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SMALLER . . . METAL SEALED 

Solar MINICAP tubular Dry Electrolytic Capacitors mark 
more than an advance in an art. They occupy less 
space, have longer life because of permanent sealing 
and are more convenient to use. Costing less to pro- 
duce, they are sold at prices offering new economy .. . 

in line with the times. 

Make use of their 
INBUILT QUALITY ... OUTSTANDING UTILITY 

Details upon Request. 

SOLAR MFG. CORP., 599-601 BROADWAY, NEW YORK, N. Y. 
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AIRCRAFT applications confirm 
the utility and reliability of 

S.DO WHITE FLEXIBLE SHAFTS 

1 Radio Receiver Control. 

2 Radio Transmitter Control. 

3 Beacon Receiver Control. 

4 Radio Compass Loop 
Control. 

5 Antenna Reel Remote 
Control. 

6 Variable Pitch Propeller 
Adjustment. 

7 Tab Controls. 

8 Tachometer Drive. 

9 Fuel Pump Drive. 

10 Windshield Wiper. 

11 Gyro Pilot Control. 

... and others in process of 
development. 

A IRCRAFT applications of S. S. WHITE Power 
Drive and Remote Control Flexible Shafts are con- 
solidated in the diagram above. They confirm the 
utility of these shafts as an extremely simple, effi- 
cient means for transmitting power or control be- 
t ween two points, regardless of the relative positions 
of the points. 

Successful operation of these aircraft applications in 
virtually all climates, under all kinds of weather con- 
ditions confirms beyond question that S. S. WHITE 
Flexible Shafts are thoroughly dependable. 

Remember: S. S. WHITE Power Drive and Remote 
Control Flexible Shafts are available in a wide range 
of sizes and physical characteristics in each class. 

ENGINEERING COOPERATION- 
Always available, without obligation, for working out specific 
power drive or remote control applications. Just send us the 
essential data. 

WRITE for a free copy of ENGINEERING BULLETIN 38 in 
which the subject of Flexible Shafts for Remote Controls is 
comprehensively covered. 

S. S. WHITE 
The S. S. White Dental Mfg. Co. 

INDUSTRIAL DIVISION 
10 East 40th St., Room 2310E, New York, N. Y. 

FLEXIBLE SHAFTS for POWER DRIVES, REMOTE CONTROLS and COUPLINGS 
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CENTRALAB ¿a*tè&,aadt.ø 
CERAMIC DIELECTRIC 

FOR LOW POWER FACTOR_ 

COMPOSITION ALLOWS 

COMPLETE CONTROL OF 
CAPACITANCE -TEMPERATURE 

COEFFICIENT 

ADEQUATE PROTECT I01 

AGAINST 3RZEAKDOWI\ 

AT1000Volts 

Availab'e in capacities 
ranging from 10 mmfd. 

to 900 mmfd. 

in the 
following sizes 

Type M-14 x 1 % inch 

Type 814 - ! á x 1 inch 
Type 810-' é x '4 inch 

Type 813-4 x Oie inch 

CROSS 
SECTION 

OF A 
CERAMIC 
CAPACITOR 

Meet CENTRALAB at 
the National Radio 
Parts Trade Show, 
Chicago, June 8th to 

11th. 

ELECTRO ICS May 1938 

HEAVY COPPER COATINGS MAKE 
TUBULAR CAPACITOR PLATES 

SOLDER COATING 

FOR ' 

CONNECTING END LEADS 

Introducing another member o 

the Centralab family 
with the following characteristics and advantages: 

A single capacitor will provide any desired capacitance -tem- 
perature coefficient from O to a negative coefficient of .0007 
mmfd. per mmfd. per degree centigrade. 

Ceramic dielectric has zero po- 
rosity. Capacity and power factor 
unaffected by aging or humidity. 

Low mass allows capacitor 
temperature to follow the 
chassis temperature closely. 

Capacitance remains constant at any frequency. 
Low power factor resin coating prevents moisture bridging be- 

tween capacitor plates. 

Manufacturers and set builders are invited to write our engi- 
neering department for more detailed data. 

Division of GLOBE -UNION INC., Milwaukee 
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10 Electronic FIRSTS 
by 

Wesrern Electric 
1ST commercial coated filament tube. (The voice 

frequency repeater tubes used in the trans- 
continental telephone line.) 

1ST. commercial quarter -ampere 1.5 volt filament 
tube. (The peanut tube.) 

IST. commercial 5, 50 and 250 watt power tubes. 
(The fore -runners of the popular 205, 211 
and 212 types.) 

1ST. commercial hot cathode, low voltage, cathode 
ray tube. (The fore -runner of the 325 and 
326 types.) 

Ì ST. commercial water-cooled tube. (The fore- 

runner of the popular 220 and 232 types.) 

1ST. commercial water-cooled amplifier tube for 

short waves. (240 type with built-in water 
jacket, used in transatlantic telephony.) 

4 

1ST. 

1ST. 

ls 

commercial vacuum tube with grids in 
register. 

commercial vacuum tube using a molded glass 
dish stem. (The 316 "door -knob" tube.) 

commercial 5 watt triodes for 60 cm. opera- 
tion. (The 316 "door -knob" tube.) 

commercial 250 kw. power amplifier tube. 

and what they mean to you 

This summary of "firsts" is important to you because it 
shows the unparalleled record of engineering achieve- 
ment back of Western Electric tubes today. It's your 
assurance of "ahead -of -the -times" design by Bell 
Telephone Laboratories. 

Distributors: 
Graybar Electric Co., Graybar Building, New York. In Canada 
and Newfoundland: Northern Electric Co., Ltd. In other 
countries: International Standard Electric Corp. 
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rom SLOT to RECESS a simple step 

that strikes out thousands of dollars in production costs 

A simple change in the basic design of a 
screw . . . substituting a cross -shaped 
recess for the old-fashioned slotted head, is 
revolutionizing the fastening practices of 
the leaders in the electrical industries. 
Many of them have already standardized 
on Phillips Screws with the patented 
recessed head ... and are saving thousands 
in the cost of production. 

Thousands in the cost of screws. The 
recesse3 head clings to the driver's point .. . 

and better holding power per screw permits 
use of fewer screws or smaller, lower -cost 
sizes. 

Thousands in the cost of time. Faster 
driving methods can be safely used ... one 

ESSE E 

PHILLIPS C 
Gain Time ... Guide -Driver , , . Guard Work 

hand is free to hold the work ... extra 
operations 'ike magnetizing and re- 
moving burrs and split screws are 
eliminated. 

Thousands in the cost of the fin- 
ished job. Men less tired, turn out 
more first -grade work per day . , , 

there are no scars on the work or 
hands caused by slipping drivers. 
And assemblies are tighter. 

Less screws ... less hours ... less 
spoilage. There's a place in your 
plant for this modern fastening device. 
Get full information by writing to one 
of the firms listed below for Folder A. 
See coupon below. 

MACHINE SCREWS SHEET METAL SCREWS 

RETTE 

WORK 

8eed No er ea AND 

REWS etter 
sPlit e't si; NO 

+nnch 
tighterng POq,e 

out 
rrltA6E 

the 
reW seEO ed 

up 

FASTER 

toéro endWRK W/Tp 
driyin einet 

',obit, 
en 7 

R. 
8+eeth t 

csdmd 
eoe rTW 

Erie 

ction ter 

,C(/lpES 

ew EASY AS 
4eBsWsto Placesp/NT/NO. . 

.. 

ctbokehdt /ine 
hani 

dr lo reechNUR f/Ny.f,R 
vee nó f eenttha 

aereWs ring W 
. . driven 

WOOD SCREWS STOVE BOLTS 

U. S. ratante on Product and Methods No,. 2,146,343 2,046,837 2,046,839 2,046,840 2,082,085 2,089,078 2,084,079 2,090,338 
Other domestic and foreinn patente allowed and pending 

Manufactured by 

American Screw Co., Licensor, Providence, R. I. National Screw & M=g. Co., Cleveland, Ohio 
Continental Screw Co., New Bedford, Mass. Parker -Kolon Corp., New York, New York 
Corbin Scree Corp., New Britain, Conn. Russell, Burdsall & Ward Bolt & Nut Co., Port Chester, N.Y. 

FREE FACTS ON PHILLIPS SCREWS 
with the patented recessed head 

(Address inquiry to one of the firms listed at left) 

Name 
Company 
Address 
Products 
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ieteig 
e r1 ° ke 

the NEW 
MALLORY 

yA"Xt.E.Y 
TYPE MC 

Push Button Switch 

6 

Here are just a few of the many 
advantages this type MC Switch offers 
Simple "skip band" circuit shown employs single terminal board. 

Makes separate transfer switch unnecessary. 
More complicated multiband circuits possible by using double 
terminal board with maximum capability of 16 terminals 
per plunger. 
Use of long terminals makes wiring to iron core coils or trimmers 
readily accessible. 
Low loss ... low capacitance construction makes wave band 
switching a practical reality. 
Non -shorting construction if desired for bias change in trans- 
fer switching. 
Protected contact surfaces lessen assembly hazards from solder- 
ing flux or handling. 
Two point tone control plunger is non -latching and non -releasing. 

Keeps cost down and simplifies tuning by eliminating rotary 
type band switch and tone control switch. Removes AC Line 
Switch from the Volume Control. 
Equally applicable to dual trimmed iron core substitu- 
tion, trimmer condenser substitution or motor tuning. 

Write for data and specification sheets. 

YAXLEY MANUFACTURING DIVISION 
of P. R. MALLORY & CO., Inc. 
INDIANAPOLIS INDIANA 

Cable Address-PELMALLO 

18 .i 

!i úA 

TONE l AC LINE 
CONTROL SWITCH 

NON -LATCHING 
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ELECTRONICS 
MAY 
1938 

EDITORS AFIELD . . . What with 
Spring the editors find New York and 
environs pleasant to cruise about in, 
and having dug themselves out of their 
editorial winter office, have been trying 
to find out what the depression has 
done to the laboratories. 

Despite personnel changes of con- 
siderable magnitude the places where 
research goes on are busy; the front 
office may be sad about sales but there 
is no need to worry about new things 
coming along to sell. There is no dearth 
of new materials, new products, new 
tools. 

At Radiotron there is a whole galaxy 
of new tubes in various stages of de- 
velopment. One of these, the 0A4 -G, 
is described in this issue of Electronics. 
It has interesting possibilities outside 
the field of communication. Other tubes 
will push further into the ultra short 
wave regions; and still others will 
prove to be of material aid in television. 
This is not all that is going on under 
Messrs Ulrey, Thompson, Ritter, 
Schmit, Zworykin, Spitzer, et al, but 
most of this work cannot be mentioned 
at the moment. 

At W. G. H. Finch's laboratory the 
editors found engineers making high 
speed motion picture studies of certain 
of the mechanical motions in the fac- 
simile recorder which has attracted 
such great attention from broadcast 
stations. One of these recorders will be 
in service in Electronics' offices by the 
time these lines are in print. 

At the RCA License laboratory one 
of the finest television pictures yet seen 
was on tap. In the laboratories of Con- 
tinental -Diamond Fibre company, near 
Philadelphia, the editors saw new 
equipment for measuring the charac- 
teristics of insulating material at fre- 
quencies up in the megacycles. And in 
Electronics' own laboratory a television 
receiver neared completion. On the 
night of April 21, NBC's one -hour 
"telecast" show was enjoyed. 

KEITH HENNEY 
Editor 

Crosstalk 
During the month, new and more 

efficient methods of lighting were dem- 
onstrated by General Electric and 
Westinghouse in New York. These 
applications of electronics and atomic 
physics are vapor tubes with hot 
cathodes. Their luminous efficiency is 
high, of the order of 70 lumens per 
watt for those lamps which emit a green 
color. Tubular in shape, these lamps 
employ certain phosphors which emit 
various colors when excited by the ul- 
tra-violet lines in the mercury spectrum. 
Green, red, yellow, pink, "warm white" 
and "day light" white present new pos- 
sibilities to the architect, the decorator, 
and the advertiser. 

PATENTS . . . Late in April Dr. 
Sydney N. Baruch had granted to him 
U. S. Patent 2,113,392 on a continuously 
controlled gas tube. Dr. Baruch feels 
that his tube, in which the grid can 
stop the flow of current as well as ini- 
tiate it, has distinct possibilities. In the 
thyratron only the starting of current 
flow is under control of the grid. 

During the month, U. S. Patent 
2,114,939 with some 83 claims was 
granted to Albert A. Radtke. Accord- 
ing to Leonard Day, Radtke's patent 
attorney, many of the claims are basic 
in the arts of sound -on -film reproduc- 
tion, facsimile transmission, television 
and all high speed amplified photo -elec- 
tric circuits. Seventeen years of litiga- 
tion lie behind this patent. Six thousand 
pages of testimony represent the 
court struggles. Radtke's work dates 
back to 1916. 

JOKE ... A Chinest observer in an 
Eastern firm's armature windery was 
admiring a welder who was using a 
torch to strip the cotton insulation 
from two wires and to join them per- 
manently in one operation. In his 
choicest Canton University English the 
Chinese queried: "I beg your pardon, 
but don't you contaminate this joint 

by such procedure?" The welder, as- 
tonished at the apparent colloquialism 
turned to the white -collared guest and 
grinned: "Oh heck, no! This here place 
is big enough to hold at least twenty 
more welders and still it wouldn't smell 
much." 

RELAYS . . . In this issue will be 
found a dissertation on relays for 
vacuum tube circuits. Originally 
planned as a complete survey of the 
field it was soon found that an entire 
issue of Electronics could be devoted to 
the subject. 

It has been impossible to discuss the 
types of relays, their applications in 
the electronics field, to give contact 
ratings, to specify average or repre- 
sentative coil characteristics, to give 
the tolerances which might be expected 
for the pull -in and release currents, to 
list the various possible contact sizes, 
shapes, and materials, to answer the 
thousand questions which may be asked. 

However, answers to all of these 
questions can usually be found from 
the manufacturer. Even though he 
may not know the answers to all 
questions asked of him, a man may still 
be a good engineer if he knows how 
and where to get the information. The 
editors acknowledge with pleasure the 
most helpful cooperation of manufac- 
turers in supplying data for this article. 

PROBLEM ... Alan S. Fitzgerald, 
who is doing things with rectifiers that 
would make your head swim, sends 
along this problem. Imagine a series 
circuit made up of a 15 -volt, 60 -cycle 
supply, 10 ohms resistance, a rectifier, 
an inductance of 0.6 henry and 10 ohms 
resistance and an ammeter. Across the 
inductance and ammeter is a 10 -ohm 
resistor and a switch. With the switch 
open, the ammeter reads 30 mil- 
liamperes. With the switch closed the 
current through the meter reads 200 
milliamperes. Explain that. 
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The works of a metal tube. A Leica photo by Arthur Van Dyck 
showing the 50 -odd parts that go into the making of a metal -shell 
amplifier. Recent changes in design have changed somewhat the 
appearance of the header and certain of the smaller parts 
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. . To promote the progress of science and useful 
ar+s, by securing for limited times to authors and in- 

ventors the exclusive right to their respective writings and 
discoveries." 

This is the eighth power granted to Congress by the 
Constitution of the United States. It is the basic patent 
law of +he land. It grants a monopoly as a reward for 
development and discovery: on this principle has been 
based nearly all of the revolutionary technological and 
mechanical progress that has occurred in the last hun- 

dred years. 
But the Administration is in a drive against monopoly. 

One cannot grant monopolies on one hand; and on +he 

other hand drive +hem out. The Patent Law, therefore, 
seems to be in for a change. Before the House Com- 
mittee on Patents there is a bill (H. R. 9259) introduced 
by Representative McFarlane of Texas which proposes to 
grant the licensee of a paten+ an exclusive monopoly for 
5 years. Then an application for a license to manufac- 
ture under this patent can be filed with the Commissioner 
of Patents provided the patent is not being used; or that 
the domestic supply of the product made under this pat- 
ent is insufficient to satisfy the public demand or that 
unfair trade practices or prices prevail. If the evidence 
on these points is satisfactory, if +he applicant is finan- 
cially responsible and able to manufacture, if the public 
interest will be advanced and if +he applicant submits 

reasonable terms for royalties, etc., it is presumed that 
the Commissioner will grant the applicant his license. The 

bill does not prevent the patentee or owner from going 
to court if he does not wish to grant the license. 

It is extremely doubtful if such a bill will pass at this 
session; but it is also extremely likely that hearings on the 
proposal will develop information upon which a future 
bill will be drafted. 

The use of electron tubes is thoroughly tied up with 
patents issued, expired, and still to come. Therefore any 

bill which proposes to change the rules of the patent 
business must be of particular interest to engineers who 

must operate under these patents. 
The following article was submitted to Electronics sev- 

eral months before the McFarlane bill was presented; it 
is written by a man who has patents in his own name; 
who has worked for large companies; and who has had 

his own concern manufacturing and selling devices pat- 
ented by him. It is one man's viewpoint; and it does 
not necessarily represent the attitude of the Editors of 
Electronics. It is offered as a starter in a discussion of 
the patent problem; and it is hoped that readers who 

believe +hat +he proposed change in the patent law is a 

good, or bad, idea will let other readers know their 
opinions through these pages. 

-THE EDITORS. 

WAYS TO IMPROVE 
THE U. S. PATENT SYSTEM 

OUR patent law is just over 100 
years old. With its assistance 

American inventiveness has created 
an Industrial empire never before 
equalled in the history of the world. 

It is a fair assumption that the 
patent system had a considerable 
share in building up our industrial 
enterprises. Certainly patents have 
had a strong place in popular imag- 
ination. Such names as Colt Patent 
Fire Arms, patent medicine, patent 
leather indicate that a patented 
article has had a strong sales appeal. 
There are still thousands of people 
who believe that if they could just 
get a patent on some gadget or other 
of their own inventiveness, their 
economic troubles would be over. And 
yet, today, a patent is too common- 
place to be a badge of distinction. 

The patent statute itself was quite 
adequate in the days of simple 

processes and mechanical inventions 
made up of uncomplicated elements. 
It falls woefully short of even modest 
expectations in our day of electrons, 
catalyzers and super vacuums. Let it 
be said here, however, that no criti- 
cism of the statute itself is meant. 
It was evidently conceived in a spirit 
of high idealism with proper thought 
cf the interests of the inventor and 
of the public. But broadmindedness 
of the law itself leaves too much lee- 
way for varying inteipretations to 
make the statute serviceable in our 
time of overwhelming complication 
and detail. 

The evolution of engineering from 
things which can be seen, felt, or 
measured and which can be grasped 
by untrained minds to the things 
invisible and elusive and often im- 
measurable-which even the best 
minds can interpret only with diffi- 

culty-has put a great strain on our 
patent system. 

Definitions Become Difficult 

To be of value to the patentee a 
patent should clearly describe the 
invention, in such a fashion that no 
doubt can arise as to what the 
patent covers. The public interest re- 
quires that the description circum- 
scribe the invention clearly so that 
the specification may not be inter- 
preted to cover anything the inventor 
did not invent. 

That is next to impossible under 
prevailing conditions in the patent 
field. 

We must remember that inventions 
resulting purely from rough experi- 
ments may involve abstruse prin- 
ciples, that these principles have to 
be made part of the patent spec ifica- 

9 

www.americanradiohistory.com



Serious questions are raised by the proposed change in the patent system. How prove a 

patent is not being used? Or that there is an insufficient supply of the patented article 
to satisfy the public demand? Would there be more, or fewer, abuses than now exist? 

tion, no matter whether they result 
from a thorough investigation or 
whether they have been just guessed 
at. It is quite obyious that principles 
which have been hardly grasped by 
the inventor must present a formid- 
able hurdle to the patent attorney 
charged with drawing up the appli- 
cation and the examiner who must 
thoroughly analyze it. 

At first glance these contentions 
may be startling but they are amply 
borne out by our experience with 
early radio patents. Many of these 
patents covering most useful devices 
antedated by several years a thor- 
ough understanding of underlying 
phenomena. We need only think of 
Marconi's whip -lash theory of the 
spark transmitter, or De Forest's 
emphasis on ionization as the basic 
phenomenon in his vacuum tube. We 
know now that ionization was not 
necessary to the function of the tube. 

This precarious situation is well 
defined by those who claim a patent 
to be only a license to fight. 

Priority Hard to Establish 

If the proper description of an in- 
vention is a nearly impossible task, 
the establishment of novelty is 
fraught with even greater uncer- 
tainty. The patent laws of other 
countries cut this corner by arbi- 
trarily making the filing date the 
date on which priority is based. Only 
patents applied for or in public use 
before this date, or prior publica- 
tion, are considered as prior art. 
Once a patent is granted it is seldom 
invalidated. This method of dealing 
with patents is, of course, very prac- 
tical and expedient but it does not 
protect the actual inventor and con- 
siders the patent office as infallible. 

This is a policy which is repug- 
nant to American thought. We con- 
sider the original inventor as the 
only man entitled to patent rights. 
Therefore we delve into laboratory 
journals, wastebaskets, attics pur- 
porting to contain old models, even 

10 

into the brain of the inventor and 
the witnesses until they remember 
things they have never seen or heard 
of. As we think the patent office 
very fallible we carry our litigation 
to the highest court of the land. 

A system so uncertain is highly 
idealistic in its conception but it ac- 
tually makes patent litigation an ex- 
cellent instrument of monopoly, a 
wonderful field for clever lawyers. 
It makes money invested in a pat- 
ented invention a gamble, pure and 
simple, and in no way does it pro. 
tect an impecunious inventor. 

The difficulty in establishing pri- 
ority is caused largely by a totally 
erroneous conception of the genesis 
of inventions. According to popular 
belief an invention springs from the 
brain of the inventor quite finished 
in form. This belief was evidently 
held by those who devised the patent 
system and it can still be traced 
through all the ramifications of our 
patent lore. 

Nothing could be further from 
the truth than this fairy tale. An 
invention is often suggested years 
before the means are available for 
working it out practically. Paddle- 
wheels were used on steamboats long 
after screw propellers had been sug- 
gested. The electron tube rectifier 
did not come into use until long 
after Edison made the first diode. 
There was no demand for rectifiers. 
Practical electronic rectifiers had to 
wait the development of tungsten 
and oxide coated filaments. Tung- 
sten filaments were developed for in- 
candescent lamps with no thought of 
their subsequent use in electron 
tubes. Coated filaments were avail- 
able before the shortcomings of tung- 
sten sent research men scurrying for 
something better, a hunt which pro- 
duced the coated cathodes of today. 

Before Edison could make a good 
lamp he had to make a good gen- 
erator; but the idea of enclosing a 
filament in a glass bulb and heating 
it by electricity was suggested, and 
tried, before Edison made his gen- 

erator or his filament contributions. 
Inventions are not born within the 

brain of one particular man merely 
as an expression of his genius. Ac- 
tually they grow over a long period 
of time in the consciousness of re- 
search men, experimenters as a cum- 
ulative product of prevailing ideas, 
the availability of means for their 
accomplishment, and of growth of 
favorable markets. 

New Definition of Invention 

If ideas are hard to define and to 
tie up with definite dates, they are 
also too plentiful to serve as a proper 
basis of patent rights. After all, 
neither the inventor nor the public 
can derive any benefit from an idea 
until it is reduced to something that 
can be marketed. 

Suppose, therefore, we limited pat- 
ents to cover workable devices de- 
signed and built to serve a definite 
useful purpose. The purpose is to be 
clearly indicated. Workability must 
be actually proved first by blue prints 
and working drawings giving all in- 
formation necessary to build the de- 
vice or execute the process or by a 
working model. 

If drawings are accepted as proof 
of workability the patent may later 
be held invalid if the drawings are 
proved insufficient. A workable model, 
however, should be accepted as prima 
facie evidence of workability. 

Let us illustrate this by an ex- 
ample. An oscillator consisting of a 
power supply and an oscillator tube 
is not a useful device per se. An 
oscillator equipped for use as signal 
generator, as a diathermy apparatus, 
as a radio transmitter, as an induc- 
tion heater is a useful device. Each 
one is an invention in itself and 
should be patentable as such without 
regard to the fact that all contain 
the same basic principle. This is of 
course a radical departure from tra- 
dition, but only radical changes can 
bring our patent system up to date. 

At first glance this proposal ap- 
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pears to put too narrow a construc- 
tion on an invention but this is 
hardly so. The fact that a mere 
circuit patent would be no protection 
will set the laboratories scrambling 
to evolve practical applications. After 
all that is what we want. 

Coming back to our oscillator ex- 
ample, it might be held with consid- 
erable degree of justification that 
oscillations are so prevalent, with 
hard tubes that any skilled worker in 
the art could not have failed to ob- 
serve this phenomenon as soon as he 
had highly evacuated tubes to work 
with. The application of oscillating 
tubes to radio 
transmitting or 
their use in a re- 
generative receiver 
were not quite so 
obvious at the time 
of their invention. 
At any rate they 
were useful inven- 
tions. Patents 
should have been 
issued to cover 
these uses and not 
to cover a natural 
phenomenon. The 
fact that all de- 
vices using oscilla- 
tors are subject to 
the original oscillator patents 
if the original inventor did not think 
of the new use has been a deterrent 
to many people and a lure to easy 
profits for the less scrupulous who 
consider patent infringements as just 
another exciting and lucrative game. 

Novelty 

H. R. 9 259 

IS THE Horst: OF REl7t1;rEST.ITICG3 

A BILL 
To provide b., iaa a, Isert,neof ºaterte. 

y Be it enacted by the Senate cod Howe of Toprtscnto 

2 beet of the United States of Americo in Congrca avembld 

s That ,seed 4884 of the Revised Stntmes i mended to 

4 read as follows' 
or description 

patent shell contain a short title 

5 

6 of the invention or discovery, correctly indicating its nature 

ana a grant m the º=duce. his heir, or assign, 

7 and design 

even 

An invention must be new. It is 
proposed that an old device modified 
and altered to serve a new purpose 
should constitute invention as well 
as the application of a new device 
or process to a known purpose. 

The well known principle that 
technical skill is not invention should 
be retained but it might be defin:d 
more closely. We might decide that 
mere extrapolation on the basis of 
known art is not invention but if the 
basic law is changing in the region 
of the new embodiment this fact 
would make it a new invention. 

An example will illustrate this 
principle. Let us assume that the 
gas or vapor tubes with pressure suf- 
ficient of produce complete elimina- 
tion of space charge have been in - 
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vented first and later by increasing 
the vacuum the high vacuum tube 
was produced. 

It is clear that the two types of 
devices respond to different laws in 
many respects, yet a difference in 
degree of vacuum may be their only 
physical difference. In this case the 
high vacuum tube is an invention 
quite distinct from the vapor tube, 
yet the modern high vacuum tube 
would not be granted novelty over 
the old De Forest tubes, because the 
latter followed substantially the 
same laws, the higher gas pressure 
constituting only an imperfection. 

The manufacturer 
of the new high 
vacuum tube might 
however be entitled 
to patents for 
processes for ob- 
taining the high 
vacuum if they 
stand the test of 
novelty. 

An amended pat- 
ent statute should 
clearly express the 
principle that an 
inventor can never 
claim devices or 
processes which he 
has not invented. 

spite of its apparent absurdity 
such a statement is necessary to 
preclude a type of injustice which is 
frequent 'under customary interpre- 
tation of the law. 

A striking example is that of De 
Forest's invention of the three ele- 
ment tube. Professor Fleming did 
not invent the grid controlled vac- 
uum tube of today. His invention 
was the use of a diode as a detector 
for radio communication, yet his pat- 
ents were held to dominate De For- 
est's invention. 

How Much Monopoly? 

Under the definition of a patent- 
able invention here suggested De 
Forest would not have been domi- 
nated by Fleming because the De 
Forest device differed considerably 
from that of Fleming for the reason 
that it added the effect of the grid 
to it and because it performed as a 
detector substantially better than 
Fleming's valve and also because it 
was capable of functions other than 
those of the Fleming valve. 

Another question to be considered 

seriously is the degree of monopoly 
to be granted the patentee. Up to 
date he has not only a complete 
monopoly on his actual invention but 
he can put serious obstacles in the 
way of others by claiming a lot of 
combinations which cover devices 
very different from his original in- 
vention. He can withhold his patent 
from being manufactured and sold, 
he can prevent anyone from market- 
ing even substantial improvements of 
his device. 

This situation is hardly in the pub- 
lic interest. After all, patents should 
stimulate industry instead of retard- 
ing it. It is very well for the pat- 
entee to make large profits if he 
does it by producing large quantities 
of the patented article efficiently. He 
should not, however, be able to im- 
pede progress by withholding inven- 
tions from commercial production. 

Some countries have attached 
to holders of granted patents the 
obligation to manufacture and sell, 
but such provisions in the law have 
not proved particularly effective be- 
cause it became easy to evade the 
law by a few staged sales. 

Considering this problem of patent 
monopoly from several points of view 
it seems that all parties concerned 
would be best served if the patentee 
would be given only a right to claim 
substantial royalties, (say 10% of 
list price) but not the right to pre- 
vent others from manufacturing. 

This form of monopoly would leave 
the patentee a sufficient advantage 
over his competitors but it would 
produce enough competition to stim- 
ulate the original patentee to keep 
progressing in manufacturing and 
sales methods or improvements lest 
his royalty differential be nullified 
by the better methods of his com- 
petitors. Such a patent system could 
be very useful. At present, in many 
of the newer arts, control may rest 
in the hands of a single, or a very 
few, large companies. With a few 
licensees, this controlling group may 
be surrounded by a flock of chiselers 
and professional patent infringers 
doing business in racket style an- 
nually exacting considerable toll from 
the patent holders in the form of 
litigation expenses. Such an atmo- 
sphere is not one to lend general 
public approbation to the art. 

If the patentees were entitled only 
to royalties there would be limited 

(Continued on page 34) 
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A PERMEABILITY TUNED 
PUSH BUTTON SYSTEM 

By JOHN P. TUCKER 
Chie) Engineer 

General Manufacturing Co., 
Chicago, Ill. 

INCREASING interest in recent 
months in radio receivers employ- 

ing push-button station selecting sys- 
tems has led to the development of 
several distinct methods of accom- 
plishing this type of tuning. 

These systems may be divided into 
several classes, viz: (a) motor 
driven, (b) mechanical, by cam and 
lever, (c) electrical tuning by mica 
compression condensers, (d) perme- 
ability tuning of antenna and oscil- 
lator circuits. Systems a, b, and c 

each have their own merits and no 
attempt will be made to cover them 
in this discussion. This article will 
be confined to a system employing 
ganged permeability tuning of an- 
tenna and oscillator circuits. 

Considering the fact that the ulti- 
mate customer is the person who 
must decide which stations are de- 
sired and who may, in many cases 
desire, (or be required as in the case 
of mobile equipment operating for 
short periods of time in various lo- 
calities) to make these adjustments 
himself, it is the duty of the set de- 
signer to produce an automatic tun- 
ing system simplified to the point 
where only one adjustment is neces- 
sary per station. This adjustment 
should be simple enough to be readily 
made by the layman without special 
instructions or service equipment, 
and should be of such a nature as 
to be readily accessible to the oper- 
ator. 

A system employing ganged perme- 
ability tuning of antenna and oscil- 
lator circuits for use in the conven- 
tional superheterodyne circuit reas- 
onably fulfills these conditions. This 
system provides the following : Sta - 

12 

Experimental permeability tuned assembly and switch minus 
tuning condensers 

tion selection by single control and 
with an ease of tuning that can be 
compared to the conventional vari- 
able condenser equipped with a high 
ratio dial; instant selection due to 
absence of mechanical arrangements 
and moving parts; and ease of adap- 
tation to modern set design without 
expensive tooling charges on the part 
of the set manufacturer. 

Since switching is to be accomp- 
lished by push button, and in order 
that this will not become too com- 
plicated, and for economic reasons 
which are quite evident, magnetic 
coupling has been avoided. (The use 
of magnetic coupling either requires 
the use of an individual primary for 
each coil or the use of an end induct- 
ance coupled to a primary and com- 
mon to all coils. The individual pri- 
mary presents certain coupling prob- 
lems as the core position changes 
within the coils.) A two -terminal 
antenna coil employing capacity cou- 
pling as illustrated in Fig. 1 has 
therefore been utilized. The oscilla- 
tor circuit is subject to the same limi- 
tations and since a two -terminal 
oscillator coil is desirable a Colpitts 
oscillator has been employed rather 

than a two -terminal oscillator coil 
utilizing a two -tube circuit. Figure 
2 illustrates the Colpitts circuit. In 
most cases it is desirable to use the 
same tube complement in both man- 
ual and automatic tuning positions. 
An examination of Fig. 3 will reveal 
the use of these circuits in conjunc- 
tion with the 6A8 tube as a Colpitts 
oscillator and mixer tube in the auto- 
matic tuning position and as the con - 

Fig. 1-Two-terminal antenna coil 
with capacity coupling 
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ventional pentagrid oscillator in the 
manual tuning position. 

Switching from automatic to man- 
ual position is accomplished by the 
band switch S, S2 Ss S. although it is 
entirely feasible that an extra button 
could be provided for this purpose, 
providing that present designs of 
push button switches lend themselves 
to the proper contact arrangements. 
In view of the fact that many receiv- 
ers incorporating touch tuning will 
also have not only the conventional 
broadcast band but at least one short 
wave band, change -over switching by 
the band switch will probably prove 
more practical. 

It would be highly desirable to be 
able to select any station in the 
broadcast spectrum on any push but- 
ton, but because of present core limi- 
tations it is not feasible to produce a 
coil designed around simple iron 
shapes that will have a tuning range 
of greater than about 2.2 to 1. In 
this particular design the maximum 
range is 1.9 to 1.0 which therefore 
limits the assembly to the following 
ranges: 540 kc. to 1000 kc. and 870 
kc. to 1650 kc. However, for other 
reasons the high frequency range in 
this setup covers only from 1000 kc. 
to 1600 kc. Since these two ranges 
provide for no overlap to accommo- 
date stations in the intermediate por- 
tion of the broadcast band it was 
deemed advisable to include a third 
range of 600 kc. to 1100 kc. To al- 
low grouping in certain localities 
where desired station frequencies 
may be crowded into a small portion 
of the broadcast spectrum it may be 
necessary to use various combina- 
tions of these three ranges rather 
than two coils of each range for a 
six station setup. This is left to the 

Fig. 2-Colpitts oscillator for two - 
terminal inductance 
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discretion of the set designer as dic- 

tated by requests from the field. 

Since the frequency coverage of 

each range is limited by the antenna 
coil, it is essential to design this coil 

to utilize the maximum effective per- 
meability of the core. This is ac- 

complished by proper design of coil 

form factor with respect to core form 
factor. These data were derived from 
empirical curves plotted on various 
types of windings on which different 
parameters were successively varied. 

Oscillator Circuit Design 

Having provided for maximum fre- 
quency coverage by proper antenna 
coil design the next consideration is 

the design of the oscillator coil to 
provide a substantially constant fre- 
quency difference between the signal 
frequency and the oscillator fre- 
quency with the same linear displace- 
ment of antenna and oscillator coil 
cores. This "tracking" can be ac- 
complished by one of several meth- 
ods: i.e. (a) form -factor of coils 
with respect to form -factor of cores 
(similar cores), (b) form -factor of 
cores with respect to form -factor of 
coils (similar coils), (e) similar coils 

with cores of different permeabilities, 
(d) similar coils and the addition of 
tracking inductance, (e) combina- 
tions of the above. In this partic- 
ular design the tracking is accomp- 
lished by proper design of coil and 
core form factors, (a combination of 
methods (a) and (b)). 

With regard to the choice of tun- 
ing capacity, it is desirable for pro- 
duction reasons that it shall be large 
with respect to wiring capacities, so 

that variations from set to set in 

receiver production will prove to be 
no handicap in the alignment of the 
push button assemblies. As a prac- 
tical working value 500 µµf has 
been chosen and coil design was car- 
ried along on this basis. Any other 
desired capacity could have been used 
as the -basis for design without in- 
volving any particular complications. 

The choice of intermediate fre- 
quency is left to the desire of the 
set designer. Probable frequencies 
being 262 kc. for automotive use 
and 456 or 465 kc. for household 
receivers. The assembly illustrated 
was designed for 262 kc. 

The antenna and oscillator coil Q 

(Continued on page 34) 

Fig. 3-Colpitts oscillator and mixer automatic tuning position; con- 
ventional pentragrid converter in manual tuning position 

Fig. 4-Sensitivity in microvolts below 1 volt at antenna (solid). Loss 
in sensitivity due to mistracking shown dotted 
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a 

6as Pressure X Electrode Separation 

Fig. 1 Paschen's law on which 
gas tube depends 

MANY methods for remote con- 
trol of radios or appliances 

have been devised. Most of these 
require that a low energy signal be 
sent to the apparatus to be con- 
trolled, where it is amplified to a 
sufficient strength to actuate a relay 
or other mechanism. At least one 
tube at the receiving end must always 
be available for instantaneous opera- 
tion, and, therefore, if it is of the 
ordinary vacuum type, its cathode 
must be maintained at operating tem- 
perature continuously. 

A new method of remote control,* 
which obviates this undesirable fea- 
ture, was recently described by C. N. 
Kimball. This method employs a cold - 
cathode, gas -triode instead of a 
vacuum tube. Such a tube is always 
ready for operation, and requires no 
power during the standby period. 

The newly developed 0A4 -G is a 
tube well -suited for this application. 
It is the purpose of this paper to 
describe some of its features and how 
it operates. 

This tube is a cold -cathode, gas - 
triode of the starter -anode type. It 
is designed primarily for operation 
of a relay from the 115 -volt a -c sup- 
ply line, when a low energy actuating 
signal trips the tube. This signal may 
be ' either low frequency or radio 
frequency. 

Since there is no hot cathode pres- 
ent to supply electrons for the con- 
duction of current, they must be 
supplied by ionization by collision 
within the gas. The resulting current 
flow is limited only by the load im- 
pedance. The tube has a specially ac- 
tivated cathode in order to obtain a 
low tube voltage drop so that it will 

*A New System of Remote Control, Charles 
N. Kimball, R. C. A. Review, January, 1938; 
demonstrated at Rochester Fall Meeting. 1937, 
and at N. Y. Meeting of I. R. E. 
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A NEW COLD - 

By W. E. BAHLS 
and C. H. THOMAS 

Research and Engineering Dept. 
RCA Manufacturing Co., Inv. 

Harrison,. N. J. 

Fig. 2 --First anode breakdown characteristic 

Fig. 3-Second anode to cathode breakdown characteristic 

conduct over a considerable portion 
of the positive a -c half cycle, and not 
require too high peak currents. Struc- 
tural relationships are such that the 
tube is rectifying in action. The re- 
sulting current flow, when the tube 
is used on an a -c supply, is unidirec- 
tional and pulsating, and the relay 
must be designed accordingly. 

The tube is mounted in the stand- 
ard, dome -type ST -12 bulb and has 
an octal, six -pin base. 

General Theory 

The 0A4 -G depends, for its opera- 
tion, upon two well-known principles 
of gaseous discharges; first, the 
breakdown potential between two 
electrodes in a given gas at a fixed 
pressure is dependent upon the 
spacing between the electrodes; and, 
second, the breakdown potential is 
lowered when ionization is present 
in the gas. 

Let us consider the case of two 
plane, parallel electrodes mounted so 
as to be movable with respect to each 
other, in a container in which the gas 

pressure can be varied. If we study 
the breakdown potential between 
these electrodes for all combinations 
of gas pressure and electrode separa- 
tion, we find that it is a function of 
the product of electrode spacing and 
gas pressure. This relationship is 
known a3 "Paschen's Law." 

Although this relationship is true 
only for plane, parallel electrodes in 
a pure gas, the same general shape 
of curve is obtained for more com- 
plex electrode configurations, if we 
plot breakdown voltage as a function 
of electrode separation in a gas at a 
fixed pressure. 

Let us consider, therefore, a tube 
having a large cathode (K) and a 
first anode (P,) separated from the 
cathode by a distance "a" and a sec- 
ond anode (P_) separated from the 
cathode by a distance "b". Poten- 
tials may be applied to the various 
electrodes as indicated by the circuit 
of Fig. 4. As the potential of elec- 
trode P, is raised, a value is reached 
where breakdown in the gas occurs, 
and current is limited only by the 
impedance in series with the elec- 
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CATHODE GAS -TRIODE .. 
trode. The volt-ampere characteris- 
tic is of the form shown in Fig. 2, 

where the maximum value of poten- 
tial is the first -anode breakdown po- 
tential and the potential indicated by 
the vertical straight line is the cath- 
ode -to -first -anode drop of potential. 

Similarly there is the same gen- 
eral type of characteristic curve for 
breakdown between the second anode 
and the cathode. However, the break- 
down voltage will be higher because 
of the longer spacing (see Fig. 1) 
and in addition the cathode -to -second - 
anode drop of potential will be 
slightly higher. The volt-ampere 
characteristic is as shown by the 
curve marked In,= 0 in Fig. 3. 

If the volt-ampere characteristic is 
taken for the cathode to second anode 
after a discharge has been initiated 
between the cathode and first anode, 
it is found to be modified in break- 
down potential by an amount de- 
pending upon the magnitude of Ins 

flowing to the first anode. This is 
indicated by the curves of Fig. 3 

marked Ins =va, Ini = f, etc. 
Plotting the values of breakdown 

voltage between cathode and second 
anode as a function of the current 
flowing to the first anode gives a 

-curve of the type shown in Fig. 5. 
For the conditions under which this 
curve was taken, it is convenient to 
think of the discharge as having 
transferred from the first anode to 
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the second anode ; consequently, this 
curve is called a transition character- 
istic. 

Since the first anode (P,) serves 
the function of starting a discharge 
and lowering the potential at which 
a discharge will initiate to the second 
anode, it may be termed the starter - 
anode or starter and in all the fol- 
lowing discussion will be spoken of 
as such. The term anode then will 
refer to the second anode (P2). In 
the 0A4 -G the circular disc is the 
cathode, the wire loop just above 
it is the starter -anode, and the wire 
extending out of the glass sleeve is 
the anode. (See page 16.) 

The principal mode of operation 
of a starter -anode type tube then is 
as follows: (a) a potential is applied 
to the anode, which at no time ex- 
ceeds the anode -cathode breakdown 
potential when there is no starter cur- 
rent flowing; (b) an energizing im- 
pulse is applied to the starter so that 
the starter potential exceeds the 

Fig. 6 --Circuit for remote control of 
radio set or other device 

Fig. 5-Breakdown characteristic as 
function of first anode current 

value of the cathode -to -starter break- 
down potential for a time sufficient to 
initiate a discharge to it; (c) the re- 
sulting starter current, as determined 
by the starter circuit impedance, low- 
ers the breakdown potential to the 
anode sufficiently that a discharge 
starts to it; (d) the anode current 
actuates a relay or performs what- 
ever function is allotted it. 

For any gas -discharge tube con- 
taining three electrodes, it is possible 
to initiate a discharge between any 
two of them, and with either one of 
these electrodes serving as the in- 
stantaneous cathode and the other as 
anode. Therefore, there are six dif- 
ferent values of potential which de- 
scribe the breakdown characteristics 
of a gas triode of the type under dis- 
cussion. In addition the potential on 
the third electrode may so influence 
the potential distribution that the 
breakdown potential between the 
other two electrodes is modified by it. 

Consequently the only accurate way 

Fig. 4-Circuit for examining char- 
acteristics of gas tube 

of describing the breakdown charac- 
teristics is by means of a graphical 
representation in which the poten- 
tials of all electrodes may be given. 

To be specific, all further discus- 
sion will pertain to the characteris- 
tics of a typical RCA -0A4 -G. 

Characteristics of the 0A4 -G 

The breakdown characteristics for 
the 0A4 -G are given in the curve of 
Fig. 8. If the anode and starter po- 
tential at any instant before con- 
duction define a point .within the 
closed curve, no breakdown will oc- 
cur. A discharge will initiate when 
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the point thus defined crosses outside 
the closed loop. The electrodes be- 
tween which the discharge takes place 
depends upon the region of the curve 
crossed. 

The section A of the curve defines 
under what conditions breakdown 
takes place between cathode and 

Photograph showing internal 
ture of new gas tube 

struc- 

starter. It corresponds to the maxi- 
mum of the volt-ampere characteris 
tic shown in Fig. 2. Section A is 
almost a vertical straight line, from 
which we may conclude that the 
breakdown from cathode to starter is 
not influenced to any noticeable ex- 
tent by the anode potential. 

The cathode -to -starter drop of po- 
tential is approximately 60 volts and 
if the starter -supply voltage and re- 
sistance are known, the starter cur- 
rent can be determined by 

Is, = (E b1- 60) /Rb, 
The transition characteristic then 
shows whether or not this current is 
sufficient to cause the anode dis- 
charge to initiate for the applied 
value of anode potential. 

The section B of the breakdown 
characteristic defines the conditions 
for which a discharge will initiate 
directly between cathode and anode. 
It may be seen that the starter po- 
tential affects the breakdown some- 
what, for if there were no effects, this 
portion of the curve would be a hori- 
zontal straight line. 

Section D shows the region in 
which a discharge will initiate be- 
tween the starter and the anode. Due 
to the close proximity of the cathode 
to the starter, the discharge will 
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transfer to the cathode for very low 
values of current between the starter 
and anode. 

If the cathode potential had no ef- 
fect on the starter -to -anode break- 
down voltage, then the difference be- 
tween anode potential and the starter 
potential would be constant. As may 
be seen from the curve, this is not 
quite true. The cathode potential 
plays a considerable part in modify- 
ing the starter -to -anode breakdown. 

Over the region D a breakdown 
again takes place between the starter 
and cathode electrodes. The starter. 
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Fig. 7 - Average transition char- 
acteristic of the 0A4 -G 
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however, is serving functionally as 
the cathode. The discharge can 
transfer to the cathode -to -anode re- 

A 

gion if the anode potential is above 
the tube drop of potential and the 
current between starter and cathode 
is sufficient. The transition charac- 
teristic for this type of operation is 
somewhat similar to Fig. 7 but the 
current required is lower. 

When the anode is negative, the 
discharge can transfer to it acting 
as a cathode. However, due to the 
high drop of potential in this mode 
of operation, the current that will 
flow will be very low. This current 
will, in general, not be enough to 
cause operation of the relay and con- 
sequently the only indication that a 
breakdown has taken place within the 
tube will be a light purple glow about 
the anode. This is also true in the 
regions E and F where breakdown 
takes place directly to the anode elec- 
trode acting as a cathode. 

The curve of Fig. 8 shows all the 
six possible ways in which break- 
down can occur in the 0A4 -G. The 
only manner in which the tube is 
intended to give consistent and uni- 
form operation, however, is by the 
initiation of a discharge to the 
starter which in turn transfers to 
the anode to complete the operation. 
Consequently definite variation lim- 
its are placed on the portion A of 
the breakdown characteristics. In 
addition, in order that the peak of 
the supply potential shall not exceed 
the value of the cathode -to -anode 
breakdown voltage, as defined by the 
portion B of the characteristics, a 
minimum value is selected for this 
characteristic with considerable al- 
lowance being made for possible non - 
sinusoidal supply voltages and line 
voltage surges. The other breakdown 
characteristics, since they are of rel- 
atively little importance in the nor- 
mal operation of the tube, may vary 
over quite a range, in general, hav- 
ing a considerably greater value than 
indicated in the typical characteris- 
tics of Fig. 8. A limit is also placed 
on the value of the starter current 
required to complete the transition 
of a discharge to the anode. 

All the characteristics which have 
been described are of the so-called 
static type. They may be applied for 
instantaneous values of a.c. at low 
frequencies with considerable accu- 
racy. At high frequencies, however, 
there may be a considerable de- 
parture from the static characteris- 
tics due to the appreciable time re - 

(Continued on page 72) 
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Recent Die Castings For 
Radio Receivers 

Compact, inexpensive automobile radio control made by Star 
Machine Company. Housing, gears and bezel are die cast in zinc 
allay; held within tolerances of ±0.001 in. for all important 
dimensions. Most of the other parts, except the plastic knob are 
made from screw machine products including worm for operating 
dial. Sleeve between threaded stem and knob shaft actuates small 
cam for throwing switch and knob shaft is connected, in service, 

to a flexible shaft leading to set on car dash 

ELECTRONICS May 1938 

Views of new Silver midget receiver case. 
Measures 63/4 x 41/2 x 43/e in. weighs 28 oz. 

Zinc alloy used is high in impact strength, 
readily cast in sections as thin as sheet 
metal for same purpose is likely to be. 
Surfaces remarkably smooth as they come 
from the die. All holes seen in front view 
are cored and the beading, dial figures, and 
trade mark are formed by die as are the 
integral mounting bosses. The case is 
capable of taking any one of the many 

organic or electro -plated finishes 

Complex zinc alloy die casting, frame for 
electric drive tuning, Wells Gardner radio. 
Opening in front right corner provides space 
for mounting drive motor; bosses in fore- 
ground serve chiefly as rigid supports 
and/ or pivots for reduction gears, clutch, 
pulleys. Reversing switch mounted above 
triangular opening and 4 vertical slotted 
posts at each side accommodate tuning 
plungers. Uprights at back provide bear- 
ing supports for setting -disc shaft. Motor 
switch, levers, spring supports, brackets, 
etc. also mounted on casting. Only by die 
casting can a unit structure of this com- 
plexity be made with acccurate dimensions 

and smooth surface at moderate cost 
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Above. Relays are available with 
a wide variety of contact arrange- 
ments and contact sequence of 

operation. The power required to 
energize the relay depends upon 
the number of contacts which are 

actuated 

Right. A totally enclosed time de- 
lay relay which depends for its 
delay interval upon the flow of air 
between two chambers. Time delay 
may be varied by means of a 

screw driver adjustment 

Below. Relay rack transmitter con- 
trol panel providing automatic con- 
trol and protective circuits, for 
applying the voltage to the elec- 
trodes of electron tubes in the 

proper sequence 
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A telephone type relay with two metal 
clad mercury contacts which will control 
15 amperes at 110 volts, a.c. The cartridge 

type contacts are interchangeable 
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TIME DEL« 

RELAYS 

By BEVERLY DUDLEY 
Associate Editor, Electronics 

AS its applications in the fields of 
measurements, industrial con- 

trol, and communications steadily in- 
crease from year to year, the elec- 
tron tube is being called upon con- 
tinuously to perform more detailed, 
intricate, and extensive functions 
than ever before. With a better gen- 
eral understanding of the functional 
operation of the tube, and with 
greater uniformity of the manufac- 
tured article, there is also an in- 
creasing tendency toward making 
tube circuits as fool -proof and auto- 
matic in operation as possible. The 
extensive and intensive applications 
of electron tubes which have taken 
place during the past decade or so, 
have demanded that tubes be used 
with auxiliary control equipment of 
one kind or another. Of this auxiliary 
equipment, that class of devices com- 
monly known as relays, is perhaps 
the most important. 

The manner in which relays may 
be used in connection with electron 
tube circuits, and the functions which 
these two types of devices working 
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in conjunction, may be called upon 
to fulfill, are almost without number. 
Relays in the plate circuits of vacuum 
tubes may be used to control consid- 
erable amounts of power from minute 
voltage variations. Especially in gas 
or vapor filled tubes, relays may be 
used to provide voltages to the tube 
electrodes in proper sequence in or- 
der that damage to the cathode due 
to ion bombardment, or damage to 
associated equipment may be avoided. 
In communication applications, re- 
lays are used in tube circuits for pro- 
tecting these circuits from underload 
or overload conditions, for automatic 
break-in, wave changing, and keying, 
or for minimizing shut -downs due to 
arcs and high voltage transients. 
(See Electron Art Department, this 

of current for which the coils are 
designed, and sometimes according 
to (9) the type of auxiliary equip- 
ment, such as counting and latching 
mechanisms, with which the relay is 
provided. For any particular applica- 
tion, it may be well to give some 
attention to all of these factors, but 
for the purpose of writing an article 
(rather than a treatise) on the sub- 
ject, it has seemed desirable to limit 
discussion to electromagnetic relays. 
Such relays, when used with electron 
tubes, have been somewhat arbi- 
trarily classified into the following 
groups: (1) a -c relays suitable for 
operation at frequencies usually used 
in power circuits, (2) d -c relays, 
(3) super -sensitive relays operating 
with currents of 1 ma. or less, (4) 

sensitive relays operating with cur- 
rents of from 1 to 100 ma., (5) power 
relays or contactors operating with 
currents in excess of 0.1 ampere and 
usually provided with contacts suit- 
able for controlling appreciable 
amounts of power, (6) thermally op- 
erated relays, and (7) relays whose 
contacts may be opened and closed in 
consequence of some time variation 
function as well as some specified 
value of current or voltage. 

All relays of the type which we are 
considering consist of three essential 
parts: (1) the coil assembly (which 
may consist of several individual and 
separate windings) for establishing 
or for aiding in the establishing of 
the magnetic flux, (2) the core, pro- 
viding a magnetic circuit of variable 

FOR TUBE CIRCUITS 

issue.) In the industrial field, the 
actual and potential applications of 
relays to extend the usefulness of 
tube circuits are almost without 
number. 

Because of the practical importance 
of relays as an adjunct to tube cir- 
cuits, it is desirable that those who 
have occasion to use control equip- 
ment be conversant not only with 
the physics of the electron tube and 
its engineering application, but that 
they have some understanding of the 
characteristics and operation of the 
auxiliary relay devices. Many pitfalls 
can be avoided, and, consequently, 
many an otherwise troublesome cir- 
cuit can be made to perform satis- 
factorily, if sufficient attention is 
given to potential sources of trouble 
during the design period. 

Classification of Relays 

Relays may be (and a glance 
through manufacturers' catalogs will 
show that they are) classified accord- 
ing to: (1) type of physical construc- 
tion, (2) principle of operation, (3) 
intended function, (4) voltage, cur- 
rent, or resistance characteristics, 
(5) type of contacts, (6) sequence of 
opening and closing contacts, (7) 
speed of closing and release, (8) type 
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Relay drawing 8 watts d.c. or 15 watts a.c. provided with mercury 
contacts which will carry 10 amperes at 125 volts, or 5 amperes at 

250 volts in a non -inductive circuit 
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and relatively low reluctance, a por- 
tion of which is subjected to physical 
motion, and (3) the contact assembly 
which is actuated by the armature 
or clapper of the magnetic core. 

Relay Fundamentals 

The essential operation involved 
in the relay device is the definite 
opening or closing of one or more 
circuits through the proper use of 
contacts which are made to separate 
or come together when the arma- 
ture or clapper is moved. The con- 
tacts are opened or closed through 
the motion of the armature whose 
position, in turn, depends upon the 
opposing forces established by the 
magnetic flux set up by the electro- 
magnet on one hand, and spring ten- 
sion, gravitational pull, or the op- 
posing flux established by some other 
magnetic circuit on the other hand. 
In order that the relay operate sat- 
isfactorily, it is essential that the 
open and closed position of the 
armature be definite and positive in 
action. Except, perhaps, in the case 
of relays based on the principle of 
the d'Arsonval galvanometer where 
extreme sensitivity is of prime con- 

`? 

300 

sideration, properly designed relays 
fulfill this requirement by providing 
a large leakage flux when the arma- 
ture is opened. For some critical 
value of flux, the armature closes, 
reducing the reluctance of the cir- 
cuit so that the armature is held 
tightly, and the contacts are not likely 
to be affected in operation by vibra- 
tion. 

The construction of electromag- 
nets which actuate the armature or 
clapper with varying degrees of rap- 
idity is of considerable importance 
in the design and proper application 
of relays and is fundamental to the 
successful operation of relays oper- 
ating on a.c. The speed or sluggish- 
ness of operation is largely deter- 
mined by the degree to which eddy 
currents are permitted to flow in 
conductors which are within the mag- 
netic field of the electromagnet. In- 
duced eddy currents act in such a 
direction as always to oppose a 
change in the existing magnetic 
flux, so that the flux established by 
the eddy currents effectively reduce 
that set up by the electromagnet. As 
a consequence, any system which 
reduces the eddy currents established 
in the magnetic field of the relay 

will assist in increasing the speed of 
operation, whereas slow operation 
(or operation from a.c.) may be ob- 
tained by providing relatively large 
amounts of eddy current losses. 

Since only small eddy currents are 
induced in laminated cores made of 
a bundle of fine, iron wires, such a 

core is useful in those cases where 
a quick acting relay is desired. On 

the other hand, by providing a cop- 

per sleeve between the iron core and 
the coil windings of the relay, or by 
providing rings or slugs of good con- 
ducting material on the core of the 
relay, slow action, especially with 
regard to the "release" condition, 
may be obtained. The degree of slug- 
gishness or delay which may be ob- 

tained depends upon the material of 
high conductivity which is within 
the magnetic field of the coil. It is 
quite conceivable that sluggishness 
of operation may sometimes be ob- 

tained unintentionally through im- 
proper placing of conducting ma- 
terials too close to the magnetic cir- 
cuit of the relay. 

Coil design for relays is an im- 

portant and specialized branch of 
engineering. Because of the general 
availability of relays of many vari - 

Superposition of a transparent drawing of relay characteristics on the static char- 
acteristics of the 6L6. The origin of the relay curve corresponds to the operating 

point, Eb = 400, Ip = 0. The 

dotted line is the load line for 
maximum power output assum- 
ing the grid voltage may go to 
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eties and types, with coils available 
from stock (or on short order) for 
almost any application, it is unwise 
for the individual user to attempt 
the design of his coils and magnetic 
circuits for a specific relay applica- 
tion. For a given application, it is 
quite possible that some stock 
model relay will be well suited; if 
not, manufacturers are usually will- 
ing and able to provide relays with 
the required characteristics on 
special design. By ordering relays 
for a specific purpose, rather than 
trying to design and build them 
himself, the user obtains the benefit 
of experience, manufacturing facili- 
ties, quantity production, and low 
cost which the relay manufacturer 
is able to provide. Moreover, the final 
result is more likely to be satisfac- 
tory in operation. 

In specifying data from which the 
manufacturer may wind a suitable 
coil for the desired relay, it is ad- 
visable to provide all of the essen- 
tial information required in the coil 
design. At the same time, the manu- 
facturer should be given as much 
freedom as possible in the actual 
coil design; the user should not 
place so many requirements and re- 
strictions on the coil that it cannot 
be manufactured. Consideration 
should be given to : (1) the close and 
release currents required for operat- 
ing the relay, (2) the permissible volt- 
age drop across the relay coil, (3) the 
temperature rise of the coil under the 
conditions of use which will be en- 
countered in practice, (4) the coil 
resistance, (5) the voltage above 
ground at which the relay is to be 
operated, and (6) the function which 
the relay is to serve. When these data 
are known, the user can select from 
stock equipment, or the manufacturer 
can design, coils most suitable for 
the intended purpose. In providing 
information to manufacturers it is 
important to give sufficient informa- 
tion; a schematic wiring diagram is 
frequently of considerable assistance. 

The question sometimes arises as 
to the pull -in and release currents 
which are required for relay opera- 
tion. When this is a matter of im- 
portance, the manufacturers should 
be so informed. Although it is pos- 
sible to design relays to operate at 
specified values of pull -in and re- 
lease current, such current values are 
usually not specified by the manufac- 
turer for most ordinary types of 
stock models. The reason for this is 

ELECTRONICS - May 1938 

simply that, throughout the life of 
the relay, the pull -in and release cur- 
rent values are often subject to wide 
variations as a result of the use 
to which the relay is put. The ac- 
cumulation of dust, dirt, oil or other 
gummy substances, weakening of 
spring tension, and inadequate ad- 
justment and servicing, all contrib- 
ute to the manufacturers' inability 
to guarantee specified limits of oper- 
ation on stock models not designed 
for operation whère close tolerances 
are required. 

Sensitive relay which may be ob- 
tained for operation as low as 15 

microamperes or 50 millivolts. Con- 
tacts will carry 0.2 ampere at 6 

volts 

Where relays are used in the plate 
circuits of vacuum tubes, the relay 
acts as the load for the tube. When 
the characteristics of the relay and 
the tube are known, the overall oper- 
ation of the tube and relay may be 
determined by means of the usual 
"load line diagram" so well known in 
vacuum tube operation. The resis- 
tance of the relay coil determines the 
voltage drop across it, and the cur- 
rent which will flow through it in a 
given circuit. This resistance may 
be used as the load line if the grid 
voltage variations occur slowly. 
However, the relay coil possesses con- 
siderable inductance as well as re- 
sistance, so that for rapid changes 

of grid voltage, or where alternating 
voltages are applied to the grid, the 
relay can no longer be properly con- 
sidered as a resistive load. Under 
these conditions, it becomes an im- 
pedance load with resistive and re- 
active components, and, for precise 
results the simple "load line" dia- 
gram no longer applies. For this set 
of conditions, the "load line" on the 
Ep-Ip static characteristics becomes a 
"load ellipse" and requires slightly 
more elaborate methods of treat- 
ment.1 

A particularly useful and rapid 
method of determining the overall 
characteristics of tube and relay has 
been described in Electronics: The 
method employed is entirely graph- 
ical, and requires curves of the static 
characteristics of the tube, as well 
as the E -I characteristics of the relay 
to be used. When these two sets of 
curves are available, the characteris- 
tics of the tube -relay combination 
can be determined quickly and easily. 

To make use of this graphical 
method, the relay current -voltage 
characteristics are plotted as hyper- 
bolas on transparent paper or 
tracing cloth. The origin of the relay 
chart is at the lower right-hand 
corner, the abscissa is the voltage 
across the relay, and the ordinate 
represents the current flowing 
through the relay coils. The scale of 
voltage and current for the relay 
diagram must be the same as the 
corresponding scales for the static 
characteristics of the tube with which 
the relay is to be used. 

To determine the optimum load 
line for maximum power output, the 
hyperbolic curves of relay charac- 
teristics are superimposed on the 
static characteristics of the tube in 
such a way that the corresponding 
voltage and current axes are 
parallel. The origin of the relay 
characteristics is placed at the point 
on the E-Ip curve corresponding to 
zero plate current and the plate volt- 
age, Ep = Eb; Ip = O. A line on the 
tube characteristics from Eb, 0, to 
the point where the relay character- 
istic curves are tangent to the zero 
grid voltage characteristic, deter- 
mines the optimum load line. The 
diagram on page 20 shows the appli- 
cation of the relay curves to the 

1 The manner in which an inductive load 
may be dealt with in tube circuits is discussed 
in Sec. 59, "Thermionic Vacuum Tube' by 
H. J. Van der BID, or in Sec. 90, "Theory of 
Thermionic Vacuum Tubes" by E. L. Chaffee. 

"Relays in Tube Output Circuits" by E. E. 
George, Electronics, August 1937. 
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MANUFACTURERS OF RELAYS 
MANUFACTURER TYPE OF RELAY MANUFACTURER TYPE OF RELAY 
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Acusto-Lite Corp., Ltd. * Kurman Electric Co. * * * * * 
2908 S. Vermont Ave., Lls 241 Lafayette St., New York 

Angeles Leach Relay Co. 
Allied Control Co., Inc. * * * * 5915 Avalon Blvd., Los 

95 Liberty St., New York Angeles 
Allen Bradley Co. * * * * * Lear Developments, Inc. * * 

1305 S. First St., Milwaukee Mineola, L. I. 
American Gas Accumulator Co. * * * P. R. Mallory & Co. C 

Elizabeth, N. J. Indianapolis, Ind. 
American Instrument Co. * * * * Micro Switch Corp. S 

Silver Springs, Md. Freeport, III. 
Amer. Automatic Elec. Sales Co. * * * * * Muter Co., The 

1034 Van Buren St., Chicago 
Automatic Electric Mfg. Co. * * * 

1255 S. Michigan Ave., 
Chicago 

Mankato, Minn. Photobell Corp. RA 
Automatic Signal Corp. * 96 Warren St., New York 

E. Norwalk, Conn. Precision Thermometer & Inst. Co. * * * RA 
J. H. Bunnell & Co. * * 1434 Brandywine St., Phila. 

81 Prospect St., Brooklyn Radiart Corp. * * * 
L. S. Brach Mfg. Corp. G 13229 Show Ave., Cleveland 

55 Dickerson St., Newark Reynolds Electric Co. * A 
Central Scientific Co. * * * 2650 W. Congress St., Chicago 

1700 Irving Park Blvd., Chicago M. H. Rhodes TDS 
Cutler -Hammer, Inc * * * * 9 Rockefeller Plaza, New York 

1230 St. Paul Ave., Milwaukee Roller -Smith Co. 
C. P. Clare & Co. * * 233 Broadway, New York i 

4541 Ravenswood Ave., 
Chicago 

Sigma Instruments, Inc. 
Belmont, Mass. 

Durakool, Inc. MC Spencer Thermostat Co. 
Elkhart, Ind. Attleboro, Mass. 

Eagle Signal Corp. * * * * Standard Elec. Prod. Co. * 
Moline, III. St. Paul, Minn. 

Hugh H. Eby, Inc. * Stromberg Carlson Tel. Mfg. Co. * * * 
2068 Huntington Ave., Phila. Rochester, N Y. 

Thos. A. Edison, Inc. * Struthers Dunn, Inc. * * * * * * 
W. Orange, N. J. 125 N. Juniper St., Phila. 

Electric Controller & Mfg. Co. * * * * Supreme Electric Products Co. SV 
2700 E. 79 St. Cleveland Rochester, N. Y. 

Electronic Products Co. RA Triplett Elect. Instrument Co. * 
St. Charles, Ill. Bluffton, O. 

Esterline-Angus Co. * United Electronic Industries RA 
Indianapolis, Ind. 43-37 35th St., L. I. City, N. Y. 

Etna Electric Works * * * Veeder-Root, Inc. K 
410 E. 135th St., New York Hartford, Conn. 

Gardiner -Levering Co. * * * Ward Leonard Electric Co. * * * * * * 
Haddon Heights, N. J. Mount Vernon, N. Y. 

General Control Co. * Western Electric Co. * * * * * * 
197 Sidney St., Cambridge 195 Broadway, New York 

General Electric Co. * * * * Western Electro -Mechanical Co. * * * * 
Schenectady, N. Y. Oakland, Cal. 

General Electric Vapor Lamp Co MC Westinghouse Elec. & Mfg. Co. * * * * * * 
Hoboken, N. J. Newark, N. J. 

G -M Laboratories * * * * * * Weston Elec. Inst. Corp. 
1731 Belmont Ave., Chicago Newark 

H -B Instrument Co. Wheelco Instruments Co. RA 
2518 N. Broad St., Phila. 1931 S. rialsted St., Chicago 

Guardian Electric Mfg. Co. * * * * * * * H. A. Wilson Co. C 
1627 W. Walnut St., Chicago 97 Chestnut St., Newark 

Hart Mfg. Co. * * * Zenith Electric Co. 
Hartford, Conn. 527 S. Dearborn St., Chicago 

Less than 1 ma. - 1 to 100 ma. A Accessories C Metallic contacts G Gas Relays 
K Counters MC Mercury contacts RA Relay assemblies TDS Time delay switch SV Solenoid valves 
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characteristic curves of a 6L6 beam 
power tube operating with a plate 
supply voltage of 400. The dotted line 
is the load line for maximum power 
in the relay circuit. By selecting a 
suitable grid bias voltage and deter- 
mining the excursions of grid sig- 
nal voltage, the resulting plate 
current change available for oper- 
ating the relay may be rapidly de- 
termined. 

Sequence Operation 

It is frequently important that 
circuits which a tube and relay com- 
bination control, be operated in 
proper sequence. Consequently, not 
only the number of contacts on the 
relay but also the sequence in which 
these contacts open and close is an 
important consideration which should 
not-but frequently is-overlooked 
by the designer of electron tube 
equipment. Fortunately, relay con- 
tacts are available in a wide variety 
of combinations, both as regards the 
total number of contacts, as well as 
their sequence of operation. Before 
the contact assembly can be com- 
pletely specified, however, it is neces- 
sary to know the order of occurrence 
of the various operations which the 
tube and relay control. 

A systematic and satisfactory 
method of determining the necessary 
number of relay contacts, and their 

sequence of operations, may be de- 
veloped in schedule form by consider- 
ing the functional operations which 
are to be controlled. The first step 
in developing the schedule is to list 
in proper order, the essential physical 
control operations which are to 
occur. Such a list will be needed in 
determining the sequence of opera- 
tion of relay contacts, or contact as- 
semblies. The second essential step 
is to assign to each of these control 
operations, the proper number and 
combination of contacts for carrying 
out the intended control operation. 
This second step determines the num- 
ber of contacts which will be re- 
quired and their arrangement. From 
these two steps, the full complement 
of relay contacts may be specified, 
although it may be wise to go 
through the entire schedule a second 
time to make sure that the schedule 
provides for the most satisfactory 
and economical conditions. When pre- 
paring the second step in the sched- 
ule, it is also advisable to ascertain 
the voltage which each set of contacts 
will be required to break, the current 
it will be required to pass, and 
whether it is to be used in an induc- 
tive or a resistive circuit. It may 
happen that the voltage or current 
requirements exceed the capabilities 
of the relay contacts, in which case 
several contacts in parallel may be 
required. 

Relay intended for controlling radio frequency circuit. 
Good insulation and low distributed capacity are factors 

to consider in this type of application 
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For the relay contacts to fulfill 
their intended purpose properly, the 
make and break positions must con- 
form with certain specific require- 
ments. In the break or open posi- 
tion, the contacts should be definitely 
separated from one another for all 
conditions of temperature, dust, or 
dirt accumulation which are likely 
to arise in normal service. The ac- 
tual separation between the contact 
surfaces will depend upon the serv- 
ice to which the relay is to be put, 
the voltage which it is required to 
break, the resistance and reactance 
of the circuit, and the adjustment 
of the armature. In general, it is 
desirable that the separation be suf- 
ficiently large as to preclude any 
possibility of arcing, or the accumu- 
lation of small foreign particles be- 
tween the contact surfaces. The make 
and break conditions should be es- 
tablished definitely and without 
vibration or chattering of the con- 
tacts. For this requirement to be ful- 
filled, both the electrical and mechan- 
ical conditions under which the relay 
is to be used merit consideration. 

Contact Care 

Sparking and arcing of the con- 
tacts may be reduced through the 
use of contact surfaces which have 
been rounded so as not to present 
sharp edges or corners from which 
an electric discharge may readily 
take place. The curvature of the con- 
tact faces will, of course, depend upon 
the service for which the contacts 
are intended, and will be much 
greater for small contacts such as are 
used in telephone type relays than 
for relays in which the contacts con- 
trol appreciable amounts of power. 

In coming together, it is desirable 
that the contacts approach one an- 
other with a sliding, rolling, or ro- 
tary motion, rather than butting to- 
gether, for by so doing, the contacts 
tend to be self-cleaning. After hav- 
ing come together, the contacts 
should be maintained in intimate con- 
tact by a definite pressure. This 
pressure is usually provided by the 
pull on the armature when the re- 
lay coil is energized, although in some 
cases "snap action" through the use 
of springs or specially designed 
switches serve the same purpose. 

Not only the contact area, but the 
material out of which the contacts 
are made, will depend upon the cir- 

(Continued on page 61) 
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Wideband 
Television Amplifiers-II 

The low frequency response of video amplifiers is treated in this second article by Mr. 
Everest. Effects of cathode -biasing circuits, and plate impedance correction networks, on 
amplification and phase shift 

Fig. 1-Actual and equivalent circuits of the simple resistance-capacitance 
coupled amplifier, for low frequency calculations 
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Fig. 2-Low frequency amplitude and phase response curves in tams of 
the coupling time constant 

Fig. 3-Actual and equivalent circuits including resistance-capacitance net- 
work in plate load impedance 

T0 transmit the slow changes ac- 
companying the gradual shifting 

of background illumination in a 
television image requires that all 
frequencies down to and including 
direct current be passed. Therefore 
we find that the perfect television 
image calls for a d -c amplifier for 
the low frequency extremity. As the 
d -c component may be cared for with 
other circuits, the next lowest fre- 
quency of major importance is the 
field repetition frequency. This is 
defined as the number of times the 
image is fractionally scanned per 
second. For interlaced scanning the 
field repetition frequency is usually 
60 per second to minimize the dis- 
turbing effects of a -c hum on the 
image. 

Low Frequency Response 

While the small details of the 
television image are determined by 
the high frequency response of the 
amplifier, a failure at the low fre- 
quency end results in false values 
of lights and shadows. For a com- 
pletely satisfactory picture it is 
necessary that these low frequencies 
be included. The circuit of Fig. 1 

(a) shows a diagram of the common 
resistance -capacitance coupled am- 
plifier which can be represented to a 
high degree of accuracy by the 
equivalent circuit of Fig. 1 (b). At 
the low frequencies under considera- 
tion, the effect of the shunting 
capacitances to ground can be 
neglected. Solving this circuit gives 
us the following expression for 
stage -gain: 
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Fig. 4-(above) Effect on amplification and 
phase shift of circuit shown in Fig. 3, 
calculated for a stage employing the 954 

tube 

5-(right) Circuits for calculating 
effect of cathode resistor at low fre- 

quencies 

Stage Gain = (Maximum Amplifi- 

cation) X 
1 

1 

1 c2 C2 R012 

(1) 

in which: 
Max. Amp. = 

(a. of tube) 1 

R0 = plate resistance of 
the tube, ohms 

R,=: coupling resistor, 
ohms 

Rgl = grid -leak resistor, 
ohms (large com- 
pared to Re) 

= 211, f being fre- 
quency in cycles per 
sec. 

C0 = coupling capacitor, 
farads. 

Equation (1) can also be written as: 
Stage Gain = 

(Max. Amp.) X 1 -}- 

1+w21'2 
(2) 

where T = time constant = Cc Rgl. 
This time constant, T, is the deter- 
mining factor in the low frequency 
response of R -C coupled amplifiers. 
It should be remembered that the 
product is the important thing and 
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not the absolute value of either Ce 

or Rgl. The significance of the time 
constant product, Ca R91, is this: the 
condenser Ce will discharge to within 

37% or of its original value 

in T seconds. 
Equations (1) and (2) neglect the 

phase angle between eg and the cur- 
rent flowing through Rgl. This phase 
angle is given by: 

1 
= tan-' 

cur 

Figure 2 shows the frequency re- 
sponse family for the more common 
values of T. Because of the fact that 
the phase shifts at the lower fre- 
quencies are very important, the 
phase shift family of curves is given 
also. The low frequency response of 
any ordinary R -C coupled amplifier 
may be quickly plotted with the aid 
of Figure 2 and the expression for 

By F. ALTON EVEREST 
Oregoo State College 

maximum amplification under equa- 
tion (1). 

Low Frequency Correction 

In the equivalent circuit of Figure 
1 (b), R91 is usually much larger 
than Re. To satisfy the high fre- 
quency requirements, Ra must not be 
very large or the shunting capaci- 
tances will make the combined im- 
pedance excessively low. If the value 
of Re could be automatically in- 
creased at the lower frequencies 
without affecting operation at other 
frequencies, the amplification would 
tend to remain at a higher value for 
much lower frequencies. 

One of the simplest and most 
effective of the methods for holding 
up the amplification at low frequen- 
cies is shown in Fig. 3 (a) with 
equivalent circuit as shown in Fig. 
3 (b). A resistor, RF, shunted with a 
condenser, Cf, comprises the network 
whose impedance rises with a de - 
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Fig. 6 --(below) Impedance relationships due to 
cathode bias 

Fig. 7-(right) Effect of cathode bias on low frequency 
response of stage employing 954 tubes 

Phase shift -- 

10 
Frequency C.P.S 

crease in frequency. At the inter- 
mediate and high frequencies, CF is 
essentially a short circuit, effectively 
taking RF out of the circuit. At the 
low frequencies, the reactance of C, 
increases causing the total anode 
load impedance, and therefore the 
amplification, to increase. Probably 
one of the most important effects of 
the correction network RF -Cr is that 
the phase shift is negative and in 
the proper direction to correct for 
phase shift due to the coupling con- 
denser. Another advantage of this 
correction network is that it oper- 
ates as a decoupling filter, helping to 
remove the power supply ripple from 
the voltage applied to the tube. Too 
much must not be expected of R, 
and CF in this regard, however, for 
the decoupling effect will be small 
for frequencies lower than the point 
where correction begins to take place. 
If additional de -coupling is needed, 
the effect of another filter upon the 
amplifier response will be negligible 
as long as the time constant of the 
added filter is selected so that the 
impedance is negligible at the lowest 
frequency to be amplified. 

Figure 4 shows the phase shift 
and amplification characteristics of 
a television amplifier using the type 
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954 acorn tube which was used in 
the discussion of high frequency am- 
plification. (Electronics, January, 
1938, page 16). A plate resistor of 
10,000 ohms and a time constant of 
Rgi Cr equal to 0.01 is used, both with 
and without correction. The correc- 
tion network consists of a resistor 
R, = 25,000 ohms and C,. = 1.0 
microfarad. A tremendous improve- 
ment of phase shift, an important 
item, is obtained. The calculation of 
the corrected curve of Fig. 4 is very 
laborious at best. O. E. Keall l has 
analyzed the whole problem very well 
and presented a graphical method by 
which close approximations to the 
actual response and phase shift 
curves may be obtained relatively 
easily after a working knowledge of 
his methods is obtained. Based upon 
the equivalent circuit of Fig. 3 (b), 
Keall shows that the voltage devel- 
oped across the grid leak resistor 
R01 is: 

where : 

a=1 

1 

eo = /leg a -.îb 
1 

1 (1 .71..1') 
R, R, 1 

R,RgI wTTr 
R,+RP (1+ 

R, 

(3) 

b= 
[ß7TP 1 RR: + (14-Z) 
(1+ 

R 
R,,I 1 +R 

mo+T RRcc J 

T'P = TP R` R,+RP 
TP = CP RP 

T = Cc Rut 

Effect of Cathode Bias 
Placing a resistor in the cathode 

circuit of an R -C coupled amplifier is 
a common method of biasing the tube 
by virtue of the plate current flow- 
ing through it. The cathode is made 
more positive than the grid by the 
amount of voltage drop in the bias 
resistor, Rk. To prevent degenerative 
feedback, caused by the a -c signal 
component of the plate current also 
applying a voltage to the grid, a 
large condenser is shunted across Rk, 
thus providing essentially a short cir- 
cuit for the a -c, yet still producing 
a d -c bias voltage. Of course at the 
low frequency end of the band to be 
amplified, the reactance of this 
cathode capacitance, Ck, becomes 
large. At sufficiently low frequencies, 
then, the effect of Rk in the circuit 
is quite pronounced. 

In Figure 5 (a) is shown the 
schematic diagram of a simple am- 
plifier with a cathode resistor Rk, 
not by-passed. Figure 5 (b) shows 
the equivalent circuit of this same 
amplifier in which Er is the voltage 
of the equivalent generator which is 
the product of the voltage between 
grid and cathode of the tube and the 
mu of the tube. This voltage is the 
customary µeg reduced by the drop in 
Rk or, 

=. (eg - iRk) (4) 
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By Kirchoff's law we find: 

E. = i (R, + Rc + Rk) (5) 

By equating (4) and (5) and solv- 
ing for i we get: 

!Leo 

Rc+R,+R5(la+1) (s) 

In other words, at the low frequen- 
cies where the by-pass condenser Ck 

is ineffective we find that the resis- 
tance of the plate circuit has been 
increased by the amount µRk. 

This may easily result in a 100 
per cent increase of apparent in- 
ternal impedance of the tube, reduc- 
ing amplification accordingly. Fig. 6 

shows impedance and phase shift re- 
lations in a typical screen -grid am- 
plifier. It will be noticed that the 
phase shift due to the cathode bias is 
in a direction that will correct for 
the phase shift due to the coupling 
condenser. Za is zero at the higher 
frequencies because the reactance 
of the condenser Ck approaches zero, 
and approaches some steady state 
value equal to Rk in the region where 
the reactance of Ck approaches in- 
finity. Utilizing the (µ + 1) factor, 
we obtain Zb, the apparent internal 
impedance of the tube. This increases 
at the point where the reactance of 
Ck begins to take effect and flattens 
off at a value about twice its normal 
plate resistance. While this will affect 
amplification, a more important fac- 
tor than amplification at the low fre- 
quencies in television frequency am- 
plifiers is that of phase shift, and 
cathode bias improves that. Figure 
7 shows an improvement of both 
amplitude and phase distortions of 
the low frequency corrected ampli- 
fier of Fig. 4. 

It is appropriate here to mention 
a method used' to eliminate the 

Fig. 8 --Partial cathode bias con- 
nection 

necessity of the large cathode by- 
pass condensers. With electrolytic 
condensers available, its technical 
value is doubtful, but constructional 
and economic factors might dictate 
its use. Figure 8 shows a schematic 
diagram of an R -C coupled amplifier 
using this scheme. The resistor R, 
has a much higher resistance than 
Rk (100,000 ohms for example). As 
the grid -leak, R51, is connected to one 
end of R1, only a portion of the de- 
generative voltage due to the a -c 
voltage drop across Rk is fed back 
to the grid. In effect, C, and R1 act 
as a potentiometer across Rk and the 
degenerative voltage fed back to the 

grid is proportional to 1 It is 
w C, 
R1 

obvious that a much smaller con- 
denser C, can be used for a given 
loss in amplification and phase shift. 
The leakage in electrolytic condens- 
ers makes their use undesirable for 
C2, as this would upset the bias con- 
ditions. 

General Design Considerations 

Time Constant: The time constant 
T, as discussed in connection with 
Eq. (2), has certain limits. Experi- 
ence has indicated' that values of T 
over 0.01 are unsafe to use. This 
limits the amount of low frequency 
response that can be obtained by 
using large values of coupling con- 
denser or grid -leak resistor. The in- 
put resistance of the tube limits the 
value of grid -leak resistor which can 
be placed in parallel with it. Large 
values of coupling condenser result 
in bulky condensers whose stray ca- 
pacitance limit the high frequency 
response. The phase shift and atten- 
uation characteristics of amplifiers 
having a T = 0.01 do require cor- 

rection, necessitating the use of cor- 
rection circuits similar to those de- 
scribed. This value of T will also 
avoid difficulties due to blocking of 
the grid. 

Push Pull: The use of the push-pull 
circuit for wide band television am- 
plifiers offers some attractive advan- 
tages', and the low and high fre- 
quency correction methods just dis- 
cussed are entirely applicable. When 
many stages of amplification are 
used, as is necessary when only a 
low gain per stage can be utilized 
as in television amplifiers, the pos- 
sibility of oscillation must always be 
faced. A certain amount of feed- 
back voltage is always present due 
to common de -coupling elements. One 
of the greatest advantages of the 
push-pull Class -A tubes is that the 
instantaneous sum of plate and 
screen -grid currents of the pair of 
tubes is essentially constant. This 
constancy gives little feedback volt- 
age to cause oscillation and is a good 
contribution toward stability. By 
careful matching of the tubes, it is 
possible even to eliminate the cathode 
by-pass condenser and plate and 
screen -grid decoupling condensers. 

The use of push-pull triodes for 
output tubes has been popular in 
this type of circuit due to their low 
distortion and good power output. 
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FIGi Fool -proof method of adding reverberation cham- 
I ber to high level mixing audio equipment 

FIG. 2 Labyrinth -like arrangements of echo 
reverberation chamber 

PRODUCTION of programs for 
broadcasting purposes often re- 

quires the creation of reverberant 
effects, just as in the case of motion 
picture recordings. (See Electronics, 
January 1938, p. 15). In addition, 
echo effects are frequently required. 

In the design of facilities for cre- 
ating these effects, it is essential that 
the difference between "reverbera- 
tion" and "echo" be recognized. 
Reverberation is generally obtained 
by employing a "live" room while 
echos, on the other hand, require the 
introduction of a time lag into the 
program circuit. 

The effects that are required in 
broadcasting are often a combination 

28 

Reverberation 

of these two characteristics. This 
combined result may be obtained by 
employing a long tube (for time 
delay) leading into a live room (for 
reverberation). A loudspeaker is 
placed at the far end of the tube 
and a microphone is placed in the 
reverberation chamber. 

Control over the "degree" of the 
echo may be obtained by employing 
tubes of various lengths. It is also 
possible to devise means of introduc- 
ing the loudspeaker into a long tube 
at various points along its length. 
Such an arrangement obviates the 
need for more than one tube, pro- 
vided a combination effect, consisting 
of simultaneous echos of various time 

delays, is not desired. An echo - 
reverberation unit, therefore, may 
consist of a live room with one or 
more tubes of various lengths lead- 
ing into the room. 

Both the tubes and the room 
must be hard surfaced on the inside 
to obtain the desired effect. In addi- 
tion, sound isolation treatment must 
be used to prevent the introduction 
of undesired extraneous sounds into 
the chamber. This treatment also 
avoids disturbances to adjacent 
areas by the sounds being reproduced 
within the tube and chamber. 

Control over the degree of rever- 
beration is obtained by adjustment 
of the volume level of the reproduc- 
ing loudspeaker. Combinations of 
loudspeaker level and pick-up micro- 
phone -channel output level permit a 
wide range of dramatic effects to be 
obtained. An alternate method of 
obtaining these effects is the use of 
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FIG. 3 
Simpler method of adding reverberation 
chamber involving only two mixing channels 

Control in Broadcasting 
a labyrinth -like arrangement such as 
shown on Fig. 2. The walls, ceiling 
and floor of the chamber should be 
hard surfaced and the dimensions de- 
termined by the effects desired. The 
arrangement results in an echo -re- 
verberation chamber that is econom- 
ical to install and to operate. 

The high-level mixing audio equip- 
ment that is standard in modern 
broadcasting studios lends itself 
readily to the addition of reverbera- 
tion channel facilities. Figure 1 

illustrates a method that is simple 
and yet fool -proof. One of the exist- 
ing mixers (No. 1) is used for re- 
verberation channel input control. 
Still another mixer (No. 2) controls 
the original, unchanged, sound pickup 
while a third (No. 3) is used as 
the reverberation channel output con- 
trol. Adjustment of mixers Nos. 2 
and 3 results in any desired admix- 
ture of the original with the rever - 

ELECTRONICS - May 1938 

berant and delayed sound. Mixer 
No. 1 controls the loudspeaker level 
in the reverberation chamber and 
consequently provides still further 
influence over the resulting effect. 

A disadvantage of the above ar- 
rangement is the fact that it utilizes 
three of the studio microphone chan- 
nels. Furthermore, one mixer must 
be disconnected from the mixer net- 
work and a dummy load resistor 
substituted in its place. An arrange- 
ment that overcomes these draw- 
backs is shown in Fig. 3. This 
circuit involves only two of the 
regular mixer channels. The rever- 
beration chamber input volume con- 
trol, in this case, is added to the 
existing facilities, external to the 
regular mixer console. One of the 
regular mixers (No. 1) then con- 
trols the direct, unchanged pick-up 
while a second (No. 2) controls the 
amount of reverberant sound which 

By 

HOWARD A. CHINN 
Columbia Broadcasting System, Inc. 

is being added to the channel. 
This arrangement has a possible 

objection since, by improper adjust- 
ment of the various volume controls 
and circuit gains, an electro -acous- 
tical feedback circuit can be created. 
In practice, however, there is little 
difficulty in designing and operating 
this circuit in such a way as effec- 
tively to guard against this possi- 
bility. 

The labyrinth -type of reverbera- 
tion chamber, together with the last 
mentioned circuit arrangement, has 
been successfully used by the Co- 
lumbia Broadcasting System for sev- 
eral years. The range of effects that 
can be achieved by placing the micro- 
phone and loudspeaker at various 
points in the labyrinth and by the 
addition of portable acoustical treat- 
ment, baffles, etc., satisfies practi- 
cally every demand made of these 
facilities. 
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NEW BOOKS 
Fernsehen 
By FRITZ SCHROTER with 8 tele- 

vision experts. (Julius Springer, 
Berlin. 260 pages, 228 illustrations, 
1937. Price, 21 RM clothbound.) 

THIS BOOK is a collection of eight lec- 
tures, given by eight different German 
experts well known in the arts of tele- 
vision and electron optics. These lec- 
tures were held late in 1936 for engi- 
neers who wished to become acquainted 
with the problems of television. The 
subject matter is divided as follows: 

"Development and Status of the 
Television Art," by Dr. F. Banneitz, 
"Fundamentals, Possibilities of and 
Limitations in Television Transmis- 
sion," by Dr. F. Schroter. Care was 
exercised to present the matter expli- 
citly. Simple mathematical equations 
are cited wherever necessary. "Me- 
chanical Scanning Systems and Syn- 
chronization", by Dr. R. Möller. It may 
be surprising to American readers that 
mechanical scanning systems are also 
treated. This was believed justified 
because of the excellent results ob- 
tained with such apparatus, which is 
being further developed in Germany. 
"Electron Optics", by Dr. E. Brücke. 
This chapter gives an introduction into 
a calculation of electron paths, and 
deals with different types of electron 
lenses and particularly properties of 
electron -optical systems. It also briefly 
treats electron -optical characteristics in 
electronic image pick-up tubes and in 
cathode-ray tubes. 

"Cathode Ray Tubes in Television", 
by Dr. M. Knoll. This chapter deals 
with pick-up and receiver tubes em- 
ploying cathode-ray scanning. The 
Farnsworth Dissector and the Icono- 
scope are described. Electron gun 
structures are discussed, as well as 
electron lenses and their defects, which 
become evident in the shape of the 
scanning spot. "Television Broadcast- 
ing", by W. Buschbeck. This chapter 
deals with power problems, neutraliza- 
tion, modulation of television transmit- 
ters, as well as propagation of wide - 
band modulated carriers along coaxial 
lines. "Television Reception", by M. 
von Ardenne. This chapter deals with 
the composite television signal, field 
strength and noise level in ultra short- 
wave transmission, problems of tele- 
vision reception, methods of coupling, 
final stages in receivers, discrimination 
between picture and synchronizing im- 
pulses, as well as a thorough treatise of 
Kipp oscillations and mathematical in- 
vestigation thereof. An abstract of the 
latter matter was published in Elec- 
tronics recently. "Projection of Tele- 
vision Images for Theatre Use," by 
Prof. Dr. A. Karolus. 

No mention is made of methods of 
producing synchronizing and blanking 
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impulses for interlaced scanning and 
their superposition upon the video sig- 
nal. This is a book well adapted to 
convey thorough knowledge and under- 
standing of the problems of television 
to engineers and experienced amateurs. 
The book is well equipped with illus- 
trations and diagrams of good quality. 

R.F.W. 

WOR TESTS 
FACSIMILE 

Two -column facsimile newspaper 
received in the preliminary tests of 
the Finch system, made on WOR's 
50 -kw. transmitter. A regular sched- 
ule on eight meter waves is con- 

templated. using 100 watts 

Kinetic Theory of Gases 
By EARLE H. KENNARD, Professor of 

Physics, Cornell University (Mc- 
Graw-Hill Book Co., New York, 1948. 
Price, $5.00, 483 pages, 94 illustra- 
tions.) 

As THE LATEST addition to the Interna- 
tional Series in Physics, Professor Ken- 
nard's book is a substantial treatment 
of the kinetic theory of gases from the 
modern point of view, contains a survey 
of kinetic theory as it exists at the 
present time, offers introductory chap- 
ters on wave mechanics and statistical 
mechanics. The text is designed to 
serve both as a textbook for students 
and as a reference book for the experi- 
mental physicist or research engineer. 
Throughout, the physicist's, rather than 
the engineer's point of view is main- 
tained, although in the field of elec- 
tronics, the physicist -engineer distinc- 
tion is likely to be decidedly blurred. 

The statement on the jacket cover, 
that the book contains an introduction 
to the kinetic theory of gases, can 
hardly be interpreted to indicate suit- 
ability as an elementary first course 
text in the subject; one does not jump 
into statistical mechanics without some 
preparation. The work is on a level 
suitable for junior, senior, or graduate 
students in physics or engineering who 
have had a thorough foundation in col- 
lege physics and mathematics. And to 
one who is no longer awed by triple 
integrals or partial derivatives, the 
book is most enjoyable reading. It is 
definitely out of the ordinary in its 
logical and orderly presentation, easy 
flowing style, and completeness. For 
these reasons, the volume should have 
considerable appeal as a textbook. For 
use as a reference work, the book could 
have been considerably improved had 
the index been made more complete and 
detailed; the table of contents is actu- 
ally more extensive than the index. 

Despite the author's modest claim 
that the book is not intended to be ex- 
haustive, it seems likely that few read- 
ers of Electronics will find essential 
subjects omitted or inadequately 
treated. Relatively few references to 
periodical literature are given, but the 
treatment is sufficiently complete as not 
to require them. Perhaps the scope of 
the text may be judged best from the 
chapter headings : elements of the ki- 
netic theory of gases; distribution law 
for molecular velocities; general motion 
and spatial distribution of molecules; 
viscosity, thermal conduction, and dif- 
fusion; equation of state; energy, en- 
tropy, and specific heats; fluctuations; 
properties of gases at low densities; 
statistical mechanics; wave mechanics 
or gases; and electric and magnetic 
properties of gases.-B.D. 

Experimental Radio 
(Fourth Edition) 

By R. R. RAMSEY. (196 pages, price 
$2.75. Ramsey Publishing Company, 
Bloomington, Indiana.) 

SINCE 1923 Professor Ramsey has 
been regularly bringing out new edi- 
tions of his volume of experiments for 
students in radio theory and practice. 
This fourth edition is a companion and 
laboratory guide to his text, "Funda- 
mentals of Radio" which is also time - 
tested. In addition to methods for 
measuring all the useful circuit con- 
stants there is some constructional ma- 
terial which will aid the school with 
insufficient means for purchasing com- 
plete equipment. The author calls par- 
ticular attention to experiments which 
he says tend to prove that closely 
coupled circuits do not produce two 
frequencies and on the modulation ex- 
periments which prove that the addi- 
tion of two frequencies do not produce 
combinational frequencies.-K.H. 

(Other book reviews are on page 36.) 
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I / PAT. OFF. I 

Initiative - Resourcefulness - Cooperation 

to advance the interests 

of the industry 

WHAT IS A 

To your average customer a noisy control 
simply means a poor radio set. Reported com- 
plaints mean expensive field servicing, but 
most controls that become noisy in service are 
not reported. This means loss of extremely 
Valuable good will and prestige out of all 
Proportion to the cost of any volume control. 

Service records indicate that the majority of 

all control troubles arise at one point ... the 

THE SILENT 
SPIRAL CONNECTOR 
Another development 
pioneered and per- 
fected by IRC. 

TYPE Cs. 

sliding or friction contact between the center 
terminal and rotor arm. The IRC Type "CS" 
Control strikes at the heart of this trouble, for 
it replaces the "collector ring" with a positive 
onnection, a silver plated spiral spring rigidly 

attached at each end. 
The most rigorous comparative tests you 

care to make will convince you that it elimi- 
nates the trouble due to mechanical abrasion 
er oxidation of metal or lubricant at this vital 
p oint. 

Try the IRC Type "CS" Control on one model. 
Keep your own service records, make com- 
parisons and convince yourself that it is the 
least expensive control to use. 

INTERNATIONAL RESISTANCE COMPANY 
403 NORTH BROAD STREET, PHILADELPHIA, PA 

In Canada, 187 Duchess Street, Toronto, Ontario 

MAKERS OF RESISTANCE UNITS OF MORE TYPES, IN MORE SHAPES, FOR 

MORE APPLICATIONS THAN ANY OTHER MANUFACTURER IN THE WORLD 
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Permeability Tuning 
(Continued fron, page 13) 

is not constant over the frequency 
range covered by each coil in this 
particular design, but this can be 
controlled to a great extent by proper 
selection of core material. However, 
the variation in overall set sensitiv- 
ity is quite small as shown by the 
curves of Fig. 4. For this reason no 
attempt has been made to design for 
constant Q by the method outlined 
above. These data (Fig. 4) were 
taken with the antenna tuning ca- 
pacity adjusted at each frequency for 
perfect tracking. Additional curves 
of Fig. 4 show the loss of sensitivity 
due to mistracking when the antenna 
coil is tuned with the predetermined 
capacity for optimum tracking of all 
coils. These curves show a loss of 
less than 2 db due to improper track- 
ing. It is quite probable that this 
can be improved, but at the present 
time has been considered adequate 
for all practical purposes. 

The sensitivity curves of Fig. 4 
were taken with an intermediate fre- 
quency and audio system whose input 
to converter grid at 262 kc. was 82.4 
db. The selectivity at 100 times 
resonant input was 29.5 kc. and at 
1000 times was 40.2 kc. The image 
ratio with the circuit of Fig. 3 varies 
from 40 at 600 kc. to 22 at 1400 kc. 
This, however, can be improved to 
approximately 96 at 600 kc. and 27 at 
1400 kc. by the use of the Hazeltine 
capacity coupled antenna circuit as 
illustrated in Fig. 5. A slight loss 
of sensitivity results but this can be 
improved by other means. 

It would be well to say in passing 
that with a similar system designed 
for an intermediate frequency of 456 
kc. and using the antenna circuit of 
Fig. 5, image ratios of from 350 at 
600 kc. to 70 at 1400 kc. were at- 
tained. Also with an intermediate 
frequency system whose selectivity at 
100 and 1000 times resonant input 
was 22.5 and 38 kc. respectively, the 
overall selectivity was 29.5 kc. at 600 
kc. and 26.5 kc. at 1400 kc. at 1000 
times. 

Since the frequency stability of the 
system depends upon the stability of 
the oscillator circuit, and the coil as- 
sembly has been designed with this 
idea in mind, it should be noted that 
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the principal cause of drift remaining 
is condensers C1 and Q. For this 
reason they should be of the low drift 
type. The stability of the condens- 
ers associated with the antenna cir- 
cuit is not quite so important, since 
miatuning to the extent of approxi- 

7 

,r_ 
_o 

M 

.01 600µµf 

AVC. 

Fig. 5-Use of capacity coupled 
antenna circuit 

mately 3 % of the total resonant ca- 
pacity will only cause a loss of sensi- 
tivity in the order of about 2 db. 
However, condensers with a relatively 
low drift characteristic are to be rec- 
ommended where economic reasons 
do not prohibit their use. 

Patent Reform 
(Continued from page 11) 

competition by efficient business 
units which are sufficiently capable 
to offset the royalty differential in 
favor of the patentee. There might 
also be a provision providing price 
fixing of patented articles. 

It would also be preferable to limit 
liability for infringement to the in- 
fringing manufacturer himself. To 
hold the seller and buyer of the in- 
fringing merchandise responsible 
leads to abuses which should be 
abated. Often the owner of a patent, 
which may later be declared invalid, 
will sue jobbers and dealers handling 
competitive and supposedly infring- 
ing articles. The dealer or jobber, 
who knows nothing about the mer- 

its of the complaint has no alter- 
native but to drop the articles under 
litigation-even though the patent 
under which he is threatened may 
later be declared invalid. 

Nuisance Patents 

The conception of invention dis- 
cussed here will go far to eliminate 
the nuisance patent useful only to 
the holder as a means for decreas- 
ing the value of a more important 
or more practical patent. This type 
of invention often consists of a 
bright idea reduced to a pencil 
scrawl. A striking example is a 
group of patents issued during the 
world war which described the use 
of a combination of several kinds 
of tubes for an industrial control 
device. Tubes as diagrammed were 
not then generally available, their 
characteristics were not thoroughly 
known. The circuit was then un- 
workable. Yet these patents could 
prove to be a serious stumbling block 
to any worker in that particular 
field during the life of the patent. 

The lack of workability of the 
circuits might have been proved in 
court. No one, however, should be 
compelled to go to the expense and 
delay caused by an important patent 
suit in addition to the considerable 
time and expense of development 
work. 

It is the consensus that patent 
rights were created to encourage in- 
dustry by vesting valuable property 
rights in the patentee. But it is 
worth pointing out that an inventor's 
right to exclusive use of his inven- 
tion is not an inherent right like 
that of a playwright in his play. 

The playwright may establish a 
copyright if he chooses to do so but 
he has definite rights under common 
law even if he does not take advan- 
tage of the copyright law. It ap- 
pears that the inventor has no such 
rights under our common law. If 
he cannot defray the cost of a pat- 
ent application and particularly if 
he cannot pay the patent fees his 
invention can be used by anybody. 

It follows that a patent is a priv- 
ilege granted by society to the in- 
ventor for its benefit and incidentally 
the benefit of the inventor. Because 
of this society may fix the conditions 
under which the inventor is invested 
with his special rights. 

(Continued on page 36) 
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Manufacturers of radio receiving sets and of 
other electronic equipment know that even the 
smallest insulated resistor they use must help 

sustain their reputation. They know that failure 
of any part, no matter how small, can undo the 
work of years. 

They know, too, the reliance they place on 
SPEER Insulated Resistors. It explains the ever 
growing use of these correctly designed, care- 
fully constructed, rigidly tested products of the 
40 - year - old SPEER organization of carbon 
products specialis-s. 

SPEER Insulated Resistors - carbon resistance 
elements with copper sprayed ends drive -fitted 
to tinned copper leads and hermetically sealed 
in Bakelite shells and color added to R.M.A. 
standards, provide accurate ratings, uniform- 
ity, immunity to destructive influences encoun- 
tered in normal service anywhere in the world. 
Samples and quotations supplied to manufac- 
turers on request. SPEER wire -wound insulated 
resistors are also available in all resistance 
values and several sizes. 

SPEER CARBON CO., ST. MARYS, PA. 
Chicago Cleveland Detroit 
Milwaukee New York Pittsburgh 

ELECTRONICS - May 1938 
® assn 

35 

www.americanradiohistory.com



Patent Reform 
(Continued from page 34) 

This is not in accordance with the 
popular belief that the inventor has 
automatically some rights in his in- 
vention. The framers of our patent 
statute probably had something of 

this sort in mind. American patent 
law goes further than any other in 

an attempt to protect the original 
inventor. To do so was the obvious 
intention of the legislators. Un- 
fortunately it does not produce the 
effect desired by them. 

An improved law should be formu- 
lated which will protect the inventor 
and benefit society; which will clearly 
describe the invention ; which will 

make it possible easily to test the 
validity of the patent; which will 
make a patent quite a bit more than 
a pompous document which really 
may prove to be, in the long run, 
only an expense to the inventor. 

NEW BOOKS 

La Moderna Supereterodina 
By D. E. RAVALICO. (390 pages, 

210 illustrations, circuits, tables, ap- 
pendices, etc. 1938. Price 20 lira. 
Ulrico Hoepli, Milan.) 

UNFORTUNATELY this reviewer does not 
read Italian, for this looks like a most 
interesting book on the modern super - 
het. There are chapters on the basic 
theory of the wave -changer, on the 
input circuits, on frequency conversion, 
on intermediate frequency amplifiers, 
detectors, volume control, on automatic 
frequency and selectivity control, etc., 
etc. It is paper bound and printed 
on good stock. It seems to be the 
sort of pocket-size book that engineers 
frequently wish American publishers 
would bring out, something the publish- 
ers never do.. 

Electron and Nuclear Physics 
By J. BARTON HOAG, Assistant Profes- 

sor of Physics, University of Chicago. 
D. Van Nostrand Co., Inc., New 
York, 1938. Price, $4.00, 502 pages, 
263 illustrations. 

SINCE THE first edition of this book ap- 
peared in 1929 (under the simpler title 
"Electron Physics") a vast amount of 
research into the properties of particles 
other than electrons has been under - 
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taken. The new edition has been ex- 
panded to include this material, which 
is grouped in a section called "Nuclear 
Physics". 

The book differs from the many 
others available with similar titles, in 
that it is concerned almost exclusively 
with experimental techniques underly- 
ing the present concepts of the atomic 
and sub -atomic world. The classic ex- 
periments, (such as the oil -drop and 
more modern X-ray grating methods of 
determining the charge on the electron) 
are described, and simpler experiments 
which the student may perform to illus- 
trate the principles, are also provided. 
From this point of view the book quali- 
fies as a laboratory manual, but it is 
more than that-it is a thorough and 
up-to-date review of the experimental 
background of modern microscopic 
physics. Used in conjunction with a 
good theoretical text, it should give the 
student, or engineer, a solid foundation 
in the field.-D.G.F. 

PHOTO -RELAY 
ASSEMBLIES 

Each of these rod -like structures is 
a complete phototube relay, con- 
taining the phototube, amplifier 
tube and auxiliary components, 
designed by the Electronic Control 

Corp. of Detroit 

Air -Cooled Transmitting 
Tubes 
RCA Manufacturing Co., Inc., Harri- 

son, N. J. (Price $0.25, 192 pages) 

TECHNICAL MANUAL, TT3, does for the 
Radiotron line of air-cooled transmit- 
ting tubes what technical manuals RC - 
13 and TS -2 have already done in pro- 
viding technical information on receiv- 
ing tubes and cathode ray tubes, re- 
spectively. 

Line drawings of the tubes, socket 
connections, ratings for the various rec- 
ommended types of service, and char- 
acteristic curves are provided for each 
transmitting tube. In addition, consid- 
erable general and design information 
is provided in various sections under 
the headings, general vacuum tube 
considerations, generic tube types, 
transmitting tube installation, trans- 
mitting tube application, technical de- 
scription by tube types, transmitting. 
tube ratings, transmitter design con- 
siderations, formulas useful in radio 
work, transmitting tube charts, recti- 
fiers and filters, and a section on 
schematic wiring diagrams.-B.D. 

Electrical Occupations 
for Boys 
By LEE M. KLINEFELTER. (E. P. 

Dutton & Co. 227 pages. Price, 
$2.00.) 

A SURVEY of vocational opportunities 
for boys in the electrical field written 
in narrative style. A boy and his 
father visit various kinds of electrical 
work. The battery man, the power 
plant, the movie operator, the wireless 
operator, radio service, electric weld- 
ing-all are considered from the boy's 
standpoint. It should show a boy 
what kind of work these people do, 
and should tend to orient him in the 
direction he might ultimately wish to 
travel. 

Sprinkle's Conversion 
Formulas 
By LELAND W. SPRINKLE. P. Blakis- 

ton's Sons & Co., Philadelphia, 1938. 
Price, $1.25, 122 pages. 

WITH SOFT LEATHER cover, this small 
volume (42" by 62") fits into one's 
pocket easily and provides a wide range 
of conversion factors from one system 
of measurements to another. An alpha- 
betical arrangement of material is 
used, which contributes to the ease of 
using this book. Conversion factors for 
changing length, area, pressure, heat, 
volume, liquid measure, velocity, 
weight, mass, etc. from one system of 
measurements directly into another are 
given. Calculations are made to greater 
precision than will ordinarily be re- 
quired; many conversions are exact, 
while others are calculated to seven 
significant figures. 

Temperature and other conversions 
of purely scientific interest are omitted, 
and the electrical conversions are not 
nearly so complete and extensive as 
certain other listings. But the book 
provides useful information to anyone 
who wants to know, for example, how 
many cubic millimeters there are in a 
hogshead.-B.D. 

P. S.-The answer is 238,482,400, to 
seven significant figures. 
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TUBES AT WORK 

A Method of Periodical 
Sound Reproduction 

BY T. KORN 
The State Institute of Telecommunications, 

Warsaw, Poland 

OF ALL THE methods of high fidelity 
sound recording, the photographic 
method allows for the greatest number 
of reproductions without noticeable 
reduction in sound quality. However, 
even this number is not unlimited. With 
the standard system of noiseless re- 
cording, the sound -on -film can be repro- 
duced by means of ordinary theatrical 
apparatus about a hundred times only; 
thereafter the noise level increases 
above the tolerable amount. This 
number of reproductions is in many 
cases not sufficient. Recently, it was 
found necessary for several purposes, 
to develop equipment for periodical 
sound reproduction, in which the sound 
must be reproduced several million 
times, without any destruction to the 
film on which it is recorded. It is quite 
obvious that the usual system of repro- 
duction by means of ordinary apparatus 
could not be applied in this case. 

The method of sound reproduction 
developed by the author produces a 
quality of the sound practically equal 
to that obtained from talking pictures. 
The second advantage of this method 
is that the registering of the sound 
can be carried out on ordinary film 
recording equipment. Moreover, the 
new method allows for a very simple 
and inexpensive construction. 

Full details of this method have been de- 
scribed in the July 1937 issue of E.N.T. 
Germany. 
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The general principles of the method 
are shown on Fig. 1. The film with 
sound recorded on it, is placed on a 
metal drum with a mirrorlike polished 
surface, film being placed with the 
emulsion toward the polished surface. 
The reproduction of the sound is ob- 
tained in the following way: The lamp 
L throws by means of the ordinary 
optical system O, as used in the 
theatrical apparatus, a slit of light on 
the surface of the drum, at a certain 

Fig. 1-Principles of sound repro- 
duction from the mirrorlike drum. 
L --exciting lamp, 0-optical system, 
Z-the mirrorlike drum, P-photo- 

electric cell. 

angle a. The light reflected on the 
mirror surface falls on the photo- 
electric cell. 

The mathematical principles of this 
sound reproducing system differ from 
those commonly known in the theory 
of talking pictures. This is due to the 
fact, that in the new method the light 
passes twice through the photographic 
emulsion and not perpendicular to it. 
In consequence the absorption of light 

42100 
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Fig. 2-Frequency response curves obtained with the-(a) ordinary and 
new (b) method. 

Fig. 3-Telephone speaking clocks. 

is much greater than in the ordinary 
method based on the principle of light 
passing only once through the film. It 
has been proved experimentally, that 
at the angle a = 40°, the density of 
the film in the new method is thus 
increased about 2.5 times. To obtain 
best results it is necessary to develop 
the film, which is going to be repro- 
duced by this method, with y about 2.5 
times smaller than the normal sound 
film. This condition being respected, 
both systems of "variable density" as 
well as "variable width" can be used. 

By proper development of the film, 
the loss in the intensity of the sound 
in the new method, in comparison with 
the reproduction of ordinary sound 
film, will come up to few db. only, and 
this is due to absorbtion of light by 

Fig. 4-Apparatus for broadcasting 
station signal reproduction. 

surface of the mirror and of the cellu- 
loid. That loss, however, may be con- 
sidered as negligible. 

Linear distortions 

The new method, by using the 
ordinary theatrical optical system, 
causes a slight increase in the linear 
distortions. This is due to the fact, 
that the slit of light on the film is a 
bit wider, as the light does not fall on 
the film perpendicularily to it. The Fig. 
2 shows the calculated frequency re- 
sponse curves for the ordinary and the 
new method of reproduction, using the 
same optical system. With the film 
developed properly, i.e., keeping 
y=1/2.5y where y is the normal posi- 
tive slope, non-linear distortions are 
not visibly greater than in ordinary 
sound films. 

(Continued on page 40) 
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Their is a Westinghouse 
electronic tube for every 

application 

WESTINGHOUSE 
THYRATRON 

WL -6Z9 

Low priced, compact and built to 
stand 24 hour a day industrial serv- 
ice, the WL -629 fills a long felt want 
in general industrial control appli- 
cations. Its inherent stability and 
temperature free characteristic per- 
mits installation in any normal am- 
bient temperatures indoors or out- 
doors. Low grid currents permit 
direct operation from phototubes. 
The sturdy anode will handle 10 

watts of power, permitting direct 
operation of small contactors. Sepa- 
rate cathode lead gives greater 
flexibility of circuit design. 

Write today for Bulletin TD -88 giving 
technical data. 

Special Products Sales Department 
Westinghouse Lamp Division 

Westinghouse Electric & Mfg. Co. 
Bloomfield, New Jersey 

Westinghouse 
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leW) Ferranti 
Miniature 

Aero 
Transformers 

Complete 
Listing 

for 

AIRCRAFT 
and 

PORTABLE WORK 
Small in size, light in 

weight. Supplied in rectangu- 
lar cases which provide re- 
versible mounting without in- 
creasing overall dimensions. 

Each unit fitted with elec- 
trostatic and magnetic shield- 
ing and is of special moisture - 
proof construction for severe 
climatic conditions. 

Available in 40 units with a 
useable frequency range of 
from 20 to 20,000 c.p.s.; oper- 
ating level from -80 to 
+ 22 db. 

Types include Audio Chokes - Interstage - Output - In- 
put - Mixing - Line to Line 
and Mixing - Voice Fre- 
quency-Bridging. 

Size: 114" x 11:i" 11/2ir- 
41z oz. 

ACTUAL 
SIZE 

OTHER FERRANTI PRODUCTS 

A & B Units for Audio 
Amplifiers 
Equalizers 

P & F Units for Power 
Supplies 

Filters 
Electrostatic 
Voltmeters 

Modulation Sets 

Attenuators 
Rectifiers 

COMPLETE DESCRIPTIVE LITERATURE ON REQUEST 
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Tubes At Work 
(Continued front paye 38) 

The method described above has 
many practical applications of great 
commercial value. Speaking telephone 
clocks, indicating the exact time to 
the telephone subscribers (Fig. 3), in- 
stalled at the telephone exchanges, are 
main practical applications of this 
method. These speaking clocks are a 
great success with the general public, 
wherever they are installed. In certain 
Telephone Exchanges in Europe the 
income brought in by these clocks 
amounts to 15% of the total revenue. 
Another installations of this kind are 
the speaking barometers, giving to the 
subscribers, on a call, a short weather 
forecast consisting of ten words. The 
barometers are also installed at the 
Telephone Exchange and should be es- 
tablished firstly in the harbor and 
mountain districts, where they would 
be certainly in constant demand. The 
apparatus for reproducing the broad- 
casting station signals during the in- 
tervals in the programme, were also 
constructed on this principle, Fig. 4. 
Similar apparatus connected directly 
to a loud speaker may be used for 
publicity purposes, like announcing ad- 
vertisements, in automatic selling of 
newspapers, cigarettes, etc. 

NEW CATHODE-RAY 
TUBE MOUNT 

The small structure at the right is 
a new form of electron gun devel- 
oped by the von Ardenne Labora- 
tories, using a circular metal -to - 
glass seal. The new mount replaces 

the older one shown at the left 
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It is not the shape of the anode that makes transmission 
tubes stand overloads and last a long time, it is the 
material of which the anode is made. SPEER Graphite 
Anodes, whatever their shape, have these fourteen ad- 
vantages over any other material: 

I INCREASE allowable plate power dissipation. 
2 LOWER temperatures of associated tube parts. 
3 WITHSTAND severe overloads. 
4 DEFY warping. 
5 PREVENT hot spots or fused holes. 
6 MINIMIZE bulb darkening and insulator leakage. 
7 IMPROVE degassing qualities. 
8 DECREASE gas troubles. 
9 ENHANCE tube appearance. 

IO PROVIDE precise anode dimensions. 
I I PRODUCE uniform tube characteristics. 
I2 RETAIN original dimensions in service. 
13 MAINTAIN normal tube characteristics. 
14 ALLOW wide latitude of anode design. 

Speer Anodes are supplied only to manufacturers. 

Buy and use transmission tubes with SPEER Graphite 
Anodes. Write us for a list of manufacturers of such 

tubes and for Anode Booklet No. 70. 

SPEER CARBON COMPANY 

ST. MARYS, PENNA. 

SPEER GRAP TE ANODES 
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Look at the 

Made in 6, 8 and 13 -inch 
diameters. Described in Bul- 
letin No. 60. 

BUSINESS SIDE 
of the 

RH E O S T A T 

1 
c 

While compactness and convenience of the control 
on the front are the last words in modern design, it's 

back . . . the business side . . . that has won 
Ward Leonard Rheostats their reputation. 
They dissipate heat from the back as well 
as from the front. Accurately located steps 
of contact offer a wide range of 
accurate, smooth control. You 
must "feel" this rheostat to fully 
appreciate its mechanical perfec- 
tion. 

+he 

Ward Leonard Ring 
Type Rheostats are 
made in four sizes. 
lyz to 4 inches 
with ranges from 
25 to 150 watts. 
Bulletin No. 1105. 

WARD LEONARD 
ELECTRIC COMPANY 
Electric Control Devices Since 1892 

Ward Leonard Electric Co.. 32 South Street. Mount Vernon, N. Y. 

Please send me bulletin Nos. 

Name 

Firm 

Address 

City State 
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Multiplying the Range of a 
Vacuum Tube Voltmeter 

By GERALD R. CHINSKI 

THE RADIO TRANSMITTER engineer is 
often faced with the desirability of 
knowing, with reasonable accuracy, the 
peak value of certain rather large 
radio and audio frequency potentials, 
say 200 to 1,000 or more volts. 

This is particularly true at KXYZ 
where a twenty-four hour service 
schedule is maintained with a single 
basic transmitter, forcing "trouble 
shooting" and maintenance to be per- 
formed in the shortest possible time. 

Among the measuring equipment at 
this station is a commercial vacuum 
tube voltmeter of 100 volts maximum 
range. The general utility of this in- 
strument has been excellent so it was 
decided to extend this range by means 
of an external voltage divider. This 
performed satisfactorily for low fre- 
quencies but was no good on radio 
frequencies because the divider was 
not sufficiently free of reactive effects. 

A separate peak vacuum tube volt- 
meter was set up using inverted plate 
and grid connections as described by 
Terman and others. This worked sat- 
isfactorily but called for a large plate 
biasing supply voltage and also a grid 
voltage equal to plate voltage divided 
by the amplification constant of the 
tube. 

It then became apparent that if it 
were possible to rectify the voltage 
under measurement without incurring 
other difficulties, it could then be cji- 

c, 

Input 

1.6 

0.8 

0.6 

.I 

Output to 
peak VT..V M. 

Circuit of high -voltage vacuum 
tube voltmeter 

vided in any ratio without being 
troubled with reactive effects: in the 
divider. This ratio could then be indi- 
cated on the v -t voltmeter. 

The arrangement adopted appears in 
the accompanying diagram. 

A type 845 tube is used in this par- 
ticular case as a diode rectifier. With 
the plate and grid tied together, it has 
a plate to filament capacitance of 8 
µµfd. and resistance of about 300 
ohms. This tube was selected because 
of the low plate -filament resistance 
and also the capacitance did not seem 
too high for the usual radio frequency 
circuits. Then, too, the insulation quali- 
ties are more than satisfactory, and 
finally because it was already avail- 
able. 

A value of two million ohms was 
selected for the load resister -voltage 
divider R because it did not seem prob- 
able that it would reflect any conse- 
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A BIG JOB FOR LITTLE FELLOWS, 

BUT WE CAN TAKE IT 

AS WELL AS OLD MAN CONCRETE 

THE three Isolantite* cones - relatively small but 

husky-are living up to the family traditions. They 

are supporting the generator of a tower lighting M -G 

set; and it takes a big block of solid concrete to do the 

same job for the motor. A big job, but not too big- 
for high mechanical strength is a trait common to all 

Isolantite insulators. 

Strength is very important; it permits the use of smaller 

insulator sections, reducung dielectric volume and losses. 

Low power factor also aids in minimizing losses. In all 

high frequency circuits in the radio and communications 

fields Isolantite is recognized as the standard insulation 

for efficient, dependable operation. Vitrified at high 

temperatures and resistant to moisture, it is equally suit- 

able for indoor or outdoor applications. 

Isolantite is manufactured in standard forms for many 

radio applications, or in other forms to meet special 

requirements. Isolantite engineers will cooperate in the 

economical design of special insulators. 

*Registered Trade -name for the products of Isolantite Inc. 

CERAMIC INSULATORS 
Factory: Belleville, N. J. Sales Office: 233 Broadway, New York, N. Y. 

www.americanradiohistory.com



GOOD FABRICATION 
Mea#z 
SAWING 

STRIPPING 

DRILLING 

THREADING 

PUNCHING 

SLOTTING 

BEVELING 

10'2104lh 
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EXACT SPECIFICATIONS 
PRESENT-DAY manufacturers know that Textolite laminated ma- 
terials are outstanding in their adaptability to these fabricating 

processes. The dependable electrical and mechanical properties of 
this popular plastic material have been proved by years of successful 
operation of such integral parts as radio sockets, coil forms, test- 
tube racks, magnet cores, switch parts. and hundreds of others. 

These manufacturers know that Textolite laminated will meet their 
most rigid requirements. Realizing the necessity of specialized dis- 
tribution, parts production, close contact with customers, and the 
demands for quick service, General Laminated Products, Inc. acts 
as G.E.'s distributor and fabricator of all nongear Textolite lami- 
nated materials. To you this means careful attention to your needs. 
quick and dependable service, economical production and fabricating 
that meets your exact requirements. 

For information write to either General Laminated office listed be- 
low or Section A-5, Plastics Dept., General Electric, Pittsfield, Mass. 

GENERAL LAMINATED PRODUCTS, INC. 
New York City 

233 Spring St. 

Chicago Ill. 
3113 Carroll Ave. 

GENERAL 0 ELECTRIC 
PD -51 

should be pointed out that no combina- 
tion of C1L should be used which is at 
or near reasonance with the frequency 
being measured. It should at all times 
be possible to bridge the rectifier input, 
with or without C1L, across a circuit 
without any noticeable detuning or dis- 
turbing effects. 

The divider should be well sup- 
ported and highly insulated, for ex- 
ample, on ceramic standoff insulators. 
Also the tube socket is mounted on 
standoff insulators as well as C1 to 
keep down stray capacities. The input 
circuit is connected by the shortest 
possible route and the wires are ar- 
ranged as much in the clear as cir- 
cumstances will allow. 

The filament heating transformer 
must have high insulation between 
primary and secondary. It should be 
checked for any possible leakage be- 
fore using. This is best done with a 
high voltage and a sensitive meter. 

This device has been used at KXYZ 
for measuring grid excitation volt- 
ages, various tank voltages and con- 
centric line voltages and the results 
have been very satisfactory. Checks 
with a cathode ray oscilloscope used 
as a voltmeter have agreed nicely. One 
kw. linear amplifier peak tank voltages 
have been measured as high as 1820 
volts from ground to each side of push 
pull stage. This is equivalent to meas- 
uring the full peak tank voltage of 
3,640 volts. 

Naturally, since the whole set-up 
gives an indication of peak voltage 
only, it is of no value directly in deter- 
mining r -m -s values unless the source 
is known to be sinusoidal or substan- 
tially so. In many applications, how- 
ever, the source will be sinusoidal. 
When this is known the r -m -s value will 
be 0.707 X peak value. 

Theater Sound Reproducing 
System Standards 
By JOHN K. MILLIARD 

It -G-11. Studios, Culver City, Calif. 

SINCE THE INCEPTION of recorded sound 
to motion pictures, there has been a 
continual improvement in the quality 
of sound recording and sound reproduc- 
tion by extending the volume range to 
produce greater dramatic effect. Im- 
provements in amplifiers permit a 
wider volume range, and the theater 
reproducing apparatus must conse- 
quently be capable of transmitting this 
increased range to the theater patrons. 

Some of the recent developments- in 
reproducing equipment include: the 
introduction of new designs in horns 
which give far better quality than was 
formerly possible, and a more even 
and adequate distribution of sound 
throughout the theater auditorium; 
improvements in the film running 
mechanism which have reduced flutter 
to a minimum; and increased amplifier 
power, which will adequately reproduce 
without distortion the wider power 
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FIFTY YEARS OF INSTRUMENT LEADERSHIP 

TEAY 

J/2710/4 ü 50 eam4 

HIS month, the Weston Electrical 
Instrument Corporation begins its 

second half -century of leadership 
in electrical measurement. Naturally, 

it is an occasion justifying legitimate 
pride and self-satisfaction. 

Yet, for this very reason, fifty years can be a dan- 

gerous age. The temptation to dwell upon past achieve- 

ment can harden the arteries of progress. At fifty, the 

will to challenge tomorrow's needs and tomorrow's dif- 

ficulties vigorously and open-mindedly-as a youth with 

nothing to lose would challenge them-frequently 
grows weak. 

There is one very good reason, however, why the 
beginning of a new half -century still finds Weston 
a typically young organization in its attitude toward 

new industrial wants, new methods for meeting them, 

and new techniques of manufacture. From the time 

ELECTRONIC.S - May 1938 

when Dr. Weston sketched the design for the first 

Model 1 instrument, pioneering became a deliberate Weston 

policy. Before the phrase "industrial research" came into 

the language, Weston engineers were busy at it! 

Now, after fifty years, pioneering has become an 

ingrained habit at Weston-unaffected by the rush 

demands of boom -times or the curtailments of leaner 

periods. So far this year, for example, four fundamental 

instrument improvements are going into production. 

Three more are in the test stage. A half -dozen others are 

on the drawing boards of the engineering department. 
That is why, at the half -century mark, Weston is 

not stopping to "point with pride" at what has been ac- 

complished in its first fifty years. Rather, we ask with 

a youthful enthusiasm we see no reason to suppress: 

Watch what Weston is doing ... will continue doing 

... all during the next! ... Weston Electrical Instru- 

ment Corp., 618 Frelinghuysen Avenue, Newark, N. J. 
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-Those are the "call letters" of Low Power Loss 

DILECTO-a special grade of phenolic laminated 
material developed especially to meet the exact- 
ing demands of radio and television insulation. 
Dilecto XPLW has a remarkably low power factor 
and outstanding stability of electrical properties 
under the most severe conditions of service. Even 

after immersion in water for 48 hours the initial 
power factor of 2.20 to 2.60 at 1000 KC increases 
only 10%. Its dielectric strength is 500 to 600 
Volts per mil. and its mechanical properties permit 
easy and accurate machining, punching and drill- 
ing. Write for samples fabricated to your 
specifications. 

CONTINENTAL -DIAMOND FIBRE COMPANY 
NEWARK, DELAWARE 
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ranges now being recorded on the film. 
It is recognized in the studios that 

until such time as all theaters are fit- 
ted with modern equipment, methods 
must be adopted which allow the wider 
volume range films to be reproduced 
to their best advantage in those thea- 
ters having equipment capable of this 
reproduction but which do not penalize 
those theaters fitted with reproducing 
equipment not capable of handling the 
wider volume range. 

Film has an output limited by the 
dimensions of the track. The maximum 
volume range, i.e., the range from the 
faintest to the loudest sound which can 
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Chart for determining required 
sound levels 

be satisfactorily reproduced, is lim- 
ited by the volume range between sur- 
face noise and the total track sound 
output. 

During the past year several of the 
major companies have, in a limited 
number of releases, made available to 
the theaters two general types of 
prints: one type being the "regular" 
release print with the ordinary volume 

ISOLATED LOUD- 
SPEAKER 

This suspension frame is used in 
the sound testing rooms of Siemens 
and Halske to obtain loudspeaker 
response measurements free from 
interference effects due to reflec- 
tions. Note the extensive absorp- 

tion treatment on the walls 
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BOOR REVIEWS 
(Continued from page 36) 

Principles of Electric and 
Magnetic Measurements 
By P. VIGOUREUX and C. E. WEBB, both 

of the National Physical Laboratory, 
England. Prentice -Hall, Inc., New 
York. Price, $5.00, 992 pages, 197 
illustrations. 

THIS IS A "SOLID" book in the best Eng- 
lish tradition. It treats fundamentals 
from a fundamental point of view, and 
while simply written is not "simpli- 
fied". The first part, "Electricity" con- 
tains chapters on units, on action be- 
tween charges, on magnets and mag- 
netic fields, heating action of currents, 
the potentiometer, conductor networks, 
electrolysis, induction, thermionic 
tubes, radio frequencies, and electric 
charges in fields. 

The second part "Magnetism" con- 
tains two chapters on magnetic Iñeas- 
urements, including testing magnetic 
materials, magnetostriction, the Bark - 
hausen effect, etc. While containing 
three chapters on electronic technique, 
the principle value to the reader of 
Electronics should be its coordination 
of the electronic methods with the 
broader fields of measurements in gen- 
eral. The omission of all references to 
the literature, stated by the authors to 
be intentional in the interest of easy 
reading, seems to this reviewer to de- 
tract from the work, but the treatment 
of most of the material is sufficiently 
detailed so that further study will not 
be necessary. The book is recom- 
mended.-D.G.F. 

Mehrgitter -Elektronenrohren 
By DR. M. J. O. STRUTT. Published by 

Julius Springer, Berlin, 1937. Price 
RM 12.60, 131 pages. 

THIS BOOK Modern Multigrid Electron 
Tubes, deals with the construction, op- 
eration, and characteristics of multi - 
grid electron tubes used in modern ra- 
dio receivers. It is the first of two col- 
umes; the second, which is to deal with 
the electrophysical principles of such 
tubes, is scheduled to appear this 
spring. The author is a member of 
the laboratory of the Philips Incan- 
descent Lamp works in Eindhoven, 
Holland. He is well known for his 
original work and papers on this and 
other subjects. 

The present volume is divided into 
three equal sections, the respective 
headings being "High -Frequency Am- 
plifier Tubes," "Mixer Tubes" and 
"Tubes for Low -Frequency Amplifica - 

ELECTRONICS - May 1938 

tion." The first section contains brief 
descriptions of the internal structures 
of typical modern glass and metal h -f 
amplifier tubes; an explanation of the 
operation of triodes, tetrodes, and pent- 
odes; and a discussion of the funda- 
mental properties of such tubes. The 
relation of the tube characteristics to 
the amplification of h -f signals, to the 
control of this amplification, and to the 
attendant distortion phenomena repre- 
sented by modulation -rise and cross - 
modulation is described in detail. In 
addition, this section includes brief de- 
scriptions of the measurement of the 
important tube parameters; the dis- 
turbances which are encountered in the 
operation of amplifier tubes; the oper- 
ation of hexodes as controlled ampli- 
fiers; the principles of operation of sec- 
ondary -emission multipliers, beam 
tubes, and cascaded tubes (e.g., a hex - 
ode connected so that the first and sec- 
ond grids form a triode, and the third 
and fourth grids and plate form a 
tetrode); and the operation of tetrodes 
and pentodes as grid detectors and as 
plate detectors. 

The second section contains an ex- 
planation of the principles of frequency 
conversion and the underlying theory 
of the process; a discussion of the oper- 
ation of tetrodes, pentodes, hexodes, 
and octodes as mixers; and descriptions 
of the construction of several types of 
mixer tubes. The calculation of the 
conversion transconductance, the dis. 
tortion, and the spurious signals which 
represent the by-products of the fre- 
quency conversion process is discussed 
in detail. The author also describes 
the measurement of tube admittances, 
conversion transconductance, distortion, 
and spurious signal response; discusses 
the space -charge -coupling phenomenon 
encountered in the octode type of mixer, 
and the d -c grid current due to elec- 
tron transit -time, which is observed in 
hexode and heptode mixers at high fre- 
quencies; describes the frequency - 
drifting .which is characteristic of the 
self -oscillating type of mixer, and men- 
tions some of the practical difficulties 
encountered in the operation of the 
mixer tubes. 

The third section contains a discus- 
sion of audio -frequency amplification, 
calculation and measurement of power 
output and distortion, the causes of 
distortion and various means for its 
minimization; operation of tubes as 
class A, B, and A/B amplifiers; and 
the effect of reactive loads. The au- 
thor mentions such practical difficulties 
as microphonics, grid emission, and the 
hysteresis phenomena resulting from 
the impinging of electrons upon insu- 

lator surfaces within the tube. 
A short appendix contains the nu- 

merical application of Bessel functions 
in tube calculations, a bibliography of 
227 references to the international lit- 
erature dealing with this subject, and 
an index. The book is paper -covered, 
but the printing and 128 figures are 
excellent. 

The book bridges the gap existing 
between available general textbooks, in 
which the treatment of multigrid tubes 
is usually inadequate, and the volumin- 
ous and scattered papers dealing spe- 
cifically with multigrid tubes. The 
book is well written and the large 
amount of material is organized in 
good fashion. Several criticisms may 
be mentioned. In his discussions the 
author frequently represents the plate 
current of a tube in terms of the 
control -grid voltage by means of a se- 
ries of exponential terms, and indeed 
shows by actual illustration that this 
can be done accurately by only a few 
terms of such a series; nowhere, how- 
ever, is indicated the process by which 
one may obtain such a series from a 
given transfer characteristic. A short 
appendix illustrating this process by a 
numerical example, or a reference to a 
text such as Steinmetz's "Engineering 
Mathematics" where this is done, would 
have been useful. Again, the 
behavior of amplifier and mixer tubes 
is treated in a rather descriptive man- 
ner. 

In view of the importance of this 
subject, a more thorough and quanti- 
tative treatment would have been de- 
sirable. Another matter which is too 
briefly dealt with, is the important sub- 
ject of fluctuation noise in amplifier 
and mixer tubes. Aside from such 
minor criticisms, the reviewer feels that 
the book constitutes a fine and up-to- 
date treatment of the subject. It is to 
be hoped that an English translation 
or equivalent will be made available 
soon.-B.S. 

Pocket Databook 
Raytheon Production Corp., Newton 

Mass. (Price $0.25, 192 pages) 

THIS DATA BOOK has been prepared to 
furnish the chief technical data on the 
complete line of Raytheon radio re- 
ceiving tubes. By far the largest part 
of the book is devoted to outline di- 
mensions, socket connections, ratings 
for various classes of operation and 
the more useful static curves. But the 
data book also contains a considerable 
amount of general information on the 
theory, operation, and practical use 
of tubes. Among the more important 
and more unusual subjects treated are 
sections on the fundamental character- 
istics of radio tubes, tube applications 
and circuits, conversion curves for de- 
termining the power output at other 
than rated voltages, design curves for 
resistance coupled amplifiers, tests of 
receiving tubes, and a list of inter- 
changeable types of tubes.-B.D. 
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THE ELECTRON ART 
Design, manufacture, test, and operation 
of high power triodes described in paper 
before the I. E. E. in London 

Power Tubes 
IN THE JANUARY, 1937, issue of Elec- 
tronics, a paper on "Modern Receiving 
Valves: Design and Manufacture," was 
reviewed in this department, and judg- 
ing from the mail inquiries received 
concerning it, created quite a bit of 
interest. A companion paper from the 
engineering staff of the M. O. Valve 
Co., of Wembley, England, was read 
before the Institution of Electrical 
Engineers in London on March 30. The 
title of this paper, is "High Power 
Valves: Construction, Testing and 
Operation."° It is expected that this 
paper will be published in the Journal 
of the Institut:on of Electrical Engi- 
neers within the next several months. 

The first part of the paper is devoted 
to the constructional principles used in 
high power tubes. In the construction 
of large power tubes detailed attention 
must be given to the differential ther- 
mal expansion of the various elements 
making up the tube. This is especially 
important in the case of glass -to -metal 
seals. Throughout the range of tem- 
peratures to which the tube is subjected 
during its exhaust and operating life, 
the thermal expansion of the glass and 
metal must be sufficiently alike so as to 
preclude the possibility of strain being 
set up in the completed tube. This con- 
sideration requires special attention 
since the glass envelope or bulb is an 
important structural factor, for in one 
way or another all of the other parts 
are mounted upon it. 

s Electronics does not have copies of this 
paper available for distribution. For addi- 
tional information, readers should cdmmuni- 
cate with the Secretary, The Institution of 
Electrical Engineers, Savor Place, Victoria 
Embankment, London W. C. 2, England. 

Copper of good ordinary quality with 
low content of volatile impurities is 
used as the material for the anode or 
plate. To prevent fine leaks, exposure 
of the "end -grain" of the drawn or 
rolled metal is avoided. Considerable 
expansion is noted when the plates are 
heated. The authors report that for 
an anode 21 -in. long, the expansion at 
the baking temperature of 400° C. is 
0.14 in. and that at the full load oper- 
ating temperature of about 130° C. the 
expansion is 0.034 in. 

Differential thermal expansion of 
materials having various thermal co- 
efficients is the principal constructional 
difficulty in making the grids. Unless 
the grid structure is designed as to 
avoid strains such differential expan- 
sions set up strains leading to pro- 
gressive distortion, due to the different 
rates of heating by radiation and bom- 
bardment. Low-µ tubes are constructed 
with a grid of parallel wires, while 
high-µ are built with a spiral of suit- 
able pitch in addition to the parallel 
rods. 

The largest tubes constructed to date 
require an emission current of 166 
amperes, throughout a tube life of 
approximately 10,000 hours. In order 
to supply this emission requirement, 
approximately 50 sq. in. of incandescent 
tungsten must be provided. The fila- 
ment assembly in this case is made 
from a number of filament wires 1.15 
millimeters in diameter and the total 
filament power is 22 kw. 

The principal mechanical factors 
governing the design of these multiple 
cathode systems, are that in coming 
up to incandescent, the longitudinal 
expansion of the filaments wires is 4 
millimeters in a total length of 350 
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Fig. 1-Mortality curves of a set of high power triodes operated 
at constant filament voltage. With constant filament voltage, 
the curve is considerably more spread than when tubes are 

operated at constant emission 
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d a 

millimeters, and that the magnetic 
forces between these individual fila- 
ment switch carry current of approxi- 
mately 60 amperes tend to distor the 
filament structure appreciably. 

The general principle followed in the 
exhaust schedule of high power tubes 
is similar to that employed in low 
power receiving tubes, in that each 
part of the tube is subjected while on 
the exhaust pump to conditions more 
severe than it will ever be expected to 
meet in operation. The exhaust sched- 
ule differs from that of receiving tubes 
in that the plate is not necessarily bom- 
barded and in that tube types which 
have a bright emitting filament do not 
make use of any getter. 

The authors point out that one of 
the more important factors to be con- 
sidered in working out a successful ex- 
haust schedule for power tubes is the 
production of a tube capable of cleaning 
up, if required, the largest possible 
amount of gas liberated in operation. 
Totally aside from the effects of ex - 
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Fig. 2-Mortality curve of tubes 
operated at constant emission. 
Actul filament voltage, in terms of 
the manufacturer's rated voltage, is 

shown above the graph 

haust schedule on cleaner, certain oper- 
ating conditions are conducive to clean- 
up, notably those in which the anode 
current flows when the grid is negative, 
at any rate for part of the operating 
cycle. The normal operation of class 
B and class C amplifiers falls in this 
category. "Conversely, conditions in 
which an absorber biased beyond cut- 
off when inactive, and passing anode 
current only when the anode potential 
is low and the grid is at a high positive 
potential, are not favorable to clean- 
up." 

Attention is given by the authors to, 
the determination of the saturated 
emission current. It is pointed out that 
the method used in the manufacture of 
receiving tubes, i.e., that of providing 
considerable excess emission over that 
actually required, is wasteful and ex- 
pensive, particularly in the case of 
tungsten filament tubes. It is imprac- 
ticable in making tests, to measure the 
full emission from the cathode con- 
tinuously, because of damage to the 
tube through overloading. Such emis- 

(Continued on page 54) 
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STRAY WIRE ENDS CONTROLLED 
IN NEW CINCH BINDING POSTS 
No scraggly wires when screw is tightened in the new "Cinch" collar bind- 
ing post as pictured (right) at top. The new feature controls and hugs the 
wire to the screw, keeps it wrapped around and fastened, and it neatly pro- 
vides for more than one wire at one time. The "Cinch" binding post you 

select is used by the most discriminating set manufacturers - everywhere. 
That is the most sincere endorsement. Supplied in strips as shown below, 
plain or with marking. From one to ten-choose the one that fits your need! 

Cinch and Oak Radio Sockeh. cre licensed under H. H. Eby socket patents 

CINCH MANUFACTURING CORP., 2335 W. VAN BUREN ST., CHICAGO 
SUBSIDIARY UNITEDCARR FASTENER CORPORATION, CAMBRIDGE, MASS. 

Center distance between posts is 7-16". Strips 
of one to six posts available in 1-16" thick 
Ucinite, and seven to ten posts in 3-32" thick 
Ucinite unless otherwise specified. 
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ROLLER -SMITH 

VOLTROL 
Automatic Constant Voltage 

REGULATORS 
Built in capacities from 150 Watts to 25 KVA 

(and higher). 
have these inherent outstanding and 
important features necessary for con- 
stant voltage regulation 

1. No moving 
parts. 

2. Handling of 
any load from 
zero to full 
capacity with- 
out impairing 
the regulation 
in any way. 

3. Do not distort 
the wave form. 

4. Nothing to 
wear out. No 
attention o r 
maintenance 
required. 

5. A higher ac- 
curacy of regu- 
lation is avail- 
able than with 
any other line voltage regulator handling equivalent loads 
and variations of loads. 

6. Reasonably large variations in the power factor of the 
loads do not impair the accuracy of the regulator. 

7. A selection of constant voltages is available by merely 
turning a knob. 

For further details send for Catalog AK10, Section 5 
and its Price Sheet 

OLLER SMITH COMP 
MAIN OFFICE: 'Electrical Measuring ana Protecttve Apparatus 

I WORKS: 
2131 Woolworth Bldg., New York - )"/ Bethlehem, Pa. 

Cable address: WEECO, New York 
Sales Agencies in Principal Cities in U. S. A. and Canada 

I%ew 
SENSITIVE ELECTRONIC 

AC VOLTMETER 
MODEL 300 

10 to 100,000 cycles 

Range .001 to 100 volts 

Logarithmic scale 

AC Operated 

Stable calibration 

Accurate and compact 

Operating on a new principle-capable of reading down to .001 volt and up to 100 volts over the audio, carrier and supersonic 
ranges of frequencies with an overall accuracy of 2%-single 
(logarithmic) scale to read for all five ranges-unaffected by 
changes in line voltage or tube characteristics-can also be used 
as 70 DB amplifier, flat to 100,000 cycles. 

Send for Bulletin 2B for full data. 

Ballan{ine Laboratories, Inc. 
BOONTON NEW JERSEY 
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sion test may also be misleading since 
the end of the filament may tend to 
become overheated through the super- 
position of the space charge on the 
filament current. Consequently satis- 
factory methods of determining the 
saturated emission must be made by 
applying the filament voltage intermit- 
tently, or by determining the reduced 
emission at some subnormal filament 
temperature. For high power tubes in 
which the full emission may be several 
amperes, the method of reduced emis- 
sion for normal current may be ob- 
tained by methods of extrapolation of 
a plotted curve. 

The authors point out that to obtain 
the static characteristics of high power 
tubes "is frequently just possible with- 
out undue risk to the valve, but high 
power plant is needed." Dynamic meth- 
ods in which peak current or peak 
voltage recorders are used, also require 
considerable power equipment. The 
method which is used for the deter- 
mination of tube characteristics makes 
use of a cathode ray oscillograph in 
which the space current characteristics 
are determined from low power read- 
ings. The method in which such meas- 
urements are carried out and the sig- 
nificance of the graphical plots which 
may be obtained, are considered in some 
detail by the authors. 

The general form of the lower part 
of the grid voltage grid current char- 
acteristic is determined to a large 
extent by the amount of secondary 
emission. Comparatively little variation 
from tube to tube of any given type 
is found in the grid emission charac- 
teristics which indicate that the grid 
of a high power tube represents a clean 
metal surface and that the secondary 
emission coefficient is approximately 
that of the pure metal. The authors 
have found that the secondary emission 
is not uniform along the length of the 
grid, but is much greater from the ends 
which are opposite the cool ends of the 
filament, than from the central active 
region. 

The authors discuss the conditions of 
operating voltages in currents which 
are conducive to conservative opera- 
tion of the tube and longevity. 

With regard to the life of power 
tubes, the authors say: "There are 
many possible causes of failure but 
filament burn -out is the only really 
fundamental cause. It may be delayed 
but cannot be prevented. The maximum 
life any valve can have is therefore 
the life of its filament, and we shall 
first consider the various factors which 
affect the life of the filament in pure 
tungsten operating at a temperature 
of about 2,500° K. Filament failure is 
due to gradual wastage by evaporation, 
and eventual overheating of the thin- 
ner points. It has been found, by ex- 
amination of large numbers of burn- 
out filaments, that failure occurs when 
the diameter is reduced by 10% by 
evaporation. This rule holds whatever 
the initial diameter, and was first 
enunciated at the American General 
Electric Co. laboratories for lamp flla- 

(Continued on page 57) 
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Carbonized Nickel 
distributes and dissipates 

heat uniformly and 
rapidly 

Two important properties, rarely 
found in one metal, combine in 
Nickel to keep tube performance 
on a high, even plane. 

Examine the accompanying chart 
and you'll note: First, that Nickel 
conducts heat 50% better than iron 
at 550° C. Thus, it distributes heat 
more rapidly and uniformly-keeps 
down local over - heating and hot 
spots. Glance at the other illustra- 
tions and you'll see: Second, that 
the coating on carbonized Nickel 
attaches itself firmly to the metal- 
and that carbonized Nickel can be 
drawn, stamped and spot welded 

.9 

15.8 

E 
u 

F ig. s 

Thermal Conductivity \ 9º7.11 
%%,,... 

T%N i 

D 99.9Y.Fa 
' 99.3%Fe 

200 400 
Tempe sture -"C 

600 

Micrograph of carbonized Nickel. The coating 
adheres tightly to the metal, and is not damaged 
by forming operations or by expansion of the 

metal at high temperatures. 

without damage to the coating. The 
reason: Nickel catalyzes the deposi- 
tion of carbon-does not form car- 
bides and become brittle. 

Because of its tight, uniform in- 
tensely black coating, held intact 
during forming, carbonized Nickel 
radiates heat rapidly. That means 
a low, uniform plate temperature, 
lower back emission, improved and 
more uniform performance ill serv- 
ice, greater satisfaction for the user, 
better reputation for the tube maker. 

What Nickel does for radio tubes, 
Nickel and Nickel alloys can do in 
other applications. Write us about 
your metal problems. For techni- 
cal information and your copy of 
"Nickel in the Radio Industry" 
write to "Electrical Research," c/o 

NICKEL 
THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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CONCENTRATING - 
ON JUST ONE THING has put 

us in a position to do a better 

job at a better price for all users 

of fine small tubing-from hy- 

podermic needles to polo mal- 

lets. If your product employs 

OUR product it may pay you 

to ask for an honest quotation 

from Superior Tube Co., Norris- 

town, Penna. 

MANUFACTURERS OF SEAMLESS AND LOCK SEAM CATHODE SLEEVES 

AND SMALL SEAMLESS TUBING IN VARIOUS METALS AND ALLOYS 

FRIOR TUBING 
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(Continued from page 54) 

ments of 0.1 millimeter diameter or 
less. 

"Knowing that a filament will burn 
out when evaporation reduces its 
diameter to 90% of its original value, 
we can readily and accurately calculate 
its life. Early life estimations for cooled 
anode valve filaments using tungsten 
evaporation figures of Jones and 
Langmuir gave a theoretical life of 
about one-half the observed average. 
More recent simultaneous determina- 
tions of the emission and rate of 
evaporation of tungsten by Reimann, 
using samples of tungsten from the 
same source as our filaments, show 
Jones and Langmuir's figures to be 
high by a factor of about 2 and the 
estimated life using Reimann's results 
is in excellent agreement with the 
actual lives obtained." 

In general it is practice to operate 
the filament of water-cooled tubes at a 
temperature which will just satisfy the 
emission requirement of the circuit. 
Filaments are consequently rated on an 
emission basis, and the individual tubes 
are stamped with the filament voltage 
required to produce a certain emission 
current. Since a 5% increase in this 
voltage increases the emission by 50%, 
but also reduces the life of the tube 
to li of its rated value, accurate volt- 
meters are required in adjusting the 
filament temperature if the maximum 
life of the tube is to be obtained. 

The problem as to whether the fila- 
ment current or the filament voltage 
should be used as the determining 

TELLURIUM VAPOR 
LAMP 

The latest vapor to be applied in 
electronic lamps is tellurium, with 
neon as a "starter." The spectral 
output of the lamp closely resem- 
bles sun -light. The lamp envelope 
is quartz, necessary to withstand 
the high temperature produced by 
the discharge. Above is Dr. N. C. 
Beese of Westinghouse, one of the 

developers of the lamp 
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THE unusual characteristics of these 
new small fixed condensers with re- 

spect to temperature, humidity, and 
frequency make them ideal for de- 
pendable, positive stabilization of 
tuned high frequency circuits. 

TEMPERATURE: Erie Ceramicons can 
be supplied having any temperature coef fi - 
dent between {-.0012 and -.00068 MMF./ 
MMF./°C. Any reactance change, between 
+.012% per °C. and -.068% per °C., due 
to variation in temperature, can be com- 
pensated for by using the proper Erie 
Ceramicon as part or all of the capacitive 
reactance. Because the temperature coef fi - 
dent of Erie Ceramicons is definite, linear 
and entirely reproducable their accuracy 
in this respect is never impaired. 

HUMIDITY: Erie Compensating ceram- 
icons are sealed in a low loss ceramic 
shell and vacuum impregnated with a spe- 
cial wax developed for this purpose. This 
type of construction, plus the inherently low 
sensitivity to moisture of the dielectric itself 
makes these units virtually independent of 
humidity. 

Write for quotations and 
samples of Erie molded 
plastic push buttons for 
push button control sets. Fit 
all standard switches. 
Available in any desired 
color. 

FREQUENCY: The low losses of Erie 
Ceramicons at all radio frequencies make 
these condensers as fully efficient in short- 
wave or all -wave receivers as they are in 
broadcast frequency sets. 

CAPACITY: Maximum capacity avail- 
able in the style illustrated above depends 
upon individual requirements of tempera- 
ture coefficient. Where a single unit can 
be used, giving a temperature coefficient 
of -.00068 MMF./MMF.' ` C., Erie Cerami - 
cons can be supplied to 600 MMF. Fill in 
the convenient form below and attach to 
your letterhead for samples and further in- 
formation on Erie Compensating Ceramicons. 

Please furnish 
the following data when requesting 

Ceramicons. CERAMiCONs 
samples of 

COMPENSATING ERIE C0 
Slate temperature 

'total capacity 
at room temperature. 

( 

aoly at room temperature. 

'tolerance 
an ca P 

Item 30° to 60° C. rot other desired 
range) 

Percent change M caPacttY 

'tolerance 
on capacity 

change. 

ERIE RESISTOR CORPORATION, e ,p. 
TORONTO, CANADA LONDON, ENGLAND PARIS, FRANCE-J.E.CANETTI CO. 

RE S I; T O RS SU P P R E S S O R S C E R A M I C O N', I NJ E C T I ON M O L D E D PL AST ICS 
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' I KAMM NCY RESPOLSE ' 1 1 

f 

FAIRCHILD UNIT 14 FEEDBACK AMPLIFIER 
SOO OHM INPUT SOO OHM OUTPUT 

OUTPUT REFERENCE LEVEL .t0 DEI 

`OVERALL GAIN 7S Da 
NOISE LEVEL -7008 BELOW 

I 

LOO FOOL 

FREQUENCY IN CYCLES PER SECOND 
/0000 E00D0 

IMAGINE A FEED-BACK AMPLIFIER 

FLAT WITHIN .3 OF A DECIBEL 
FROM 15 TO 15,000 CYCLES ... ! 

From Fairchild's precision -instrument laboratories has come a 
feed-back amplifier which seis a new standard for distortion - 
free range. Designed to meet the demand for greater fidelity in 
broadcasting, recording, playbacks and in the laboratory, it has 
literally amazed engineers who gave it thorough tests at recent 
previews. The specifications speak for themselves: 

Overall gain -75 db. 
Noise level -50 db below "0" level. 
Rated at 23 watts into 500 ohm re- 
sistive load. 
Input impedance Multiple line: 50, 
125, 250. 500 ohms. 
Output impedance:16 and500ohms. 
Input line volts: 110 to 125V; 50 to 
60 cycles AC. 

Distortion: .3% at rated output. 
Size: Fits 191/2" relay rack -7" high 
panel. 2 units-amplifier and power 
supply each this size. 
Cover: Dust cover removable from 
rear-quick release, no screws. 
Accessibility: Front panel remov 
able by release of four thumb 
screws. All wiring then accessible. 

For full information, send for descriptive literature 

.. it had to satisfy Fairchild titi first" 

Sound Equipment Division 

11 II II 111111 
AERIAL CAMERA CORPORATION 
88-06 Van Wyck Boulevard, Jamaica, L. I., N. Y. 

factor in the filament temperature is 
discussed by the authors. Fig. 1 shows 
a mortality curve for 74 high -u triodes 
operated at specified filament voltage 
in the B.B.C. regional transmitter. 
"This curve is for filament burn -out 
failures only, and is typical of cooled 
anode valves operated at marked volts. 
Some 50% of the failures occur within 
plus or minus 20% of the average life, 
a few per cent of the valves fall off at 
half the average life, and a few per 
cent survive to almost twice the aver- 
age life. The average life agrees very 
closely with the calculated value. 

"Constant filament current operation 
cannot be tolerated, as in that case 
temperature and emission increase rap- 
idly, and the life is only about one - 
fifth of the constant voltage life. Con- 
stant emission is the ideal method of 
operation, and so far this has only 
been attained by increasing the filament 
voltage during life according to a pre- 
determined schedule based on the 
results of emission tests on long life 
valves." The mortality curve obtained 
by such a method of operation is shown 
in Fig. 2, which is for thirteen triodes 
of the same type as that for which 
Fig. 1 is drawn. Comparison between 
Fig. 1 and Fig. 2 shows that the spread 
is much reduced, and that the extra 
long life tubes are eliminated. The ex- 
treme sharpness of the shoulder in Fig. 
2 is partly accounted for by the fact 
that an increment of filament voltage 
comes just before this point. 

Protecting the Transmitter 
from Shutdown 
HIGH VOLTAGE transients, and arcs in 
the transmitter may do appreciable 
damage to the transmitting equipment 
and result in considerable loss of rev- 
enue through the necessity of taking 
the station off the air until repairs are 
made. Protective circuits that will dis- 
able the transmitter momentarily, 
whenever one of these transients arcs 
is encountered, may be used to protect 
the transmitter from longer shutdown 
periods due to damaged equipment. 
With this objective in mind, the Bell 
Telephone Laboratories have recently 
developed two protective circuits which 
will be used to assure continuity in 

CRYSTAL FILTER 

By cutting a quartz crystal in the 
form of a wedge, a French re- 
search investigator claims to have 
produced a band pass filter with 

sharp cut off 
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Radio 
Frequency 

input 

Carrier -may 
Control .l 

service and to minimize damage to the 
apparatus. 

Figs. 1 and 2 give the schematic wir- 
ing diagrams of the protective circuits 
developed by the Bell Telephone 
Laboratories. The protective circuit of 
Fig. 1 disables the transmitter on any 
disturbance occurring in the output 
unit circuit. Two impedances, Z, and 
Z, are connected respectively in the 
grid and plate circuits of the final 
power amplifier. These impedances are 
so adjusted that the current flowing 
through them is equal in magnitude and 
opposite in phase, so that no current 
will flow in the common ground con- 
nection. The common ground connec- 
tion between the two impedances passes 
through a rectifier across which is 
bridged the winding of a relay. The 
relay can be used to cut off the carrier 
power supplied to the final amplifier. 

Input Final power Output Antenna 
circuit amplifier circuit coupling 

cm 

Concentric 
transmission 

line 

Fig. 1-Relay circuit fed by rectifier 
and currents through Z, and Z, 

If the output circuit of the final am- 
plifier becomes untuned, due to short 
circuit, transient, or failure of one of 
the tuning elements, the impedance in 
the plate circuit will change, causing 
the radio frequency plate voltage to 
change in phase or amplitude or both. 
When this condition occurs, the cur- 
rents through Z, and Z, are no longer 
equal and opposite so that current will 
flow to the ground through the relay 
and rectifier. The relay will then oper- 
ate and remove the carrier power. 
When the normal condition in the final 
power amplifier stage is restored, the 
relay will release, so that carrier power 
may again be applied. 

Final power 
amplifier 

Concentric trans 
mission line 

Radio 

11111 >m .et ,,, 

F Radio 
input _ R Frequency 

choke 

Carrier 
Control 

w 

Fig. 2-Protective circuit especially 
suitable for use with coaxial cables 

In the circuit of Fig. 2, an arc to 
the ground, one side of the relay is con- 
nected to ground while the other side 
is connected to the outgoing transmis- 
sion line through a high impedance. 
Normally the relay contacts are closed 
and no current flows through the relay 
winding. If an arc to ground should be 
formed, the low impedance pass from 
the antenna to the ground would per- 
mit current from the battery B to flow 
through the relay winding, thereby 
opening the carrier control circuit. 
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from the LARGEST 

to the SMALLEST 
Typical of the large broadcast equip- 

ment manufactured by UTC is the filter 
choke illustrated on the left, designed for 
a 100 KW broadcast station and weighing 

about 312 ton. This unit is 100,000 times 

the size of the UTC OUNCERS. 

The new UTC OUNCER series represent 

the acme in compact quality transformer 

practice. These units weigh approximately 
one ounce, and those which do not carry 
D.C. have high fidelity characteristics suit- 

able for broadcast and similar applications, 
being uniform in response from 30 to 
20,000 cycles. The OUNCER transformers 

are ideal for hearing aid, aircraft, glider, 
portable, concealed service, and similar 

applications. 

The OUNCER units 
have overall dimensions 
of /s" diameter by 

3/16" height, includ- 
ing lugs. Mounting is 

effected by two screws 
opposite the terminal 
board side. 

UTC OUNCER unit 
compared to smallest 
bar knob. Illustration, 
at right, is slightly 
larger than .actual size. 

OUNCER too 
2 11 

FREQUENCY CYCLESQ PER SEC 

HIGH FIDELITY AUDIO UNITS 

o-1 

(Max. Level -5 DB) 

Type No. Application Pri. imp. Sec. Imp. 
List 
Price 

0-1 Mike, pickup, or line to I grid 50,200,500 50,000 $10.00 
0-2 Mike, pickup, or line to 2 grids 50,200,500 50,000 10.00 
0-3 Dynamic mike to I grid 7.5/30 50,000 9.00 
0-4 Single plate to I grid 8,000 to 15,000 60,000 8.00 
0-5 Single plate to I grid, D.C. in Pri. 8,000 to 15,000 60,000 8.00 
0-6 Single plate to 2 grids 8,000 to 15,000 95,000 9.00 
0-7 Single plate to 2 grids, D.C. in Pri. 8,000 to 15,000 95,000 9.00 
0-8 Single plate to line 8,000 to 15,000 50, 200, 500 10.00 
0-9 Single plate to line, D.C. in Pri. 8,000 to 15,000 50, 200, 500 10.00 
0-10 Push pull plates to line 8,000 to 15,000 e.s. 50, 200, 500 10.00 
0 -Ii Crystal mike or pickup to line 50,000 50, 200, 500 10.00 
0-12 Mixing and matching 50,200 50, 200, 500 9.00 
0-13 Reactor, 200 Hys.-no D.C.; 50 Hys.-2 7.00 

MA. D.C. 

SEE THESE UNITS AT YOUR DISTRIBUTOR OR WRITE FOR LITERATURE 

11%13ü2L) U'YAAHe20U2A2L, G OUpa 
72 SPRING STREET NEW YORK, N. Y. 
EXPOPT DIVISION 100 VARICK STREET NEW YORK. N.Y. CABLES:"ARLAB" 
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radio.sound.commumcations.undustrial applications 
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NEW YORK, N.Y. 

Prepare Now to Hire the June Issue of ELECTRONICS as 
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Relays for Tube 
Circuits 

(Continued front page 23) 

cuit which the contacts open and 
close, the voltage, current, frequency, 
and number of makes and breaks per 
unit of time. For this reason it is 
impossible to specify the contact area 
which will be satisfactory for carry- 
ing a given current, except in very 
general and somewhat arbitrary 
terms. Where currents less than 1 

ampere are to be controlled, the tele- 
phone type contacts are frequently 
adequate, especially if the circuit is 
non -inductive. For currents exceed- 
ing a quarter ampere or so, large 
metal or carbon contacts are fre- 
quently used, although carbon has 
sufficiently high resistance that the 
voltage drop across carbon contacts 
is sometimes objectionable. For cur- 
rents up to about 25 amperes, "mer- 
cury contacts" are widely used. The 
mercury contact devices consist of 
two (or more) wires sealed in a 
glass tube which also contains a small 
pool of mercury. These contact de- 
vices are so built that when the glass 
tube is tipped in one direction, the 
two wires present an open circuit. 
When the tube is tilted in another 
direction, the mercury runs down be- 
tween the two wires, thereby closing 
the circuit. An advantage of mer- 
cury contacts is that they are rela- 
tively trouble free and do not require 
periodic cleaning, as do many types 
of metal contacts. 

The continued successful operation 
of a relay device depends upon the 
contacts being maintained in good 
operating condition. Contacts should 
be kept in a clean condition, and 
may require periodic cleansing. If 
the relay equipment is properly de- 
signed, installed, and maintained, 
periodic cleaning by rubbing the sur- 
faces of the contacts with a sheet of 
tough bond paper should suffice. Con- 
tacts should not be cleaned with abra- 
sive pastes or powders, nor should 
these surfaces be marred (except in 
the most unusual cases) through the 
use of files, emery cloth, sandpaper, 
or similar abrasives. Failure to ob- 
serve this precaution may result in 
the accumulation of particles of sand, 
emery, or metals (especially magnetic 
materials) which are left between 
the contacts to produce subequent 
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SIGMA RELAYS 
SENSITIVE MODELS 

Type 2-A-a single pole, double 
throw instrument to handle 150 
watts non -inductive load at 110 
volts A.C. with field input of 12 

milliwatts D.C. Field resistances of 
100 to 8000 ohms. Dust proof case 
with standard, five prong base for 
plug-in mounting. 
Type 2-fi-operates at 4 milliwatts 
D.C. to handle 50 watts non - 
inductive load at 110 volts A.C. 

VOICE KEYS 
A normally closed switch oper- 

ating acoustically to control sec- 
ondary circuits through SIGMA 
relays. 

Voice operated chronoscope con- 
trols as used in psychological and 
clinical research. 

Voice operated relays responsive 
only to A.C. or audio components. 

HEAVY DUTY MODEL 
Type M-requires only 50 milli - 
watts to control one kilowatt non - 
inductive load or one -quarter kilo- 
watt A.C. inductive loads. Load 
contacts comprise a standard, en- 
closed, sensitive switch of the 
single pole, double throw type. 
Contained in the standard plug-in 
housing originated by SIGMA. 

Available in field resistances 
of 100 to 8000 ohms. 

SPECIAL EQUIPMENT 
The engineering facilities of SIGMA 
NSTRUMENTS, INCORPORATED 

are available for design and con- 
struction of special instruments and 
laboratory apparatus for electronic 
controls or interlocking circuits. 

Estimates on special equipment, 
quotations on standard relays, and 
additional information about SIGMA 
products furnished on request. 

SIGMA INSTRUMENTS, INC. 
BELMONT 

388 TRAPELO ROAD 

MASSACHUSETTS 

HANDBOOK OF 
BROADCASTING 

By WALDO ABBOT 
Director of Broadcasting Service, University of Michigan, Federal Radio 

Education Committee, Vice -President, Ann Arbor Broadcasting Company 

424- pages, 6 x 9, $3.50 

-the modern broadcasting system set-up; -how programs are 
developed and produced; -radio announcing, speaking, and act- 

ing; -how to write for radio; -opportunities in 
the business end of radio; -radio singing; -serving 
the sponsor; -training for radio; -etc. Look up in this book: 

-station staffs 
-how electrical transcriptions 

are used 
-basic problems of radio speak- 

ing 
-interpretation in radio reading 
-radio play requirements 
-staging the radio play 
-suggestions for singers 
-preparing children's and educa- 

tional programs 
-building commercial and sus- 

taining programs 
-free-lance opportunities in radio 
-the service of the advertising 

agency 
-advertising or sales department 

requirements 
-women in radio 
-glossary 
-radio practice in pronunciation 
-studio musical practice 
-etc., etc. 

A complete guidebook of broadcasting for those 
in the radio profession, those who hope to be an- 
nouncers, actors, or writers, or to fill other positions 
in radio producing agencies, and those who are, or 
may be, called upon to deliver addresses or make 
special appearances before the microphone. Covers 
educational, commercial, legal, public service, and 
other aspects of radio, but gives major attention to 
practical pointers on vocational opportunities and re- 
quirements both in the before -the -mike and back- 
stage positions of broadcasting. 

10 DAYS' FREE EXAMINATION-SEND COUPON 
McGraw-Hill Book Co., Inc., 330 W. 42nd St., N. Y. C. 

Send me Abbot's Handbook of Broadcasting for 10 days' examination 
on approval. In 10 days I will send $3.50, plus few cents postage. 
or return book postpaid. (Postage paid on orders accompanied by 
remittance.) 

Name 

Address 

City and State 

Position 

Company 
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Du Mont 4pel68 

OSCILLOGRAPH 
The most precise and convenient 
method of studying phase relation. 
An accurate method of observing 
the translation of non -electrical phe- 

nomena in graphical form. 

A means for plotting any electrical 
quantity as a function of any other 
electrical quantity. 

For Complete Specifications 
-Write- 

ALLEN B. DU MONT LABORATORIES, INC. 
PASSAIC 

Cable address: WESPEXLIN, NEW YORK 
NEW JERSEY 

7 -et Ultra -Sensitive eanttoli 
fi)1.71:r 

INSTRUMENT RELAYS 

The Triplett Model 354 alarm relay 
shown here makes contact at I and 
3 M.A. Other ranges and contact 
arrangements to order. Three case 
styles - projection, as shown, flush 
panel and portable. 

Dependability and flexibility in electri- 
fied controls . A comprehensive line 
of highly sensitive relays used in con- 
nection with light sensitive cells for sig- 
nal alarms, automatic inspection, count- 
ing apparatus, automatic lighting and 
many other applications requiring regu- 
lation within very narrow limits. 

Fixed contacts are set in adjustable 

aller 
r/ZF'CbllO)L 

ELECTRICAL INSTRUMENT 

(l2 

screws, allowing a wide adjustment of 
upper and lower limits of contact. 
Hardy metal, platinum, silver and plati- 
num -iridium contacts. Single circuit - 
single contact and double circuit -double 
contact types (separate circuit or com- 
mon connection). Among special de- 
velopments is a locked contact type 
relay with manual release. Triplett 
engineers are interested in reciving your 
inquiries. For complete information re- 
garding your relay application write to: 

The Triplett Electrical Instrument Company 

235 Harmon Drive, 

Bluffton, Ohio, U. S. A. 

trouble and annoyance. The contacts 
of a relay are usually situated in a 
fairly strong magnetic field, so that 
any magnetic particles between the 
relay contacts are especially likely to 
cause trouble and be difficult to re- 
move. Another reason for avoiding 
the abrasion of the contact surfaces 
is that this abrasion is very likely 
to change the shape of the contact 
surfaces so that the current density 
after the abrading process is quite 
different from that for which the 
relay was initially designed. 

Selection of Contacts 

If possible, the choice of the con- 
tact should be made when the relay 
equipment is designed. If this pro- 
cedure is carried out, the contacts 
may be designed so as to be most 
suitable for the intended purpose. 
In selecting contacts for a specific 
relay application, consideration 
should be given to the following fac- 
tors: 

1. Do the contacts make and break 
an a -c or a d -c circuit? 

2. What is the magnitude of the 
voltage at the time at which the con- 
tacts open and close the circuit? 

3. What is the magnitude of the 
current at the time the contacts open 
and close the circuit? 

4. What is the normal current 
which the contacts must carry when 
closed? 

5. Specify the normal frequency of 
operation, i.e. the number of elec- 
trical interruptions of the relay con- 
tacts per unit of time. 

6. What is the rate of speed at 
which the contacts open and close? 

7. What is the maximum permis- 
sible voltage drop across the relay 
contacts? 

8. Specify the maximum distance 
at which the contacts are separated. 

9. Is any method of arc extinction 
used? If so, what method is em- 
ployed? (For example, specify 
whether condensers, blow-out coils, 
by-pass resistors, or other methods 
are used). 

10. Specify the pressure applied 
to the contacts when closed. 

11. State the method of opening 
and closing the contacts, that is, 
magnetic, cam operated, gravity op- 
erated, etc. 

12. Specific manlier in which the 
contacts come together, i.e. butt con- 
tacts, wiping, rolling, or rotary mo- 
tion, etc. 
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PLUGS SOCKETS 
TERMINAL PANELS, ETC. 

HUNDREDS OF STANDARD ITEMS 
OR SPECIALS TO YOUR BLUE- 
PRINTS. 

WRITE FOR BULLETINS. 

HOWARD Ii- JONES 
2300 Wabansia Avenue 

CHICAGO ILL. 

JJ C 
WIRE WOUND RESISTORS 

TYPE LI-Accuracy I 

1/2 WATT 

Non -Inductive - 
terminal mounted 
Ideal units for resistors for 
external meter work Con- 
structed entirely of Bakelite 
with winding form turned 
from Bakelite rod and a 

highly polished Bakelite tube 
forced over winding form. 

Available with various types 
of lug terminals. Resistance 
range 50 to 250,000 Ohms; 
Size: %8" x 11/2". 

Complete details and prices 
on request. 

PRECISION RESISTOR CO. 
332 Badger Ave. 

NEWARK NEW JERSEY 

ELECTRONICS - May 1938 

13. Specify the mechanical and 
physical conditions under which the 
contacts are to be used. Are the con- 

tacts to be subjected to severe me- 
chanical action, or to various corro- 
sive fumes, gases, dust, or to coat- 
ings of oil, grease, water vapor, etc.? 

14. Specify the maximum allow- 
able temperature rise at which the 
relay equipment is to operate. 

In connection with items 2, 3, and 
4, above, if the current and voltage 
are varying quantities, it is conserv- 
ative design to base the calculations 
of relay contacts upon the maximum 
or peak values of the current and 
voltage. Special attention should be 

given to the case in which the con- 

tacts are required to interrupt an in- 
ductive circuit. 

Proper Relay Installation 

To prevent inoperation of the re- 
lay device due to the accumulation 
of dust, dirt, grease, films of oil, or 
other poorly conducting foreign par- 
ticles, it is preferable to install the 
relay equipment so that the contact 
surfaces are vertical, the contacts 
coming together in essentially a hori- 
zontal motion. This procedure is ad- 
vantageous in that foreign particles 
will not then accumulate on the sur- 
face of the relay contacts through the 
action of gravity. Where the relays 
are to be used in an atmosphere of 
fumes, dust, dirt, sprays, and the 
like, it is desirable that the contacts 
be protected by enclosing them in a 

dust -proof chamber or container. If 
a container is required, it is desir- 
able that the entire relay be enclosed 
and protected rather than only its 
contacts. Any necessary opening in 

this protective enclosure should be at 
the bottom of the enclosure and as 

far removed from the relay contacts 
as practicable. 

BIBLIOGRAPHY 

"Fundamentals of Vacuum Tubes," by 
A. E. Eastman. (Chap. VI.) 
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Graff, Electronics, March 1934. 

"Thermionic Delay Relays for Cathode 
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by Daniel El Noble, Electronics, August 
1936. 

INSUROK 
LAMINATED AND 
MOLDED PLASTIC 

VERY day the increas- 
ing use of INSUROK 

for every electrical require- 
ment gives further proof 
of the superiority of this 
Richardson plastic, and 
its adaptability to every 
type of product or insulat- 
ing need. Your own in- 
terests can be most profit- 
ably served by standard- 
izing on INSUROK, the 
superior plastic, thus add- 
ing its own value to the ex- 
cellence of your product. 

9ñe RICHARDSON COMPANY 
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MANUFACTURING REVIEW 

News 

+ Installation of the Lorenz instrument 
landing system, illustrated in the July, 
1937, issue of Electronics, will be made 
at the Municipal Airport, Fort Worth, 
Texas. International Telephone & Tele- 
graph Corp., parent company of C. Lor- 
enz Company, manufacturers, an- 
nounced it will be utilized extensively 
for training pilots in guiding the big 
transports to a complete runway land- 
ing entirely by radio. 

+ First of 44 Westinghouse radio range 
stations built for the Department of 
Commerce will be installed at Allen- 
town, Pennsylvania. This apparatus is 
made up of transmitter unit, antenna 
tuning unit and coupling unit. 

+ All radio range stations are designed 
to operate over a temperature range of 
0 degree to 50 degree Centigrade, 24 
hours per day, 365 days per year. 

+ Allen B. DuMont is now located at 2 
Main Ave., Passaic, N. J. 

+ Vice -President Frank E. Mason has 
been assigned to supervise all of NBC 
short-wave activity. 

+ Kenneth W. Jarvis is now Chief 
Engineer of Seeburg Radio Corp. of 
Chicago. 

Literature 

+ As a recent appointment to the execu- 
tive staff of United Carr Fastener 
Corp., Mr. Lester W. Tarr will super- 
vise production and marketing of a 
new phenolic insulation. Mr. Tarr was 
formerly chemist with the Dupont 

Company, and later general manager 
of Continental Diamond Fiber Co. He 
is a member of the American Chemical 
Society, American Institute of Chem- 
ical Engineers and a Fellow of the 
American Institute of Chemistry. 

Manufacturers' literature consti- 
tutes a useful source of informa- 
tion. Readers who wish copies of 
items listed below may obtain 
them by writing to the manu- 
facturers. 

Voltage Regulator. Bulletin D148 -71-F. 
For problems arising from fluctuating 
a -c line voltages. Raytheon Mfg. Co., 
Waltham, Mass. 

New Ceramic Fixed Capacitors. Bulle- 
tin 20. Centralab, 900 E. Keefe Ave., 
Milwaukee, Wis. 

Socket Instruments. Catalogue Section 
43-600. 20 pages. One of several book- 
lets on industrial applications of plug-in 
instruments. Westinghouse Electric & 
Mfg. Co., Newark, N. J. 

Interval Timer. Model A. Synchronous 
motor driven. R. W. Cramer & Co., 
67-69 Irving Place, New York City. 
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Multi Frequency Transmitters. Multi 
frequency low power transmitters suit- 
able for aircraft. Learadio Specification 
folder. Lear Developments, Inc., 
Mineola, N. Y. 

Thyratron Tubes. Bulletin No. 16. 
Technical data sheet. Westinghouse 
Electric & Mfg. Co., Bloomfield, N. J. 

Glass Covered Wire. Bulletin on "Vi- 
trotex", a glass -covered magnet wire 
which is fireproof and non -hygroscopic. 
Has high dielectric strength, and insu- 
lation resistance, and high resistance to 
acids, oils and corrosive vapors. Ana- 
conda Wire & Cable Co., 25 Broadway, 
New York City. 

Lighting Plants. A 2 -page folder giving 
detailed electrical and mechanical 
specification on a -c lighting plants 
showing various models. D. W. Onan & 
Sons, 41-51 Royalston Ave., Minne- 
apolis, Minn. 

Booklets. Weston Electrical Instrument 
Corp., Newark, N. J. Model 721, 
"Photo -electric Potentiometer", techni- 
cal description and applications. Model 
729, "Industrial Control Relay", an aid 
to automatic production operation and 
photoelectric control purposes. "Tools 
For Better Seeing, 4 -page form de- 
scribes light measuring instruments. 
Model 773, a double-check tube tester. 
Model 776, Oscillator. 

Relays. GEA -2170A. Directional dis- 
tance relays. General Electric Co., 
Schenectady, N. Y. 

Alloys. 16 -page booklet, characteristics 
and uses of special alloys. Interna- 
tional Nickel Co., Inc., 67 Wall St., New 
York City. 

Color Chart Rare Gases. Listing and 
describing 17 colors obtainable from 
luminous rare gases. Linde Air Prod- 
ucts Co., 30 East 42nd St., New York 
City. 

Auto Antenna. Retractable, for auto- 
mobile use. Hahn -McPherson Labs., 
Hatboro, Pa. 

Bushings. Bulletin No. 104. For lead- 
in, transformer, and condenser service. 
Contains mechanical drawings, dimen- 
sions, etc. Isolantite, Inc., 233 Broad- 
way, New York City. 

Measurement. "When You Can Meas- 
ure", a 32 -page brochure. How elec- 
trical instruments are designed, con- 
structed and tested. Section of book 
given over to voltage, resistance, time, 
and temperature measurements. Gen- 
eral Electric Co., Schenectady, N. Y. 

Megohmmeter. A model "DM" with a 
new easily readable face. Herman H. 
Sticht & Co., 27 Park Place, New York 
City. 

Co -Axial Transmission Line. Bulletin 
gives dimensions, descriptions, illustra- 
tions. Communication Products, Inc., 
245 Custer Ave., Jersey City, N. J. 
Bulletin No. 21 announces a new Q -Max 
radio frequency lacquer. 

Cathode -Ray Problems. A questionnaire 
which when properly filled out enables 
their engineers to draw specifications 
for suitable cathode-ray equipment. 
Allen B. DuMont, 2 Main Ave., Passaic, 
N. J. 

Decibel Chart. Showing the relation 
between voltage and power ratios in 
decibels. Transducer Corp., Rockefeller 
Plaza, New York. 

Amplifiers. Catalogue No. 600-C. Thor- 
darson Electric Mfg. Co., 500 W. Hu- 
ron St., Chicago. 
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Tap Selector Switch. Bulletin 802. For 
a -c reactive circuits. Ecco High Fre- 
quency Corp., 120 West 20th St., New 
York City. 

Microphones. Bulletins 26 and 27. 
American Microphone Co., D. R. Bittan 
Sales Co., 27 Park Place, New York 
City. 

Stand -Off Insulators. Bulletin 103, lists 
wide variety of units. Isolantite, Inc., 
233 Broadway, New York City. 

Stop Nuts. "Elastic Stop" 1938 Cata- 
logue. Contains 46 pages of descriptive 
material, 11 pages of which are devoted 
to aircraft fittings. Elastic Stop Nut 
Corp., 1001 Newark Ave., Elizabeth, 
N. J. 

Recording Equipment. 8 -page bulletin, 
"Fine Points In Recording". Allied Re- 
cording Products Co., 126 West St., 
New York City. 

Silent Gears. Engineering and design 
information. "Spauldite Silent Gears". 
Spaulding Fibre Co., 310 Wheeler St., 
Tonawanda, N. Y. 

Plastics. "Reference For Plastics". A 
40 -page revised edition. A thoroughly 
descriptive and handsome guide book 
of moldable resins. Boonton Molding 
Co., Boonton, N. J. 

Circuit Breaker Attachment. The ap- 
plications for their trip attachment 
on Types BD and HD air circuit break- 
ers for the protection of a -c circuits is 
treated in Catalog 5 of the Roller Smith 
Company, 233 Broadway, New York. 

Multiple Frequency Generator. Model 
18F signal generator. Monarch Mfg. 
Co., 3341 Belmont Ave., Chicago. 

Flexible Shafts. Engineering Bulletin 
No. 38, covering subject of flexible 
shafts for remote control, is a 32 -page 
illustrated booklet. S. S. White Dental 
Mfg. Co., 10 East 40 St., New York. 

Constant Temperature. Supplementary 
catalogue R-13, describes a complete 
line of constant temperature ovens. 
Central Scientific Co., 1700 Irving Park 
Blvd., Chicago. 

Lighting Plants. Showing various mod- 
els and actual installations is an 8 -page 
folder giving complete mechanical and 
electrical specification of a -c lighting 
plants. Kato Engineering Co., Mankato, 
Minn. 

Audiphones. Hearing aids are described 
in a 23 -page booklet, Ortho-Technic 
Audiphones. Miniature telephones as an 
aid to hearing. Western Electric Co., 
195 Broadway, New York. 

Triode-Hexode Converter. 2 pages of 
technical information on Sylvania Type 
6K8 tube. Hygrade Sylvania Corp., 
Salem, Mass. 
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RELAYS 
FOR ANY INDUSTRIAL 

REQUIREMENT- 

Series AQA Re- 

lay equipped wit h 

Mounting Bracket, 
Cover Guide, and 
Cover. A standard 
model for general 
uses where require- 
ments call for rapid 
switching of one or 
more circuits. 

The Automatic Electric line of relays includes quick 

and delayed action types, sensitive and heavy duty types, 

mechanical locking types, polarized relays, etc. Available 
with any contact combination and for operation on D.C. 

or A.C. circuits of any voltage. 

Write for complete illustrated catalog of relays, stepping 
switches, electric counters, solenoids, keys, and other 
electrical control accessories. Address American Auto- 
matic Electric Sales Company, 1033 W. Van Buren St., 

Chicago. n 

AUTOMATIE,`P2 ELECTRIC 
MAKERS OF TELEPHONE AND SIGNALING APPARATUS 
ELECTRICAL ENGINEERS, DESIGNERS AND CONSULTANTS 

A NEW PRODUCT! 

ANACONDA ELECTRO -DEPOSITED 

Pure Copper 
Sheets 

Stock widths 30" or 60"... and in rolls of long lengths. Thicknesses -1 ounce per square foot to 5 ounces per square foot (approximately 
.0015 inches to .007 inches). 

NON -POROUS ... RUST -PROOF Practical uses for Anaconda " new fields are innumerable. Samples upon re 
piler in 

est. THE AMERICAN BRASS COMPANY Department "D4" 
Waterbury, Conn. ANAcoNDgym..A r 
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COLLOIDAL 

GRAPHITE..... 

3 
Relation 

stock decreases 

showing how 9 Meer 
in 

Eg 

its weight 

resistance 

increases by 

o! "Aquadag." 

as 

addition 

PERCENT WEIGHT INCREASE 

(«h. 

IMPREGNATING' 

MEDIUM 
Dispersions of colloidal graphite, 

when incorporated in a variety of ma- 
terials like cloth, Felt, leather, paper, 
asbestos, etc., by impregnation tech- 
niques, impart thereto qualities of 
lubricity, conductivity, and coloring. 

For example, Paper Stock is rend- 
ered opaque and electrically conduc- 
tive either by passing it through 
agglomerate -free baths of aqueous 
colloidal graphite (like "Aquadag") or 
by adding the same material to the 
beaters at the time of the paper's 
fabrication. The increase in conduc- 
tivity per weight of colloidal graphite 
added is shown above. 

Asbestos is best impregnated when 
"Aquadag" or "Prodag" are added to 
the beaters as in the case of paper. 

Leather and lignous substances are 
treated by simple soaking or satura- 
tion, centrifugal -pressure devices be- 
ing used to obtain the best results. 

Just as graphite is added in paper 
at the time of its manufacture, so pro- 
ducts like wax, "Cellophane," rayon, 
"Bakelite," soap, calcined gypsum, 
etc., can be treated by using colloidal 
graphite in their respective formulae. 

Write For Bulletins 210, 230, A26o, 8260. 

ACHESON 
COLLOIDS CORPORATION 
PORT HURONMICHIGAN 
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New Products 

Cathode -Ray Tube 
OPERATING WITH a second anode voltage 
as low as 400 volts and designed 
especially for oscillographic purposes, 
RCA -902 is a new high -vacuum tube 
recently announced. The tube has two 
sets of electrostatic plates for deflec- 
tion of the electron beam. The luminous 
spot of greenish hue is produced on 
a screen 2 in. in diameter. 

Because, of its relatively low cost, 
small sïzé and its ability to produce 
an image allow voltages, the tube is 
suited fora ube in compact, portable, 
oscillographic equipment. 

The RCA -902 will operate on voltages 
as high as 600 volts, and is electrically 
interchangeable with the RCA -913, pro- 
vided the second anode supply is 400 
volts or more. RCA Mfg. Co., Harri- 
son, N. J. 

Mu -Switch 
IS SUITABLE for electric control circuits 
at a current rating of 10 amperes at 
110 volts; 1200 watt non -inductive load 
and 1 H.P. inductive load, with less 
than .001 in. movement for thermo- 
static work. Silver contacts. Tobe 
Deutschmann, Canton, Mass. 

Frequency -Limit Monitor 
AN A-C OPERATED monitor, Type 775-A, 
designed for monitoring high -frequency 
transmitters between 1,500 kc. and 45 
Mc. is a new product of General Radio 
Co., Cambridge, Mass. 

Warning lamps indicate frequency 
deviation outside the predetermined 
limit. When the transmitter frequency 
exceeds this limit on the low side, one 
lamp lights; a similar deviation on the 
high side lights the other lamp. Oper- 
ating limits calibrated in c.p.s. are set 
by a dial on the panel. The indicating 
system operates on the beat frequency 
between the transmitter and a self- 
contained crystal oscillator. Space is 
provided for mounting 4 crystals, so 
that 4 separate channels can be moni- 
tored. 

When 
Reliability 

Counts 

ecy 

DU NCO 

Write for New 
Catalog-It's Free! 

STRUTHERS DUNN, Inc. 
148 N. Juniper St. 

Philadelphia, Pa. 

For the past 15 years every 
major improvement in the 
electrical alloy art has been 
sponsored by Wilbur B. Driver. 

And in 'Tophet (pronounced 
tof-fet) you are offered the sum 
total of the pioneer's experi- 
ence, skill and good name. 

WILBUR B. DRIVER CO. 
NEWARK, NEW JERSEY 
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Push -Button Tuner 
A PUSH-BUTTON tuner and variable 
condenser, complete in one unit, has 
been announced by General Instrument 
Corp., 829 Newark Ave., Elizabeth, 

N. J. The unit is available in 4 to 
10 button frames with manual tuning. 
Condenser may be mounted with front 
or rear shaft extension. 

Antenna Tuning 
LEAR Developments, Inc., Roosevelt 
Field, Mineola, N. Y., announces a new 
antenna tuning system which eliminates 
the necessity of using relays to change 
from one frequency to another. 

One unit is needed for each fre- 
quency or narrow band of frequencies. 
A single fixed antenna may be tuned 
to 3 or 4 different frequencies provided 
there is at least 20% difference between 
frequencies e.g., 3,000, 4,000, 5,200 kc. 

The power loss due to matching 
fixed antenna into transmitters is re-+ 

duced by improved lead-in efficiency and 
the increase in antenna voltage due to 
these units. 

Battery Charger 
A COPPER OXIDE rectifier for telephone 
service is a new product of General 
Electric Co., Bridgeport, Conn. The 
rectifiers may be obtained in sizes from 
3 to 12 amperes, and will provide a full 
charge for small batteries and a trickle 
charge for large ones. The exact charg- 
ing rate is indicated by an ammeter. 
A built-in filter reactance promotes 
quiet operation while a small knob on 
the panel controls the transformer and 
provides easy adjustment of the charg- 
ing rate. 

ELECTRONICS - May 1938 

REMLER 
ATTENUATORS 

BALL BEARING 
ROTOR SHAFT 

CLOCK SPRING 
PIGTAIL 
CONNECTION 

LA -5 Ladder 
Type-Net 

$10.80 
DLA Type, silver 
contacts $12.80 

Silver Contact Points 

Detent 

Ball -Bearing Rotor Shart 

Silver Tipped Contact Arm 

New 1938 features. No increase in price! Improvements 
provide unequalled ease of operation and long life. 
Attenuation variable in 27 steps of 1% db. per step up 

to 45 db. fading in 3 additional increasing steps from 
45 db. to infinity. A single sliding contact in the input 
circuit results in contact noise being attenuated within 
the unit in direct proportion to the loss introduced in the 
circuit, providing a constant signal-to-noise ratio. Im- 
pedance practically constant over entire range of the pad. 
Standard impedances of 50, 200, 250 and 500 dims. 
Special values to order. 
Remler Company, Ltd., 19th at Bryant, San Francisco 

REMLER-THE RADIO FIRM AS OLD AS RADIO 

Made to do 
flig59° 

Wilco 
Palladium 
Contacts 

"The requirements which the C. P. 
Clare & Company engineers are called 
upon to fill often involve circuit charac- 
teristics demanding that relays operate on 
exceedingly low current. In many in- 
stances very little contact pressure is 
available. Under such circumstances con- 
tact metals must be exactly as specified. 

Direct Current 
Relay Type C of 

C. P. Clare & Company, Chicago, Ill. 

This is why Lilco Metals are used." 
If your product requires the use or 

electrical contacts or thermostatic bi -met- 
als, write us for samples and catalogues. 

The H. A. Wilson Company 
105 Chestnut Street, Newark, N. J. 

Branch Office: 5 So. Wabash Ave., Chicago, III. 

WILCOELECTRICAL 

CONTACTS 
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RELAYS/or 
ELECTRONIC AND INDUSTRIAL USES 

Type C -Relay 
Fast Operate 
Fast Release 

You can get QUICK DELIVERY on Clare Quality Relays .. . 

to fit your most exacting needs. Single or Multiple Con- 
tacts. Silver, Palladium, Platinum -Iridium, or Tungsten con- 
tact metals, whichever your purpose calls for. Resistances 
and turns permanently marked on relay coil. 

We like to personalize our transactions . . . through en- 
gineering assistance, personal consideration, confidential 
interest in your problems . . . and Speed Delivery on 
Quality Products that help you to maintain your own pro- 
duction schedules and the quality of your own product. 

Send TODAY for DESCRIPTIVE CATALOG CC -1. 

C. P. CLARE & COMPANY 4541 Ravenswood Ave., Chicago, III. 
New York Office -15 East 26th Street. New York. N. Y. 

CLARE RS 
p UA LITT 

Heavy Duty, Hi - Power Genemotors 

' .... 
y Tapir 

400 Volt. 200 Mil t 

(Motor Only, 7" x 4" s 27,4" -Weight 10 lbs.) 

For Hi -Gain Amplifiers, Ultra 
Short Wave Two -Way Police 
Radios, Aircraft Radios, etc. 
Six years of successful perform- 
ance. 
There is a Carter Genemotor 
for every requirement. 

SMALL SIZE-NO HASH 
LIGHT WEIGHT -RELIABLE 

Write for Complete Information 

CARTER MOTOR CO. 
1608 MILWAUKEE AVE. CHICAGO, ILL. 

In the "BLUE BOOK" 
CANNON PLUG USERS comprise a "Blue Book" of 

achievement in aeronautics, sound -recording, geo- 
physical research and ship -control -at -sea . . . These 
"Blue Bookers" are exacting-and they choose the Can- 
non line because they know that quality, experience and 
variety are the "magic ingredients" in the product now 
used throughout the world. 

Is your name on our mailing list for new products? 

CANNON ELECTRIC DEVELOPMENT CO. * 410 West Avenue 33, Los Angeles, California * * EASTERN SALES OFFICE, 220 Filth Ave,NewYork,N-Y. 

CAN NON PLUGS CAN N CO PI 

Tube Tester 
THE HICKOK Electrical Instrument Co., 
Cleveland, announces dynamic mutual 
conductance tube testers with square 
meters and having translucent, illumi- 
nated meter dials. The scale is cali- 
brated in micromhos, and also indi- 
cates good, bad and doubtful tubes. 

Other features are: checks gas con- 
tent; detects both short and open ele- 
ments and open suppressor grid; short 
tests made hot or cold. 

The tester is available in either coun- 
ter type or in portable type models. 

Push Button Tuner 
ANTENNA AND OSCILLATOR circuits de- 
signed for 456-465 kc, employing a mod- 
ified. Colpitts circuit with pentagrid 
converter 6A8 -6A7. Inductance pad- 
ding is provided giving 3 -point align- 
ment. The unit has 6 buttons cover- 
ing 1630-945 kc. and 1070-540 kc. maxi- 
mum drift of 5.9 kc. negative for 35 
degree C. rise from room temperature. 
Dimensions 61 x 5 x 21 in. List price 
$15.00. Aladdin Radio Industries, Inc., 
466 W. Superior St., Chicago, Ill. 

Resistance Thermometers 
INDICATING RESISTANCE thermometers 
with a temperature range from -30° 
to + 250° F. has recently been an- 
nounced by Wheelco Instruments Co., 
Chicago. For use in the air condition- 
ing field as well as for industrial appli- 

cations for low temperature readings 
of rooms, bulk material in bins, air 
ducts, etc., they can be equipped with 
a multiple switch for connecting up to 
21 temperature bulbs located at as many 
different points. 
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PROFESSIONAL 

SERVICES 
Rates on Application 

ELECTRICAL TESTING 
LABORATORIES 

Characteristics and 
Life Teats of Vacuum Tubes 

Tests of photo cells, glow lamps, crater lamps. 
Tests of electronic and optical devices. 
filth Street and East End Avenue 

New York, N. Y. 
Phone: Butterfield 8-2600 

THAD. R. GOLDSBOROUGH 
REGISTERED PATENT ATTORNEY 

Former Manager Patent Dept. RCA Man- 
ufacturing Company. 

201-205 McLachlen Building 
WASHINGTON, D.C. 

INTERNATIONAL ELECTRONICS, INC. 
AMERICAN CONSULTING ENGINEERS TO 

FOREIGN MANUFACTURERS 
Designs Specifications 
Electrolytics Tubes Resistors 
Transmitters Receivers 
630 Fifth Avenue New York, N. Y. 

Cable:-Interengin, New York 

HAROLD J. McCREARY 
Mens. A.LE.E. 
Consulting Engineer 

Research Electronics 
Development Television 
Design Radio 
Factory- Practise Railroad Signaling 
Patent Studies Telephony 

105 W. Adams St. Phone STAte 4003 Chicago, III. 

RADIO DEVELOPMENT & RESEARCH CORP. 
l'ONSI'LTANTS AND DESIGNERS 

including 
A m pl ifers-Antenna s-Transmitter s 

Receivers --Laboratory Equipment 
Special equipment designed and constructed 

145 west 45th Street, New York. N. Y. 
Tel. BRyant 9-6898 

PROFESSIONAL 

ASSISTANCE 

in the solving of your most 

difficult problems in the 

highly specialized field of 

electronic devices is offered by 

consultants whose cards ap- 

pear on this page. 
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Loud Speaker 
A NEW TYPE of infinite baffle speaker 
mounting wi h a high frequency de- 
flector unit concealed in back of the 
insignia on the speaker grill for bet- 

ter reproduction is a new product of 
Sound Systems, Inc., 6545 Carnegie 
Ave., Cleveland, Ohio. The deflector is 
a mechanical device which properly 
diverts the sound beams. 

Polarized Condensers 
MAGNAVOX ANNOUNCES introduction of 
Molanode capacitors for filtering and 
by-pass service. Magnavox states 
through standardization of mechanical 
and electrical sizes, the use of a new, 
finely -divided, fabricated, aluminum 
anode, and improved processing tech- 
nique, they are able to effect many econ- 
omies and thereby to offer a new stand- 
ard capacitor at substantial savings 
over previous types. 

Meter 
MARION Electrical Instrument Co., 
Manchester, N. H., announces a new 
line of D'Arsonval movement meters 
of 2% accuracy. Sealed against dust, 
the meters have clear reading scales, 

and ample torque to allow use in any 
position, balanced and calibrated for 
such use with no loss of accuracy. The 
pivots are set in sapphire jewels to 
eliminate possible friction in the 
movement. 

One -milliampere meter movements 
regularly supplied with 50 -millivolt 
drop within 2%. Meters can also be 
had with any millivolt drop from 50 
upwards. 

"PINCOR" 

/,.B" POWER 

that's dependable 
* Specify "PINCOR" Silver Band 

Dynamotors wherever a depend- 
able source of high voltage current 
is needed for the operation of po- 
lice, air craft, marine and radio 
broadcast units and sound systems. 
Recommended by engineers every- 
where for their high efficiency and 
trouble -free characteristics. A com- 
plete line of frames, sizes and capac- 
ities to meet every requirement. 
Available with or without filter. 
Thanks to their excellent design and 
s t u r d y construction, "PINCOR" 
dynamotors will give years of smooth 
and quiet service. 

SEND FOR NEW CATALOGUE 
Mail coupon for new "PINCOR" dyna- 
motor catalogue and data on latest 
"PS", "CS", and "TS" dynamotor. 

PIONEER GEN -E -MOTOR CORPORATION 
466 W. SUPERIOR Sf., CHICAGO, ILL. 

Export Address: 25 Warren St., N. Y., N. Y. 

Cable: Simoutnce 

ee BAND 
S\.NÁMOTO S 
O'4 

Send 
for 

FREE 
Copy 

PIONEER GEN -E -MOTOR CORPORATION 
Dept. R -4E, 466 W. Superior Street, C'ticago, Illinois 
Please send me "Pincer" Silver Band Dynamotor Cata- 
logue. 

Name 

Address 

City State 
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OXFORD 
* Permag-Dynamic * Electro -Dynamic * Magnetic 

SPEAKERS 
Custom -Built To 
Specifications 

from 3" to 14" 
Custom-built speakers carefully 
and accurately made to manu- 
facturers' specifications. 

IN STOCK READY TO SHIP 
A complete stock of Replace- 
ment and Public Address Speak- 
ers carried in stock for your 
convenience Standard numbers 
can be shipped directly upon 
receipt of order. 

Write Dept. "E" for com- 
plete information. 

7 HERE is an Oxford Speaker to suit 
especially well, whether for original 

placement. There is the remarkable 3" Permag which made 
so sensational a hi+ and solved many sound application prob- 
lems-as well as other popular models up to the 14" Permag 
or Electro -Dynamic units-all built right and priced right! 
It is a matter of record that Oxford Speakers are widely 
used in radio sets and public address systems by prominent 
manufacturers, sound engineers and servicemen. Try them! 

VISIT OUR BOOTH AT 210 FARADAY AVENUE, NATIONAL 
RADIO PARTS TRADE SHOW, CHICAGO, JUNE 8-11. 

OXFORD NEW YORK OFFICE 27 PARK PLACE, NEW YORK CITY 

OH FORD-TRRTA H N 
re RADIO CORPORATION /7 

915 
OT 

915 W. VAN BUREN ST. CHICAGO, U. S. A. I 

your requirement 
installation or re - 

O 
C 

UNIVERSAL PORTABLE RECORDING MACHINE 
New, improved design. Scientifically correct. 
Superlative performance. Solid, dependable. 
Records in either direction at 33-1/3 or 78 
RPM. 90, 110 or 130 lines per inch, 110 v., AC, 
100 percent synchronous motor. Solid 16 in. 
turntable. Constant speed rim belt drive. Rein- 
forced leatherette carrying case. Also other 
models of wax and instantaneous re- 
corders . . . professional, school and 
college and aluminum recorders, 
blank discs, needles, stylii and other 
accessories. 

Recording Division 
UNIVERSAL MICROPHONE CO., LTD. 
424 Warren Lane Inglewood, Cal. 

U. S. A. 

WAXES COMPOUNDS VARNISHES 
for ELECTRICAL INSULATION 
Zophar offers prompt service on Insulating Compounds for 
a wide variety of electrical applications, including: 

. insulation for CONDENSERS, TRANSFORMERS, COILS, power 
packs, pot heads, sockets, wiring devices, wet and dry batteries, etc. 
Also WAX SATURATORS for braided wire and tape. WAXES for 
radio parts. 
Special compounds made to your order. 

ZOPHAR MILLS INC. 
130 -26th St. Brooklyn, N. Y. I 

FOUNDED 1846 

High Q Coils 
A SERIES of five new standard high Q 
coils in compact form have recently 
been announced by Ferranti Electric, 
Inc., Rockefeller Plaza, New York. 
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5,000 10000 

These coils can be made to specification 
to cover the frequency range of from 
50 to 10,000 cycles. 

New Tubes 
THREE NEW transmitting tubes have 
been announced by the Amperex Elec- 
tronic Products, Inc., 79 Washington 
St., Brooklyn, N. Y. These are the 
type 270A, 251A and 279A, all of 
which have been approved by the FCC. 

Generating Equipment 
A NEW PORTABLE 500 watt plant gen- 
erating standard 60 -cycle, 110 volt a -c 
current has recently been announced 
by the Kato Engineering Co., Man- 
kato, Minn. 

Glass Insulating Tapes 
NEW ELECTRICAL insulating tapes, 
woven entirely from glass yarns, have 
recently been developed by the Corning 
Glass Works, Corning, N. Y. These 

tapes, with the appearance and flexi- 
bility of ordinary textiles, are intended 
for the insulation of coils for motors, 
generators, transformers, and for 
cables and other electrical conductors. 

Enameled Resistors 
A COMPLETE line of resistors having a 
power dissipation of from 5 to 200 
watts and available as fixed, tapped, or 
adjustable types is announced by Lec- 
trohm, Inc., 5133 West 25th Place, 
Cicero, Ill. 
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Audio Transformers 
A NEW SERIES of midget audio fre- 
quency transformers known as the 
Ouncer series, having high fidelity char- 
acteristics, and available in a wide 
range of impedances for various classes 
of service, has been brought out by the 
United Transformer Corp., 72 Spring 
St., New York. 

Frequency Oscillator 
THE MODEL 133 beat frequency oscilla- 
tor recently announced by the Clough- 
Brengle, Chicago, provides an output of 
6 watts into a 500 ohm load. Two tun- 
ing dials are provided covering the 
frequency of from 15 to 15,000 cycles 
and 15 to 420 cycles. An output meter 
is provided having 4 voltage and 4 
decibel scales. 

Speakers 
Two NEW 3f -in. speakers are announced 
by the Utah Radio Products Co., Chi- 
cago. One of these is an electro -dy- 

namic speaker having a useful fre- 
quency range of 200 to 8000 cycles with 
a power output of 5 watts. A similar 
speaker uses a permanent magnet re- 
sulting in a saving of from 3 to 6 watts. 

Luminous Lamps 
PRODUCTION of a new series of illu- 
minating lamps in which ionized mer- 
cury vapor is employed to excite fluor 
escent phosphors deposited on the inside 
surface of the tubes is announced by 
the Lamp Division, Westinghouse El. & 
Mfg. Co., Bloomfield, N. J. Tubular 
lamps from 18 to 36 in. in length in a 
variety of colors are available. The 
efficiency is considerably greater than 
that of ordinary gas discharge or in- 
candescent lamps. 

Spot Welder 
A DEVICE DESIGNED for soldering seam 
joints or spot welding and which oper- 
ates from a 110 -volt power line is the 
Thermo -Grip recently introduced by 
the Ideal Commutator Dresser Co., 1631 
Park Ave., Sycamore, Ill. 

RESINOX 
ScpC DEVELOPMENTS * * 
4 
LY 
1=1 

* 

ELECTRICAL PARTS , , , This Permanent 

Wave Machine, manufactured by the Halliwell 
Division of American Machine and Metals, Inc., New 
York, N. Y., contains a number of parts molded 
of Resinox. 

The Resinox organization will assist you in solving 
electrical production problems involving the use of 
molded plastics. 

*Send for the new Resinox Catalogs. They will give you many un- 
usual ideas on adding eye appeal and in lowering costs. 

RESINOX CORPORATION 230 PARK AVE., NEW YORK 

Frequency Measuring Service reoRLDvio 

Many stations find this exact measuring serv- 
ice of great value for routine observation of 
transmitter performance and for accurately 
calibrating their own monitors. 

MEASUREMENTS WHEN YOU NEED THEM MOST 
at any hour every day in the year 

R.C.A. COMMUNICATIONS, Inc. 
Commercial Dept. 

A RADIO CORPORATION OF AMERICA SERVICE 

66 BROAD STREET NEW YORK, N. Y. 

TYPE 
NO. 

1357 

you can depend upon their 

OPERATING RELIABILITY 
Leach small size circuit control relay, 

type No. 1357 is a compact, rugged and 
reliable control relay ideal for your con- 
trol circuit. These relays have solid 
cores, positive contact and low current 
consumption-built so that you can de- 
pend upon them! 

LEACH RELAY COMPANY 
5915 Avalon Boulevard. LOS ANGELES, CALIF. 

15 E. 26th St., New York City 

LEACH RELAY COMPANY, 5915 Avalon Boulevard, Los Angeles, Calif. 
Please send your catalog. I am interested in type relay. 
Name 
Company 
Address ... City 
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RADIO FELT 
Eliminates Vibration 

J Corrects Resonance 

Distortion 

J Improves Tone Qualities 

Very Low Cost 

J Easily Applied 

"Nelco silencing felts are a combination 

of special fibres woven into indented 

flexible sheets, which are quickly applied 

to all types of surfaces. 

"Nalco felts are especially adaptable 

to all types of housing made of mate- 

rials which tend to vibrate and produce 

drumming, and have been used most 

successfully with plastic radio cabinets. 

It is also applicable to metal surfaces 

and is widely used in the air condition- 
ing, refrigerator and automotive indus- 

tries." 

Write Our Industrial Department 

For Samples and Full Information 

THE B. F. NELSON MFG. CO. 

Minneapol:s, Minn. 
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The 0A4 -G 
(Continued ftottl page 16) 

quired to complete ionization and 
form a self -maintaining discharge in 
a cold -cathode type of tube. This 
may be made more clearly shown by 
an explanation of the operation of the 
tube as used with a 60 -cycle supply, 
when a radio -frequency signal, fed 
onto the supply line, is used to ac- 
tuate the tube. 

Fig. 9-Self rectifying type of sig- 
nals for remote control 

A typical circuit for this type of 
operation is shown in Fig. 6. R, 
and R2 are potential dividers, the ra- 
tio of the resistors being so selected 
that for the maximum value of the 
line potential, the starter potential 
will never exceed the value required 
for breakdown. The magnitude of 
the resistors is so selected that, when 
the tube does break down, the current 
which flows in the starter circuit will 
be ample to complete the transfer of 
the discharge to the anode, but will 
not be enough to injure the tube. 
L and C is a high -Q circuit which is 
tuned to resonance for the frequency 
of the actuating r -f signal fed onto 
the line. 

The r -f signal may be generated 
from an oscillator which is self -rec- 
tifying, receiving its plate voltage di- 
rectly from the line, in which case it 
will have a wave shape somewhat as 
shown in Fig. 9. Since for such an 
oscillator each r -f group is of approx- 
imately one-half cycle duration, it is 
necessary that the phasing of the re- 
ceiver voltage be such that the anode 
of the 0A4 -G is positive during the 
period that the signal is being trans- 
mitted. Due to the resonance tuning 
of L and C, the voltage that will ap- 
pear across the inductance L will be 
of the same general shape as Fig. 9, 

but amplified by approximately the 
Q of the inductance. The total po- 
tential on the starter is then the sum 
of the instantaneous values of the 
60 -cycle potential (E52) and the in- 
stantaneous values of the r -f poten- 
tial (E2). This is shown in Fig. 10 

for one cycle of the supply potential, 

i 

TWO FAVORITES 

in Crystal Pickups 
In Models B-10 and 0-7, Astatic Engi- 
neers provide the field of sound re- 
production with crystal pickups of the 
highest type designed for professional 
use and radio phonograph combination 
installations, respectively. Both include 
Offset Head and other improved fea- 
tures. Full year guarantee. 

B-10 List Price $17.50 
0.7 List Price 10.00 

MICROPHONE LABORATORY, INC. 
Dept. A -I, Youngstown, Ohio 

Licensed Under Brush Development Co. Patents 

JAGABI 
RHEOSTATS 

are quality devices for fine adjust- 
ment and control of electric cur- 
rent. We regularly carry in stock 
76 standardized ratings, and a 

variety of special types is avail- 
able. 

Write for descriptive Bulletin 
1515-E, which includes interesting 
technical data on how to select 
fine adjustment rheostats. 

JAMES G BIDDLE CO. 
ELECTRICAL jieINSTRUMENTS 

1211-13 ARCH STREET PHILADELPHIA. PA. 
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Backtalk 
Pick-up Angle Again 

Having just acquired an RCA tran- 
scription pick-up the problem arose of 
positioning it right with respect to 
turntable. With the idea of making the 
needle track as nearly as possible with 
its axis of rotation tangent to the 

71 

Track of needle 

Radius base 
supporting arm 
with needle at G 

Center base position 

groove my suggestion is that a 
can be found as follows: 

First pick a convenient diameter AB 
of turntable then draw a parallel CD 

to this diameter tangent to innermost 
groove of recording to be used. EF 
perpendicular to AB at point of tan- 
gent G. Put needle at G with base of 
recording arm centered on CD. 

There is then no angle between arm 
and groove at this point. (Any other 
position of head on radius of pick-up 
arm with needle at center pin gives 
same angle at outer edge of disc, and 
a plus or minus angle at inner groove.) 

Backing off needle from center pin 

The 0A4 -G 

the r -f being considerably spread out 
and distorted for explanation pur- 
poses. 

When the starter potential reaches 
the value indicated by "a" in this fig- 

ure, and if it could be maintained at 
this value or above, a self -maintain- 
ing discharge would initiate and 
breakdown would be completed. How- 
e'ver, the time interval from "a" to 

"b" is less than the so-called ioniza- 
tion time for the tube. During the 

ELECTRONICS - May 1938 

C 

with base on the line CD for needle 
to hit G instead of center pin also 

somewhat reduces outside groove angle 
from angle it would otherwise take. 

Angle will gradually increase to out- 
side edge maximum. Correct tracking 
would appear to be more important at 

A 

B 

Supporting 
base 

Radius base 
supporting 
arm with 
needle at 
center pin 

Zero error at G 
G.-maximum error 
about 16° 

position inner grooves where sound track i 

more compressed linearly. 
May I venture to suggest, too, that 

the pinch effect described in Mr. 01- 

ney's interesting article on page 23 of 
November Electronics may be perhaps 
minimized in acetate disc reproduction 
where the round -pointed needle does not 
bottom in the groove but rides on th( 
sides of the V-shape trough. It can 
thus perhaps rise and fall somewhat to 

meet the condition of varying width of 
the track. 

RICHARD GROZIER, 
168 Brattle Street 
Cambridge, Mass, 

interval from "b" to "c", some deion- 
ization occurs, since the starter po - 

Fig. 10-Superimposition of control 
signals on power line frequency 

tential is below the breakdown value. 
Only a fraction of the ions formed 

AC CURRENT 
ANYWHERE! 

350 to 10,000 watts AC or DC. Models 
generating standard 110 -volt, 60 -cycle 
AC. These permit operating standard 
AC equipment such as portable trans- 
mitters, receivers, moving picture pro- 
jectors, flood lights, AC motors, etc. 

Special models for generating 25 and 
50 cycles at special voltages built to 
specification. 

Manufacturers of a complete line of ro- 

tary converters for changing DC to AC, 
portable AC generators, frequency 
changers, Diesel driven plants, 2, 3, 5, 

6 and 8 KW. 

KATO ENGINEERING COMPANY 
MANKATO, MINN., U. S. A. 

Export Dept: 70 Pine St.. New York City. U. S. A. 
Cable: I ntcrkato 

SERVICE ON SPECIAL 
FUSES AND MOUNTINGS 
Littlefuses are outstanding in sensitivity, in 
strength and improved design. Littlefuse 
mountings excel in simplicity and efficiency. 
We may have ready EXACTLY what you have 
wanted. If not, we are equipped to quickly 
adapt a number to comply with your require- 
ments. This plan often effects substantial cash 
savings. 
Should your problem call for a fuse that is 
new, special, different, our staff will under- 
take to produce it. As they work efficiently, 
these special lobs reldom entail much extra 
cost; often none. Send us details, complete 
as possible, as to circuits, requirements, 
quantity desired, etc., and we shall promptly 
furnish specifications with quotation. Without 
obligation, of coure. Write 

LITTELFUSE LABORATORIES 
4248 Lincoln Avenue Chicago, III. 

In England: QUADRANT (AItßUN & METAL 
I'ItODU('TS, LTD., STAXmoiel:, MIDDLESEX 
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CAL CITE 

STRIPED FULL FACE 

CONTACTS OF DEPENDABILITY 
REDUCE YOUR COSTS by using laminated contacts of Silver, Platinum 

and other precious metals firmly bonded to Copper, Brass, Bronze, 
Monel Metal, etc. Your costs are kept at a minimum because only the neces- 
sary amount of precious metal is used. And yet the firm bond assures you 
of greater strength and higher thermal conductivity. 
Buttons of all sizes and styles and strips either inlaid or full faced are made 
to your exact specifications. Let our skilled staff of engineers assist you in 
your problé'ms. Write for additional information. 

CALLITE PRODUCTS DIVISION 
L!3LLR LLI-(: !PIC CORPORA I ION 

544- 39th STREET UNION CITY, N. J. 

UEO CONTROL 
CO RIC 

UaFAIYSTIEyI 

L1E0 CON TROL CO NC 5 like STNEWOAK 

ENCLOSED RELAYS 
That Operate in Any Position 
Available in Power, Vacuum Tube 
and Radio Frequency Types. 
Especially adaptable for mobile, 
marine, aircraft and po- - - 
lice installations. AC and 
DC. 

ALLIED CONTROL CO., INC. 

95 Liberty St. New York, N. Y. 

FOR SHORT WAVE & ULTRA HIGH FREQUENCY WORK ! 

SPECIFY BIRNBACH 

IMPROVED STANDOFF 
CONE INSULATORS 

In a complete range of heights 
for condensers, coils, etc. White 
glaze. 

No. 
430 
431 
431J 
432 
432J 
433 
433J 
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Heights 

"s" 
11/2- 

11/2" 

23/+" 
2%" 

List 
10e 

15e 

20e 
20e 
25c 
25c 
50e 

NEW 
50 WATT 

AND 
10 WATT . 
SOCKETS 'eràsaas 

espee1211, for . H.F 
X 

List 4 50 watt socket. 

No. 435_io 
.......ea.4.15 

List watt ,socket. 
ea. $.85 

Free Catalogue Your 
is wailing. 

Lists over 
item s. Insutors. a. laces, resgs. wire. cable and Address Dept. 5E 

during the interval "ab" are lost dur- 
ing the interval "be" since there is 
not sufficient time for complete deion- 
ization. During the interval "cd" 
ionization again tends to build up, 
and the cycle just described repeats 
itself time and again. If at time "e" 
the resulting ionization (integrated 
effect of ionization and deionization 
over the interval "ae") is sufficient, 
a discharge will initiate to the anode, 
and current will flow until the 60 - 
cycle supply potential falls below the 
tube drop of potential. During the 
next cycle, when the anode again be- 
comes positive, this initiation proc- 
ess must again be completed if the 
tube is to start. 

The interval "ae" is considerably 
longer than the normal ionization 
time for the tube due to the periods 
of deionization which occur. Be- 
cause of this time requirement, the 
maximum peak starter potential ex- 
ceeds the static value of breakdown 
potential by an amount Av. For r -f 
signals of around 200 kc. per second, 
this value of overvoltage Av may be 
of the order of twenty volts. 

Although the foregoing description 
was based on control by means of an 
r -f actuating signal, the use of the 
0A4 -G is not limited to this applica- 
tion. It may be used in any other 
circuit where the tube characteristics 
are satisfactory and the ratings are 
not exceeded. 

British Patents 
RADIO CIRCUITS 

Wide band amplifier. A push-pull re- 
sistance -capacity coupled amplifier in 
which high frequency loss is avoided 
by the provision of neutralizing con- 
densers. British Thomson -Houston Co., 
Ltd. No. 465,053. 

Tuning system. To make easy accu- 
rate tuning the selectivity and/or AVC 
time constant is temporarily increased. 
E. K. Cole. No. 465,176. 

Detector. The received modulated os- 
cillations are supplied to two detectors 
having different time constants, and the 
outputs are so combined that in the 
case of simultaneous reception of two 
signals of different intensity the modu- 
lation of one of the signals is sup- 
pressed. Philips. No. 465,333. 

Automatic tuning. A receiver is 
automatically brought into exact tune 
with a desired signal by a control po- 
tential derived by rectification from one 
of the receiving stages, and applied to 
vary the grid bias of a variable -mu tube 
associated with the circuit. J. Robin- 
son. No. 465,515. 
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Now- 
a hieb-powered- 

RADIO 
ENGINEERING 

LIBRARY 

New 
The Library now 
comprises a re- 
vised selection of 
books culled from 
latest McGraw- 
Hill publications 
in the radio field. 

- especially selected by radio specialists of 
McGraw-Hill publications - to give most complete, dependable cov- 

erage of facts needed by all whose fields 

are grounded on radio fundamentals - available at a special price and terms 

These books cover circuit phenomena, tube 
theory, networks, measurements, and other 
subjects-give specialized treatment of all 
fields of practical design and application. 
They are books of recognized position in the 
literature-books you will 
referred to often. If you areer 

to 
a researcher 

or experimenter-if your interest in radio is 
deep-set and based on a real desire to go 
further in this field-you want these books 
for the help they give in hundreds of prob- 
lems throughout the whole field of radio 
engineering. 

5 volumes 3064 pages, 2000 illustrations 

1. GLASGOW'S PRINCIPLES OF 
RADIO ENGINEERING 

2. Ter ma n' s MEASUREMENTS IN 
RADIO ENGINEERING 

3. Chaffee's THEORY OF THERMIONIC 
VACUUM TUBES 

4. Hund's PHENOMENA IN HIGH - 
FREQUENCY MEASUREMENTS 

5. Henney's RADIO ENGINEERING 
HANDBOOK 

Special Low Price and Easy Terms 

Bought singly, the five volumes comprising 
this library would cost you $26.00. Under 
this offer you save $2.50 and, In addition, 
have 

t 
the p of rivilege 

$S 50, ín 10e 
install- mentsdays after 

receipt of the books, and $3.00 monthly there- 
after. Already these books are recognized as 
standard works that you are bound to require 
sooner or later. Take advantage of these con- 
venient terms to add them to your library now. 

SEND THIS ON -APPROVAL COUI'ON 

McGraw-Hill Book Co., Inc. 
330 W. 42nd St., New York, N. Y. 

Send me Radio Engineering Library 5 vols., for 
10 clays' examination on approval. In 10 days I 

will send $2.50, plus few cents postage, and 

$3.00 monthly till $23.50 is paid, or return hooks 
postpaid. (We pay postage on orders accom- 
panied by remittance of first installment.) 

Name 

Address 

City and State 

Position 

Company 

(Books sent on approval in U. S. and Canada only.) 
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Automatic tuning. To compensate for 
tuning errors due to mistuning or 
changes in oscillator frequency, a su- 
perheterodyne receiver has two fre- 
quency changing stages; automatic fre- 
quency correction is applied to second 
modulator stage. Hazeltine Corp. No. 
467,717. 

Tuning aid. Exact tuning of a super- 
heterodyne is facilitated by means of 
two rectifiers coupled to the intermedi- 
ate -frequency stage, one by a highly se- 
lective coupling and the other by a 
circuit of lower selectivity, the latter 
rectifier preventing operation of the 
former until the receiver is a predeter- 
mined but small amount off tune. 
Philips. No. 467,771. 

Four -grid tube. The effective input 
capacity of a tube is eliminated or re- 
duced by the provision of an additional 
electrode, the potential of which is ar- 
ranged to vary in phase with, and to 
the same extent as, the control grid 
potential. Marconi Co. No. 467,915. 

Tuning system. A permeability tuned 
high frequency system comprising two 
resonant circuits gang tuned and inter - 
coupled by an electromagnetic coupling 
varied with tuning so that the coupling 
is tightened as the frequency is reduced. 
Johnson Laboratories. No. 468,675. 

Automatic tuning. Two highly selec- 
tive circuits respectively_tuned to fre- 
quencies above and below the intermedi- 
ate frequency, and two broadly tuned 

FIG.I. 

FIG. 2. f- 
f2 

fa f 

DETECTDa 

3 

circuits having substantial response at 
frequencies 4 to 5 kc. on each side of 
the I.,F., the outputs of the four cir- 
cuits being combined and rectified to 
vary the tuning of the I -F amplifier. 
J. Robinson. No. 469,077. 

Signal screen. A screen composed of 
a conductive signal plate covered with 

Compressed Gas 
Condenser TYPE 174 4 

This model 
is 500 mmf. 
Height 28" 

INVESTIGATE these UNIQUE compressed gas 
condenser ADVANTAGES 

FOUR CAPACITIES: 250, 500.1000 and 1500 mmf. 
TWO RATINGS 40,000 and 32,000 rms work- 

ing volts 
CONTROL External;, continuously vari- 

able. 
LOSSES Lower than equivalent air 

condensers. 
ALSO Lower d stributed inductance, 

complete shielding. 

o HEINTZ ano áD0 KAUFMAN( 
SOUTH \L O/ CALIFORNIA 

SAN FRANCISCO v U. S. A. 

o 

HOOK - UP 
WIRES 

CORNISH WIRE CO. 
INCORPORATED 

30 CHURCH ST., NEW YORK CITY 
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ALLIED 
"CLEEN CUT" BLANKS 

Assure Results You Want 

Cable Address: Allrecord 

cut easier. 
have less surface noise. 
wear longer. 
are perfectly flat. 
styli last longer. 

. thread is not statically charged. 
assure better results. 
make recording work a pleasure. 

. cost no more. 

ALLIED RECORDING 
PRODUCTS COMPANY 

126 W. 46th St. 
New York City 

Phone: Bryant 9-1435 

USE STANCO RELAYS 
FOR YOUR REQUIREMENTS 

Type "T" relay is a sensitive D. C. relay 
with easy marginal adjustments. Adapted to 
many uses where ordinary telephone type is 
impractical. Useful in D. C. control circuits, 
in the plate circuit of electronic tubes, and in 
many other types of service. 

MANUFACTURERS: Lowest quotations on your relay requirements. 
JOBBERS: Attractive jobber set-up on STANCO relays. 
Write for Data Sheet M14 for technical data on STANCO relays. 

STANDARD ELECTRICAL PRODUCTS CO. 
317 SIBLEY STREET 

76 

ST. PAUL, MINNESOTA 

BLILEY 
CRYSTALS, HOLDERS 

Precision manufacturing facilities 
and correctly designed holders 
assure dependable frequency con- 
trol for any frequency from 20 
Kc. to 30 Mc. For technical recom- 
mendations on standard or special 
applications, a statement of your 
requirements will receive imme- 
diate attention. 

BLILEY ELECTRIC CO. 
UNION STATION BLDG. ERIE, PA. 

a photo -conductive material which is 
coated with a substance which is a 
better secondary -electron emitter than 
the material itself. The photo -conduc- 
tive material may be a sulphide or oxide 
of lead, thallium, mercury, cadmium, 
etc., or a crystalline form of selenium, 
sulphur, phosphorous, or iodine, while 
the coating material may be a borate 
of an alkali metal such as lithium, ap- 
plied by spraying on the screen a 3 
per cent aqueous solution, or metallic 
cessium, distilled on the screen. H. 
Miller. No. 465,060. 

Scanning system. A film, scanned by 
a perforated disc, undergoes a mechan- 
ical or optical movement during scan- 
ning to produce the displacement be- 
tween sets of scanning necessary for 
interlacing. D. S. Loewe. No. 465,184. 

U. S. PATENTS 
Tube Applications 

Welding control. A multi -tube ar- 
rangement for automatically controlling 
welding current. C. J. Kopp, A. O. 
Smith Corp. No. 2,104,200. 

Motor control. The use of vacuum 
tubes for controlling the speed of a -c 
motors. W. R. Perry, to Reeves Pulley 
Co. No. 2,102,911. 

Timing apparatus. An electric time 
indicator for use with sounding equip- 
ment comprising a condenser charged 
through a neon tube and a triode am- 
plifier. L. A. M. J. Laboureur, Paris, 
France. No. 2,101,076. 

Sorting mechanism. Apparatus for 
automatic separation into classes of 
coal and similar materials according 
to their electrical resistance. K. C. 
Appleyard, Birtley, England. No. 2,- 
101,381 and 2,086,060. 

Sealing -off apparatus. Method in- 
volving a light-sensitive cell, etc., for 
automatically sealing off a vessel con- 
taining a gas under pressure greater 
than atmospheric. M. de Neumann, 
G.E.Co. No. 2,101,673. 

Velocity measuring. Means of meas- 
uring time intervals involving charging 

IC 
Jl 41 

a condenser and measuring the charge 
by means of a ballistic galvanometer. 
W. v B. Roberts, RCA. No. 2,102,166. 

Impulse rate meter. A condenser 
charge system. Benjamin Miller, Power 
Patents Co., Jersey City, N. J. No. 
2,102,371. 

Flaw detection. Apparatus for use 
in magnetic analysis. Theodor Zusch- 
lag, Magnetic Analysis Corp. No. 
2,102,452. 
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The INSTITUTE of RADIO ENGINEERS 

Atete 9ssue 4 ELECTRONICS! 

Well over 1,200 men whose business is the electronic arts will 

attend the 26th annual convention of the Institute of Radio Engi- 

neers at the Hotel Pennsylvania, New York, June 16, 17 and 18. 

As is their custom, a great majority of them will visit the 
ELECTRONICS booth to gossip with the editors whom they know, 

and TO GET A COPY OF THE SPECIAL CONVENTION 

ISSUE OF ELECTRONICS. 

It has become tradition that this annual I. R. E. issue is a super - 

issue, editorially and in its advertising pages. It is carefully read 

for its excellent editorial content. Its advertising pages are studied 

thoroughly to find out what is new - to read the advertisements 

of the who's who in this industry. It is discussed in groups when 

interest is high, and taken home as a volume of reference. 

More than 13,000 other paid subscribers are waiting for this super - 

issue in every important company in the United States and in 

more than 50 foreign countries throughout the world. 

You cannot afford to miss such plus value for transmission of 

your sales message. 

ABC ELECTRONICS ABP 
A McGraw-Hill Publication 

330 West 42nd Street, New York, N. Y. 

Prepare Now to Hire the June Issue of ELECTRONICS as 

a Low -Cost, High -Return Addition to Your Sales Organization 
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Performance 
determines sales acceptance 
of your auto -radio design. 
CONTINENTAL CARBON 
ignition suppressors assure 
reception free from ignition 
noise! Guard your auto- 
radio designs with these de- 
pendable suppressors! 

SI9 

S27 

S21 

CII 

- - _ T13 

S20A 

Efficient 5 0 0 0 - 
ohm suppressors 
for the plugs - 
10,000 ohms for 
the distributors 
assure quiet 
with practically 
no effect on en- 
gine perform- 
ance. T20 and 
S19 are new 
types for dis- 
tributors a n d 
plugs and can 
be installed 
without tools in 
a few seconds. 
Samples avail- 
able to recog- 
nized manufac- 
turers. List 
price, 30c ea. 
Booth 115, NRTS 

T 17 
in Chicago, June 
8-11. 

L CONTINENTAL CARBOX/na] 
13906 Lorain Ave., Cleveland, Ohio 

In Canada, Toronto, Ontario 

1-Heater loads 1200 watts up to 600 volts A.C. 
Also inductive loads, solenoids, and relays. 

2-Operates on .0002" to .0003" movement and 12/a 
to 2 ounces pressure differential. 

3-Can be used in any position-vibration resistant. 
4--60 or more snaps per minute. 
5-Underwriters Laboratories listing. 

MICRO SWITCH 
23 EAST SPRING STREET 

As business paper pub- 
lishers for over fifty 
years, McGraw-Hill is uniquely equipped to 
offer complete, authoritative direct mail cov- 
erage of Industry's major markets. Extreme 
accuracy is maintained (guaranteed to 98%) 
and through careful analysis of markets, 
complete classification of companies and per- 
sonnel, etc., the widest possible selections 
are available. Send for handy reference 
folder, "Hundreds of Thousands of Reasons 
Why" which describes how McGraw-Hill Lists 
are built and maintained. 

A and B Battery 
Eliminator 

1. A and B battery substitute for 
radio receiver or laboratory use. 

2. A supply has two stage filter and 
potentiometer control with volt- 
meter. Range 0 to 5 volts max. 
rating 2 volts, I amp. 

3. B supply amply filtered with five 
voltage taps; 45, 67, 90. 135 and 
180 at 50 ma. 

4. Operates from 100-125 volt, 60 
cycle power source and provides 
hum -free reception, even with re- 
ceivers employing three audio 
stages. 

MANUFACTURERS PRICE $15.80 

Electro Products Laboratories 
166 East Erie Street 

Chicago, III. 

What Fields Do You Want to Reach? 

Aviation 
Bus 6 Electric Railways 

Civil Engineering and Construction 
Administrative Executives 

78 

MICRO SWITCH 
Solves Your Out -of -Ordinary 
Electric Contact Problems- 
The Type Z Switch is a supersensitive snap action 
Micro Switch operating on an initial pressure of 
81/2 ounces. Gives a clean, fast break even on 

extremely slow operation. Easily applied to re- 
lays, thermostats, or manual keys and push but- 
tons to control 1/2 h.p. up to 460 volts A.C. 

Write for specifications and recommendations. 

Hundreds of thousands in successful use. 

CORPORATION 
FREEPORT, ILL., U. S. A. 

Electrical Dealers & Wholesalers 
Mill Supply Housgs 

Power Services 
Product Engineering & Design 
Production and Maintenance 
Radio Dealers & Wholesalers 
Radio Engineering & Design 

For further details, selections from 
above basic classifications, counts, 
prices, etc., or estimates on special lists 

. - ask any representative or write to 

ICT MAIL DIVISION.... 
= McGRAW-HILL PUBLISHING CO. 

330 W. 42nd STRUT NEW YORK, N. Y. 

Complete Lists Covering Industry's Major Markets 

Watch testing. Apparatus for ob- 
serving the instantaneous relation be- 
tween the rate of operation of a de- 
vice and the rate of reoccurrence of a 
given effect. C. J. Young, RCA. No. 
2,092,039. 

Voting system. Method by which a 
radio broadcast listener can push a 
button, thereby increasing the load on 
the power circuit, said load to be 
totalized at the broadcasting station. 
N. M. Hopkins, New York. No. 
2,092,120. 

Level control. Light sensitive means 
of controlling the level of liquid in a 
container. H. E. Brelsford, Diamond 
Power Specialty Corp. No. 2,091,303. 

Crime detection apparatus. Use of 
infra red light for exposing motion 
picture camera so arranged that when 
infra red rays impinging on a light 
sensitive device are interrupted, the 
motion picture camera goes into opera- 
tion. O. N. Melton, Gaffney, S. C. 
No. 2,086,087. 

Coal separation. Apparatus for sort- 
ing coal of various sizes. No. 2,086,060 
to K. C. Appleyard, England. 

Liquor aging. An improved method 
for accelerating the artificial aging of 
raw fermented and distilled alcoholic 

beverages by means of supersonic 
waves. No. 2,086,891 to J. A. Bach- 
mann, Alameda, Calif. 

Wire manufacture. Tube controlled 
apparatus for manufacturing coated in- 
sulated wire. Takeo Akahira, Tokyo, 
Japan. No. 2,103,134. 

Egg tester. This patent, No. 2,102,- 
546, to F. L. Rivenburgh, Springfield, 
Ohio, has 38 claims, Claim 1 of which 
reàds as follows: "The method of 
testing eggs for life activity, which 
comprises arousing the egg, exciting 
the egg by imposing an electromotive 
potential thereon, and determining the 
response upon excitation." 

Diathermy apparatus. Two vacuum 
tube oscillators, etc., in an electric 
therepeutic machine. F. D. Webster, 
Federal Telegraph Co. No. 2,105,568. 

Photometer. Use of a photoelectric 
cell with a relaxation oscillator as a 
means of measuring light quantities. 

No. 2,100,755. F. H. Shepard, Jr., 
RCA. See No. 2,100,756 to Shepard. 
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Flow meter. Apparatus for measuring 
the flow of fluid through a conduit 
comprising two variable condensers, 
and means for placing them in opera - 
Live engagement responsive to varia- 

tions in pressures at spaced points in 
the circuit. Isaac Bencowitz, Texas 
Gulf Sulphur Co. No. 2,103,741. 

Switching system. A two-way system 
using two -element tubes in which vary- 
ing pressure turns on or off the heat- 

ing current to the cathode of the tube. 
C. N. Hardin, Sulphur, Okla. No. 
2,090,531. 

Control circuit. A condenser dis- 
charge system. D. E. Noble, Storrs, 
Conn. No. 2,090,224. 

Temperature controller. A light 
sensitive balancing system. C. H. Wil- 
son, Foxboro Co. Reissue No. 20,476. 

Batch control. Light sensitive means 
for controlling a batch processing ma- 

chine. C. R. Dumble, 
Co. No. 2,086,157. 

Elevator control. 
R. J. Stevens, The 
London. 

California Process 

No. 2,096,473 to 
Express Lift Co., 

Pressure measurement.. A device for 
transforming pressure variations into 
electric variations comprising a mag- 
netic core, a high frequency circuit so 
that the core undergoes high frequency 
changes of dimension through a mag- 
netostriction action. Alexis Guerbilsky, 
Paris, France. No. 2,096,106. 

Temperature measuring system. No. 
2,096,323 to W. H. Gille, Minneapolis - 
Honeywell Regulator Co. See also No. 
2,095,877 to R. D. Junkins, Bailey Meter 
Co. on apparatus for determining the 
temperature of rolls. 

ELECTRONICS - May 1938 

SEARCHLIGHT SECTION 
(Classified Advertising) 

EMPLOYMENT 
US BUSINESS : "OPPORTUNITILi,,e0 : SEDUIPOR RESALE 

UNDISPLAYED -RATES- ì)SSPLAYED 
10 CENTS A WORD. MINIMUM CHARGE $2.00 
Positions Wanted (full or part time salaried em- 

ployment only), % the above rates payable in 
advance. 

Box Numbers-Care of publication New York, Chi- 
cago or San Francisco offices count as 10 words. 

Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 

Individual Spaces with border rules for prominent 
display of advertisements. 

1 inch $6.00 
2 or 3 inches 5.75 per inch 
4 to 7 inches 5.50 per Inch 
An advertising inch is measured vertically on a 

column -3 columns -30 inches to a page. Con- 
tract rates on request. 

New advertisements must be received not later than June 2nd for the June issue 

SELLING 
OPPORTUNITIES 

OFFERED-WANTED 
Selling Agencies-Sales Executives 

Salesmen-Additional Lines 

REPRESENTATIVE AVAILABLE 

LIVE SALES ORGANIZATION in London, 
England with entree to all leading radio 

manufacturers in Great Britain, seeks re- 
munerative agencies. RA -148, Electronics, 
Aldwych House, Aldwych, London W.C. 2. 

HIGIrl GRADE NEW AND USED 

ELECTRON TUBE EQUIPMENT 
!loge Suck of Equipment of 

Ferry Type and Variety 
KAHLE ENGINEERING CORPORATION 
Specialist, in Equipment and Methods for the 
Manufacture of Neon Tubes. Radio Tubes, Incan- 
descent Lamps. Photo Cells, X-ray Tubes. etc. 

941 DeMott St.. North Bergen. N. J. 

eeo,oee000e,o neoeeoellelleellllll llllllel0001nooaolllllll 11.00000e000eo,ee, 

VACUUM THERMOCOUPLES 
Separate Heater and Contact Types. 
Mounted and Unmounted 
Ranges from 1 Milliamp and up 
Write for Bulletin "A" 

American Electrical Sales Co., Inc. 
65-67 E. 8th St.. New York, N. Y. 

FOR SALE 
500 Electrical Instruments for Laboratory & Re- 
search. 50 Machines-Coil Winders, Pyrometers, 
Microvulters, Testers, Transformers. Meters, Oscil- 
lators. Voltage Regulators, Signal Generators, etc. 
Tool Room Machinery 

Send for Complete List 
Segal Liquidation Service 

MASCO, INC. 
2 Orange St., Newark, N. J. 

149 Broadway. New York City 

New "SEARCHLIGHT" Advertisements 
must be received by June _nd to npponr 
in the June issue. 

Address copy to the 
Departmental Advertising Staff 

Electronics 
330 West 42d St., New York City 

QUARTZ 
Quartz or Glass Apparatus - 
Gaseous Discharge Tubes of all 
descriptions. 

Built to your specifications. We 
number among our customers 
America's largest manufacturers 
of Ultra Viole+ Equipment. 

HYDE TECHNICAL LABORATORIES 
1140 Venice Blvd., Los Angeles, Calif. 

ereera 

DEPENDABLE 
New and Used. 

ELECTRONIC TUBE EQUIPMENT 
A complete line of equipment for the manufacture 
of Radie Tubes, Neon Tubes, Incandescent Lamps, 
etc. 
Write tor Bulletin showing savings from 25 to 75`70. 

EISLER ELECTRIC CORP. 
534 39th Street, Union City, N. J. 

RADIO 
TRANSMITTING 

TUBES 
TAYLOR EIMAC 
RCA RAYTHEON 

WE CARRY A COMPLETE STOCK AND 
CAN SUPPLY ALL THE LATEST TYPES 

WRITE FOR OUR 1938 CATALOG 

CP!R1DI 
963 LIBERTY AVE. 30 TWELFTH 
PITTSBURGH, PA. WHEELING. W. 

Established 1919 

ST. 
VA. 

Meters repaired, made more serviceable. 
Conversion to higher sensitivity as high 
as 10 microamperes for Weston type I 
or 24-57. 

Sensitive vacuum thermo-couples 
For Sale used Weston panel meters. 
Rawson microammetere, Brown pyro- 
meters. Reasonable Prices 

Precision Electrical Instrument Co. 
561 Broadway, N. Y. C. 

COMPLEX ELECTRONIC DEVICES 
PLAYING IMPORTANT INDUSTRIAL ROLES 

The Altec Service Corporation, an 
organization composed of scientists, 
engineers and practical technicians. 
offers a dependable nation-wide or- 
ganization for servicing all electronic 
equipment, such as photo -electric cell 

devices, sound transmission apparatus 
and industrial vacuum tube applica- 
tions generally. Altec now services 
5000 theatres and radio stations. Altec 
Service Corporation. 250 West 57th 
Street, New York City. 

SERVICE CORPORATION 

CHAS. EISLER'S 
Equipment 

Has Produced 

MILLIONS 
750 S. 13th St. (Near 

FOREMOST IN THE ELECTRONICS FIELD 
FOR OVER 20 YEARS! 
Charles Eisler's equipment for the production of radio and electronic tubes. in- 
candescent,,niomps, X-ray and cathode ray tubes, photo -electric cells, mercury 
switches, an4 'neon signs has met the severest demands of industry in operating 
at the lowest cost and highest efficiency. If you are in the market for any of 
this or allied equipment including electric spot welders up to 250 KVA, butt. 
and arc welders, get in touch with us. IVrite for our "college and glass working 
laboratory units" catalog if interested in equipment for inatraelion purposes. 

Avon Ave.) EISLER ENGINEERING CO. Newark, N. ,I. 
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COMPLETE A. C. 

ELECTRIC PLANTS 

Compact Lightweight Portable 
A.C. ELECTRIC PLANTS-many Models 
supply both A.C. and D.C. output at any 
voltage. Accurate voltage and frequency 
regulation-Ideal for operating RADIO 
TRANSMITTERS-RECEIVERS-FUR- 
NISHING POWER for TESTING of 
INSTRUMENTS and APPLIANCES 
away from power line-STANDBY for 
EMERGENCIES when power service is 
interrupted. Installed in Trucks-Trailers 
-Passenger Cars for Public Address 
Service, Advertising, Testing, Demon- 
strating. 
All Models operate ECONOMICALLY 
ON GASOLINE. Standard 110 volt A.C. 
and COMBINATION A.C.-D.C. Units in 
all sizes from 350 to 5000 watts capacity 
can be shipped from stock. Special vol- 
tages and capacities shipped promptly. 
Complete details on request. 

D. W. ONAN & SONS 
361 Royalsfon Ave. Minneapolis, Minn. 

FINE WIRE, RIBBON, FOIL 
OF 

" CLOSER -THAN - COMMERCIAL" 

TOLERANCES 

Obtainable in 

Pt, Au, Ag, Ni, Cu, Fe, Al, 
or any special alloys 

* 
BARE WIRES drawn to .0006" diameter 

RIBBON rolled to less than .0001" thick 

FOIL rolled to less than .0005" thick 

GALVANOMETER SUSPENSION 

STRIP 

CLOSE SCIENTIFIC CONTROL OF CHEMICAL 

COMPOSITION AND PHYSICAL CHARACTERIS- 

TICS. High purity; exact size, weight and 
elongation; high tensile strength; accu- 

rate torsional properties, resistance and 
temperature co -efficient of resistance. 

Specialists in Precise Control of 
specifications for difficult alloys for 

FILAMENTS 
GALVANOMETER SUSPENSIONS 

RESISTANCE and FUSE WIRES 

SIGMUND COHN 
44 GOLD ST. ^ NEW YORK 

SINCE 1901 
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h.t GIANL,,Rb 
RELAYS by GUARDIAII 

Remarkable . how little it costs . how 
little space you need for electrical control with 
RELAYS by GUARDIAN! They give you depend- 
able, instantaneous positive action. Model 110 AC. 
(illustrated) measures 2a4 x 113/16 x Co" 
offers big advantages seldom found on small relays. 
Full Floating armature eliminates friction, binding 
and sticking. Will not overheat, hum or chatter. 
Adjustable air gap unaffected by Jar or Vibration. 
Pure Silver contact points. 

Relay can be mounted with one screw 
furnished with bakelite base, wired to terminals or 
bank mounted. Current drain approximately 2 
watts. Supplied for any standard cycle and any 
voltage up to 220v. Can be supplied on specifica- 
tion to operate on 1.5 watts at 110 volts. When 
ordering direct specify current, voltage, amperage, 
contact combination and load through contacts. 

WRITE TODAY for Free Catalog E, relays. 
stepping switches, solenoids, mercury switches. cn- 
trol accessories of all kinds. 

GUARDIANUELECTRIC 
,;;;;SW WALNUT STREET CHICAGO, I-UNZ' S 

e z 
FERRIS MODEL 18B 

MICROVOLTER* 
Extends frequency range covered by 
signal generators to 100 megacycles. 

Ferris transmission line output system 
eliminates lead errors. 

(Patents pending) 
Output up to 100,000 microvolts across 
fixed 14 ohms. 

WRITE for data on this and other 
Ferris signal generators. 

Reg. II. S. Fat. Off. 

FERRIS INSTRUMENT CORPORATION 
BOONTON, NEW JERSEY 
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ADDAX 
announces still another development . . . . 

INDi1CT0-CRYSTALLINE 

AUD 

7'Tlicrodiine 
"INDoUCTO CRYSTALLINE' 

../`i truly remarkable pick-up, with every- 

thing MICRODYNE has, plus this sensa- 

tional new self-contained bass -compensa- 

tion through a new crystalline with none 

of the shortcomings commonly associated 

with crystals! 

SEE and HEAR 
for yourself 

Booth 211 at the R.P.M. Chicago Trade Show 

type MICRODYNE 
IN the startling development here presented, a 

newly identified crystalline element-in no way 

similar to other crystals, and absolutely immune to 

humidity and temperature changes-is so combined 

with a new inductor as to boost the bass frequencies, 

thus compensating for this well-known deficiency in 

the record itself. RESULT: a marvelous facsimile 

realism all the way UP and all the way DOWN! 

NOTE TIII:SIS hlì.V7'I-IIh:S 

Delivers consistently uniform response indefinitely, 
with the sharp, clean-cut definition of the finest 
magnetic pickup 

FLAT from 350 cycles up, and compensatory grad- 
ually rising characteristic from 350 cycles down, 
reaching about 14 db at 46 cycles 

May be had with only a single element (without 
Crystalline) with flat response from 46 cycles up 

Absolutely immune to moisture and temperature 
changes 

High voltage output sufficient for practically any 
amplifier 

Available in any impedance 

Small, beautifully streamlined offset head, 
ADDAX -engineered, easily adaptable to any auto- 
matic changer arm 

Considerably lighter pressure on record than any 
other commercial pick -up --no record wear 

Equipped with instant tip -jack connectors 

Needle impedance is exceptionally low 

Equipped with newly developed Needle Guide 

Immune to stray fields 

New non -resonant arm-precision ball -bearings 

Costs no more than ordinary pickups 

AEDAK COMPANY 
(Franklin Ave.) 

500 Fiilh Avenue New York City 
"Creators of High Grade Electrical and Acoustical Apparatus Since 1915" 
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A CLOSE-UP OF THE NEW RCA 833 
Every station wants high efficiency -plus economy! 
And here's a tube that gives you both! Two of these 
RCA 833's, each rated at 500 watts by F.C.C., may 
be used as final r -f stage in one -kilowatt transmitters. 

Low in cost, the new RCA 833 gives you more 
for your tube dollar! 

PERFORMANCE that means 

more for your tube dollar 

RESERVE POWER with 100 -watt 'Tho- 
riated T Filament and Tantalum Plate. 
HIGH EFFICIENCY at HIGH FRE- 
QUENCY through short leads and ex- 
cellent insulation. LOW DRIVING 
POWER with high mu, high perveance 
construction. Uniformity with accurate 
machine -aligned, rigid structure. 

a 

u 
z 

s,; E. .. . . a.. . :: . 

rF- 

CURVE 
A 
B 
C 

D 
E 
Lb 
F 
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DESCRIPTION 
OSCILLATOR INPUT 
OSCILLATOR EFFICIENCY 
OSCILLATOR OUTPUT =TUBE OUTPUT 

MINUS GRID DRIVING POWER 
POWER AMPLIFIER INPUT 
POWER AMPLIFIER EFFICIENCY 
PLATE VOLTS 
POWER AMPLIFIER OUTPUT=TUBE OUTPUT 

1111 I I 

k 

50 75 CC ,_ ,50 
FREQUENCY- MEGACYCLES 

(picture shows tube in actual size) 

Ask your distributor or send 250 to 
Commercial Engineering Section, Harri- 
son, N.J., for new 192 page manual-TT3 
-covering technical information on all 
RCA Air Cooled Transmitting Tubes. 

RCA presents the Magic Key every Sunday, 2 

to 3P.M., E. D.T., on the NBCB1ueNetwork. 

RCA MANUFACTURING CO., INC., CAMDEN, N. J. 
A SERVICE OF THE RADIO CORPORATION OF AMERICA 
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