
radio, communication industrial applications tron tubes . . . engineering and manufacture 

McGRAW-HILL 
PUBLISHING 

COMPANY, INC. 

www.americanradiohistory.com

www.americanradiohistory.com


of efficiency which 
margin 

superior perform- 

ance 

15 that 
extra 

long life and 
Built into thh849 unusually tube erex 

erex transmitting of the Amp 
is reflected 

in transmitting anode h insula- 

tion 

of every Amp radiating 
graphiteextra hig with AmpeTex 

The perfect heatfloating structure exclusive 
in 

minimizes 
untn. This feature,e xclu and 

849 esincreases weep elements. RF voltage 
tion types akage. 
interelectrode 

CHARACTERISTICS 

Filament Potential 
- 11 volts 

Filament Current 
._ 

5 amps. 

Amplification 
Factor 

19 

TransconductanCe 
(rnicromlzos) 

plate Dissipation 
(max.) 

3160 

Write to out engineering ngi 
eyingta on the full 

depart- 

ment tot 
complete 

transmitting 
tubes 

line of 
Ampere% tran 

www.americanradiohistory.com

www.americanradiohistory.com


ELECTRONICS 
radio, communication and industrial applications of electron tubes . . . design, engineering, manufacture 

HOWARD EHRLICH 
Vice -President 

KEITH HENNEY DONALD G. FINK 
Editor Associate Editor 

BEVERLY DUDLEY, Assistant Editor 

Contents February 1937 

H. W. MATEER 
Manager 

COVER: Hand -operated precision dial engraving niachine putting 
logarithmic scale on beat frequency oscillator dial. Photograph 
by Leo McGrath of Benjamin Morse, courtesy of General Radio 

Frontispiece 
Side trimming aluminum foil. A step in the 
manufacture of foil which goes into electrolytic 
condensers by the million 

Ceramics as Insulation 
Reviewing the properties of inorganic 
for radio frequency service 

7 
insulation 

Magnets 11 
Insatiably curious scientists employ high magnetic 
fields to explore all manner of Nature's secrets. 
Technique developed abroad 

The Strobotron 12 
BY K. J. GERMESHAUSEN and 

H. E. EDGERTON 
A new type of gaseous discharge tube of special 
application in furnishing Illumination for strobo- 
scopes 

Curves for Tuned Transformers. 15 
BY T. E. MAYNARD 

A graphical solution for transformer selectivity 
and phase shift 

A Wide -band Tuner 19 
BY W. N. WEEDEN 

Correspondence with readers develops the fact that 
many engineers, and others, would like a simple 
local receiver which can be built without a labora- 
tory 

6 Time Delay in Resistance -Capa- 
city Circuits 22 

BY E. W. KELLOGG and W. D. PHELPS 
Many vacuum tube circuits involve delay net- 
works. How to calculate and use them 

Supersonics 25 
Photographs from Russia of the effects of inaudible 
waves 

Teletouch Corporation 26 
The story of a company in the industrial electron- 
ics business 

Resistance -Coupled Amplifier 
Data 29 

Gain and output of typical combinations compiled 
for reference by RCA Radiotron 

A New Pickup 31 
BY RALPH GLOVER 

Mechanical features of a new unit which reduces 
record wear 

I -F Transformer Alignment 33 
BY R. NATHAN 

The problem of production -line intermediate fre- 
quency coil alignment 

DEPARTMENTS 

Crosstalk 5 Backtalk 34 Manufacturing Review .... 64 
Reference Sheet 2 Tubes at Work 36 Patents Review 72 

Electron Art 50 Index to Advertisers 76 

Volume 10 . . . Number 2 

ELECTRONICS, February, 1937. Vol. 10, No. 2. Pub- 
lished monthly. price 50c a copy. Subscription rates- 
United States, $5.00 a year. Latan America, $5.00 a 
year. Canada, $5.00 a year. All other countries, $8.00 
a year or 24 shillings. Entered as Second Class matter, 
August 29, 1936. at Post Office, Albany, N. Y.. under 
the Act of March 3. 1879. 

Branch Offices; 520 North Michigan Ave., Chicago; 883 
Mission St.. San Francisco; Aldwych House. Aldwych, 
London. W. C. 2; Washington; Philadelphia; Cleveland; 
Detroit; St. Louis; Boston; Atlanta. Ga. 

Contents Copyright, 1937. by MeGraw-Hill Publishing Company, Inc. 

McGRAW-HILL PUBLISHING COMPANY, INC. 
Publication Office 

99-129 North Broadway, Albany, N. Y. 
Editorial and Executive Offices 

330 West 42nd Street, New York, N. Y. 
James H. McGraw, Jr. Malcolm Muir James H. McGraw 

Chairman President Honorary Chairman 
Howard Ehrlich B. R. Putnam D. C. McGraw 
Vice -President Treasurer Secretary 

Cable Address: MCGRAWHILL, New York. Member A.B.P. Member A.B.C. 

www.americanradiohistory.com

www.americanradiohistory.com


Fei 
Auto. Radix 

S. S. WHITE 
FLEXIBLE SHAFTS 

cmd CASINGS 

Moe 
/ xltx 

Coehzída. the SHAFTS Coesidm the CASINGS 

S. S. WHITE Remote Control Shafts, 
developed specifically for auto radios, 
do combine the three characteristics 
essential to smooth, effortless, sensi- 
tive tuning. These characteristics are: 

*Minimum torsional 
deflection or twisting 
under load- 

Equal deflection for 
either direction of 
rotation- 

Low internal friction 
for smooth, easy ro- 
tation when curved. 
Shafts available in any length, and 

S. S. WHITE Casings are specifically 
designed for the shafts they serve, 
providing qualities which are essential 
to the protection and satisfactory 
performance of the shafts. These 
qualities are: 

Flexibility combined 
with firmness- 

Extreme curvature limi- 
ted, preventing excess 
curvature of shaft- - 

Resistance to elongation 
preserves correct length, 
Grease -tight and corro- 
sion -resistant. 

in two diameters - .150", and .130". 

Always specify S. S. WHITE SHAFTS and S. S. WHITE CASINGS 
on your radio requisitions 

The S. S. WHITE Dental Mfg. Co. 
INDUSTRIAL DIVISION 

10 East 40th St., Room 2310E, New York, N. Y. 
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We took plenty of time- 
to do a thorough job of designing the 

I 2H. Months were spent to develop 

it in the laboratory and before it was 

released we made sure that it had 

every facility that you need to do 

a really COMPLETE job. We are 

talking, of course, about the new 

COLLINS CONSOLE TYPE SPEECH 

ASSEMBLY. It doesn't cost any more 

but it does a lot more things - and 

does them better. 

the 12H, alone, has these features - - - 

* UNIVERSAL INPUT IMPEDANCE 
This feature, available only in Collins Speech Equip- 
ment, was first introduced in the well-known I2X Re- 

mote Amplifier. "Universal Input" means that any 
type of microphone and transcription equipment can 
be used interchangeably. The best conditions of im- 
pedance match are maintained without the use of 
external transformers or matching pads. 

* AUDITION CHANNEL 
The I2H has two main amplifiers providing dual chan- 
nels for program, monitoring, and audition. When +he 

second channel is used for rehearsal it is available for 
instant talk -back to +he audition studio. A regular 
program may be carried through the program channel 
of the 12H without interruption during auditions. 

* COMPLETE TRANSCRIPTION 
FACILITIES 

A two-way mixer with universal input impedance con- 
nections is used in combination with a separate one 
stage pre -amplifier to give complete control of +wo 
turntables. No external switches, faders or mixing 
controls are required, and the pre -amplifier included 
assures adequate gain for proper use of any modern 
transcription equipment. * LOWEST NOISE LEVEL 
All a -c fields which would be detrimental if present in 
the I2H cabinet are eliminated by use of an A. C. 
Isolation Unit, which is a small case built for mounting 
under the control desk. An interconnecting cable is 

furnished to simplify installation. Many other features 
of the design contribute to the extremely low overall 
noise level. 

* AUTOMATIC SPEAKER AND 
WARNING LIGHT CONTROL 

Three speaker control relays are arranged for inter- 
connection with microphone keys to silence studio and 
control room speakers when corresponding microphone 
circuits are in use. In addition, circuits are provided 
for connection of an auxiliary external relay (furnished 
as standard equipment) to control studio "On the Air" 
lights. 

* INTERCHANGEABLE UNIT CON- 
STRUCTION 

The 12H is not an oversize receiver chassis, but is 

in effect a horizontal rack cabinet with individually 
mounted amplifier and control units. The wiring be- 
tween units is formed as a separate removable cable. 
The many proven advantages of rack type assembly 
are retained. 

* COMPLETE SHOCKPROOFING 
Even the best audio tubes available are slightly micro - 
phonic. The effect of table vibrations and jars duo to 
fast operation of switch keys would seriously impair 
operation of a console type speech assembly which did 
not have the shockproof protection used in the 12H. 
Each amplifier is floated on special rubber mountings 
so designed that the weight of the amplifier compo- 
nents and the resiliency of the mountings completely 
eliminate microphonic effects. * FJLL MONITORING FACILITIES 
The second main amplifier in the 12H is also available 
for loudspeaker monitoring across the program line. 
Headphone monitoring of program line and incoming 
remote lines is also possible. 

* LARGE SCALE LEVEL INDICA- 
TOR 

A new type extra large level indicator, with a correctly 
damped high speed movement is conveniently located 
directly above the main program gain control. Range ex- 
tension from 0 to 20 db in steps of 2 db is provided. 

* FINGERTIP SWITCHING 
Twelve positive key switches are arranged to give con- 
trol over all circuits as completely and flexibly as if 
an elaborate jack and patch cord system were used. 
The key switches control six incoming lines, four micro- 
phones, two turntables, signal lights, main amplifier in- 
put, monitor -audition amplifier input, headphone mon- 
itor, speaker cut-off relays, and two outgoing lines. 

* HIGH LEVEL MIXING 
In spite of its compact design, the 12H uses five pre- 
amplifiers for the individual microphone and turntable 
inputs. No compromise is made with the proven Collins 
policy of using high level mixing and switching to as- 
sure high fidelity performance at all times. Low level mix- 
ing is unavoidably at a disadvantage in respect to noise 
level when compared with Collins high level mixing. 

`. ' 
COLLINS RADIO COMPANY 

CEDAR RAPIDS, IOWA ytt NEW YORK, 1 I West Forty -Second Street 
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MALLORY 
Grid Bias C 

show practically no 
voltage decrease after 
three years of service 

MALLORY Grid Bias Cells, tested in the 
Mallory -Yaxley laboratories, show only the 
slightest decrease in voltage after continuous 

usage during 1934, '35 and '36. In countless 

home and automobile radio receivers thousands 
of Mallory Grid Bias Cells are establishing equally 

remarkable records for satisfactory service. Last 

year more Mallory Grid Bias Cells were used 

by more set manufacturers than ever before. 

This year the advantages of their superior char- 

acteristics, advanced design and unusual flexi- 

bility are winning an even greater recognition. 

As a means of providing a constant bias voltage 

in which no grid currents are required or desired, 

this Mallory-Yaxley grid bias cell development 

has been everywhere regarded as an outstanding 
achievement. Particularly adaptable to receiver 

chassis layouts because of its small size, the 

P. R. MALLORY 8. CO..Inc. 

MALLORY 
4 

characteristics of the Mallory Grid Bias Cell are 
unaffected by superimposed AC as high as 360 
micro -amperes of any frequency. It is non -reactive 
at audio frequencies, and the DC resistance 
ranges between 11,000 and 50,000 ohms on 
standard production cells. 

The Mallory Grid Bias Cell is unaffected by 
ambient temperatures in the range from minus 
40 -deg. F. to plus 120 -deg. F. There is no change 
in its characteristics when exposed to a relative 
humidity of 90% at 120 -deg. F. It is easily 
mounted. It does not develop noise effects. 

The success of the Mallory Grid Bias Cell-like 
all Mallory-Yaxley successes-is based on the 
willingness and ability to adapt products to 
manufacturers' specific applications. Put your 
grid bias problems up to Mallory. 

P. R. MALLORY & CO., INC. 
INDIANAPOLIS INDIANA 

Cable Address-PELMALLO 
yA3rLEy 
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ELECTRONICS 
FEBRUARY 

1937 

WHAT WE DON'T KNOW ABOUT 
RADIO . . . There are several ques- 
tions which the FCC has asked radio 
engineers to answer. So far we feel 
that engineers have not realized the 
importance of this opportunity to aid 
the Commission, and it seems to us 
that the RMA and the IRE and any 
other bodies interested in broadcasting 
should get busy at once and get the 
answers to these questions. 

Having got the answers, the indus- 
try might find itself in much better 
condition to ask certain equally impor- 
tant questions of the FCC. 

First, what constitutes a favorable 
ratio between desired and undesired 
signals? Engineers do not seem to 
know. There is a superstition that a 
voltage ratio of 20 to 1 (26 db) is 
proper. But the answer to this ques- 
tion controls the allocations of sta- 
tions, the questions of high power, 
of high fidelity transmission and re- 
ception, and the erection of new sta- 
tions in the already congested broad- 
cast band. 

Station WQXR (New York's high- 
fidelity station on 1550 kc.) ran tests 
recently in which two signals were put 
on the same carrier. One was made 
stronger than the other. Seventy-three 
reports from listeners were received. 
Thirty-four of them stated that the 
ratio should be more than 30 db. 
Twenty-nine felt that 30 db was satis- 
factory or nearly so. Only 8 believed 
that 25 db difference was tolerable. 
Evidently only these 8 out of 73 re- 
porters would agree with the present 
viewpoint that 26 db is ok. 

Why cannot the industry appoint 
a committee or an engineer to make 
enough tests on enough people to de- 
termine once and for all what the de- 
sired ratio should be for music and 
for speech? Two phonographs with 
calibrated controls would do the trick. 

Having determined this ratio, engi- 
neers could build selectivity into their 
receivers on a somewhat more scien- 

RE1TH 11E\\E] 
Editor 

Crosstalk 
tific basis. At present the aim seems 
to be to provide as much selectivity as 
the price of the set demands on the 
basis that the public is more critical 
of interference than it is of tone 
fidelity. 

The FCC also wants to know what 
constitutes a blanketing voltage. At 
present it considers a field of 125 to 
175 millivolts to be a blanketing 
value. But, the question arises, what 
constitutes blanketing? Is it cross 
modulation produced because the re- 
ceiver cannot tolerate more than a 
certain input, or is it the TRF phe- 
nomenon by which the skirts of the 
resonance band widen to include more 
spectral territory as the power of the 
incoming signal goes up? Cannot the 
IRE or the RMA, or somebody, deter- 
mine the limiting voltages that can be 
placed on sets of vintage 1930, 1933 
and 1936? Would it be unreasonable 
to decide now what this voltage might 
be in 1940 so that FCC and set engi- 
neers could work toward something 
definite ? 

Present selectivity tests prove noth- 
ing when it comes to high-fidelity 
transmission. Two 400 cycle notes are 
sent into a receiver via two r -f car- 
riers. The carriers are varied in 
strength until the 400 cycle outputs 
differ by 30 db. This is the danger 
point so far as input is concerned. But 
in high fidelity transmission we are 
concerned, not with 400 cycles, but 
with 10,000 cycle modulation. The for- 
mer frequency is not far from the car- 
rier of the undesired station; 10 ke. 
modulation however, sticks out into the 
next fellow's channel. Cannot an RMA- 
IRE committee do some work on this 
problem ? 

Another question involving power 
and station locations is that of noise 
level in various types of communities, 
and of desired signal to noise ratios. 
This question, if answered, would de- 
fine exactly service areas. 

At present FCC seems more inter- 

ested in inter -station interference than 
it does to interference produced by 
non -radio noises. By some provincial- 
ism of thought, there seems to be a be- 
lief that high-fidelity and high -power 
transmission are mutually exclusive. 
There ought to be an engineering man- 
ner of settling this uncertainty. 

Certain cases have been reported of 
interference set up by non-linear con- 
ductors in the vicinity of a listener 
near a high power station. Our pro- 
posed engineering committee might do 
some work on this line to determine 
if 500 kw. is going to be more bother 
than it is worth-or if simple means 
can be found of preventing trouble 
of this nature before it occurs. 

Thus it seems that an industry engi- 
neering committee might provide the 
answers to several knotty, but engi- 
neering, problems. It might even plan 
ahead and furnish, say a 5 -year pro- 
gram for broadcasting advancement 
toward which FCC and radio receiver 
and broadcast engineers could work. 

IDEA? . Is there anything to the 
idea that electric power transmission 
lines, which stretch all over this coun- 
try, could carry r -f which would radi- 
ate over a mile or so, and which could 
be used by an aviator to determine 
his location when off his beacon course? 
This radiation could carry distinctive 
modulation according to the territory, 
and could be turned on by remote 
control during bad weather. 

WHITE LINE .. . In a demonstration 
of the efficacy of light-sensitive devices 
for protection of machinery or workers, 
a certain piece of equipment was placed 
within a square of white paint. Anyone 
crossing the white line caused an alarm 
to ring, and power to be turned off 
the equipment. It was done with in- 
visible5beams of light (infra red). 
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Ceramics as Insulators 

The use of inorganic insulation is growing rapidly in the electronics field, especially in 
high frequency service. Herewith is an up-to-date review of the available ceramic insula- 
tion materials, their properties and uses in radio and allied fields 

Ceramics are finding increasing use 
in radio set components. Above is 
a band -change switch which shows 
the intimate association between 
metal parts and ceramic body. 

IN the rapidly growing field of 
specialized insulation for use in 

electronic circuits there are two im- 
portant divisions, the plastics and 
the ceramics. Each type of mate- 
rial has its special field of useful- 
ness, depending upon the electrical 
and mechanical nature of the appli- 
cation and upon the cost factors 
involved. The plastics are flexible, 
inexpensive at least in ordinary 
grades, and have good electrical 
properties in the middle range of 
radio frequencies.' The ceramics are 
mechanically rigid; they are some- 
what more expensive per pound, 
especially in fabricated form. The 
newer forms have outstanding elec- 
trical properties, especially at the 
higher radio frequencies. The cera- 
mics are comparative newcomers to 
the field of electronic circuits, with 
the exception of electrical porcelain, 
which is one of the oldest insula- 
tors, long in use in radio. The 
newer ceramics are highly specialized 
products developed to have low 
losses, especially at high frequencies, 
and to have the mechanical proper- 
ties desirable in any insulation. 

The word "ceramic," in the minds 
of most laymen, means a clay -prod- 
uct which has been specially heat - 
treated or "fired". But according to 
present ideas, this definition is too 
restricted. Ceramics, in the eyes of 
the trade, are inorganic compounds 
which can be "fired" to form a vitre- 
ous product, whether it be a clay - 
product or not. Ceramics, in this 
wider sense, are usually materials 
having a silica base of some sort, 
although other materials, such as 

alumina and magnesia, which con- 
tain no silicon, are also "ceramic 
materials". This broad classifica- 
tion includes the following mate- 
rials in the radio field: electrical 
porcelain, magnesium silicate (stea- 
tite or "talc") porcelain, glass, glass - 
bound mica, fused quartz, magnesia, 
and alumina. Of them all, the only 
product containing clay is electrical 
porcelain. 

Ceramics used in radio vary in 
form from a huge porcelain antenna - 
base insulator capable of supporting 
the full load of a 150 -ton vertical 
tower (including the tension of the 
supporting guy wires) to a tiny 
magnesia tube 1/32nd of an inch 
across, used to insulate the heater 
wire in a radio tube. Stand-off in- 
sulators, tube bases and sockets, guy 
and wire -suspension insulators, lead- 
in insulators, switch parts, bush- 
ing inserts, condenser insulation, 
spreader insulator s, coil -forms, 
straight and flexible shaft -coupling 
insulators, vacuum -tube element in- 
sulators, heater -wire coatings, water - 
coils for the cooling system of high - 
power transmitters-these are but a 
few of the applications of ceramic 
materials in radio and electronic 
work. 

Electrical Characteristics-Loss Factor 
Insulators in radio work are often 

subjected to radio frequency fields 
of considerable strength. Under 
such conditions a current will flow 
in the insulator, especially if it 
forms a dielectric between two con- 
ductors, and the current flow will be 
directly proportional to the dieléc- 

ELECTRONICS - February 1937 . 7 

www.americanradiohistory.com

www.americanradiohistory.com


tric constant of the insulating mate- 
rial. The current flow, acting 
through the effective "resistance" of 
the insulator, gives rise to a power 
loss, which can be expressed in terms 
of the power factor of the material 
(the ratio of the power lost to the 
volt-amperes applied) . The product of 
the dielectric constant and the power 
factor gives, therefore, a figure - 
of -merit, called the loss -factor. All 
other factors being equal, the mate- 
rial with the lowest loss factor will 
heat up the least in a given r -f field, 
will display the highest efficiency, 
and be least subject to changes due 
to thermal effects. However, in com- 
paring insulators, all other factors 
are usually not equal, so the loss - 
factor is only a part of the picture. 
But it is generally conceded to be a 
valuable index of the electrical prop- 
erties of the material. Other elec- 
trical characteristics of importance 
are the volume resistivity, surface 
leakage resistivity, and dielectric 
strength, the latter being measured 
in terms of the voltage necessary to 
puncture a definite thickness of the 
material. Nearly all these electrical 
characteristics change rapidly as the 
frequency of applied r -f field in- 
creases, and therefore the frequency 
must be specified. 

Mechanical Properties 

The strength of a material (ten- 
sile, compressive, cantilever, and 
transverse) is important not only 
from a purely mechanical point of 
view but also from the electrical 
point of view. The overall electrical 
characteristics of a given insulator 

depend its size, since the total re- 
sistance and total loss depend on the 
volume and surface area of the piece. 
But the size of an insulator is deter- 
mined almost always by mechanical 
requirements, in particular the me- 
chanical strength and rigidity offered 
by the material itself. It often hap- 
pens, therefore, that a material of 
comparatively poor electrical prop- 
erties will produce a good insulator 
because its mechanical properties 
make possible a small volume and 
long length, both of which improve 
its overall electrical properties. It 
is evident, therefore, that choosing 
the proper insulator for a given ap- 
plication is a complicated business, 
especially when cost is an important 
factor, and that no general rule can 
be given for choosing between in- 
sulator materials. However, the 
standard data on each material is 
the basis of any comparison, and it 
is worth -while therefore to collect as 
much information as possible on the 
mechanical and electrical properties 
of the available materials. 

Mechanically, ceramics divide 
themselves into two main divisions : 

Those which are fabricated into 
parts before firing into vitreous 
form, and those which are fabri- 
cated after the material is vitrified. 
This distinction has an important 
bearing on the accuracy with which 
insulators can be made to meet me- 
chanical specifications of length and 
volume. In the pre -fabricated form 
(porcelain and steatite porcelain, 
alumina and magnesia), allowance 
must be made for considerable 
shrinkage (as much as one-third the 

total volume of the piece, correspond- 
ing roughly to one -eighth in linear 
dimension) which occurs during the 
firing process. This reduction in 
size is clearly shown in one of the 
accompanying illustrations. Consid- 
erable ingenuity has been shown by 
the manufacturers in estimating the 
degree of shrinkage to a very fine 
degree. It is possible to manufac- 
ture ceramic insulators to within 
one one -thousandth of an inch in 
several inches of length. Pieces 
fabricated before firing may also be 
ground to exact size after firing, 
provided the ground surface is flat 
or of simple configuration. Tapped 
holes and similar items cannot be 
ground after firing (except at great 
expense) and must be "shrunk -to - 
size" by proper design and accurate 
firing. The type of material which 
is fabricated after firing (the glass - 
bound mica materials are the im- 
portant members of this group) are 
worked in much the same manner 
as metal (although they are much 
harder on tools) and can be ground, 
drilled and tapped, , to exact size. 

The thermal action of nearly all 
the ceramics is highly satisfactory. 
Pyrex glass melts, but only at a 
high temperature. The porcelains 
begin to lose their resistance at 
about 1000° C., but for the general 
run of operating temperatures the 
heat -problem is not serious. For 
very high temperature service, as 
in insulating heater wires and other 
tube parts, magnesia or alumina are 
used. Much progress has also been 
made in removing ,occluded gasses 
from ceramics so that they may be 
used in tubes without contributing 
to their gas content. 

Electrical (clay -bearing) porcelains 

Electrical porcelain (that manu- 
factured under the vacuum process) 
is used widely in 60 -cycle service 
throughout the electrical industry, 
including power supply applications 
in radio. For high frequency serv- 
ice the material must be produced 
with great care to produce low loss - 

A typical Isolantite coil form, 
after (left) and before firing. The 
readily apparent shrinkage must 
be carefully accounted for in cera- 

mic design 
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Right, Sil'imanite forms, a high 
grade of porcelain used for 
chemical as well as electrical 

applications 

Below, porcelain is used under 
compression for strain -type insu- 
lators used in antenna guy -stays 

factor. Its applications in radio 
are principally in large strain -type 
insulators for tower supports and 
guy insulation, and in water-cooling 
coils for dissipating heat in high 
voltage r -f amplifiers. A typical 
material used has an average ten- 
sile strength of 6000 lbs. per square 
inch, but this figure varies with the 
nature of the piece. Over the fre- 
quency range from 100 kc. to 1500 
kc. the power factor is 0.85 per 
cent. and the dielectric constant 6.2, 
giving a loss -factor of 5.27. The 
volume resistivity is very high, 
above 1014 ohms per cm. cube. The 
surface resistivity depends on the 
surface itself, whether glazed or un- 
glazed. In outdoor applications the 
glaze surface is highly desirable 
since it is as nearly self-cleaning 
as any surface available. In ap- 
plications where the relatively high 
loss factor can be tolerated, the ma- 
terial is highly satisfactory as a 
general purpose insulator, particu- 
larly for outdoor and large scale 
applications. 

The Sillimanite porcelains are an- 
other high grade type used to some 
extent in radio applications. They 
have a very high resistance to chem- 
ical corrosion, a tensile strength of 
from 10,000 to 12,000 pounds per 

square inch, and specific gravity of 

2.77. The dielectric constant varies 
from 5.76 at 60 cycles to 6.4 in the 
range 853 to 890 kc. The loss fac- 
tor is about the same as the other 
clay -body porcelains. This particu- 
lar ceramic is widely used in igni- 
tion spark -plugs. 

Aluminum - magnesium - silicate (stea- 
tite) porcelains 

Some 25 or 30 years ago it was 
found that the inclusion of a per- 
centage of talc (magnesium -silicate 
in natural forms) in porcelains 
greatly improved their hardness and 
strength. Increasing percentages of 

this material were used until by 
1926 methods had been developed 
for using this material alone as the 
body of the porcelain. The "mineral" 
magnesium silicate exists in nature 
as soapstone, or "steatite", and is 
the same base from which talc cos- 
metics are made. The steatite "por- 
celains" made from this material 
(under the names Alsimag, Isolan- 
tite, Krolite, Lava and Steatite) , have 
unusual mechanical and electrical 
properties. In the range of frequen- 
cies from 1 to 3100 kc. their dielectric 
constant ranges from 6.0 to 6.4, 
their power factor from 0.2 to 0.4 
per cent, and the loss factor from 
1.2 to 2.5, depending on the voltage 
and temperature. The dielectric 
strength is in the neighborhood of 
200 volts per mil. for a piece + inch 
thick. The volume resistivity is 
about 2.0 (10)" ohms per cm. cube. 

A tensile strength of about 6000 
pounds per square inch is attained in 
small sections. The specific gravity 
is about 2.5. Its thermal coefficient 
of expansion is about 6(10)-g to 
7(10) per degree Centigrade. 

The material is fabricated into 
parts by extrusion or by molding, 
the former process usually forming 
a somewhat stronger and more uni- 
form product. After forming the 
material is machined, using hard 
tool -steel or carborundum for shap- 
ing, drilling, tapping, etc. The 
pieces are then fired to a final tem- 
perature of about 2500° F. The 
"firing" range (temperatures in the 
firing process) is extremely narrow, 
necessitating a high degree of tem- 
perature control. Glazing is done 
where a self-cleaning surface is nec- 
essary, but otherwise glazing does 
not improve the properties of the 
insulator. Surface treatment using 
waxes or polystyrol plastics is some- 
times used to reduce the tendency 
of the ceramic to hold dirt. The 
steatite group of ceramics is a highly 
popular material for general high - 
frequency insulation, and is widely 
used. 

Glass -bound mica 

Glass is not a very important in- 
sulator in itself in radio (although 
its loss factor is good, in the neigh- 
borhood of 3.5) because it is highly 
fragile and difficult to work. But 
combinations of glass and finely di- 
vided mica, originally developed in 
England, have become of consider - 
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able importance in the radio field. 
These materials go under the gen- 
eral name of Mycalex, although 
there are at least two different forms 
manufactured by different concerns. 
Mica and glass are both limited in 
physical strength but when finely 
ground, mixed, and pressed under 
heat and high pressure (about 2i 
tons per square inch at 750° C.) 
they produce a very dense, gray - 
colored material which has consid- 
erably greater strength than either 
of the constituents. One form of 
Mycalex uses lead borate as a bind- 
ing agent; another (the so-called 
"lead -less" variety) uses potassium 
iodide, which acts as a catalytic 
agent during the formation process. 
Mica itself contains silica, alumina, 
and potash; glass is a combination 
of various silicates. The material 
is commonly pressed into rods or 
sheets, but may be molded to in- 
clude metal inserts. Its specific 
gravity is 2.45 for the lead -less va- 
riety, and 3.42 for the lead -borate 
type. The lead -type has a dielec- 
tric strength of about 9.0, and a 
power -factor of about .55 to .60 per 
cent., giving loss -factors of roughly 
5.0. The lead -less variety has a 

This massive tower -base insulator, 
consisting mainly of porcelain, is 
being tested at the Lapp labora- 
tories under a pressure of 1,500,000 

pounds 

considerably lower loss, according to 
the claims of the manufacturer. 
Tests made by the National Phys- 
ical Laboratory in England on the 
lead -less variety give values of di- 
electric constant of 6.1, power factor 
of 0.2 per cent. and loss -factor of 
1.2. This loss factor compares fa- 
vorably with the best steatite por- 
celains. 

The Mycalex ceramics can be ma- 
chined readily after the material it- 
self is formed by conventional shap- 
ing drilling, and tapping machin - 

lowest thermal expansion of any 
solid material known. Unfortu- 
nately its great cost has prevented 
wide use. 

Extruded forms of alumina and 
magnesia are manufactured for use 
in high temperature service. Such 
forms are now widely used as in- 
sulation for the heater wires of ra- 
dio tubes, but current practice is 
tending toward the application of 
the material directly to the wire in 
semi -liquid form and firing it in 
continuous -flow furnaces. The coat- 

Mycalex (lead -less variety) machined into tube and coil -socket 
forms 

ery. Extremely hard tool steels are 
necessary, however, due to the na- 
ture of the material. The tensile 
strength is about 6000 to 7000 
pounds per square inch. It begins 
to yield plastically at about 450° C. 

Other types: Fused quartz, alumina, 
magnesia 

Of all the materials known for 
insulation, fused quartz has long 
been known as the best from a 
purely electrical point of view. How- 
ever, it is very costly and the sources 
of supply are few and far between. 
For precision radio instruments, 
where cost is of no importance, 
quartz is occasionally used. 

The power factor of pure trans- 
parent fused quartz is 0.02 per cent., 
nearly as low as that of dry air 
itself. Its dielectric constant, about 
4.0, is likewise low as ceramics go, 
resulting in a loss -factor of 0.09, 
better than the next best material 
by about 10 -to -1. Opaque quartz 
has a loss factor about twice or 
three times as great. The quartz 
itself is silica (Si02) fused at 1750° 
C. It is strong mechanically, resist- 
ant to thermal shock, and has the 

ing thus formed on the wire is 
strong and adheres well. Magne- 
sium oxide and aluminum oxide both 
have very high melting points and 
retain their properties at tempera- 
tures as high as 2000° C. 

Extruded magnesia forms can be 
made in the most delicate shapes 
imaginable. A typical form is a 
cylinder about 1/16 inch in diame- 
ter and pierced with six individual 
holes running the length of the 
cylinder. The mechanical strength 
of the material is not great, how- 
ever, unless specially processed with 
heat -resistant binders. 

Editor's note: The editors are in- 
debted to the following manufacturers 
of ceramic products for information 
supplied in the preparation of this 
article: American Lava Corporation, 
Champion Spark Plug Corporation, 
Henry L. Crowley, Inc., Dielectric 
Products Corporation, Electronic Me- 
chanics, Inc., General Ceramics Com- 
pany, General Electric Company, Iso- 
lantite Incorporated, Lapp Insulator 
Company, Mycalex Corporation of 
America, Stupakoff Laboratories, The 
Thermal Syndicate, Ltd. 

3 Special plastics (polystyrol types) have 
good electrical properties at high frequen- 
cies as reference to Electronics, p. 10, March 
1936, will show. 
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Interchangeable pole pieces, often of alloy, 25 per cent cobalt, 75 per cent iron 

Magnets and Magnetic Materials 
By DR. A. STÄGER 

Physicist, Zurich,, Switzcrland 

THE metals iron, nickel and cobalt, 
pieces of which are strongly at- 

tracted by steel magnets, are called 
ferromagnetic. Other substances, 
among them manganese, chromium, 
palladium, platinum and aluminum, 
are attracted less strongly, but dis- 
tinctly. All of these elements form 
the group of paramagnetic sub- 
stances. Ferromagnetism is only a 
form of paramagnetism. 

There are other materials, the 
magnetic properties of which are 
quite different. For instance, small 
pieces of bismuth, antimony, zinc, 
lead, silver, copper, gold, sulphur, 
quartz crystal, and most salts (if 
free from iron) are more or less re- 
pulsed by magnetic poles. Such sub- 
stances form the diamagnetic group. 

In strong fields some liquids and 
gases show a paramagnetic and 
others a diamagnetic behaviour. A 
soap -bubble filled with oxygen will 
be deformed when brought between 
the poles of a strong magnet prov- 

50x103 Fields produced, func- 
tion of ampere turns, 
separation S of pole 

pieces 

2mm. 30mm 

ing that oxygen is paramagnetic 
compared with atmospheric air. The 
flame of a burning tallow candle 
shows a diamagnetic behaviour. 

A quite different sort of physical 
experiment necessitates strong mag- 
netic fields, namely, the research of 
corpuscular radiations. The Wilson 
cloud -chamber, in which the tracks 
of single corpuscles can be made vis- 
ible, has been developed in recent 
time to a high peak of technical 
perfection. It is the most important 
instrument for making visible 
atomic disintegration processes and 
for detecting the small particles 
ejected by the bursting nucleus. 
When applying a strong magnetic 
field the tracks are bent and form 
curves, the analysis of which gives 
valuable information as to the veloc- 
ity of the particles and their electri- 
cal charge. In this way Anderson 
discovered the positron for which he 
was awarded the Nobel prize in 
physics, 1936. 

P. L. Kapitza, of Oxford, has con- 
ducted strong currents from a bat- 
tery through a coil to get an in- 
tensity of field of 500,000 gauss. 
T. F. Wall discharged high voltage 
condensers to get an intensity of 
1,400,000 gauss. 

Although these methods are suit- 
able for producing extremely high 
intensities of field, the duration of 
the field is only a fraction of a sec- 
ond. To produce a constant mag- 
netic field, P. Weiss (Strassburg, 
France) constructed a strong mag- 
net in co-operation with the Maschi- 
nenfabrik Oerlikon. This appara- 
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Magnet producing 50,000 gauss 

tus has recently been further devel- 
oped. The essential point in the new 
construction is the conic form of the 
iron core within the coils. When 
using such conic cores the magnetic 
saturation remains in moderate lim- 
its and only the points of the poles 
are over -saturated. 

Above is shown the normal type 
of the latest Oerlikon magnet. The 
distance between the poles can be ad- 
justed by turning the wheels with 
handles. The coils consist of copper 
tubes through which water flows. 

The current consumption is 8 to 10 
kw. With a water pressure of 3 to 4 

atm., 7 to 10 litres per minute are 
consumed. The water flowing out of 
the magnet is only 15 to 20° C. 
warmer than when flowing in. 
Therefore it would be possible to 
overcharge the magnet, but the 
strength of field would not increase 
proportionately to the amperes. 

If the soft iron points of the pole 
pieces used (see above) are ex- 
changed for others made of ferro - 
cobalt the intensity of field increases 
8 to 10 per cent, thus exceeding 
50,000 gauss. 

The cores are bored through in 
axial direction. Through these cylin- 
drical holes, for instance, light rays 
can be passed in order to study the 
magnetic influence exercised on them. 
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The Strobotron 
A new cold -cathode gas -filled control tube capable of carrying large peak currents. The 
tube is ready for instant operation without time delay for cathode heating 

By K. J. GERMESHAUSEN and H. E. EDGERTON 

Massachusetts Institute of Technology 
(`ainbridge, Massachusetts 

IN THIS paper a tube, named the 
Strobotron, is described which 

has been developed primarily for 
producing stroboscopic light. Its 
unique characteristic is a cold cath- 
ode which under certain conditions is 
capable of carrying very large peak 
currents with a low tube drop, and 
with a life sufficient for its uses. 

The Strobotron has applications 
other than that of a stroboscope, such 
as its use as a relay, or trigger tube, 
for various purposes. Its particular 
value in such cases is the lack of 
power and time delay required for 
cathode heating, and the effectiveness 
with which the tube operates. 

Circuits for the proper use of the 
Strobotron are quite unusual, since 
they are designed to put very large 
peak currents through the tube to 
start the arc discharge. 

The Strobotron Tube 

Figure 1 is a photograph and dia- 
gram of the Strobotron No. 631-P1 
as used in the "Strobotac," an ad- 
justable -frequency stroboscope man- 
ufactured by the General Radio 
Cßmpany. This particular instru- 
ment has been designed to be used 
as a tachometer and has a dial read - 
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ing directly in speed with a funda- 
mental range of 600-14,500 r.p.m. 

The Strobotron is shown with two 
grids, although this is not necessary 
in the usual circuit application. Both 
grids are needed in the Strobotac 
because of the peculiar output wave- 
form of the oscillator that is used. 
The grids may be tied together and 
used as a common element, or the 
inner grid may be connected to the 
cathode through a resistor. 

The cathode consists of a caesium 
compound which breaks down under 
the action of the cathode spot and 
liberates free caesium. Caesium was 
chosen because of the ease with 
which it permits spot formation, and 
to facilitate further the formation 
of the cathode spot the surface of the 
cathode is made rough and irregular. 
Surrounding the cathode is a cera- 
mic insulator which concentrates the 
discharge on the active portion of 
the cathode, and also serves as a sup- 
port for the inner grid. During the 
treatment of the tube some caesium 
metal is sputtered on the inner grid, 
located just above the cathode, and 
this materially reduces the break- 
down voltage between it and other 
elements of the tube. This is an 
advantage, since it makes the tube 

C5=0.02µf low rangé 
=0.005µf high range 

Fig. 2 firing diagram of an adjustable -frequency stroboscope using 
a Strobotron tube as employed in General Radio "Strobotac" 

easier to start; that is, it requires 
a lower starting voltage on this grid 
to initiate the main discharge. The 
inner grid may also be treated in 
other ways to reduce the breakdown 
voltage and thus assist in starting 
the tube. The outer grid in the tube 
shown is of graphite, and it effec- 
tively shields the cathode and inner 
grid from the anode. Graphite has 
been used, since the breakdown volt- 
age between it and the anode is not 
seriously reduced by condensed or 

Fig. 3 Diagram of a 60 -cycle stro- 
boscope used at M.I.T. 
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sputtered caesium from the cathode 
during the life of the tube. 

Above the grid -cathode structure 
is located the plate upon a vertical 
glass -insulated support. The dis- 
charge of a condenser through the 
tube produces a luminous column of 
light about three -eighths of an inch 
in diameter from anode to cathode. 

Neon gas at a pressure of 1.5 cm. 
is used in the tube illustrated. Ar- 
gon gas has also been used, and oper- 
ates very satisfactorily, but does not 

Fig. I Photograph and drawing of Strobotron showing 
arrangement of the elements 

produce as much visual effect as neon. 
A companion paper, with Profes- 

sor W. B. Nottingham and Mr. A. B. 
White as co-authors, is to follow, 
which describes in detail the elec- 
trical characteristics of the Strobo- 
tron. In particular the conditions 
for starting are discussed, from the 
standpoint of applied voltage and 
required grid current, for different 
circuit conditions. A brief discus- 
sion of the characteristics of the 
Strobotron and a few circuit applica- 
tions have been given in a paper by 
the present authors: 

As mentioned before, the Strob- 
otron is useful as a source of strob- 
oscopic light. The essential diagram 
of the circuit in the General Radio 
Company's "Strobotac" is shown in 
Fig. 2. A flash of light is produced 
from the Strobotron each time that 
the 4 µf condenser is discharged 
through the Strobotron. Control of 
the flashing rate is effected by im- 
pulses from the relaxation oscillator' 
whose circuit is shown at the right 
of the diagram. A negative po- 
tential is suddenly impressed on the 
inner grid when the left tube in the 
oscillator begins to conduct cur- 
rent in the course of the oscillation 
cycle. The potential difference be- 
tween the inner grid and the outer 
grid at this moment exceeds the 
starting potential, and the Strob- 
otron flashes. The frequency of 
oscillation is controlled by the po- 
tentiometer instead of the usual 
method of varying grid R or C5 with 
the grid resistors connected to the 
cathode. Changes of scale are ef- 
fected by changing the circuit con- 
stants in the grid circuits of the 

Fig. 4 Circuit diagram for a circuit to operate a message counter 
register for recording cosmic rays by a Geiger -Muller tube 
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oscillator. (With C. as 0.02 µf the 
range of frequency is approximately 
10-60 cycles per second; with C. as 
0.005 µf, 40-240 cycles.) 

A simple stroboscope that pro- 
duces one flash per cycle of the 
supply voltage is conveniently ar- 
ranged according to Figure 3. Dur- 
ing the half -cycle that the recti- 
fier charges the condenser the 
grid -bias voltages on the Strob- 
otron are such as to prevent start- 
ing. On the other half of the cycle, 
however, the inverse voltage across 
the rectifier is applied to the outer 
grid and reaches the critical start- 
ing potential at a given part of the 
a -c voltage wave. Several small 
stroboscopes of this type are in use 
in the Electrical Machinery Lab- 
oratories at the Massachusetts In- 
stitute of Technology for measuring 
the slip of induction motors and the 
power angle of synchronous motors. 

A counting circuit that has 
proved useful for recording the 
pulses from Geiger -Muller tubes is 
shown as Fig. 4. The counter, 
Western Electric message -register 
type No. 5T, is actuated when the 
condenser is charged from the 

Completely assembled 60 -cycle stro- 
boscope in use at M.I.T. 
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Fig. 5 Circuit diagram of a light -flashing apparatus for the photo- 
graphic recording of spectral data 

transformer through the 80 tube. 
Tests show that the condenser is 
fully charged in 1t or 2 cycles of 
the 60 -cycle supply, and the ballistic 
effect of the force resulting from 
this charging -current surge in the 
recorder causes it to register. The 
steady current to the amplifier is 
not enough to hold the counter in a 
closed position. 

A negative surge on the grid of 
the amplifier tube causes the plate 
voltage, and thereby the outer -grid 
voltage, of the Strobotron to increase 
to the critical value at which the 
Strobotron starts. Once a glow is 
started, it immediately transfers 
into an arc and discharges the 2µf 
condenser to almost zero voltage. A 
count is recorded when the condenser 
is again charged from the rectifier 
and transformer. 

Sensitivity control is effected by 
the adjustable resistance. This re- 
sistor is increased to as large a 
value as can be used without the 
self -operation of the Strobotron. 
The drop across the amplifier tube 
is used as a positive bias for the 
Strobotron, and the larger it is, the 
smaller will need to be the surge to 
reach the critical potential at which 
the tube starts. 

The counting speed of the above 
circuit is determined by the counter, 
that is, about ten a second with the 
Western Electric Type 5T. With 
higher -speed counters the same type 
of circuit can be used, utilizing if 
necessary a direct -current source in- 
stead of the rectified alternating - 
current supply. 

A Strobotron is used in an ap- 
paratus for recording data in the 
automatic wave -length comparator', 
a new model of which is now being 
constructed by Professor G. R. Har- 
rison, of the Physics Department at 
the Massachusetts Institute of Tech - 
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nology. The function of the Strob- 
otron is to turn on an intense light 
source which photographs a high- 
speed rotating counter that shows 
the wave -length of the spectral line. 
A quick flash is needed, since the 
counter wheel rotates 1000 times a 
minute. Figure 5 is a circuit dia- 
gram of the Strobotron circuit and 
the amplifier with it for timing the 
flash. A negative surge to the grid 
of the type 27 amplifier tube in- 
creases the positive bias on the outer 
grid of the Strobotron, and turns it 
on at the instant a spectral line cen- 
ters on a slit as the plate moves 
along. The resulting surge of cur- 
rent in the Strobotron circuit passes 
through the primary of a spark coil 
and produces a high voltage on the 
secondary, which in turn starts the 
argon stroboscope lamp. Either the 
voltage or the pressure of gas in 
the argon lamp is adjusted until the 
lamp does not flash by itself but is 
always flashed by the spark coil. 

The Strobotron has been used in 
the Aberdeen chronograph spark - 
recording apparatus. A circuit of 
the type shown in Figure 5 is used, 
except that the output from the 
spark coil is connected directly to 
the marking electrodes that direct 
the spark through the moving waxed 
paper. Instantaneous control of the 

starting of the spark is thereby ob- 
tained without requiring an appre- 
ciable amount of electrical power in 
the control circuit. 

As a final example of typical uses 
of the Strobotron Figure 6 shows 
a satisfactory method for starting 
mercury -arc rectifier tubes. The 
function of the Strobotron in this ex- 
ample is the same as in the one de- 
scribed in connection with Figure 5, 
that is, to impress (momentarily) a 
very high potential to start the main 
discharge. A condenser (3µf) is 
quickly discharged into the spark 
coil V, at the instant the potential on 
the tube inner grid reaches the criti- 
cal potential. The high voltage from 
the spark coil when connected to the 
external starting band of the mer- 
cury tube starts a cathode spot at 
the junction of the mercury and 
glass. At the end of the half -cycle 
the tube goes completely out, but is 
restarted at the desired portion of 
the next cycle by another surge of 
voltage from the Strobotron circuit. 
The phase -shift method of control- 
ling the output is effected by varying 
the phase of the tripping voltage 
with respect to the applied plate 
voltage on the mercury -arc tube. 
This same type of circuit has also 
been used for starting ignitrons. 

Professors Gray and Nottingham 
at the Massachusetts Institute of 
Technology have used a circuit of the 
type shown in Figure 6 to operate 
a spot welder for half -cycle welding. 
A paper describing the circuit ar- 
rangement will be published by them 
in the Review of Scientific Instru- 
ments. 
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Fig. 6 Circuit showing the use of a Strobotron for starting a mercury 
pool rectifier used in a half.cycle welding circuit 
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Universal Performance Curves for 
Tuned Transformers 

THE DESIGN and calculation of 
tuned transformers for a par- 

ticular purpose is a somewhat in- 
volved and complicated process which, 
very fortunately, can be greatly 
simplified through the use of two 
families of curves which give the 
attenuation and the phase displace- 
ment of the transformer as functions 
of a selectivity variable and a par- 
ameter. These universal perfor- 
mance curves may be applied to any 
physical situation when the proper 
conversion factors are used, and can 
be used in design work, or to deter- 
mine quickly the selectivity and band 
pass performance of a given set of 
coupled coils. 

The assumptions on which the 
mathematical work underlying this 
article depend are: 

(1) The Q of the transformer 
circuits over a narrow frequency 
range may be considered constant. 

(2) The Q of the circuits is suffi- 
ciently high so that parallel and 
series resonance occurs at the same 
frequency, i.e., that for which uL = 
1/0)C. 

(3) No feed-back exists in the 
tube circuits. 

(4) The coupling between the two 
coils is purely reactive. 

These assumptions may readily 
be accepted for most practical situ- 
ations or allowances may be made 
in cases for which these assumptions 
are violated. Assumption (3) will 
not always be strictly tenable. 

By J. E. MAYNARD 
General Electric Co. 

Bridgeport, Conn. 

The equivalent circuit of the 
transformer which was used in the 
analytical work is shown in the 
schematic wiring diagram and close- 
ly approximates the circuits used in 
practice, in which both inductive 
and capacitive coupling exists be- 
tween the coils. Under assumption 
(3) all circuit losses may be repre- 
sented by the inclusion of these 
losses in the parallel conductances, 
G, and G,. For instance, the load- 
ing on the primary of the trans- 
former due to the internal plate re- 
sistance of the driver tube will be 
included in G or the loading on the 
secondary of a transformer used to 
drive a diode will be included in G,. 
The losses in shielding and coils will 

also be considered as part of these 
conductances. 

By writing the Kirchoff equations 
for the various meshes of the equiv- 
alent circuit and making the proper 
substitutions and transformations, 
it can be shown that for positive 
values of mutual inductance, M, be- 
tween the transformer coils there is 
a frequency of infinite attenuation, 
f,,, for which the inductive and 

capacitive coupling are equal and 
opposite or for which Kr./wL = 
Kco C. It can also be shown that for 
the cases in which either type of 
coupling predominates (or the two 
types of coupling are of like sign) 
the resultant coupling, K, may be 
treated as a total or net coupling, 

Equivalent circuit upon which the mathematical analysis is based 
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the absolute value of which is 
constant near resonance. Under 
these conditions, which will be as- 
sumed hereafter, performance of 
the transformer near resonance is 
the same regardless of the type or 
combinations of coupling employed. 
This enables us to obtain a symmet- 
rical performance curve, so that only 
one half of the curve need be given 
in the charts. 

Calculations for Determining 
Universal Selectivity and Uni- 

versal Phase Shift Graphs 

The performance of the trans- 
former is given by 

io/eg _ ± jy/Aon' (1) 

in which y is a complex expression 
determining the selectivity of the 
network near resonance, A. is a real 
coefficient which is a function of 
resonant circuit impedance, coupling 
between primary and secondary, pri- 
mary to secondary inductance ratios 
and circuit quality factors, and n, 
which we may treat as unity near 
resonance is the ratio of any fre- 
quency f, to the resonance frequency, 
f°. It can be shown that i5 as used 
is directly proportional to the grid 
voltage of the tube driving the trans- 
former. If we let the absolute mag- 
nitude of y be designated as Y, then 

Y = [t2(1 ß-a)2+ 
(1 - at' + aK'Q2)2] ... (2) 

where t is the tangent of the phase 
angle between secondary voltage 
and current and is a function of 

frequency defined by t =(n - in) Q, 

where a is Q,/Q2, K is the total or net 

coupling given by ± -n K,,, and 

Q is the quality factor of the sec- 
ondary circuit. 

This equation has the advantage 
that it may be reduced to a form 
containing an independent variable 
associated with the circuit selectiv- 
ity, S, a dependent attenuation var- 
iable, u, and a parameter, b. In 
order to effect this transformation, 
it will be convenient to adopt a some- 
what more abbreviated notation. 
For example, let 

S (3) 

: Y=u( 2 
a 

a (4) 

and 

aK' Q' _[(1 + b2)(1 2 a )a]-1..(5) 
Substituting Eq. (3), (4) and (5) 
into Eq. (2), we obtain for the at- 
tenuation, the expression, 

u= [4S'+ (1-S2+b2)2]i ...(6) 
Let u° be the attenuation at reso- 
nance, for which S = O. The at- 
tenuation, u, at any frequency, f, 
compared with the attenuation at 
resonance, u,, is then given by 

u/u° = [4S2+(1-S'+ b')2]V(1+b') 
(7) 

The values of Eq. (7) are plotted 
as the universal selectivity curves, 
page 17. 

It is desirable to determine the 
attenuation in terms of some stated 
band width, and the relation 

Af = (1 + a) f°S/4aQ (8) 

which may be derived from Equa- 
tion (3) and the definition of t, 
permits interpretation of the selec- 
tivity curves in terms of band width, 
2Af. The curves have been plotted 
for positive values of S only, since 
the assumptions which have been 
made lead to curves symmetrical 
about the resonance point. 

The vector form of Eq. (6) is 

u= (1 -Sa +b') j2S (9) 

in addition to which we have a 
±90° phase rotation (±j Equation 
(1)) from which the phase shift 
of the transformer becomes 

B ± 90° = [tan -12S/ (1- S2 + b') ] 
± 90° (10) 

the polarity of the additional 90° 
rotation being positive for the neg- 
ative values of K or negative for 
positive values of K. 

A family of curves representing 
Eq. (10) is shown as the universal 
phase shift curves. The universal 
selectivity and universal phase shift 
curves determine the performance of 
a transformer, under the assump- 
tions which have been made, and 
enable us to determine the attenu- 
ation and phase shift (relative to 
resonance) when we know a, f S, 
and Q. 

A convenient set of formulas 

which enable us to estimate quickly 
the selectivity and band pass per- 
formance of a given set of trans- 
formers operated in cascade may be 
obtained from these universal curves. 
For adjacent channel attenuation of 
three or more (u/u° ? 3), and for 
values of b between 0.2 and 1.41 
(which includes most cases of usual 
design), Eq. (7) may be approxi- 
mated by 

u/u° = S'/(1 + b') [for b ? 1] (11) 

u/u°= (1+S2)/(1+b2) 
[for b < 1] (12) 

The following formulas for the 
"nose" of the curve, based on an 

overall attenuation of 2- = 2 may be 
vy 

derived from Eq. (7) : 

For u/u° = 2, 

S'=b2-1+2(1+b'+b`)3 (13) 

For u/u° = 
S'=b2-1+(2+2b`); ....(14) 

For u/u° = Z/ 2 

S'= b'-1+ 
(1.59 - 0.82b2 1.59b`) .. (15) 

These equations allow calculations 
based on an equivalent single trans- 
former whose attenuation, raised to 
a power corresponding to the num- 
ber of transformers used, will pro- 
vide an estimate for the overall per- 
formance of the system. Our known 
quantities are an adjacent channel 
attenuation figure for u/u°, and defi- 
nite band widths by means of which 
S becomes a numerical linear func- 
tion of Q. The unknown quantities 
are then b and Q. Eliminating b 

between Eq. (11) and any one of 
the last three equations permits de- 
termination of the Q required to 
meet the specified performance. The 
corresponding value of b will then 
indicate the shape of curve by ref- 
erence to the universal chart. Of 
course the problem to be solved may 
be set up for any two unknowns in 
the above system of equations, and 
each transformer may be solved in- 
dividually rather than assuming all 
transformers identical, but Eqs. (14) 
and (15) only apply for two or three 
identical transformers. 

It is often desirable to know the 
performance of a single tuned cir- 
cuit, and this may also be expressed 
by means of a universal curve.* 
' Radio Engineering, by F. E. Terman, p. 52 
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The equations for selectivity and 
phase shift for a single tuned cir- 
cuit are given by 

O' = tan -1 S (16) 

for phase shift, and 

u'= (1+S2)ß (17) 

for attenuation off resonance in 
terms of the variables already used. 
The phase shift and attenuation 
curves for the single tuned circuit 
are given in dotted lines on the two 
families of curves. 

Use of Universal Selectivity and 
Phase Shift Curves in Practical 

Applications 

Some numerical examples will 
serve to illustrate the use of these 
curves and formulas. 

Let us take a two -stage amplifier 
operating at 465 kc resonant fre- 
quency for the first case. We will 
assume that all three transformers 
are identical; tuned circuit imped- 
ances may be kept low enough so 
that this will be a reasonable ap- 
proximation. Suppose we desire to 
design an amplifier to have critical 
curve shape (b = 1) with all coils 
identical and to obtain an adjacent 
channel attenuation of 100, what Q 
will be required and what will be 
the band width at an overall atten- 
uation of 2? 

The equivalent single transformer 
will have an adjacent channel atten- 
uation of ti 100 or 4.65. From the 
universal curve for b = 1 we find, 

for u = 4.65, that S is 3.02. At the 
u° 

adjacent channel Af is 10 kc. Since 
a = 1 solving Eq. (8), Q is 70 for 
these values of Af and S. Solving Eq. 
(15) with b = 1 we have S = 1.24. 
With this value of S and a Q of 70 
Eq. (8) gives us Af= 4.13. Our band 

width (20 f) for u - 2 is then 

8.26 kc. This will be the band width 
at an attenuation of 2 for three of 
these transformers in cascade with 
a Q of 70 in each circuit. We might 
have used equation (11) instead of 
the curve to obtain our first value 
of S which would then have been 
S = 3.05. 

Let us take a slightly different 
problem. Suppose we have coils of 
120Q available (in shield) and wish 
to design a single stage amplifier 
using these coils to obtain an adja- 

cent channel attenuation of 50, what 
will be the shape of curve and band 
width at an attenuation of 2, using 
a resonant frequency of 480 kc? 

In single stage design high tuned 
circuit impedances are normally 
used to obtain high gain. We will 
assume in this case that circuits re- 
duce the effective Q of the first 
transformer primary to 80 and of 
the second transformer secondary to 
40. This leads to two transformers 
which are not identical. The over- 
all attenuation of 50 at the adjacent 
channel will be the product of the 
attenuations at this frequency in 
each transformer. Since the second 
transformer has lower Q circuits we 
will call for less attenuation in this 
transformer. Let us require an at- 
tenuation of the adjacent channel 
of 10 and 5 in the first and second 
transformers respectively. This de- 
fines our problem and we may now 
solve for each transformer. 

The solution for the first trans- 
former gives a = Ql/Q2 = 80/120 = 
0.067, and from Eq. (8) we find Of 
to be 2.5S (in kc.). Then for Af 
= 10 kc, we have S = 4. Solving 
Eq. (12) with S = 4, and u/uo = 10 
we find that b2 = 0.7, and substitut- 
ing this value into Eq. (14) we find 
for u/uo = J2 that S = 1.19. For 
this value of S, we have Af = 
1.19 x 2.5 or 2.98 kc. and the curve 
shape is defined by b = 0.84. 
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For the second transformer, Ql 
120, Q2 = 40, and therefore a = 3.0. 
From Eq. (8) we determine that Af 
= 4S (in kc.) so that for Af =10 kc. 
the value of S is 2.5. Solving Eq. 
(12) for u/u. = 5 and S = 2.5 we 
find that b2 = 0.45. From Eq. (14) , 
which applies for u/u° = j, the 
value of S becomes 1.0 for which 
value Af = 4.0 kc. The curve shape 
is defined by b = 0.67. We may con- 
clude from this solution that the 
overall band width for an attenua- 
tion of 2 will be about 7 kc. and 
the curve shape will be somewhat 
less than critical. 

The universal curves for b = 0.67 
and b = 0.84 may be obtained by 
interpolation from the universal 
curve chart and redrawn with a fre- 
quency scale for abscissas from the 
conversions Af = 2.5S and Af = 
4.0S. The products of attenuation 
on these curves at discrete frequen- 
cies will then provide the overall 
selectivity curve of the system as 
shown. It will be noted that the 
adjacent channel attenuation is 
slightly less than 50. This is due 
to the approximation in Eq. (12). 

For the last case, assume a single 
tuned circuit with u/u° = 4. For 
this attenuation we can determine 
from the universal selectivity curve 
that S = 4, and for this value of S 
we determine from the phase shift 
curve that e' = 75°. Actually, for 
u/uo = 4, the value of S is 3.87 and 
e' = 75.5° but the results obtained 
graphically are sufficiently accurate 
for most purposes. For greater ac- 
curacy the single tuned circuit equa- 
tions on page 17 may be used. 

The use of these curves is not, of 
course, limited to intermediate fre- 
quency amplifier systems such as 
were used for illustration. For in- 
stance, band pass audio filters may 
be designed in this manner as sug- 
gested in a previous issue of Elec- 
tronics*. R. f. amplifier circuits 
often contain preselectors consisting 
of tuned coupled circuits which vary 
in resonant frequency with the tun- 
ing of the receiver. In fact any 
system in which we wish to select 
a relatively narrow band of fre- 
quencies from a given spectrum 
lends itself to treatment by tuned 
coupled transformers conforming to 
the universal curves presented here- 
with and within the premises on 
which the analysis rests. 

* Resonant Circuits in Audio Service, Elec- 
tronics, May, 1936. 
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Circuit diagram, r.f. to output of first a.f. This tuner employs the selective circuits used in the well known Western 
Electric 10A receiver 

A Wide -band Tuner 
Designed for reception of programs from local stations, this TRF tuner delivers sufficient 
output to drive push-pull 2A3 tubes, passes sidebands of approximately 7.5 to 10 kc., and 
has sufficient adjacent channel selectivity 

HIS tuner was designed to meet 
the requirements of those who 

wish high fidelity radio reception 
from high power local stations. Many 
people have been in the market for 
a high fidelity receiver for some time 
but have not felt like paying the 
money for a one -microvolt, all -wave 
receiver when they wished to re- 
strict their listening to not over a 
half dozen stations delivering sev- 
eral millivolts of signal. The tuner 
may also be used as a monitor for 
broadcast programs by advertisers 
or any others interested only in 
local programs. 

The selective element is made up 
of 4 tuned circuits in pairs of coupled 
or band pass filter circuits. The 
coupling of negative mutual in- 
ductance and capacitance insures a 
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sensibly constant band width which 
can be varied simply by changing 
the capacity of the coupling con- 
denser. A diode detector is fed 
from this selective system through 
an untuned transformer. The de- 
tector is followed by a single stage 
of triode a -f amplification which 
provides sufficient voltage output to 
load up push-pull 2A3 tubes through 
a proper coupling transformer. 

The tuned circuits are overcoupled 
and exhibit the usual curve of peaks 
separated by a dip at resonance. 
This dip amounts to about 2 db and 
is not considered serious, consider- 
ing the variation in response of the 
usual loud speaker. A 10,000 cycle 
filter made up of a tuned trap is 

located in the output of the first 
a -f tube. In this particular receiver, 
the trap can be removed at will, but 
in general it is advisable to have 
it in the circuit. On any good night 
in the New York suburbs the beat 
notes between stations makes it 
quite necessary to use the trap. With 
a 7,500 cycle side -band an attenua- 
tion of 60-70 db is necessary to 
eliminate monkey chatter. 

The diagram shows that the coup- 
ling impedance consists of a nega- 
tive mutual inductance, a resistance 
and capacity. The negative mutuals 
must be wound by hand. For check- 
ing coil inductance and condenser 
matching, a simple test method is to 
make the coil or condenser section 
under test part of the oscillatory 
circuit of a simple oscillator. The 
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Front view showing dial, knobs controlling gain, tone, etc. 

simplest battery -operated, unshield- 
ed oscillator will serve although it 
is preferable to include a variable 
condenser of 15 to 25 micro -micro - 
farads in parallel to the main oscil- 
lator tuning capacitor. With this 
auxiliary condenser set at midscale 
the main control may be varied un- 
til a beat is produced with a broad- 
éilt'station (picked up by the re- 
ceiver) at approximately the fre- 
quency desired for the test. 

By cutting the various sections of 
the tuning condenser into the oscil- 
latory circuit, it is possible to re - 
tune to zero beat by the auxiliary 
condenser and the discrepancy in 
capacity may be readily noted. By 
bending plates it is possible to bring 
the capacity back into line. As most 
midget condensers are of the straight 
line capacity type the capacity per 
dial degree can be calculated roughly. 
Coils may be checked by a similar 
method. The accuracy of alignment 
by this method depends upon the 
patience of the operator. An accur- 
acy of 0.1 per cent is not unattain- 
able. 

The interesting circuit using the 
negative mutual inductance was first 
described by E. A. Uehling in Elec- 
tronics, September 1930, and was 
used commercially in the well known 
10-A wide -band receiver of Western 
Electric. That receiver, however, 
used a square law detector so that 
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modulation peaks affected the AVC 
action. The present tuner utilizes 
a linear detector, the AVC operates 
only on the carrier and is unaffected 
by the modulation. When the AVC 
is removed for manual r -f gain con- 
trol, modulation does affect the in- 
put to the tuning indicator (6G5 on 
the diagram) so that a slight waver- 
ing of the shadow is seen. This does 
not bother the tuning, however. 

Additional data on the negative 
mutual inductance coupling circuit 
may be found in the "Radio Engi- 
neering Handbook," 2nd Edition, 
page 158, in Wireless World, Feb- 
ruary 18, 1931, and in Radio En- 
gineering, December 1936. 

Because this tuner was to be op- 
erated by an engineer several con- 
trols were placed in it, which would 
not be necessary or desired, per- 
haps, for more general use. For 
example the slight amount of AVC 
secured from the detector is fed back 
to the first stage and a switch makes 
it possible to remove this voltage 
and to control the r -f gain of the re- 
ceiver manually. Selective fading 
seems to be tolerated with some- 
what more enjoyment when the re- 
ceiver is not under AVC. A tone con- 
trol has been included in the re- 
ceiver but has never been used by 
the engineer for whom the set was 
made. When static is so bad that 
a tone control is necessary, receiv- 

ing is no fun anyhow. For general 
use the tone control might as well 
not be included. 

The second r -f stage must be op- 
erated with sufficient bias, say 7 to 9 
volts to prevent amplitude distor- 
tion when it is supplying 60 volts 
peak at 100 percent modulation to 
the diode circuit, the impedance of 
which is about 50,000 ohms. The 
audio frequency stage is conven- 
tional except that its grid is con- 
nected to one-half the diode load 
to improve the modulation capabil- 
ity of the detector. If insufficient 
output is secured, the a.f. may be 
connected across the entire diode 
load. When 20 volts are applied 
to the diode, approximately 100 volts 
(rms) will be applied between the 
grids of a push-pull amplifier when 
fed by a 2-1 transformer from the 
first a -f stage. 

There are two untuned transform- 
ers available. Both are replacement 
items and may be secured from job- 
bers or factory branches handling 
these lines. One is a Fada unit 
which gives somewhat greater out- 
put above 1200 kc. and the other is 
a Stromberg Carlson unit which is 
slightly more efficient below 650 kc. 
The Fada unit is more compact. 

View of the chassis showing general layout 
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In such a receiver it is neces- 
sary to reduce as far as possible any 
chance of noise entering the cir- 
cuits. Grid and plate leads must 
be short and direct; separate leads 
should run from each brush of the 
gang condenser, a single point on 

the chassis should represent ground 
for diode and a -f stages. This point 
should be near the diode. 

After antenna, ground and power 
supply have been connected, the 1st 
r -f screen voltage should be ad- 
justed (by moving clip on Electrad 
Truvolt voltage divider) to 125 and 
the cathode to plus 3. Then the 2nd 
6D6 screen voltage should be set 
at 125 to 150 (depending on signal 
strength) and its cathode to plus 
8 volts. 

Then, with micro -ammeter or 
magic eye, proceed to align or trim 
the gang condenser (Wholesale 
Radio Service YH9705) at 1400 
to 1500 kc. 

After aligning carefully, the screen 
voltages may need to be reset so 
that with AVC operating, the weak- 
est of the local network stations 
will impress 8 to 10 volts across 
the diode input (80-100 microam- 
peres through the 100,000 ohm load) . 

If the AVC fails to hold down the 
signal with greatest field strength 
to 20 volts, readjust screen -grid 
voltages, and if no satisfactory com- 
promise can be made-shift the AVC 
connection to point B from A, thus 
impressing twice the control voltage 
on the first r -f tube, at the expense 
of a slight increase in harmonic dis- 
tortion. Although these adjustments 
may sound tedious, it will probably 
be found that they can be accom- 
plished in less time than that neces- 
sary to read this portion of the 
paper. 

Although the diagram shows the 
10,000 cycle filter (Philco) in the 
first a -f plate circuit, experience has 
shown that a Stromberg Carlson fil- 
ter is somewhat more satisfactory. 
It is higher in impedance and should 
be placed in the diode load. The 
connecting leads must be very short. 

With coils as described and 
coupled with condensers of 0.05 µf 
the band width is approximately 20 
kc. and when shunted by an addi- 
tional 0.01 µf this band width be- 
comes approximately 15. The coils are 
special and to the best of the writ- 
er's knowledge may be obtained only 
from J. W. Miller Co., 5917 South 

Main St., Los Angeles. While it is de- 
sirable to check the inductance and 
the capacity of the several units, it is 
true that reasonable variation be- 
tween values of the several units will 
not cause great departure from sym- 
metry of resonance curve nor appre- 
ciable change in fidelity. 

A Yaxley switch may be employed 
to change not only the band width 
but in the narrower position to in- 
sert the whistle filter as well. This 
refinement is unnecessary unless 
using loud speakers which are flat 
to 10,000 cycles or better. With most 
single speakers, even the so-called 

high-fidelity units, sharp cut off usu- 
ally takes place between six and 
eight thousand cycles, and little or 
no difference will be noted between 
a 7,500 and 10,000 cycle band width. 

This tuner has been designed to 
operate with an efficient signal col- 
lector, because wide -band reception 
is worthless unless the signal to 
noise ratio is high. The antenna 
should be at least 20 feet away from 
wiring, other antennas, metal roofs, 
gutters, etc., and as long as possible 
-at least 75 to 150 feet. A good 
ground plus a noise -reducing leadin 
or transmission line with a trans- 
former at each end are very desir- 
able. A metal cabinet to prevent 
direct pick-up by leads or condenser 
stators will be desirable. 

ELECTRONICS - February 1937 

The loud speaker presents a prob- 
lem. There are several fine speak- 
ers now available which are satis- 
factory up to 6000 cycles or so, but 
the writer has found that it takes 
one of the few double -unit speakers 
to really make a wide band tuner 
show up its capabilities. The nat- 
ural resonance of the cone of the 
speaker should be in the neighbor- 
hood of 30 cycles, if possible. This 
calls for one of the 18 inch or simi- 
larly large dynamic types with 
plenty of field excitation. 

Many listeners state that they 
find little advantage to extending 

Under chassis photo showing how 
little is needed for a local receiver 

the audio range into the high fre- 
quencies unless the low end is ex- 
tended at the same time. Thus a 
small baffle with a cut-off near 100 
cycles is distinctly not good enough 
for faithful reproduction. The sev- 
eral acoustical systems recently de- 
veloped-such as the labyrinth of 
Mr. Olney, the resonant pipes of 
RCA Victor, the resonating cones of 
Philco or the "bass reflex" principle 
of Hugh Knowles of Jensen-may be 
effectively employed. In the latter 
system, use is made of ports in the 
speaker cabinet which are approxi- 
mately resonant in the extreme low 
frequency range of the cabinet so 
that in relation to the cubic con- 
tent, the phase of the back radia- 
tion of the cone is reversed. 
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LEFT 

Fig. 1-Single stage charge 
and discharge 

RIGHT 

Fig. 2-Uncoupled case, 
with various time constants 
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Time Delay in 
In communication and industrial control vacuum tube circuits, combinations of resistance 
and capacity produce time delays which play important-although often uncalculated and 
unexpected-roles. How to calculate and how to use these delay networks. 

THERE are many purposes for 
which it is necessary to obtain 

a current proportional to the ampli- 
tude of a modulated alternating cur- 
rent, but with the alternating cur- 
rent filtered out. A rectifier and a 
low-pass filter accomplish this. One 
of the most recent of such applica- 
tions is the volume expander used 
in the RCA Model D-22 and R-99 
radio -phonographs in which loud pas- 
sages are given greater amplification 
than soft passages, thus providing 
wide volume range'. Other examples 
are the shutter or galvanometer bias 
systems for reducing ground noise 
from photographic sound records', 
compressor or automatic volume con- 
trol circuits, and the detection or 
demodulation of modulated radio -fre- 
quency currents, to give audio, tele- 
vision, facsimile or signaling cur- 
rents. 

For some purposes the time lag 

22 

By E. W. KELLOGG and 
W. D. PHELPS 

Research. Department 
RCA Manufacturing Co. 

Camden, N. J. 

introduced by the filter is either in- 
considerable or unobjectionable. In 
other applications, such as volume 
compression and expansion, or 
ground noise suppression, the lag in 
action constitutes an imperfection in 
the functioning of the system, which 
may be serious unless the filter ac- 
tion is fast in comparison with the 
maximum rates of growth or de- 
crease in the modulation. For ex- 
ample, in the ground noise suppres- 
sion system used with photographic 
sound records, if there is a rapid 
increase in the amplitude of the re- 
corded waves, the galvanometer bias 
may not change fast enough to avoid 
cutting the tops off the first few 
waves, or in the case of a volume 
compression system, delay in action 

may result in failure for a brief in- 
terval to hold down the amplitudes, 
with consequent overloading. 

It is thought that the curves and 
approximate formulas given here 
may prove convenient and useful to 
engineers concerned with the design 
or use of such filtering circuits, in 
showing the manner in which the 
output voltage or current of a resist- 
ance -capacity filter changes in re- 
sponse to a sudden change in input, 
and giving a simple way of estimat- 
ing the effective time constant for 
two stages. 

If a condenser c (charged to a 
voltage E0) is discharged through a 
resistance r the voltage e, will fall 
to (1/) E. or .368 E. in T = re sec- 
onds. Similarly the time required 
for it to charge to within 36.8% or 
11 of the supplied voltage is rc sec- 
onds. A corresponding definition of 
the "effective time constant" for a 
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Resistance-Capacity Circuits 

two -stage filter, may be adopted, and 
although such a definition may be 
more or less arbitrary, it is useful 
in estimating the rapidity of action 
of filters of the resistance -capacity 
type. 

Two cases are considered, (1) in 
which the second stage is either 
isolated from the first by a tube, or 
else the connecting resistance is so 
high as to prevent material reac- 
tion on the first stage, and (2) in 
which the stages are cascaded in 
the usual manner and reaction of 
the second stage on the voltage 
across the first condenser is taken 
into account. 

Only filters of the resistance -ca- 
pacity type have been considered, 
although the general conclusions 
might be applied to numerous other 
combinations. For example we 
might be interested in the current 
through an inductance in the plate 
circuit of a tube having a resist- 
ance -capacity filter in the grid cir- 
cuit; or in the velocity of a mass, 
actuated by a magnet, the current 
through which is controlled by re- 
sistance and inductance. In the last 
case there would be some coupling 
between the stages, and mechanical 

resistance would have to be present 
if the same formulas are to apply. 

Case I. Uncoupled Filters 

If the voltage applied to the first 
stage of the filter is suddenly 
changed from E. to 0, the voltage 
applied to the second stage will be 
el = Eoe nt (1) 

where n = 1/rlcl. 
If the second stage has a time con- 

stant 1/r,c, = k, the voltage across 
the second condenser will be 

e.= E. ." 4- 1-k/nC " 
1(2) 

It will be noted that if n = k this 
is indeterminate and for this special 
case 

e, = Eo ( rut +1) s-' (3) 

For all other cases, Eq. (2) is ap- 
plicable. The two terms of Eq. (2) 
are of opposite sign, the smaller 
term being negative, and the larger 
exponent goes with the negative 
term. The value of e, is thus rep- 
resented by a larger term with a 
decrement corresponding to the 
slower of the two filter stages, from 
which is subtracted a smaller term 
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with higher decrement, and there- 
fore fairly rapidly becoming negli- 
gible (unless n and k are nearly the 
same) . 

Using "effective time constant" 
to mean the time required for e, to 
fall to (1/s)E0 or .368 E it may 
be said in general for the uncoupled 
case, that the time constant for the 
two stages is approximately equal 
to the sum of those for the filter 
stages taken separately. Table I 
shows the degree of approximation. 
The same is true, but with somewhat 
more error in the approximation, if 
the stages are coupled. If the stages 
are uncoupled, it makes no differ- 
ence which stage comes first. If 
they are coupled the order makes 
a difference. 

If we are concerned with the time 
required for the voltage to drop to 
a lower value than 36.8% of the 
initial value, or with how quickly 
it executes a smaller change, it will 
not be sufficient to depend on the 
effective time constant. The calcu- 
lation of the curves from the form- 
ulas indicated is comparatively sim- 
ple, but there are some approxima- 
tions which may be of use. 

If, in the case of uncoupled filters, 
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Fig. 5 -Coupled and uncoupled two -stage filters 

the time constant for one filter is 
short compared with the other, the 
lower part of the curve may be 
approximated by a single exponential 
having the exponent of the slower 
filter circuit and displaced along the 
time axis by the time constant of 
the faster filter. This approxima- 
tion, which is equivalent to ignoring 
the smaller term in Eq. (2), becomes 
poorer as the time constants of the 
two filters approach equality, and 
can hardly be recommended unless 
one time constant is at least twice 
the other. A good approximation 
for the case of equal time constants 
consists in a simple exponential 
curve of time constant equal to 1.4 
times that for one filter, and dis- 
placed along the time axis by .7 of 
the time constant. 

TABLE I. 1/nß.5 
Uncoupled case. Comparison of ac- 

tual and approximate time constants. 

1/k +1/n r2c2=1/k 

10.45 se;. 10.5 sec. 10.0 sec. 
1.15 1.05 0.55 

' 0.61 0.60 0.1 

Since in the uncoupled case the 
relative impedance of the two filter 
sections is not a factor in determin- 
ing the buildup or decay curve, the 
cases illustrated are representative 
of about all of the conditions likely 
to be encountered. In the coupled 
case there are so many variables 
that only a few of the many pos- 

Egble combinations can be illustrated, 
and it will have to suffice to give the 
formulas, and a few illustrations, 
together with some approximate ex - 
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pressions for the effective time con- 
stant for the two stages. 

Case II, Coupled Stages 

If an e.m.f., E,,, of the form shown 
in Fig. 5-B .is applied to the two - 
stage filter e2 and e, are given by the 
following relations: 

E0 - E0 
1-mi/msem it 

+ 
1-m2/m1 

m, t 

¡1 + mir2c21 
el `1-mi/m2 

EoEmit 
+ 

(1 + m2r2c21 

- m,lm /E0Em2t M1 

...(4) 

(5) 

Also if the e.m.f. is of the form 
shown in Fig. 5-A, 

Eo e2=E0- 1-mi/mzEmtt 

E0 tl + 1- m2/m1 em 2 (6) 

where m¿ _-X+ X2 -4 U 

M2 = 

a= 

2 

- X - 4u 
2 

1 1 1 -+-+- 
rict r2c2 r2c1 

1 

ricir2c2 

Although in the above formulas 
the change in impressed voltage is 
either from 0 to E. or from E. to 0, 
they show the manner in which the 
voltages e1 and e, change from any 
initial to any final value. For cal- 
culating such a case, if E. is the 
initial and Eb the final impressed 
voltage, Eq. 1, 2, 3, 4 and 5 may be 
used, letting E. in the formula stand 
for E, - Eb, and the total voltages 
across the first and second stages 

will be Eb -F e, and E, + e2, respec- 
tively. 

In Fig. 4 curves of e2, and e1, cal- 
culated from Eq. 4, are plotted for 
three different values of r,. Only 
one curve for e1 is shown because 
the other two lie nearly on it. Also 
a curve is shown for the case where 
both filter stages are identical. The 

TABLE II. Coupled case. 

Actual and approximate time con- 
stants compared. 

riCi + 
r2 t1 t2 (ri+r2)C2 

1.0 meg. 0.44 sec. 1.58 sec. 1.50 sec. 
0.3 0.47 0.83 0.80 
0.1 0.496 0.61 0.60 
0.005 0.499 0.504 0.505 

discharge times of C2 and C1, desig- 
nated as t, and t1 respectively, deter- 
mined from the curves are shown in 
columns 3 and 2 of Table II. Ap- 
proximate values of t, obtained by a 
combination of the filter constants 
are shown for purposes of compari- 
son. It is seen that a reasonably 
good approximation to t, is obtained 
simply by using the equation 

t2 = (ri + r2) co + ric1 (7) 

The largest error obtained this way 
for the cases considered is 4.6%. 
R.C. does not give a good approxi- 
mation to t1. The smaller C, com- 
pared to C1 the better r1c1 approxi- 
mates the value t1. In any case t, 
and t1 will lie within limits given by 
the relations 

r1C1 5 t1 < r1(ci + es) 

t, c,) 

(8) 

(9) 

For the case of identical stages Eq. 
(4) and (5) become 

0.3826 2.611t 
e2=1.17E,e rc -0.17E,e rc (10) 

0.382t 2.611t 
ei.724E,e - rc -0.275E,e rc (11) 

In a following paper a number of 
circuit equivalents are given which 
are useful in estimating the net 
resistance of circuits by which con- 
densers are charged. 
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Teletouch 

Corporation 
,;abinet of capacity -relay burglar alarm 

Based on the patents of Professor Theremin, the Teletouch Corporation makes a business 

of supplying electronic devices for various commercial purposes. The story of an organ- 

ization which makes industrial electronics pay 

BACK in 1928, most readers of 
Electronics will remember, a new 

type of electronic musical instru- 
ment appeared. It was called the 
Theremin, after its inventor, Profes- 
sor Leon Theremin, and for a while 
it seemed that it might become per- 
manently established in the musical 
arts. The instrument operated on 
the principle of body capacity, the 
performing artist changing the posi- 
tion of his body and his hands with 
respect to several electrodes protrud- 
ing from the instrument. These 
changes produced widely varying 
pitches of sound, generated electri- 
cally in oscillator circuits and fed 
to a loud speaker. Not only was it 
possible to change the pitch of the 
sound, but also to alter materially 
its timbre. Several concerts on the 
Theremin were given, and the instru- 
ment was widely publicized. How- 
ever, the difficult and unusual tech- 
nique required in playing the in- 
strument, together with the effect 
of the depression, prevented its wide- 
spread use. Today interest in elec- 
tronic music seems to have shifted 
to instruments of the keyboard or- 
gan type and the Theremin is still 
more or less a dormant issue. 

But Professor Theremin is very 
far from dormant. As research di- 
rector of the Teletouch Corporation, 
he is pursuing an active career in 
the application of electron tubes to 
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the needs of commerce and industry. 
The Teletouch organization, deriving 
its original impetus from a musical 
instrument which did not pan out, 
has applied many of the principles 
used in that instrument to various 
forms of electronic control which 
have met with considerable success. 

The basic Theremin patent has to 
do not with the use of body capacity 
itself, as a control element, but with 
the compensation of the capacity - 
sensitive circuit against slow changes 
in capacity and other disturbing fac- 

tors. This principle, outlined in U. 
S. Patent No. 1,658,953 is essentially 
as follows: A heating coil or other 
thermal element having thermal in- 
ertia is connected mechanically to a 
condenser in a tuned circuit. The 
heating current of the coil is sup- 
plied from the plate circuit of a vac- 
uum tube, whose grid voltage is con- 
trolled by changes in capacity in the 
tuned circuit. If any change in 
capacity occurs, the heating current 
is changed in such a manner as to 
compensate for the change, the ther- 
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mally controlled condenser being 
brought into play to cause the com- 
pensation. If, however, the change 
in capacity is rapid, then the thermal 
delay in the coil prevents immediate 
compensation, so the frequency of 
the tuned circuit changes, thereby 
actuating the relay. The circuit 
compensates for slow changes, there- 
fore, but not for rapid ones. 

With this type of compensated 
circuit as the foundation, a capacity 
control device has been constructed 
by the Teletouch Corporation for 
various uses, particularly as a burg- 
lar alarm and for the control of 
commercial advertising displays such 
as the show -windows of retail stores. 
One interesting application of the 
latter type, publicized in the news- 
papers under the name "Magic Mir- 
ror" makes use of the mirror coating 
as the capacity -sensitive element. 
This mirror coating is semi -trans- 
parent when illuminated from be- 
hind, but opaque and reflecting when 
not so illuminated. Consequently 
it is possible to set up an innocent - 
looking mirror in a public place and 
to connect the capacity relay to the 
mirror surface so that passers-by 
pausing to make use of the mirror 
will actuate the mechanism. Thus, as 
a person comes close to the mirror, 
part of the mirror surface suddenly 
becomes illuminated, revealing an ad- 
vertising message or product be- 
hind, while the remaining part of 
the mirror retains its opaque reflect- 
ing surface. The same capacity -sen- 
sitive device is used for the protec- 
tion of safes, jewelry displays, and 
similar small volumes of great value. 

By using large conducting areas, 
underneath rugs, etc., rooms and 
doorways can likewise be protected. 

In connection with the uses of its 
devices as burglar alarms, the Tele - 
touch Corporation has made a con- 
siderable investigation of the types 
of protection generally desired by 
merchants and similar customers. 
They have found that professional 
thieves are very quick to appreciate 
the presence of burglar alarm de- 
vices, and also are much more clever 
than is generally supposed in getting 
around them. For this reason the 
Teletouch burglar alarm system is so 
constructed that cutting wires, either 
in the capacity -antenna circuit or in 
the power circuit, automatically ac- 
tuates the alarm, which is run by 
dry cells contained within the cabi- 
net itself. Opening the door of the 
capacity unit has the same effect. 

Another feature of interest in 
burglar protection is the continuity 
of the alarm. In the conventional 
tin -foil system the alarm bell or 
horn, once started, remains blasting 
continuously until the owner of the 
shop arrives to turn it off. By the 
time the police or the owner arrive 
often the thief has made his de- 
parture because the great clatter has 
scared him away. While the Tele - 
touch alarm can be made to run con- 
tinuously in this fashion, its devel- 
opers have found that many custom- 
ers prefer to have the alarm sounded 
only while the thief is in the vicinity 
of the protected area. 

If the thief departs, the alarm 
thereupon ceases and the annoyance 
to the neighborhood is considerably 

The self-contained photo -relay installed in a New York 
department store for window -lighting control 

Elrst at Macy's 

THE 

TELETOUCH RAY 
from 9 'tdH midnight 

Amplifier cabinet used with the 
self contained photo -relay 

minimized. If the thief, encouraged 
by the silence, attempts to re-enter 
the protected zone, the alarm again 
rings. 

Electric Time from D -C Circuits 

Another electron -tube device in- 
vented by Professor Theremin and 
developed by the Teletouch Corpora- 
tion, is a d.c. to a.c. inverter for use 
in driving synchronous electric 
clocks. The need for such a device 
has long been felt in many metro- 
politan areas, notably those in New 
York City where d.c. is the only 
power available. The Teletouch in- 
verter, described in U. S. Patent No. 
2,047,912 derives its power from the 
d -c circuit. The d -c is inverted in 
vacuum tubes (as distinguished from 
the gas -triodes widely used for in- 
verter service). The timing control 
of the circuit is obtained from the 
d -c commutator -ripple which is al- 
ways present in d -c sources of sup- 
ply. Since the speed of d -c machines 
can be regulated within close limits, 
it is possible to govern the frequency 
of this ripple (which usually takes 
the form of 0.1 per cent a -c com- 
ponent of 150 cycles per second) 
with great accuracy. The function 
of the inverter is then to remove 
the alternating component and am- 
plify it sufficiently so that it may 
be used to control the grids of the in- 
verter tubes and invert to 60 cycles. 
The unit is small enough for use in 
nearly all applications, and uses con- 
ventional receiving type tubes at 
sufficiently low operation ratings to 
insure long life. 
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The latest venture of the Tele - 
touch organization is into the field 
of photoelectric relays, and in this 
case also they have unearthed an 
unusual wrinkle which adds greatly 
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phototube current-'isthen increased 
or reduced, depending upon whether 
the interfering object has a higher 
or lower reflectance factor. The cir- 
caktris aluittrgikhge that any change 
from t]asonrormad9vakie of phototube 
cduntento estizcsivacpositive indica- 
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ilmmiiself-contained phototube relay 
whiclif contains both the "Camera" 
age amplifier in the same unit. The 
wiiudbw lighting model contains a 
karate amplifier, and thus requires 
a3 more troublesome installation by 
anb electrician. The self-contained 
unit is set in operation simply by 
cienecting to a wall outlet. 
-n( 
i Merchandising Policies 

"'Any organization which intends 
tid capitalize on the development of 
electronic control devices has a dual 
problem. In the first place, it is 
necessary to have sound engineering 
and proper construction of the ap- 
paratus so that it will function as 
intended. In the second place, there 
arises the problem of merchandising 
the devices so that they can be put 
to use widely and effectively. 

The Teletouch Corporation has 
approached this problem from sev- 
eral points of view. First, a wide 
variety of applications of the device 
have been conceived by the organ- 
ization. In the second place the 
Teletouch organization has concen- 
trated its efforts largely in retail 
commercial applications rather than 
in the more industrial applications 
encountered in factory work. Thus 
the Teletouch Ray installations have 

been made in the R. H. Macy store 
in New York, the Gimbel store in 
Philadelphia, the Brooklyn Edison 
Company, in the Sloate Chevrolet 
Company of Hartford, and in several 
other similar installations. The 
Magic Mirror device lends itself 
especially to jewelry display, and 
has been employed by Black, Starr 
& Frost, in New York City. 

All of these applications have two 
important sales factors involved. In 
the first place, the apparatus oper- 
ates only when the attention of the 
passer-by is directed toward it. Thus, 
while it is common practice to illu- 
minate store windows from sundown 
until midnight, it often happens, 
especially during stormy weather, 
that the street crowds are extremely 
small and the lighting power is then 
largely wasted. By adopting either 
photoelectric or capacity control de- 
vices it is possible to restrict the 
lighting of the windows to such 
times as passers-by interrupt the 
light beam or actuate the capacity 
mechanism. This sort of economy 
appeals highly to retail merchants. 
In certain circumstances it appeals 
to the public utilities which supply 
power to retail merchants. This is 
particularly important in small 
towns, where retail establishments 
do not illuminate windows because 
of the large expense, but might 
readily be urged to do so if the 
lights are put on only when needed. 

The second factor involved in re- 
tail store installations is the high 
publicity value which is derived 
therefrom both from the general 
public. For example, when the R. H. 
Macy installation was made, news- 
paper write-ups in practically every 
New York newspaper appeared im- 
mediately thereafter, resulting in 
well-earned publicity, both for 
Macy's and for the Teletouch Cor- 
poration. The restriction to com- 
mercial displays has its limitations, 
of course, and it is expected that 
many industrial applications will 
supplement the retail installations 
now made. The success which the 
Teletouch Corporation has derived 
from its policy, however, is indica- 
tive of what can be done by an ag- 
gressive merchandising organization 
backed up by proper engineering, and 
capitalizing upon the growing pub- 
lic appreciation of electronic con- 
trol devices. 
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P[IONOGRAPH record reproducer 
design in the United States in 

the past seems to have been based 
on frequency response and output 
voltage requirements. The amount 
of wear on the record, however, is a 
highly important consideration, espe- 
cially in the cases of automatic re- 
peating devices and home -entertain- 
ment equipment where each record 
is replayed many times. Acetate 
and other "instantaneous" records 
also require a reproducer which will 
cause a minimum of record wear for 
maximum service and best reproduc- 
tion. The crystal record reproducer 
described here causes far less record 
wear than conventional devices with 
equal needle pressure, and attains 
excellent frequency response and 
transient response, together with 
sufficient output voltage to produce 
full output from a low -gain audio 
system such as that built into the 
conventional radio receiver. 

A Record -Saving 
Pickup 

Mechanical design reduces wear on records by reducing 

change in tracking angle as needle moves from center to edge 

By RALPH P. GLOVER 
Chief Engineer, Share Brothers, Chicago 

For low record wear, the needle 
pressure and needle impedance 
should be low and the horizontal 
projection of the needle should be 

tangent to the record groove at all 

times. The vertical projection of 

the needle should be normal to the 
surface of the record also. 

In recording, the cutting head is 

moved radially across the record and 
generates a close -pitch spiral groove 
which may be considered as a series 
of closely -spaced concentric circles. 
In reproduction, however, the pickup 
arm is pivoted at one end and car- 
ries the reproducing head and needle 
at the other end. To make the mo- 

tion of the needle correspond to that 
of the cutting head, the length of 
the arm would have to be infinite. 
For the practical finite arm the nee- 

dle describes the arc of a circle 
across the record, and the projection 
of the needle on the record makes 
an angle with the tangent to the 
groove at the point of contact. This 
departure of the needle projection 
from tangency is called the tracking 
angle. 

The actual value of the tracking 
angle depends on the length of arm, 
distance between arm pivot and cen- 
ter of record and radial distance 
from center of record to needle point. 
Figure 1 shows curves of tracking 
angle for common 8" arm. Note 
rapid change of tracking angle when 
distance from pivot to record center 
is equal to or greater than arm 
length. Conventional arms are 
placed so that arc of travel of needle 
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Crysta/ assembly 
See F16.3 

Fig. 4-Cross section of record -saving pickup 

passes through center of record 
(d = 0). This gives maximum track- 
ing angle at the outside of the rec- 
ord and a straight-line decrease in 
angle as the needle traverses the 
record. A rapid change in tracking 
angle is objectionable since the nee- 
dle point wears out to fit the groove. 
The needle point is continuously re- 
shaped at the expense of the record, 
producing excessive wear. 

Tracking angle changes can be re- 
duced when the arc of the needle 
passes the center of the record on 
the far side of the arm pivot. See 
Fig. 1, curves for positive values of 
"d". This increases the tracking 
angle itself which is highly objec- 
tionable because, due to thrust, the 
needle bears on one side of the 
groove with undesirable results from 
the standpoint of wear. There is 
also a loss of fidelity, particularly 
at the high frequencies. 

A survey of the literature indi- 
cates that this situation has been 
thoroughly appreciated abroad. No- 
table examples of tonearms which 
correct for tracking angle can be 
found in the products of manufac- 
turers in England, Continental Eu- 
rope and Australia. All of these 
devices are of the "bent arm" type. 
Correct design involves the selection 
of proper arm length and value of 
"d" to give essentially constant 
tracking angle and to correct for, or 
eliminate, this tracking angle by 
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bending the arm or angularly dis- 
placing the reproducing head by a 
corresponding angle. 

The straight tonearm is the sim- 
plest and least expensive mechanical 
link. It is best adapted to artistic 
design and requires least space-an 
important consideration where com- 
pactness is essential. 

The method of tracking angle re- 
duction employed in the reproducer 
described here involves an angular 
displacement of the needle relative 
to the working axis of the reproduc- 
ing head or "cartridge". The cart- 
ridge may be mounted in any suit- 
able straight tonearm and may be 
used as a replacement unit which 
reduces the tracking error. 

Figure 3 shows "end -on" and side 
views of the needle -chuck employed 
for this purpose. By simple geom- 
etry it is easily shown that the "tilt 
angle" 4) is determined by the ex- 
pression: 

tan e = 
cos S sin 4) 

sin S 

S is the conventional forward in- 
clination of the needle (usually 20 
to 30 degrees) and 4) is the angular 
displacement of the needle about the 
axis of the reproducing mechanism. 
The length of arm is chosen and an 
operating curve of Fig. 1 is selected, 
thus determining the tracking angle 
which is to be compensated. The 
compensating angular displacement 

Visco/tolo/ 

Vis ca//oid 

--Meta/ 
Rubber 

Y Leads 
dimorph 
(Graphoi/) 

Crystal mounting side squaretor/ion 
crystal 

e is made about equal to the average 
tracking angle thus determining the 
required tilt angle (. 

Figure 2 shows a comparison be- 
tween needle orientations obtained 
with the conventional and new re- 
producers. Above, corresponding 
tracking angle variations are shown 
for three positions on a 12 inch rec- 
ord, showing the improvement ob- 
tained with the new method. The 
greatest tracking angle obtained 
with the new system is smaller than 
the least angle afforded by conven- 
tional reproducers. Below are 
shown vertical views of the needle 
("end -on relative to the tonearm) 
indicating improved vertical align- 
ment relative to the groove. The 
"needle -tilt" method of minimizing 
tracking error is not limited to crys- 
tal reproducers but can be applied 
to other transducers. 

The axis of the needle -chuck does 
not pass through the horizontal axis 
of the mechanism. This has been 
purposely done to allow the use of a 
cone -point screw for clamping the 
needle in the chuck. At the same 
time the point of the needle comes 
directly below the axis of the mech- 
anism, eliminating the torsional mo- 
ment that would otherwise result 
from forces perpendicular to the rec- 
ord. This, combined with a floating 
mounting of the square torsion crys- 
tal between strips of viscalloid, re- 
sults in an assembly which is im- 
mune to ordinary mechanical shocks. 
The mechanical system is designed 
to present low needle -point imped- 
ance which of course still further 
tends to reduce record wear. 

The audio response is exception- 
ally uniform and covers the entire 
frequency range available on current 
records. Transient response is like- 
wise "clean". 

In the preparation of this article, 
the writer wishes to acknowledge 
the assistance of Mr. Ben Baumz- 
weiger, who developed the "needle - 
tilt" principle. 

Crystal mounting end 

Fig. 3-Details of assembly and views of needle chuck 
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Fig. 1 --General plant layout 
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Transformer Alignment 

By R. NATHAN 
Chief Teat Engineer 

Midwest Radio Corporation, Cincinnati 

THE modern superheterodyne re- 

ceiver, with its AVC amplifier, 
selectivity and sensitivity controls 
and tuning aids, each of which is as- 
sociated in some manner with the 
i -f system, demands a technique in 
i -f alignment, which was not neces- 
sary several years ago. For several 
years after the advent of the super- 
heterodyne, the i -f alignment pro- 
cedure was to supply a modulated 
signal equal in frequency to the i. f. 
of the receiver to be aligned, to the 
grid of the 1st detector tube. The 
number of microvolts of the signal 
strength was predetermined. With 
the aid of an output meter, the cir- 
cuits of each stage were in turn 
tuned to resonance. This condition 
was obtained when the output meter 
indicated a maximum deflection. 

About the time that the various 
above mentioned controls made their 
appearance in radio receivers, cath- 
ode ray equipment was being devel- 
oped very rapidly. The cathode ray 
oscillograph together with the fre- 
quency modulator seemed to be the 
answer to the complicated i -f align- 
ment problem. At present many 
radio receiver manufacturers use 
cathode ray equipment exclusively 
for i -f alignment. It is the pur - 

Fig. 2-Circuit of oscillator 
employed 

pose of this article to describe a 
system which is now in operation, 
and which makes i -f alignment quite 
simple. 

It was thought best to have a 
single frequency modulator, moni- 
tored with a crystal controlled oscil- 
lator, since all test positions would 
then be supplied with the same fre- 
quency. There is a constant check 
on the mean frequency of the modu- 
lator by means of the crystal 
monitor. 

The use of a single frequency mod- 
ulator, however, made necessary the 
use of a matched transmission line 
system. The matched line was nec- 
essary since the lines were to be of 
shielded cable 400 to 500 feet long. 

One line was to run to a central 
location in each of the test depart- 
ments. At each of these central 
junctions each line was matched to 
its total load, for example, the load 
represented by lines supplying 12 
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test positions. At each test position 
the branch line supplying that posi- 
tion was matched to an attenuator. 
This matching device along with 
the attenuator, is an integral part 
of the cathode ray oscillograph for 
that position. 

At the other end of the line, the 
frequency modulator was matched 
to both of the main branch lines. 
The oscillator for the frequency mod- 
ulator is electron coupled. The de- 
sign for the impedance device from 
plate of generator to line follows. 
The entire design was carried 
through for a frequency of 456 kc. 

Circuit of impedance matching 
transformer from plate of electron 
coupled oscillator to both main 
branch lines is shown in Fig. 3. 
Each main branch line represents 
a load of 140 ohms as determined 
by the impedance of the cable. 

(Continued on page 71) 
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Shot Effect 

I have read the report which appears in 
the December Electronics of the paper 
entitled "Shot Effect in Space -Charge - 
Limited Vacuum Tubes" which Dr. 
D. O. North and I presented at the 
Rochester Fall meeting. This report is 
in error. 

We do not believe that the noise 
is zero with "complete space charge". 
We did not discuss "intermediate val- 
ues of space charge". We did not 
state that the virtual cathode acts as 
a temperature -limited cathode. We 
did not say that the thermal agitations 
formula is used to give the noise in the 
case of a temperature -limited cathode. 
We do not think of electrons flowing 
from anode to cathode. 

The points I tried to make clear are: 
1. Shot effect is not zero in space - 

charge -limited currents. 
2. If it were not for fluctuations in 

the value of the minimum potential, 
the shot effect would be the same in 
space -charge -limited as in temperature - 
limited emission. 

3. A rigorous analysis of the mech- 
anism of space -charge depression of 
shot effect shows that under practical 
operating conditions the fluctuations in 
cathode current are given to sufficient 
accuracy by the thermal agitations 
formula using the cathode conductance 
and 6/10 of the cathode temperature. 

4. In spite of the usefulness of the 
corrected thermal agitations formula 
the fluctuations cannot properly be 
thought of as thermal agitations nor 
can the correct result be arrived at by 
thermodynamic reasoning such as that 
presented by Dr. Llewellyn. 

These errors in this report of our 
paper would be of relatively small 
concern to us were it not for the wide 
circulation of Electronics, and the 
usual trustworthiness of its informa- 
tion. 

B. J. THOMPSON 
Research and Development Laboratory, 

RCA Mfg. Co., Harrison, N. J. 

What's Time to a Hog? 
Hamlet said the time was out of joint. 
Standard time still is, according to 
the Interstate Commerce Commission, 
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Backtalk 
which wants Congress to set it right 
with a law. 

The Commission is moved by such 
inquiries as "What the hell time is it 
anyway?" from an executive in Mich- 
igan who had ordered his chain stores 
to open two hours late. The man was 
confused by Michigan's three kinds of 
time: Federal, state and local, com- 
plicated by daylight saving. It got so 
bad that Michigan threw out all three 
and imported Eastern standard time- 
except for the Northern peninsula, 
which is part of Wisconsin, by the clock. 

A lot of other states and towns 
have been two- and three -timing the 
Government ever since Congress re- 
pealed the "Act to save daylight," 
over President Wilson's veto, back in 
1920. 

Time zones were adopted by the 
railroads in 1888. Congress made 

H. F. Mayer, General Electric, (See 
Electronics, December, 1936) shoots 
Empire State building from McGraw- 

Hill roof 

them law in 1918. But the law is ap- 
plied only to those engaged in inter- 
state commerce, government officials 
and departments, and to persons act- 
ing under federal regulations. 

Strange things are done. For in- 
stance, Connecticut has a standard 
time law but the entire population 
goes by daylight saving, everywhere. 
In Massachusetts the Grange declared 
the state daylight law unconstitutional. 
But the Supreme Court said it was 
constitutional. So in summer the 
farmers still wake their cows at three 
o'clock in the morning. 

The ICC is sure that, soon or late, 
something is bound to go wrong. 
Hunters have already been arrested for 
shooting ducks before six in the morn- 
ing, when it was really after seven. 
Some day there is going to be a big 
lawsuit to decide whether it was noon 
or eleven or one o'clock when a million 
dollar insurance policy expired. Or a 
man is going to miss being hanged 
because the hangman was hanging by 
daylight saving. Question would be: 
Could the executioner make another 
appointment with the party? 

Radio broadcasting people used to 
schedule programs, as of the time at 
points of reception, but it was driving 
them crazy. Now they simply tell 
what time they will send it, by their 
own clocks, and the customers have 
to figure out when they will get it. 

Railroads make a go of standard 
time. They invented it. But that's 
strictly among themselves. Between 
them and the public is daylight sav- 
ing, and it's a headache night and day. 
Practically no traveler can tell whether 
an hour ahead means later or sooner. 
Clerks explain it to millions, as thou- 
sands miss the trains. 

The ICC used to recommend that 
the federal government either "occupy 
the legislative field completely" or else 
let go of Father Time's forelock and 
let the states get into his hair. But 
now, with the nation's clocks all cuckoo, 
it wants Congress to say "My time 
is your time." If not, then there are 
those who hint that the Interstate 
Commerce Commission would like to 
put its old chronometer on the door- 
step of the Bureau of Standards and 
let them try to regulate it. 

BLAINE STUBBLEFIELD, 
Electronic's Correspondent 

Washington, D. C. 

February 1937 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


REG. U. S. PAT. OFF 

Initiative - Resourcefulness - Cooperation 

to advance the interests 

of the industry 

RESISTANCE 
SPECIALISTS 
Since 1921 MAKERS OF 

RESISTANCE UNITS ONLY 

INTERNATIONAL RESISTANCE COMPANY 
401 NORTH BROAD STREET, PHILADELPHIA, PA. 

Factories o- Licensees in Canada, England, France, Germany, Italy, Denmark and Austral a 

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

MORE APPLICATIONS THAN ANY OTHER MANUFACTURER IN tHE WORLD 
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TUBES AT WORK 
ANEW cold -cathode relay tube, X-raying fruit for inter- 

nal defects, a combined capacity -relay and talking - 
machine, phonographs for teaching music, circuits for 
producing r -f pulses-all in this month's collection of 
tube uses 

Cold Cathode Tube Developed 
for Telephone Service 
ACCORDING TO AN ANNOUNCEMENT in 
the December 1936 issue of the Bell 
Laboratories Record, a new type of 
gas -filled tube having cold electrodes 
has been developed for use as a relay, 
voltage regulator, or rectifier. The 
tube, shown in the figure, has three 
elements, two of which are "control" 
electrodes (semi -circular in shape) 
while the third is a wire -shaped anode. 
The control electrodes are coated with 
activated barium to reduce the neces- 
sary starting voltage of the tube. The 
tube is filled with a mixture of the 
rare gases, of which neon is the prin- 

Gas-filled relay tube 

ciple constituent. The use of the ac- 
tivated cathode (control electrode) and 
the mixture of gases produces a low 
voltage drop through the tube, about 
75 volts, in contrast to several hun- 
dred volts necessary in similar tubes 
not having activated electrodes. 

In operation there are two conduct- 
ing paths of interest, between the two 
control electrodes and between one 
control electrode and the anode. The 
voltage necessary to produce break- 
down between two control electrodes is 
70 volts; that necessary to maintain 
the discharge thereafter is 60 volts. 
On the other hand a voltage of 175 
is necessary to break down the gap 
between the anode and one of the con- 
trol electrodes, while the sustaining 
voltage in this case is 75 volts. The 
difference between the breakdown volt- 
ages of the two paths makes it pos- 
sible to use the tube as a relay, a 
typical circuit for this use being shown 
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in the diagram. A biasing voltage is 
placed between the two control elec- 
trodes, nearly large enough to cause 
breakdown. A signal voltage supplied 
by the transformer is then added to 
the biasing voltage. The positive peak 
of the signal breaks down the control 
gap and starts the discharge, where- 
upon currents up to 30 milliamperes 
may be carried between the control 
electrodes and the anode. 

Because of the difference in shape 
in the electrodes, the voltage drop for 
forward conduction is considerably 
lower than for the reverse conduc- 
tion, in the ratio of 75 to 200 volts 
(for conduction between one of the 
control electrodes and the anode). Rec- 
tification of alternating current may 
therefore be obtained with the tube, 
provided that the voltages supplied are 
of the proper range, namely, so that 
forward conduction will occur without 
reverse conduction. 

The regulating action of the tube 
is obtained usually by the use of the 
two control electrodes, between which 
a sustaining voltage of approximately 
60 volts is necessary to maintain the 
discharge. The voltage drop through 
the tube tends to maintain itself at 
this value of 60 volts regardless of 
the current flow, and this property can 
be used to provide a regulated source 
of voltage, which appears across the 
two control electrodes. 

One of the most interesting applica- 
tions of the new tube is connection 
with ringing in four -party telephone 
circuits. One of the new tubes (type 
313A) is included in the ringing box 
of each subscriber's telephone set. This 
is the first application of an electron 
tube in subscriber's plant in telephone 
practice. 

Relay circuit using new tube 

X -Ray Used to Study 
Internal Defects of Fruits 
and Vegetables 
EMPLOYING A PORTABLE X-ray machine 
equipped with a fluoroscope for the 
study of internal defects of many vege- 
tables and fruits is as simple as the 
system of "candling" eggs. Through 
a system developed by Dr. R. B. Har- 
vey, plant physiologist at the Univer- 
sity of Minnesota, it is not necessary 

Two apples x-rayed by Dr. Harvey. 
Different degrees of internal break- 
down are shown by the darkened 

spots 

to cut the fruits or vegetables open 
for inspection and therefore it is pos- 
sible to use larger samples of products 
and experimental studies may be car- 
ried on while the products are still 
growing. 

One of the internal defects of po- 
tatoes which Dr. Harvey intends to 
study is the cause of the hollow heart 
of potatoes. Experiments in different 
communities will be set up so as to use 
several varieties of potatoes. A pic- 
ture of the internal cleft in the potatoes 
is obtained by the X-ray without cut- 
ting the potatoes and it will be pos- 
sible to examine individual potatoes at 
varying periods of time in the field 
without removing them from the plant. 

An equally important feature of this 
system of X-ray inspection is the ability 
to use it in studying some of the more 
important storage defects in apples, 
such as internal decline, core flush and 
water flush. 

"Talking Mirror" Uses 
Capacity Relay and Photo 
Tube -Film Reproduction 
A RECENT APPLICATION Of electronics in 
the field of advertising displays has 
been made in the "talking mirror." 
As shown in the picture, the device 
contains a mirror surmounting a loud 
speaker and amplifier system. The 
mirror surface (on the rear of the 
glass) is connected to a special capac- 
ity relay which operates on the body 
capacity of any person approaching 
the mirror. The capacity relay sets 
in operation a 16 mm. film, on which 
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INSULATOR SPECIALTIES FOR RADIO 

AS foremost supplier of porcelain insulation to the 
radio industry, Lapp realizes its responsibility for 

the development and production of dependable and ade- 
quate insulation equipment. 

Illustrated at right is the latest development in self- 
supporting radiator insulation, a design which secures 
utmost efficiency from all materials. Tower leg footing 
cast integral with insulator frame-ecocomical and easy 
to install. Generous porcelain cones afford maximum 
electrical protection. Porcelains in line with tower leg, 
reducing shear duty. 

Below, Lapp porcelain water coil, a design that elimi- 
nates sludging. Require no cleaning, and because water 
is left pure, eliminates cleaning other parts of system and 
frequent water changes. Regularly used by all trans- 
mitter manufacturers and available for replacement in 
existing sets. 

WRITE FOR YOUR CCPY OF LAPP BULLETIN '37 
DESCRIBING COILS AND STRUCCURE INSUL4TORS 
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e i9P?-IlleafPrAWaktou 
Permanent 
resistance value 

under: 

EXTREME COLD 

EXTREME HEAT 

HIGHEST HUMIDITY 

RAPID 
CLIMATIC CHANGES 

Available in a compre- hensive range of 
resistance values ex- 
tending fro m 1,000 
ohms to 1,000,000 
megohms, thus meeting 
all requirements of the 
commercial, laboratory 
and experimental 
fields. 

S. S. WHITE MOLDED RESISTORS 
are in use in radio equipment on land 
and sea and in the air, under climatic 
conditions ranging from icy cold of 
the Antarctic to the steaming heat of 
tropical Africa. 

Featured by noiseless operation, 
permanent resistance value, non - 
hygroscopic material and rugged 
mechanical strength, their ability to 
perform satisfactorily, regardless of 
weather, has been amply demonstrated. 

TRY THEM on your radio and elec- 
tronic equipment. Write - today for 
descriptive circular. 

NOISE TESTED -At slight additional cost, resistors will 
be supplied individually "noise -tested" to this specification: 
"For the complete audio frequency range, resistors shall have 
less noise than corresponds to 1 part in 1,000,000." (For 
values up to 10 megohms) 

The S. S. WHITE Dental Mfg. Co. 
INDUSTRIAL DIVISION 

IO East 40th St., Room 2310E, New York, N. Y. 

has been recorded a sound track con- 
taining the advertiser's message. A 
conventional phototube pick-up and am- 
plifier feeds the loud speaker. 

The capacity relay contains a 38 
tube, as an oscillator, which does not 

Outward appearance of the "Talking 
Mirror" 

oscillate, however, until the person ap- 
proaches the mirror surface. The period 
of oscillation is only about 1/20 sec., 
the plate potential of the oscillator 
tube being connected immediately after 
operation begins. The oscillator con- 
trols an 874 glow tube which acts as 
a relay, throwing the grid of a type 
43 which in turn operates the me- 
chanical relay in the film-and-phototube 
mechanism. 

The phototube pick-up is an 868 
tube amplified by two 6F5s which 
drive a 25B6 tube in the output, 
which feeds a six- or eight -inch loud- 
speaker. Power is supplied for the 
amplifier from a 25Z6. 

Phototube and filin mechanism 
which delivers advertising messages 

to the public 
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7:12 -ON THE BALL! 

Toy railroads (like their originals) are more certain to maintain schedules when their 

electrical equipment is insulated with SYNTHANE laminated bakelite. Give your prod- 

uct-be it toy, appliance, apparatus or machinery-the dependability of SYNTHANE. 

SYNTHANE is a material possessing many desirable 
properties-electrical, mechanical, chemical and phy- 
sical-for many purposes. Write for information and Sv-r`"`u NT F I www.americanradiohistory.com
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FOR INTERMEDIATE AND 

RADIO FREQUENCY COIL FORMS 

Specify General Electric Textolife 

Textoliie tubing is especially made to meet the me- 
chanical and electrical requirements of your coil 
forms with its uniform wall thickness, good dielec 
tric strength, low variation in power factor meas ire- 
ments between dry and humid conditions, and low 
moisture absorption. 
In the fabrication of coil forms, holes must be ac 
curately pur.ched and the tube precisely threaded 
General Electric offers you the years of fabricating 
experience and modern machining facilities of its 
Textolife distributor, General Laminated Products, Inc. 
Write for further information on Textolite ccil forms 
or on any other fabricating requirements tc our 
nearest distributor, listed below, or to Section P-422, 
Appliance end Merchandise Department, General 
Electric Company, Bridgeport, Connecticut. 

GENERAL LAMINATED PRODUCTS, Inc. 
233 SPRING STREET 
NEW YORKS, N.Y. 

3113-3123 CARROLL AVE. 
CHICAGO, ILL, 

GENERAL )Í ELECTRIC 

APPLIANCE AND MERCHANDISE DEPARTMENT, GENERAL 
ELECTRIC COMPANY, BRIDGEPORT, CONNEr:TIZUT 
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When the capacity relay operates 
a special holding circuit switch comes 
into operation, so that the announce- 
ment is made in complete form even 
though the person moves away from 
the mirror. Film travels at 16 mm. 
speed, and the phototube lens system 
is such that a flat response from 60 
to 6,000 cycles is obtained. The entire 
device operates from 110 volts a.c. or 
d.c., and has operated as many as 
6,000 times before any damage to the 
film was noticeable. The film an- 
nouncement is 3 minutes in duration. 

High Intensity 
Sound Waves 
HIGH INTENSITY sound waves have pro- 
vided an interesting field of research 
since methods of photographing them 
have been discovered. The sound waves 
to be photographed are often produced 
by a spark discharge, although a wire 
exploded by passing a current through 

d 

Diagram of the Schlieren method 
of photographing sound applied 

to a spark discharge 

it is another common method. The 
waves produced by the sparks are found 
to consist, according to Dr. C. G. Suits 
whose article, "Notes on High Intensity 
Sound Waves" appears in the Septem- 
ber 1936 issue of the General Electric 
Review, of a single pressure pulse 
which is propagated with a velocity 
initially greater than the normal veloc- 
ity for the ambient temperature. This 
velocity decreases rapidly within a few 
centimeters from the source and ap- 
proaches relatively slowly and assymp- 
totically the normal velocity. 

A common method of photographing 
spark discharges which is very sensi- 
tive to changes of refractive index is 
the Schlieren method shown above. 
Light from the point source, a, (which 
may be a spark discharge) is focussed 
by means of the lens, b, on a plane 
mirror, c, where the divergent rays 
are reflected to a spherical mirror, d. 
The spherical mirror reflects the light 
back to the point a through the plane 
mirror so that-providing the op- 
tical system is perfect-an observer 
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permanent 
ALNI -M e n4g 41112, -ALNICO 

Solid throughout...smooth surfaces... 
fully tested for magnetic properties 

1'sco 
ALNI -ALNICO 
PERMANENT 

ESTABLISHED 1742 

Illustrated are a few of the many permanent magnets now being 

produced by TISCO ... America's oldest producer of specialty 

alloy products. Produced in a modern, self-contained magnet plant 

... with equipment especially designed to permit rigid control in 

melting, heat treating and final testing ... TISCO magnets fully 

meet the rigid requirements of the electrical, radio and other fields. 

Quotations, as well as engineering and design assistance, available 

on request. Consult the TISCO office near you, or write direct .. . 

TAYLOR - WHARTON IRON AND STEEL COMPANY 
HIGH BRIDGE, NEW JERSEY 
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S ock Lamination 
Actual Size 

TRANSFORMERS 
. . . Nothing too Small 

...Nothing too Large 

FERRANTI engineers will be glad 
to assist you in any transformer 

problem which you may have. Send 
a copy of your specifications which 
will receive immediate attention. 

Whether your needs cover one trans- 
former -or one thousand your inquiry 
will get the same prompt attention. 

Hundreds of stock units to choose 
from. 

Special Transformers shipped in 8 
hours. 

FERRANTI products are the result of 54 
years of experience in the manufacture 
of inductive apparatus. 

"There is No Substitute for Quality." 

Stock Lamination Actual Size 

FERRANTI ELECTRIC INC. 
30 Rockefeller Plaza New York City 

Combined shadow method and 
rotating camera technique for use 

with a spark discharge 

at g and looking at the spherical 
mirror sees only a dark field. Any 
object at e, such as a spark, which 
will bend the rays leaving the spher- 
ical mirror provides light which is fo- 
cused by a lens, f, on a photographic 
film at g so that a permanent record 
may be obtained. This method is suffi- 
ciently sensitive as to indicate a change 
in refractive index caused by the con- 
vection currents produced by body tem- 
perature. 

By combining this shadow method 
with a rotating mirror camera, a con- 
tinuous passage of the sound wave near 
its source can be provided. The spark 
at a provides not only the sound wave 
which is to be photographed, but also 
the light by which it may be photo- 
graphed. The system of three mirrors, 
b,b,b, and the lens c uses the light from 
the discharge for parallel beam back- 
ground illumination. The image is 
focused by the lens g on the mirror h 
which rotates and produces a photo- 
graphic record on the film, i. 

The passage of a sound wave of high 
intensity through an arc or spark dis- 
charge may extinguish this discharge, 
and photographs have indicated that 
the sound wave, rather than the initial 
pressure pulse, is very probably the 
cause of extinction. The theory of the 
mechanism of extinction by sound does 
not appear to be too well understood in 
all cases. In many cases the extinc- 
tion results from a large displacement 
of the arc or spark atmosphere; in 
other cases the arc is extinguished even 
though the displacement of the gas 
molecules is slight. 

Using the sound produced by explod- 
ing wires and the rotating camera tech- 
nique, Dr. Suits has calculated the 
amount of energy which goes into 
sound and concludes that approximate- 
ly 97 per cent of the energy radiated 
is in the form of sound and only three 
per cent is in the form of light. This 
calculation applies only to the initial 
period. 

Multi -unit Phonograph 
for Schools 
WHILE the phonograph record of pres- 
ent-day standards continues to exert 
an ever -widening appeal in the public 
mind as readily available material for 
entertainment purposes, it is of late 
becoming increasingly popular among 
educators as a valuable ally in the 
classroom, particularly in the teach- 
ing of music. 
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Paired for Remote Pick-up! 

(1) Hang it up. 

(2) Left: asa non -direc- 
tional mike. Right: as 
a directional mike. 

* NEWCOMERS 
633A MIKE-Here'sWestern Electric's 
newest-the 633A "Salt -shaker" mike. 
Like the famous "8 -ball," it's a 2 -in -1 mike: 
(1) Non -directional, (2) Directional,when 
you snap on the scientifically designed 
acoustic baffle. 

Designed by Bell Telephone Labora- 
tories, the 633A is small, sturdy, ideal for 
every remote pick-up job. Its unusually 
low price will surprise you! 

22A SPEECH INPUT-Small, light, 
tough and rugged-built to last a lifetime 
-Western Electric's new 22A is actually 
portable. It gives you highest quality 

at low cost-rapid set-up-easy operation 
under the toughest conditions, including 
total darkness. 

High spot features you'll like: stabi- 
lized feedback- frequency characteristic 
flat from 30 to 10,000 cycles-low dis- 

tortion-operation from 115 volt 50/60 
cycle AC supply or batteries -4 mike 
mixers and main gain control-completely 
factory wired and tested. Delivery? - in 
stock ready to ship! 

For full details on these two new aids 
to better broadcasting, write Graybar 
Electric Co., Graybar Building, NewYork 
-or telephone Graybar's nearest branch. 

Western Electric 
Distributed by GRAYBAR Electric Co. In Canada: Northern Electric Co., Ltd. 

RADIO TELEPHONE 
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ANNOUNCING 

* THE NEW SHURE * 

7If SyU@ ZEPH7+ 

rrecowthmmar rrr£. 

The illustration above 
shows how accurately 
the needle of the 
ZEPHYR "tracks" 
the groove clear 
across a 12 -inch 
record. The enlarged 
views at top above 
(looking down on the 
record) compare the 
relation of needle to 
groove for the 
ZEPHYR pickup 
( solid line) and con- 
ventional pickup (dot- 
ted line) at the start 
(1), half (2) and 
finish (3) of the rec- 
ord. Shure "needle - 
tilt" Balanced -Track- 
ing keeps the needle 
true to the groove 

makes records 
last longer 

gives finer reproduc- 
tion. 

¡ff111 
BALANCED -TRACKING 
CRYSTAL RECORD REPRODUCER 
The Shure ZEPHYR is not just another pickup-it's 
entirely new-utterly different! Basically new design 
features now bring you more accurate, more life -like 
reproduction of the recorded original ... decidedly longer 
record life ... and new, beautiful, dynamic "aero -stream" 
design in black bakelite molded . . . at low cost. 
Built-in "Balanced -Tracking", provided by the new 
exclusive Shure "needle -tilt" principle, keeps the needle 
practically tangent to and centered in the record groove 
at all times-thus materially reducing record wear. Here, 
for the first time, low -tracking error has been achieved 
in combination with the new modern "streamline" design! 
And these features, too, are important! ... "Ultra" wide - 
range response-corrects for deficiencies in recording 
characteristics * Full -floating double precision ball - 
bearing pivot * Double moisture -proof, fully electro- 
statically -shielded crystal * Mechanically "shock -proof" 
critically damped moving system * Special "high -lift" 
arm for convenient needle -changing. 
List Price $12 

Complete information in Bulletin 142MA. Write for it 
today! 
Licensed under patents of the Brush Development Company. Shure patents pending. 

S WV IRE 
RO 

M CR PO HOaNES 
SHURE BROTHERB MICROPHONE HEADQUARTERS 
225 WEST HURON STREET CHICAGO, U. S. A. 
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One of the pioneers in this phase 
of music pedagogy was George A. 
Wedge, head of the Theory Depart- 
ment of the Juilliard School of Music, 
New York City. Aware of the value 
of revealing to the student the struc- 
ture of a composition through its actual 
recorded performance by eminent art- 
ists, a procedure which could be re- 
peated as often as desired, a collec- 
tion of records was started, small at 
first, but constantly augmented until 
a library of impressive size and di- 
versity was built up. 

Because the limited facilities as re- 
gards machines and available space 

Pupil using phonograph unit 

were soon taxed beyond capacity, it 
was proposed to use several in- 
dividual turntable units and amplifier 
stages feeding a pair of headphones 
to each pupil as shown. 

The unit comprises a table eight 
feet long housing the four turntable 
assemblies, which are separate panels 
faced with slate -gray formica and on 
which are mounted the motors and 
high impedance magnetic type pick-ups. 

Each motor unit has a one -stage 
audio amplifier in the enclosing com- 
partment utilizing a 76 tube. The 
output goes to a matching trans- 
former which supplies a bank of head- 
phones if desired. 

A separate volume control is fur- 
nished for each pick-up for use on 
extra -loud recordings, but as a rule 
the volume is ample at about 80 on 
the gain control scale. Located at 
each end of the table are four jacks 
through which students may listen in 
on any particular turntable, and twelve 
at one time are comfortably accommo- 
dated. 

Tube Charger Used 
with New Battery For 
Hearing Aids 
THE PROBLEM OF REPLACEMENT of small 
dry batteries in hearing aid apparatus 
has been considerably eased by the 
development of a lightweight battery 
of the semi -wet type, which can be re- 
charged regularly. The charging unit 
is of the vacuum tube rectifier type, 
using a 25Z5 radio tube. The manu- 
facturer recommends that the tube in 
the charger be replaced at least every 
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Resistor Drum and Capacitor Frame used in Leeds & Northrup Co. high frequency equipment, molded 
by Tech -Art Plastic Co.; and General Radio Co. Condenser Case, molded by Bay State Molding Co. 

IT is quite generally recognized that 
the dielectric efficiency of any high - 

frequency electrical part depends not 
only on the resistivity, but also on 
the power factor of the material from 
which the part is made. It is possible 
that careful study of power losses 
in many existing electrical parts may 
lead to significant advances in design. 

For the forming of parts in which 
power losses must be held to a mini- 
mum, low -loss Bakelite Molded offers 
exceptional advantages. This material 
possesses high resistivity and dielectric 
strength, and also the lowest power 
factor of any molded plastic adapted 
BAKELITE CORPORATION, 247 
BAKELITE CORPORATION OF CANADA, 

BAK 
n. e,.. .x ate. .. ww . 
-enbrn,,.à órBoae (c. eaacn. uM« ws copal ".aa M 

to the same uses. Its power factor 
is only 14% that of general purpose 
Bakelite Materials at one million 
cycles. 

In addition to these electrical merits, 
low -loss Bakelite Molded possesses 
other typical advantages of Bakelite 
Materials... moisture-proofness, chemi- 
cal resistance, durability and ready 
adaptability to form. Manufacturers 
and designers of all types of high -fre- 
quency parts are invited to consult us 
regarding possible benefits of low -loss 
Bakelite Molded for their products. 

Also write for our 48 -page illus- 
trated booklet 13M,r°B akelite Molded". 

PARK AVENUE, NEW YORK, N.Y. 
LTD., 163 Dufferin Street, Toronto, Ont. 

LITE 
o- 

.r.m. oi o.,.n, am xna- a.. a ew.i,- Co,w,anan. «aaes 

Brush Support for High 
Frequency Resistance Box 

Housing for Vacuum Tube 
Voltmeter Probe 

j 

Aircraft Distributor Head 

Automobile Running -Board 
Antenna Insulator 

Ignition Coil Cover 

Above are five of the many 
appropriate applications for 
low -loss Bakelite Molded. 

THE MATERIAL OF A THOUSAND USES 
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Sniooth Control 
()Lim 1. Voltage 

2. Speed 

3. Heat 

4. Light 

With new Type "TH" Transtat* 
Voltage Regulators by A m e r Tra n 

THE Transtat Regulator is being used for numerous voltage -control appli- 
cations in industry because of its many advantages over resistive and 

tap -changing devices. Voltage may be changed gradually, and without inter- 
rupting the circuit, from zero to values considerably higher than line voltage. 
Moreover, the Transtat offers high efficiency, good regulation, and great flexi- 
bility. All of these features are possible in the Transtat because it utilizes a 

continuously variable auto -transformer 
-it is the ideal voltage control for 
alternating current circuits. 

Standard Transtat Regulators, available 
for single-phase loads up to 2.6 Kva. 
on 115- or 230 -volt, 50/60 -cycle cir- 
cuits, are ideal for use with small mo- 
tors, rectifiers, lamps, heating devices, 
and small apparatus. Larger units can 
be assembled on special order. 

Ask for Bulletin No. 1177 for complete 
data and prices. 

46 

*Transtat Regulators are manufactured exclusively by 
American Transformer Co. under U. S. Letter Patents 
and patent applications of the Company, including 
Nos. 1,993,007 and 2,014,570. 

AMERICAN TRANSFORMER CO. 
178 Emmet St. Newark, N. J. 

QUALITY TRANSFORMERS SINCE 1901 

six months. Two batteries are used, 
one being charged while the other is 
used in the hearing aid unit. The 
charging rate is adjusted so that the 
battery is charged for the same num- 
ber of hours that it is used, and must 
in any event be charged twice a week 
for two eight -hour periods. 

Production of Radio 
Frequency Impulses 
A RECENT CONTRIBUTION by Colwell, 
Friend and Hall, in the November 1936 
issue of the Review of Scientific In- 
struments, describes several interest- 
ing methods of producing short im- 
pulses in radio frequency amplifiers. 
These impulses have been used for 
studying the virtual heights of the 
ionosphere, since they are of short 
enough duration to permit accurate 
recording of reflected signals. The 
methods consist in varying the bias 
applied to the grid of the radio fre- 
quency amplifier. Various methods of 
producing pulses in the operating bias 
are suggested, from a simple mechan- 
ical chopper which short-circuits the 

Magneto circuit 

blocking bias, to a complicated thyra- 
tron arrangement. Several of the 
suggested circuits are shown in the 
accompanying diagrams. In one, an in- 
duction coil is used as the source of 
blocking potential on the grid, the pri- 
mary of each coil being closed by a 
contact arrangement. The sparking 
and arcing of contacts, however, is a 
serious difficulty in long continuous 
operation. A liquid contactor has been 
developed which gives excellent service 
over long periods of operation, and 
produces pulses of approximately 100 
microseconds in length. The contact- 
ing consists of a rotating nozzle which 
produces a stream of fluid, under cen- 
trifugal action. The stream makes 
contact with a platinum wire once dur- 
ing each nozzle revolution. The con- 
ducting fluid may be dilute sulphuric 
acid, or some similar conducting me- 
dium. Other sources of blocking po - 
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Commercially Acceptable 

Write for 

Bulletin 

104-E 

Address 

30 STATE ST., 

Cambridge, Mass. 

TO be generally accepted by a number of users, any piece 
of apparatus must not only be correctly designed, care- 

fully manufactured and rigidly inspected, but must also 
bear the unpredicable stamp of approval, "commercially 
acceptable". "Will the user like it" is the big question which 
faces every manufacturer. 

Over four years ago General Radio introduced the Type 
653 Volume Control, the first of its kind. That this control, 
incorporating several new mechanical features last year, is 
what the radio, talking picture and public address engineer 
wanted is attested to by the sale of thousands of units to 
these users. Its sales continue to increase. 

The G -R 653 Controls have these important features 
recognized and appreciated daily by hundreds of satisfied 
users: 

Extremely low noise level 
Complete cut-off 
Substantially constant impedance 
Behind panel depth of only 216 inches 
Finger index button 
Dust cover, removable without exposing windings 
Convenient terminals 
Long life 
Four stock impedances: 50, 200, 250 and 500 ohms 

Moderate price: $12.50 for any model 

If you haven't tried a G -R 653, order one on approval. 
Try it in your own circuits under your own operating con- 
ditions for 10 days. Then if you are not satisfied, we will 
refund the purchase price. 

GENERAL RADIO COMPANY 
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coilmdeL 
UNITED 

TUBE S 

rueeüge 
MERCURY RECTIFIER 

TYPE 975 -A 

Every radio engineer having 
charge of transmitters of 21/2 kilo- 
watts or more should consider the 
generous heavy duty characteris- 
tics and dimensions of the 
UNITED 975-A. 

No other rectifier on the mar- 
ket between the '72-A and the 
'69-A "measures up" to this 
UNITED tube, in overall size, 
shielding or break down factor. 

Far greater vacuum space is ob- 
tained through use of the long 
straight side envelope. Large Svea 
metal shield and anode are used, 
so that the filament is not too 
closely hooded. This materially 
extends the emission life, as experi- 
ence with our 972-A has so defi- 
nitely proved. 

Ratings and Description 
Half wave, shielded filament, mercury rectl. 

fier. 
Max. overall dimensions 3" x 10%". 

Max. peak inverse volte 15.000 (17,500- 
factory test). 

Max. peak plate current 6.0 amperes. 

Average plate current 1.5 amperes. 

Filament: 5 volt, 10 amp.-coated emitter. 
Base: Standard 50 watt. 

Price $30.00 

UNITED ELECTRONICS COMPANY 
42 SPRING ST.,' NEWARK, N. J. 
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tential are the ordinary telephone 
magneto which is connected in series 
with the blocking bias, and a variation 
in which the output of the magneto 

Gas-tride control, 
separately synchronized 

is put through a distorting amplifier, 
which limits the pulse length to ap- 
proximately 500 microseconds. The use 
of a mercury vapor triode as a relax- 
ation oscillator is also suggested. This 
circuit takes two forms: in one a con- 
denser is charged from the battery 
through a resistance and discharges 

Self -synchronized 
diode circuit 

through the mercury vapor triode un- 
der the control of the synchronizing 
voltage applied to its grid. In the 
second case the condenser is charged 
through a diode which operates only 
on the positive half of each alternat- 
ing current cycle. The grid in the 
triode is operated 180 degrees out of 
stage of the charging potential, so 
the discharge takes place only when 
the diode is non -conducting. The re- 
sult is a very high degree of reliabil- 
ity and accurate synchronization over 
long periods of operation. 
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GORDON ISCHE 
one of the outstanding ra- 

dio dealers of Milwaukee. 

('f//IRE/s ONlY 
ONE CONTROL 

D7 7INDTH,17Ì4 

. . . says Gordon Ische 
"We do considerable 
radio repair business with 

an efficient service de- 

partment. In many cases 

it is the Volume Control 

The "smooth" 
CENTRALAB 

Control 

For original equipment, as well as re- 

placements, specify the world-famous, 

dependable Certralab Controls. 

CENTRALAB Division of Globe -Union Inc., Milwaukee 
CANTERBURY ROAD, KILBURN, LONDON N. W. 6, ENGLAND 

118 AVE LEDRU-ROLLIN, PARIS, FRANCE 

ELECTRONICS - February 1937 

that gives trouble ... we 

replace them with CEN 

TRALABS ... the customer 

is well pleased and we 

never have a kick -back." 

ISCHE BROS. famous 
store at 5527 W. North 

Avenue, and famous 
Electric Neon sign. Head- 

quarters for good radios 

and good repair service. 

N 

-_ 
0,1- 

EA7ME MEKRCA 
R P TOR AND STRDNBEC 

iARCSDBRAD RADIOS 
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THE ELECTRON ART 

EACH month the world's technical literature 

see what physicists and engineers are doing with tubes, for 

presentation in tabloid form to Electronics' readers. 

UNDER THE TITLE, "Über Rückkopp- 
lungschultungen ohne Resonanzkreise" 
appearing in Vol. 13, No. 4 of the 
Elektrische Nachrichten -Technik for 
1936, M. Lattmann and H. Salinger 
present a discussion of several oscil- 
lator circuits. One of the circuits de- 
scribed consists of a two stage resist- 
ance coupled amplifier with the output 
of the second stage coupled to the input 
of the first stage. At first the circuit 
appears to be the same as the multi - 
vibrator circuit of Abraham and 
Bloch, but examination shows that the 
coupling from the output of the sec- 
ond stage to the input of the first 
reverses the RC elements of the multi - 
vibrator circuit. This simple change in 
coupling permits of the production of 
oscillations between 0.01 cycle and 100 
kc. per second having sensibly sinu- 
soidal wave form. 

The schematic wiring diagram of 
the oscillator is that given with the 
feed-back connections (indicated by 
dotted lines). For purposes of analy- 
sis we may break the feed-back con - 

is scanned to 

nections in which case we have a two 
stage resistance coupled amplifier with 
slightly unusual output circuit. The 
elements Cg and R., which serve only 
to give proper bias to the grid of the 
first tube by isolating it from the 
plate supply of the second when feed- 
back occurs, may be neglected. 

Let an alternating voltage, egi, of 
angular frequency, w, exist between 
the grid and filament of the first tube 
whose amplification factor is and 
whose internal plate resistance is r'l. 
The output voltage of this amplifier 
which appears across R, will then be, 
egi = µzR1egl/ (rºi + R1) =µ'leg,, if we ne- 
glect the effects of C1 and R2 which are 
in parallel with R1. As a result, the 
voltage on the grid of the second tube 
will be, egg= R2ep1/ (R2 -I- X51) , which, 
in turn gives rise to an output voltage, 

Xc2 µ2 Ra 
eg2 = eg2 

Xc2+ R+ rp2 + Ra 

By putting R1 = R,; R2 = R4; C1 

= C2; rpl = rp2; µl = w2; and, conse- 
quently, µ'1 = µ'2 = µo the circuit solu- 

ATOM BENDER REVEALS 
RELATIVE WEIGHTS 

This new mass spectrograph at Harvard University treats streams of 
charged atoms like cathode rays, weighs them relatively, makes dis- 
covery of isotopes easy. Professor Kenneth Bainbridge is in charge 

tion can be considerably shortened. It 
can be shown that the above equalities 
not only result in a simpler mathe- 
matical solution but also obtain for 
optimum circuit operation. With these 

Schematic wiring diagram for the 
oscillator circuit using non -reson- 
ant circuit elements. By inter- 
changing R4 and C2 the usual 
multivibrator circuit is obtained 

substitutions, and combining the ex- 
pressions in the preceding paragraph 
we obtain, 

Xe1 R1 

eo1 = µo2 egg 

(R1 + X el)2 

The conditions for stable operation, and 
those which obtain when the feed-back 
circuit is closed are that egi = es, so 
that 

R1 w C.1 

1 = 1202 

(R1 w Cl + 1)2 

Let R1C1 = 1/wo. Then, remembering 
that both µo and w are positive, the so- 
lution for the above equation is, 

wo µo µo 3 
2 + - -1 ± - - µo2 

w 2 k 

This expression can be made a pure 
imaginary (which is the condition for 
sinusoidal oscillation) by letting µo' =-- 

2, in which case we obtain w = jw3. 

Thus, a sinusoidal oscillation of fre- 
quency, f = 1/2irR1C1 can be sustained 
although no such possibility exists in 
the case of the usual multivibrator cir- 
cuit, where the numerator would read 
(R1wC1)' instead of R1wC1. 

The oscillations produced by this 
circuit are fairly sinusoidal. In the 
audio range, harmonics amounting to 
about 4% have been measured. At 
very low frequencies no measurements 
were made of distortion, but oscillo - 
grams show a remarkably good wave 
shape. 

The frequency can be varied by 
changing the values of R1 or C1. By 
providing adjustable values of R1 and 
C1 an a -c source of utmost simplicity 
is provided which presents some of the 
characteristic features of the hetero- 
dyne oscillator. Tubes having two tri- 
ode structures in the same envelope 
can, of course, be used to produce a 
single tube oscillator, and by providing 
a switching arrangement to change the 
output circuit of the second stage, this 
sinusoidal oscillator circuit can be 
changed over at will to the usual multi - 
vibrator arrangement. 
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TRVCLIN/ZE5 
AND GAINS THESE ADVANTAGES 

KMA, Shenandoah, Iowa,"investigated before invest- 
ing" in a new antenna system. Note the following 
partial list of advantages afforded by TRUSCON 
VERTICAL RADIATORS: 

1. Greatly enlarged primary service area with 
no increase of power input... 2. Practically total 
elimination of night fading... 3. Advantage of low 
overturning moment at base due to radical reduction 
in wind load on structure, in comparison with con- 

ventional tower design, permits narrow base structure. 
This is equivalent in operation to theoretically uni- 

form cross section... 4. Additional assurance that 
modern high fidelity transmission equipment will 
produce greatest potential efficiency because of non- 
interference features of TRUSCON Self -Supporting 

VERTICAL RADIATORS... 5. Greatly increased 
resistance to possible interference from other 
stations operating with greater assigned power. 
... 6. Increased commercial advantages accruing 
from better broadcasting and better reception. 

IMPORTANT NOTE 
TRUSCON VERTICAL RADIATORS are economically designed, self- 

supparting structures capable of resisting terrific wind pressures of 
hurricane intensity. They are available in fractions up to five -eighths 
wave length for the complete range of broadcasting frequencies. For 
complete details and the cooperation of Truscon engineers ... write 

TRUSCON STEEL COMPANY YOUNGSTOWN, OHIO 
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"Tophet C" is the 
choice of critical resis 
tor manufacturers. 

Drawn down as fine as 
Amer dia. 

High specific resistance 
permits maximum ohm- 
age in minimum wind- 
ing. 

Closest tolerances main- 
tained relative to dia- 
meter and resistance. 

Special type spool for 
easy unwinding. 

Why "TOP H ET"? 
Because it's the product of Wilbur B. Driver-the founder 
of the resistance wire industry in the United States. Indeed, 
every spool of this long -life nickel -chrome alloy produced by 
this company bears his initials. An enviable reputation is 
Jealously safeguarded. And manufacturers of good wire - 
wound resistors appreciate such certification. 

WILBUR B. DRIVER CO. 
formerly GILBY WIRE COMPANY 

NEWARK, NEW JERSEY 

itilUMitiekerifiNtitiMlNt,1+t1WM111 

Announcing a new 

REMLER 
HI - FIDELITY 
TRANSCRIPTION 

UNIT 
Famous Remler quality . . . sturdily 
constructed with precision accuracy to 

stand up under the grueling test of continuous service. 
Improved mechanical -filter drive system provides constant 
speed and freedom from wow at either 331/3 or 78 R.P.M. 
FEATURES: True synchronous motor, condenser starting, 
mounted on rubber. Exclusive roller -bearing planetary speed 
reduces drive for 331/s R.P.M. Speed change by simple 
lever. Oil -damped mechanical filter in drive shaft. Heavy 
16" "flywheel" platter. High fidelity lateral pickup and 

equalizer gives response within 3 db. from 45 to 6600 C.P.S. Ball -bearing mounted 
long radius pickup arm, with adjustable needle pressure-I/2 oz. to 6 oz. 
Available in cabinet or as a unit for mounting in control table. All parts mounted 
in heavy cast iron framework assuring permanent alignment and simple installation. 

The price is unusually low. Send for complete information. 

REMLER COMPANY, LTD., 19th at Bryant, San Francisco 

REMLER-THE RADIO FIRM AS OLD AS RADIO 
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Photoelectric Pyrometer 
THE PHOTOTUBE has been put to work 
in the photoelectric pyrometer which 
is an instrument for indicating or re- 
cording the temperature of incandes- 
cent bodies. Essentially the device 
consists of a phototube, toward which 
the radiant energy to be measured is 
directed, a very stable vacuum tube 
amplifier, and the required and asso- 
ciated power supply equipment, accord- 
ing to W. R. King whose article "The 
Photoelectric Pyrometer" appears in 
the November issue of the General 
Electric Review. 

The main features of this form of 
pyrometer is that it provides a con- 
tinuous indication or record of the 
temperature of incandescent bodies 
without appreciable time lag. 

The pyrometer makes use of Wein's 
displacement law which states that the 
relation between wavelength of maxi- 
mum radiation intensity and the abso- 
lute temperature is a constant. Since, 
therefore, the wavelength of maximum 
radiant energy is inversely propor- 
tional to the absolute temperature, the 
phototube response (which varies as 
the intensity of the radiations imping- 
ing upon it) will vary with the tem- 
perature of the body. The exact man- 
ner in which temperature variations 
are related to phototube output current 
will depend upon the spectral sensi- 
tivity of the phototube. 

beclifier F/fer 

Meter 

st. 
24,>/,h,booy 

Phototube 

Regulator `.Bias ad//ushnent 
tube poten7,ometer 

Schematic wiring diagram of the photo- 
electric pyrometer. A type 57 pentode is 
used to amplify the output of the photo - 

tube 

A simple circuit is used in this type 
of pyrometer, as indicated by the sche- 
matic wiring diagram. The amplifier 
is required because the output cur- 
rent, which is of the order of a few 
microamperes, is insufficient to operate 
any control equipment. High amplifi- 
cation is obtained through the use of 
a pentode amplifier circuit. The photo - 
tube and amplifier circuits are supplied 
with direct current from a rectifier 
and filter unit contained within the 
pyrometer. Because voltage variations 
would affect the accuracy of the py- 
rometer appreciably a two element gas 
filled tube, connected in series with a 
resistor across the output of the rec- 
tifier and filter, is used as a voltage 
regulator. 
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Distribution of Current in 
Pentodes and Hexodes 
[H. Rothe and W. Kleen, Telefunken 
Laboratory] In tubes with several 
grids not only the plate but at least 
one of the grids is at a positive poten- 
tial with respect to the filament. The 
presence of two positive electrodes 
causes these tubes to differ in princi- 
ple from three electrode tubes in which 
the grid has a negative bias. When 
both grid and plate in a three -electrode 
tube are made positive, current flows 
to both electrodes. Apart from the 
dimensions and spacing of the elec- 
trodes which are constant for a given 
type of tube, the ratio between the 
two currents depends merely on the 
ratio e,/e, between the two potentials 
applied to the electrodes. Two main 
cases may be distinguished: either e 
the voltage on the plate, is much larger 
than e the voltage on the grid (Tank's 
case), or e, is much larger than e2 

(Below's case). In Tank's case all the 
electrons which have passed through 
the grid proceed straight forward to 
the plate. In Below's case the path 
of the electrons is bent toward the 
grid wires, and electrons having passed 
through the grid may still be deflected 
and caused to turn back.. 

When e, is lower than e which is 
assumed to be high enough to pro- 
duce the saturation current I, the dis- 
tribution of the current is, therefore, 
determined by the number of electrons 
which are thrown back by the retarding 
field along a parabolic path. In this 
case 

- C, / s I / 
where C, = 4 a b p/s (a+b), where a is 
the distance between plate and grid, 
b the distance between grid and fila- 
ment, and s the distance between grid 
wires. The fraction 1-p) of the total 
emission I, which is collected by the 
grid, is nearly constant whatever the 
ratio e,/e,. The larges s and the smaller 
a and b, the larger the ratio e,/e, neces- 
sary for preventing loss of electrons 
by deflection in the face of the plate. 
Measurements show that hexodes obey 
Below's law quite closely. 

In Tank's case, on the other hand, 
a change in the ratio e,/e affects di- 
rectly the number of electrons col- 
lected by the grid. 

ss CZ e, 

i, e, 

with C2 = F( b/a b) , where F is 
the ratio between the area actually 
occupied by the grid wires and the 
total area enclosed between the grid 
wire. Pentodes work in this region, 
at least so long ase, is higher than 
el. Four electrade tubes occupy a 
special position owing to the amission 
of secondary electrons by screen and 
plate. 
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AUDI -O -GRAPH 

the answer to the demand for a 

FULLY AUTOMATIC 
RECORDER 

for 
AUDIO FREQUENCY 

MEASUREMENTS 
Produces an ink -drawn graph of audio frequency char- 

acteristics for microphones, transformers, amplifiers, loud- 
speakers, and filters operated under conditions of normal 
use as well as under standard test conditions. 

Appointments for demonstration of the Audi -O -Graph 
in your laboratory are now being made in the sequence 
in which requests are received. For demonstration schedule, 
write 

TOBE DEUTSCHMANN 
CORP ORATION 

Instrument Disision 
CANTON MASSACHUSETTS 
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These look like 
Tantalum Plates 
but . . . 

These cylinders, as far as func- 
tion is concerned, are actually 
high speed vacuum pumps 
which work faithfully and effi- 
ciently during the entire life of 
the tubes in which they are 
used. 

Tantalum plates have been 
conclusively demonstrated to be 
the most effective "getter" 
which can be used in a power 
tube. Tantalum b e i n g non- 
volatile, it absorbs and locks up 
stray gases, and does not liber- 
ate them at any temperature 
safe for glass bulbs. 

More and more tube manu- 
facturers have turned to tan- 
talum, finding that tantalum 
tubes p e r f or m better, last 
longer, and command non-com- 
petitive prices. 

The facilities of the Fansteel 
laboratory are at the disposal of 
interested tube manufacturers. 
ELECTRICAL CONTACTS of tungsten, molyb- 
denum, platinum, silver and alloys, designed 
and made by Fansteel, afford extra dependa- 
bility in relays and other electronic operated 
devices. 

FANSTEEL 
METALLURGICAL CORPORATION 

NORTH CHICAGO, ILLINOIS 

TANTALUM . COLUMBIUM 

TUNGSTEN . . MOLYBDENUM 

ELECTRICAL CONTACTS 
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Tank's law of the current distribu- 
tion allows us to deduce the main prop- 
erties and constants of pentodes, at 
least of r -f pentodes for which the 
plate potential e, has a negligible influ- 
ence upon the current flowing from 
the cathode. The suppressor grid is 
assumed to be connected to the cathode 
(e, = zero). The potential acting in 
the region occupied by this grid which 
collects no current is equal to Ae,+Be,, 
where the factor A expresses the influ- 
ence of the plate potential, and the 
factor B, often overlooked, the influ- 
ence of the screen potential, upon the 
plate current in this region. Hence 

k e` = CZ, / A et 
-{-B 

is {V eI: 

so long as e, exceeds Ae, + Be,. Since 
i_ may be replaced by (I-i4) the for- 
mula expresses a relation between it 
and e, when e, is constant. Differen- 
tiation of e. with respect to it gives 
the internal resistance of the tube. 
The resulting formula is rather com- 
plicated but it shows that the inter- 
nal resistance of r -f pentodes in nor- 
mal operation is inversely proportional 
to the plate current, proportional to 
the plate voltage, and practically inde- 
pendent of the screen potential. Inte- 
gration of be,/bit = be./i. (when el 
and e, are constant), leads to the 
equation for the plate current i, = 
const. (e,) I/b, which represents a para- 
bola of a higher order. 

The grid -plate conductance, g or 
ratio of plate current change to con- 
trol grid voltage change when R2 and 
R, are kept constant follows from the 
relation g = aP/' and the law of cur- 
rent distribution, k, 

g`=kgl(k+I)=Ai, . 

It is smaller than g, which is to be 
expected, but like g, proportional to 
the third root of the plate current. 

Internal resistance and mutual con- 
ductance determine as usual the am- 
plification factor, which in contrast 
with three electrode tubes is no longer 
defined by the electrostatic fields be- 
tween the electrodes. The amplifica- 
tion factor µ = g.R is larger the small- 
er i, and the higher e.. When the 
influence of the plate potential upon 
the current I emitted by the cathode 
may no longer to be neglected, as is 
the case in output pentodes, it is 
further necessary to state the value D 
expressing the ratio between a change 
in control grid voltage and plate cur- 
rent when e, and I are kept constant. 
When D differs from zero, the tube 
behaves as if Rll, a resistance (k +1) k 
times the ratio bR,/b/ with e, and e, 
constant, had been placed in parallel 
with the resistance R defined by the 
current distribution.-Telef. Rohre No. 
6:1-23, 1936. 

"BULLET" 
DYNAMIC MICROPHONES 

AT LAST 

an ALL-PURPOSE Microphone , , , 

T. R. 2 - Standard model 'Bullet" . . 

the ultimate in dynamic microphone de- 

sign and performance ... List price, any 
impedance ... $39.50. 

T. R. 3 - New model "Bullet"... smaller 
than TR2 but with relatively the same 

characteristics . . . List price, any im- 

pedance ... $24.50. 

Send forcircular"E"and technical data 

TRANSDUCER CORPORATION 

30 Rockefeller Plaza 

New York, New York 

Callite Products 
HAVE TESTED, PROVEN 

QUALITY 

T11 11 G S T E D 
. Rod, Sheet, Wire and Special Shapes 

..: Hard Glass Welds 

InOL4B D ERUm 
.. Rod, Sheet, Wire and Special Shapes 

... For Grids, Roùnd,or Flat 

... For Grids, Supports, Heating Elements 

... Hard Glass Welds 

II U L G R I D 
. , For` 3rids, Round or Flat 

. Kulgrid "C" Tungsten Welds 

t D n°T II [° T S 
All Sizes and Shapes For All Applications 

Tungsten --Molybdenum .. Silver and Platinum 
. Special Alloys 

For High Conductivity 

. Precious Metal Laminated 
Silver and Platinum on Base Metals 

A L- L U H 
FLUORESCENT MATERIALS - WITH - 
Measured Characteristics 
... For All Applications 

Callite Products 
Division of EISLER ELECTRIC CORE 

544. 39th STREET UNION CITY, N. I. 

February 1937 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


Once again 

we have had 
to revamp our plans 

Radio tube manufacturers are now taking daily ship- 

ments of many thousand Superior Seamless and Lock - 

seam Cathode Sleeves. 

In the first month of 1937 shipments exceeded the entire 

first quarter of 1936. 

Production of Lockseam Cathodes in large quantities has 

released much of our equipment for the manufacture of 

Seamless Tubing in Nickle, Inconel and Monel-what 
we term the nickle family. 

This in turn has enabled us to increase production 
schedules to care for current demands and to say- 

"we are prepared to serve." 

SUPERIOR TUBE CO., NORRISTOWN, PA. 
25 miles from Philadelphia 100 miles from New York 

\ 
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"Ah, take the cash and let the credit go 
Heed not the rumble of the distant drum" 

-OMAR KHAYYAM 

Because of economy in transportation, 
storage and handling of shields that nest, 

together with ease in mounting and low 

price, the use of 

GOAT 
FORM FITTING TUBE SHIELDS 
means cash savings to set manufacturers. 

GOAT RADIO TUBE PARTS, INC. 
314 Dean Street Brooklyn, N. Y. 

A Division of THE FRED GOAT CO., INC. 

Established in 1892 

Users Report Most Satisfactory 
Results With This New 

SOUND RECORDING INSTRUMENT 
Designed to meet the most exacting professional requirements-sturdy 
construction-simple in operation-priced within the range of every 
potential user. 

FEATURES: 
Metal Panel 
Extra heavy aluminum turntable 

machined all over-perfectly 
balanced 

r78 and 33-1/3 R.P.M. speeds-in- 
stantly available 

Speed changed by moving one lever 
on the panel 

Lead screw held at perfectly uni- 
form pressure by self-adjusting 
thrust bearing 

Enclosed worm gear 
Cutting head carriage travels on 

ground stainless steel bar-in- 
suring perfect, long -life bearing 

Interchangeable lead screw 

WRITE FOR COMPLETE DESCRIPTIVE LITERATURE AND PRICE 

Also manufacturers of the famous CLEEN-CUT blanks for instan- 
taneous recording. Literature and price list sent upon request. 

ALLIED RECORDING PRODUCTS CO. 
Phone BRyant 9-1435 126 West 46th Street, New York, N. Y. 
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Recent Government 
Publications 

The 1935 census of business con- 
ducted by the Department of Com- 
merce has included for the first time 
a survey of radio broadcasting activi- 
ties. This material, which deals with 
classification and number of broad- 
casting stations, advertising revenue, 
sale of time and talent, number of em- 
ployees, pay rolls, etc., is broken down 
according to geographical classification 
as well as according to the power out- 
put of the station. A considerable 
number of tables and charts are given. 
The 75 page booklet was prepared by 
the Bureau of Census, United States 
Department of Commerce, Washington. 

"The Measurement of Currents at 
Very High Frequencies" is a transla- 
tion of a German article of the same 
name by Herman Schwarz which orig- 
inally appeared in Hochfrequenztech- 
nik und Electroakustic, Jarhbuch der 
Drahtlosen Telegraphie und Telephonie, 
May 1932. This is a 23 page mimeo- 
graphed article with 27 English and 
German references. Twenty half -tone 
and line drawings are reproduced from 
the original article. The errors and 
precautions to observe in making high 
frequency measurements with thermal 
measuring instruments, current trans- 
formers, electrodynamic instruments, 
and indirect methods of measurement 
are given. 

The Bureau of Foreign and Domes- 
tic Commerce, Department of Com- 
merce, Washington, D. C. has re- 
cently published "A Guide to Recep- 
tion of Shortwave Broadcasting Sta- 
tions," which provides a simple exposi- 
tion of the basic phenomena involved 
in the transmission and reception of 
shortwave radio signals as used for 
broadcasting. Such matters as the 
call letters and frequencies of the more 
important high -frequency broadcast 
stations and time differences in vari- 
ous parts of the world are treated and 
the book should prove useful to short 
wave radio fans interested in high 
frequency broadcast. The price of the 
booklet is 25 cents. 

The "Directory of Commercial Test- 
ing and College Research Laborato- 
ries", which is available from the Su- 
perintendent of Documents, Washing- 
ton, D. C., for fifteen cents, is divided 
into two parts. The first section lists 
the commercial testing laboratories in 
the United States arranged alphabet- 
ically in accordance with the geograph- 
ical location, and indicates the type of 
service these laboratories are able to 
render. The second part of the direc- 
tory gives similar information about 
college research laboratories. 

Letter Circular, LC -473, entitled 
"Photoelectric Colorimeters" is a 19 
page mimeographed circular which 
deals with the proper use, principles 
of construction, properties of filters, 
errors, and the various characteristics 
of colorimeters. 
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Plant of Speer Carbon Co.> kr 347. . 

years an ever -dependable sou ce of 
Quality -graphite products 

SPEER graphite anodes are used by leading manufacturers to produce radio tubes hav- 

ing qualities superior to thosa obtainable with other materials. And that's not all ... 
Constant cha-acteristic values throughout long life, higher wattzge dissipation, with 

absence of hot spotting or warping, and ability to resist damage frpm accidental over- 

loading, are qualities inherent in tubes made with SPEER graphite anodes. Further, the 

accuracy with which SPEER graphite anodes are machined permits the construction of 

tubes of remarkable uniformi -y. 

The extra sec' ice and satisfaction obtainable by uses of tubes with SPEER Graphite 

Anodes are important enough to justify a prompt tria . 

Write for boDklet on graphite radio anodes. It gives detailed facts. Names of well- 

known tube producers using SPEER Graphite Anodes w.11 be sent on recuest. 

SPEER CARBON COMPANY 
ST. MARYS, PA. 

SPEER GRA 
RADIO TUBI 

N O 
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TYPE L'0.150 
ISO WATTS 

OHMS 

MAX. ANO; 

MAR WICK -HINÖLE INC 
KW« kJ 

U.7.A 

THIS new model is the last word 

é New 
D-150 

in porcelain -vitreous enamel construction. 
A newly patented contact system gives exception- 

ally smooth control. 
All moving parts are enclosed; great strength and 

ease of mounting are provided by new metal mount- 
ing plates. 

Two popular sizes -50 and 150 watts in a wide 
range of resistance values-are available now, larger 
sizes will be ready soon. 
Write for further information... and remember 
the mark (} means reliable rheostats and resistors. 

HARDWICK, HINDLE INC. 
136 Pennington Street, Newark, N. J. 

KIRKLAND 

BULLS -I -UNITS 
ARE IDEAL 

PILOT LIGHTS 
Prominent manufacturers use Bulls -I - 
Units because they are a credit to 
their product. 

Predominating Features 
Labor saving, tingle hole mounting 
For any thickness of panel to 1%" 
Lamp easily removed from the front 
Uses standard lamps, all voltages 
Special process lens, 100 degrees vision 
Any color effects, symbols, letters. etc. 
Socket of Navy specification bakelite 
Self-locking screw base, (candelabra) 
Chromium finish, (brass or bronze too) 
Reasonable in cost 

When Bulls -I -Units are mounted in 
a group. on a panel, or in a cabinet. 
a perfect Lamp Annunciator is 
effected at a low cost. 

/ar0 
0 s. 

..0 0 0 0 0 
TYPICAL ANNUNCIATOR MOUNTING 

Write for catalogue sheets 
Distributed and Guaranteed by the 

CRAYBAR ELECTRIC CO., INC. 
The H. R. Kirkland Co., 75 West St.. N. Y. 

:,8 

m.G0.4W.NILL 

DIRECT MAIL 

As business paper pub- 
lishers for over fifty 
years, McGraw-Hill is uniquely equipped to 
offer complete, authoritative direct mail crv- 
erage of Industry's major markets. Extreme 
accuracy is maintained (guaranteed to 98%l 
and thorough 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 Reason 
Why" which describes how McGraw-Hill Lists 
are built and maintained. 

What Fields Do You Want to Reach? 
Aviation 

Bus & Electric Railways 
Civil Engineering and Construction 

Coal Mining 
Electrical Construction 

Electrical Industry 
Food Industries 

Metal Mining 
Metal Working Industries 

Process Industries 
Textile Industries 

Administrative Executives 
Electrical Dealers & Wholesalers 

Mill Supply Houses 
Power Services 

Product Engineering & Design 
Production and Maintenance 
Radio Dealers & Wttolesaiers 
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 

LR 5(T MAIL DIVISION.... 
McGRAW-HILL PUBLISHING CO. 
330 W. 42nd 51 5511 NEW Voss, a. E. 

Complete Lists Covering Industry's Major Markets 

Sensitive Current 
Measuring Instrument 
THE DECEMBER 1936 ISSUE of the 
"Review of Scientific Instruments" 
contains a number of interesting 
and useful articles dealing with the 
application of thermionic vacuum 
and gaseous tubes. Of these, "An 
improved vacuum tube microamme- 
ter" by A. W. Vance is sufficiently 
general as to be of interest to any 
who may be required to make meas- 
urements of low values of current. 

The essentials of this vacuum tube 
microammeter are: (a) a high re- 
sistance in the input circuit, (b) a 
direct current amplifier of high gain 
which is highly stabilized through 
the use of degenerative feedback, 
(c) a large condenser in shunt with 
the output circuit in order to pre- 
vent oscillation, and (d) a meter in 
the output circuit of the amplifier 
in order to measure the current in 
the high impedance input circuit. 

0.1 loft .oftmehr 
iesiskence /4VOJ2 or 
more 

Schematic wiring diagram for instrument 
measuring 10-8 to 10-8 ampere, full scale 

The schematic diagram shown is 
for the battery -operated vacuum 
tube microammeter having a full 
scale range of from 10' to 10' am- 
pere. The various current scales 
are obtained through the use of the 
several resistors in the input or grid 
circuit of the first tubes. By using a 
wide range of input resistances the 
device becomes an ammeter with cor- 
responding wide range. 

Any tendency for the amplifier to 
oscillate is prevented by the capacity - 
resistance series network shown 
shunted across the grid circuit of 
the third or output tube. An odd 
number of tubes must be used in 
the amplifier in order that the feed- 
back to the grid circuit of the first 
tube may be of the proper polarity. 
If the amplifier output circuit is so 
designed that its saturated output 
is insufficient to damage the output 
meter, burn -outs can be eliminated. 
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Asolution of the problem of Steatite 
manufacture at high daily output and 
reasonable price has been found by 
General Ceramics. Steatite by General 
Ceramics now flows along the production 
lines of the largest manufacturers like any 
other article produced in the modern order 
of mass fabrication. This accomplishment 
takes highest honors for ceramic achieve- 
ment in 1936. 

If a direct buyer of R. F. ceramics, you 
should know more about General Ceramics 
Steatite. If a buyer of articles incorporating 
ceramics you should insist that your supplier 
investigate it. General Ceramics Steatite 
will cut your costs, reduce failures, promote 
electrical performance and aid you in many 
ways. General Ceramics Steatite is a tough, 
strong, non -hygroscopic body, low in loss. 

Get the facts on General Ceramics Steatite. 

GENERAL CERAMICS COMPANY 
RCA BUILDING, NEW YORK 

Marketing Agents 

DIELECTRIC PRODUCTS CORPORATION 

245 CUSTER AVENUE, JERSEY CITY, N. _. 

174 NORTH WACKER DRIVE, CHICAGO, ILL. 
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Where Else Can You Get a 
Complete Line of Speakers 
With A LL these Outstanding Characteristics? 

1-Flexibility of Application 
From the Broadcast Control Room to the largest Theater 

2-Frequency Range 
Equal to that of the best available program material 

3-High Efficiency 
Up to 10 times the usual efficiencies over entire frequency 
range 

4-Low Distortion 
Very small harmonic generation even at lowest frequen- 
cies; transient and phase distortions practically elimi- 
nated 

5-Uniform Impedance 
Does not vary 2 to 1 over entire frequency range 

Complete line of auxiliary equipment available 
Detailed information on each of these performance characteristics supplied on request. 

LANSING MANUFACTURING CO. 
6900 McKinley Ave. Los Angeles, Calif. 

SIGMA ANNOUNCES 
THE MODEL 2-A RELAY 

A 12 milliwatt semi -sensitive instrument for general electronic and industrial uses. 
It embodies the following features: 
Input 12 milliwatts. D.C. 
Hair -spring adjustment. 
Single -pole -double -throw. 
Operable in any position at rated Input. 
Fine Silver Contacts control loads up to lys amperes at 

110 volts A.C. 
Neatly housed In glass -topped dust cover. 
Mounted on 5 -pronged plug-in base Offing standard V.T. socket. 

List Price With coil resistances up to 2,000 ohms 55.00 
With higher coil resistances up to 8,000 ohms 5.50 

SIGMA INSTRUMENTS, INC. 
388 Trapelo Road Belmont, Mass. 

DYNAMIC MICROPHONES 
ARE INCREASING IN POPULARITY 

because they 
-have greater sensitivity 
-are free from inductive pickup 
-have no background noise 
-can work with long lines 
-are sturdiest ever produced 
-are weatherproof 
-are small in size 
-are reasonable in price 

SOME TERRITORY STILL OPEN FOR REPRESENTATION. 
Write for Latest Bulletin No. 3013 

RADIO RECEPTOR COMPANY, INC. 
108 SEVENTH AVE. ;JEW YORK, N. Y. 

Improvement in Foreign 
Radio Receivers 
Two IMPORTANT IMPROVEMENTS in ra- 
dio receivers are discussed by C. J. 
Van Loon in the September, 1936 issue 
of the Philips Technical Review. These 
improvements are known as "touch 
tuning" and "low frequency counter 
coupling." A common method of in- 
dicating the correct tuning of a radio 
receiver is the common visual indica- 
tors such as the electron ray indicator. 
A similar objective has been achieved 
in the Philips Research Laboratory 
in which proper tuning is indicated 
by a sudden braking of the tuning 
knob, so that the tuning shaft is more 
difficult to rotate, the closer one ap- 
proaches resonance. This braking ac- 
tion is accomplished by means of a 
circuit in which the current (which 
increases as resonance is approached) 
is utilized to hold the tuning shaft 
in position by means of a magnet. An 
arrangement can also be quite easily 
incorporated with this circuit which 
by mechanical means keeps the re- 
ceiver completely silent until it has 
been correctly tuned to the desired 
frequency; as soon as the braking 
magnet is energized a contact is closed 
at the same time which connects up 
the loud speaker system. In this way 
touch tuning is combined with silent 
tuning. 

Audio frequency distortion in radio 
receivers is reduced through the use 
of "counter -coupling." It turns out 
that the "counter -coupling" system 
discussed is fundamentally the same 
as the negative feedback or degenera- 
tive systems which have caused con- 
siderable interest in this country in 
recent months. With this feedback cir- 
cuit distortion at the low frequency end 
of the audio spectrum is reduced to a 
small fraction of its initial value, while 
at the same time the frequency char- 
acteristics of reproduction are also 
favorably influenced. 

GERMAN CHASSIS DESIGN 

Unusual layout and fine attention 
to mechanical detail characterize 
the newer German radio set chas- 
sis. The coils (inside the cylin- 
drical water -tight cans) are moved 
between contacts, instead of being 

switched, for each waveband 
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INTRODUCING A NEW BATTERY 

FOR NEW BATTERY RECEIVERS 

No. 774 "Eveready" "C" Battery is a new 71/2 -volt "C" battery designed -to sup- 

ply all grid bias voltages required by the new octal base 2 -volt tubes. 

Socket connection for minus 11/2, 3, 41/2 and 71/2 volts. As this battery is in- 

tended for new receivers only and does not replace any existing type, no adapter 

will be furnished for it. Connection plugs are available from plug manufacturers. 

Plug cannot be placed in socket of any other type battery. 

DIMENSIONS: 4 1/32 in. long, 1 13/32 in. wide, 3 1/32 in. high. 

The five cells in this battery are accurately sized and carefully compounded 

especially for "C" battery work. This makes its capacity bear the correct rela- 

tion to "B" battery capacity, so that with proper "C" battery bleeding, the "C" 

voltage goes down in step with the "B" voltage, thus preserving the ideal rela- 

tionship between grid and plate voltage for best receiver performance through- 

out the entire life of the batteries. 

NATIONAL CARBON COMPANY, INC. 

GENERAL OFFICES: New York City BRANCHES: San Francisco, Chicago 

Unit of Union Carbide jij ZA and Carbon Corporation 
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Magnetic Detectors 
THE DETECTION OF IRON or other mag- 
netic materials concealed in non-mag- 
netic materials may be accomplished 
by some device which depends for its 
operation on the magnetic properties 
of the materials in question. A sim- 
ple form of iron detector, originally 
designed to detect pieces of iron in 
bales of scrap aluminum is described 
by R. F. Edgar in the November 1936 
issue of the General Electric Review 
under the title "Magnetic Detectors 
for Industrial Applications." 

The G -E magnetic detector consists 
of a test coil through which the bales 
pass and a galvanometer whose de- 
flections are used to indicate the pass- 
age of a bale containing iron. The 
test coil consists of a primary wind- 
ing through which direct current 
flows to produce an unvarying mag- 
netic field, and two secondary wind- 
ings which are connected to the gal- 
vanometer. As the bales pass through 
the test coil, they pass through the 
two secondary coils in succession. Any 
magnetic material in the bales dis- 
torts the magnetic field, thereby pro- 
ducing a deflection of the galvano- 
meter needle. 

Speed of Vacuum Pumps 
THE DECEMBER ISSUE of Cenco News 
Chats points out that the speed of 
vacuum pumps may be measured at 
constant volume or at constant pres- 

sure. Difficulties with the constant 
volume method of measurements are 
that if the speed varies with pressure, 
the result will not be clear-cut as to 
the pressures to which the measured 
speed applies. If the walls of the 
system yield absorbed gases and va- 
pors the "speed" of the pump is inde- 
terminate. The speed of the pump 
under this method of measuring also 
depends upon the manner in which 
the vacuum gage is connected to the 
pump. 

Phototubes Used in Deter- 
mining Color Temperature 
ACCORDING TO the Proceedings of the 
Physical Society for November 1935, a 
phototube and two filters have been 
used for color matching tungsten light 
sources. As an empirical measure of 
the color temperature of the tungsten 
lamp, the ratio of total transmissions 
of the two filters, as measured by the 
phototube, is used. For certain lamps 
and phototube-filter combinations, the 
relation between filter ratios and lamp 
voltage is nearly linear. 

F.C.C. Approval on 
Power Tubes 
A RECENT BULLETIN from the Federal 
Communications Commission lists nu- 
merous vacuum tubes of the various 
manufacturers whose ratings of output 
tubes in modulated transmitters have 
been approved by the F.C.C. 

Embodying the newer applications 
and more recent viewpoints 

in acoustics 
Just Published 

Vibration and Sound 
By PHILIP M. MORSE 

Associate Professor of Physics, Massachusetts Institute of Technology 

351 pages, 6 x 9, illustrated, $4.00 
INTERNATIONAL SERIES IN PHYSICS 

Because the rapid growth of atomic physics in the past ten years has induced a com- 
plete reorganization of the science of acoustics, this book on the theory of vibrations 
and sound will be of particular interest to workers in the field of acoustics and to 
communications engineers. 

The book aims to give a general introduction to the theory of vibration and sound, 
emphasizing newer applications SEND THIS ON -APPROVAL EXAMINATION COUPON 
and the more recent points of 
view and to give a series of ex- 
amples in the method of 
theoretical physics-how a theo- 
retical physicist attacks a problem 
and how he finds its solution. 

Some special topics discussed 

-propagation of sound in tubes; 
-propagation of sound in horns; 
-radiation from cylinders; 
-radiation from spheres; 
-loud -speakers and microphones; 
-speech, music and hearing. 

McGRAW-HILL BOOK COMPANY, INC. 
330 West 42d Street, New York, N. Y. 
Send me Morse-Vibration and Sound for 10 days 
examination, on approval. In 10 days I agree to 
pay $4.00 plus a few cents postage and delivery, or 
return book postpaid. (We pay postage on orders 
accompanied by remittance.) 
Name 
Address 
City and State 
Position 
Company 
(Books sent on approval in U. S. and Canada only.) 

L-2-37 

Automatic Starting 
Resistance 
LARGE CURRENTS are frequently taken 
from the power lines when electrical 
machinery is started up. In the case 
of the electric motors the large cur- 
rent taken from the line results be- 
cause no counter electro -motor force 
is established until the rotors start 
moving. In this case damage is pre- 
vented through the use of starting 
boxes. 

A series of automatic starting re- 
sistances having a high resistance 
when cold and a low resistance when 
hot has been developed by the Philips 
Lamp Works and is described in the 
July issue of the Philips Technical 
Review. 

These "starto" tubes, as the devices 
are called, are single element tubes 
consisting of a semi -conductor of sili- 
con and a ceramic binder. The re- 
sistance of silicon itself does not pos- 
sess a pronounced negative temperature 
coefficient, but on diluting with the 
suitable binder, this coefficient is con- 
siderably increased to give a very 
marked difference between the re- 
sistance when hot and when cold. The 
tubes are filled with argon since the 
silicon reacts with both oxygen and 
nitrogen. 

Tubes have been developed having 
a maximum carrying current of from 
17 to 100 amp. The time elapsing 
from the moment the switch is closed 
until the current reaches its maximum 
value, is determined by the time taken 
for an equilibrium to be reached be- 
tween the heat supplied and the heat 
dissipated. Tubes can be designed for 
a given application to give a wide 
variety of heating time. The cooling 
time, likewise, depends upon the de- 
sign and application of the tube, but 
curves given indicate that tubes have 
been built for which the cooling time 
varies from about 3 to 40 minutes for 
the tubes to reach two-thirds of their 
cold resistance. 

FIVE -PLACE NOISE -EFFECT 
UNIT 

Nearly 1500 different types of 
noise are claimed for this German 
film-and-phototube device which 
contains five complete reproducing 
units. Used separately or in com- 
bination, the noise outputs are 
amplified and used for broadcast 
and motion picture applications 
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Ignitrons for Welding 
Control in Electric Welding 
VERY HIGH CURRENTS are required to 
produce efficiency in melting metals 
where large welds are concerned. It 
is desirable to accomplish this heating 
and subsequent cooling very quickly, 
so that the melted zone does not travel 
from the welded joint to the welding 
electrode. Short timing, coupled with 
high accuracy of current and time 
control simplifies the welding process. 

Two welding requirements, namely 
the ability to pass very high currents, 
and quick response can be obtained 

Two ignitrons connected for welding 
operation 

through the use of thyratrons, or, as 
pointed out by Packard and Hutch- 
ings in the January issue of Electrical 
Engineering, by means of ignitrons. 

In their article "Sealed -off Ignitrons 
for Welding Control," the authors 
point out that the ignitron is particu- 
larly suitable for welding purposes be- 
cause the mercury pool cathode per- 
mits the conduction of unusually high 
instantaneous currents and quick and 
accurate response is attained through 
the use of the igniter electrode. 

The figure shows the schematic wir- 
ing diagram using two igniters con- 
nected "back to back." 

Rurnbatrons 
ACCORDING TO THE January 1937 issue 
of the Technology Review, the term 
"rumbatron" is used to describe a new 
atom disintegrator now under con- 
struction at Leland Stanford Univer- 
sity. There is something so disruptive 
about this word that it might well be 
used as a generic term for the numer- 
ous atom smashers now in operation or 
under construction. 

The Carnegie Institute, University 
of California, Columbia University, 
Massachusetts Institute of Technology, 
University of Michigan, Stanford Uni- 
versity and the University of Wiscon- 
sin are among the institutions which 
have gone into the atom smashing 
business. The research laboratories 
of the Westinghouse Electric & Manu- 
facturing Company at East Pitts- 
burgh have started construction on an 
electrostatic generator designed along 
the lines laid down by M.I.T.'s Profes- 
sor of Physics, R. J. Van de Graaff. 

DU MONT OSCILLOGRAPH Demonstrates 

SOUND 

and 

VOICE 

for 

CBS 
ANOTHER of the unique applications of a Du Mont Cathode Ray Oscillograph illus- 

trated here was conceived by Columbia Broadcasting System. On either side of 
the stage of one of the Columbia Playhouses in New York a Du Mont type 158 

Oscillograph employing a nine -inch Du Mont Cathode Ray Tube is mounted in the wall. 
These instruments are connected to the stage microphones and show the audience what sound 
and voice looks like. This application although interesting does not begin to show the 
usefulness of this fine instrument. 

Single Sweep Now Available 
To further increase the usefulness of the Type 158 Oscillograph, a single trace linear sweep 
for the investigation of non -recurrent transient phenomena has been made available. This, 
however, in no way interferes with the standard operation of the instrument. 

For complete technical data on the type 158 Oscillograph and other Du Mont products 
write to- 

ALLEN B. DU MONT Laboratories, Inc. 
532 VALLEY ROAD, UPPER MONTCLAIR, N. J. 

At a Price 

Dry electrolytics 
mounted in card- 
board tubes. 

Most capacity and 
voltage rating for 
least money. 

* 
Light and compact. 
Completely sealed. 
Bare wire 21/2" leads. 

* 
25, 50, 100, 150, 
200, 300 and 450 v. 
working. 2 to 50 
mfd. Special units 
to order. 

Write us .. . 
Engineering aid and 
quotations cheerfully 
submitted. 

CORPORATION 
70 Wtmhington St. - Brooklyn, N. Y. 
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REPRESENTS A FULLY 
CHARGED BATTERY 

THAT NEVER RUNS DOWN 

EPCO 
STORAGE 
BATTERY 

ELIMINATOR 
Provides 6 volt -10 
amps, filtered, ad- 
justable D.C. from 
110 volt A.C. Spe- 
cially designed for 

laboratory tests and for demonstrating 6 

volt automobile radios, small D.C. motors, 
magnets, solenoids, signals, relays and simi- 
lar apparatus. Also used as an efficient 
battery charger. 
As Illustrated / C Model B 

1 Variable Voltage, 9.75 8 volts -5 amps. 15.75 
List Price V , Fixed Voltage 

61E61ROOAK 
Supplies rectified D.C. for 
operating relays, solenoids 
and remote controls. Volt- 
age ranges from 6 to 24 

volts, rated at 2 to 15 amps. 
Operates on 110 volt A.C. 

ADA PTO PAN" 
Operates A.C. radios in D.C. districts and 
110 volt A.C. radios in autos and trailers. 
Write for further descriptive literature. 

ELECTRICAL PRODUCTS CO. 

6531 Russell Avenue Detroit, Michigan 
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MANUFACTURING REVIEW 
News 

+ The Ward Products Corporation, 
manufacturers of automobile antennas 
and sound systems, has recently moved 
into their new building on East 45th 
Street, Cleveland, Ohio. By this move, 
the space devoted to manufacturing has 
been doubled. 

+ The Arlab Manufacturing Company, 
manufacturers of magnetic and dy- 
namic speakers, has recently rented 
the factory occupied by the Audiola 
Radio plant of Fairbanks -Morse Com- 
pany, at 430 South Green Street, Chi- 
cago. The Arlab Manufacturing Com- 
pany recently acquired the Varitone 
Radio Company and will continue the 
manufacture of their item under the 
direct supervision of Mr. Walter J. 
Kareden. 

+ Heintz & Kaufman, Ltd., South San 

New Products 

Francisco announces the appointment 
of W. M. Eldred as engineer in charge 
of sales. For the past three years 
Mr. Eldred has been working in the 
development laboratories of the com- 
pany. 

+ The appointment of Frank A. Ar- 
nold, active for many years in broad- 
casting circles, as managing director 
of the RCA Institute's Technical Press 
has been announced by Charles J. Pan- 
nill, president of the RCA Institute. 
Mr. Arnold comes to this new work 
from the Institute of Public Relations, 
of which he has been vice-president 
for the past year. 

+ The formation of a new corporation, 
absorbing four radio and aviation 
equipment companies was announced 
January 21 by Vincent Bendix, auto- 

motive and aeronautical leader and 
head of the Bendix Aviation Corpora- 
tion. The new organization will spe- 
cialize in radio equipment for com- 
munications and navigational purposes 
for the aircraft industry, with partic- 
ular attention being paid to blind fly- 
ing and safety in landing under ad- 
verse weather conditions. The new 
company, known as the Bendix Radio 
Corporation, will be staffed with more 
than a hundred engineers and tech- 
nicians and will have plants and lab- 
oratories in Chicago, Dayton, Wash- 
ington, and Oakland. The companies 
which have been brought together to 
form the new organization include the 
Radio Research Company, Inc., of 
Washington, D. C., the Radio Prod- 
ucts Company of Dayton, and two 
Chicago firms, Jenkins and Adair, and 
the W. P. Hilliard Co. 

Midget Oscilloscope 
AN OSCILLOSCOPE designed especially 
for operation in amateur radio sta- 
tions and using the new 913 cathode 
ray oscillograph tube has recently 
been made available by the National 
Company, Inc., Malden, Mass. Provi- 
sion is made for both horizontal and 
vertical deflection of the beam. The 
oscilloscope is especially suitable in 
amateur transmitters for modulation 
measurements, but may be also used 
as a service instrument for the align- 
ment of IF transformers or can be 
used in much the same way as oscillo - 
graphs using the larger cathode ray 
tube. 
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Audiometer 
THE PURPOSE of audiometric measure- 
ment is to establish accurately the 
difference existing between normal 
hearing acuity,,.. and sub -normal hear- 
ing acuity for any individual under 
examination. The Western Electric 
Company's type 6A Audiometer is de- 
signed for this purpose. Frequency 
range is from 100 to 10,000 cycles per 
second. Hearing acuity by both air 
conduction and bone conduction may 
be recorded. The 6A audiometer op- 
erates directly from the 110 -volt a.c. 
or d.c. line. 

Portable Wheatstone Bridge 
A PORTABLE, precision, self-contained 
Wheatstone bridge making measure- 
ments from a fraction of an ohm to 
10 megohms is announced by the Rubi- 
con Company, 29 North Sixth Street, 
Philadelphia. The ratio resistor, dec- 
ade resistor, pointer type galvonome- 
ter, and dry battery are contained in 
a strong walnut case measuring 9 in. 
by 7 in. by 6 in. The complete instru- 
ment weighs 10 lb. The four decade 
resistors may be used as a calibrated 
4 -dial resistance standard independ- 
ent of the rest of the set. Accuracy 
to within 1/10 of 1 per cent. 

Circuit Breaker 
A MAGNETIC, non -thermal, circuit 
breaker available in capacities from 
50 milliamperes to 35 amperes is a 
recent contribution of safety and con- 
venience made by the Heinemann Elec- 
tric Company, Trenton, N. J. In- 
stantaneous trip and time -delay action 
circuit breakers are available. The 
time delay unit opens the circuit in 
from 5 seconds up to 8 minutes on 
the 125 per cent load, or correspond- 
ingly faster at greater overloads, de- 
pending upon its adjustment. The 
circuit breaker can be immediately 
closed after tripping on any overload 
or short circuit, provided the abnormal 
condition no longer exists. 
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Two combinations permit dis- 
tinct methods of grounding the 
shell; one for surface mounting, 
the other for subpanel mount- 
ing. Socket is the same for both 
groups; assembled with original 
"CINCH" floating contacts, hav- 
ing a cutting edge. Soldering 
tail on contacts is provided with 
pocket or dam to receive surplus 
solder. With surface mounting 
type, shielding is accomplished 
by a mounting ring with eight 
wiping contacts which give a 

positive connection between the 
mounting panel and the plug shell. 

"Cinch" and 
Oak Radio Sockets are 

licensed under H. H. Eby socket patents. 

CINCH MANUFACTURING CORP. 
2335 West Van Buren St. CHICAGO, ILL. 

Sebsidiary: United -Carr Fastener Corp., Cambridge, Mass. 
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A feature 
v 

With sub -panel mounting type, 
plugbutton permanently fastened 
to the shell will completely shield 
and hold the plug when inserted 
into a %-inch diameter hole. 
Shells supplied with curled edge 
for ease in gripping or with 
straight edge for soldering braided 
metal cables. Male plug is firmly 
and simply fastened into the shell 
by bending over four small fingers. 
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An outstanding 
success .. . 

Electric 
Communication 
and Electronics 
(Electrical Engineers' Handbook) 

HAROLD PENDER, Ph.D., Sc.D., 
Editor -in -Chief 

KNOX McILWAIN, B.S., E.E., 
Associate Editor -in -Chief 

and 47 contributors 
Here, in ready -to -use form, will be found 
the latest and most authoritative data on 
telegraphy, telephony, radio broadcasting, 
point-to-point radio telephony, facsimile 
transmission and reception, public address 
systems, sound motion pictures, aviation 
radio, television, etc., and in greater detail 
than can be found elsewhere in any hand- 
book. Both design and manufacture are 
given ample treatment. Worthy of special 
mention is the enlarged format, with a trim- 
med page of 5r" by 8r", allowing the use 
of large, clear type, with a corresponding in- 
crease in the size of illustrations and dia- 
grams. This book is Volume V in the new 
Wiley Engineering Handbook Series. 

The Contents 
Mathematics, Units, and Symbols; Properties 
of Materials; Electric Circuits, Lines and 
Fields; Resistors, Inductors, Capacitors; Elec- 
tron Tubes; Electromechanical -Acoustic De- 
vices; Circuit Elements; High -Frequency 
Transmission; Acoustics; Electrical Meas- 
urements; Telegraphy; Sound -Reproduction 
Systems; Telephony; Facsimile Transmission 
and Reception; Television; Electronic Con- 
trol and Navigation Equipment; Medical Ap- 
plications of Electricity; Index. 

Third Edition; 1022 pages; 5* x 81; 
981 illustrations; $5.00 

ON APPROVAL COUPON 
JOHN WILEY & SONS, INC. 
440 Fourth Ave., New York, N.Y. 

Kindly send me a copy of "Pender-Mdlwain," 
for ten days' examination. If I decide to keep 
it I will remit $5.00; otherwise I will return the 
book postpaid. 

Name 

Address 

City and State 

Employed by 

Official Position 
EL -2-37 
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Public Address System 
A 12 -WATT CLASS A amplifier is the 
nucleus of the model 115 portable pub- 
lic address system manufactured by 
Operadio Manufacturing Company, St. 
Charles, Ill. One or two low-level 
microphone inputs may be mixed. 

Variable tone controls for high and 
low frequencies are provided. A 10 -in. 
electrodynamic speaker is standard 
equipment although provision for addi- 
tional speakers is made. A suspen- 
sion type crystal microphone is pro- 
vided. 

Condensers 
THE CORNELL-DUBILIER CORPORATION, 
South Plainfield, N. J., announces two 
varieties of condensers recently intro- 
duced by them. One of these is a 
dry electrolytic capacitor for a.c. use 
where high capacity is necessary for 
intermittent operation. These are espe- 
cially suited for use in connection with 
fractional horsepower motors of the 

type used in refrigerators, oil burners 
and similar appliances. A second line 
of condensers impregnated and filled 
with dykanol is also announced. Being 
enclosed in non -corrosive containers 
these condensers are particularly suited 
for aircraft, marine, submarine and 
other purposes where space and carry- 
ing weight are at a premium. Manu- 
factured to individual specification. 

Batteries 
THE C. F. BURGESS L&BORATORIES, 
Freeport, Ill., have improved the con- 
struction of their "B" batteries to ef- 
fectively protect the cell from moisture. 

Voltage Regulators 
AN IMPROVED VOLTAGE regulator for 
aligning current circuits which offers 
the smooth control of a rheostat plus 
the high efficiency, good regulation of 
a transformer has been announced by 
the American Transformer Company, 
of Newark, N. J. Known as the type 
TH "transtat" and available in vari- 
ous sizes up to 2 kva. on either 115 
or 230 volt lines, the device is essen- 
tially a variable auto transformer, 
with rotary control of the voltage out- 
put. Transtat may be used with elec- 
trical equipment for the control of 

voltage, illumination, motor speed or 
heat. Although standard regulators 
are designed for service in single phase 
circuits of relatively low voltage in 
limited capacities, various methods 
have been developed which permit the 
use of these units for regulating high 
voltages and for controlling polyphase 
circuits. Various applications of this 
device are presented in the company's 
publication No. 1177. 

Consolette Recorder 
A RECORDER designed for use by schools, 
colleges, and professional home record- 
ing has been recently introduced by 
the Radiotone Recording Company, 
6103 Melrose Avenue, Hollywood, Calif. 
Features of the model A-50 recorder 
are synchronous recording motor, lathe 
type feed screw, high fidelity form of 
recording amplifier and studio type re- 
cording microphone. 

Auto Antenna 
AN ANTENNA FOR AUTOMOBILE radio re- 
ceivers which fits over the top of the 
car and may be installed without drill- 
ing is one of the newer products re- 
leased by the Ward Products Company, 
2131 Superior St., Cleveland. 
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Inter -communicating System 
THE WEBSTER ELECTRIC COMPANY, Ra- 
cine, Wis., announces a newly devel- 
oped inter -communicating system. It 
consists of a speaker and amplifier 
mounted in an attractive modernistic 

cabinet with volume control and indi- 
cating pilot light. Up to sixty sta- 
tions can be operated together as a 
system. Operates from either a.c. or 
d.c. lines of 110 volts. 

Amplifier Kit 
A REMOTE AMPLIFIER KIT providing a 
three -position mixer using isolation 
transformers for each input to prevent 
cross talk has been placed on the mar- 
ket by the United Transformer Cor- 
poration, 72 Spring Street, New York 
City. 

Control Knob 
DUREZ, a product of General Plastics, 
Inc., North Tonawanda, N. Y., has 
been recently put to use as a control 
knob on volume indicators. The de- 
sign of these control wheels is such 
that a symmetrical appearance is pre- 
sented no matter where the pointer 
indicator may be. 

Durez has also been used as a hous- 
ing for desk microphones. The molding 
is designed to harmonize with the usual 
well appointed office. 

TELEVISION? 
SOUND? 

INDUSTRIAL? 
Whatever your interest may be in photo cells-there is a 
dependable super -sensitive CETRON available for most 
purposes. 

As specialists in the manufacture of photo cells we are 
prepared to supply a wide range of standard cells or, if you 
prefer, we will make them to your specifications. 

We invite your inquiry. 

CONTINENTAL ELECTRIC CO. 
GENEVA ILLINOIS 

ARISTON CONDENSERS 
4>GV 

PART N O. 7C.5? 7/ 
_ 

Ariston tubular condensers are non -induc- 
tively wound with soldered wire terminals. 
These condensers are well sealed against 
special high-grade insulating wax. 

ARISTON MANUFACTURING CORPORATION 
4049-59 Diversey Avenue Chicago, Illinois 

Samples 
will be cheer- 
fully submit- 
ted for your 
test and in- 

spection. 

moisture with a 

Heavy Overload Capacity 
of Microhm Mica Card 
Resistors Assures a 

High Safety Factor 
By sandwiching in the resistance element between TWO mi 

insulation and protection are assured. Overload capacities as 
have been demonstrated on test. 

These compact units are ideal for Voltage Dividers in P. 
Transmitter. Television and other types of Amplifiers. 

Write for details, and prices. 

ACCURACY 2% 
ca sheets. both 
high as 300% 

A.. Broadcast 

Type H Size: 134'x3i4,'x 
36'. Accuracy: 2%. Re- 
sistance Range: 10 to 
150.000 ohms. 

C ÀO/ I 
WIRE WOUND RESISTORS 

PRECISION RESISTOR CO., 332 BADGER AVE., NEWARK, N. J. 

LAMINATIONS 

o 

Ì1, 

WILIOR MFG. CO. 

12SpringStr., N.Y.C. 

o 

tl 
S 

pE 
LAMINATIONS 

STANDARD TYPES 

-SPECIAL TYPES MADE TO ORDER 

METAL STAMPINGS-TOOLS-DIES 

STAMPINGS 
ELECTRONICS - February 1937 67 

www.americanradiohistory.com

www.americanradiohistory.com


C -D ENGINEERS 
annaun CO 

CC -D ENGINEERS 
HAVE SCORED AGAIN ! 

TRY THE TL'S 
FOR. BEST 
RESULTS. 

DYKANOL IMPREGNATED 
AND FILLED 
The increasing need for a dependable 
high voltage filter condenser for power 
supplies, high power amplifiers, television 
circuits, transceivers, etc., has resulted in 
the design and development by C -D en- 
gineers of the Type TL Dykanol Filter 
Condenser. 
Hermetically sealed in round aluminum 
containers, similar to those employed in 
the construction of electrolytic capacitors. 
One terminal is insulated from, and the 
other grounded to the container. Can be 
mounted in any position for convenience 
in chassis assembly. 

D.C. Working 
Cap. Mid. Voltage Size Cat. No. List 

2 600 27/1x1V2 TL -6020 $2.25 
3 600 4/2x12 TL -030 2.75 
4 600 4'/x1/2 TL -040 3.00 

1 1000 2/x1'/2 TL -10010 2.25 
2 1000 4./2z1V2 TL -10020 2.75 

.5 1500 2/1x1/2 TL -15005 3.00 
1 1500 41/2x1/2 TL -15010 3.50 

Type TL paper dielectric, Dykanol im- 
pregnated and filled units are supplied 
with two insulating washers and spade 
lug, metal lockwasher and mounting nut, 
at no extra cost. Metal container, can 
therefore, be readily insulated from 
chassis. 

For full descriptive literature 
and listing write for catalog 

No. 135A 

WET & DRY ELECTROLYTIC 
MICA PAPER DYKANOL 

CORNELL-DUBILIER CORPORATION 

1006 HAMILTON BLVD. SO. PLAINFIELD, N. J. 

+ The following bulletins, technical 
data, and catalogs have recently been 
received from manufacturers: 

+ Resistors. A 12 -page loose-leaf cata- 
log giving mechanical dimensions and 
technical data on industrial resistors 
has been published by Electrad, Inc., 
175 Varick Street, New York City. In 
addition to rotary and slide wire types 
of power rheostats and vitreous enam- 
eled fixed resistors, the catalog lists 
precision wound wired resistors and 
flexible wire wound resistors. 

+ Pick-up Units. A 6 -page technical 
bulletin describing their "relayed fre- 
quency" pick-up has been issued by the 
Audak Company, 500 Fifth Avenue, 
New York. According to information 
supplied by the manufacturers, the re- 
layed frequency pick-ups havé a fre- 
quency response curve which is flat 
to within 10 db between 60 and 8,000 
cycles. 

+ Insulation Tester. A 500 volt-ampere 
transformer with tapped secondary 
voltages up to 2,500 volts forms the 
principal element of the insulation 
breakdown tester manufactured by the 
Acme Electric & Manufacturing Com- 
pany, 1440 Hamilton Avenue, Cleve- 
land, Ohio. Bulletin 140 describes this 
tester. 

+ Transmitter Manual. A bulletin pro- 
viding a wide variety of useful infor- 
mation to the transmitting amateur is 
made available in the 64 -page amateur 
transmitter manual published by the 
Kenyon Transformer Company, Inc., 
840 Barry Street, New York. More 
than a dozen transmitters suitable for 
amateur operation are described. Nu- 
merous tables, charts, and alignment 
charts, selected especially for amateur 
use, are included. The manual is 
priced at 25 cents. 

+ Insulation. The Spaulding Fibre 
Company, 310 Wheeler Street, Tona- 
wanda, N. Y., has recently issued a 28 - 
page engineering data book covering 
the various grades of insulating mate- 
rials and forms manufactured by them. 
The processed forms are available or 
can be manufactured to a wide variety 
of shapes and have applications in a 
wide variety of uses. 

+ Radio Equipment. Catalog No. 190 
of the Insuline Corporation of Amer- 
ica, 25 Park Place, New York City, 
contains 40 pages of receiving and 
transmitting parts and accessories, 
service tools and attachments, racks, 
panels and chassis, and related items. 

+ Loud Speakers. A single page leaflet 
from the Magnavox Company, Fort 
Wayne, Ind., describes two new heavy 
duty 15 -in. loud speaker models, suit- 
able for a.c. or d.c. operation. Com- 
plete mechanical and electrical specifi- 
cations are given. 

andy ... and 
for 1000 Uses 

Size: 3 1/16" 
z 5W%" 
z 2% 

Accurate 
Within 2% 

Completely 
Insulated 

Model 
666 

List Price $22.50 
Pocket Volt-Ohm- 

Milliammeter 
For laboratory, shop or field use. 
Handy pocket size yet sturdy and pre- 
cision built. 
Uses Large 3" Sq. Triplett Instrument 
A. C. -D. C. Voltage Scales Read: 10- 
50-250-500-1000 at 1000 ohms per 
volt. 
D. C. Milliampere Scale Reads: 1-10- 
50-2 50. 
Ohms Scales Read: Low 1/2-300; High 

250,000. 
Black Molded Case and Panel. 
Size 31-16x57/1x2/s. 
Low Loss Selector Switch. 
Complete with Alligator Clips, Battery 

and Test Leads. 

DEALER PRICE $15.00 
A Complete Instrument for all servicing 

needs. Can be used for all A. C. -D. C. 
voltage, current and resistance analyses. 

LEATHER CARRYING CASE for Model 669, 
supplied extra. Dealer Price, $3.00. 

Very attractive. Of black, heavy leather with 
finished edges and strap. 

WRITE FOR CATALOG 

The Triplett Electrical Instrument Co. 
232 Harmon Dr., Bluffton, Ohio 
Without obligation please send me - More information on Model 666. - I am also Interested in 

Nome 

Address 

City State 
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PROFESSIONAL 

SERVICES 

BLILEY ELECTRIC CO. 
Designers-Manufacturers 

Quartz Crystals for standard or special 
radio frequency applications. 

Inquiries Invited. 
240 Union Station Bldg. 

Erie, Penna. 

EISLER ENGINEERING CO. 
Consulting, Designing si Mfg. Engineers 

Electric Welding Machines for Metal Tubes 
Electric Welding Problems, High Vacuum 

Compound Pumps, Soft and Hard 
Glass Working Equipment, Radio 
and Electronic Tube Machinery 

Special Machinery built to your specifications 
753 So. 13th St. Newark. N. J. 

ELECTRICAL TESTING 
LABORATORIES 

Characteristics and 
Life Tests of Vacuum Tubes 

Tests of photo cells, glow lamps, crater lamps. 
Tests of electronic and optical devices. 

30th Street and East End Avenue 
New York, N. Y. 

Phone: Butterfield 8-2500 

THAD R. GOLDSBOROUGH 
REGISTERED PATENT ATTORNEY 

Patent and Trademark Soliciting 
Consulting Service 

Patent Sale and License Negotiations 
201-205 McLachlen Building 

Washington, D. C. 

International Electronics, Inc. 
CONSULTING ENGINEERS 

to Radio Manufacturers in all parts of the world 
Receivers-Tubes-Condensers-Coils-Resistors 

Reports-Designs-Specifications-Processes 
Write for information on your problems without 

obligation 
RESEARCH LABORATORIES 

145 W. 45th Street New York, N. Y. 

WEBER MACHINE CORP. 
Specialists on experimental electro me- 
chanical devices, Let us help you solve 
your problems. Modern equipped machine 

shop. Capable engineering staff. 
59 Rutter Street, Rochester, N. Y. 

The Solution of 
Your Problem 
in the field of Electronic devices 
may be found through enlisting the 
services of the Consultants whose 
cards appear on this page. 
This is a highly specialized field 
and specialists are therefore better 
able to undertake the rapid devel- 
opments necessary to keep in step 
with modern manufacturing 
progress. 

+ 60 -Watt 6L6 Amplifier. The Ampli- 
fier Company of America, 20 West 22nd 
Street, New York City, announces a 
60 -watt amplifier using the 6L6 tube. 
According to the manufacturers, fea- 
tures of this amplifier are automatic 
howl suppression, çathode ray indica- 
tion for howl suppression action, auto- 
matic constant output for reproduction 
of speech, volume level expansion for 
reproduction of recorded programs, 
and high and low frequency gain con- 
trol. 

+ Amplifier Kit. A studio pre -ampli- 
fier in kit form has been released from 
the United Transformer Corporation, 
72 Spring Street, New York. The kit 
can be wired up for two, three or four - 
stage operation, with gains up to 100 
db. Audio panel incorporates switch 
and milliammeter to check plate cur- 
rent of all tubes. 

+ Service Instrument. A combined 
volt-, ohm-, output, and milliammeter, 
self contained with battery and selling 
at $13.50 is available from the Burton - 
Rogers Company, 755 Boylston Street, 
Boston, Mass. The two resistance 
scales permit resistance values of 500 
ohms and 500,000 ohms full scale to 
be read. 

+ Output Attenuator. Constant imped- 
ance attenuator capable of handling 
considerable power with low insertion 
loss has been developed by the Clarostat 
Manufacturing Company, 285 North 
Sixth Street, Brooklyn, N. Y. Minimum 
insertion loss is 1.3 db.; power dissi- 
pation 25 watts. Attenuation is linear 
up to 45 db. in steps of 3 db. with an 
end position of infinite attenuation. Im- 
pedance from load end is approxi- 
mately three times the line value. 

+ Neon Tube Oscilloscope. A gaseous 
discharge tube oscilloscope for wave 
form analysis has been developed by 
the Sundt Engineering Company, Chi- 
cago, Ill. A 6L6 beam power tube 
operating at 100 kc. supplies power to 
the neon tube which is the source of 
illumination. The input voltage to be 
analyzed is amplified by a high gain 
audio amplifier, the amplified voltage 
being impressed on the 6L6 power 
generator. This amplified fluctuating 
voltage corresponds to the vertical de- 
flection of the wave pattern. The ef- 
fect of a linear time axis is supplied 
by means of a rotating mirror so as to 
sweep the image horizontally across 
the line of vision of the observer. The 
speed of rotation of the mirror is con- 
trolled by a variable speed motor. 

+ Core Material. Permanite, a form 
of granulated iron oxide having good 
properties as a magnetic core for r.f. 
and i.f. transformers is announced by 
the Foote Mineral Company, 1509 Sum- 
mer St., Philadelphia. It is being used 
in cores and shields by a number of 
radio manufacturers and has also been 
used to a limited extent in carrier 
telephone and telegraph circuits. 

ANNOUNCING 
jeme 

1-ANN 
NWAYMeN 

SÏiÏUi1111Uill 

O DA II T EE 

POWER LINE CHOKES 
FOR PREVENTING INTERFERENCE 
FROM HIGH FREQUENCY CURRENTS 

These new chokes are designed to prevent 
interference from high frequency currents. 
When used on such apparatus as radio trans- 
mitters, therapeutic machines, welding outfits, 
etc., they will suppress the high frequency 
currents going out over the power lines from 
such apparatus to cause annoyance to nearby 
radio listeners. 

The smallest one of these chokes is also 
specially designed for use on radio receivers. 
It will suppress interference of radio fre- 
quency from coming In to such sets over 
power lines and house lines from nearby gen- 
erating sources. 

These power line chokes will not prevent in- 
terference of audio frequency and they are 
not recommended for that purpose. 

The chokes must in all cases be used in 
connection with grounding condensers as 
shown on the diagram, to form a filter. These 
by-pass condensers are each 0.1 microfarad. 
Their best location is determined by trial. 
Three sizes of these line chokes are now avail- 
able, capable of handling currents of 5, 10 

and 20 amperes, respectively. The smallest of 
these sizes is the one which is designed to be 
also used on receivers. In devices where cur- 
rents greater than 20 amperes are used spe- 
cial units are made up to order to fit the 
special requirements of each case. 

For detailed information in regard to these 
new chokes ask for Bulletin No. 105. For com- 
plete information on the Ohmite line of re- 
sistors, rheostats and tapswitches, send for 
catalog. 

OIlril PA 11 U 1E 
MANUFACTURING CO. 

4825 Flournoy St., Chicago, III. 

MANUFACTURERS OF QUALITY RESISTORS, 
RHEOSTATS AND TAP SWITCHES 
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LAMICOID 

FABRICATED 

PARTS 

ACCURACY - SPEED - S E R V I C E 

With production increasing every 
day, consumers are insisting on faster 
deliveries. Through the facilities of 
LAMICOID fabricating plants located in 
important industrial centers we are 
in a position to give you the required 
SPEEDY SERVICE. 

The men employed in these fabricating 
plants have had many years of expe- 
rience in this type of work thus making 

possible faster delivery with no 
sacrifice of quality or accuracy. 

Send your orders and inquiries to 
any office of Mica Insulator Company. 

Our complete line of Electrical 
Insulations including Micanite, 
Varnished Cambric and Laminated 
Bakelite is described in our new 
Bulletins 106,109 and 105 respectively. 

MICA INSULATOR COMPANY 
200 Variek St., New York; 542 So. Dearborn St., Chicago; 1276 West Third St., Cleveland. 
Irranches at: Birmingham, Boston, Cincinnati, Los Angeles, San Francisco, Seattle, Montreal, Toronto. 

Frequency Measuring Service kotLDV11I 

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 

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

A RADIO CORPORATION OF AMERICA SERVICE 
66 BROAD STREET NEW YORK, N. Y. 

LEACH 

TYPE 
N0. 

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 

+ Permanent Magnets. A 4 -page 
brochure issued by the Crucible Steel 
Company of America, Chrysler Build- 
ing, New York City, gives the impor- 
tant electrical characteristics of a new 
series of permanent magnets made of 
new aluminum -nickel -cobalt alloys. 
These permanent magnets are fur- 
nished only in castings and are fin- 
ished to final dimensions by grinding. 
They are not available in standard 
shapes for individual fabrication. 

+ H -F Insulation. The application of 
Mycalex insulation to various high fre- 
quency radio problems is covered in a 
technical bulletin issued by Electronic 
Mechanics, Inc., 201 East 12th Street, 
New York City. Many of the applica- 
tions listed are intended for use where 
high voltages are encountered. 

+ Transmitting Apparatus. A series 
of monitors, amplifiers, modulators, and 
high frequency telegraph and telephone 
transmitters of relatively low power 
are described in a technical bulletin of 
the Harvey Radio Laboratories, Inc., 
12 Boylston Street, Brookline, Mass. 
Being designed for high frequency 
operation, these transmitters are espe- 
cially suitable for amateur operation. 

+ Humidity in Radio. Graphs dealing 
with the effects of moisture on wire 
insulation and trimmer condensers as 
a function of the circuit properties, 
are available in a bulletin offered by 
the Boonton Radio Corporation, Boon- 
ton, N. J. A copy of the bulletin 
"Humidity Factor in Radio Work" is 
available on request. 

+ Interference Data. In addition to 
listing a complete line of condensers 
as well as service instruments and 
noise -reducing aerials, the latest cata- 
log from the Tobe Deutschmann Cor- 
poration, Canton, Mass., gives specific 
recommendations for quelling man- 
made static. Forty-two models of units 
intended to reduce or eliminate elec- 
trical impulses or transients which 
make themselves evident as noise in 
the output of a radio receiver are 
listed. 

+ Recording Galvonometer. Several 
bulletins have recently been issued by 
the Berndt -Maurer Corporation, 117 
East 24th Street, New York City. One 
of these describes a sound -on -film re- 
cording galvonometer consisting of a 
small, sensitive and rugged galvono- 
meter element together with a suitable 
optical system. Another bulletin de- 
scribes an electrical motor driving unit 
for motion picture cameras. 

+ Radio Cabinet. The Beetle Products 
Division of American Cyanamid Com- 
pany, 32 Rockefeller Plaza, New York 
City, has been carrying an research 
with the object of developing Beetle - 
ware for radio cabinets. 
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I -F Alignment 
(Continued from page 35) 

The plate impedance of the electron coupled 
plate was taken as 1.3 X 10° ohms. 

X1 = 271-fLI (L1 was assumed as 1800 µh.) 
.. Xi = 5150 ohm for 456 kc 

The problem is then one of matching a 
generator impedance of 1.3 X 10° ohms to a 
load of 70 ohms. 

Let R1 = 1.3 X 10° and R2 = 70 ohms. 

Xa + Xb = X2 

Then 
R1 X i+ Xs 

(1) 
Rs XY+ X1 

and R1 RY= - (X1 Xs+XY X3+X1 X3) (2) 

Solving Eqs. (1) and (2) 

(1) becomes, 91X10°= -5150 X2- X2 XS 
-5150 Xs 

(2) becomes, XI = (.277 - X3) 

Substitute (2) in (1), and solve for X°. 

Xs = f -I 91 X 106 = ± 9550 ohms. 

Assume the negative root for X° (capacity 
reactance) then X2 = 9550. The + root 
must then be used. 

Assume X0 the reactance of 2000 µµf at 
456 kc. or 174.5 ohms. 

Xb = 9550 + 174.5 = 9,724 ohms 

X5 = 211Lb and L5 = 3,390 µh 

Now X0 is inductive reactance. 
Xd is capacity reactance. 
X3 was assumed capacity reactance. 

Y° = 1/ XY = Ye + Yd 
Y°+Yd=3.111X10-s 
Cd was assumed 300 µµ1. 

Y 

Xd- 
2 12 - j.859 X 103 ohms. 

Ye = -j.748 X 10,2 mhos. 

and Xc = j.1335 ohms. .. Lc = 466 µh. 

The final computed values for this T pad 
are as listed below: 

L1 = 1800 µh Ca = 2000 µµf 
Le = 466 µh Lb = 3390 µh 

Cd = 300 µµf 

The design of the impedance 
matching networks which match 
each main branch line to the load 
in each test department is identical 
with the above. They are designed 
to match 140 ohm to 140/12 ohms, 
there being 12 test positions in each 
department. The values come out 
as shown in Fig. 4A. 

There are two of these required. 
Likewise the design of the pad 
matching each of the 12 lines to a 
1,000 ohm attenuator is identical. 

Air tuned trimmer condensers are 
used for C 

The main control equipment con- 
sists of a frequency modulator, with 

a linear time axis, and synchroniz- 
ing device built in, a cathode ray 
oscillograph, and a crystal frequency 
monitor. The modulated frequency 
together with the output of the i -f 
crystal oscillator are mixed in a 6L7. 
The output of the 6L7 is fed into 
the vertical amplifier of the cathode 
ray oscillograph. The linear time 
axis is fed into the horizontal plates 
of the cathode ray oscillograph. 
When the mean frequency of the 
modulator is 456 kc., the resulting 
beat note is plainly visible on the 
cathode ray screen. Then all im- 
pedance matching devices are tuned 
so that maximum energy transfer 
is obtained. 

The synchronized linear time axis 
is piped to the various test positions 

Li -1800µH 450µH 

--' 06x0000 %--, O00000 `--y 

140ít 

140 S1 

3 

C3-374µµfT 

L1=712µH 

1511111 

(a) 

140 n 
12 

CS- 350µµ f 

T 
(b) 

L2 = 2960µ H 

3 

Fig. 4-Matching networks. A- 
Branch line to load. B-Line to 

attenuator 

alongside the matched transmission 
line. 

Regarding the problem of drifting 
of the mean frequency of the modu- 
lator, the following may be said: 
The linear time axis is tripped twice 
for each revolution of the modula- 
tor condenser. Therefore, when an 
i -f transformer is not aligned per- 
fectly to 456 kc., the resonance curve 
appears as two separate traces on 
the screen. If the frequency of the 
modulator drifts, it becomes impos- 
sible to bring the two traces to- 
gether. The tester therefore has a 
positive check on the frequency. 
However, very little trouble has been 
experienced along these lines. 
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AUDIO OSCILLATOR 
TYPE CR -4 BEAT FREQUENCY 

Price 

x89 

NOW 
supplied with 

HAND CALIBRATED 
DIRECT READING 

DIAL 
Write for Catalog 

UNITED SOUND ENGINEERING CO. 

Manufacturers of Electronic Equipment 

2235 University Ave., St. Paul, Minn. 
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British Patents 

Radio Circuits 
Super -regenerator. Several super- 

regenerative amplifiers are quenched 
by a single local oscillator, the carrier 
frequency amplified by any one tube 
being different from that amplified 
by any other tube. L. R. Merdier, 
Baird Television. No. 454,945. 

Anti -feedback. Undesired inter -ac- 
tion between the electrodes of a 
multigrid tube, such as is used for 
modulation or frequency -conversion is 
prevented by an external coupling, for 
example, a condenser between the 
grids. H. A. Wheeler, Hazeltine Corp. 
No. 454,996. 

Voltage regulator. The voltage 
across a load is controlled by a vacu- 
um tube in series with the load, the 
grid potential of the tube being de- 

FIC.I. 

rived from a resistance connected 
across the supply in series with an 
auxiliary triode and a source of con- 
trol voltage which is included in series 
with the load voltage or a part there- 
of in the grid circuit of the auxiliary 
tube. Philadelphia Storage Battery 
Co. No. 455,031. 

High frequency circuit. In a tube 
connected in a Barkhausen-Kurz cir- 
cuit means are provided for creating 
an abrupt change at two points in 
the characteristic impedance of the 
positive oscillating electrode, and ex- 
ternal circuit connections are made to 
the electrode between these points and 
at points symmetrical with respect to 
them. Standard Telephones & Cables, 
Ltd. No. 455,125. 

Navigation. The navigator of a 
moving vessel ascertains his location 
by measuring the phase -displacement 
of several radiated signals modulated 
by a single low frequency. This gives 
him the difference of his distance from 
two aerials spaced apart by a known 
amount. E. A. H. Honore, Paris. No. 
452,235. 

Volume expansion. In signal re- 
cording or reproduction using com- 
pression and/or expansion of the 
range of volume variations, the com- 
pressor or expander is designed to be 
ineffective at input volunles above and/ 
or below a definite level. ERPI. No. 
452,084. 

Cathode-ray tubes. The screen of a 
tube comprises a thin metal sheet 
heated uniformly by means indepen- 

72 

dent of the ray and raised locally to 
incandescence by the ray to produce 
the picture. The uniform heating may 
be to 800 deg. K. by resistance heat- 
ing, by infra -red radiation or by an 
auxiliary, unmodulated cathode-ray. 
The screen is of tantalum 50-100 x 10' 
inches thick or of tungsten or molyb- 
denum, the thickness being such that 
an incandescent area of the screen 
loses heat more by radiation than by 
conduction to adjacent areas of the 
screen. F. S. Turner, San Francisco. 
No. 452,368. See also No. 452,406. 

Automatic tuning. A circuit com- 
prising manual tuning control and sup- 
plementary automatic tuning control 
for final accuracy of tuning, in which 
the operation of the automatic con- 
trol is prevented until the manual con- 
trol is adjusted to a predetermined 
frequency displacement from the in - 
tune position. G. L. Beers, Marconi 
Co. No. 452,585. 

Saw -tooth generator. In a circuit in 
which a condenser is periodically 
charged gradually through a resist- 
ance and discharged abruptly through 
a tube, the rise of voltage across the 
condenser is made truly linear with- 
out the use of saturated tubes in the 
charging circuit by including in the 
charging circuit a voltage derived 
from the condenser and acting in op- 
position to it. Philips. No. 452,965. 

Automatic Selectivity. The selec- 
tivity of a radio receiver is regulated 
manually or automatically by a variable 

bias applied to capacities or induc- 
tances in circuits arranged to vary 
tuning, coupling or feed-back. Cir- 
cuits are shown in which the band 
pass is a function of incoming signal 
strength. L. L. Kramolin, Berlin. No. 
455,190. 

Television. In a receiver for tele- 
vision and sound the sound energy is 
received on a super -regenerative re- 
ceiver and the quenching frequency is 
obtained from the television scanning 
frequency. Marconi Co. No. 453,135. 

Tone control. An automatic system 
comprising a condenser -resistance 

combination, the resistance having a 
predetermined temperature coefficient 
and being traversed by a current de- 
pending on the momentary gain of the 
receiver, with the effect of reducing 
high -note response during periods of 
high gain or weak input signals. Mar- 
coni Co. No. 453,138. 

Frequency changer. To compensate 
for changes in the amplitude of the 
local oscillations in a heterodyne re - 

V? 

ceiver, a regenerative mixing tube has 
its regeneration varied by a biassing 
voltage derived from the oscillations. 
N. P. Case, Hazeltine Corp. No. 453,- 
658. 

Remote control. A remotely tuned 
superheterodyne in which the local 
oscillator is regeneratively back - 
coupled, the variable reactance ele- 
ment of the oscillator is remotely situ- 
ated from the remainder of the fre- 
quency determining circuit and is 
associated therewith through a 
screened cable and a ferro -magneti- 
cally cased tight coupled transformer 
at the end of the cable remote from 
the reactance, the low impedance 
winding facing the tuning reactance 
while a further screened cable effects 
the back -coupling. Marconi Co. No. 
443,637. 

Transmission line. A two -conduc- 
tor line carrying a wide band of fre- 
quencies as in television is coupled 
to an amplifier so that interfering 
potentials between the line and earth 
are removed from the amplifier out- 
put. E. L. C. White, Middlesex. No. 
443,589. 

Tuning indicators. Visual tuning 
indicators for receivers comprise an 
evacuated cathode-ray device con- 
taining controlling means receiving 
varying voltage bias to vary the angle 
of divergence of either an electron 
beam or a shadow within such beam, 
and so to produce corresponding 
changes in the illuminated area on a 
fluorescent anode. Ferranti, Ltd. No. 
443,602. 

Automatic tuning. A tube the im- 
pedance of which varies with the 
departure from exact tune, and which 
acts to vary the frequency of the 
local oscillator in a compensatory 
sense. E. K. Cole. No. 443,505. 

Directive system. A radio beam 
for use in air -navigation is simul- 
taneously modulated in different ways 
by interposing in its path ionized gas 
tubes. I. Wolff, Marconi Co. No. 
443,992. 
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Power amplifier. With the object of 
increasing the ratio of power output 
to power supplied in a radio -trans- 
mitting amplifier, or in a push-pull 
audio -amplifier, the anode supply 
voltage and the grid bias are auto- 
matically regulated according to the 
mometary strength of the audio sig- 
nal. Lorenz. No. 444,050. 

Wide band amplifier. A thermionic 
amplifying system suitable for fre- 
quencies down to zero comprising 
several direct -coupled amplifiers. Sco- 
phony, Ltd. No. 444,058. 

Tuning indicator. A receiver is 
provided with a tuning indicator, the 
indication of which is a function of 
the amplification and also of the 
current or voltage set up in an 
auxiliary sharply -tuned circuit such as 
a muting circuit. F. T. Lett, Buck- 
inghamshire. No. 444,179. 

Adjudicated Patents 
(D. C. N. Y.) Lindenblad patent, No. 

1,884,006, for antenna, claims 23 to 27, 
inclusive, Held not infringed. R. C. A. 
v. Mackay Radio & Telegraph Co., 16 F. 
Supp. 610. 

(D. C. N. Y.) Carter patent, No. 
1,909,610, for electric circuit, claims 1 

to 5, inclusive, Held not infringed. Id. 
(D. C. N. Y.) Lindenblad patent, No. 

1,927,522, for antenna for radio com- 
munication, claims 9, 10, 19, and 23 
Held not infringed. Id. 

(D. C. N. Y.) Carter patent, No. 
1,974,387, for antenna, claims, 1, 2, 3, 
4, 10, 12, 15, 16, 28, 34, 35, 36, 38 
and 40 Held not infringed. Id. 

Adverse Decisions in 
Interference 

In interferences involving the indi- 
cated claims of the following patents 
final decisions have been rendered that 
the respective patentees were not the 
first inventors with respect to the 
claims listed: 

Pat. 1,978,461, P. L. Hoover and E. 
D. Kennedy, Timing axis for cathode 
ray oscillograph, decided September 2, 
1936, claim 5. 

Pat. 1,988,486, Lester Ferenci, Photo- 
electric web registering device, decided 
November 18, 1936, claims 1, 11, and 17. 

Pat. 1,908,381, Charles Travis, Radio 
receiving system, decided December 12, 
1936, claims 1, 2, 4, 6, 7, 8, and 9. 

Patent Suits 
1,573,374, P. A. Chamberlain; 1,707,- 

617, 1,795,214, E. W. Kellogg, appara- 
tus ; 1,728,879, Rice & Kellogg; 1,894,- 
197, same, filed Oct. 24, 1936, D. C., 
N. D. Calif. (San Francisco), Doc. E 
4098-L, R. C. A. et al. v. C. Abel (Coast 
Radio Co.). 

UNIVERSAL 
Portable 
Recording 

Machine 
A precision ma- 

chined, compact outfit 
that positively elimi- 

nates all waver -Records 
in either direction at 33-% 

or 78 RPM 90, 110 or 
130 lines per inch -110 volt 

:1C 100% synchronous motor -solid 16 in. turntable -Con- 
stant speed rim belt drive -Reinforced black leatherette carry- 
ing cases -Unequaled value -Superlative performance. Also 
Stationery machines, Amplifiers. cutting heads, special acetate 
pickups. Style, etc. 

UNIVERSAL MICROPHONE CO. LTD 
424 Warren Lane 

Inglewood, Calif., U. S. A. 

ì 

!M RED WIRE WOUND RESISTORS 

R ELEVEN 
LLION IN USE 

THE MUTER COMPA 
1255 SO. MICHIGAN AVE. C 

Telling the engineer and manufacturer 
what is being done with electron tubes 
in industry -and how it is being done 

Just published - New second edition 

Electron Tubes in Industry 
by KEITH HENNEY, Editor, Liedronics 

539 pages, 6 x 9, 397 illustrations, $5.00 

FNGINEERS and manufacturing executives interested 
in cheapening or quickening industrial processes will 

find in this book a thorough presentation of the practical aspects of electronics 
-what the electron tube is doing toward making processes simpler, cheaper, 
safer, and in making possible new methods of control. Describes in detail 
amplifier, rectifier, and other tubes and photocells and their applications in 
industry, including circuit diagrams, performance charts, and comparisons with 
other types of apparatus. 

ELECTRON 

TUBES 

I 

IN 
NDUSTRY 

IIF.NNEY 

ffi 

See this edition for 
developments in: 

-circuits using newer tubes, ele- 
ments and principl'es 

-motor control, welding, illumi- 
nation, and register control 

-ignitron tube s, cathode-ray 
tubes, and other types 

-capacity relays, relay circuits 
-application of tubes to power 

conversion, inversion, and 
transmission 

-invisible light control methods, 
etc. 

SEND THIS ON -APPROVAL EXAMINATION COUPON 

McGRAW-HILL BOOK COMPANY, INC. 
330 West 42d Street, New York, N. Y. 

Send me Henney's Electron Tubes in Industry for 
10 days' examination, on approval. In 10 days I 
agree to pay $5.00 plus a few cents postage and 
delivery, or return book postpaid. (We pay post- 
age on orders accompanied by remittance.) 
Name 

Address 

City and State 

Position 

Company 
(Books sent on approval in U. S. and Canada only.) 

FL -2-37 
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A WIDE VARIETY OF TYPES 

FOR EVERY INDUSTRIAL USE 

The Automatic Electric line of relays incluJes quick 

and delayed action types, sensitive and heavy duty 
types, mechanical locking types, polarized relays, 

etc., etc. Available for operation on C.C. or A.C. 
circuits, any voltage, any contact combination. 

Also stepping switches, electric counters, solenoids, 

keys and other electrical control accessories. 

Write for complete illustrated catalogs. 

American Automatic Electric Sales Eampuny 

1023 WEST VAN BUREN STREET . . . CHICAGO 

As publishers of Radio Retailing 
for twelve years, McGraw-Hill 
is uniquely equipped to offer 
complete, authoritative Direct Mail coverage of the 
Radio Trade. Extreme accuracy (guaranteed 98%) is 
maintained on a daily corrected basis and the widest 
possible selections are available. Send for folder en- 
titled "Hundreds of Thousands of Reasons Why" which 
describes how McGraw-Hill lists are built and main- 
tained. 

What Selection Do You Want to Reach? 
Radio Wholesalers 
Radio Dealers 

Larger Dealers 
Smaller Dealers 

Occupational Groups 
Automotive Stores 
Central Station Stores 
Hardware Stores 
Etc. 

Radio Service Dealers and Service Men 
Geographical Selections 
Population Groups 

Write for folder "Radio Trade Outlets" giving 
details on selections, state counts, prices, etc. 
. . . or ask any representative. 

RICT MAIL DIVISION.... 
McGRAW-HILL PUBLISHING CO. 
330 W. 42nd STREET NEW YORK, N. Y. 

74 

RADIO MANUFACTURERS 
can save money with 

CRESCENT CORD SETS 

All Ready to Install 
Make 1937 a banner year by reducing expenses and 

increasing profits. You can do it by using these sets, 
with all parts completely assembled. 

You can be certain of the quality of these cord 
sets-every one is carefully tested and inspected. We 
guarantee them to be 100% perfect. 

Send us blue prints for prices on quality production. 

Address Department E 

Cg,ESÇENT 
® INSULATED WIRE 

TRENTON. 

8 CABLE CO. INC 

NEW JERSEY 

11111111111111111111111111111111111111111111111111111III IIIIIIIIIIIIIIIIIIIIIIIIIIIII III IIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIpllllll! 

A TRIAL WILL CONVINCE YOU 
35 Years' Experience le* 
Insures Dependability 

We Manufacture 
PERMANENT MAGNETS TOOLS and DIES 

METAL STAMPINGS LAMINATIONS 
Suppliers of 

ALNICO MAGNETS 
s 

THOMAS & SKINNER 
STEEL PRODUCTS CO. 

3 23d St. at Alvord Indianapolis, led. _ 
º 
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HI-POWER FOR PORTABLE 
SOUND EQUIPMENT 
The Carter GENEMOTOR supplies the most re- 
liable and economical "B" Power for Class A or 

B amplifiers from a 6 or 
12 volt battery. Output 
up to 500 volts. Sturdy - Compact - Quiet in 
operation - Requires no 
oiling - Guaranteed. 
Also can be supplied for 
A.C. output. 

Write for Circular 

CARTER MOTOR CO. 
365 W. Superior St., Chicago 

i111111II1 mill IHIIIIIIHIII IIIII IIIN HINNNHIIIIIIIIIIIIIHIIIIIIIINIIINIIIIIIIIIIIIINIII IIIIIIIIIIIIIIIIIII I1111111I111111111111111111111111HIIIIIIIIIIIIIIIUIIIIIIIII IIIII mil I II I I I I III16 = 
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SEARCHLIGHT SECTION 
EMPLOYMENT : BUSINESS : OPPORTUNITIES : 

UNDISPLAYED--RATE PER WORD 
Positions Vacant and all other classifica- 

tions 10 cents n word, minimum charge 
$2.00. 

Position Wanted, (full or part-time salaried 
employment only), 34 the above rates, 
payable in advance. 

INFORMATION: 
Box Numbers in care of our New York, 

Chicago or San Francisco offices count 
10 words additional in undisplayed ado. 
Replies forwarded without extra charge. 

Discount of 10% if full payment is made in 
advance for four consecutive insertions of 

Proposals, 40 cents a line an insertion. undisplayed ads (not including proposals). 

COPY FOR NEW ADVERTISEMENTS RECEIVED UNTIL 28TH OF THE MONTH FOR TH 

EQUIPMENT-USED orRESALE 
DISPLAYED-RATE PER INCIS 

+' 

1 inch $5.00 
2 to 3 inches 4.75 an inch 
4 to 7 inches 4.50 an inch 
Other spaces and contract rates on request. 
An advertising inch is measured vertically 

on one column, 3 columns-SO inches- 
to a page. 

E ISSUE OUT THE FOLLOWING MONTH (Elect) 

Meters repaired, made more serviceabla 
Conversion to higher sensitivity as high 
as 10 microamperes for Weston type 1 

or 24-57. 
Sensitive vacuum thermo couples 

For Sale used Weston panel meters, 
Rawson microammeters, Brown pyro- 
meters. 

Reasonable Prices 
Precision Electrical Instrument Co. 

561 BroadwaT1 N. Y. C. 

CASH OFFER WANTED 

WAX IMPREGNATORS 
2-J. P. Devine Company, complete Vacuum Type 
Impregnating Chambers, Steam Jacketed. Over- 
all Height -727, Over-all Diam.-84". 

Grigsby-Grunow Company 
5801 Dickens Ave., Chicago, Illinois 

Varna" 

WANTED 
.1a 

MOW 

CASH WAITING 
We pay highest prices for your surplus 
laboratory equipment as meters, rheo- 
stats, bridges, decade boxes, etc. Submit 
your lists of what you have to offer. 

AMERICAN ELECTRICAL SALES CO. 
65-67 E. 8th St. New York, N. Y. 

DEPENDABLE 
New and Used 

ELECTRONIC TUBE EQUIPMENT 
A complete line of equipment for the manufacture 
of Radio Tubes, New Tubes, Incandescent Lamps, 
etc. 
Write for Bulletin showing savings from 25 to 75% 

EISLER ELECTRIC CORP. 
534 39th Street, Union City, N. J. 

HIGH GRADE NEW AND USED 

ELECTRON TUBE EQUIPMENT 
Hugs Stook et 'hutment of 

livery Type and Variety 
KAHLE ENGINEERING CORPORATION 
Specialists 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. 

COMPLETE EQUIPMENT 
New and ('sed for 

ELECTRONIC TUBE MAKING, 

LABORATORY, and SCHOOL UNITS 

Glass Cutten, Spot Welders, Annalen, Flare, 

Stem, Sealing, and Basing Machines, 

Vacuum Pumps, Burners 

ELECTRONICS MACHINE CO, 
751 15th Street, Newark, N. J 

F EXPERIENCE t 
Eleven years of it-is our assur- 
ance that we can recondition 
your transmitting tubes proper- 
ly and build in Long Life and 
Proper Characteristics, 

Aircooled Tubes 100 to 1000 
watts 

Watercooled 5 to 35 KW 

Satisfaction Guaranteed 

National Radio Tube Co., Inc. 
3420 18th St. San Francisco, Calif. 

Used Lab. Equipment 
Weston-O.R.-L&N-G.E., Etc. 

Meters - Bridges - Torsion balances-Inductors - 
Decade boxes-Analytical balances-OsrllograDhs 
-Jagabi rheostats-Signal Generators-Condemers 

Write for my list 
LOUIS J. WINSLOW 

200 Pennsylvania Avenue Hillside, N. 1. 

Do Electronics' "SEARCHLIGHT" ads get results? 
Reviewing the record of replies forwarded to box number 
advertisers during 1936: 

POSITIONS WANTED: One or more replies were for- 

warded to 6 advertisers. The employment sought covered 
radio engineer and research physicist, designing electronics 
devices, development or research work on audio frequency 
equipment design, commercial radio engineer, investigation 
and development work on electrical or electro -optical appa- 

ratus, and factory or laboratory engineer on electron tube 

manufacturing. 

POSITIONS VACANT: From 1 to 12 replies were for- 

warded 4 advertisers. The employment offered covered 
charge of promotion work on radio sales and engineering. 
Chief Engineer for manufacture of broadcasting transmis- 
sion equipment, as engineer with manufacturer of testing 
equipment with development engineer on electro -acoustic 
and electromechanical development. 

BUSINESS and SALES OPPORTUNITIES: Replies were 
also forwarded to advertisements covering the purchase of 
licenses for television equipment and sales representation 
for manufacturers. 

The advertising reviewed above typifies the business wants of the electronics industry 
and the men employed in it. The response to this advertising establishes the close 

contact of ELECTRONICS with the industry it serves. 

Can "SEARCHLIGHT" help you Solve 
a current business want? 
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YOU CAN'T 

QUIBBLE 

OVER 

N$U L'AIl ON' - 

TURBO Oil Tubing is made 
in 30 sizes-.020 to 1 -in. 
inside diameter and in 12 
standard colors in some sizes. 

There is one detail in radio and electrical apparatus design 
and construction wherein you might invite trouble-insu- 
lation. Shave costs in production by using insulation of 
questionable quality or because the price was lower 
than the best and you endanger that one element of 
success in the marketing of your product-consumer 
acceptance. 

Since 1920 the BRAND organization has special- 
ized in insulation of the highest order-TURBO 
Tubing and Saturated Sleeving, Varnished Cam- 
brics, Papers and Tapes; Mica Films in carefully 
micrometered punchings that are clear, clean - 
edged; hand laid India and Amber Mica 
Plate-products that have played their 
parts in the progress of the radio and 
electrical industries. 

Ask BRAND consultants the next time 
you have an insulation problem involving 
absolute accuracy in results and econ- 
omy in production. And, keep this in 

mind-orders requiring immediate ship- 
ment, regardless of quantities, go out 
the day received. 

WM 

RA 
AND COMPANY 

268 FOURTH AVENUE NEW YORK 
IN CHICAGO -217 N. DESPLAINES STREET 

76 

This is the ACME 
Voltrol, a manually 
controlled voltage reg- 
ulator that provides 
complete control over 
primary voltage in a 
stepless full range 
from 0 to 130 volts. 
Accurate 1/2 volt ad- 
justments. 

W rite for Bulletin No. 136 

AeFi2dxic 
1447 HAMILTON AVE. CLEVELAND, OHIO 

Guthman Coils are 
dependable! No matter 
what your requirements, 
there's a Guthman coil 
that will fit the job! Send 
us your specifications - 
we' ll be glad to submit 
samples and quote SPE- 
CIAL LOW PRICES! 

EDWIN I. GUTHMAN and CO.. Inc. 
400 South Peoria Street, CHICAGO, ILLINOIS 

INDEX TO ADVERTISERS 
Page 

Acme Elect. and Mfg. Co 
Aerovox Co. 
Allied Recording Prod. Co 
American Automatic Electric 

Sales Co. 
American Transformer Corp 

76 
63 
56 

74 
46 

National Carbon Co 

Ohmite Mfg. Co 

Precision Resistor Corp 
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69 

67 

American Electric Co 74 Radio Receptor Co 60 
Amperex Electronics Prod., Inc. RCA Communications, Inc 70 
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39 
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United Electronics, Inc 
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BETTER 
ALL-ROUND 

PERFORMANCE 

Under Severe 
Operating 
Conditions 

CARBON RESISTORS ERIE RESISTOR AUTOMATNC INJECTION 
AND SUPPRESSORS CORPORATION MOLDING 

TORONTO ERIE, PEN NSYLVAN IA 
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Get the facts and features about 

RCA's Two Nerz- Transmitters 

NEW RCA TRANSMITTER 
250-D... rated at 250 watts and 100/250 
watts. A low power transmitter and a basic 
exciter unit. Simple, efficient operation. 
Fine performance. Easy accessibility. Low 
operating cost. Most modern design. 16 op- 

erating meters, conveniently located. Inter- 
locking doors for safety. Easy installation. 

V,. 31oar., 1270 Sixth Ave. 

The RCA 250-G HIGH FIDELITY 
TRANSMITTER and RCA 250-D 

TRANSMITTER provide many 
splendid features 

Space won't permit us to tell you one - 
tenth of all the fine features RCA has 
built into these two new transmitters. 

Both are RCA's newest. Into them go 
the same quality workmanship and 
materials which for years have distin- 
guished RCA equipments. They are the 
latest addition to a line of transmitters 
which have received the approval of 
broadcast engineers from coast to coast. 

You'll want to know more about 
them, so drop us a line. We'll send you 
the facts and features about these trans- 
mitters that tell you more than a 

thousand fancy words. There's no ob- 
ligation, of course. Just ask - and the 
information is yours-free! 

NEW RCA HIGH FIDELITY TRANSMITTER 250-G 
... a complete broadcast transmitter rated 
100'250 watts (also available for 100 watts 
as "Type 100-G"). Includes space for Type 
66-A Modulation Monitor. Provides un- 
equalled performance to prevent early ob- 
solescence and assure high fidelity. Gen- 
erous safety factors and conservative tube 

operation make certain uninterrupted pro- 
grams. Low operating cost because of low 
power input. Easy accessibility. Has four 
chassis - High Voltage Rectifier Modu- 
lator - Low Level R. H'. and Low Level 
Rectifier-High Level R.E.-each of which 
may be removed simply and quickly. 

RCA MANUFACTURING CO., INC., CAMDEN, N. J. 
A Service of the Radio Corporation of America 

CHICAGO, 589 E. Illinois St. ATLANTA, 490 Peachtree St., N. E. DALLAS, 2211 Commerce St. SAN FRANCISCO 170 Ninth St. 
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