, wound with progres-
sive universal winding, a low 
"coiling resistance" term was ob-
served with the resultant excel-
lent Q in combination with the 
core. In such cases, the exponent 
x may be as low as 1/2 , i.e., inser-
tion loss very low. For larger size 
air coils with high inherent Q, the 
insertion loss was measured and 
found proportional to 112. This, in-
cidently, is the case of the sole-
noidal inductor of the first exam-
ple cited in this article. While the 
investigation of other than to-
roidal cores is in its initial stage, 
certain conclusions can now be 
reached: 

1. Coil winding should be com-
posed of the thinnest possible 
strands, plurality of which gov-
erns Rde, to reduce the "coiling re-
sistance" term. 

2. Coil turns should be ade-
quately spaced, or laid down, in 

(Continued on page 150) 

Terminal Connecting Strips 
For Faster, Better Wiring 

Of Multiple Connections 
To Terminal Blocks 

r-8 ,ssZ.̀"4: s'. •• 
Ss. e..,:sree'i , 

Showing No. 650 Strip 
connected (but not wired) 
to our No. 600 Terminal Block 

Made of laminated phenolic: 
Black XP and Natural XXXP 
Lugs are of .031 thick brass. 

Hot-tinned for easy soldering. 

Here is a practical device to simplify wiring work and to 
assure correct connections. Cable is attached at either end 
of strip with clamp. Each wire is soldered to terminal lug 
at raised nib. Pointed ends are clamped over insulation, 
holding wire fast. Work can be done at bench, or anywhere. 
Connect to matching terminal block by sliding spade-type 
lugs under binder screws and tightening.- Lugs are double 
eyeletted and fit snugly -between high barriers, so cannot 
shift. Upturned ends of lugs act as extra 'lock'. Supplied 
flat, or with 90° angle (A), with cable mounting hole at 
left (L) or right (R) of strip. 

For further information 
contact our Engineering Department 

REQUEST 
CATALOG 

KULKA ELECTRIC MFG. CO., Inc. 
633 - 643 SOUTH FULTON AVENUE • MOUNT VERNON, N. Y. 

Manufacturers of Electrical Wiring Devices 

SEE OUR EXHIBIT IRE SHOW. 20. FL. BOOTH 2901 
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A PHASE 
SENSITIVE 
NULL METER 
WHEREIN NOISE 
AND HARMONIC 
VOLTAGES ARE 
EFFECTIVELY 
ELIMINATED MODEL 100A 

• Allows separate balance of in-
phase or quadrature in null :ir-
cuits. 

• Eliminates the necessity for fil-
ters. 

• High sensitivity. 

• Direction of null clearly shown on zero centered 
meter. 

• Synchro zeroing without rec ourse to coarse and 
fine switching. 

For further information conta,t your nearest 
representative or write fi r brochure 

INDUSTRIAL TEST EQUIPMENT CO. 
.55 E. 11th ST. • NEW YOR 3 • GR. 3-4684 
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reduce shrinkage costs 
Condensers, washers, neon electrodes, tube 
spacers, capacitor film ... wherever application 
requirements call for mica insulation, RELIANCE 
can solve your problems. 

For almost 30 years, RELIANCE quality has 
remained byword in the field of mica products. 
Adherence to critical tolerances is assured, 
shrinkage costs reduced, quality guaranteed. 

Write TODAY and let us aid you in your mica 
insulation engineering problems. Our design 
and development staff is at your disposal. 

RELIANCE MICA CO., INC. 
341 39th Street 
Brooklyn 32, N.Y. 

Mica Specialists to all Industry 

• 

..." 11 .. 10.111.11 1.111111111111111111111111111MIMI111111111111111111111111111111111111111111111111 
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WANTED: 

1111./11.111111111.mom ..... ......... ..... ........ 

Electronics Plant, whose employ-

ees want to LIVE in SUNNY 

FLORIDA. Alert, alive, Ocala, 

in Central Florida, wants light 

industry — electronics preferred. 

Good supply of skilled and un-

skilled labor, favorable taxes, 

excellent transportation. Plenty 

of room for expansion, ideal 

living conditions year - round. 

Convenient to University of 

Florida research facilities, new 

Glenn L. Martin Plant, Cape 

Canaveral Project. Confidential 

assistance on surveys. 

Committee of 100 

Marion County Chamber of Commerce 
BOX 838 ROOM 13 

OCALA, FLORIDA 

a 

(Continued from page 149) 

to-turn induction. 
3. The ratio (Ra — Rd.) /Rd, 

should be kept as small as possi-
ble so that ultimate insertion loss 
will be reduced. 

4. Close proximity of the core 
to the turns should be avoided. 

5. Extending the core outside 
the domains of the coil generally 
increases Q by increase of p. with-
out increase in loss. 

6. Same applies to "closed" mag-
netic circuits such as E & I cores, 
Pill-box type, providing that the 
return path is far enough from 
the winding. 

7. In all investigated cases, the 
iron loss proper for carbonyl iron 
cores, properly chosen for fre-
quency, is very small compared 
with other losses of the combina-
tion. 

8. For maximum Q, the effective 
permeability should be chosen at 
an "optimum" value, as the perme-
ability per se introduces more loss 
than the iron. 

9. General expression for all 
losses in a ferro-inductor wound 
with Litz wire R = Rrf R1 + 
(Re — R.) (6' — 1) where x may 
vary from % to 2 depending on 
shape of coil, winding & proximity 
of core. 

10. All of these conclusions may 
result in compact design of cores 
with coils having Q in excess of 
300. 

References 
1. Magnetic Measurements at Low Flux 

Densities, V. Legg: Bell kiwi. Tech. J. 15, 
30 (1936). 

2. Butterworth, S. High Frequency Re-
sistance of Coils, Wireless Engineer, 1926, 
pp. 203 et seq. 

3. Willis Jackson, Measurements of 
High-Frequency Resistance of Single Lay-
er Solenoids, Jour. I.E.E., pp. 440-445, 
1937. 

AM/TV Call Letters 
The International Radio Con-

vention of 1912 gave the U. S. the 
use of N, K and W as first initial 
letters of radio and, later, TV sta-
tions. Originally, all commercial 
stations east of the Mississippi 
were given the letter W; the west, 
K. N was reserved for the Navy. 
Some exceptions: WKY, Oklahoma 
City; KYW, Cleveland (formerly 
in Chicago, then Philadelphia); 
and KDKA, Pittsburgh. 
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lonovac 
(Continued from page 77) 

unavoidable nature of moving 
parts. The finest diaphragms have 
their own resonance or vibration 
characteristics. They cannot ac-
curately reproduce the wave com-

e binations produced by such wave 
creators as the vocal cords or 
musical instruments. In addition, 
because of their inertia, dia-
phragms cannot respond fast 
enough to catch the subtle sounds, 
nuances and overtones, for which 
the Hi Fi fan so earnestly strives. 
The need for non-mechanical re-

production of sound waves has 
been recognized by most great 
electrical and electronic scien-
tists, dating back as far as 
Thomas Edison, who unsuccess-
fully tried to solve the problem 
with his Thermophone. This in-
strument and other similar de-
vices failed because they at-
tempted to produce air expansion 
and contraction with heated wires. 
The temperature "lag" made it 
impossible to generate any but 
low frequencies and intensities. 

Sigfried Klein, a French physi-
cist who conducted many ionic 
cloud sound reproduction experi-

Fig. 2: Simplified lonovac schematic 

ments, six years ago invented 
the Ionophone, the first commer-
cial use of the principle. In De-
cember, 1955, DuKane Corp. of St. 
Charles, Illinois, acquired the ex-
clusive North American manufac-
turing license using the basic 
ideas and also employed Klein to 
assist in the further development 
of the device as a member of an 
engineering team. 

Improved Design 

The result of these activities 
was the lonovac, similar in prin-
ciple to the Ionophone, but so 
radically improved in design as to 

(Continued on page 152) 
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WE ARE SPECIALLY ORGANIZED 
TO HANDLE DIRECT ORDERS OR 
ENQUIRIES FROM OVERSEAS 

SPOT DELIVERIES FOR U.S. 
BILLED IN DOLLARS— 

SETTLEMENT BY YOUR CHECK 

CABLE OR AIRMAIL TODAY 

Low111 ee attenuation 
TYPE ,upTft IMPED.11 0.0. 
C 1 7.3 150 .36' 
C11 6.3 173 .36' 
C2 6.3 171 .44' 
22 5.5 184 .44' _C 
C 3 5.4 197 .64' 
C 33 4.8 220 .64' 
C 4 4.6 229 1.03r 
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LOW-LOSS RF LACQUER 
• 0-Max, an extremely low loss dielectric impregnating and 
coating composition, is formulated sp ducally for applica-
tion to VHF and UHF components. It penetrates deeply, 
seals out moisture, provides a sur ce finish, imparts 
rigidity and promotes stability of the lectrical constants 
of high frequency circuits. Its effect pon the "Q" of RF 
windings is practically negligible. 

• Q-Max applies easily by dipping or brushing, aries 
quickly, adheres well; meets most temperature require-
ments. CI-Max is industry's standard RF lacquer. Engineers 
who know specify Q-Max! Write for new illustrated catalog. 

COMMUNICATION PRODUCTS COMPANY • INC 
MARLBORO, NEW JERSEY Telephone FReehold 8-1880 

Pacific Coast Branch 120 SANTA BARBARA ST, SANTA BARBARA, CAL WOodland 2-1712-4 
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Long Island City 1, N. Y. 
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(Continued from page 151) 
be almost unrecognizable in com-
parison to ionophonic products 
made by licenses abroad, such as 
the giant electronic firms of Tele-

Fig. 3: Essential lonovac elements 

funken in Germany; Plessy, Ltd., 
in France, and A. E. G. in Sweden. 
The Ionovac, according to DuKane 
engineers, is at least six times 
more efficient in performance and 
is the first to be considered prac-
tical by American standards. 

Silent Sound 

Primarily, the Ionovac was de-
veloped as a variable generator 
of both audible and ultra-sonic 
waves—from 1 KC to 1 MC. In the 
past year or two the higher fre-

quencies have been put to use by 
a wide variety of industries. The 
idea is mushrooming. Silent sound 
is now available for removing par-
ticles from industrial parts, in-
cluding radio active materials; 
cleaning surgical instruments; 
aging wine; bonding hard-to-weld 
metals and similar applications. 
Some ultra-sonic units are being 
marketed to treat certain types of 
bursitis and arthritis as well as 
for use in deep-heat therapy. The 
principle is used by the Royal 
Dutch Airlines for completely 
blind touch-down landings, filling 
in where radar becomes inaccu-
rate—below 250 feet. 
Big advantage of the Ionovac in 

such applications is that it can 
accurately produce any desired 
silent sound frequency from a 
single electronic circuit. Present 
ultra-sonic wave producers have 
only a single frequency, requiring 
a new instrument for every 
slightly different task. Ionovac's 
extreme adaptability in sweeping 
the entire ultra-sonic range is ex-
pected to greatly accelerate in-
dustrial use and to speed up re-
search in a number of sciences. 

IGY To Meet in Toronto 
The most spectacular example of 

international scientific cooperation 
is entering final stages of prepara-
tion. IGY, the International Geo-

physical Year, will be an 18-month 
concerted effort by more than 50 
nations and 5,000 scientists —  is 
expected to cost well over $300 
million. 

From July 1957 to January 
1959, experts in 14 fields of re-
search will investigate the earth 
from pole to pole, from ocean floor 
to outer space. All over the world 
simultaneous measurements will be 
taken on such phenomena as the 
aurora, cosmic rays, meteors, the 
upper atmosphere, glaciers, oceans, 
gravity, magnetism, earth tremors, 
solar flares, and sunspots. 
At a meeting scheduled for Sept. 

3 in Toronto, more than 1,500 ex-
perts will review IGY opening and 
lay final plans for this vast joint 
enterprise. Typical subjects will 
be: age of the earth, polar wander-
ing, climatic cycle, origin of cosmic 
rays, solar flares, magnetic storms 
and radio communications. 

Control Panels 

Control panels for motors and gen-
erators are illustrated in form PAN 
1156 available from Kato Engineering 
Co., 1415 First Ave., Mankato, Minne-
sota. A variety of sizes and mounting 
arrangements are shown. 

WATER TAMES JET NOISE 

A unique new jet silencer now in operation 
at Hughes Aircraft Company's Culver City, 
Calif., flight strip pulls run-up noise of a 
F-102A down from a 160 db blast to a mere 
95 db—the sound level in a new station 
wagon traveling 70 mph with windows 
closed. The 3,500°F exhaust gases are re-
duced by water spray to 200 degrees, giving 
rise to the clouds of steam shown in the 
photograph. The $100,000 silencer, first 
successful installation of its kind, can be 
adapted to more than one type of jet. The 
Hughes chamber, and two others being 
tested at Norton AFB in San Bernardino, 
were developed and built by General Sound 
Control Inc., Los Angeles. 
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CC-29 

Dula Subject I,Chginut Without Solve — Ph(.s F.O.B. Factory 

MC! 
DIRECT READING 

Computer - Measurements 

MEW! 
Model 226A 

UNIVERSAL 
COUNTER-
TIMER 

OUTSTANDING FEATURES: 

Three independent, adjustable trigger level controls 
permitting full rated sensitivity at any 

voltage level between —300 and +300 volts. 

Small voltage increments ordinarily masked 
by attenuators are easily selected. 

Simplified color-coded controls and direct 
read-out in kc, mc, sec, or millisec, with 

automatic decimal point indication. 

Oscilloscope marker signals facilitate 
start and stop trigger level adjustment for time 
interval measurement of complex waveforms. 

A brand new, multi-purpose instrument provides preci-
sion measurement of frequency, frequency ratio, period 
(1/frequency) and time interval. Pressure, velocity, accel-
eration, displacement, flow, RPS, RPM, etc., may also be 
measured with suitable transducers. The 226A may be 
used as a secondary frequency standard. Price: $1,100.00 
100 kc Model 225A, 6840.00 

Complete catalog data available 

Computer-Measurements Corp, 
5528 Vineland Ave., N. Hollywood, Calif., Dept. 89-D 

Circle 189 on Inquiry Card, page 97 

You've told them what .. . 

Now tell them where. 

Assure your advertising maximum 
sales impact in the Annual June with 
a Localizer Listing. 

Here's the ideal way to tell ELEC-
TRONIC INDUSTRIES' buying audi-
ence the names of your regional 
representatives; the address of their 
offices as well as their telephone 
numbers. 

The cost is surprising low. $35 for the 
first inch; $30 for each additional 
inch. 

Reserve your Localizer space 

now! Ad deadline May 1. 

ALL MESSED UP IN MELTED, 41, 
sticky, hard-to-handle COMPOUNDS f 

Ask the Sta -Warm 
Service Engineer to help you 
solve your compound melting problems. 

No obligation. Start with step 1 today, by writing to 

STA-WARM ELECTRIC CO. 
222 N. Chestnut St. • Payenna. Ohio 

Circle 186 on Inquiry Card, page 97 

ENGINEERED EQUIPMENT 
for melting and dispensing 

heated compounds 

/Ptereeded /etetearieet 

BETTER CONNECTIONS 

JONES BARRIER 
TERMINAL STRIPS 
Leakage path is increased — direct shorts from frayed 

terminal wires prevented by bakelite barriers placed 

between terminals. Binder screws and terminals brass, 

nickel-plated. Insulation, BM 120 molded bakelite. Finest 

construction. Add much to equipment's effect. 

Jones Means Proven Quality 

, 
W. 2.142 No. 2.142.14 w No. 2.142.? 

Illustrated: Screw Terminals — Screw and Solder Terminals— Screw 

Terminal above Panel with Solder Term;nal below. Every type of 

connection. 

Six series meet every requirement. No. 140, 5-40 screws; No. 141, 

6-32 screws; No. 142, 8-32 screws; No. 150, 10-32 screws; NO. 151, 

12-32 screws; No. 152, 1/4 -28 screws. 

Catalog No. 21 lists complete line of Barrier Strips, and other 

Jones Electrical Connecting Devices. Send for your copy. 

HOWARD B. JONES DIVISION 
CINCH MANUFACTURING CORPORATION 

CHICAGO 24, ILLINOIS 
SUBSIDIARY OF UNITED-CARP FASTENER CORP. 
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you don't need an Elephant 
to pull a Wagon... New 

in delay lines, too, 

you waste money 
when you 

"over-specify" 
To avoid the costly pitfalls of over-specification 
of custom designed delay lines, take advantage 
of the engineering service and lab reports 
offered by ESC. As pioneer manufacturers and 
specialists in this field, ESC offers complete 
follow-through on the equipment applications of 
fixed and variable delay lines. "You tell us the 
problem ... we'll recommend the realistic and 
economical specifications for your delay line re-
quirements." The well-rounded equipment back-
ground of the ESC Engineering Staff makes this 
possible. 
A lab report, submitted with the ESC proto-

type, will include your submitted electrical re-
quirements, photo-oscillograms, which indicate 
input and output pulse shape and output rise-
time; the test equipment used, and evaluation of 
the electrical characteristics of the prototype. 

Write ESC for an informative catalog and 
complete information. 

Soo you at I.R.E. Show—Booth 2843 

e 

CORPORATION 

562 BERGEN BOULEVARD, PALISADES PARK, N. J. 
Circle 190 on Inquiry Card, page 97 

I Products  

CRYSTAL PULLER 

Designed for maximum single crys-
tal silicon or germanium production, 
the unit also has the flexibility and 
design refinements required for labo-
ratory work. Total quantities of 

single crystals that can be produced 
will vary with techniques and re-
quirements of the operator. Produc-
tion rates of 300 grams of single 
crystal silicon and excesses of 1000 
grams of single crystal germanium 
per 8-hr. day have been reported. 
Pulling speed of the device is con-
tinuously adjustable, during pull. 
Precision Tool & Engineering Co., 
92-26 180th Street, Jamaica 32, N. Y. 
Circle 146 on Inquiry Card, page 97 

DIGITAL PRINTER 

The Model 400A is a reliable, ac-
curate and compact instrument spe-
cifically designed to fill an industry 
need for a high-speed digital printer 
at low cost. Featuring rapid print-out, 
parallel entry, and up to 12 digit 
printing, this new unit uses no step-
ping switches. It has been designed 
to operate from 4-line 1-2-2-4 binary 
code, thus it may be used with most 

all existing counting equipment with-
out modification. Accuracy & count-
ing period: Identical to characteristics 
of counting instrument. Computer-
Measurements Corp., 5528 Vineland 
Ave., North Hollywood, Calif. 

Circle 147 on Inquiry Card, page 97 

TEMPERATURE PROBE 

The Model 101 probe series is par-
ticularly designed for use on opera-
tional airplanes, for a total tempera-
ture range from —80°C to +300°C 
and the Model 106 probe extends this 

range to +650°C or more. The probe 
uses a platinum resistance thermom-
eter sensing element (a platinum re-
sistance thermometer is the interna-
tional standard of temperature in this 
range). The resistance of the sensing 
element is 50 ohms at 0°C. The major 
characteristic is that the sensing 
element is hermetically sealed. Rose-
mount Engineering Co., Rosemount, 
Minnesota. 

Circle 148 on Inquiry Card, page 97 

MOTOR GENERATOR 

A size 10 ac motor generator, offer-
ing minimum length and weight, fea-
tures cast rotor construction. Appli-
cations include error rate damping 
in servo systems for high stability. 
Motor Characteristics: Main phase 
voltage-26 v. 400 cps; Control phase 
voltage-0 to 26 v.; Max. current/ 
phase-185 ma.; DC resistance/phase 
—58 ohms; Generator Characteris-

tics: Main phase voltage-10 v. 400 
cps; Output-- 0.16 v./1000 RPM; In-
put power-0.2 w.; DC resistance/ 
phase-200 ohms. Clifton Precision 
Products Co., Inc., Mamie at Broad-
way, Clifton Heights, Pa. 
Circle 149 on Inquiry Card, page 97 
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New 
NEED TUBE CRADLES? 

y. 

Products I 

PULSE SYSTEM 

New encapsulation techniques have 
resulted in successful encapsulation of 
complete pulse systems in epoxy resin. 
A typical unit is No. 855005 contain-
ing a resonant charging choke, pulse 

forming network, and pulse trans-
former in a package 2 x 2 x 2 in. de-
signed to drive a special magnetron. 
This unit withstands great extremes 
of mechanical shock and vibration as 
well as thermal shock. Use of Ampli-
film pulse capacitors provides stabil-
ity, reliability, and long life. Fully 
suitable for high altitude use in a 
radar transmitter. AMP Inc., Harris-
burg, Pa. 
Circle 150 on Inquiry Card, page 97 

STRAIN GAGE SUPPLY 

Model 7P01 single or multiple chan-
nel strain gage power supplies are 
now being produced. Specifications: 
115 v., 60 cps input; 10 vdc. output, 
adjustable from 9-11 vdc. with a 10-
turn potentiometer; output voltage 
changes less than --.t.05% due to tem-
perature change from 0 to 45°C, less 
than 0.1% due to 2% change in load 
current; output ripple, less than 300 

MV. RMS, isolated from ground as fol-
lows: insulation resistance to ground 
—10,000 Meg, ac pickup to ground-
5 mv. peak. Western Gear Corp., 
Electro Products Div., 132 West Colo-
rado St., Pasadena 1, Calif. 
Circle 151 on Inquiry Card, page 97 

You Specify .... We'll Satisfy 

ANCHOR 
INDUSTRIAL Co., Inc. 

Augat cradles are life-savers for your sub-miniature 
tubes, resistors and capacitors. They hold compo-
nents firm and steady and provide definite assurance 
of long life against shock and vibration. 
You can order Augat cradles in many types, 

diameters ranging from .175 to one inch, normally 
made from 1065 hardened steel cadmium plated, 
beryllium copper alloy 25 heat treated and silver 
plated or heat treated silver magnesium nickel. Spe-
cial finishes may be obtained to your specifications. 

If your requirements are not listed in 
our catalog, write us for information 
on cradles made to your specifications. 

UGAT BROS.INC. 
31 PERRY AVENUE • ATTLEBORO, MASS. 

Circle 191 on Inquiry Card, page 97 

ANCHOR RING-, CONE and 
MAGNET INSULATOR' 

for 

COLOR TUBES 
Perfect insulation . . . easy to attach . . . economical. From 
stock and to your specifications. Also: afety glass mounting 
channels; dust seals; flexible bumper cha Inels. •patented 

36-36 36th St., Long Island City 6, N. 
Chicago rep: 
Pat Malone,4000 West North Ave., Chicago, III. • SPaulding 2-9892 

California rep: W. S. Harmon Co., 121 N. Robertson Blvd. 
Beverly Hills. Calif. • CRestview 6-3027 

VISIT US AT BOOTH 319 DESIGN ENGINEERING SHOW N. Y. COLISEJM—MAY 20-23, 1957 

Circle 192 on Inquiry Card, page 97 

BROADCAST ENGINEER AND WRITER 

We are looking for a man with station 
experience who can write on subjects of 
Interest to broadcast engineers on behalf 
of an equipment manufacturer. 

You should be able to make station con-
tacts for obtaining dato and photographs 
as suitable background material. Further, 

you should be qualified to report facts 
and to write manuscripts suitable for pub-
lication. Above all, you should have a 
sincere desire to write about the engineer-
ing aspects of station operation. 

Send resume of experience and education 
including salary range, together with 
samples of published articles to: 

Mr. E. W. Taylor Dept. E.-4E 

RADIO CORPORATION 1DF AMERICA 

Commercial Electronic Products Diy.sion 
Camden 2, New Jersey 

ELECTRONIC INDUSTRIES & Tele-Tech • April 1957 Circle 193 on Inquiry Card, pags 97 155 



The Boehme 

Interlink Converter 

... A Multi-purpose 
equipment designed 
to satisfy all 
terminal requirements 
in point to point 
teleprinter service. 
The Boehme, Type 6 C 
Interlink converter 
is also capable 
of handling many 
remote operations 

Check these Features 

• Requires one pair of lines. 
• Operates on lines possessing 

relatively high noise 
components. 

• Reduces effect of cross talk. 
• Reduces errors of human 

failure. 
• Eliminates normal 

switching. 
• Capable of operating 

several teletype printers 
at same time. 

• Ruggedized components 
thruout. 

• Draw and tilt chassis for 
easy maintenance when 
supplied with cabinet. 
Also supplied for 
rack mounting. 

For Full details and 
specifications send for 
descriptive Bulletin 
6 C, today. 

' . O. Boehme, In 
igners and Manufacturers 

munication Equipment 

ecision Electro-Mechanical 

pparatus Since 1917 

5 Broadway 

York 10, 

Circle 194 on Inquiry Card, page 97 
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New 

Irroducts  

MULTISTAGE BLOWER 

A line of new and unusually de-
signed multistage centrifugal blowers 
allows delivery of 25 to 350 cfm at 
static pressure of 10 to 55 in. water 
column (2PSI) on suction or pres-

sure. These blowers incorporate 3 to 
9 cascaded pressure stages. They have 
no wearing parts and are direct-
coupled (no belts) to a 14 to 2 hp 
induction motor which is an integral 
part of the unit. The shaft speed of 
the blower being only 3400 RPM, noise 
levels are relatively very low. Entire 
assembly runs on only 2 ball bearings. 
Rotron Mfg. Co., Schoonmaker Lane, 
Woodstock, N. Y. 

Circle 152 on Inquiry Card. page 97 

ANCHOR NUT 

A new self-sealing floating anchor 
nut has been developed. It is designed 
for use in pressurized cabins, covkpits, 
and other areas where positive seal-
ing against gases and liquids is re-
quired. Known as part No. F1968, it 
contains an integrally molded rubber 
seal to provide "tolerance-free" seal-
ing, thus eliminating the inconve-
nience and uncertainty of using seal-

ing compounds to accomplish the same 
purpose. Featuring rigid construction, 
it provides increased resistance 
against deflection under push-out con-
ditions. Kaylock Div., Kaynor Co., 
Los Angeles. 

Circle 153 on Inquiry Card, page 97 

PAPER CAPACITOR 

Availability of a new, economical 
upright mounting capacitor, especially 
for printed-wiring assemblies is Type 
P-156. It consists of the time-and-ser-
vice proven standard paper tubular 

capacitor adapted for upright mount-
ing by means of an outer insulating 
sleeve. Provision is made at the base 
of the capacitor to permit free cir-
culation of air. The outer lead al-
ways indicates outside foil. Standard 
packaging includes a new styrofoam 
pad to keep all leads clean and 
straight and to facilitate handling on 
assembly lines. Aerovox Corp., New 
Bedford, Mass. 
Circle 154 on Inquiry Card, page 97 

TAPE TENSION METER 

A hand-held meter which accurate-
ly measures tape tensions for use 
with magnetic tape recorders has been 
released. The same instrument can 
also be used by manufacturers of 
typewriters, adding machines, and 
users or makers of narrow fabrics, 
ribbons, carton tape, and film. The 
Tension Meter as a range of 0-1000 
grams with great resolution in the 

range of 0-200 grams. It is used ex-
tensively in measuring tape transient 
tensions, such as encountered in sud-
den braking and starting, during 
coating, and other processing opera-
tions. Tensitron, Inc., Harvard, Mass. 

Circle 155 on Inquiry Card, page 97 
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AUTOMATIC SOLDERING 

An automatic soldering machine 
featuring a new concept in feeding 
solder automatically through maga-
zines to pre-heated parts for solder 
fabrication has been developed. The 

timing mechanism operates and reg-
ulates the flame and the exact amount 
of solder with an index table. It local-
izes the heat at the point of fabrica-
tion in the same manner as it would 
be done manually, thereby, accom-
plishing high quality soldering at a 
greatly increased production rate. The 
equipment is designed for one oper-
ator. It has been named Braze-0-
Matic. Castle Machines, Inc., Erie, Pa. 

Circle 156 on Inquiry Card, page 97 

MICROWAVE MIXER 
This mixer has been designed and 

developed to operate over a frequency 
band from 7800-8200 MC. in RG-51/U 
size waveguide. It is supplied with 
standard flanges, UG-51/U; and em-
ploys the new 1N23E type crystal di-
odes. The i-f outputs are solder lugs 
for this unit; however, this can read-
ily be modified to any standard or 
special fitting. Performance has been 

optimized so that an input VSWR of 
1.25:1 can be assured. The unit can 
be provided in either brass or alu-
minum crystals can be supplied in 
place. Sage Laboratories, Inc., 30 
Guinan St., Waltham, Mass. 
Circle 157 on Inquiry Card, page 97 

CAPACITORS 
Designed expressly for transistor-

ized and printed circuits, and other 
compact or miniaturized low-voltage 
de equipment, the new Type NL elec-
trolytics meet the demand for ultra-

\\\ 

compactness in bypass, filter and 
coupling applications. Available in de 
working voltages of 1, 3, 6, 10, 15, 
25, and 50 v.; in capacitances from 
1.0 to 200 /if, and in sizes from 3/16 
x % in. to % x 1 in., these units can 
be operated within the temperature 
range of —20° to +85°C. Extremely 
low de leakage current. Cornell-Du-
bilier Electric Corp., South Plainfield, 
N. J. 
Circle 158 on Inquiry Card, page 97 

LOGICAL ELEMENT 
These building blocks use one tran-

sistor and one rectangular hysteresis 
loop magnetic core per element. All 
logical functions can be economically 
implemented with these units, by their 
inherent ability to perform logical 
OR, logical inhibit, and data storage. 
Units feature low power, compactness, 
versatility, wide operating ranges, 
and long life. The power supply re-
quirement is 1?. v. ±-20%. Available 

at two rated operating ranges of 0 
to 50,000 and 100,000 bits/sec. A line 
of drivers supplement these blocks. 
Mack Electronics, Div. of Mack 
Trucks, Inc., 40 Leon St., Boston 15, 
Mass. 

Circle 159 on Inquiry Card, page 97 

New 

STUDIO CAMERA 
A highly simplified black-and-white 

TV studio camera, engineered with a 
vidicon pickup tube and advanced elec-
tronic circuitry for maximum econ-
omy in studio on-air or closed-circuit 

telecasting is now available. Features 
of the camera include: a 7-in, kine-
scope viewfinder, built-in video oper-
ating controls, one-man operation, a 
new type non-linear optical focus, a 
four-lens turret, and self-contained 
variable gamma circuit which pro-
vides highest quality gray scale ren-
dition. Broadcast & TV Equipment 
Dept., Radio Corp. of America, Cam-
den, N. J. 

Circle 160 on Iniuiry Card, page 97 

500-KW BEAM TRIODE 
A new super-power, water-cooled 

shielded-grid beam triode of unique 
design (RCA-6949), capable of gen-
erating useful continuous r-f power 
in the order of 500,000 w. at high effi-
ciency with exceptionally low driving 
power has been developed. Its shield-
ed-grid construction permits separa-
tion of the r-f input and output cir-
cuits and makes feasible grid-driven 

- 

operation at very-high frequencies. 
It is useful as a Class C r-f power 
amplifier either modulated or unmod-
ulated, and as a linear r-f power am-
plifier in SSB service. RCA Tube 
Div., Harrison, N. J. 

Circle 161 on Inquiry Card. page 97 
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Universal DC Meter 

THE CIINTM 

METERS 

microvolts 
to 

kilovolts 

This new microvolt-ammeter-amplifier 
will measure as little as 10/tv or 10p.p.a 
with accuracy. It may also be used as 
a DC amplifier with up to 80 db gain 
and only 10,Ltv drift. A zero-center mir-
rored scale provides instant polarity 
indication. Utilization of KIN TEL's 
chopper stabilized circuit provides 
versatility, accuracy, and stability that 
is unobtainable with conventional 
VTVM's. The Model 203 is the ideal 
general purpose laboratory meter, 
production test set, or null meter. 

SPECIFICATION 

• 100 fiv to 1000 fs 
• 100 µ,µa to 100 ma fs 
• 25 ranges 
• 100 megohms input 
• 80 db gain as amplifier 
• 10 µv equivalent input drift 
• 1 volt output 
• Price $550. 

Representatives in all major cities 
Write for literature or demonstration 

Km re TEL 
L KAY LAB ) 

5725 KEARNY VILLA ROAD 

SAN DIEGO 11. CALIFORNIA 

Circle 196 on Inquiry Card, page 97 

SEE THIS AT IRE 

Pictured above are some of the early audion 
tubes and detectors developed by Dr. Lee 
DeForest—which are included in the historic 
exhibit. "Cavalcade of Electronics" by Inter-
national Rectifier Corp., of El Segundo, Cali-
fornia. The exhibit, being presented at the 
IRE Show includes approximately 18 of these 
prototypes and covers the period 1880-1957. 

Flight Simulator 
Uses TV Projection 
To add more and more realism 

to their flight simulators, Link 
Aviation, Inc., Binghamton, N. Y., 
will utilize TV cameras and pro-
jectors in the simulators they are 
now designing for use with the 
DC-8, Boeing 707, and the Lock-
heed Electra. 
These aircraft are multi-jet, 

commercial transports. Not only 
has Douglas Aircraft Co., designer 
of the DC-8, ordered a jet trans-
port flight simulator but also the 
airline. United Air Lines is the 
first airline to ever purchase a jet 
flight simulator. 
The TV camera is mounted on a 

dolly and is so mounted as to give 
three - dimensional motion. Prog-
ress of the dolly along rails paral-
lel to a panorama of a runway, 
with associated scenery, is con-
trolled by the controls that would 
govern the speed of the aircraft 
in flight. 
The horizontal position of the 

plane is obtained by vertical mo-
tion of the camera on the dolly. 
The reason for this is simple. The 
panorama is mounted on a wall— 
this accounts for the interchang-
ing of the vertical and horizontal 
axes. The vertical position of the 
plane is accomplished by motion 
of the camera, and associated an-
gled mirror in a horizontal plane. 
The projector is mounted above 

the cockpit of the transport and 
casts the image on a regular TV 
screen placed in front of the nose 
of the plane. 

Product 

Engineering 

Electronics 

An opportunity for' a mechanical 

or electrical engineer skilled 

in starting with laboratory 

breadboard configurations and 

developing designs suitable 

for production. Requirements 

are a minimum of three years 

experience in the design of 

airborne electronic units or 

small electro-mechanical 

devices to applicable military 

specifications. 

Please address inquiries to: 
Mr. Frank C. Nagel 

The Ramo-Wooldridge 
Corporation 

5730 ARBOR VITAE STREET 
LOS ANGELES 45, CALIFORNIA 

Circle 197 on Inquiry Card, page 97 

NEVI BEACON FLASHERS 
in accordance with CAA-FCC regs. 

by HUGHEY & PHILLIPS, INC. 

— your most dependable source of 
Obstruction Lighting Equipment 

— the widest selection of Control and 
Alarm Apparatus in the Industry. 

MODELS.--

Model BF-40 is a single pole unit for flash-
ing a single beacon. Models BF-41 and 
BF-42 provide two separate circuits for al-
ternate flashing of two beacons 
(BF-41 — 117 volt, BF-42 — 115/230 volt) 

CHOICE OF MOUNTING 

Outdoor Housing 
(watertight-cast alum.) 

Indoor Housing 

Model BF-40 
panel only 

All Models use 
heavy-duty Mer-
cury Tilt-switches. 

Request Descriptive Bulletin HPS-137 

r- HUGHEY IL PHILLIPS, INC. -1 
Manufacturers of 

I 300MM Code Beacons, Obstruction Lights 
Photo-Electric Controls, Beacon Flashers, 

• Microwave Tower Control & Alarm Units 
Remote Lamp Failure Indicator Systems, 

and Complete Tower Lighting Kits. 

I 3300 NORTH SAN FERNANDO BLVD. I 
BURBANK, CALIF. 

Circle 198 on Inquiry Card, page 97 
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New 
Products I 

TRANSISTORIZED INVERTER 

This inverter is a transistorized 
device, with power handling capability 
in the order of 300 va. Advantages of 
the unit: The CW-1029 weighs 6.5 lbs. 
and its volume is 96 Cu. in. It requires 

no servicing, and its life is estimated 
in excess of 10,000 hrs. of operation. 

• The inverter will withstand vibrations 
of 10 Gs, between 10 and 2000 cps. 
Voltage modulation will not exceed 
.25%. It controls 400 cps to -.h.2 cycles. 
No radio interference filters because 
there are no brushes to arc. Electro-
solids Corp., 7436 Varna St., No. 
Hollywood, Calif. 
Circle 162 on Inquiry Card, page 97 

DUMMY LOAD 

A new high-power, L-band, dummy 
load with direct indicating calorimet-
ric wattmeter is now available. The 
light-weight load element of the 
dummy load is composed of two 

• tapered fluid elements of molded fiber-
glass construction which is centered 
inside of a four foot long section of 
aluminum waveguide. A remote heat-
exchanger unit pumps a constant vol-
ume of glossy liquid through the ta-

pered fiberglass elements. The liquid 
absorbs the microwave energy; the 
heat is dissipated by the exchanger. 
Operates in the 1150 to 1750 MC range. 
WacLine, Inc., 35 So. St. Clair St., 
Dayton 2. 

Circle 163 on Inquiry Card, page 97 

PRECISION POT 

Weighing only 10 grams and no 
larger in diameter than a fountain 
pen, a new Series 341 ten-turn pre-
cision potentiometer is being manu-
factured. It is built in a metallic shell 

1141 in. long and 17/32 in. in dia. The 
phase shift (20,000 ohm) is less than 
0.1 degree at 400 cps. Its backlash is 
essentially zero. It has a best practical 
linearity tolerance of 0.1%. Power 
rating is 1 w. at 25°C ambient. Vibra-
tion range is 10 G's to 500 cps (3 
attitudes). Daystrom Potentiometer 
Div., Daystrom Pacific, 11150 La 
Grange Ave., Los Angeles 25, Calif. 
Circle 164 on Inquiry Card, page 97 

HIGH TEMP. TRANSISTOR 

High quality npn grown junction 
high temperature type silicon trans-
istors are now available. They offer 
these advantages: Improved power 
gains, from 34 to 40 db depending on 
the type. Increased emitter diode rat-
ings make possible employment in 
large signal applications as found in 
computers. servos and magnetic am-
plifiers. Decreased leakage current 
ratings, and lower series resistance on 

the collector side make switching ap-
plications more feasible. They also 
have the virtue of operating at very 
high temperatures. Bogue Electric 
Mfg. •Co., 52 Iowa Ave., Paterson 3, 
N. J. 
Circle 165 on Inquiry Card, page 97 

STROMBERG-CARLSON 

"BB" Series 
Relays 

For your automation 
compul ing... control 

circuit applications... 
"Teleptnne Quality" 
at an oidinary price 

To meet your needs for preci-
sion and durability in automa-

tion, computing and control cir-
cuitry, this relay provides tele-
phone quality at an ordinary 

price. 
The "BB" Series Relay ac-

commodates up to 100 Form A 

spring combinations. It incor-
porates such important advan-

tages as twin contacts, knife-edge 
pivot and special frame-armature 

construction. Like all Stromberg-
Carlson relays, it is built to op-

erate under extreme ranges of 
temperature and humidity. 

Prompt delivery is available on 
all orders. 

This catalogue will 
give you complete 
technical details and 
specifications.Wewill 
gladly send you a free 
copy on request. 
Please ask for Cata-
logue T-5000R. 

STROMBERG-CARLSON 
A DIVISION OF GE1, ERAL DYNAMICS CORPORATION 

TELECOMMUNIC.‘TION INDUSTRIAL SALES 

Circle 199 on Inquiry Card, page 97 
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TRACER-GUIDED DRILLING 
100 HOLES P. M. 

WITH NEW HERMES EllgraVq, 

Printed circuit plates 
now accurately drilled 

by unskilled labor from 
enlarged template by 

air activated feed. 

Ask for cata'og KP-I 

describing pneumatic 

attachment. 

Heir beer/MIPS ENGRAVING MACHINE CORP. 

13-19 University Place, New York 3, N.Y. 

Circle 200 on Inquiry Card, page 97 
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16mm SOUND•ON•FILM EQUIPMENT FOR TELEVISION NEWSREELS, g 

TV FILM INSERTS AND KINESCOPE RECORDINGS ...SOLD WITH E 
A 30-DAY MONEY-BACK GUARANTEE. YOU MUST BE SATISFIED! 14. 

7g-

=— 
= WRITE FOR FREE 

ILLUSTRATED 

INFORMATION 

= 
SWIM 

Aa.fratat. 

nwet*-1711)ne°°d 

TRIPOD 
$325.00 526950 $695.00 $1497.00 1463213 

PORTABLE POWER UNIT CINE•VOICE AURICON PRO-600 SUPER 1200 SOUND !KOREN! 
93359.00 

BERNDT-BACH, Inc. 

p. 

É 6926 Romaine St., Hollywood 38, Calif. 

MANUFACTURERS OF SOUND-ON-FILM RECORDING EQUIPMENT SINCE 1931 

Circle 206 on Inquiry Card, page 97 
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NOTICE TO SUBSCRIBERS 
A change of address requires four weeks notice. Please notify the 

Circulation Department, ELECTRONIC INDUSTRIES & Tele-

Tech, Chestnut & 56th Sts., Philadelphia 39, Pa., as early as possible. 

Include, if you can, the imprinted strip on the magazine wrapper 

showing exactly how it is now addressed. This will enable us to 

put the change into effect with a minimum of delay. Also, please 

notify your local postmaster. 

IRE "Fellows... 
(Continued from page 65) 

activity even more than home televi-
sion changed the entertainment habits 
of the American public. It is safe to 
assume that we will see within the 
next five years at least five national 
closed circuit television networks 
serving our industrial market and 
coupled with this thousands of appli-
cations of closed circuit television in 
our factories, mines, construction and 
allied industries." 

A. H. Waynick, Penna. State Univ.— 
"It appears evident that the field of 
engineering education, particularly in 
electrical engineering, is in a phase of 
great and rapid transition. This re-
sults from the great complexity and 
variety of devices and equipments 
which now lie within the province of 
the electrical engineer and, in particu-
lar, the electronics man. The days of 
the "handbook" electrical engineer are 
now in the past and the electrical en-
gineer of the present and the future 
must be essentially an applied scien-
tist." 

A. H. Waynick S. Frankel 

Sidney Frankel, Litton Industries— 
"Inherent in the endless duel for su-
premacy between radar equipments 
and the countermeasures developed to 
neutralize them is a highly produc-
tive pace of technological advance-
ments But as the frontiers are 
pushed forward a very real challenge 
remains to improve the reliability and 
simplicity of maintenance of the 
equipment developed. The immediate 
future must witness great progress 
along these lines. . . ." 

44 

4 

4 

Hok F. L. Ankenbrandt 
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• Gunnar Hok, Univ. of Michigan—"Re-
cent advances in the microwave art, 
solid-state electronics, and informa-
tion theory promise to provide vastly 
more efficient communication and en-
tertainment in the future. Broad-band 
low-noise electron tubes, maser ampli-
fiers and other solid-state devices as 

• well as new methods of coding infor-
mation will give the design engineer 
the tools for reducing bulk and power 
requirements and improving the per-
formance of electronic systems." 

(Maj. Gen.) F. L. Ankenbrandt, RCA 
—"As a Lieutenant in the early 
thirties, I remember the low powered 

• MF and HF radio sets, field wire, field 
telephones and pigeons Now, some 
twenty years later, the widespread 
military use of microwave, radar, 
carriers, computers, and complex elec-
tronics systems of all types was rou-
tine Obviously the usage curve is still 
rising rapidly and the next two dec-
ades will see greatly advanced usage 
of complex electronics systems in 
every phase of military warfare." 

O. Hugo Schuck—"Man's insatiable 
desire to extend his will makes inevi-
table further applications of auto-
matic control. In aeronautical control 
the challenge is particularly great 
and human limitations hampering. 
Here flight control and propulsion 
control are already being combined 
with navigation and computation into 

V . 

W. J. Albersheim 

R. DeCola 

G. S. Field 

G. P. Bosomworth 

ÀdlIl IIIII Aci 

G. C. Gross 

integrated mission control systems. In 
this as in other control fields the tech-
niques of non-linear operation, quan-
tization, redundancy and self-adapta-
tion will be increasingly applied." 

Howard K. Morgan, Bendix Aviation 
Corp.—"Air navigation will be aug-
mented with automatic dead reckon-
ers, corrected by doppler and fixed 
periodically by radio aids for more 
precise navigation. Much needed data 
links for control signaling will alle-
viate present frequency change prob-
lems and speed communication. 
Ground equipment probably will in-
terrogate aircraft sequentially." 

Dr. O. G. Villard, Jr., Stanford Univ.— 
"In recent years long distance radio 
channel capacity has been greatly in-
creased by utilizing the ionosphere's 
scattering as well as its reflecting 
power. But the surface has only been 
scratched. For instance, it has now 
been demonstrated that signals from 
an existing low-frequency radio sta-
tion can be regularly received at the 
geomagnetic conjugate point in the 
opposite hemisphere by the so-called 
"whistler" mode of propagation, by 
which radio waves penetrate the iono-
sphere and travel thousands of miles 
into space, guided by the earth's mag-
netic field lines. These new break-
throughs make research on the iono-
sphere an especially exciting field 
today." 

R. N. Hall 

M. Dishal R. E. Mathes L. E. Packard 

kit 
0. Hugo Schuck C. D. Tuska 

for MICROWAVE 
SIGNAL ANALYSIS 
of radar c Dmmunications 
equipment and components 

VECTRON SA30 SERIES 
MICROWAVE SPECTRUM ANALYZER 

Clearly and accurately displays: 
Frequency of carrier and side bands 
Undesired frequencies generated 
Relative power of all signals 
Details of intermittent signals. 

SA30WR-1 2,000 to 12,000 mc/s 
Direct Reading Dial 

Recommended for laboratory or produc-
tion use where wide frequency coverage 
is needed and moderate frequency ac-
curacy (0.5%) is required. 

SA30X5 8,500 to 9,660 mc/s 
Direct Reading Dial 

Frequency Accuracy 0.05% or better 
Ideal for use in design, production and 
maintenance facilities where major re-
quirements are fast, accurate readings 
within its freque -icy range. 

THE SA30 SERIE! IS LIGHTER: — uses 
all aluminum construction in a port-
able 80 lb. bench-top unit or as two 
rack-mountable assemblies. 

SEND FOR 
BULLETIN 

NO. SA30 
OR PICK UP 

YOUR COPY Al 

BOOTH 3106-3108 
1957 RADIO ENGINEERING SHOW 
, MARCH 18-21 NEW YORK COLISEUM 

3 

1/.i---cre ON, inc. 
64€114Wie am/ wia,;5/4e4meideleni 

1611 Trapelo Road • Waltham 54, Mass. 

VECTRON'S MINIATURIZED 
SPHERE RESOLVER requires less 
than 5 in/oz input for 1 to 2 
in/oz from the sine and cosine 
output shafts. This precision 
mechanical resolver is 11,2" 
square with a body block over 
21/e" long. 

i This product of Vectron design and manufacture 
is another example of the electro-mechanical 
problems which Vectron can help you solve. 
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FREED 
MAGNETIC 
AMPLIFIERS 

a4eri 
SATURABLE TRANSFORMERS 

FOR 
IMMEDIATE DELIVERY 

2,\., 

FAST RESPONSE 
MAGNETIC AMPLIFIERS 

response Phase reversible 

Cat. 
No. 

Supply 
Freq. 
C.P.S. 

Power 
Out. 
Watts 

Volt. 
Out, 
V. AC 

AC or DC signal 
voltage req'd for 

full output. 

MAUI 60 13 110 1.0 - 

MAF-6 400 5 57.5 1.2 0.4 

400 10 57.5 1.6 0.6 

MAF-7 

Cat. 
No. 

400 

MAGNETIC 
Supply 
Freq. 
C.P.S. 

SINGLE 

Power 
Cut, 
Watts 

15 

Sig. 
for 

outp. 

57.5 

ENDED 
AMPLIFIERS 
req'd 
full 
MA-DC 

2.5 

Total res 
contr. wdg. 
K 9 

1.0 

Load 
res . 
ohms 

MAO-1 60 4.5 3.0 1.2 3800 

MAO-2 60 20 1.8 1.3 700 

MAO-4 60 400 9.0 10.0 25 

MAO-5 60 575 6.0 10.0 25 

MAGNETIC 
PUSH-PULL 

AMPLIFIERS 
Phase reversible 

Cat. 
Na. 

Supply 
Freq. 
C.P.S. 

Power 
Out. 
Watts 

Volt. Sig req'd 
Out. fo full 
V. AC outp MA-DC 

Total res. 
contr. wdg. 

If!! 

MAP.1 60 5 115 1.2 1.2 

MAP-2 60 1$ 115 1.6 2.4 

MAP-3 60 50 115 2.0 0.5 

MAP-3-A 60 50 115 7.0 2.9 

MAP-4 60 175 115 8.0 6.0 

MAP-7 400 15 115 0.6 2.8 

MAP-8 400 50 110 1.75 0.6 

SATURABLE 
Phase 

TRANSFORMERS 
reve sible 

Cat. 
No. 

Supply 
Freq. in 
C.P.S. 

Power 
Out. 
Watts 

Volt. 
Out, 

V. AC 

Sig. req'd 
for full 

outp. MA-DC 

Total res. 
contr. wdg. 
K 2 

MAS-1 60 15 115 6.0 27 

MAS-2 400 6 115 4.0 10 

MAS-5 400 2.7 26 4.0 3.2 

MAS-6 400 30 115 4.0 8.0 

MAS-7 400 40 115 5.5 8.0 

All units designed for 115V-AC operation 

Write for detailed listing, or special 
requirements, and copies of complete 
Transformer and Laboratory Test In-
strument Catalogs. 

TRANSFORMER CO., INC. 
1726 Welrfield Street 

Brooklyn (Frclgewood) 27, New York 
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Eliminate Transistor Burnout 
(Continued from page 71) 

New Approach 

In view of these facts, a differ-
ent approach becomes interesting, 
namely an electrical reversal of a 
transistor's polarity with the aid 
of additional circuit elements. The 
simplest arrangement of this type 
is the back-to-back connection of 
two transistors diagrammed in 
Fig. la. More satisfactory is the 
device illustrated in Fig. lb whose 
collector junctions are protected 
from being biased in the forward 
direction by two diodes. Perfect 
symmetry in both directions re-
quires matched transistors. 
Another approach is the paral-

leling of two transistors with op-
posite types of conductivity. Fig. 
lc shows the circuitry including 
two protective diodes. A close in-
spection reveals output and input 
signals in phase so that opposite 
collector currents require input 
signals of opposite polarity. This 
is in contradiction to truly sym-
metrical units. 

Diode Protection 

Much better is the conversion 
of a single transistor into a sym-
metrical device with the aid of 
diodes. Fig. id illustrates the 
fundamental arrangement in the 
form of a standard transistor 
forming the diagonal branch of a 
ring modulator or rectifier bridge. 
In such a case, the polarity of the 
diodes determines the polarity of 
the supply voltage across the 
transistor so that the transistor 
"sees" the supply battery always 
with the correct polarity. Conse-
quently, this "Terminal Symmetri-
cal Transistor" exhibits standard 
characteristics and parameters re-
gardless of battery polarity. In 
this way, special switching tran-
sistors with excellent transient 
response and large power han-
dling capacity can be utilized 
without involving matching prob-
lems and response times of the 
diodes. 

Terminal Symmetry 

The "Terminal Symmetrical 
Transistor" may be utilized in the 
common-emitter configuration dia-
grammed in Fig. 2a with the base 

biased via the leak resistor Rb. A 
laboratory model containing a sili-
con transistor surrounded by four 
silicon diodes was mounted and 
soldered to a plug that fits a 7-pin 
miniature socket. In a transistor 
tester, the parameters can be mea-
sured with either polarity of the 
supply voltage, i.e., with the po-
larity switch in the npn-or pnp-
position. For extra large current 
gain, a tandem transistor, may be 
inserted into the ring modulator 
and thus converted into a "Termi-
nal Symmetric Tandem Unit." 
The similarity between the Ter-

minal Symmetrical Transistor and 
an inherently symmetrical speci-
men suggests equivalent applica-
tions, for example, in clamp cir-
cuits, phase-or FM-detectors, 
etc.2 In addition the Terminal 
Symmetrical Transistor can be 
used in different stages of any 
transistor apparatus such as hear-
ing aids, radio receivers, and the 
like. In such a case, the battery 
polarity does not matter, provided 
the capacitors are of the bipolar 
type. 

Fool-Proof Sets 
A further simplification is a bi-

polar transistor set in which the 
battery is connected to a complete 
transistor set through a ring mod-
ulator. Fig. 5 illustrates the cir-
cuitry in which the transistor set 
always "sees" the battery through 
the diodes with correct polarity. 
Future transistor apparatus may 
not require polarity marks for 
their batteries and replacement of 
the battery will be fool-proof. 

References 
1) H. E. Hohmann: "Applications for 
Tandem Transistors," Tele-Tech and 
Electronic Industries, Feb. 1956, P. 58 ff. 

2) G. C. Sziklai: "Symmetrical Proper-
ties of Transistors and Their Applica-
tions," Proc. IRE, vol. 41, 1953, pp. 717-
724. 

SOLDERING GUN SIGNAL GEN-
ERATOR - Low frequency field 
established by tip of an energized 
soldering gun can be substituted 
as a signal source, thus avoiding 
need to move TV set to a signal 
generator. Loss of sound would 
indicate trouble in audio amplifier 
section; if gun tip is held near 
grid circuit of audio amplifier, the 
low frequency hum of guns be-
comes audible and can indicate 

any defect. 

I 

de 

-4 

4 

A 

162 
ELECTRONIC INDUSTRIES & Tele-Tech • April 1957 



ELECTRONIC INDUSTRIES & Tele -Tech Advertisers Apr. 1957 
AC ELECTRONICS, DIV. GM CORP  42 
Agency—E. H. Brown Advertising Agency 

ALFORD MFG. CO., INC.  028• 
Agency—Engineered Advertising 

ALLEN-BRADLEY CO.   10 I 
Agency—Fensholt Advertising 

AMERICAN LAVA CORP.   
Agency—Power & Condon 

AMERICAN MACHINE & FOUNDRY   102 
Agency—Deutsch & Shea, Inc. 

AMPEREX   44 
AMPEX CORP.   107 
Agency—Bolond Associates 

AMPHENOL CORP.   
Agency—Burton Browne Advertising 

ANCHOR INDUSTRIAL CO.   155 
Agency—Richard & Gunther 

ARNOLD ENGINEERING CO.   106 
Agency—W. S. Walker Advertising 

AUDIO DEVICES, INC.   129 
Agency—Marsteller Rickard Gebhardt & 
Reed Inc. 

AUGAT BROS., INC.   155 
Agency—Knight & Gilbert Inc. 

AVCO   130, 135 
Agency—Robert Acomb Inc. 

BALLANTINE LABS.   6 
Agency—Frederick Smith Adv. 

BELL AIRCRAFT   139' 
Agency—Baldwin, Bowers & Strochan, Inc  

BENDIX AVIATION CORP., RED BANK DIV. 40 
Agency—MacManus, John & Adorns, Inc. 

BERNDT-BACH, INC.  031', 160 
Agency—Van der Boom, Hunt, McNaughton 
Inc. 

BLAW-KNOX COMPANY   115 
Agency—Ketchum, MacLeod & Grove, Inc  

BLONDER-TONGUE LABS   140 
Agency—Jack Gilbert Assoc. 

BOEHME, INC., H. O.   156 
Agency—William A. Battista 

BOMAC LABORATORIES, INC.  Cover 3 
Agency—Larcom Randall Advertising 

BOURNS LABORATORIES   117 
Agency—Allen, Dorsey & Hatfield , Inc. 

BURNELL & COMPANY   128 
Agency—Mohr Associates, Inc. 

BURROUGHS CORP.   7 
Agency—The Harry P. B,idge Co. 

BUSSMANN MFG. CO. 

CAMERA EQUIPMENT CO.  030' 
Agency—J. M. Kesslinger & Assoc. 

CANNON ELECTRIC COMPANY .... 
Agency—Willard G. Gregory & Co 

CENTURY LIGHTING . 138 
Agency—Carter Winter 

CHILTON CO.   112, 153 
CINCH MFG. COMPANY   83 
Agency—D. T. Campbell, Inc. 

CLEVELAND CONTAINER COMPANY   48 
Agency—Nesbitt Service Co. 

COMMUNICATION PRODUCTS CO.   151 
Agency—George Homer Martin Assoc. 

COMPUTER-MEASUREMENTS CORP.   153 
eg. Agency—Harry G. Willis & Associates 

CORNING GLASS WORKS   133 
Agency—Chas. L. Rumrill & Co., Inc. 

DALE PRODUCTS, INC.   
Agency—Ayres, Swanson & Assoc., Inc. 

DELCO RADIO DIV., GENERAL MOTORS 
CORP.   
Agency—Cam pbell-Ewold Co. 

a, DONNER SCIENTIFIC  029' 
Agency—Wank, Lougee McDonald & Lee 

DRY SCREEN PROCESS   25 
Agency—Edward M. Power Co. 

DU MONT LABS, INC., ALLEN B  45 
Agency—Austin C. Lescarbouro & Staff 

ye-

EASTERN PRECISION RESISTOR CORP. 32 
Agency—Pulse Advertising 

EITEL-McCULLOUGH, INC.   127 
Agency—Evans, McClure & Assoc. 

ELECTRO-MOTIVE MFG. CO   23 
Agency—Cory Snow, Inc. 

ELECTRO SNAP SWITCH CO.   148 
Agency—Stoeltze! & Associates, Inc. 

ELECTRONIC FABRICATORS, INC.   
Agency—Mohr Associates 

Agency—Milt Dubins 
MAGNETICS, INC.   II I 
Agency—Lando Advertising Agency 

MALLORY & CO., P. R.  Section 
Agency—Aitkin-Kynett Co. 

MEASUREMENTS CORP.   144 
Agency—Frederick Smith Advertising 

MELPAR, INC.   126 
Agency—M. Belmont Ver Stand ig, Inc. 

MICROTRAN CO.   144 
Agency—Einhorn Stern, Inc. 

MIDLAND MANUFACTURING CO.   19 
Agency—Potts-Woodbury, Inc. 

MILWAUKEE GAS SPECIALTY CO. 
Agency—The Cramer-Krasselt Co. 

96 MOTOROLA. INC.   
Agency—Kolb & Abraham 

29 

ELECTRONIC INDUSTRIES & Tele-Tech 

164 

108 

April 1957 For product inform 

ERIE RESISTOR CORP.   34 
Agency—W. S. Hill Co. 

ESC CORP.   154 
Agency—Keyes, Martin & Co. 

FAIRCHILD CONTROLS CORP.   
41 Agency—G. M. Basford Co. 

FEDERAL TELECOMMUNICATION LABS  114 
Agency—J. M. Mathes, Inc. 

FEDERAL TELEPHONE & RADIO   103 
Agency—J. M. Mathes, Inc. 

FORD INSTRUMENT CO.   152 
Agency—G. M. Bosford Co. 

20 FREED TRANSFORMER COMPANY   162 
Agency—Franklin Advertising Service 

GARRETT CORP., THE   122 
Agency—J. Walter Thompson Co. 

GENERAL ELECTRIC COMPANY   21 
Agency—The Joy H. Moish Co. 

GENERAL RADIO COMPANY   50 
Agency—K. E. Morang Co. 

GENERAL TRANSISTOR CORP.   105 
Agency—A. D. Adorns, Advertising 

HOFFMAN ELECTRONICS CORP.   146 
Agency—Dan B. Miner Company, Inc. 

HOWARD INDUSTRIES, INC.   
Agency—R. M. Loeff Advertising, Inc  

HUGHES AIRCRAFT CO.   
Agency—Foote, Cone, & Belding 

HUGHEY & PHILLIPS   
Agency—Welsh, Hollander & Coleman 

INDIANA STEEL PRODUCTS, CO.   38 
Agency—Fensholt Advertising Agency 

INDUSTRIAL TEST EQUIPMENT   149 
Agency—Mac Berman Advtg. 

INTERNATIONAL BUSINESS MACHINES 
CORP.   123 
Agency—Benton & Bowles, Inc. 

INTERNATIONAL ELECTRONIC RESEARCH 
CORP.   110 
Agency—Jaycraft Co. 

INTERNATIONAL RESISTANCE CORP. . 0, II 
Agency—Arndt, Preston, Chopin, Lamb & 
Keen, Inc. 

J.V.M. ENGINEERING CO.   164 
18 Agency—Symonds, MacKenzie & Co. 

JOHNSON CO., E. F.   121 
Agency—Firestone-Goodman Advertising 
Agency 

JONES, HOWARD B., DIV. OF CINCH .. 
22 Agency—Symonds, MacKenzie & Co. 

KAY-LAB, INC.   158 
Agency—The Armstrong Co., Inc. 

KENNEDY & CO., D. S.   132 
Agency—Larcom Randall Adv. 

KESTER SOLDER COMPANY   109 
Agency—Paul J. Steffen Co. 

KLEIN & SONS, MATHIAS   104 
Agency—The Buchen Co. 

KULKA ELECTRIC MFG. CO., INC.   149 
Agency—L. D. Blehart Co. 

LANSDALE TUBE CORP.   
Agency—Maxwell Adv. 

LENZ ELECTRIC MFG. COMPANY   
Agency—Merchandising Advertising, Inc. 

47 LORAL ELECTRONICS CORP.   
Agency—Richard & Gunther, Inc. 

LOS ALAMOS SCIENTIFIC LABS.   
30 Agency—Ward Hicks Advertising 

NATIONAL CASH REGISTER CO 39 
Agency—McCann-Erickson, Inc. 

NATIONAL VULCANIZED FIBRE 131 
Agency—Harris D. McKinney, I 

NEW HERMES ENGRAVERS, INC   160 
Agency—Mann-Ellis 

OCALA CHAMBER OF COMMERCE   150 
Agency—Bacon, Hartrran & Vol' brecht, Inc  

OHMITE MFG. CO.   37 
Agency—Fensholt Advertising Agency 

ON AN & SONS, INC., D. W.  029* 
Agency—Graves & Associates 

PANORAMIC RADIO PRODUCTS   145 
Agency—Harold Marshall Advtg. 

PHELPS DODGE  015* 
Agency—Compton Advertising, Inc. 

PH I LCO CORP.  06, 07• 
Agency—Maxwell Associates, Inc. 

POLARAD ELECTRONICS CORP.  31, 125 
Agency—Howard A. Harkavy, Inc. 

RADIO CORPORATION OF AMERICA 
010', 011', 025', 118, 119, 155, Cover 4 

Agency—Al Paul Lefton Co., Inc. 
RADIO MATERIALS CORP.  Cover 2 
Agency—Turner Advertising Agency 

148 RADIO RECEPTOR CO., INC.   43 
Agency—Walter J. Zimmerman Assoc. 

124 RAMO-WOOLDRIDGE CORP.   158 
Agency—McCarty Co 

150 RAYTHEON MFG. COMPANY  17, 94, 021* 
Agency—Donahue & Coe, Inc. 

RELIANCE MICA   150 
Agency—Richard & Gunther 

ROHN MFG. COMPANY  027* 
Agency—Jackson, Hoerr, Peterson & Hall, 
Inc. 

SPRAGUE ELECTRIC CO.   4 
Agency—Stuart Sande Advertising 

STACKPOLE CARBON CO.   27 
Agency—Harry P. Bridge Co. 

STA-WARM ELECTRIC CO.   153 
Agency—E.T. Geddes 

STROMBERG CARLSON CO.   159 
Agency—Charles L, Rumrill & Co., Inc. 

SYLVANIA ELECTRIC PRODUCTS, INC  
Agency —J. Walter Thompson Co. 

SYNTHANE CORP.   
Agency—Arndt, Preston, Chapin, Lamb & 
Keen, Inc. 

46 

36 

153 TELETRONICS LABS., INC.   136 
Agency—Richard & Gunther, Inc. 

TEXAS INSTRUMENTS, INC.   26 
Agency—Don L. Baxter, Inc. 

TINNERMAN PRODUCTS, INC.   35 
Agency—Meldrum & Fewsmith, Inc. 

TRANSRADIO LTD.   151 
Agency—Reynell & Son Ltd. 

TRIPLETT ELECTRIC INSTRUMENT 33 
Agency—Burton Browne Advtg. 

U. S. RADIUM CORP.   
Agency—Molesworth Associates 

UNION SWITCH & SIGNAL, DIV. WESTING-
HOUSE AIR BRAKES CO.   

14 Agency—Batten, Baron, Durstine & 
Osborn, Inc. 

28 UNITED TRANSFORMER CO. .. 
Agency—Shappe, Wilkes, Inc. 

13 UNIVERSAL TRANSISTOR PROD. CORP 
Agency—Resnick & Katz, Inc. 

84 

VECTOR ELECTRONIC COMPANY 
Agency—Dozier, Eastman & Co. 

MAGNETIC METALS CO.   95 VECTRON, INC. 
Agency—Richard Thorndike Agency 

116 

24 

120 

147 

146 

  161 

WESTERN GEAR CORP.   93 
2 Agency—Ruthrauff & Ryan, Inc. 

WESTINGHOUSE ELECTRIC CORP. 
Agency—McCann-Erickson, Inc. 

WESTINGHOUSE ELECTRIC CORP.  142, 143 
Agency—Fuller & Smith & Ross, Inc. 

WESTON ELECTRICAL INSTRUMENT CORP., 
A SUBSIDIARY OF DAYSTROM, INCORPO-
RATED   9 
Agency—G. M. Basford Co. 

 023* WIND TURBINE CO. 
Agency—Harry P. B-idge Co. 

'In Operations Section Only 

ation, use inquiry card on page 97 

49 

163 



for Military Equipment 
and 

Commercial Applications 

• Meet MIL R-5757C and MIL R-25018 
specifications. 

• Sensitivity down to 6 mw. 

• Coil Resistances to 20,000 Ohms. 
• Switching Capacities up to 5a., 
28 v., d.c. 

• Standard contact arrangements to DPDT. 

• Same long life and reliability in relays 
for commercial applications. 

All relays may be purchased in a wide 
variety of terminals and mounting means 
to suit most applications. 

Early delivery of relays built to standard 
specifications. 

WRITE FOR RELAY DATA BULLETIN 

AA 
MILWAUKEE GAS SPECIALTY CO. 

Dept. RI-1, Milwaukee 1 Wisconsin 
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NEW COMPUTER 

European aircraft, industrial, engineering, and 
research firms will use this ALWAC Com-
puter, manufactured by Alwac Corp., So be 
installed in the Autronic Computing Center, 
Stockholm. 

Chromation to be 
Developed 
The Emeryville, California ex-

perimental and development facil-
ities of Chromatic Television Lab-
oratories, Inc., has been acqu'ired 
by Litton Industries from Para-
mount Pictures Corporation. 
Chromatic is the developer of 

the unique Lawrence color televi-
sion tube invented by Nobel Prize-
winner Dr. Ernest O. Lawrence. 
The Lawrence tube makes possi-

ble selective color displays in ra-
dar presentations, and opens the 
way to new progress in many im-
portant areas of military and in-
dustrial application. 

In air traffic control, for exam-
ple, automatic presentation of the 
landing airplanes in one color, 
planes taking off in a second 
color, and planes within a given 
distance in a third color, on the 
display panel is now possible. 
Developments already underway 

foretell the advent of equipment 
which, through the use of color, 
will vastly improve the speed and 
accuracy with which a human op-
erator will be able to understand 
complex situations being dis-
played, greatly aiding control of 
moving objects in spite of the ex-
tra-ordinary speed at which mod-
ern planes and missiles, as well 
as physical and chemical reac-
tions, move. 
The unique feature of the Law-

rence tube is that color selection 
takes place at the screen surface 
of the cathode ray tube, rather 
than at the gun. 

NOW...ANY MICROWAVE 
COMPONENT CAN BE 

BUILT AND ENGINEERED 
TO YOUR PARTICULAR 

APPLICATION 
Regardless of complexity, de-
sign or tolerance problems—you 
can get UHF or microwave com-
ponents that are job-engineered 
to your application. All units 
are delivered, electrically tested 
and proven, ready for immediate 
operation. 
Components can be built from 

your prints or can be designed 
and built to integrate with the 
application. Close and confi-
dential coordination is main-
• tamed from drawing board stage 
to installation. 
Range of assemblies is prac-

tically unlimited—from dc. to 
over 40,000 mc., military or in-
dustrial. Typical examples are 
these components, delivered 
ready for field use: 

Telemetering. 

Tuneable 
S-Bond 
Transmitter Cavity — 
re-entrant type, pulse out-
put150 w., operates at extreme altitudes 
and under extreme conditions of tem-
perature, humidity and salt spray. 

Improving signal-to-noise ratio . . . 
selectivity... 

Tuneable 

UHF 

Pre-Selector— 
relatively low frequency 
coaxial resonator with very low inser-
tion loss, extreme selectivity and very 
high signal-to-noise ratio. Especially 
adapted to use in aircraft or in crowded 
communication bands. 

Calibrating.., designing 
S-Band 
components... 

S-Band 
Signal 
Generator 
Cavity— 
re-entrant type, 
complete with thermistor mount and 
calibrated variable a ttenuator. Fre-
quency range 2700 to 3400 mc. 

• 
Get the facts on our com-
plete design, engineering 
and mechanical fabrication 
facilities. Have us quote 
on your needs—cavities, 
mixers, duplexers, multi-
pliers, rotary joints, twists, 
bends and other com-
ponents or assemblies. 
Contact us today. Request catalog. 

J-V-M ENGINEERING 
COMPANY 

4634 LAWNDALE AVENUE, LYONS, ILLINOIS 
(Chicago Suburb) 
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VISIT US 

AT THE 

I . R.E. SHOW, 

MEASURING THE "RISING SUN" ... 

35 times bigger than life, a "rising sun" anode appears on the contour projector 
screen to undergo an exacting test. To pass it, the dimensions must fall within hairline 
tolerances of 0.0003"to 0.001'. 

Later, the frequency of this anode will be tested . . . and there will be other care-
ful checks, all along the line, to make sure it measures up to the standards demanded of 
all Bomac microwave products. 

Multiply this series of tests by a few hundred — for each of the 750 types of Bomac 
products — and you get some idea of the attention given here to testing and quality 
control. It is this constant control that has helped make Bomac a leader in its field . . . 
that gives each and every Bomac product an extra measure of dependability. 

LABORATORIES, INC. 
Beverly, ass. 

Offices in major cities: — Chicago • Kansas City • Los Angeles • Dallas • Dayton • Washington 
Seattle • San Francisco • Toronto Export: Maurice I. Parsie:, 1860 Broadway, N. Y. C. 

Positions now open for both 
junior and senior engineers in 
microwave tube design and devel-
opment. The work is challeng-
ing, advancement opportunities 
unlimited, and benefits liberal. 



He "reads" his radar data... 

IN BRIGHT DAYLIGHT 
No hood needed for this presentation, 

because the RCA-6866 Display Storage 

Tube pictured here produces an average 

display brightness of 1750 foot-lamberts 

—brilliant enough to view directly in 

bright daylight! 

In addition to its application in mili-

tary electronics, RCA-6866 offers many 

exclusive features of special interest to 

equipment designers in the field of elec-

tronic data processing. For example, 

RCA-6866 can present non-flickering 

display of electronic information—for as 

long as 60 seconds after writing stops. It 

can "write" at speeds as high as 300,000 

inches per second—fast enough to 

"freeze" microsecond transients for vis-

ual or photographic examination. 

Are you working with airplane-cockpit 

radar—fire-control radar —airport sur-

veillance—transient studies—data trans-

mission, including half-tones—visual 

communications via narrow-bandwidth 

transmission? If you are, then don't 

overlook the unique advantages of the 

RCA-6866. 

For technical bulletin on the 6866, write RCA, 
Commercial Engineering, Section D 50 0. 
Harrison, N J. For sales information on this 
and on other RCA disploy storage tubes now 
in development.., contact the RCA Field 
OfFtce nearest you. 

East: HUmboldt 5-3900 

744 Broad Street 

Newark 2, N. J. 

Midwest: WHiteholl 4-2900 

Suite 1181 

Merchandise Mart Plaza 

Chicago 54, Illinois 

West: RAymond 3-8361 

6355 East Washington Blvd. 

Los Angeles 22, Calif. 

RADIO CORPORATION OF AMERICA 

lee ®  

Tube Division Harrison, N. J. 
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