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Model SR-80. Easiest way to impro
tion. Perfect fidelity. No backgro
resonant peaks. Can be placed up
amplifier without any appreciable
response 30 to 10,000 C.P.S. Outp
line). Hand-hammered ribbon is
even a 40-mile gale. Not affecte
ture, pressure, or humidity. Comp
Elastic coupling absorbs shocks

Model RB-M New Super-flux
Nickel Aluminum Magnets are
used . . . magnets more power-
ful than even 369, Cobalt . ..
Since this microphone has no
peaks, it gives perfectly life-
like reproduction (not mechan-
ical) and does not tire the
listener. Eliminates axcoustic
feedback in P.A. Work. NEWI
High Level Model RB-H. Elim-
inates separate pre-ar.p. (Out-
put impedance, 2000 ohms.)

TRANSFORMER COUPLED
THOROUGHLY SHIELDED
& GUARANTEED HUMLESS

Alsoincluded in FREE TRIAL
offer. Frequency range, 30-
14,000 cycles (1 db.). Hum
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ADCASTING NEED'/
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IModel SR80-H. Unusual brilliancy
liminates input transformer with
ductive hum. Requires 15 db. less
tion than low impedance type. Ex-
udio and remote. This microphone
impedance (2000 ohms) to oper-
grid—but not high enough to in-
losses in lines up to 50°. Longer

ed with low capacity R.F. Cable.

THE LITTLE VELOCITY
WITH UNIFORM OUTPUT
Output uniform with speaker’s
head at any angle Output
level practically equal to large
velocity. Frequency response
60-7500 cycles Reproduction
lifelike. Eliminates audience
noises Transformer included
within microphone case. Rug-
ged construction New chrome
aluminum magnets used
Weighs only 8 ounces Size
2y x 1Y4 x 1744 High Level
Model available (Model 7]-H)

The very latest in construc-
tion and appearance Rug-
ged Smooth operating
Complete line of {loor stands.
Desk and banquet stands.
Portable stand which un-
folds to extra sturdy floor

| microphones. No deposit. No obligation whatever. All we ask is that you
make the test exhaustive. Then decide whether you want to keep the
microphone or return it. Even if you are not in the market. feel free to make
the test for future reference. Behind this FREE TRIAL offer is the conviction
that Amperite offers the finest microphones available today. regardiess of
price. High fidelity reproduction of speech and music. . . . Perfect Definition
of instruments in ensemble work. . . . Dependability . . Ruggedness . . .
All these qualities are guaranteed!

level, -100 db.

FOR HIGH IMPEDANCE

stand. Chrome or gunmetal
finish. Write for Bulletin S.
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FORGET ALL ABOUT SPACE FOR

w e ¢ with the new Erie Insulated Resistors
you can do just that. They are so compact and
completely insulated that they fit perfectly into
any wiring plan and can be placed practically
anywhere in the chassis.

DIMENSIONS

ERIE INSULATED
RESISTORS

1/2 watt — 11/16" x 15/64"
1/4 watt — 7/16“ x 15/64*

It is no longer necessary to plan for a central
mounting strip on which to fasten the resistors.
Point-to-point wiring can be used without danger
from the resistors touching other circuit elements.

See for yourself how Erie Insulated Resistors
can better chassis design, speed up assembly and
improve set operation. A letter to us will bring
you a generous supply of samples.

ERIE RESISTOR CORPORATION

f _ 4 ERIE, PA.> , —
Factories in ERIE,PA.-TORONTO, CANADA - LONDON, ENG.
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In One Year!

T is a fact that we have, in the

short space of one year, firmly
established a rapidly growing busi-
ness and developed a group of men
into as compact and well-trained a
unit as may be found anywhere.

Already our greatest asset is a skilled
working force, ably officered and
trained—a personnel that is keen,
willing, capable—men who think as
they work and achieve as they plan.

This (November) 1s our first anni-
versary.

SUPERIOR TUBE COMPANY
NORRISTOWN, PA.
25 MILES FROM PHILADELPHIA
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When it comes to CONDENSERS...

MaLLorY LEADERSHIP
has been a FACT since 1926

IN 1926 Samuel Ruben, long an associate of P. R. Mallory
& Co., Inc., created the condenser that modernized radio set design.
Through the dry electrolytic condenser, bulky, unwieldy condensers,

occupying large space in the set, were replaced by

smaller, more compact condensers of greater efficiency.

And Mallory-made condensers, through the years,
continued to develop condenser effectiveness. Every
important contribution to dry electrolytic condensers

has emanated from the Mallory laboratories.

Mallory’s continuous leadershiip in the condenser field
is an established fact. Tt has involved the willingness
to invest hundreds of thousands of dollars in research
design and engineering, in plant facilities and equip-

B ment, in human ability and ideas.

s
.-'l“-:;:-” f"ﬁ Rl
:%@é Radio engineers have come to depend upon Mallory
- leadership for still greater development, in condenser
Tk ol . . .
= design and efficiency. They expect new improvements.
PEJ}} They will not be disappointed.

Manufactured under U. S.
Patents 1710073, 1714191 et al.

DRY ELECTROLYTIC CONDENSERS

FOR RADIO AND INDUSTRIAL FIELDS ... DEMANDED BY THOSE WHO INSIST ON THE BEST

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

CABLE ADDRESS —PELMALLO
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®» ZWORYKIN-ARMSTRONG ... Two
most important I.R.E. papers are re-
viewed in this issue of Electronics. On
October 23, Dr. V. K. Zworykin of
RCA Victor’s Electronics Research
Laboratory disclosed his recent work
on secondary emission electron mul-
tiplier tubes; tubes which will deliver
a voltage gain well over a million, per
tube, with a signal-to-noise ratio bet-
ter by 100 times than present systems.
These new tubes seem to be poten-
tial rivals of the thermionic amplifier,
oscillator, detector.

On November 6, E. H. Armstrong of
Columbia University reported on his
frequency modulation system which
marks still another step toward con-
quering the noise which now distorts
sight and sound programs. On the
very short waves Armstrong has dem-
onstrated that new possibilities lie in
this form of modulation, often sug-
gested and as often discarded.

Both of these important developments
will be described completely in the
Proceedings of the Institute of Radio
Engineers.

» TOWN HALL, no less . . . Saturday
afternoon, October 19, Town Hall, New
York, Leroy Anspach, control operator
at WCAU appeared in a piano recital
and according to I. S. of the New York
Times, “the large audience gave warm
applause.” Mr. Anspach handles the
Philadelphia orchestra broadcasts, has
appeared with that organization in
Robin Hood Dell and at the Lewisohn
Stadium.

» NIGHT WORK . .. Never have the
radio components manufacturers
seemed so busy. On a recent trip
around New York we find plants run-
ning in two and three shifts trying to
keep up with the mounting production
of new radio receivers. It is most en-
couraging. All things point to a year
passing all previous twelve-month pe-
riods.

At the moment, chief items of scar-
city seem to be coils and cabinets.
Metal tubes |are rolling out to the tune
of 50,000 per day (our guess) and most
of them stay out. A few manufac-
turers, however, swear they will not
use them, one in Chicago says, “as
don’t relish poison won’t use metal

tubes this y‘ear.”

» AMONG US ANTENNA EXPERTS
... Mr. Robert S. Kruse of Guilford,
Connecticut,' states “In Fig. 1 of the
very good Dietsch paper on antenna
termination |(page 15, Sept. issue) the
upper or parallel-wire curve is not
strictly right. The ‘natural’ tendency
of this curve is to become asymptotic,
eventually descending to zero at the
remote point where S = 0 which is also
S/d = 0. However that course is ab-
ruptly terminated when a short-circuit
happens at the moment of tangential
contact, which takes place at S/d = 1.
Therefore the curve should continue
smoothly along its eventually-asymp-
totic course|until at S/d =1 it sud-
denly falls down a well to zero. In
other wordsi there isn’t a downward
curve, but an abrupt kink.”

|

|
» OFF AGAIN, on again . .. An Aus-
tralian manufacturer of radio sets in
this country after touring Europe
wavers between metal tubes and the
better known glass tubes. On three
successive days he cabled his tube sup-
plier in England, “rush metal tube
work. Must have them.” “Disregard
cable of yeste%rday. Metal tubes a flop.”
“Metal tubes ok. When can you de-
liver ?”’ ‘

|
}
|
|

|
»SCANDALOUS . .. Elaborate Photo-
phone sound| re-inforcement apparatus
will provide| natural sound for every
seat when the newest edition of George
White’s Scandals opens the middle of
November. [RCA Engineers are in-

stalling special equipment of the porta-

l
.
Crosstalk

KEITH HENNEY
Editor

ble type. Al Lee, manager of the
Scandals, believes that sound re-inforce-
ment of the high fidelity type has be-
come an indispensable adjunct to stage
shows.

» GAMBLE . . . Research, according
to Dr. C. E. K. Mees of Eastman
Kodak, is a gamble. It cannot be con-
ducted according to the rules of effi-
ciency engineering. Speaking to fifty
industrial executives and bankers on
tour, he stated that “research must be
lavish of ideas, money and time. The
best advice that I can give is don’t quit
easily, don’t trust anybody’s judgment
but your own; especially don’t take any
advice from any commercial person or
financial expert, and, finally, if you
really don’t know what to do, match
for it.” Furthermore Dr. Mees said,
“The best person to decide what re-
search work shall be done is the man
who is doing the research. The next
best is the head of the department.

“After that you leave the field of
best persons and meet increasingly
worse groups. The first of these is
the research director, who is probably
wrong more than half the time. Then
comes a committee, which is wrong
most of the time. Finally there is the
committee of company vice presidents,
which is wrong all the time.”

» OBIT . . . Alfred H. Grebe, promi-
nent radio manufacturer and engineer,
died suddenly October 24, at the age of
40. One of the pioneers in the radio
set manufacturing field, his first catalog
of radio apparatus was put out when
he was 19 years old. In the early days
of broadcasting his signals were heard
over the world from Richmond Hill,
the site of his manufacturing plant,
from which many thousands of re-
ceivers were shipped, many of them
still giving good service. Mr. Grebe
had recently reorganized his company,
and was actively preparing new prod-
ucts for the radio market.



ELECTRON WHIRLIGIG

In this acceleration chamber, deut-
erons attain the enormous speeds
necessary for penetration of atomic
nuclei. An oscillator endows each
particle with increasing energy as it
whirls under the influence of an in-
tense magnetic field



Radioactivity by Bombardment

A high frequency oscillator is used in a new bombardment technique whereby

ordinary elements are converted into radioactive ones. thus producing inexpensive radium
substitutes suitable for medical and laboratory use. The theory and practice of the process

HE first successful transmuta-
tion of the chemical elements was
performed by Rutherford' in 1919,
not by chemical means, but by the
physical process of driving one type

of atom into another. It is the
nucleus — the innermost part —
which ultimately determines the

chemical properties of an atom, and
as all nuclei are positively charged,
enormous repelling forces are ex-
erted when two nuclei are brought
into close proximity. Hence if one
is to penetrate into another, it must
be endowed with sufficient kinetic
energy to overcome the repulsion.
Rutherford used as projectiles the
most energetic bodies then known,
the helium nuclei (so-called alpha
particles) spontaneously emitted by
radium, and allowed them to fall on
nitrogen. Occasionally a direct hit
was made and an alpha particle pene-
trated within a nitrogen nucleus; the
over-stuffed body immediately burst
into two parts, one a hydrogen
nucleus and the other constituting a
nucleus of oxygen.

The study of such transmutations
by alpha particle bombardment is
seriously handicapped by the scarcity
and high cost of radium; with the
largest available amounts, the alpha
particles emitted every second are
relatively so few that the labor of
observing the occasional disintegra-
tions is extremely tedious. Con-
sequently much effort has been
expended in the development of ap-
paratus to accelerate by electrical
means large numbers of charged par-
ticles to be used as projectiles, such
as protons or deuterons (the nuclei
of ordinary and of “heavy” hydro-
gen) for theory indicated they might
be more effective as disintegrators
than the heavier alpha particle.

Such an acceleration may be ac-
complished by establishing a large
difference of potential between two
electrodes at the ends of an evacuated
tube, introducing the positively
charged particle at the anode and

By JOHN J. LIVINGOOD, Ph.D.

Radiation Luboratory
Department of Physics
University of California

letting it be drawn to the cathode
by the electrostatic force. The
kinetic energy thus generated, when
expressed in joules, is equal to the
product of the charge of the particle,
in coulombs, and the potential drop,
in volts.® Considerable success has
rewarded these efforts and several
laboratories in different countries
are now carrying on nuclear disinte-
gration experiments with proton or
deuteron currents up to 100 micro-
amperes, at potentials from 600 to
1,200 kilovolts. The potential is
supplied by transformers, with® or
without* kenotron rectification, or by
electrostatic generators® of the Van
de Graaff type’. The installations
are bulky, however, since large
clearances must be allowed to pre-
vent external flash-over, and con-
siderable trouble has been ex-
perienced by puncture of the glass

or porcelain tubes by high speed
electrons.

It was in an endeavor to avoid
these inherent disadvantages of
high voltagsa equipment that

Lawrence and Livingston at the
University of California developed
a method for producing energetic
particles without the use of high
voltage™. In principle, the scheme is
to allow the particle to pass through
a series of hollow electrodes, a rela-
tively low potential source being
successively ccnnected at the proper
instants to those two electrodes be-
tween which the particle happens to
be. The final energy of the particle
is therefore equal to that obtained
from a single fall across the poten-
tial of the source multiplied by the
number of times this has been ap-
plied. The practical realization of
this is as follows.

A cut-away view of the acceleration
chamber showing the relation of the
magnetic field, acceleration electrodes,
deuteron paths, and the bombarded

atoms
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A large electromagnet produces a
uniform field across a flat evacuated
chamber between its pole faces. In-
side this chamber and insulated from
it are two semi-circular hollow elec-
trodes, shaped very much like the
two halves of a eylindrical pill box
that has been cut in two along a
diameter. These two electrodes are
connected to a high frequency
oscillator so that, like the plates of a
condenser, they become charged
alternately positively and negatively
several kilovolts with respect to
ground. If a positively charged
particle is produced near the center
of this system, it will be drawn into
that electrode which at the moment
is negative. Once inside, it is free
of all electric forces but is acted on
by the magnetic field, which bends
the path of the particle into the arc
of a circle.

After describing a semi-circle, the
particle comes back to the gap be-
tween the electrodes; if the fre-
quency of the oscillator has been
properly chosen, the potentials of
the electrodes have now become re-
versed, so that the particle receives
a second acceleration and enters the
other electrode. It is now going
faster and therefore describes a
larger semi-circle, coming back to
the gap just when the potentials have
again changed and so it undergoes
a third increment of energy. The
particle thus traverses a path that
spirals outward from the center, re-
ceiving constant additions to its
kinetic energy every time it crosses
the diameter of the chamber, finally
passing through a slit in the outer
edge of one electrode with an energy
equal to that gained in travelling
from one electrode to the other multi-
plied by the number of such
crossings.

This method of successive, prop-
erly synchronized impulses is pos-
sible because the time required for
the particle to describe a semi-circle
is not dependent on the radius of
curvature; particles near the center
traverse a small semi-circle at low
speed, while those near the periphery
travel a longer distance but at a
correspondingly greater speed. There-
fore one single and constant fre-
quency of the oscillator is correct
for all successive steps in the ac-
celeration. This may be shown very
simply. The time required to travel,
at velocity », a semi-circular path
of radius r is

3 (422)

Right, a specially de-
signed demountable
oscillator tube of 30
kw. power, used to
feed high frequency
a-c to the accelerat-
ing electrodes

Extreme right, a gen-
eral view of the
bombardment appa-
ratus, showing the
huge magnet which
produces the field
necessary in  the
atom - disintegrating
process. The acceler-
ation chamber (see
Frontispiece) is the
center of the picture,
midway between the
poles of the magnet

mr
v

(1

The centrifugal force due to the
curved path is Mv*/r, where M is the
mass of the particle. This is equal
to the centripetal force Hev due to
the magnetic field H, where ¢ is the

t =

charge of the particle. Hence we
have
(2) MQ_) = Hev

7

so that on solving for v and sub-
stituting it in the equation for t we
find that

=M
He

This is constant for a given type of
particle and a given H, so that, as
was to be proved, ¢ is independent
of the radius of the path. The
proper wavelength for synchroniza-
tion is found by setting ¢ equal to
one half the period of oscillation.
As may be seen from equation
(2), the velocity and therefore the
kinetic energy of the particle depend
on both the magnetic field and on the
radius of curvature. The highest
energy that can be attained is hence
limited by the size and strength of
the magnet available. The first ap-
paratus to be built had pole faces 5
inches in diameter and demonstrated

(3) =

the practicability of the method; the
second was 11 inches across and de-

livered proton currents of 10-°
ampere at 1,200,000 electron-volts.
The third model was designed around
a huge 75 ton magnet originally
built for a Poulsen arc and, as used
at present, yields 10 microamperes
of deuterons at 4,000,000 electron-
volts.

As rebuilt, the magnet has pole
faces 28 inches in diameter (capable
of extension to 45 inches) and de-
velops 16,000 gauss across a 6 inch
gap with an exciting current of 65
amperes. The copper sheet electrodes,
11 inches in radius and 2 inches high,
are supported, water-cooled and con-
nected to the oscillator by pipes
passing out of the wall of the vacuum
chamber through glass insulating
cylinders. The chamber is evacu-
ated by an Apiezon oil diffusion
pump, and an adjustable valve ad-
mits “heavy” hydrogen to the
optimum pressure to produce the
greatest final current without caus-
ing an electrical glow discharge in
the tank. The ‘“heavy” hydrogen
ions, or deuterons, are formed by
electron bombardment supplied by
two hot filaments mounted above and
below the gap between the electrodes,
near the center of the chamber; the
filaments are maintained a thousand
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volts negative with respect to the
vacuum tank, so that electron cur-
rents of 100 milliamperes pass up
and down, producing a region of in-
tense ionization. The high speed
deuterons, on reaching the walls of
one of the electrodes, pass out of it
through a slit and are increased
slightly in radius of curvature by an
electrostatic deflecting field. This
enables them to clear the wall of the
electrode and to pass through a very
thin but vacuum tight metal window
soldered to a re-entrant cylinder let
into the side of the tank. This is
the bombardment chamber, outside
the vacuum, into which various mate-
rials may be placed for exposure to
the stream of high speed ions.

The oscillator circuit is a simple
push-pull, tuned grid, tuned plate
hook-up, running at about 25 meters
wavelength. The anodes are supplied
with three phase, full wave rectified
current at 13,000 volts, through the
use of six hot cathode mercury vapor
tubes. The demountable oscillator
tubes, of about 30 kilowatts each,
were designed and built in the
laboratory." The water-cooled anodes
form part of the vacuum jacket, the
remainder being furnished by the
two glass cylinders which insulate
the grid mounting from the anode
and the filament structure from the

grid. As the glass-to-metal joints
are made with sealing wax, bake-out
is impossible and the tubes are con-
tinuously evacuated by Apiezon oil
diffusion pumps.

Although the magnitude of cur-
rent produced by this apparatus,
thus far in its development, is some-
what less than that given by those ma-
chines employing single step accelera-
tion by high voltage, nevertheless
the very superior final energy given
the projectile more than makes up
for this deficiency. This is for two
reasons; first, the particles having
greater energy are able to penetrate
further into the target and hence
pass through more atoms, with a
correspondingly greater chance of
making a direct hit on a nucleus;
second, the probability of a disin-
tegration occurring, once a collision
has been made, rises rapidly as the
energy of the particle is increased.

Not only is the machine par-
ticularly useful in the study of
transmutations produced by high
speed deuterons, but it is also, at
present, the most powerful source of
neutrons in existence. These peculiar
bodies, discovered® only three years
ago, have the mass of a proton but
no electric charge at all, and con-
sequently are not repelled by any
nucleus they strike. They there-
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fore are extremely efficient pro-

for disintegration experi-
ments. The simplest neutron source
is a mixture of beryllium and
radium ; alpha particles shot off from
the latter disintegrate the beryllium,
causing the formation of carbon and
neutrons. Alternatively, one may
bombard beryllium with deuterons
and obtain boron and neutrons. This
reaction is much more efficient than
the former, and in addition, the num-
ber of deuterons supplied by the ma-
chine every second is so great that
the neutron yield is as large as that
which would be given by a mixture
of beryllium and 100 kilograms of
radium. It is therefore not surpris-
ing that seven machines of this type
are now in process of construction in
laboratories both in America and
abroad.

Practically every one of the eighty-
nine known chemical elements has
been disintegrated within the past
few years by bombardment with
either protons, deuterons, neutrons
or alpha particles. In general, the
process consists in the capture of
the projectile by the struck nucleus,
followed instantaneously by the
bursting into two parts of the tempo-
rary body thus formed. One of these
pieces is either a proton, an alpha
[Continued on page 60]
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Secondary Emission

New electron multipliers that will detect.

modulate, oscillate and amplify by the successive use of

secondary emission with improved signal-to-noise ratio

EW uses for the phenomenon of

secondary emission were an-
nounced by Dr. V. K. Zworykin, D. A,
Morton, and L. Malter at the Octo-
ber meeting of the New York section
of the Institute of Radio Engineers.
The new developments take the form
of unusual vacuum tubes which make
use of the fact that a single elec-
tron impinging on a specially pre-
pared surface (or ‘“target”) can lib-
erate as manyv as ten secondary
electrons, thereby producing a cur-
rent amplification of 10 to 1. By
arranging several cascaded “stages”
of such electron multiplication, tubes
of extremelv high gain have been
produced.

In the design of conventional ther-
mionic tubes, secondary emission
from the grid or plate of the tube has
been a serious handicap inasmuch
as it increases the space charge and
decreases the relative control of the
grid on the space current. But sec-
ondary emission has been put to
practical use as early as 1919. The
first practical use of the effect was
made by Dr. Hull, in the dynatron.
The idea of amplifying a small elec-
tron current by means of secondary
emission has been investigated by
Slepian, Jarvis and Blair, Iams. and
Farnsworth. An electron multiplier
developed by the last mentioned, P.
T. Farnsworth, was described in
Electronics, August, 1934, pages 242
and 243.

The new tubes, which were de-
veloped in the Electronics Research
Laboruatory of the RCA Manufactur-
ing Company in Camden, require
about the same amount of power for
operation as do conventional tubes
(about 17 watts per ampere of emis-
sion) but they are considerably su-
perior from the standpoint of noise.

A ten-stage tube, enlarged by 1.5
times. The tube is actuallv some-

what longer than the 59

In the case of the multiplier photo-
cell, the signal-to-noise ratio is ap-
proximately 60 to 100 times greater
than that of the usual photocell and
thermionic amplifier, under condi-
tions of low light intensity. In ad-
dition to this improvement in signal-
to-noise ratio, the new tubes have the
advantage that they can produce
enormous gains in a very compact
space, often in fact incorporating
ten stages of amplification within the
same envelope, with resulting gains
of several millions. In addition, the
tubes may be made to perform the
different functions of modulation, os-
cillation and amplification within the
same envelope, using different sec-
tions of the same tube. Such multi-
purpose tubes, although now in the
experimental stage, may possibly be

«Secondary electron em/tters.
] | L ] I

R
T rEes
I I - . |

‘Cathode

‘Secondlary electron  “Collector
em/tters

Fig. 1-—Secondary emission tube-
fundamental scheme

used in radio circuits, and other ap-
plications for which more conven-
tional thermionic tubes are now
used.

Multiplier Action

The general principle of the elec-
tron multiplier action is illustrated
in Fig. 1. The cathode to the ex-
treme left supplies an electron which
is drawn in the direction of the ar-
row to the positively charged plate
above it, which hag a special surface
having high secondary emission char-
acteristics. There, the initial elec-
tron liberates two or more second-
aries which in turn are drawn to the
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Electron Multipliers

A report of the October 1935 I.LR.E. meeting
when Dr. V. K. Zworykin and his associates of the RCA
Victor Research Laboratory demonstrated the new tubes

secondary electron emitter below
where thev produce still more sec-
ondaries. The process thus con-

tinues in criss-cross fashion until
Emitter:
= \¢ /st target
eg—
d -
farget 4 )

Fig. 2—A practical tube construction

the original electren has been multi-
plied many times. The final collec-
tor at the extreme right of the tube
collects the resulting amplified cur-
rent and conducts it to an external
circuit where it may be used. In
electron multipliers of this type each
secondary electron emitter must be
maintained at a potential slightly
more positive than the preceding one
in order to attract the electrons.
However, if this procedure is fol-
lowed in the tube shown in Fig. 1
the maximum positive potential must
be applied to the collector at the right
of the tube, and as a result any elec-
trons from the cathode are drawn di-
rectly to the collector without im-
pinging on the intermediate emitters.
This difficulty is overcome in the
mechanical design of the new tubes
as is described below.

It will be seen from Fig. 1 that
the requirements for high efficiency
of electron multiplication are, first,
a high ratio of secondary electrons
emitted for each primary electron
impinging on the surface; second,
the collecting or drawing away of
the secondary electrons from one tar-
get preparatory to focussing them on
the next target; third. complete fo-

cussing of the electron beam (which
would tend to diverge because of the
similarity of charge) on each suc-
cessive target.

The Emissive Surface

The search for a good emissive
surface, that is one having a high
ratio of secondary to primary elec-
trons, has resulted in experiments
with metallic elements having a low
work function, and which therefore
emit electrons easilv. It has been
found that simple metal surfaces are
not as effective as composite sur-
fuces. The most satisfactory sur-
faces have been those of oxidized
silver, beryllium or zirconium with a
caesium surface layer. The surface
used in the new multiplier tubes
is a caesium-caesium oxide-silver
surface, produced by oxidizing a sil-
ver sheet having a matte surface,
coating the silver oxide with caesium
under vacuum, and then heating the
surface so that the oxygen is trans-
ferred from the silver oxide to the
caesium. This surface is very sim-
ilar to the surface used in photoelec-
tric cells, the only difference being
that the photoelectric surface has
slightly more caesium in its compo-
gition. Since the emissive surface
is also a good photoelectric surface,
it is not surprising that the electron
multiplication principle has been ap-
plied first to the amplification of
photoelectric currents. The number
of secondary electrons emitted for
each primary electron in such a sur-
face depends upon the velocity with
which the primary electron hits the
surface. This velocity may be ex-
pressed in volts; for the surface de-
scribed, the maximum secondary

Sections of the tube showing details
of construction. The square plaies

(top) ure emilters
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The T+ype multiplier, in a three
stage form

emission of 7 to 10 secondaries per
primary is reached at a velocity cor-
responding to approximately 450 volts.

Removing the secondary electrons
and focusing them on the next tar-
get may be accomplished by the use
of electrostatic or magnetic fields
or by a combination of the two. The
simplest arrangement is that using
an electrostatic field. Tubes built on
the electrostatic principle have taken
two forms, the L-type and the T-
type, shown in Figs. 2 and 3-A re-
spectively. In both types an emitter
(which may be a photoelectric sur-
face or a thermionic surface) pro-
vides the electrons which are fo-
cussed by means of an electron lens
on the first target. The electron lens
consists of two cylinders separated
by a short gap and connected to a
constant difference of potential,
which produces a radially symmetri-
cal electrostatic field within the cylin-
der. This field focusses the beam
of electrons, as shown by the ar-
rows, on the center of the first tar-
get. At this target the secondary
electrons are liberated and the cur-
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rent is amplified by the ratio of sec-
ondary emission to primary impact.
Immediately a second electron lens
focusses the resulting beam upon the
second target where the process is
repeated and a still greater number
of secondary electrons prozeeds to-
wards the third target. By properly
proportioning the voltages between
the target, by the use of proper spac-
ings between the cylinders and by
the use of efficient surfaces, extreme-
ly great amplifications may be pro-
duced in this type of device. The elec-
tron stream changes direction by 90
degrees at each target, an arrange-
ment which prevents the initially
emitted electron from traveling di-
rectly to the final collector as would
happen in the form shown in Fig.
1. This is the reason for the par-
ticular configuration of plates in the
L- and T-types. With three targets
and a secondary emission ratio of &,
the electron beam is multiplied by
the cube of 8, that is, over 500 times.
The type of tube shown in Fig. 2
(L-type) provides a sharp focus of
the electrons, but the field in each
target is weak and the tendency to-
ward space charge limitation is cor-
respondingly great. The T-type tube
shown in Fig. 3-A has less sharp
focus of the electron beam but a
higher collecting field at each target.
These tubes operate at 200 to 400
volts per stage, and provide an out-
put current of the order of one
milliampere.

Multiplier tubes using electrostatic

fields, such as the L- and T-types
just described, as well as those using
both electrostatic and magnetic fields,
have the possibility of producing
enormously high gains as the num-
ber of stages is increased. For ex-
ample, the magnetic type of photo-
cell to be described can be made in
as many stages as twelve, and with
an overall gain of several million
times. But gains of this order can
be obtained with thermionic ampli-
fiers, with approximately the same
efficiency and with convenient, al-
though considerably larger, equip-
ment. For this reason the real ad-
vance of the electron multiplication
principle over those provided by con-
ventional thermionic amplifiers lies
in the improvement of the signal-to-
noise ratio. For this reason a con-
siderable part of the investigation
made by Dr. Zworykin and his as-
sociates has been devoted to a de-
termination of the improvements
provided in this respect.

When an ordinary photocell and
thermionic amplifier are used the sig-
nal-to-noise ratio is determined by
the thermal noise from the coupling
impedance between the amplifier and
the photo-cell. In the multiplier,
however, no such coupling impe-
dance is required and a consider-
ably improved ratio is the result,
particularly when a large frequency
band width makes it necessary to
use a low value of coupling impe-
dance. In the multiplier, noise is
produced by the statistical fluctua-

Light
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Fig. 3—(A) Diagram of the T-type multiplier.
(C) In the magnetic photocell the curved path

magnetic multiplier photocell.

(B) Connection dingram of the

of the electrons from emitter to emitter is caused by crossed elecrostatic and
nmagnetic fields
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tion of the useful electrons going
through the tube. After multiplica-
tion at each target the noise in the
beam is the original shot-effect noise
in the initial beam multiplied by the
amplification ratio and, in addition,
the fluctuation noise of the second-
ary emission itself. The latter type
of noise has not been thoroughly
investigated. It appears, however,
that the noise output of several dif-
ferent types of multipliers is propor-
tional to the frequency band over
which the measurements are made
and also to the secondary electron
current. The results of the experi-
ments show definitely that a gain in
signal-to-noise ratio of 60 to 100
times under ordinary conditions of
operation may be obtained with the
multiplier as compared with a ther-
mionic amplifier, for values of light
in which the photoelectric current is
in the neighborhood of 10 to 10-“
amperes. This real improvement in
the signal-to-noise ratio marks the
multiplier as a distinct advance in
amplification technique over all ex-
isting methods.

In addition to the high gain and
high signal-to-noise ratio, the elec-
tron multipliers have an inherently
flat frequency characteristic respond-
ing to very low frequency alternat-
ing current and to direct current
equally as well as to frequencies of
several hundred megacycles.

The application of the electron
multiplication principle has found its
highest form to date in the so-called
magnetic secondary emission multi-
plier photocell, shown in the large
photographs on pages 10 and 11. This
device is a ten stage amplifier whose
initial current is supplied by the
photoelectric surface at the top of the
element structure.

A schematic diagram of the ten-
stage model is shown in Fig. 3B. The
light focussed on electrode 1-a by
means of a lens is transformed into
an electron beam which is succes-
sively reflected from 1-a, 2-a, 3-a,
etc. as shown in the diagram 3C.
The field plates 1-b, 2-b, etc. are
connected by internal connections
(shown on dotted line) to the next
following emitting plates. These
field plates produce an electrostatic
field which gives the secondary elec-
trons their initial velocity as they
leave the emitting plates. The
curved path from emitter to emitter
shown in Fig. 3C is produced by a
magnetic field, supplied by a perma-

nent magnet in such a way that the
field direction is at right angles to
the axis of the tube and normal to
the electrostatic field between the
upper and lower plates.

This crossed arrangement of elec-
trostatic and magnetic fields has sev-
eral advantages, in that it completely
separates the primary and secondary
electrons and does away with the

The L-type multiplier, or “stove-pipe”
photocell

space charge limitation of current.
In practice, the combined electro-
static and magnetic fields act as a
filter which separate the primary
from the secondaiy electrons and
focus all electrons from one stage on
the following. The progressively in-
creasing positive potential which
must be applied to successive elec-
trodes is obtained as shown in Fig.
3B from a bleeder resistor, which
may be provided internally within
the envelope of the tube.

The amplifying action can be used
for oscillation by feed-back of energy
or by the use of the negative re-
sistance characteristics of the device.
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All of the common functions now as-
sociated with multi-element ther-
mionic tubes can be performed by
the electron multiplier.

Electron Multiplier Patents

The following is a partial list of
patents issued on devices making
use of secondary electron emission,
either as a generator of nsgative
resistance, or for its amplifying ac-
tion. The list has been compiled by
Mr. Norman L. Haight.

United States Putents

1,385,873, July 26, 1921; to A. W.
Hull (G. E. Company) Electron
Discharge Device. (Filed, 1916)

1,387,984, Aug. 16, 1921; to A. W.
Hull (G. E. Company) Negative
Resistance. (Filed, 1921)

1,419,547, June 13, 1922; to C. D.
Ehret. Multiplier Action. (Filed,
1918)

1,450,265, April 3, 1923; J. Slepian
(Westinghouse E. and M. Com-
pany) Hot Cathode Tube. (Filed,
1919)

1,559,460, Oct. 27, 1925; S. Ruben.
Electron Tube. (Filed, 1920)

1,740,252, Dec. 17, 1929; to I. Lang-
muir (G. E. Company). (Filed,
1923)

1,748,386, Feb. 25, 1930; to S. Loewe
(RCA). (Filed, 1925)

1,809,676, June 9, 1931; to C. A.
Culver (Wired Radio, Inc.).
(Filed, 1929)

1,941,344, Dec. 29, 1933; to P. T.
Farnsworth. Dissector Target.
(Filed, 1930)

1,903,569, April 11, 1933; to Jarvis
& Blair. (Filed, 1926)

1,969,399, Aug. 7, 1934; to P. T.
Farnsworth. Hot Cathode Elec-
tron Multiplier. (Filed, 1930)

1,970,036, Aug. 14, 1934; to P. T.

Farnsworth.  Photoelectric Ap-
paratus. (Filed, 1928)
Foreign Patents (British)

332,733 ... To G. B. Ellis. Relating

to P. E. Cells. (Filed, 1930)
333,648 . ... To G. M. Walton. Re-

lating to P. E. Cells. (Filed,

1929)

352,388, June 29, 1931; to P. M. G.
Toulon. Photoelectric Apparatus.
(Filed, 1929)

364,006, Dec. 28, 1931; to K. T. Bain-
bridge (British T.-H. Company).
(Filed, 1929); also patented in
Sweden, Aug. 26, 1930; No. 74,093
(German G. E. Assign)

410,142, Nov. 11, 1932; to W. F. Ted-
ham (E.M.IL., Ltd.)

413,954, Dec. 13, 1933; to F. C. P.
Henroteau. (Filed, 1932)
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Practical Volume Expansion

New realism in phonograph reproduction is secured by automatic means which

extend the volume range at the reproducer. In England this device is known as

expansion. in America as volume expansion

.

. LT}
contrast

HE design of equipment for re-

producing music for entertain-
ment in the home and in auditoriums
has always met with serious prob-
lems dealing with limitations in dy-
ramic range as well as frequency
range. The limitation in frequency
range has been somewhat overcome
in the past few years, but to date
no equipment for home use has suc-
c2eded in reproducing the dynamic
range of a large symphony orches-
tra.

We learn from our study of music
that a wide range of frequencies is
often encountered in the rendition of
a musical selection: the lowest note
of an organ being as low as 16 cycles
per second, and the highest overtone
cf an oboe being approximately 16,-
000 cycles per second. This range in
frequency is much wider than that
reproduced by the best grade of mod-
ern radio receivers, since in most
receivers the range extends from
about 60 cycles to 4,500 cycles. Mod-
ern electric phonographs cover a lit-
tle more frequency range particu-
larly at the higher frequencies. Re-
sults of listening tests, attended by
famed musicians, indicate that for
practical purposes this range meets
present day requirements. In dy-
namic range, howevar, both the radio
and the phonograph have definite
limits falling far short of that en-
countered in a large symphony or-
chestra. The change in volume may
extend over a range of 70 db from
a pianissimo violin solo to a fortis-
simo ensemble. This dynamic range
is much greater than that which can
be satisfactorily reproduced by pres-
ent day radios and phonographs.
Such factors as noise in studio lines,
tube noise in both transmitter and
receiver, and distortion at high vol-
ume levels limit the dynamic range
of a radio to about 55 db. In the
case of the phonograph, this range
is reduced to a maximum of 45 db,
and this is available commercially
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By
C. M. SINNETT
RCA Manufacturing Co.. Inc.
RCA Victor Division

only on latest process Victor Red
Seal Records, because of the danger
of overcutting the wax during re-
cording and the presence of surface
noise during reproduction. If it
were possible to restore this loss of
dynamic range, then a reproduction
more nearly like the original would
result. With the above limitations
in mind, considerable development
work has been carried on to increase
the dynamic range of the phono-
graph.

Many systems which restore this
dynamic range have been developed,
but have been discarded, because
they required a change in recording
technique and a completely new li-
brary of records. The system about
to be described depends for its ac-
tion upon the variation in amplitude
of recording, and gives a new sense
of realism on any type of recorded
symphonic music. In the develop-
ment of a volume expander suitable

for use in a commercial radio phono-
graph combination, several factors
have to be considered such as cost,
reliability, flexibility in production,
and freedom from close limits of the
components.

A Practical Volume Expander

Figure 2 is a schematic diagram
of the volume expander used in RCA
Victor Model D-22. Three of the
new metal tubes are employed in this
circuit. The 6L7 hexode-pentagrid
converter is employed as a variable-
gain voltage amplifier. The first
6C5 triode is resistance coupled to
the second 6C5 and acts as a voltage
amplifier and buffer tube between
the input transformer and the sec-
ond 6C5 which is connected as a rec-
tifier, serving to furnish a bucking
voltage for the bias appearing on
No. 3 grid of the 6L7. In operation,
the circuit functions essentially as
follows: voltage from the electro-
magnetic pick-up appearing across
the primary of the 1:80 step-up
transformer is impressed on an au-
rally compensated volume control,
and by means of coupling capacitor

00
L 1 l 5?0

1000
]

5,000 1o,oJoo
|

Fig. 1—Overall response characteristic; record to loudspeaker, Victor Model D22.1

November 1935 — FLECTRONICS



Fig. 2—Circuit diagram of volume expander as used in RCA Victor Model D-22 receiver

C,, on the degree-of-expansion con-
trol R,. It will be noted that the
voltage delivered to expansion-con-
trol R, is taken off ahead of the sig-
nal volume control. This was con-
sidered desirable since it allowed any
degree of expansion, which would be
independent of any volume control
setting. The variable-gain charac-
teristic of the No. 3 grid of the 6L7
permits the use of this tube for vol-
ume expansion. The signal is im-
pressed on No. 1 grid which is oper-
ating at a fixed bias of approximately
minus 10 volts, obtained from the
voltage drop across the 365 ohm sec-

method is to be preferred over self-
bias, since self-biasing of this type
tube would result in unstable action
during volume expansion, and would
cause the bias to vary greatly with
different tubes.

Voltage impressed across the de-
gree-of-expansion control R, is fed to
the grid of the first 6C5 which has
its plate circuit resistance coupled
to the 6C5 rectifier. A 100,000 ohm
plate resistor is used in the plate cir-
cuit of the 6C5 so that nearly maxi-
mum gain can be realized from this
tube. The value of cathode by-pass
condenser C, has been chosen as 0.5

tion of the bleeder resistor. This uf to permit some degeneration to
™\
I \)veroll response from pick-up
’ to voice coil
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Fig. 3—Frequency characteristics of the phonograph and dynamic amplifiers
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take place and thus reduce the low
frequency response of this portion ot
the circuit. The curves in Fig. 3
show the frequency characteristic of
the phonograph amplifier, as well as
the frequency characteristic of the
dynamic amplifier alone. This low
frequency attenuation has been added
s0 that low-frequency signals will
not cause unnatural expansion such
as would occur with normal fre-
quency response characteristies in
this type of an amplifier when base
drum, tympani or base viol music
were being reproduced. The second
6C5 acts as a simple diode rectifier
and has a 220,000 ohm resistor in its
cathode circuit. Voltage appearing
across resistor R, is thus rectifiad
and appears across resistor R, as di-
rect current. Condenser C, of 0.5
uf capacity serves as a filter to
smooth out pulsations in this rec-
tified voltage. Resistor R, is con-
nected in series with the bias supply
to the No. 3 grid of the 6L7. A bias
of approximately 18 volts negative is
taken from resistor R, which is ad-
justable. It is desirable to have this
bias adjustable, because of the varia-
tions in tubes; optimum results are
obtained when, with a screen voltage
of 100 and a bias of 10 volts negative
on No. 1 grid of the 6L7, a plate cur-
rent of 0.12 to 0.15 ma. is obtained.
This bias to the No. 3 grid also
passes through the time delay and fil-
ter circuit composed of R, and C,
having the values shown. The time-
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delay circuit is necessary that the
operation of the expander may take
place smoothly. If zero time dezlay
were used then low frequency re-
sponses would gurgle and cause un-
natural reproduction since the rzcti-
fied impulses would bring about rapid
changes in bias and correspondingly
jerky performance. On the other
hand too long a time delay would
result in a smoothing out of staccato
passages, and the overall effect of
the expander would be nearly lost.

The values of R, and C,, as shown
in the time delay circuit in Fig, 2
were selected as a result of a great
number of listening tests conducted
during the development of the de-
vice. If it is desired that the time
delay be a variable then R, should be
made a variable resistor of approxi-
mately 1 meghom total resistance.
This will permit variation of the time
delay over wide limits. The time-
delay circuit also prevents rectified
“hash” from appearing in the main
audio channel of the 6L7.

In duplicating the volume expand-
er circuit shown, a hum-free voltage
cf approximately 275 volts across the
bleeder will give the required volt-
ages and by means of variable re-
sistor R, the plate current of the
6L7 can be adjusted to the required
value. Output from the pick-up and
transformer assembly should be of
the order of 1.00 to 1.25 volts. The
compensation of the input system
will of course vary with different in-
put transformers and pick-ups.
Values shown are only for the par-
ticular instrument being described.
It is evident from the diagram that
the output of the 6L7 is fed to the
grid of the next audio stage. For best
performance, this stage should have
a fixed gain of about 15, and should
be coupled through a 1 to 3 ratio
transformer to an output stage cap-
able of at least 10 watts undistorted
output. With the amount of expan-
sion afforded in this particular am-
plifier, this power output is needed
to permit the reproduction of dis-
tortionless expanded fortissimo pas-
sages, and yet allow the volume level
of pianissimo passages to be a little
above normal room level.

Figure 4 shows curves of output
versus input—expanded and normal.
As can be seen from the curve, the
amount of expansion at very low
levels is practically zero. With in-
creases in input level, however, the
amount of expansion increases until
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at maximum level a total expansion
of approximately 20 db over the orig-
inal is realized. This is within 5
db of that required to produce the
dynamic range of a full orchestra,
and is generally more than sufficient
to produce a new sense of realism
at normal output levels such as those
used in the average home. Possi-
bly a curve having a slightly differ-
ent shape, particularly since records
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Fig. 4—Expansion amplitude of the
commercial model

are manually monitored, would be
nearer correct from a theoretical
standpoint. Tests in the laboratory
indicate that the advantages of a
curve nearer the theoretically cor-
rect one are somewhat lost due to
the variations in monitoring, and as
a result the one shown has proven
to be very satisfactory.

Apparent Noise Reduction

In demonstrating the expander,
two strikingly different effects can
be shown. If the maximum levels
with and without the expander are
adjusted to be the same, then the
use of the expander will result in a
material reduction of surface noise
during low level passages. In other
words, the low level passages are re-
duced about 20 db below the level
which would be reproduced under
normal conditions. This reduction
in level, while it does not actually
change the signal-to-surface noise
ratio, gives the impression that there
has been a definite change in this
ratio, and the result is wholly pleas-
ing. The other demonstration is
equally effective, and consists of ad-

justing the low level passages to the
same output with and without expan-
ston. The high level passages will
then increase to 20 db over the nor-
mal high level passages, and result
in a much more realistic reproduc-
tion. Care must be taken with this
particular demonstration, or the out-
put stage will be driven to overload.
Of course, a third demonstration in
which the average level of reproduc-
tion is fairly high, with occasional
passages at extremely low or high
levels, will prove very interesting.
In this particular case a change of
plus or minus 10 db over the normal
phonograph can be obtained by prop-
er manipulation of the volume and
expander controls before the test.

Figure 1 shows the overall re-
sponse curve from record to loud-
speaker output on Model D22-1. In
taking this curve, a variable fre-
quency record covering from 30 cy-
cles to 10,000 cycles was used. This
record, made specially for this pur-
pose, was recorded with constant
voltage on the cutter network, and
is representative of the type of char-
acteristic employed during the ac-
tual recording of an orchestra. From
800 cycles up, the record has been
cut at essentially constant velocity;
from 800 cycles down to 30 cycles,
the recording has been made at con-
stant amplitude. This method of re-
cording results in an attenuation of
output, when played, of approxi-
mately 15 db at 60 cycles. To com-
pensate this attenuation, the fixed
compensation across the secondary
of the transformer has been designed
for the particular pick-up and trans-
former used in the D22-1. The curve
shown in Fig. 1 was obtained by ro-
tating a microphone at a given dis-
tance from the two 12-inch speakers
of the D22-1. It indicates a response
flat within plus or minus 5 db from
55 to 5,200 cycles. The response
curve of course trails off to lower
and higher frequencies than those
actually shown on the curve. Out-
put can be heard from the loud-
speakers as low as 30 cycles and
higher than 10,000 cycles, but of
course at a value much lower than
through the mid-range.

Automatic Compression Possibilities

Model D22-1 for the first time
makes available to the public a pho-
nograph having a greater dynamic

[Please turn to page 36]
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Phase-Frequency Modulation

Major E. H. Armstrong reveals to [.LR.E. members the details of his new system, in

which phase multiplication plays a leading role, and by which the ultra-high frequencies may

be used over much greater distances and with less noise interference

INCE April, 1935, when E. H.

Armstrong announced to the
press that he had a successful system
of radio transmission by means of a
frequency - modulated wave, details
have been anxiously awaited. They
were supplied at the November meet-
ing of the Institute of Radio En-
gineers on November 6th. From the
contents of that paper, and from an
interview with Mr. Armstrong,
Electronics has prepared the fol-

the benefit of
those who did not attend the New

lowing review, for
York meeting. The complete paper
will appear in the Proceedings of
the I.R.E.

Of primary interest are the re-
sults achieved. Briefly they may be
stated as follows: Using the two-
kilowatt 41-Mc transmitter of the
NBC on the Empire State Building
in New York City, frequency-modu-
lated signals covering a total band-
width of 150 kc. were sent to a
specially constructed superhetero-
dyne in Haddonfield, N. J. (near
Philadelphia) 85 miles away, con-
sistently for more than a year. Com-
parison of the quality and strength
of the signals received were made
with several 50 kw. broadcast sta-
tions operating between 600 and 900
ke. near New York. On numerous

The multiplex transmitter in the
Empire State Building. There

are 73 tubes visible

occasions it was possible to make
comparisons using the same pro-
gram, since the Empire State trans-
mitter had azcess to NBC programs
which were being transmitted by
WJZ and WEAF. Under good at-
mospheric conditions, the frequency-
modulated transmissions were dis-
tinctly superior, and under adverse
conditions of noise and static, the
frequency-modulated signals were
clearly audible when the broadcast
stations could not be picked up at
all. On several occasions during
severe thunderstorms, the fre-
quency-modulated signals from 85
miles away could be heard more
plainly than those from WCAU, a
50 kw. station only 20 miles away.
Frequency  modulation differs
from the universally used ampli-
tude modulation in that the ampli-
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The receiver at Haddonfield,
mounted on Harrv Sadenwater’s
workbench (note the brass rail)

tude of the emitted frequencies
remains constant regardless of the
depth of modulation or of the value
of modulation frequency, while the
carrier is caused to shift in fre-
quency by an amount proportional to
the depth of modulation and at a rate
corresponding to the modulation fre-
quency. In the apparatus described
by Mr. Armstrong, for example, the
carrier frequency deviated from its
normal position by 75 kz. on either
side of the 41 Mec. center under full
modulation, and this deviation oc-
curred 5,000 times per second when
the modulation frequency was 5,000
cps.

One advantage of such transmis-
sions is the fact that the transmitter
is always operating at optimum effi-
ciency (full output of the final
amplifier), whereas in amplitude
modulation, the peak power is four
times the unmodulated power, with
attendant requirements for tubes and
power supply. The disadvantages
are the apparent complexity of the
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transmitter and receiver, and the
wide frequency band required. It
is to be remarked that the degree
of frequency modulation employed in
the f-m system is considerably less
than that inadvertently introduced
by almost all self-excited amateur
transmitters now using “amplitude”
modulation on the 60 Mc. (5 meter)
band.

The complexity of the transmitter
cannot be gainsaid; it contains, (in
addition to a crystal oscillator,
balanced modulators, and amplifiers)
no less than 10 multiplying stages
and 6 Dbuffer-filter stages. The
original receiver contained three r-f
(41 Mec.) stages, followed by a con-
verter to 6 Mc, followed by an i-f
gain of 2,000, followed by a second
conversion to 400 kec., followed by a
second i-f gain of 1,000, followed by
current limiters, conversion ampli-
fiers and rectifiers, and the audio
output stages. Later, by the use of
an acorn tube in the r-f, two tubes
were eliminated, leaving a total of
approximately 25. Mr. Armstrong
believes that further simplification
can be secured, and reminds old
timers that the original super-
heterodyne had 37 controls, which
have since been happily reduced (in
the case of the cigar-box midget) to
about 0.5.

The Transmitter Problem

According to the paper, “During
the course of this work there was

by
e

Ll

Fig. 1—Diagram of the phase-changing apparatus in the transmitter.

evolved a method which, it is be-
lieved, is a complete solution of the
transmitter problem.” This involved
(1) stable central frequency (“car-
rier” or ‘“unmodulated” frequency) ;
(2) frequency deviation independent
of modulation frequency, but pro-
portional to the latter’s amplitude;
(3) linearity throughout; (4) the
use of aperiodic circuits to eliminate
resonance troubles; (5) the achieve-
ment of frequency deviations of the
order of 200 ke. without violating
any of the foregoing conditions.
The solution of this formidable
array of requirements was found by
the use of a small phase shift pro-
duced in the output of a constant-
frequency oscillator. This phase
shift, not more than 30° maximum,
is made proportional to the amplitude
of modulating current, and, for
reasons given below, also inversely
proportional to the modulating fre-
quency. The constant - frequency
oscillation with its variable phase
angle is then fed to a series of fre-
quency multipliers which multiply
the frequency and its phase shift at
the same time. After multiplication
to 41 Mec., the phase angle is large
enough to cause 100% frequency
modulation for the highest modula-
tion frequency, corresponding to a
75 kc. deviation on either side of the
carrier or 150 kc. total band-width.
It is to be noted that if the phase
shift were not inversely proportional
to the modulation frequency, the
final frequency deviation would be

Insert

—diagrammatic analysis of the anti-noise action

18 (432)

proportional to the modulation fre-
quency, which is a violation of re-
quirement (2), above. The inverse
proportionality in the phase shift
produces independence of modulation
frequency in the frequency deviation
of the emitted signal. The phase
shift is made inversely proportional
to modulation frequency by the use
of a condenser shunted across the
grid of the speech amplifier, used in
conjunction with a series resistor.

The phase shift apparatus (Fig. 1)
follows: The output of an oscillator
(50 to 100 ke. crystal-controlled) is
fed to a linear amplifier and to the
grids of a balanced modulator. The
modulator is suppressor modulated
by the speech input. The output of
the balanced modulator contains the
sidebands (oscillator frequency plus
and minus modulation frequency).
These are then given a 90° phase
shift through the output trans-
former, amplified and returned to
resistor R, common to the side-band
amplifier and the linear amplifier.
The voltage across this common plate
resistor R has the master frequency
and a phase which is proportional
to the side-band (modulation) ampli-
tude, and, by the mechanism ex-
plained above, inversely proportional
to the modulation frequency. An
isolating amplifier feeds this voltage
to the cascaded doublers, which pro-
ceed to multiply the frequency and
phase by several thousand times.
This multiplication process is not
critical or unstable and no great
linearity precautions need be taken.

Spurious frequencies must be
eliminated at each multiplication,
hence the need for buffer-filter
stages, but otherwise the process is
completely straight-forward.

All of the tubes used in this set-
up, except the last four or five stages,
are receiving tubes. The reduction
of cost thereby introduced is con-
siderable, there being no less than 73
tubes in the transmitter, as used for
multiplex work. But 73 tubes or no,
a “complete solution” of the trans-
mitter has been achieved therein.
The transmitter, considering its
complexity, is a miracle of stability.

The Receiver Problem

A major difficulty lay in the de-
sign of a receiver to translate the
frequency modulation into amplitude
modulation, with high fidelity, and
without admitting noise. Two alter-
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native methods of achieving this end
have been developed, both of which
operate on the same essential prin-
ciple. For the sake of simplicity
only one will be described. The re-
ceived signal (picked up on a half-
wave vertical dipole antenna) is fed
through r-f amplifiers and two wide-
band (150 ke.) i-f amplifiers of 6
and 0.4 Mc. frequency. The output
of the final i-f amplifier is fed to the
conversion circuit (Fig. 2). The
combinations of resistances, in-
ductance and condensers R, L, C, and
R, L’, C’ convert the imposed fre-
quency modulations into amplitude
modulations by the clever expedient
of having L and C resonate at the
lower limit F', of the 150-ke. i-f band-
pass, while L” and C’ resonate at the
upper end F, of the band. The re-
sistances R and R’ are large enough
to make the current in each branch
substantially constant over the fre-
quency band. Under such conditions,
the reactance across each branch is
given by A and B in. Fig. 2. Be-
cause of the constant current, the
voltage across this reactance is thus
given by A” and B’ also in Fig. 2. It
will be seen that the voltage has the
required change in amplitude as the
frequency is varied from F, on
either side to F, and F,. This volt-
age is fed through amplifiers to
linear rectifiers. The outputs of the
rectifiers are connected in the proper
polarity so that current changes pro-
duced by frequency changes are
added. The net rectifier current is
then coupled to a suitable audio
system for loudspeaker reproduction.

Current-limiting devices (a.v.c.)
are incorporated in the receiver for
the double purpose of aiding the anti-
noise action, and providing a con-
stant level. Fading was quite
noticeable over the 85 mile path but
selective fading was not observed, so
that the a.v.c. held the level con-
stant without distortion. The quality
of the circuit can be realized from
the fact that when the telephone
lines from the studio to the Empire
State transmitter were compensated
to 13,000 cps, the quality of repro-
duction from a loudspeaker at the re-
ceiving end was then substantially
better than that obtainable on a
high-fidelity receiver from any
regular broadcast station.

The system has been used for
some time as a multiplex circuit, both
the Red and Blue network programs
being sent simultaneously on the

Fig. 2—Conversion circuit of the receiver (converts frequency wvariations to am-

plitude variations).

same channel without difficulty.
Multiplexing requires a  wider
channel than simplex transmission,
but no great difficulty was found in
handling a modulation range of
30,000 cps., for multiplex purposes.

Why the Signal-to-noise Improvement?

The fact that a practical frequency
modulation system has been devised
and that it permits an improvement
in some respects over amplitude
modulation methods, at least on the
ultra-high frequencies, would be in
itself sufficient justification for the
report were it not for the ex-
traordinary interest in the effect of
the new system on the signal-to-
noise ratio. This interest has arisen
partly because of the practical
nature of results obtained, but
maostly because the results are a
contradiction of the long-accepted
theory that the noise received is pro-
portional to the band-width received.
This theory has been substantiated
by amplitude-modulation receivers.
It is clear, however, that in the last
analysis, only audible noise (as high
as 20,000 cps) is troublesome. Thus
as the received band is widened, the
audible noise reaches a limit. When
the band is 20 ke. wide, the highest
frequency (beats between the limits
of the band) is 20 ke. Increasing the
band width beyond this point does
not increase the audible noise. Hence
the 150 ke. band used in the Arm-
strong system could contribute no
more audible noise than a 20 ke.

amplitude - modulated channel. Ac-
tually it contributes considerably
less noise.

To use Armstrong’s words, “The
basis of the method (of improving
signal-to-noise ratio) consists in in-
troducing into the transmitted wave
a characteristic which cannot be re-
produced in disturbances of natural
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Left, the frequency charucterstics of R,L,C and R'L'C’

origin and utilizing a receiving
means which is substantially not
responsive to currents resulting from
the ordinary types of disturbance
and fully responsive only to the type
of wave which has the special
characteristic.”

The insert in Fig. 1 is the key
to the noise problem. Suppose the
selective system (Fig. 2) has a slope
MN so that 100 per cent modulation
is produced by a frequency shift of
10 ke. either side of the 400 ke.
carrier. Noise components of fre-
quency 390 and 410 will be zero and
proportional to UO, respectively,
their difference being UO. Now if
a wider band is used, with a selec-
tive circuit of slope PQ, the noise
components of frequency 390 and
410 will be but little different from
the 400 ke. carrier. The difference
in value of the two noise frequencies
is proportional to RT. Hence the
noise produced with slope PQ will be
related to the noise produced with
slope MN as RT/UO, or 10 per cent
for the values given in this case.
The power ratio is 1 per cent. Thus,
the wider the band over which the
system operates, the less the noise
in relation to the signal which is
always UO. 1t is necessary for the
noise components at 390 and 410
cps. to be opposite in phase; this re-
quirement is met by the current
limiting circuit which precedes the
selective system, and which pro-
duces the 410 component as an
“image” for the 390 component.
Noise frequencies more widely re-
moved from the carrier will not have
as good a correction, but these are
above the audible limit and may be
removed with filters without loss of
fidelity. The same analysis holds
true when the 400 kec. carrier fre-
quency is varied according to the
modulation at the transmitter.

[Continued on page 36]
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Dial Mechanisms

Radio sets must be tuned and manyv devices have plagued the set owner to that end.

1936 sees many tvpes of dials and mechanisms. some new, some old, all of interest

ALL-WAVE receivers have empha-
sized acutely the tuning problem.
A dial that provides good control over
the gang condenser on the domestic
broadcast band will not suffice at all
when the listener wants London or
Madrid. On the following pages are
shown and described some of the vari-
ous tuning systems used in the new re-
ceivers.

Atwater Kent Tuning Mechanisms

Receivers of Atwater Kent have
been noteworthy for a smoothness
and ease of tuning, with absence of
backlash or sticking. This, of
course, is partly a matter of work-
manship, but it is largely due to the
use of a rubber to metal rather than
a metal to metal contact in the gears.

The type of two-speed tuning
mechanism used this year is dis-
tinctively Atwater Kent, as the
change from one tuning ratio to the
other is accomplished by merely
moving the tuning knob up or down
about one-quarter inch instead of in
or out. The upper position gives the
rapid movement desirable for broad-
cast tuning or for quickly reaching
another part of the scale, while a
downward pressure on the knob,
without changing the position of the
hand, quickly shifts to the slow speed
ratio where the great smoothness and
gradual movement required for short
wave tuning are obtained.

In all cases the entire tuning gear
assembly is mounted in a pivoted or
rocking frame which is held in
either the up or down position by a
detent spring.

When the gear assembly is on the
down or short wave position, the
drive is double reduction from a
small spiral toothed gear on the
tuning shaft through a counter shaft
having rubber rimmed gears, and
giving a tuning ratio of 74 to 1.

Upward pressure on the tuning
knob snaps the entire gear assembly
to a position where the counter shaft

is disengaged and the drive is direct
from a spiral toothed gear on the
tuning shaft, through a rubber idler
to the large gear on the condenser
shaft; giving a broadcast tuning
ratio of about 8 to 1.

The illumination of the three-
scale dial is controlled by the range
switch in such a way that when the
short-wave scale is in use the upper
half only is illuminated and the
lower half only when the police scale
is used. When the broadcast scale
is used the whole dial is illuminated.

In the larger sets, the same two-
speed tuning gear assembly is used
as in the smaller sets, but the aero-
plane dial is replaced by a dial which
slides vertically, being inter-con-
nected with the range switch in such
a way that the broadcast, police, or
particular short wave scale desired
appears in the escutcheon window as
the range switch is turned to each
corresponding position, no other
scales being visible.

On these scales the graduations
are substantially uniform in spacing
from end to end instead of being
much spread out at one end and
badly congested at the other so that
alternate graduations have to be

omitted. The broadcast scale is
uniformly subdivided inte 10-kec.
graduations, and the short wave

scales into 1/10 Me. throughout.
The pointer is driven by a crank
pin carried by the condenser shaft
working in a curved slot in the
pointer arm, giving the pointer a
movement of 90 degrees, while the
condenser turns through 180 degrees.
The relation between the movements
of pointer and condenser is not uni-
form, however, the action of the
slot curvature being to give a “band
spread” effect to what would other-
wise be the congested end of the
scale. This compensating pointer

mechanism has the effect of doubling
the tuning ratio so that while the
two ratios are 6 and 60 relative to

Cross-section RCA Victor dual ratio drive mechanism
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the condenser, the effective ratios
between tuning knob and pointer are
12 and 120 respectively.

The comparatively flat curvature
of the 90-degree dial overcomes the
difficulty that exists in reading the
ends of the 180 degree dials com-
monly used.

G.E. Tuning Meckanism

In designing the tuning me-
chanism for the new General Elec-
tric receivers particular attention
was paid to the requirements of ease
and convenience of operation, ac-
curacy and permanence of calibra-
tion, visibility and legibility of dial
markings, definite indication of the
setting of the band switch, and pleas-
ing appearance.

On models A-125 and A-205, the
dials and control knobs are arranged
according to their functions. The
main tuning dial occupies the central
position, with the tuning control
knob on the right and the band
change switch knob on the left. The

precision tuning indicator and the
tuning meter screen are visible
through two small windows above
the main dial. The escutcheon which
ties these control elements together
into a unified group is designed to
harmonize with the cabinet in de-
sign and finish. A curved, trans-
parent window covers the tuning
scale and pointer and protects them
from damage. In a lower row are
the bass tone, sensitivity, volume and
treble tone controls respectively.
The calibrations for the various
frequency bands are printed in
parallel lines on the surface of a
cylinder, two to five such scales
being provided, depending on the
range of the receiver. This cylinder
is geared to rotate in unison with
the wave-change switch so that only
one scale is visible at a time, thereby
obviating the confusion which ob-
tains when several scales are visible
simultaneously. The scale in use is
always located on an upper segment
of the cylinder, thus providing equal
visibility from either a standing or
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a sitting position.

As the scales are all straight
horizontal lines, all of the figures are
upright, and may be read from end
to end without changing the eye-
point. The pilot lamps are placed
at the rear of the cylinder, so that
the light, passing through the rear
wall is diffused, and illuminates the
gscales uniformly. The pointer is
broad at the top, to catch the atten-
tion, yet sharp at the end to provide
accurate indication.

The variable condenser is driven by
means of a dual-ratio reduction drive
which has provision for automatically
selecting the most advantageous ratio.
As the receiver is tuned, the pointer
moves rapidly, traversing the entire
length of the scale in about four
revolutions of the knob. With this
low ratio it is natural that the re-
ceiver will be tuned to a point slightly
beyond the desired station channel.
As the motion is reversed to correct
the tuning, the reduction ratio is
automatically increased to about 50
to 1, making it possible to tune with
great precision. This makes it un-
necessary for the user to think about
choosing between two available
ratios, and makes it virtually im-
possible to tune in with the low
ratio, thus insuring more accurate
tuning. The initial reduction is
effected by means of a belt drive be-
tween the variable condenser and the
friction reduction gear on the knob
shaft. This belt, which also drives
the pointer, consists of a metallic
cable between the condenser pulley
and the pointer, in order to prevent
change in calibration due to elonga-
tion. The remainder of the belt,
which is provided with a take-up
spring, is of impregnated silk to
provide the necessary driving fric-
tion on the small V-pulley. The
friction gear, of the planetary ball
bearing type, has a ratio of 9 to 1,
and is provided with an automatic
shift to unit ratio for rapid tuning.
For approximately one revolution of
the tuning knob, the condenser is
driven through the combined ratios
of the belt and the friction gear. At
either end of this motion, the pin on
the shaft engages the cam on the
pulley member, thus short-circuiting
the planetary reduction. The action
of the cam also lifts the shaft away
from the three balls, and allows the
pulley member to move freely within
the stationary outer races. When the
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rotation of the knob is reversed, the
cam and the pin disengage, re-
instating the high ratio for fine
tuning.

To make possible the logging of
stations which are very close to-
gether on the main tuning dial, an
auxiliary dial is provided which is
coupled to the tuning condenser
through an anti-backlash overdrive
gearing. Because of its rapid rota-
tion, this dial has an effective scale
length of about four feet.

The tuning meter is of the
“ladder” type, so called because a
number of vertical shadow lines,
spaced like the rungs of a ladder,
advance from left to right across the
screen as the receiver is brought to
a point of resonance. As a number
of the shadow bars may traverse the
screen as a signal is tuned in, the
meter is more sensitive than the con-
ventional type with the same length
of scale.

Sparks-Withington Drive

The dial for the selector drives is
calibrated from 530 ke. to 20 Me.
This spectrum is divided into four
bands arranged on the dial with two
on the upper half and two on the
lower half. The dial colors and cali-
brations correspond with a band-
selector switch mounted on the front
of the panel so that the position of
this switch will be indicated in colors
(either a colored dot or a colored
light) which in turn corresponds
with that color on the dial.

All of the mechanisms employ a
planetary drive which provides a re-
duction ratio from the knob and this,
in turn, is subject to a further ratio
reduction through a friction drive as
well as a gear drive. The overall
ratio varies with the models. The
planetary drive is so constructed
that the large knob on the panel
operates the dial pointer without
using the planetary drive reduction
and in this way there is provided
high speed and low speed tuning.

RCA Victor Mechanisms

In the Magic Brain Radios, a new
tuning mechanism embodies, all in
one unit, means for indicating the
frequency to which the set is tuned,
an additional vernier pointer and
scale for more accurate reading and
tuning, and means for automatically
changing the dial scale so only that
which corresponds to the particular
position of the range switch is
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United American Bosch dial showing illumination from all sides

visible. The mechanism also pro-
vides dual-ratio tuning means em-
ploying a push-pull clutch which
when pushed in, tunes ten-to-one
from the knob to the condenser rotor
and when pulled out, tunes fifty-to-
one respectively.

Mechanical undesirables such as
backlash between indication and
tuning have been eliminated. Tuning
is accomplished through a ball-bear-
ing friction mechanism while the
vernier pointer is driven from the
condenser shaft through a spur gear
train for the purpose of maintaining
accurate register to permit logging
of stations. The sub-panel displays
an etched vernier dial scale and a
semi-circular window through which
the various calibrated dial scales are
visible in turn as the position of the
band switch is changed. The dial
scales are all printed on one trans-
lucent disc which is made to revolve,
being actuated by a segment gear
and link connected to the range
switch. An ingenious layout of the
printing makes possible this novel
means of displaying separate scales
for the individual bands.

On the selector dial drive me-
chanism the printed multi-scale dial
is riveted to a die cast cam, having
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indentations and interconnecting cam
faces for accurate register of each
position by means of the engagement
of the spring actuated roller link.
This dial cam is rotatably mounted
on a fixed shaft and is made to
rotate by manually turning the range
switch knob through the arm, link
and gear segment. The gear seg-
ment is of spread toothed design
and meshes with similar teeth cast
integral with the dial cam. Lost
motion is provided in the mesh of
the teeth to permit the roller link to
register the dial scale position ac-
curately by engaging the equally
spaced indentations in the cam. The
shaft of the dial scale is disposed
laterally from the pointer shaft in
such a manner as to position the ac-
tive semi-circular scale concentric
with the pointer shaft.

The band spreader or vernier
pointer mechanism is seen 1o be
driven through a compound spur
gear train having anti- backlash
springs arranged to eliminate gear-
tooth backlash.

The operation of the dual ratio
planetary ball-bearing drive is seen
by reference to the cross sectional
view. The shaft (A) carrying the
knob, when in the position shown in
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solid lines and when rotated, trans-
mits a planetary movement to the
balls (K). The orbit of this move-
ment is controlled by the non-rotat-
ing self-centering cone race as-
sembly (D). Rotation of K is pre-
vented by a notch integral with the
cone race springs being engaged with
a stationary pin (H). By reason of
the planetary balls (K) being re-
tained in three radial holes in the
hub (E), a reduced speed rotation
of five to one is imparted to hub
(E). Securely fastened to hub (E),
is a spring washer assembly (F)
dimensijonally designed to press the
balls (L) and disc (G) together and
at the same time to transmit rotary
motion thereto. This provides a
further speed reduction from the
hub (E) to the disc (G) of ten to
one, thus affording an overall re-
duction of fifty to one from the
shaft (A) to the disc (G). The knob
and shaft (A) may at the discretion
of the operator be pushed into that
position shown in dotted lines. This
action engages the clutch fingers
(B), securely fastened to shaft (A),
with a saw-toothed clutch wheel (C)
which is likewise securely fastened
to hub (E). Since this shift locks
(A) & (E) together and simulta-
neously releases the planetary balls
(K) from engagement with the cone
races, the speed reduction is now only
ten to one.

The Bosch Arrangement

In the United American Bosch re-
ceivers Model 595, the dial mechan-
ism is mounted directly on the
Centromatic unit. A two-speed
vernier station selector knob drives
the gang condenser through a rubber
idler roller which bears against the
edge of a knurled disc on the con-
denser shaft.

The dial is of etched glass illu-
minated from the edges. It is backed
with black except for areas through
which the illuminated indicators or
pointers are seen. Only the in-
dicator for the scale corresponding
to the band in use is illuminated.
This is accomplished by means of
light reflected through a translucent
colored opening back of the indicator
hole in use.

Since a different indicator color is
used for each band, confusion in
reading the proper dial scale is
avoided.

Back of the glass dial is a black
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disc attached to the condenser shaft
with openings as indicators for each
band. Back of this first disc is a
butterfly or shutter disc with trans-
lucent colored openings so arranged
that only one at a time registers with
an indicating opening.

During tuning, the two dises turn
together but the angular relation be-
tween them is changed when shift-

oy 3 .-?;"""--.-

O iy ..-.-_..*_____'

Anf sorene

Drive shoffs -

W ells-Gardner drive mechanism

ing bands. This angular relation is
determined by an eccentric pulley
operated by the wave change switch.
The center distance of this pulley
from the condenser shaft fixes the
active length of a shutter operating
cord. This cord is passed over the
eccentric pulley. One end is attached
to a hub on the condenser shaft and
the other to a hub on the shutter
disc. A single spring between the
two hubs keeps the cord tight.

Stromberg-Carlson Selectorlite Dial

This is the original multi-range
dial that directly indicates the range
or scale which is in service, by illu-
minating only the particular section
of the dial to which the range
switch is set. Dial lamps are pro-
vided for each range and the illu-
mination for each dial scale is con-
fined to the particular area of the
dial by metal partitions located at
the back of the dial. Contacts on
the range switch control the several
dial lamp circuits, thus providing in-
dividual dial scale indication as well
as illumination. In addition to the
convenience of this scheme of dial
scale selection, there are no levers,

moving scales or other mechanical
parts involved, thus doing away with
moving parts that may produce
rattles or other disturbing noises
when operating the receiver at high
volume levels. The scales and mark-
ings on this dial are made large so
as to be easily read with the opera-
tor’s eyes located at a comfortable
distance from the radio cabinet.
The dial scales are on a special
laminated Phenotic material of pleas-
ing neutral shade that blends with
the brown walnut finish of a radio
cabinet. The radio channel selection
is made with a long double pointer
or hand which is fastened directly to
a projection of the tuning capacitor
shaft, insuring positive indication at
all times. An auxiliary pointer
(second hand) is provided to enable
the user to identify closely crowded
stations on the short-wave ranges of
the dial. This single second-hand
pointer is driven by special gearing,
with means to avoid back lash, so as
to rotate approximately 13 times the
rotation of the channel selector
hand. The scale for this second
hand is located around the center
section of the dial so as to avoid
confusing the operator.

Another novel feature of this dial
is the method of obtaining the
equivalent of two-speed drive from
the knob, without the use of gear or
ball reduction mechanism. This is
done by using a double-stepped knob,
the small center portion being de-
signed for spinning between the
thumb and front finger, for rapidly
moving the pointer over the scale,
and a comparatively large diameter
outer rim of the knob for slow move-
ment of the pointer when tuning
short-wave stations.

Going from the rapid to the slow
movement requires only that the
operator’s fingers be raised from the
small diameter part of the double
knob to the outer or large diameter
portion. Here again extra mechan-
ism is avoided and simplicity of
operation provided.

EDITOR’S NOTE — In preparing this
material on dials and mechanisms,
the editors were aided by L. F.
Curtis of United American Bosch,
Karl Hassel of Zenith, D. R. DeTar
of General Electric, John H. Teaf of
RCA Vietor, R. H. Manson of Strom-
berg-Carlson, Sarkes Tarzian of At-
water Kent, and J. K. Rose of Wells-
Gardner.
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Broadcast Maintenance Costs

Annual replacement. depreciation, and salary figures reported by 86 United States
broadecast stations of from 100 to 50,000 watts power, the results of a questionnaire-survey
recently undertaken by Electronics

HE fact that the

broadcast stations
of America spend in
excess of $10,000,000
per year for opera-
tion and wupkeep is
revealed by the results
of a questionnaire-
survey recently com-
pleted by Electronics.
This figure is based
on estimates supplied
by approximately 15
per cent of the active

THE BROADCAST STATION MARKET
Annual dollar

Item Units volume
Tubes overfivewatts. ................. .. . 25,000 $900,000
Microphones and studio equipment. .. .. ... 3,500 175,000
Transformers and modulation equipment. . . A 75,000*
AntennaTowers................. .. 75,000*
Tubes under five watts. .. . .. 18,000 55,000
Dry batteries. ... .... ... . 17,000 35,000
Storage batteries.. ... ... .. o 2,000 30,000
Antennawire. ............. ..  ......  ..... 12,000*
Transmitters..... ... $3,720,0001

*These figures estimated, since replies concerning these classes of equip-
ment were largely incomplete.

1This figure is the total annual depreciation charge of the broadcast in-
dustry. It represents roughly the annunal market for new transmitters includ-
ing installation and studios.

various types of equip-
ment in the broadcast
field on the basis of
the figures given.
This latter calculation
may be made by mul-
tiplying the total
number of units used
by all broadcast sta-
tions by the average
price per unit. The
table given above rep-
resents market values
estimated by this

broadcast stations in
the United States.

Questionnaires requested informa-
tion on the cost of electric power
used in the transmitter and the
auxiliaries, the annual replace-
ment cost of equipment such as
tubes, batteries, microphones, etc.,
equipment obsolescence and station
depreciation, and salaries paid to the
technical staff. The 86 replies re-
ceived were first classified according
to the power of the stations, and the

AVERAGE ANNUAL

Power
rating Cost of power
(watts) (dollars) Number
100 465 9
250 580 11
500 1,170 13
1,000 1,810 19
2,500 3,750 20
5,000 3,450 14
10,000 4,300 15
50,000 20,250 43

*Five watts and over.

*Power tubes

figures reported in each classifica-
tion were then averaged, with the
results shown in the table below. At
least ten per cent of all of the broad-
casting stations in the different
power groups participated in the
survey, so that the figures given can
be taken as representative of all sta-
tions in that particular classification.

In addition it is possible to esti-
mate the total annual market for

MAINTENANCE FIGURES REPORTED

Small tubes

Storage batteries

method.

By multiplying the
total annual maintenance cost for a
station of given power by the num-
ber of broadcast stations in each
power classification, the total up-
keep expense of the broadcasting in-
dustry may be estimated; the figure
thus calculated is $10,800,000.

The editors of Electronics wish to
express their appreciation of the help
given by the broadcast stations that
participated in this survey.

BY BROADCAST STATIONS

Dry batteries

Cost ($) Number Cost ($) Units Cost ($) Units Cost ($)
350 21 55 3 37 25 40
450 39 52 2 45 29 48
913 23 61 4 54 17 40

1,790 37 149 6 59 40 70
2,020 12 207 3 34 24 91
2,530 35 103 3 79 55 80
1,930 60 88 3 22 48 30
11,000 59 198 4 123 30 232

Salaries to

Power Microphones, etc. Depreciation Life of Equipment* technical Total Maintenance
(watts) Units Cost ($) (dollars) (vears) staff ($) Cost ($)
100 4 81 1,430 6.2 3,750 6,208
250 5 277 1,300 8.5 4,230 6,920
500 8 264 3,590 6.2 6,380 12,472
1,000 6 173 5,284 10.3 8,570 17,905
2,500 11 200 e 6.0 11,300 17,602t
5,000 3 560 5,000 5.0 8,412 20,214
10,000 1 £ S 5.0 7,282 13,727 1
50,000 5 2,125 63,320 52 31,600 128,798
*Depreciation period. tLess depreciation.
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High-fidelity Technique

Being a series of reports made to the FCC by station W2XR, the experimental broad-

casting station operated by John V. L. Hogan on 1550 ke.

Phonograph record compensation

and receiver critique are considered in these reports. Others are to follow

HIS report is to outline the prob-

lems met in connection with the
design of high-fidelity receivers and
to point out how these problems were
solved in connection with receivers
built primarily for listening tests of
station W2XR but showing superior
performance in connection with other
local stations.

The five major requirements of a
high fidelity receiving system are:
one, uniform response throughout
the audible frequency spectrum; two,
low overall distortion generation;
three, coverage of full dynamic range
of transmitted modulations; four,
low noise level in system; and five,
proper acoustic characteristics in re-
ceiver and listening room. We shall
consider these problems in order and
their solution in the W2XR receivers.

As these receivers were intended
for local reception, a three-coil tuned-
radio-frequency circuit was chosen
as being most suitable. An investi-
gation of local conditions showed that
practically all stations required a
unique receiver fidelity for best re-
sults. The variation extended all the
way from usable bare 5,000 cycle

*

side-bands due to the presence of
strong next channel interference and
resulting “monkey-chatter” to full
usable 15,000 cycle side-bands on sta-
tion W2XR. To meet this require-
ment of variable fidelity without re-
sorting to an additional adjustment,
a switch tuning system was devised.
A three-gang switch having as many
points on each gang as stations to
be selected was used. Each switch
point was connected to an inde-
pendently adjustable tuning con-
denser. Thus at any switch setting,
the receiver was tuned by three in-
dependently adjustable condensers.
With the switch set on position one,
the three corresponding condensers
were adjusted to give a 30,000 cycle
band-pass at 1,550 k¢ for the recep-
tion of station W2XR. With the
switch set on position two, the three
condensers thus connected in the cir-
cuit were adjusted to give the best
pass compatible with interference
conditions of station WABC. This
process was continued until a dif-
ferent station had been accommo-
dated under optimum band-pass con-
ditions at each switch setting. Thus

*

IN 1933 the Federal Communications Commission

established three 20-ke channels in the region between
1500 and 1600 kc where broadcast stations, experi-

mental in nature, could be located.

Station W2XR

Long Island City, New York, was one of the first of

these stations.

It has conducted many listener tests on

volume and frequency range, and distortion apprecia-

tion, among others, from which much useful informa-

tion has been obtained.

The reports published here are from those submit-
ted to the FCC and are available to “Electronics’”
readers through the courtesy of John V. L. Hogan,
owner of W2XR and A. W. Barber, consulting engi-

neer, under whose direction the work was carried out.
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whenever the switech was turned to
a point corresponding to any par-
ticular station, that station was
tuned in under optimum conditions.
The tuning switch and a volume con-
trol are the only controls on the
receiver.

Since there was found to be only
a small variation in signal strength
among local stations, a simple a.v.c.
system consisting of biasing the first
tube from the diode detector was
used.

Distortion Sources

Since the response characteristics
of the receiver were determined by
the r-f selectivity, a flat response re-
sistance-coupled audio amplifier was
used. The speaker system respond-
ing over the range of from 30 to
15,000 cycles, consists of a high
fidelity dynamic speaker covering the
range from 30 to 5,000 cycles and a
crystal “tweeter” extending the
range up to 15,000 cycles. Each re-
ceiver was constructed with a large
speaker baffle. Some were designed
to fit into the corner of a room and
others were built into a large cabinet.
In the cabinet receivers the inside
of the cabinet was treated with
ozite to kill any resonance effects,
thus giving a smooth bass response.

An investigation showed that by
far the greater part of all harmonic
distortion in radio receivers origi-
nates in the detector and output
audio stages. Well designed re-
ceivers built along conventional lines
generate a negligable amount of dis-
tortion in the remaining circuits.
Diodes have long been known to be
capable of low distortion detection.
It was found that a diode having a
large load resistor and operated with
2 to 10 volts input generate only 0.1
to 0.2 per cent harmonics. The
W2XR receivers were designed to
operate a diode detector within these
limits. Push-pull, class A triode
output tubes were used. When
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operated at a fraction of their rated
power output, the output stage pro-
duced very little distortion and it
was found possible to keep the re-
ceiver overall harmonic distortion be-
low 0.5 per cent. The push-pull volt-
age to operate the audio amplifier
was supplied by the split diode cir-
cuit shown. The entire audio system
was resistance-coupled except for
the output transformer. This split
diode cireuit has the advantage over
other circuits for generating push-
pull voltages in that no transformer
is used, and no phase inverting cir-
cuits depending on tube gain for
balance are needed.

The dynamic range of a radio re-
ceiver is largely determined by the
noise generated within the receiver
and the available power output.
Since these receivers were of the
t-r-f type, the noise introduced was
mainly of first tube origin. Close
coupling between antenna and the
first tube grid and high gain in the
first tube minimized thisnoise. The use
of adequate power output tubes kept
the upper limit of the dynamic range
high. It was found that man-made
noises in New York City are much
more troublesome to a wide band-
pass receiver than to a normal re-
ceiver and necessitated the use of
noise reducing antennas. Minimized
lead-in pick-up coupled with efficient
antenna pick-up proved to be a great
help in reducing the noise. No ac-
curate measurements were made but

High-fidelity transmitier, W2XR
showing novel fixed condenser
at left

*

Galton whistle of variable pitch
for testing high frequencies

the noise reduction in many cases
was apparently of the order of
20 db.

Listening room acoustics have re-
ceived little attention in considera-
tion of the important part they play
in radio reception. Since it is

ELECTRONICS — November 1935

standard practice to broadecast from

studios treated to simulate ideal
music room conditions, the listening
room should be a relatively ‘“dead”
room. Also since speaker systems
are always more or less directional
they should not be pointed at highly
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reflecting surfaces. The most satis-
factory results are obtained under
these conditions and when listening
directly in front of the speakers.
SUMMARY: A high fidelity re-
ceiver has been described incorporat-
ing several design innovations. To
provide automatically the optimum
band-pass for each station received,
a switch tuning system was de-
veloped. Each station channel in-
cludes a separately adjustable tuning
system which after an initial adjust-
ment, may be switched in, thus pro-
viding optimum and identical band-
pass each time a station is switched
in. In order to keep the number of
controls at a minimum, all the fre-
quency pass characteristics of the
receiver are determined in the radio
frequency tuning system, the re-
mainder of the receiver having a
flat response from 30 to 15,000
cycles. Low harmonic distortion was
attained by the use of adequate class
A, push-pull, triode output tubes and
a diode detector operating within
predetermined limits. Push-pull ex-
citing voltage for the audio amplifier
is generated by a split diode circuit
thus eliminating transformers and
phase inverting circuits. A wide
dynamic range was attained by the
use of noise reducing antennas,
close antenna coupling and a high
gain, first radio frequency amplifier
stage. The best listening conditions
were determined to be provided by
listening directly in front of the
speaker system in a rather “dead”
room. The elimination of cabinet
resonance was found to add to the
pleasing rendition of bass notes.

Extending the Useful Range of
Recordings

XPERIMENTAL broadcasting
station W2XR has used a
unique and very effective system for
transmitting standard 78 r.p.m.
phonograph records. Critics and
laymen alike have been greatly im-
pressed with the reproduction ob-
tained without knowing anything of
the story behind these transmissions.
Commercial phonograph records
are cut, for the most part, at con-
stant velocity from about 250 cycles
up and at constant amplitude below
250 cycles. This means that theo-
retically a pick-up having a flat fre-
quency response combined with a
compensating circuit having a rising
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characteristic proportional to de-
crease in frequency below 250 cycles
would give faithful reproduction of
the original music on the record.
Such a pick-up and compensating
circuit was tried at W2XR but it was
felt after some trials that a fixed
compensation was not entirely satis-
factory. The compensation system
was redesigned and made variable
from zero effect to something more
than is generally needed. This
variable compensation has been
found to be very useful since its in-
telligent use permits corrections in
recordings not possible with a fixed
circuit. 1t has been found useful
to be able to decrease the amount of
compensation for some records where
there seems to be an over emphasis
of bass in the recording and also in
the case of some records where there
is a tendency to ‘“wow,” apparently

due to recording turntable speed
variations. On the other hand
many records are materially im-

proved by over compensation in the
bass.

At the high frequency end of the
spectrum tests showed that prac-
tically all pick-ups have a decreas-
ing response especially above 5,000
cycles. While the crystal types of
pick-ups were found to be definitely
superior to magnetic types tried,
they too did not maintain a flat re-
sponse to 7,000 or 8,000 cycles which

was considered desirable due to re-
cent improvements in recordings.
Hence it was decided to compensate
the high frequencies by giving them
a rising characteristic starting at
about 3,500 cycles and increasing to
a maximum at 7,000 cycles. Again
variations in recordings showed a
variable compensation desirable. Ac-
tually it has been found that many
recordings are materially enhanced
by a considerable increase in high
frequency gain. This suggests that
the recordings are often made with
equipment having a falling high fre-
quency response.

The circuit of the compensating
amplifier finally adopted at W2XR is
shown. The action of the circuits is
based on varying load impedances
in the plate circuit of a high im-
pedance pentode V,. The high fre-
quency gain circuit consists of L,
tuned to 7,000 cycles by C, and
shunted by the compensation control
resistor K. The low frequency cir-
cuit consists of inductance L, tuned
to 80 cycles by condenser C, and
shunted by the control resistor R,
In series with these two compensat-
ing circuits is the gain control re-
sistor R which determines the gain
for the middle range of frequencies
from 250 to 3,500 cycles and at the
same time the ratio of obtainable
relative compensation. Occasionally
a record is found having a low
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High-fidelity receiver circuit designed by A. W. Barber and used for testing
the radio output of W2XR
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recording level and a high scratch
level and for such records a high
frequency lossing circuit L,, C,, R, is
used in the cathode circuit of V,.
This lossing circuit starts to at-
tenuate at about 3,500 cycles and has
a maximum effect at 7,000 cycles.
Tube V, is resistance coupled to the
output of V, and serves as a line
coupling tube since it is not possible
to couple a low impedance to V,
directly without upsetting its fre-
quency response characteristics.

By the use of the four controls de-
scribed above an extremely wide and
flexible range of compensation may
be obtained. Curves a, b, ¢ and d
show four possible low frequency
characteristics; curves e, f, g and h
show four possible high frequency
characteristics; and i, j, k and 1
show four middle frequency gain
characteristics; curve m shows high
frequency loss as applied to curve 1.
To get the actual combined frequency
characteristic of the system various
curves should be added as for in-
stance a plus k plus g giving a large
low frequency rise and a smaller
high frequency rise.

Effect of Resonant Circuits

In addition to the flexibility of this
compensating system, it has another
very important characteristic and
one which is often neglected in such

circuits. It is well known that when
a slightly damped resonant circuit
is “shocked” by an electrical impulse,
a transient oscillation is set up. This
transient oscillation has a natural
frequency equal to the resonant fre-
quency of the circuit and the dura-
tion of the oscillation is greater the
less the circuit damping. If such an
oscillatory system is used in
amplifying phonograph record re-
production, serious distortion always
results. Many of these shocks exist
in the music and scratch, which is
a series of impulses, is always
present. When low frequency com-
pensating circuits oscillate, an un-
natural prolongation of bass notes
as well as other unpleasant effects
are produced. If oscillation is pro-
duced in the high frequency com-
pensating circuits, a hangover of the
high tones results and needle scratch
is heard as a ringing sound.

If compensating circuits have
damping such that they are at least
critically damped, these oscillations
will not take place. Compensating
circuits when critically damped give
smooth, faithful rendition of music
and at the same time alter the fre-
quency response in any desired
manner. All such circuits in the
W2XR phonograph record reproduc-
ing system have shunts which are so
designed that they cannot be made
to produce less than critical damping.

Goin
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Compensating circuit for use when transmitting phonograph records; degrees
of compensation effected
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In the circuit the high frequency
compensating circuit L, C has a
shunting resistor R which may be
varied from zero up to a value
(R = VL/4C) which gives critical
damping. Thus, even with large
compensating effects, no extraneous
oscillations can be set up in this cir-
cuit. The actual values used are
L,= 2.0 h, C, = 250uxf and R, = 0
to 40,000 ohms. The low frequency
compensating and high frequency
lossing circuits are similarly limited
to critical damping. The success of
these circuits in over a year of actual
operation gives ample confirmation
of the convietion that this non-
oscillatory requirement is an im-
portant improvement in compensa-
tion circuit technique.

Aside from the above design
considerations the system was care-
fully designed to prevent overload.
The output of crystal pick-ups runs
up to several volts on peaks and it
was necessary to use the fixed at-
tenuator consisting of resistors R,
and R, in the grid circuit of V, to
keep these peaks from exceeding the
cathode bias of 3 volts.

Needle Selection

Another important point which
sometimes is overlooked in phono-
graph record reproduction is the
selection of needles. A wide varia-
tion in frequency response was
found between different types of
needles. After frequency response
measurements using a wide range
of needles, full-tone needles were
selected and to insure uniform re-
sults, “shadow-graph” tested needles
are always used in the transmissions
from W2XR.

CONCLUSIONS: a flexible and
effective system has been described
giving very complete control over
frequency compensation as applied
to the phonograph record reproduc-
ing and transmitting system used by
station W2XR. Both the high and
low frequency ends of the audible
spectrum may be independently
raised any practical desired amount
with respect to the middle register
and the high frequencies may also
be attenuated when necessary. By
careful design considerations the
compensating circuits are prevented
from introducing undesired tran-
sients. The proper selection of
needles and the prevention of over-
load also contribute to the excellent
results obtained.
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Television Scanning—A Survey

In which is disclosed the fact that variable-velocity scanning is not so new an idea as

one might think, in fact dating back to days before the word “television™ had been coined

N the last few years a number of

patents have issued upon varia-
tions of a system of television scan-
ning basically different from the one
heretofore in common use. About
1929, a German, Rudolph Thun, in
considering methods of television
scanning, struck upon a new method
which appears both novel and
promising of better results than have
been heretofore attainable. The ad-
vantages claimed for the new method
include increased brilliancy of the
image, better detail, and even sim-
plification of the signal transmission.
‘Whether all of these advantages will
actually result is yet to be seen, but
certainly there is reason to believe
that at least some of them may be
inherent in the new system.

According to the common methods
of scanning, a beam of light is di-
rected upon a scene, which may be
either actual or a photograph, and
moved about in a fixed path to il-
luminate successively all parts of the
field. Thus the beam may move in
a series of horizontal lines, a series
of vertical lines, a spiral, or in any
other configuration which will cover
successively all parts of the scene.
As the beam plays upon the scene, a
photocell responds with electrical im-
pulses to the amount of light re-
flected, the responses varying in in-
tensity as does the shade of the part
of the scene being scanned.

The movement of the beams at
the sending and receiving stations
being synchronized, it is only neces-
sary to modulate the intensity of the
receiver beam in accordance with
the amount of light reflected from
the portion of the scene upon which
the sender beam is focused. Thus
by the systems now in common use
is the image formed on the receiv-
ing screen.

While simple in theory, great diffi-
culties have been encountered in the
practical application of this method
of image transmission. One of the
first difficulties is in obtaining suffi-
cient intensity of light to illuminate
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By ROBERT F. DAVIS
Patent Attorney, Washington, D. C.

the receiving screen. Since the ef-
fect of a small beam must be spread
over the entire screen rapidly
enough to make the whole screen
appear illuminated, it is at once ap-
parent that the beam itself must
have an intensity many times that of
the intensity apparent on the fluores-
cent screen.

Having provided such a beam the
next problem is to vary its intensity
in accordance with the incoming sig-
nal. Since the beam must have a
high intensity there is necessarily a
very high temperature at its source
and this temperature must be varied
as rapidly as the shades change
under the rapidly moving beam of
the sending scanner. To overcome
these handicaps sufficiently to pro-
duce satisfactory large pictures has
heretofore been practically impos-
sible.

Considering the basic factors in-
volved in scanning we note there are

Fig. 1—Screen with three degrees
of shade to be transmitted

three: time, distance (of movement
of scanning beam) and light inten-
sity. The time and distance combine
to give us the rate of scanning,
which is usually constant for any

single reception. The variable fac-
tor is the light intensity.
Apparently from some such con-
sideration it occurred to Herr Thun
that many practical troubles might
be avoided if the rate of scanning
could be made the variable instead of
the light intensity. Since the eye or
a photographic film normally in-
tegrates time with intensity in re-
sponding to a light stimulus it is
apparent that if the scanning beam
at the receiver be moved more
rapidly over one portion of the screen
than over another the portion cov-
ered more rapidly will appear darker.
Thus by proper modulation of the
scanning speed in accordance with
the shade of the part of the screen
being scanned Thun found it pos-
sible to produce images without vary-
ing the intensity of the light beam.

The Concept of Variable-Velocity
Scanning

The theory of this method of scan-
ning may be illustrated by the fol-
lowing figures which are partially
similar to those in Thun’s British
Patent 355,319, August 17, 1931. In
Fig. 1, a screen is shown having
thirty-six squares, light, medium
and dark in shade. Fig. 2 shows
the relation of light intensity to time
for one movement of the beam over
this screen in the commonly used
system. According to this figure
the beam, starting at the upper left
corner, covers the screen in six hori-
zontal strokes at a uniform speed.

Throughout section A, which rep-
resents the time necessary for the
first crossing of the screen, the light
intensity is at a minimum because
the screen scanned is dark. In the
section designated B, however, the
light intensity is at a maximum be-
cause the screen being scanned is
light. In section C the light in-
tensity alternates between the mini-
mum and the maximum as does the
shade of the scene. In section D
an intermediate shade is introduced
to which the beam intensity responds
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Fig. 4, right—Thun’s apparatus, British Patent 355,319
with approximately one-half its charts represent no concrete ex- consist of a motor-driven feed for a

maximum strength. The same cor-
respondence is evident between the
succeeding sections.

During this scanning, as shown in
Fig. 2, the beam moves across the
screen at an even rate and then falls
back only to repeat the cycle. To
transmit the image, the information
represented above and below in Fig.
2 must be sent, the former governing
the light intensity and the latter
functioning to synchronize the trans-
mitter and receiver beams.

Under the new system the charts
show very different characteristics.
Since the light intensity does not
vary, Fig. 3, in which light intensity
is plotted against time, is merely a
horizontal line the exact height of
which is not of great importance and
the information in this figure need
not even be transmitted.

In Fig. 3 showing the relation of
the beam movement to time accord-
ing to the new system we find a vast
difference from Fig. 2 showing the
same relation in the old system. Sec-
tion A is very short, section B very
long and the following sections have
irregular lines showing numerous
changes in the rate of scanning. A
closer inspection shows that little
time is spent on the dark areas such
as section A but that a much greater
time is spent on the light areas than
was possible in the old system. Com-
pare the time represented by Section
B in Fig. 2 with the time represented
by the same section in Fig. 3. Al-
though the relative distances on the

ample they clearly illustrate the
theory.

Under such a system more ap-
parent light intensity and greater
detail seem likely to result from the
slower scanning of the light areas
and the more intense light source
which may be used if intensity modu-
lation is avoided. Dark backgrounds
will give the beam even more time
for the light areas and it should be
possible to greatly increase both the
intensity and detail of the center of
attention by their use.

Thus far we have proceeded in
theory, but a mention of the ap-
paratus which has been used, with-
out going into great detail, will serve
to give a practical aspect to the new
method. The mechanical means used
by Thun to perform his scanning

film on which is recorded the pic-
ture to be transmitted, an electri-
cally-oscillated mirror fixed to reflect
a beam of light back and forth across
the film and a photocell arranged to
receive the light passing through the
film and modulate the speed of the
mirror’s oscillation accordingly. The
same photocell also modulates the
speed of a similar oscillating mirror
at the receiver, thus forming a fac-
simile of the original picture by
light reflected from that mirror onto
a receiving film.

In addition, the photocell wave at
the transmitter is superimposed on
a wave formed by a generator con-
nected to the feeding device so that
the resultant wave can be used not
only to operate the oscillating mir-
ror at the receiving station, but also

4 i L i

Fig. 5—Variable-velocity device of Sellers, U. S. Patent 939,339
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to operate a synchronous feeding
motor for longitudinally feeding the
film upon which the picture is re-
ceived. As will be apparent, the new
theory is here applied only to the
lateral scanning and not to the longi-
tudinal movement of the film. A
diagrammatic sketch of Thun’s ap-
paratus as illustrated in his British
Patent 355,319 is given on page 31.

) 0
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h

Fig. 6—More recent Thun patent
showing cathode-ray tube

In a later patent (British 377,175,
July 19, 1932), Thun discloses a
more intricate device for the same
purpose and also a cathode-ray scan-
ner or Braun tube. This device pur-
ports to apply the new theory to both
the horizontal and the vertical
scanning.

A probable difficulty with this cir-
cuit lies in the vertical scanning
which is accomplished by a discharge
tube-triode tube combination oper-
ated from the horizontal scanning
circuit. Each horizontal scanning
movement actuates the triode to
partly load the discharge tube. When
a sufficient number of partial load-
ings have been made the voltage be-
comes great enough to discharge the
tube. It seems to the author that
this part of the apparatus may be
inoperative because the discharge
tube cannot be adjusted to give the
exactly correct number of lines of
horizontal scanning to each picture.
If this is so it will be difficult if not
impossible to ‘“frame” the picture.
A major difficulty is probably also
inherent in Thun’s oscillating mir-
ror construction because the inertia
of moving parts will prevent suffi-
ciently rapid response.

Other information on the work of
Rudolph Thun on this subject may
be obtained from a magazine article
“Helligkeitsteuerung und Linien-
steuerung,” pages 161 to 167 of the
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July, 1931, issue of Fernsehen, avail-
able at the United States Patent
Office Library. Thun has obtained
French Patent 695,622 and several
others besides those already men-
tioned.

Another recent inventor, Manfred
von Ardenne, has obtained British
Patent 383,880 for a cathode-ray
scanning device operating on the
same general principle. The con-
tribution of von Ardenne consists in
a device in which the rate of scan-
ning is the same at all times except
for the modifications introduced by
the light-intensity factor. In other
words, von Ardenne eliminates the
variation due to circuit character-
istics. This he does by connecting an
additional Braun tube in parallel
with the tube in use and adjusting
the added tube and its operation so
that it acts as a ballast resistor
across the plates of the main tube.

In a study of patents on devices of
this nature it is interesting to note
that although there are very few
patents thereon and nearly all of
these relatively recent, a device em-
bodying the general principle was
patented in the United States long

before the word “television” was
familiar and indeed even before
“radio” became popular. True, the

device was not designed for project-
ing pictures rapidly enough to form
visual images but the essential idea
is present as will be evident. The
situation serves to illustrate how
many of our inventions are ante-
dated by relatively old patents dis-
closing broadly the inventive con-
cept. This does not, however, pre-
clude the obtaining of valid patents
on improvements which make the de-
vices commercially useful or suc-
cessful.

On November 9, 1909, the United
States Patent Office granted to Gil-
bert Sellers of Chicago, Ill., a patent
on a device for electrically transmit-
ting messages. Fig. 5 is a repro-
duction of Fig. 1 of this patent.

The device consists of a rotatable
transparent cylinder upon which a
message or photograph is placed. A
selenium cell within the cylinder and
a light source outside are moved in
an axial direction by a threaded
shaft as the cylinder rotates. An
electric motor rotating the cylinder

and controlled in speed by the
selenium cell completes the ap-
paratus. When transparent portions

are being scanned and the selenium

cell is illuminated the motor operates
rapidly and as dark or opaque areas
are scanned the speed is lessened.
The receiver operates in synchronism
and using a photograph film receives
a negative of the image. Since this
patent expired in 1926 the broad
principle and all else described
therein is now open to public use.

Volume
Expansion

[Continued from page 16]

range than any other radio or phono-
graph which has been manufactured
to date. To realize the greatest
amount of benefit from the expander,
the recording technique should be in-
vestigated with the idea of possibly
incorporating some form of automa-
tic compression. This compression
would serve to hold the dynamic
range during recording to within the
required 45 db. An expander hav-
ing a curve the reciprocal of the
compressor could easily be made, and
the result to the ear would be very
close to the original. It is doubt-
ful whether such a compressor device
would in any way result in an in-
ferior recording when played on a
standard phonograph. On the con-
trary, if the compressor were prop-
erly designed, there is every reason
to believe the result would be more
pleasing, because the monitoring
would be smoother, and there would
be no danger of over-cutting on the
highest levels. When reproduced on
a phonograph having an expander of
the proper type, the resulting re-
production, as far as dynamic range
is concerned, would be exactly the
same as the original.

The expander described in this ac-
ticle is of course not limited to rec-
ord reproduction, but with minor
changes can be adapted to radio. To
use the expander on radio, certain
precautions will be necessary such
as: keeping the signal on No. 1 grid
below 1.5 volts, properly adjusting
the gain of the rectifier amplifier,
and making provision for cutting the
expander out on voice. On the whole,
however, the overall result would be
fully as pleasing as on record repro-
duction.
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NETWORK RESISTANCES

For Balanced Attenuators

By R. E. BLAKEY

HE ATTENUATOR SECTIONS ATTENUATION MuLTIPLYING
Tsh()wn below contain resis- DESIRED IN Facrors X R,
tance elements whose values for DEciBELs 17 27 “3” 47
any desired degree of attenuation 0.25 01470 68.03 02955 33 85
can be calulated by reference to 0.5 02874 34.79 05761 17.361
the table at the right. Mul- 1.0 L0575 17.39 1158 8.669
tiply the desired characteristic 2.0 1146 8.726 2399 4 .805
resistance R, (resistance looking 3.0 L1710 5. 848 3524 2.838
into either end of the section) 1.0 L2260 1.425 ATT6 2.094
by the factor appearing in col- 5.0 2802 3.569 . 6080 1.645
umn 1" opposite the desired at- 6.0 . 3825 3.007 7469 1.339
tenuation to obtain the value of 7.0 . 3824 2.614 .8961 1.116
resistance R,. Stmilarly multi- 8.0 4805 2,323 1.0575 9452
ply R, by the factor in Column 9.0 4760 2.101 1.2316 .8117
“2” to obtamn the value of R., 10.0 5194 1.925 1.4229 .7028
by the factor in Column 3™ for 15.0 6980 1.432 2.720 .3675
R;. and by the factor in Col- 20.0 .8183 1.222 1.95 .2020
umn “4” for B,. These values of 25.0 . 8940 1.119 8.876 1127
R,, Rs, Ry and R, are the re- 30.0 L9389 1.065 15.8 06332
quired resistance values to use 35.0 9651 1.036 28.131 03555
wherever indicated in the dia- 10.0 <9804 1.020 50.00 -0200

grams below, to obtain an atten-
uator section having the desired
attenuation and characteristic
resistance.

“1" = tanh — db/ (2 X 8.69) “2” = coth — db/ (2 X 8.69)
“3” = sinh — dh/8.69 “4” =1 = “g”
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HAND-DRAWN
SOUND

Synthetie sound tracks, the
latest manifestation of the
scientific Spirit in Russia

Above, N. Vionov, animated
curtoonist of Moscow, at his
work of producing “comh”
sound tracks. At the left
are several sumples corre-
sponding Lo the notes of the
chromatie scale

Left: Compurison hetween
natural  (at left) and arti-
ficial sound tracks. Both
represent the chord do-mi-
<ol played on the piano

; -
3 v
: -

Center: “The March of the

Chessmen,” a cartoon with

artificial sound accompani-

ment, shown in the track
at the left

Right: “Technical fantasy.”
Profiles of the two inventors
of the system and their us-
sistant.  The result, when
run through a sound pro-
jector, “approached” ihe
timbresky of a violincellosky
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Two applications of the electronic interrupter. (A) is an arrangement for producing high tension voltage

impulses for cable testing, while (B) is an emission tester

An Electronic Interrupter

A simple device for controlling an intermittent relay circuit by means of a diode-con-
nected filament-type triode. Current interruptions of controlled period thus produced may be

used for a variety of laboratory and industrial purposes

NE of the handiest instruments

tc have in a research labora-
tory is an interrupter, especially one
which can be controlled over a fairly
wide range of frequency. Whereas
most mechanical interrupters which
can be made to operate over wide
ranges are not only expensive but
are generally large in size, the elec-
tronic interrupter described here can
be built at a very small cost and in
a space 6 x 8 inches.

At the right 1is shown the
schematic diagram of the interrup-
ter. The operation of this unit is
very simple. The plate current of
the tube flows through the relay coil,
causing the two contacts to open.
When these contacts are opened, the
current to the filament is cut off, and
the plate current is interrupted.
After the demagnetizing of the re-
lay coil, the contacts are closed
again; this energizes the tube fila-
ment once more, thus repeating the
sequence of operation.

It will be noticed that the filament
circuit is energized by a 14-volt sup-
ply fed through a 20-ohm rheostat.
The reason for this relatively high
voltage is to give a high velocity

By JAMES H. HANLY

operation to the emitter in the tube.
The rheostat gives a fairly complete
control of the velocity of operation.

As can be seen from the diagram,
the output of the tube to the relay
coil is of a half wave nature. For
this reason a relay with a shading
coil or one shunted by a condenser is
needed. The latter type is used by
the writer. The condenser dis-
charges through the relay coil when
the tube is going through its inverse
operation, thus keeping the arma-
ture from chattering. A small fixed
condenser across the filament-break
contacts cuts down the wear from
pitting; a half-microfarad was found
sufficient. The auxiliary contacts on
the relay can be used to open or close
any external circuit.

Type of tube used

Any type of vacuum tube, rang-
ing from the 201 A to the 281, which
has a filament-type cathode, can be
used. The first type gives impulses
in the order of 3 per second at full
voltage, while the latter will give im-
pulses in the order of 1 every 3
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seconds and can be varied to about 1
every 15 or 20 seconds, depending
upon the current flowing in the emit-
ter circuit. The use of indirectly
heated cathode tubes is not advised,
unless they are operated at rated
heater voltage, as they will be ruined
before the first cycle of operation is
completed.

In the operating cycle diagram on
page 35, it will be noticed that
after the relay has opened the fila-
ment circuit there is slight rise in
the emission, momentarily. This
is due to the current overswing
which occurs just as the contacts
break. The length of time that the
filament current is off depends upon
the tube used. The 201 A, 171 A
and the 210 type tubes, being low
emission tubes, will have a much
shorter filament-off period than the
245 and 281 tubes, which are high
emission tubes.

When the grid and plate are tied
together, large electron emissions,
enough to operate the relay, are pro-
duced before the tube reaches its
rated filament current. Thus the
tube cuts itself clear before damage
can be done.

Life tests on tubes show that from
600 to 1,000 hours of operation can

be obtained on the tubes mentioned,
with the exception of the 201 A.
This ran near 200 hours.

Use in a Cable Tester

Recently the writer was given the
task of developing a unit to test an
underground cable which had shorted
between phases as well as going to
ground. In all types of cable test-
ing it is desirable to have an impulse
current flow to and from the defect.
Here the electronic interrupter be-
comes the basic instrument in the
tester. On page 35 is shown the
schematic diagram of the cable
tester developed and used success-
fully.

It will be noted that another re-
lay was added to the circuit. This
relay is a 2 ohm d-c unit. The rea-
son a d-c relay was used in this a-c
circuit was to make it operate as a
vibrator. The vibrator action causes
its contacts to rapidly make and
break the primary current to the
induction coil for the high-tension
impulse and the current to the lamp
for the low-tension impulse. The
1 uf. condenser across the contacts
serves to cut down the burning at the
points and gives the impact neces-

sary to the proper operation of the
induction coil. In the high-tension
circuit a spark gap was inserted so
that when the high voltage was fed
into a short circuit there would not
be a bad drop in the voltage output
of the induction coil.

Use in o Tube Emission Test

It is well known that in emission
tests of vacuum tubes where the
plate and grid of the tube are con-
nected together it is dangerous to
operate the plate and filament at
their rated voltage for a long period
of time. Here the application of the
electronic interrupter makes com-
plete emission tests possible with-
out danger to the life of the tube.

On page 35 is the circuit dia-
gram of the electronic interrupter
connected to the emission test. With
a 281 in the interrupter socket, the
speed of the interrupter can be cut
down so that the current-on periods
in the emission test are just long
enough to take the necessary read-
ings. It might be well to note here
that a highly damped meter is neces-
sary in the plate circuit of the emis-
sion test when the interrupter is
used.

Armstrong System

[Continued from page 19]

This analysis proceeds from the
assumption that the carrier is
stronger than the noise. In quiet
locations (no ignition interference),
shot noise and thermal agitation be-
come the limiting factors. Dis-
crimination against this type of
noise has been carefully measured;
under comparable conditions, a f-m
carrier on 41 Mec. with a 150 ke.
band-width produced an energy of
signal 1,100 times greater in rela-
tion to the noise than did a 7.5 ke.
amplitude-modulated channel. Ex-
periments with ignition interference
were not so thorough or systematie,
but it was found that the peaks of
this transient type of noise are often
comparable with the signal, and that
the noise discrimination is then not
nearly so effective. But with cars
within 40 feet of the dipole antenna,
complete suppression of the noise
was achieved with a signal (gen-
erated locally) 10 times the field
strength of the Empire State Signal.
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At the demonstration given at the
I. R. E. Meeting, frequency-modu-
lated signals from W2AG a 100 watt
station in Yonkers, N. Y. (about 20
miles away) were picked up with
an f-m receiver installed near the
speaker’s platform. The trans-
mitter, at the home of C. R. Runyon,
on 2.5 meters (120 Mc.), had a fre-
quency modulation band of 100 ke.
Lantern slides showing the ap-
paratus used at the transmitter were
thrown on the screen before the
audience at the same time that a
description of the transmitter was
being received from Yonkers. The
result was a very convineing demon-
stration of the new system. The
quality of reproduction was as good
as that of the best broadcast sta-
tions, and the interference level,
produced by a noise-infested city
area, was very low.

In addition to this demonstration,
a sound-film record of reception at
the Haddonfield location was repro-
duced. It contained samples of re-

ception from the f-m transmitter on
the Empire State Building, and
the broadcast station WEATF, operat-
ing on 660 ke. with 50 kw. and also
with station WMCA, a station which
draws about the same power from
the supply mains as does the f-m
transmitter. All the f-m transmis-
sions were reproduced with only
a trace of background noise, and
with good quality, while the signals
from WEAF were so marred by
static from a thunderstorm within
20 miles of Haddonfield that only oc-
casional words could be heard. The
signals from WMCA were almost
completely below the static and tube
noises.

It was made clear by Major Arm-
strong that the paper is to be viewed
primarily as revealing a new radio
signalling system, by which fre-
quency modulation over wide bands
at short wavelengths makes possible
a considerable reduction of noise
from all sources. The apparatus and
methods used are merely incidentals
to attaining this end.—D. G. F.
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The ""Loop Test’’ tells the tale

. . . brings out an invisible advantage of
S. S. WHITE REMOTE CONTROL FLEXIBLE SHAFTS

The “loop test” demonstrates that S. S. WHITE
REMOTE CONTROL SHAFTS, expressly developed
for auto radios, require little more effort to rotate
them when they are curved than when they are

straight and have no tendency to “jump”.
g ) J I

LOW INTERNAL FRICTION is the answer. It is
the invisible advantage that accounts for the
smooth, effortless tuning provided by these shafts.
But this is only one reason why S. S. WHITE Shafts
are universally used on auto radios. They combine
all three properties essential to satisfactory remote

tuning of radios.

(1) LOW INTERNAL FRICTION

(2) MINIMUM TORSIONAL DEFLEC-
TION

(3) EQUAL DEFLECTION FOR
EITHER DIRECTION OF ROTA-

TION
We will be glad to furnish full details about S. S. THE ""LOOP TEST'!
WHITE Remote Control Flexible Shafis and to Take a 3-foot or longer length of shaft.

Hold it at the ends as shown with the

) loop resting on desk or table. Then
would like to have samples, they are yours for the rotate it with the fingers in either

assist enginecrs in working out applications. If you

asking. direction.

The S. S. WHITE Dentdl Mfg. Co.

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

e OTHER S. S. WHITE INDUSTRIAL PRODUCTS e

FLEXIBLE SHAFTS for POWER DRIVES and COUPLINGS
FLEXTOOLS (Portable Flexible Shaft Driven Tools) of /4 h.p. and smaller
MOLDED RESISTORS from 1000 ohms to 1,000,000 megohms.

Details about any of these products supplied on request.
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TUBES AT WORK

Phototube Timers
for All New York
Race Tracks

THE USE of high-speed motion pictures
for timing horse races has been recom-
mended by the New York State Racing
Commission for all tracks in New York
State, effective October 1. Although
the device is not electronic in prin-
ciple, its operation will be initiated by
a phototube. At the beginning of the
last eighth or sixteenth mile of the
race the first horse to pass the photo-
tube interrupts a light beam and thus
starts the operation of the camera.
It photographs all horses in the race
continuously until the last has passed
the finish line. Photographed on the
same film with the pictures of the
horses is a picture of a split-second
timing device which records the finish-
ing time of each horse in the race. The
negative taken by the camera is de-
veloped in a minute and a half, and a
print posted for public observation
three minutes after the race is finished.
The developing mechanism is attached
to the camera itself.

The machine is operated by a crew
of eight men, and will cost Racing As-

sociations about $300 a day for each
installation. The camera is mounted
high above the judging stand, 6n top
of the grandstand. The finishing time
can be determined to within one
hundredth of a second by the use of
this device, and the pictures are of suffi-
cient clarity to distinguish between the
noses of horses which finish barely an
inch apart, as was demonstrated re-
cently in the Santa Anita track in
California.

A.C. Bolometer
Perfected by
Professor Moon at M.LT.

A MUCH SIMPLIFIED instrument for pre-
cise measurement of light has been de-
veloped in the electrical engineering de-
partment of the Massachusetts In-
stitute of Technology by Prof. Parry
H. Moon. The device is known as an
alternating-current bolometer of great
sensitivity; its intended use concerns
research on the output of various
forms of electric lamps. Previous in-
struments used for this purpose are
the direct-current bolometer, invented

NEW YORK’S QUIETEST SPOT

Professor William H. Barton and Dr. Clyde Fisher measuring the
noise level inside the new Havden Planetarium, whose acoustic treat-

ment gives it an unusually low noise level
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in 1880; the thermocouple and photo-
cell. All these devices have had
serious drawbacks, particularly in
sensitivity and accuracy of measure-
ment.

The Moon bolometer resembles a
radio tube in general appearance. In-
side the tube is a small “target” made
of blackened metal. When light falls
on this target the heat rays of the
light increase the temperature of the
blackened surface, so that a slight
change in the current flowing through
the tube is produced. This slight
change of current is amplified by means
of an alternating-current amplifier.
This eliminates the difficulties with
high sensitivity galvonometers and
eliminates the direct-current component
which, with direct-current devices, con-
fused the record of changing tempera-
tures.

Sodium Gas Lamps
Used on
San Franecisco Bridge

A TOTAL LIGHT OUTPUT of more than
8 million lumens will be provided by
the sodium light installation for the
New San Francisco-Oakland bridge.
These lamps produce a very efficient
yvellow illumination by the passage of
current through a sodium vapor. The
new installation will contain 922 lamps,
supplied in 25 circuits along the 15
miles of roadway in the bridge. The
type of lamp used on the upper deck of
the bridge for use with high-speed
traffic provides 10,000 lumens each,
while the lower deck will be provided
with 6,000-lumen lamps.

In addition to the high efficiency of
light production which results from the
large proportion of visible light to
other radiated energy, the installation
is said to afford high visibility, free-
dom from glare and economy of opera-
tion. The equipment has been designed
and manufactured by the General Elec-
tric Company.

Increased Accuracy of
Naval Observatory
Time Signals

THE NAVAL OBSERVATORY at Washing-
ton installed in September an auto-
matic system for photographing the
stars in the sky, for the purpose of in-
creasing the precision of time deter-
minations. As a result the accuracy of
time signals broadcast by the Arlington
radio station has been increased to
within one one-thousandth of a second.
The Arlington signals, which are used
by jewelers all over the country as a
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time service, are now the most accurate
time transmissions in the world.

Checking the master clock from
which the time signals are taken has
been done by human observers using
telescopes trained on certain stars.
The human element thus introduced has
caused small but definite variations in
the time observations. The new auto-
matic camera takes pictures of the sky
at predetermined intervals. The prints
from the camera are based on a cal-
culating machine which indicates the
time at which they were taken without
the necessity of involved calculations.
Corrections on the master clock are
made once a day on the basis of these
measurements.

Photo Alarm Calls
Police on Telephone

AN AUTOMATIC photoelectric burglar
alarm which turns in a spoken alarm to
the police was described at the annual
convention of the United States In-
dependent Telephone Association by
Henry Herig, of Short Hills, N. J.
The photoelectric alarm makes use of
infra-red light beam which is reflected
by mirrors placed at strategic points.
The interruption of the beam by the
burglar actuates the photocell circuit.
This circuit is connected to a relay
system which automatically dials the
police station. At the same time it
sets in operation a phonograph which
sends out the following message over
the telephone line: “This is an
emergency call. There are burglars
in the house at 150 Main St.” The
message is repeated several times by
the record.

A GERMAN ANTI-ECHO P. A. SYSTEM

By running acoustic pipe lines underground beticeen the main speaker and

the auxiliary speakers in a large autdoor public address system, trouble-

some echoes have heen eliminated.

Oscillator Locates Faulis
in High-Tension
Transmission Line

THE USE of a varying frequency a-c
current to determine the location of
grounds, open and short circuits in
power transmission lines, has been
made by the Pennsylvania Water &
Power Co. An oscillator and amplifier
capable of supplying frequencies from
1 to 100 kilocycles is connected to the
faulty line and frequency increased
while the current in the line is re-
corded on a graphic milliameter, which
automatically records variations. It
will be found that sharp current peaks
occur at equally spaced intervals as
the frequency is increased. The fre-
quency interval is then a measure of

|Generat ]

Radio Co
|power suppi

0 va/f ';1‘_"‘_

4 000 vo/)‘
<. 2.

+»

Above left is a speaker unit feeding
into the pipe; at right the microphone pickup

the distance from the application of
the vaitage to the fault, expressed by
the formula, L = V" 4+ 2d, where L =
distance in miles, V" wave propaga-
tion in m.p.s. (determined for each cir-
cuit by test) and d = average difference
in frequency between current peaks.
By means of such measurements the ac-
curacy of location in most cases can be
made within 2 per cent. The cause of
the current peaks is the reflection and
phase shift which the alternating cur-
rent undergoes at the fault in the line,
the result being that certain frequencies
are reinforced by the reflection, while
certain others suffer destructive inter-
ference. In the apparatus used the en-
tire oscillator-amplifier, power supply,
and recording instruments are mounted
on a portable truck containing all the
necessary apparatus.

Short circuiting switch
for making reference
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sl General » General o
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The apparatus shown at the right contains equipment for
locating the position of faults in power transmission
lines. The diagram of the apparatus shown above indi.
cates the method by which a variable frequency e.u.f.
is applied to the line. By noting the f[requencies at
which maximum and minimum current flows. the length

of line to the fault may be determined
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Seven New ldeas

in Bakelite Motded Radio Cabinets

V[llE rich field of “period” de-
signs, so long a source of in-
spiration for furniture designers,
is proving to be equally valuable
in providing precedents for the
designers of wnusually attractive
radio cabinets.

Bakelite Corporation has now
developed seven original designs
based on period motifs, yet so
modified as to be appropriate in
any home. They can be faithfully
reproduced at practical costs with
lustrous Bakelite Molded. Each
model may be molded in one piece,
with appropriate coloring inherent
in the material, and with a lustrous
final finish obtained in the same
operation. They exemplify the
wealth of designing opportunities
now made available by this rich
modern material.

The benefits of our long experi-
ence in designing molded products
are placed at the disposal of radio
manufacturers. We will be glad to
cooperate with you in putting into
practice any of our “period” designs
or your own original ideas. For your
preliminary studies, send for our
new Portfolio containing detailed
information on our seven design
suggestions.

BAKELITE CORPORATION,

BAKELITE CORPORATION OF

BAK

247 Park Avepue, New York, N.Y. .
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Write for this Port_fblio today! It contains descriptions and illustrations of seven
original designs for radio cabinets which exemplify the new broad range of cabinet beauty
now open to designers through use of lustrous, colorful Bakelite Molded. All designs were
made with consideration for production economy and the practical requirements and
limitations of molding.

........ 13 Fast Ohio Street, Chicago, Il

CANADA, LIMITED, 163 Ontario, Canads

LITE

Dufferin Street. Torouto,
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Views and Reviews

OOKS for the shelves of engineers and technicians in
the electronics field: Modern Radio Servicing; Theory
of Alternating Current Wave-Forms, and The Cathode-ray

Tube at Work.

Modern Radio Servicing

By ALFRED A. GHIRARDL. Radio &
Technical Publishing Company, 1985.
(1300 pages. Price $4.00.)

THERE WAS A TIME when practically
anyone could service a radio receiver.
If it didn’t “play” you whacked the de-
tector tube and if a bong came out of
the loud speaker you felt sure the audio
amplifier was not in trouble. Then you
took the antenna wire and put it sue-
cessively on the grid of the detector,
the first and second r-f tubes until you
had found which was the dead stage.

This was before Trube, Ballantine,
Wheeler, Jarvis, Travis et al, including
those at Camden got busy with per-
fectly good radios and put a.v.c., inter-
carrier noise suppression, diode detec-
tion, variable-mu tubes and other tricks
into everybody’s set. Furthermore they
were unsatisfied with a straightfor-
ward (from the standpoint of service)
t.r.f. job and made nearly everyone own
a much more complicated superhet.
Then someone got the all-wave idea,
and now they are to have wide-band re-
ceivers.

The result is that practically no one
can service a radio nowadays without
expensive tools, vast patience and in-
tuition, and a rather complete knowl-
edge of these more modern receivers.

Mr. Ghirardi, whose “Radio Physics
Course” is well known, has assembled
a tremendous book of dope for service-
men. In its 1300 pages he has deseribed
servicing equipment, told how to make
much of it, what makes radio wheels
go round and what makes them stop
and how to start them running again.
It is up to the minute with a chapter
on high-fidelity receivers (anticipating
the day when such will be a bit more
plentiful than now), much material on
cathode ray tubes, 100 pages in a chap-
ter on aligning superheterodynes, data
on testing and repairing components,
how to diagnose and remedy troubles in
automobile sets.

This reviewer spent the better part
of a day looking over this book. He
now understands why servicemen often
feel like daring a chief engineer to try
to service one of his own creations. And
while this reviewer does not offer to
take on practically anybody’s radio
which has something wrong with it, he
does feel that within the pages of this
huge book there is all that a service
man needs to know to tackle the worst
of today’s receivers. If he has any
fault to find with the book, it is that
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the author occasionally gets a bit
theoretical when he might as easily
have been practical. For example it is
stated that practically all volume con-
trol resistances are of the order of a
few thousand ohms (it was our idea
that they were nearly all of the order
of a half megohm); or when he has
the bias resistor in the power output
stage (triodes) equal to 50,000 ohms.
this seems a trifle high, but of course it
was merely given as a numerical case
and the answer came out correctly.

As a companion to the text there is a
smaller volume by the same author
with the aid of B. M. Freed. It is
called “Radio Field Service Data” and
it gives the if. of 2790 models of re-
ceivers, grid bias resistor chart, wiring
diagrams of automobile ignition sys-
tems, trouble symptoms and remedies of
over 750 receiver models, ete. It lists
at $1.50 and has 230 pages. With
these two books it seems possible that
one of the engineers mentioned above
could go out and make a living at
servieing.—K. H.

Theory of Alternating
Current Wave-Forms

By PuiLie KEMP, Head of the School
of Engineering at The Polytechnic,
London. Instruments Publishing Co.,
Pittsburgh, Pa. (228 pages, price
$4.50.)

WRITTEN AS THE FIRST VOLUME of a
series of monographs on electrical en-
gineering, this book contains informa-
tion which has heretsfore been unavail-
able except in brief references in
periodicals and handbooks. The theo-
retical and mathematical background
necessary for the study of complex
waves is introduced in the two chapters
which open the book. Following are
chapters on the effect of iron and other
circuit conditions in producing har-
monics, and a chapter on harmonics in
polyphase systems. The book closes
with an extensive presentation of meth-
ods of harmonic analysis.

Although written more or less from
the point of view of the power engi-
neer, the radio and communications en-
gineer will be able to adapt this volume
to his needs with ease. The presentation
is complete, well written, and should bz
of considerable help in clarifying this
important but neglected aspect of elec-
trical engineering.—D. G. F.

The Cathode-ray
Tube at Work

By JounN F. RIDER, author and
publisher, 1440 Broadway, New
York, 1985. (822 pages, 440 illustra-
tions. Price, $2.50.)

IN THIS FIRST complete book on the
modern Braun tube published in
America, the author proves his thesis,
taken from the attractive jacket of the
book, that this tube “is destined to be-
come the single most important instru-
ment in the radio man’s laboratory.”

New Du Mont cathode-rav tube unit

Reading this practical text on the
cathode-ray tube, how it works, what
it can do, and how to do it, one cannot
help but fall in line with Mr. Rider’s
present enthusiasm for the ultimate
importance of these rapidly moving
electrons which make visible the in-
visible.

There are chapters on the tube it-
self, on sweep circuits, on descriptions
of commercial apparatus, on the prac-
tical applications (with particular
reference to the radio service man and
laboratorician) on the alignment of
tuned circuits, automobile vibrator
testing, testing transmitters, frequency
comparison, and some mention of the
industrial applications of the cathode-
ray tube, the author noting Mr.
Stinchfield’s article in May 1935 Elec-
tronics, and Mr. Batcher’s papers in
Instruments appearing at this time.

The book is illustrated throughout
with  unretouched photographs of
oscillograms made in the author’s
laboratory.—K. H.
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eliable, Uniform

INSULATION
Prom p’r|y Suppliec"

Formica has been increasing in use for insulation because
of its dependability, and because its cost is in a more favor-
able relation to other materials for the same purposes than

was the case a few years ago.

Failure of insulation may be the cause of a lot of trouble
and expense, and with the difference in cost between cheap
insulation, and thoroughly dependable insulation so small,

it no longer pays to take the chance.

For 22 years the Formica laboratory has concentrated
on just one product and has steadily improved it and kept
it abreast of the art. A large factory completely equipped
with a great variety of manufacturing and fabricating equip-

ment makes prompt service possible.

Send us your blue prints for quotations.

THE FORMICA INSULATION CO.

4638 Spring Grove Avenuee* Cincinnati, Ohic

(457) 43



THE ELECTRON ART

THIS month three announcements from Europe give
television further impetus: A high power 45 Mec trans-
mitter for sending the signals; 405-line images planned for
public in England, and a better method of applying fluo-
rescent materials for television work. U-h-f crystals and
audio distortion also get proper attention.

IN THE NEWS

PrEss WIRELESS, INC., a radio news
service owned by seven American
newspapers has obtained permission
from the Federal Communications Com-
mission to establish a direct wireless
service between New York and Addis
Ababa. Station WJS at Hicksville,
L. 1., has doubled its power to 10,000
watts in preparation for the new
service. It is believed that this direct
communication will eliminate the pos-
sibility of official censorship of Ethio-
pian war news through the regular
European channels.

ACCORDING TO a report supplied by the
Royal Italian Embassy in New York,
the Ttalian radio industry employs
5,000 workers, in addition to 320 en-
gineers and experts. The capital in-
vested in the industry approximates
175,000,000 lire, the value of the annual
output being around 120,000,000 Ilire.
The annual set production is about
100,000 sets.

INSTALLATION of radio facsimile ap-
paratus on four large passenger liners,
as yet unnamed, will be complete be-
fore the first of December, according
to an announcement by Charles J.
Pannill, president of the Radiomarine
Corporation of America. The facsimile
apparatus will be used to provide
weather maps and other navigation in-
formation and also a first-class daily
newspaper for the use of the pas-
sengers. It requires about 25 minutes
for the sending of one page of the news-
paper. The recorder to be used is that
invented by Charles J. Young and de-
scribed in Electronics, November, 1934,
pages 338-339.

WORD HAS BEEN RECEIVED by the Elec-
trical Division, Bureau of Foreign and
Domestic Commerce, that the develop-
ment of television in Germany has been
transferred from the Ministry of
Propaganda and Public Enlightenment
to the Air Ministry. What effect this
will have on the personnel is not known.
The transfer was made by government
decree and was not published in Ger-
man newspapers. Although not officially
stated it is believed that this action
precedes much larger appropriations
for the development of television.
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THE LATEST report from Italy states
that when Senator Guglielmo Marconi
demonstrated his new microwave de-
vice to Mussolini last May, motorists on
the Rome-Ostia speedway found that
their engines suddenly ceased firing.
No details about this “amazing” de-
velopment are available except news
reports that it costs about $20,000 and
the scheme is capable of transmission
over more than 100 miles.

ELECTRICAL RECORDING apparatus of
B. A. Proctor & Co., New York re-
vealed that the timing of the fourth
round in the Max Baer-Joe Louis fight
was 94 seconds too long. Although this
means that Mr. Baer was technically
saved by the bell in the fourth round,
no protest was forthcoming from the
principals involved.

Dr. EpwarD C. WENTE, of the Bell
Telephone Laboratories, was awarded
the annual Progress Medal by the
Society of Motion Picture Engineers at

the convention held in the Wardman
Park Hotel, Washington, D. C., on
October 23. Dr. Wente is research
physicist in charge of acoustical in-
vestigations of the Bell Laboratories.
The award was made on the basis of
his work on acoustical instruments with

Dr. E. C. W ente

special reference to their application
in recording, transmission and repro-
duction of speech and musie. His
fundamental work in electro-acoustic
design is attested by the fact that

RE-RECORDING QUEEN VICTORIA’S VOICE

The Edison Bell Company of England has undertaken to re-record many of

the old and extremely valuable wax cvlinders made on Edison’s original

machine. Here a record of Queen Victoria's message to the Abyssinian

Empire is being transferred to a wax disc, preparatory to producing dupli-
cates for general distribution
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COLLINS TYPE 300D
100 WATT TRANSMITTER

THE NEW 300D Transmitter exactly meets the re-
quirements of one hundred watt broadcast stations.

FIRST, the transmitter is capable of highly faithful
transmission, a definite assistance in holding listener

interest.

SECOND, the equipment is simple to install and
maintain, and all annoyances of a technical nature are

eliminated.

THIRD, the 300D is as reasonably priced as is con-
sistent with best possible design and construction.

* %k %

The 300D has remarkable
performance, exceeding all of
the new standards of high
fidelity transmission. The fre-
quency response at full modu-
lation is uniform within plus or
minus | db. from 30 to 10,000
c.p.s. The absolute hum
level is 60 db. below 1009,
modulation. (This corresponds
to a weighted value of approx-
imately 95 db.) Total distor-

tion components are less than
5% of the fundamental at
1009, modulation. The maxi-
mum frequency deviation is
less than ten cycles. Power is
readily increased to 100/250
watts. The design of the trans-
mitter is simple and straight-
forward so that the excellent
performance obtained in the
laboratory is readily dupli-
cated day after day in actual
operation.

* %k %k

The 300D Transmitter is illustrated
at the left. An additional cabinet
is furnished as standard equipment
for mounting the frequency and
fidelity monitors. These two units
together with the Collins Type 12E
Speech Input System form a com-
plete, properly co-ordinated instal-
lation.

COLLINS RADIO COMPANY

CEDAR RAPIDS, IOWA NEW YORK CITY

11 West Forty-Second Street
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microphones and light valves uni-
versally used in the production of
sound motion pictures are the results
of his experiments. In addition, the
loud speakers used for sound reproduc-
tion in a large proportion of the the-
atres today was designed by Dr.
Wente.

A NEW ISOTOPE, known as “heavy neon”
or neon 22 has been isolated in its pure
state by Dr. Gustav Hertz, a physicist
of the Siemens Engineering Works in
Berlin, according to an announcement
before the British Association for the
Advancement of Science in England.
Small amounts of the new isotope are
being sent to Professor Charles
Lauritsen at California Institute of
Technology for further experimenta-
tion.

CELLOPHANE FILM for use in sound
picture recording is being tested by
engineers of the RCA Manufacturing
Company in cooperation with the Du
Pont de Nemours Company. A test
film 400 ft. long of 16 millimeter width,
and of great durability has thus far
been used. The difficulty of producing
cellophane strong enough to resist tear-
ing of the sprocket holes has been
overcome, according to the report.

Crystal Control for
Ultra-short-waves

[HARALD STRAUBEL] Recent experi-
ments with ultra-short-wave crystals
proved that it is now possible to attain
a high degree of stability with quartz
and tourmaline crystals operating be-
low six meters at natural wavelengths.
The research occasioned by the experi-
ments uncovered the hitherto unex-
plained reasons for the instability of
quartz crystals on ultra-short-waves,
and for their failure to operate below
six meters.

Spark photographs were taken of two
oscillating ecrystals, one quartz, the
other tourmaline, and no signs of stress
were evident on the surface of the
tourmaline. But the surface of the
quartz crystal had a complicated dis-
tribution of vibrations—evidence of
great stress.

These irregular oscillations were gen-
erated by the compensation of irregu-
lar charges which had collected on the
surface of the crystal, and caused a
harmful degree of damping. This ef-
fect has apparently escaped notice, be-
cause damping measurements in the
past usually were made with quartz
rods or with air-gap mounted ecrystals
having unsilvered surfaces. The dif-
ficulty might be overcome by silvering
only those parts of the crystal surfaces
which show irregularities while oscil-
lating, a laborious procedure, in view
of the fact that the pattern of vibra-
tions changes with every change in fre-
quency. FEach plate would thus have
to be tested individually to determine
its peculiarities.
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A second, important but easily re-
mediable cause of instability was found
in the static capacity of the little erys-
tal plates. This caused a direct short
circuit of the alternating feed-back po-
tential appearing between grid and ca-
thode. The capacity could of course
be reduced by decreasing the plate
diameter, but the reduction would have
to be gauged so as to keep a favorable
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Ultro Short-Wove  Equivalent Circuit of

Circuit an 80¢m Tourmaline
Crystol
Fig. 1. Crystals in u-h-f circuits

relation between the lines of force per-
meating the crystal and those appear-
ing along its edges. It was also kept
in mind that a crystal’s ability to store
energy for controlling a transmitter
diminishes with every decrease in diam-
eter.

To overcome the harmful effects of
this static capacity a series condenser
was placed between the crystal and
grid (Fig. 1). This arrangement was
preferred to one using a choke coil,
because of coil size difficulties, and an
ohmic resistor was not chosen because
of its energy loss factor. During tests
with this circuit quartz crystals oscil-
lated with good stability on 5 meters,
and as low as 1.66 meters. The fifth
harmonic of an 8 meter crystal proved
to be similarly stable.

HIGH POWER ON

The signal was tuned in with re-
markable stability on a receiver lo-
cated in the same room, and the beat
note remained audible during trans-
mitter changes amounting up to 50%
in plate potential, and 20% in fila-
ment heating potential. Neither the
series condenser nor the crystal heat-
ing to 60° (C) had any noticeable ef-
fect on the frequency.

The tourmaline plates were used in
a similar circuit with an RCA 855
(acorn tube). The plate potential was
180 volts at 7 ma. maximum. A tour-
maline crystal 1.25 x 10™* em thick was
used to generate the one-meter-wave,
and an 80-em wave was generated with
a crystal having a thickness of 1x10°*
cms. Great difficulty was experienced
in tuning the transmitter particularly
because of the very loose coupling be-
tween the transmitter and the ecrys-
tal required for stable operation.

The transmitter was first tuned so
as to oscillate without the crystal on
the required wavelength. The trans-
mitter stopped operating when the crys-
tal was placed in the circuit, and then
oscillated again only when the erystal
circuit was properly retuned.

A small vernier condenser (6-15 cm)
was connected across a part of the
tuning inductance. With a plate volt-
age of 120 the plate current fell from
10 ma. to 6.5 ma. at resonance.

At one time a transmitter (less crys-
tal) was used to receive a telephone
broadecast on 66 cm within the same
room. At greater distances the heter-
odyne beat note was heard clearly.

On ultra-short-waves the same po-
tentials may be applied to the crystals
as on long waves, and the disruptive
strength of tourmaline crystals makes

45 MEGACYCLES

This 16 kilowatt transmitter, which sends sound-television programs on 6.9
meters, has been heard in America according to unconfirmed reports. It
is located in Charlottenburg, Germany
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This tube gave

23,064 HOURS

of uninterrupted
service at station

on 24 hour duty
with Toledo police!

Western Electric

folt After serving faithfully for more than 23
times its guaranteed life, this big Western
Electric 251A was honorably retired. Through
all that time it functioned perfecily at WRDQ
— Toledo Police Broadcasting Station — where

absolute dependability of tubes is essential.
Such performance—just one of many long-service cases on
record — is proof positive of the quality and long life that
J Western Electric builds into tubes. Whatever your tube needs,

f rely on Western Electric!

Western Elecrric

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

RADIO TELEPHONE BROADCASTING EQOUIPMENT
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their thickness dependent mainly upon
manufacturing facilities.

It may be of interest that attempts
to duplicate these experiments with a
Barkhausen tube (Type RS 296) were
unsuccessful.—B. S.

Hochfrequenztechnik und Elektroa-
kustik, Nr. 1, July 1935, Pages 4-6.

British Television Plan

ACCORDING TO an announcement issued
by the Electrical Division of the De-
partment of Commerce, the Alexandra
Palace of London has been definitely
chosen as the site of the high definition
television station for the London area.
Two systems will be tried at this loca-
tion. The first, known as the Baird
system, uses 240 lines, with 25 complete
frames per second, while the second,
the Marconi-E.M.I. will use 405 lines,
25 pictures per second interlaced two
to one.
[ ] [ ] L ]

Halation Interference
In Fluorescent Screens

[MANFRED vON ARDENNE] The arrange-
ment shown below was used to de-
termine the strength (in per cent) of
halation interference in a fluorescent
light spot of given intensity. The
photometer was purposely inclined as
shown, 45° from the optical axis of
the fluorescent layer, to avoid interfer-
ence from light rays straying through
the fluorescent screen. For the same
reason a screen was placed right along
the path of light, between the baryta-
white-plate and the object.

Microphotographs of various fluores-
cent screens were inspected and meas-
urements indicated that halation inter-
ference was considerably smaller in
screens whose crystals had only a light
optical contact with their glass holder
(or with the binding agent) than in
fluorescent screens whose crystals had
been sintered (slagged) into their glass
housing.

There was from 25%-28% halation
with sintered crystals, while the screens
whose crystals had been dusted on,

The Echo Period and
Audience Sound Absorption
In Concert Halls

[ERWIN MEYER and VILHEML JORDAN]
Before the degree of audibility in con-
cert halls and theatres can be de-
termined, the audience’s capacity to
absorb sound must be measured. A re-
cently developed method made it pos-
sible to carry on extensive tests dur-
ing performances without the slightest
annoyance to the listeners. The testing
apparatus consisted of little more than
a self regulating amplifier, and a de-

Amplifier .

‘M/'Crophone

Amplifier

e ard odet

friter

Arc lamp P<~Combinca-
tion ammeten

Phosphorescent - and/reflec for
layer

.

cylinder

Fluorescent Jayer

N/ i-Screen
/;7 \\.
Light-dot | pBaryter
e

source plote

Photometer- -4"‘0

Arrangement for testing fluores-

cent layer
showed only from 1i% to 4%. The
low-halation sereens incidentally

showed a black and white contrast of
over 50:1, which is satisfactory for
ordinary television work.—B. S.

Hochfrequenztechnik und Elektroa-
kustik, July 1935, Pages 1-4.
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Arrangement of rotating cylinder

tector with a logarithmic scale. The
orchestra sounds  were delivered
through an amplifier to a sharply tuned
bandfilter, and a switching arrange-
ment enabled the operator to select the
combinations of condensers and induc-
tances required to pass the one desired
test frequency to the second amplifier.
The rays of an arec lamp were trained
on the indicating arm of the output am-
meter and from there they were de-

flected so as to fall on a rotating phos-
phorescent glass cylinder.

When the music suddenly ceased
after a fortissimo, the decreasing
strength of the echo was read and
measured graphically on the cylinder,
and the phosphorescent action was even
slow enough to permit the photograph-
ing of the recordings. The measure-
ments made in the Philharmonie and in
the State opera, both in Berlin, showed
that the echo period in a filled hall
increases as the sound frequency de-
creases. The calculated sound absorp-
tion per person was found to be much
below the general estimate, and at
some low audio frequencies the audi-
ence had the effect of decreasing any
existent damping!—B. S.

From: Elektrische Nachrichten Tech-
nik; July 1935, Pages 213-220.

Distortion Factor and
Summation Tones in
Radio Receivers

W. GRAFFUNDER, W. KLEEN AND
W. WEHNERT
Telefunken Laboratory

WITH RESPECT to distortion the output
tube is in the most dangerous position
since it has to handle high voltages,
and there is no chance of suppressing
non-linear distortion by means of small
filters and tuned circuits as can be done
in the r-f stages. In view of the low
efficiency (about 5 per cent) of the
common loudspeaker, the output tube
has to provide at least 3 watts. While

THE “SALLE DE T. S. F.” OF THE NORMANDIE

The communication center of this great ship contains every possible facility
for marine radio, even to complete soundproofing of the room
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HYGRADE SYLVANIA CORPORATION TAKES CONSIDERABLE PRIDE IN ITS RECORD OF 3

SUCCESSIVE YEARS AS LEADERS

@® We feel safe in saying that our
share of the total tube business will be
We

believe that we have sold more tubes,

greater in 1935 than ever before.

because we have made better tubes.

We are in a position today to satisfy

the most stringent requirements of any

IN THE PRODUCTION OF TUBES FOR ORIGINAL EQUIPMENT

set manufacturer for either glass or
metal tubes. We offer not only better
tubes, but a thorough Engineering
Service that many have found to be of

inestimable value.

Please address inquiries to our New
York Office at 500 Fifth Avenue.

SYLVANIA

(Reg. U.S. Pat. Off.)

THE SET TESTED RADIO TUBE

FACTORIES: EMPORIUM, PA.
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SALEM, MASS.

ST. MARY'’S, PA.

©® 19356. Hygrade Sylvania Corp.
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will realize how

Photographers

brilliant this television image must

have been to make possible this

photo, made from one single scan-

ning of a 180 line, 25 frame pic-

ture at the von Ardenne Labora-
tories in Berlin

a distortion factor of 4 to 10 per cent
is considered as admissible, it is doubt-
ful whether this factor is a true meas-
ure of the distortion as it affects the
ear, because the tones representing
sums and differences of frequencies
arriving at the same time upon the
grid of the last tube are without doubt
more disagreeable to the ear than
mere harmonics.

As long as no overtones appear in
the output circuit supposed to consist
of an ohmic load, the a-c output and
the total d-c power are readily obtained
for a given operating point O from the
plate current versus plate voltage curve

that of the second and third harmonic
by

The tube curves must be known with
great accuracy.

A simple experimental method for
determining the output is to insert
high self-inductance into the lead from
the d-¢ source so that the a-c plate
current flows practically over the large
condenser C and across the load R.
The voltage across R is brought to zero
(in the case of a pure sine wave) or
to a minimum (in the case the output
wave is a composite wave) by applying
an a-c voltage in opposite phase from
the same potentiometer that supplies
the grind swing. This voltage is meas-
ured by the a-c voltmeter V, whereas
V, indicates the balance without ab-
sorbing energy. Provided that these
meters are square-law instruments
(hot-wire instrument, electrostatic or
tube voltmeter with square law), the
ratio of the lowest voltage indicated
by V, to the voltage indicated by V, is
directly equal to the distortion factor
ki that is to the square root of
(A7 4+ A7 + A2 + ...) A% To re-
duce the amount of non-ohmic load,
high audio frequencies are to be recom-
mended for this work; the wave shape
of the frequencies is, however, less

of the tube for different grid biases by pure as a general rule than that
C
A A n .
1 ]
d.c. L ~ R
P Output
o 1
Compens. .

9 vollage q Outout
H Balance
Ry

the triangle and the rectangle method
(see Keith Henney, “Principles of
Radio’).

When a harmonie, in particular the
third overtone, is present this simple
method fails; to determine the a-c out-
put, five plate current-plate voltage
curves must be available, s the curve
with the highest positive (or least
negative) value of the grid with the
a-c wave applied to it, 4 the curve for
the normal grid bias, i: the curve for
the most negative voltage which the
grid assumes, and 4 and %, for voltages
of the grid falling half-way between
the former values. The amplitude A,
of the fundamental is then given by

1
A4 = ? (1.5 + 1-4_1'2_1.1),
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readily obtainable for 60-cycle current,
and current of this frequency can be
used when C and L are made large.
The capacitive load causes the output
voltage to be ahead of the input volt-
age; a phase-shifter C:R, corrects
the difference. When the input voltage
contains overtones, then the circuit be-
comes unable to furnish the distortion
factor.

The question now arises whether the
computed or measured distortion factor
permits deduction of the intensity of
the summation or difference tones in
the case where, in place of a single
frequency or amplitude A:, two fre-
quencies of amplitude B and nB should
act at the same time upon the grid,
assuming A4, = B* (1 + #»°) in order
to simplify the formulas.

In the case of several frequencies the
distortion factor k, will have to be
defined as the square root of the sum
of all the squares of the amplitudes
of the higher overtones to the sum of
the squares of the fundamentals, the
combination factor K as the square
root of the ratio: sum of the squares
of all the summation and difference
tones to the sum of the squares of all
the fundamentals.

When near the operating point the
tube current can be represented by a
constant plus a linear and a quadratic
function of the grid voltage—

ip = i3 + a (fu_ega) + b(t’,—!gn)z

then the distortion factor k. is given by

by = &y < 1)2
1+ —
n

whereas

The sum of k° 4+ K°® may become 2.6
times as large as k.’ alone. When the
square term in the expression for ¢, is
replaced by a cubic term, still more
distortion may result.

The behavior of the tube finally may
be studied by applying the input a-c
voltage to one pair of a cathode ray
tube and the output voltage to the
other pair; the plate current versus
grid voltage ecurve appears then on
the screen. When a pentode and a
small load is used the curve recalls
the three-halves power law obtained for
a triode; when the load is increased,
the upper portion of the curve shows
a sharp bend and ends in a flat por-
tion. When instead of the a-c plate
voltage, the unbalance representing the
distortion factor is applied to the
second pair of plates, the deviation of
the resulting figures from a straight
line indicates the presence of over-
tones; a flat trough means that the
second harmonic is present, a saw-
toothed shape that the third harmonie
is prominent. By compensating phase
differences very sharp curves can be
obtained allowing a complete numerical
analysis as for ordinary 60-cycle cur-
rent.—Telefunken-Réhre No. 4: 142-
163. April, 1935.—R. R.

70-Tube Receiver

A RECEIVER CONSISTING of over 70 tubes
is shown by the Philips Company,
Eindhoven, Holland, at the Brussels
Exhibition. Cathode ray oscillographs,
inserted at suitable points illustrate to
the public the working of the different
parts of a receiver.
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OWARD, oldest American radio manufacturers, has always built receivers
of outstanding quality. Much of the superlative performance and fine

H

Selected by leading manufacturers for these workmanship, is due to the very strict standards of material quality set up for
outstanding Dielective Characteristics under . . . .
severe atmospheric conditions. Howard production. Only materials that can contribute to the superlative

At 1200 F. 90% R. H. uality of Howard's fine receivers, earn the approval of Mr. J. E. Riley, Chief

quality , PP Y,

+# Power Factor—1% at 25 meters (12 . . . .

Megacycles) immersed in mercury. Engineer. He was among the first of many users to recognize the superior
+ Capacity (to ground)—28 MMF. per foot T n n o .

at 25 meters (12 megacyeles) characteristics of Lenz R. F. Circuit Hook-Up Wire and adopt it as standard for
Y Moisture Absorption—Iless than 1% by .

weight. Howard receivers.

‘We invite you to make comparative tests of
Lenz R. F. Circuit Hook Up Wire in your own

- LENZ ELECTRIC MANUFALTURING (0.
1751 N. WESTERN AVENUE, CHICAGO, ILL.

LENZ ELECTRIC MFG. COMPANY
1751 N. Western Ave., Chicago, lIl.

Gentlemen: Please send me FREE 10-foot sample of Lenz R. F.
Circuit Hook-Up Wire.

ESTABLISHED é SlTog. /# . spRe g mnnaale. .. 6. wassadl . . Solid [] Stranded [

COMPany . B8 iwaed ™ s wnaas vbed T3l a7 205 Dept....ooovvvvnt
Addresse 2. S8l I8 vt A P Dn . s 60 CETD AT i o a5

| VISIT THE LENZ BOOTH NO. 27

AT THE I.R.E. CONVENTION, NOV. 18 to 20

samEssuns
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MANUFACTURING REVIEW

Names in the News

4+ Mr. Douglas Loukota, formerly with
the Communications Engineering Divi-
sion of TWA, Inc., is now with the
Cannon Electric Development Co. in
a sales and engineering capacity, devot-
ing a major part of his time to airplane
fittings and devices.

4+ Virgil M. Graham, who recently joined
the staff of the Hygrade Sylvania
Corporation, has been appointed head
of the Sylvania Application Laboratory
at Emporium, Pa., in which capacity he
will act as consultant to radio man-
ufacturers and engineers. Mr. Graham
will be assisted by Dr. Ben Kievit, Jr.,
who will continue as direct supervisor
of the work conducted in the laboratory.

4+ Gertrude C. Freytag, in charge of
client service of the Fensholt Co.,
advertising and sales promotion coun-
selors, of 360 N. Michigan Ave., Chi-
cago, was recently made vice president
of that agency. In her new capacity,
Miss Freytag will supervise all pro-
duction and service activities.

4+ Stanley A. Harris has been appointed
sales representative for Sylvania re-
ceiving tubes in the New England ter-
ritory. Mr. Harris, who will make his
headquarters at the Hygrade Sylvania
Boston office at 10 Post Office Square
will be assisted by Mr. C. J. McLean.

4+ Milton J. Shapiro has been appointed
district sales manager for the Radiart
Corporation of Cleveland in charge of
vibrator sales in the Philadelphia terri-
tory, with headquarters in Philadelphia.

4+ Mr. Erich Fetz has joined the metal-
lurgical staff of the Wilbur B. Driver
Co., Newark, N. J., manufacturers of
resistance alloys. Mr. Fetz, who has
had extended metallurgical experience
in this country and abroad, will assume
the duties of research metallurgist.

lnduslry Notes

The Ohmite Manufacturing Co., Chi-
cago, Ill,, has moved into a new and
larger plant at 4835 Flournoy St., ac-
cording to an announcement by D. T.
Siegel, general manager.

Walter 1. Candler, president of the
Candler System Co., announces that
he has moved his school to Asheville,
N. C. The Candler System of High
Speed Telegraphing Instruction, was
formerly located in Chicago.
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The Technical Appliance Corporation
has moved from Long Island City to
17 East 16th St., New York. The new
quarters provide three times as much
floor space and additional production
facilities.

The Federal Trade Commission has
issued a complaint against the National
Electrical Manufacturers Association,
charging unlawful combination to
restrain competition in the marketing
of power cables and wire products.
Sixteen prominent manufacturers of
wire and cable are mentioned in the
complaint.

The factory of the Universal Micro-
phone Co., Inglewood, Calif., has been
provided with additional facilities for
the manufacture of Silveroid recording
discs intended for instantaneous record-
ing and play back, according to James
R. Fouch, president.

Attention is directed to the fact that
there are two firms who manufacture
machinery for the production of radio
tubes operating under the name of
“Eisler:” the Eisler Electric Corpora-
tion, 538 39th St., Union City, N. J.,
and the Eisler Engineering Co., 768
So. 13th St., Newark, N. J.

General Electric Co., Schenectady,
announce that the sales for the first
nine months of 1935 exceeded by 23
per cent those for the corresponding
period last year, according to President
Gerard Swope.

New Products
Tubes

U-H-F Power Tube. A filament type
power tube, particularly suitable for
use as an oscillator at ultra-short wave
lengths (6 meters). Plate and grid

A

-

p)

connections brought out at top of bulb.
Type No. WL-455. Manufactured by
the Westinghouse Electric & Mfg. Co.,
Pittsburgh, Pennsylvania.

New DPhotronic Cell. A dry plate
photronic cell, which provides increased
current output over the regular pho-
tronie cell, is announced by the Weston

—— v

=

Electrical Instrument Corp., Newark,
N. J. The new cell, known as Type 2,
is not quite so stable as the regular
type but will be found suitable where
high output is more essential than
strict permanence, especially for use in
low illumination.

Sound System [Photocells. Three
types of vacuum photo cells for use in
replacements in all types of sound
motion picture reproduction apparatus.
Also a filament type exciter lamp, and
a mercury vapor battery charging bulb,
All manufactured by The Sonolux Co.,
East Newark, N. J.

New Type 5Z4. A new 5Z4 metal
tube rectifier 31 in. high, 1% in. in di-
ameter, filament drain 1.5 amperes,
similar in characteristics to old type
5Z4. Manufactured by the Hygrade
Sylvania Company, Emporium, Pa.

Components

Octal Socket. A new octal socket,
type 39, having a bow action spring
contact, with low contact resistance,
uniform pressure and high quality
moisture-proof bakelite. Manufactured
by the Albert W. Franklin Mfg. Corp.,
137 Varick St., New York.

Phonograph Motor. A heavy syn-
chronous motor for high quality disc
recording, announced by the Sound
Apparatus Co., 150 West 46th St., New
York City, having turntable diameters
of 12 or 16 in. and consuming 60 to 95
watts of power.

Paper Condensers. A series of un-
cased paper condensers and tubular
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7 AN | THE HOUSE OF

LAROSTAT

for

INBUILT
PROTECTION

LAROSTAT'S facilities for the production of es-

n;' wunﬂl‘!‘»'““i“mmm

sential components include an experimental labora-
tory equipped with the latest types of precision
testing instuments and staffed with engineers of broad
technical experience.

Much of the machinery used on Clarostat's production line
is of special design in order to insure the highest degree of
accuracy. A constant inspection of parts as they move
through production insures the maintenance of Clarostat's
exacting standards of precision.

ACTUAL ' .
SIZE The painstaking care involved in the production of Clarostat

Products is your guarantee of uniform high quality. You
can therefore depend on the House of Clarostat and the
components that leave its shipping department for depend-
able service.

Clarostat's complete engineering cooperation and manu-
facturing facilities are available to work with you on stand-
ard or special resistor requirements for radio, sound, com-
munication or industrial application.

Write for technical data and samples of Clarostat Products.

NEW —LINE VOLTAGE

DROPPING RESISTOR
Designed for use with 0.3 amp. radio tubes with C L A Ro s TAT M F G . C o' 7 l N C .

terminal to fit th tal tube octal
e e Tk 287 North 6th Street

sockets for ease of installation.

ments of Underwriters. BR o o KLYN 7 N. Y.

These units are available in compensated resistance
values providing proper voltage drops for heater cir-
cuits having one to seventeen 6.3 volt tubes when
used on 117.5 voltlines. Pilotlight resistorsections
for use with 6-8 volt, .250 amp. lamps may be
incorporated. *

Available in 5 or 8 prong bases. Write for com-

plete list of types. CLAROSTAT
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paper condensers, working voltage from
400 to 1,000 volts, depending upon size
and type. Capacities from .001 to 4
mfd. List price from 20 cents to $2.20.
Manufactured by Morrill & Morrill, 30
Church St., New York, N. Y.

Isolantite Socket. A high frequency
socket with a circular “Guide Groove”
for standard tubes of the 4, 5, 6 and 7
prong base. Manufactured by the

Hammarlund Manufacturing Co., 424
W. 33rd St., New York City.

} Watt Carbon Resistors. A 3-watt
carbon resistor enclosed in a ceramic
case, overall dimensions 4} x {4 in. Will
carry 100% dver load. R.M.A. color
coding. Available in all resistance

—— = —

ACTUAL SIZE

values from a few ohms to several
megohms. Manufactured by the Erie
Resistor Corp., 644 W. 12th St., Erie,
Pa.

Mallory Grid Bias Cell. A small
metallic cell suitable for providing
fixed grid bias voltage for those stages
where no grid current is drawn. Cells
provide approximately 1 volt (open
circuit) and may be connected in series.
Manufactured by P. R. Mallory & Co.,
Inc., Indianapolis, Ind.

Iron Core LF. Transformers. LF.
Transformers having polyiron cores,
and measuring 1} in. square by 24 in.
high, including trimmer. Designed for
use with metal tubes. Manufactured
by the Aladdin Radio Industries, 466
West Superior St., Chicago.

Power Cord Trim. A rubber binder
for preventing frayed edges in braided
wire connections, for binding, fastening
and insulating the ends of electric
wires. Distributed in U. S. by George
Walker, 30 Church St., New York City.

Interference-Suppressor Condensers.
A line of interference-suppressor con-
densers for use in auto radio installa-
tions, capable of withstanding extremes
of temperature and vibration. Manu-
factured by the Aerovox Corp., 70
Washington St., Brooklyn, N. Y.

Trimmer Condensers. A line of
ceramic and Bakelite insulated trimmer
condensers having operating capacities
as low as 4 mmfd. and as high as
2,100. Manufactured by the DeJur-
Amsco Corp., 95 Morton Street, New
York City.
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Transmitting Equipment

Circuit Breakers for Radio Speech
Circuits—A new type circuit breaker,
type AY-1, designed to replace the
switch and fuse used in control circuits
of speech equipment in broadeast sta-
tions, for the protection of micro-
phones, amplifiers, volume indicators
and other speech input apparatus. The
circuit may be restored to service by
pressing the button on the breaker.
The direct-current breakers have a
current rating of 5 amp. at 14 volts,
with calibrated tripping range of 7.5
to 8.5 amperes, or current-carrying
rating of 0.1 ampere at 400 volts with
a calibrated tripping range from 1.7
to 2.3 amperes. Manufactured by the
General Electric Co., Schenectady, N. Y.

Compact Transmitter—A new small
size transmitter type 45-A having 40
watts telephone and 125 watts tele-
graph output, containing power supply
and all auxiliary equipment self-con-
tained except microphone and key is
announced by the Collins Radio Co.,
Cedar Rapids, Iowa. Frequency range
from 1,500 ke. to 30,000 ke. Control
grid modulation is used with a modula-
tion capacity of 100 per cent. Total
amplitude distortion is 10 per cent
maximum at 90 per cent modulation.
Noise level, 55 db below output level.
Weight 130 1b. Supply of 110 volts
60 cvcles a.c., 6.5 amperes line current
for telegraph and 4.5 amperes for tele-
phone. Dimensions 21} in. wide, 18 in.
deep and 12 in. high.

Power Amplifier—A radio frequency
power amplifier, having an output up
to 1,800 watts, on frequencies from 1.5

to 15 mec. with 130 watts excitation
required for full output, is announced
by the Audio Products Co., 485 West
Second St., Los Angeles, Calif. Net
price, less tubes, $100 with one set of

coils. Panel rack occupies a table space
12 x 19. 36 in. high. Type HK-354
Gammatrons tubes. Eimac 150T or
RCAB852 tubes may be used.

Glass & Mica Capacitors —The
Leichner Electric Co., Fort Wayne,
Ind., announces a series of flint glass
condensers ranging in capacity from
.0005 to .02 microfarads and ranging

in price from $1.05 to $4.25 depending
upon the capacity and voltage rating.
Voltage ratings from 1,750 volts d.c. to
7,500 volts d.c. Supplied in white
porcelain cases.

Audio Equipment

Spheroid Microphones. A non-direc-
tional crystal microphone of spherical
construction having high fidelity char-
acteristies and high level output. Man-

b -
%If; i

ufactured by The Shure Bros. Co., 215
West Huron St., Chicago, Ill. The

sphere is 2} in. in diameter; sound
enters through horizontal annular slots.

bual Diaphragm Microphone. A
crystal microphone having two opposed
diaphragms controlling one erystal.
Frequency response flat from 20 to
5,000 c.p.s. with a gradual rise to
10,000 c.p.s. Output level approxi-
mately —64 d.b. Manufactured by the
Astatic Microphone Laboratory, Ine.,
Youngstown, Ohio.

Moving Coil Microphone. A moving
coil dynamic microphone of the low
impedance type and of rugged construc-
tion is announced by the Thomaston
Laboratories, Inec., 220 West 42nd St.,
New York City. The microphones are
fitted with a stand and Cannon plug
at slight extra cost.

Sound Cell Microphone. A crystal
microphone designed for use in the
fields of public address, amateur phone
transmission and remote radio broad-
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WHAT NEW SOCKET DESIGNS ...

B ARE IN THE OFFING FOR HOMF
" AND AUTO RADIO IN 1936 ?

COMPLETE

LINE OF Advance information now ready for radio engincers.
SOCKETS _

FOR GLASS Samples will be submitted for test purposes to
OR METAL recognized set manufacturers.

TUBES

® © o o o @
, and

\ an entirvely new and better
auto-radio socket,

Before you design your new automobile
radio chassis, ask us for full informa-
tion and technical data on the NEW
FRANKLIN AUTO-RADIO SOCKET

which features:

—the least amount of space in chassis
(11" overall)

1
!
1
i
|
1
1
|
|

—voltage breakdown test 5000 v.
(twice that of normal breakdown) e————11/4"

d

—a different method of socket assembly to the chassis effects
definite savings in time, labor, material and space.

INVESTIGATE this new and improved socket.
Send for samples.

ALBERT W. FRANKLIN MFG. CORP.
137 VARICK STREET
NEW YORK, N. Y.

COMPLETE LINE OF % O 9

TERMINAL STRIPS ) ”'
111re
g
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cast pick-up where a good but inexpen-
sive microphone is important. Output
level —71 d.b., weight 3 oz. List price
$45. Manufactured by the Brush De-
velopment Co., East 40th St. and
Perkins Ave., Cleveland, Ohio.

Sound Level Meter. A portable and
simple sound level meter making use of
the single vacuum tube which provides
a range of 18 d.b. on its meter scale is
announced by the Electrical Research
Products, Inc., 250 W. 57th St., New

York City. A new type carbon miecro-
phone is mounted in the face of the
carrying case, which contains battery,
tubes and all necessary accessories.
Known as model RA-198. Weight is
8% 1b.

Recording Discs. Aluminum record-
ing discs coated with acetate for in-
stantaneous recording and playback.
Lateral recording up to 6,500 cycles;
hill-and-dale recording wup to 9,000
cycles. Surface noise below that of
standard shellac records. Manufactured
by the Presto Recording Corp., 139 W.
19th St., New York City. Available in
sizes from 6 to 16 in.

Portable Two-Speaker P. A. System.
A public address system for 110 volt
or battery operation weighing 40 Ib.
complete with two speakszrs. Suitable

Qg%%)

P

for use with carbon or crystal micro-
phones. Manufactured by the Miles
Reproducer Co., Inc., 112 W. 14th St.,
New York.

Microphone Stands. A series of
microphone stands expressly designed
for use with Brush microphones is an-
nounced by The Brush Development
Co., Cleveland, Ohio. Also prices and
capacities of single and two conductor
rubber covered shielded cable for use
in microphones. Price ranging from 6
to 10 cents per foot, announced by the
Brush Development Co.
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Directional Speaker Baffle. A floor
stand and directional speaker baffle for
use with dynamic loud speakers, suit-
able for portable installation, rental or
temporary installation and for per-
manent installations where insufficient
wall or ceiling space is available, is
announced by the Macy Engineering
Company, 1451 39th St., Brooklyn, N. Y.
Models available for all size of cone

speakers. List price $40, baffle and
housing alone $15.
Microphone Stands. A series of

microphone stands for suspending car-
bon crystal and dynamic microphones.
Announced by Eastern Mike-Stand
Company (formerly Eastern Coil Co.),
56 Christopher Ave., Brooklyn, N. Y.
Stand accessories such as plugs, cable
fasteners and swivels are available.

Hand Set Unit. The Lifetime Corp.,
417 Twelfth St., Toledo, Ohio, an-
nounces a transceiver hand set unit,
having a 200-ohm single button micro-
phone, frequency response essentially
flat to 4,000 cycles, and a receiver of
2,000 ohms resistance, especially de-
signed for this unit. The net price is
$11.95.

Materials and Fittings

New Tapping Screw — The Shake-
proof Lock Washer Co., 2501 N. Keeler
Ave., Chicago, Ill.,, announces a new
tapping screw with a standard machinz

e )

screw thread. A slot in the body of
the screw provides spring action, and
the material cut in tapping is directed
into the slot away from the cutting
edge.

High Permeability Alloy—The Al-
legheny Steel Co., Brackenridge, Pa.,
announces Allegheny Mumetal, a nickel
iron alloy of high permeability, for use
at flux densities under 5,000 gauss.
Maximum permeability as high as
100,000 is developed in this material,
with initial permeabilities as high as
30,000. The electrical resistivity is 45
microhms per em® A series of data
sheets giving magnetic curves of this
material is available from the manu-
facturer.

Electro-Plate Mesh—The Electrolytic
Products Corporation, 250 West 39th
Street, New York, N. Y., announces a
new process by which smooth surface
fine mesh metallic screens are produced
by electrolytic deposition, as a single
piece of metal. By this process in gen-
eral the hole size can be made as small
as desired, irrespective of the mesh,
within the limits of the material.

Recessed-Head Screws—The Ameri-
can Screw Co., of Providence, R. I,
has announced a line of screws and

L -

bolts with a newly designed recessed
head which holds the screw to the
driver and provides automatic self-
centering. This method of construc-
tion provides positive control of the
direction in which the screw is driven
and also results in a strong head.

White Fiber Material—A hard white
vulcanized fiber, furnished in sheets or
coils in thicknesses from 0.005 in. hav-
ing good mechanical and electrical
properties is announced by the Spauld-
ing Fibre Co., 484 Broome St., New
York, N. Y.

Resistance Alloy—‘“Kanthal,” a re-
sistance alloy for use in electrical fur-
naces where temperatures up to 2,417
deg. F. are required, for heating ele-
ments in domestic appliances and
wherever high specific resistance is
advantageous. Advantages claimed for
this alloy as against nickel-chromium
alloys are longer life, lower costs and
higher temperature operation. Man-
ufactured by C. O. Jellif Mfg. Corp.,
Southport, Conn.

Brass Die Casting Alloy—“Doler-
Brass,” a new casting alloy manufac-
tured by the Doehler Die Casting
Co., 386 Fourth Ave.,, New York, N. Y.,
having a light yellow color, impact
strength of from 30 to 36 ft. lb,, and
a tensile strength from 65,000 to
75,000 per sq.in. with a yield point of
30,000 to 40,000 Ib. per sq.in. The alloy
contains copper, zine and silicon, and
is especially adapted to die castings.

Measuring Equipment

Photo Electric Reflectionmeter — A
Reflectionmeter designed for the deter-
mination of whiteness consisting of a
self-generating photoelectric cell, a
microammeter, a small storage battery
and controls. The light source is re-
flected from the surface to be measured
to the cell. Colored filters are avail-
able for the measurement of various
spectral ranges. Pfaltz & Bauer, Inc.,
300 Pearl St., New York.

Cathode-Ray Oscillograph—A porta-
ble cathode ray oscillograph, model
148, announced by the Allen du Mont
Laboratories, 542 Valley Road, Upper
Montclair, N. J. Includes a basically
new sweep circuit having a range from
10 to 100,000 cycles per sec., with im-
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CHALK ONE UP
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— He saved 25% on these Timer fastenings
by specifying Self-tapping Screws

“Use bolts and nuts here ... use
machine screws in tapped holes
there.” It would have been easy
for the designers of this Timer
to write that hasty and conven-
tional assembly specification
after completing the electrical
and mechanical features. How-
ever, assembly methods received
careful instead of hasty consid-
eration. And the result was a 25
percent saving on the fastenings!

Comparison showed that adop-
tion of Parker-Kalon Type “Z”
Hardened Self-tapping Screws
instead of machine screws would
eliminate the costly operation

of tapping the brass parts. Al-
so that these same unique Screws
would save time and labor as
compared with bolts and nuts
for fastening contact springs to
the Bakelite panel. Cheaper to
use for both assemblies, the
Type “Z” Self-tapping Screws
made the assemblies stronger,
too. They always hold better
under tension, shear and vibra-
tion than machine screws in
tapped holes, or bolts and nuts.

Many designers and production
heads make it a practice to consider
Self-tapping Screws whenever a
fastening problem arises. While
these Screws will not make every

Where and How to use:-

Type ‘2" Hardened Self-tapping Sheet Metal Screws

~——~_ ] Forjoining and making fasten-
@ I ings to sheet metal up to six

| :: gauge; aluminum, die castings,
T | Bakelite, etc. Simply turn Screw
e into drilled,pierced. molded hole.
i nli 1t forms a thread in the material
asit is turned in. Can be removed and replaced.

Type ‘U Hardened Metallic Drive Screws

This type of Self-tapping Screw i
is used for making permanent
fastenings to iron, brass and al-
uminum castings, steel, Bake-

lite, Durez, etc. Hammer Screw ‘/2 i
into a drilled or molded hole.

1t forms a thread in material as it is driven.

fastening cheaper and stronger, rec-
ords do show that in seven out of
ten cases they provide a better job
for less money. So high an average
of success makes it important for
you to investigate the opportunities
on your own jobs. Do it now. Send
a brief description of one or more
specific fastenings with the coupon.
We’ll furnish FREE samples of the
correct type of Self-tapping Screw
for a trial, with recommendations of
our Assembly Engineers.

PARKER-KALON

HARDENED

Self-tapping Screws

PAT IN U.S. AND FOREIGN COUMTRIES

Parker-Kalon Corp. 198 Varick Street, New York

Send samples of Self-tapping Screws suitable
for fastenings described on attached sheet.

Name

Parker-Kalon Products are sold only through recognized distributors
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proved linearity resulting from the
use of a current limiting tube. The
amplifiers associated with the tube can
be arranged so that a signal of .2 volt
gives a deflection of 1 inch. A Du Mont
54-H tube, having a calibrated scale
on the fluorescent face, is used. Oper-
ates directly from 110 volts a.c. mains.

Cathode - Ray Oscillograph— T ype
HC-10-B1 Cathode-Ray Oscillograph
and Time Axis Oscillator, suitable for
operation from 50 or 60 cycle, 110
volts, a.c., is announced by the General
Electric Co., Schenectady, N. Y. A 5 in.
viewing screen is provided on the FP-53
Cathode-Ray Tube. Sensitivity is ap-
proximately 150 volts per inch for the
front plate and 80 volts per inch for
the back plate. The total wattage con-
sumed by oscillograph and time-axis
unit is 200 watts. Total weight is
97 1b. for the two units. The accelerat-
ing voltage is 3,000.

Miscellaneous Equipment

Sound Print Reduction Apparatus.
An optical reduction printer system for
producing high quality 16 mm. sound
prints from standard sized negatives
has been made available to printing
laboratories by the RCA Manufactur-

4

ing Co., Photophone Division, Camden,
N. J. The printer employs an optical
system which reduces the sound track
of the original in both transverse and
longitudinal planes, thus reducing the
sound track in correct proportions.

Control Unit. A control unit is an-
nounced by the Super Sensitive Con-
trols Corp., 2970 Sheridan Road, Chi-
cago, Ill., for universal applications

and instantaneous

positive
control of electrical energy is required.
Suggested uses are control of auto-

where
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matic heating plants, automatic refrig-
eration, scales or conveyors, fire and
burglar alarm systems, door closers,
and all types of photo electric cell
operations.

Overload Relays. A series of light
duty overload trip relays for direct or
pulsating direct current is announced
by the Leach Relay Co., 5915 Avalon
Blvd., Los Angeles, Calif. The relays
are intended for use as safety devices

e i i N

on various types of electronic appara-
tus for the protection of this equipment
against excessive currents. Coils can
be supplied to provide a trip action on
from 25 milliamperes to 2 amperes d.c.,
with contact ratings of from 2 to 10

amperes. List prices are $4.50 to $6.00.
Auto Radio PPower Analyzer. The
Radiart Corp., Shaw Ave., at East

133rd St., Cleveland, Ohio, announces a
radio power supply analyzer for auto
radio installations, capable of testing
all types of vibrators, transformers,
condensers, and the like.

Dropping resistor. A line-voltage
dropping resistor in a housing similar
to that of the 5Z4 tube, containing
resistance elements for use in series
with heater type tubes and pilot lamps
on 110 volt circuits. Provided with

octal base, and in 12 different ratings
for different tube combinations. Cur-
rent rating 0.3 amps for tubes, 0.250
amps for pilot lights. Manufactured
by the Clarostat Manufacturing Com-
pany, Inc., 285 North 6th St., Brooklyn,
N. Y.

Power Rectifier. The Ward Leonard
Co., Mount Vernon, N. Y., announces
the development of a rectifier for use
with magnetic chucks. This device
provides an economical means for ob-
taining rectified alternating current.

Literature

HE following manufacturers’ bul-
letins, catalogs, and trade literature
have recently been received:

4+ Variable Air Condensers. 1935-36
catalog of the Allen D. Cardwell Manu-
facturing Corp., 81 Prospect St., Brook-
lyn, N. Y., describing a complete line
of receiving and transmitting con-
densers of the variable air-dielectric

type.

+ Broadcast Station Equipment. Catalog
of broadcast equipment for broadcast
stations and recording laboratory is-
sued by the Gates Radio & Supply Co.,
of Quiney, Ill., including description of
high fidelity apparatus, speech ampli-
fiers, microphones, remote amplifiers,
preamplifiers and transcription equip-
ment.

+ Transmitting Tubes. United Trans-
mitting Tubes, a bulletin of United
Electronices Co., 42 Spring St., Newark,
N. J., together with information sheets
on various types of power tubes used
for A-F and R-F amplification, oscilla-
tion, etc.

+ Molded Products. The October, 1935,
issue of Durez Packaging News, pub-
lished by General Plastics, Ine., North
Tonawanda, N. Y., describing the ap-
plications of molded materials.

+ Relays. Catalog No. 1-A of the Leach
Relay Co., Los Angeles, Calif., describ-
ing relays for radio, telegraph, tele-
phone, broadecast stations and general
power purposes.

+ Mail Order Catalog. Catalog No. 18
of Federated Purchaser, Inc., 25 Park
Place, New York. Receivers and com-
ponents, tubes, equipment used in radio
and allied industries.

+ Component Parts. Bulletin No. 250
of the National Co., 61 Sherman St.,
Malden, Mass., describing complete line
of condensers, dials metal products, in-
sulation and insulating forms, receivers,
power supplies, ete.

+ Police Radio. A bulletin of the Na-
tional Electric Manufacturers Associa-
tion, 155 E. 44th St., New York, en-
titled “Useful Information on Police
Radio Systems,” containing information
for municipal authorities and others
contemplating the purchase of this
equipment.

+ Mail Order Catalog. Catalog No. 59
of the Wholesale Radio Service Co., Inc.,
100 Sixth Ave., New York, describing
a wide selection of receivers, com-
ponents, tubes, tools, ete.

+ Volume Controls. 1936 Replacement
Manual and Service Guide No. 2, issued
by the Yaxley Manufacturing Division
(P. R. Mallory & Co., Inc.), 3029 E.
Washington St., Indianapolis, Ind.
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Your Sales Volume

—Build Aladdin Polyiron Performance Into Your Receivers

Superior selectivity, tone, and DX—made possi-
ble by Aladdin Polyiron Coils—are still the major
sales points for radio sets. Sales volume parallels
receiver performancel

Polyiron’s peculiar properties, which account
for the high Q ratio of Aladdin R.f. and I. f.
transformers, are exclusive features of this amazing
compound of iron particles densely suspended in
an insulating binder.

Polyiron is available only in Aladdin cathode-
ray tested coils. It forms a magnetic core without
the disadvantages of eddy currents and hysteresis
losses of solid iron. High fidelity is optional
through overcoupling without appreciable loss in
gain. Watch Radio Retailing in December for
advertising which will tell of the advantages of
Aladdin Polyiron Coils to the trade.

Send for engineering data.

Aladdin Radio Industries, Inc.

PATENT DATA

Aladdin Radio Industries, Inc., are
licensees of Johnson Laboratories.
Aladdin Polyiron Coils are manu-
factured under one or more of the
following U. S. Letters Patents:
1887380, 1978599, 1982690, 1940228,
1978400, 1997453, 1978568, 1982689,
2005203, 2002500, 2018626.
Other patents pending.

Every Aladdin Polyiron
Coil must pass rigid oscillo-
graph tests. This bank of
ten cathode-ray oscillo-
graphsis used in production
testing at the Aladdin coil
assembly plant in Chicago.
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Radioactivity by Bombardment

particle or a neutron, the other
heavier particle constituting a
nucleus which may or may not be
one of the familiar stable elements.
If it is not, then a radioactive
element has been formed, as was
first discovered” by Curie-Joliot in
1934. Such nuclei are unstable and
some time later disintegrate sponta-
neously, emitting either an electron
or a positron, and often a gamma ray
of high energy. (The positron has
the mass of an electron and the same
quantity of charge, although of posi-
tive sign. It was first discovered®
in studies of cosmic rays. Gamma
rays are electromagnetic vibrations
of the same type as light and X-rays,
though of much shorter wave
length.) The body that remains after
the radioactive decay is almost al-
ways an ordinary stable element.

Every nucleus in a particular
sample of radioactive matter does
not burst at exactly the same instant,
but the average time that elapses
between its formation and its decay
is highly characteristic of the ele-
ment in question. The disintegra-
tions are at first very numerous, but
become less frequent as the supply
of not-yet-disintegrated nuclei be-
comes exhausted. The time for half
of the radioactive nuclei to have
broken up is called the “half-life,”
and this varies, among the artificial
radioelements, from a fraction of a
second up to many months.

The radioactive strength of any
material, measured by the number of
electrons or positrons emitted per
second, is obviously greater for short
lived elements than for those of long
life, if the same number of activated
atoms is considered in each case, for
the former class disintegrate at a
more rapid rate. Further, some of
the nuclei made radioactive during
the early minutes of the activation
bombardment decay before this
process is finished; theoretically,
with a given number of projectiles
per second, an infinite duration of
bombardment is necessary to reach
the saturation state of maximum ac-
tivity, when as many radioactive
nuclei are being produced as decay
every second, Actually, the net
vield of active atoms increases with
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[Continued from page 9]

the time of bombardment in such a
mannar that an exposure equal to the
half-life of decay produces one half
the maximum activity, while in ten
half-lives over ninety nine per cent
of maximum is attained. It is there-
fore apparent that because of praec-
tical limitations of time much
stronger samples of short lived ele-
ments can be produced than of long
lived, assuming equal efficiency of
transmutation per projectile.

Uses for the Radio-Elements

Both types of disintegration —
those forming stable nuclei directly
and those resulting in radioactivity
—are equally of interest to the
physieist, for much information on
nuclear structure can be gained from
studying the energies and numbers
of the various particles that are
formed and how these vary with the
energy and type of projectile used.
But the artificially produced radio-
active elements are of perhaps wider
general interest, since they offer
great opportunity to the biologist
and chemist. The latter is often
desirous of knowing how fast a re-
action takes place or how the con-
stituents of a compound separate out
under various conditions. If a small
quantity of a radioactive isotope of
the material in question be added, an
extremely convenient and sensitive
indicator is obtained, for the active
substance reacts chemically just like
the ordinary element and at the same
time makes its presence known very
definitely, through its effect on a
simple electroscope. This procedure
has already been used with naturally
radioactive elements but only in
those few cases where the material
to be studied is chemically similar to
the radioelement available. To have
radioactive isotopes of all the ele-
ments will be obviously a great ad-
vantage,

Uses in Biology

On the biological side, a cheap and
effective substitute for radium ap-
pears to be at hand, which may be of
great value in the treatment of
cancer. Instead of inserting into the
tissue a small capsule of radium, or
of its derivative radon, it may prove

possible to inject directly into the
tumor a salt solution containing, for

example, radiosodium, made by
bombarding ordinary salt with
deuterons™. This emits gamma rays

of approximately three million elec-
tron-volts energy, as well as electrons
with energies ranging up to two
million electron-volts. Best of all,
the half-life of radiosodium is only
15.5 hours, so that no serious damage
can be done to healthy tissues of the
body by the gradual diffusion of the
radioa:tive element into them; for
in ten half-lives, or 155 hours, the
activity is over ninety nine per cent
gone. Also, the normal sodium atoms
in the sample which were not ac-
tivated during the bombardment can
do no harm to the system, nor can
the minute quantities of magnesium,
into which radiosodium decays.
Within the past few years a great
deal has been learned of nuclear
structure and of the technique of
producing transmutations at will. It
is well within the realm of possi-
bility that in the not distant future
it will be possible to synthesize in
quantity any desired chemical ele-
ment, either stable or radioactive. A
new science is being born, which, be-
cause of the fusion of subject matter,
may equally well be called either
nuclear chemistry or nuclear physies.

'Rutherford, Philosophical Magazine, 37,
581 (1919)

28ince both the proton and the deuteron
have a positive charge equal in magnitude
to that of the electron, a new energy unit
has come into use: the electron-volt, which
equals the kinetic energy one electron or
any similarly charged body acquires in fall-
ing freely through a potential difference of
{mel volt.  This amounts to 1.59 x 10 -1
joule,

3Cockeroft and Walton, Proc. Royal Soc.
A 136, 619 (1932)

“Crane,

Lauritsen and Soltan,
Review 45,

Physical
507 (1934)

®Tuve, Hafstad and Dahl, Physical Re-
view 48, 315 (1935)

*Van de Graaff, Compton and Van Atta,
Physical Review 43, 149 (1933)

"Lawrence and Livingston, Physical Re-
view 40, 19 (1932); 45, 608 (1934)

#3loan, Thornton and Jenkins, Review of
Scientific Instruments, 6, 75 (1935)

°Chadwick, Proc. Royal Soc, A 136G, 692
(1932)

1Curie-Joliot, Nature, 133, 201 (1934)

1 Anderson, Physical Review, 43, 491
(1933)

2],awrence,
(1935)

Physical Review, 47, 17
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YOU CAN STRENGTHEN YOUR PRODUCTS

WITH TEXTOLITE

Textolite laminated is a strong material having
high insulating qualities. It does not warp or
shrink, and its insulating qualities are not
affected by atmospheric conditions. No matter

CHECK THE ADVANTAGES THIS
LAMINATED MATERIAL PROVIDES

how delicate a device is, the inclusion of
Textolite in its construction will give it strength,
low ground leakage, and proper insulation of

charged circuit parts.
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For information as
to the adaptability
of Textolite to
your needs, write
Plastics Depart-
ment, General
Electric Company,
West Lynn, Mass.

942-39

GENERAL @ ELECTRIC
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PATENTS REVIEW

ATENTS indicate trends.

Next year’s radio circuits,

applications of electron tubes for non-communication
purposes, new tube types, new materials, may be discovered
by following United States and British inventions.

Electron Tube Applications

Illumination control. A photo-electric
tube combined with a vacuum tube for
control of artificial illumination. W. R.
King, No. 2,012,821.

The combination of

Control circuit.

a photo cell and voltage regulator tube.
F. H. Shepard, RCA, No. 2,014,786.

Time interval measurement. A grid
control rectifier circuit for receiving
transmitted sound impulses and echo
sounds. J. D. Tear, No. 2,012,837.

Machine tool. Vacuum tube appa-
ratus for maintaining the motor at a
constant speed under varying loads.
40 claims, Brown & Sharpe Mfg. Co,
No. 2,011,068.

Rail flaw detector. Vacuum tube
method response to flux variation sur-
rounding the rail. E. G. Sperry, Sperry
Products, No. 2,011,425.

Temperature measurement. A high
frequency oscillator with a condenser
whose capacity varies with a variation
in temperature. A. H. Davis, National

Aniline & Chemical Co., Inc., No.
2,011,710.
Conductivity measurement. An ele-

tron tube for ascertaining the conduc-
tivity of materials which are polarized
upon passage of d-c current. Albert
Preisman, New York, N. Y. Nos.
2,010,242; 2,010,243.

Time indicator. Means for indicat-
ing lengths of energized and de-
energized periods on a welding system.
H. W. Lord, G.E. Co., No. 2,011,366.

Translating apparatus. No. 2,013,390
a Polyphase X-Ray System, W. X-Ray
Co. No. 2,013,454, an electric power
transmission, C. H. Willis, G.E. Co.
No. 2,013,221, C. Stansbury, Cutler-
Hammer, motor controller. No. 2,010,
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577, B. J. Wilson, Leeds & Northrup
Co., motor control system. No. 2,008,-
855, W. E. Co., regulating system for
dynamo-electric machines. No. 2,010,-
697, H. W, Lord, G.E. Co., a peak volt-
age measuring device. No. 2,011,381,
C. G. Suits, G.E. Co., an electrical
system providing sequence of opera-
tion. No. 2,012,426, to F. H. Gulliksen,
W. E. & M. Co., regulating apparatus.
No. 2,012,573, T. H. Long, W. E. &
M. Co., translating apparatus. No.
2,012,588, F. G. Logan, Ward Leonard
Electric Co., electric regulating appa-
ratus. No. 2,012,884, Louis Leroy,
Paris, France, a circuit for regulating
vapor electric discharge rectifier tubes.
No. 2,015,591, E. D. Cook, G.E. Co., on
a control circuit. No. 2,013,815, Roy J.
Wensley, W. E. & M. Co., protective
apparatus for a-c circuit. No. 2,011,-
970, J. W. Dawson, W. E. & M. Co., heat
transfer apparatus control. No. 2,016,-
148, H. B. LaRoque and F. R. Elder,
G.E. Co.,, on a power control system.
No. 2,016,147, C. W. LaPierre, M. S.
Mead and F. B. Menger, G.E. Co., on
electric tripping circuit.

Meter testing. Method of comparing
a meter to a rotary standard by means
3 ROTATING

STANOARD

10
5 Ed

of a photocell and amplifier circuit.
Frederick Strattner, Manoa, Pa., No.
2,013,393.

Color matching. Radiation is pro-
jected on the article to be matched.
Photocell having a response that varies
in accordance with the variation of the
wave length of the radiation, but is
constant for variations in total radiant
flux impinging thereon and emitted by
the article to be tested. E. D. Wilson,
Wilkinsburg, Pa. W. E. & M. Co., No.
2,008,410.

Amplification, Detection, etc.

Automatic volume control. A bridge
normally unbalanced between the
source and the amplifier input with a
signal rectifier connected between an
arm of the bridge and the output of the
amplifier for controlling the bridge
balance to automatically adjust the

transfer of energy from the source to
the amplifier. Stuart Ballantine, RCA.
No. 2,014,831. See also No. 2,016,366,
P. 0. Farnham, RCA.

Modulating system. A double button
carbon microphone connected to a
source of energy higher than the
audible range, a full wave rectifier and
connected to an oscillator. A. K. Ward
and P. M. Craig, RCA. No. 2,015,827.

Acoustic devices. Several patents.
Nos. 2,007,746 to 2,007,750 to R. W.
Carlisle, Abraham S. Ringel, H. F.
Olson and L. J. Anderson, RCA, on
high-fidelity loud speakers in which the
voice coil has two windings, ete.

Testing oscillator. A radio testing
instrument providing several harmonic
frequencies for determining the operat-
ing condition of a radio receiver. Floyd

Fausett, Supreme Instruments Corp.
No. 2,016,084.
Converter. Device for converting

d.c. to a.c., including a non-linear re-
sistance and means for shunting the

resistance at intervals. W. F. Cotter
and M. E. Bond, United American
Bosch Corp. No. 2,013,878.

Push-pull circuit. Method of operat-
ing the grids at a positive potential in
the absence of signal waves in the
input circuit. Charles Travis, RCA.
No. 2,016,402.

Logarithmic amplifier. A circuit in
which the grids of several tubes are
connected through a condenser respec-
tively in parallel across the input with
the object of getting a total resultant
characteristic which varies substan-
tially logarithmically. H. O. Roosen-
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43 E. Obhio Street, Chicago, lll.

Bulletins, samples and prices on request

GOAT RADIO TUBE PARTS, INC.

(A Division of THE FRED GOAT COMPANY, INC., Established 1893) F
314 Dean Street, BROOKLYN, N. V.

200 N. Edgemont Ave., Los Angeles, Calif.

GOAT Form Fitting Tube Shields

The logical counterpart

of the " G-Tube”’

500 King Street, West, Toronto, Canada
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LECTRONIC Laboratories are pri-
E marily concerned with the de-
velopment and perfection of radio
vibrator power supply units and re-
placement parts. Electronic prod-
ucts are not only scientifically
designed for the purposes they are
to serve, but they are also manufac-
tured to laboratory standards of per-
fection. With such a background
Electronic L.aboratories are in a posi-
tion to be of valuable assistance to
radio engineers, designers, and man-
ufacturers and solicit the opportunity
to offer helpful suggestions in radio
power supply problems.

ELECTRONIC LABORATORIES, INC.

Indianapolis, Ind.
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stein and Wilhelm Runge, Telefunken.
No. 2,014,509.

Frequency control system. A long
line oscillator and ecircuit. J. W.
Conklin, RCA. No. 2,014,424.

Negative feedback system. Circuit
which tends to sing at a frequency
outside of the utilized frequency range.
This tendency is reduced while keeping
unchanged the loop gain at a given
frequency in the utilized frequency
range. H. S. Black, B. T. L., Inc. No.
2,011,566.

Magnetostrictive circuit. A fre-
yuency-discriminating sound transmit-
ter wusing magnetostriction. No.
2,014,412 to G. W. Pierce, Cambridge,
Mass., and No. 2,014,413 on a system
tor the reception of frequencies higher
than speech frequencies.

Program distribution. Two patents
to A. R. Hopkins, RCA, on radio fre-
quency distribution system for trains.
No. 2,008,279 and 2,008,280.

Constant output oscillator. Method
of supplying automatic bias to a fre-
quency changer in a superheterodyne,
by connecting the grid and cathode of
the first detector tube respectively to
the negative and positive ends of a re-
sistance to produce a negative bias

%e e

on the control electrode of the first
detector varying directly with the volt-
age of the oscillator whereby the opti-
mum value of negative bias is auto-
matically produced for each frequency
of oscillation. No. 2,017,019 to S. W.
Seeley, RCA. See also No. 2,017,020
on a negative bias system for audio
frequency amplifiers to S. W. Seeley.

Modulation meter. The waves are
rectified, the average values and the
deviations of the maximum and mini-

mum values from the average value
are measured. W. N. Tuttle, General
Radio Co. 22 claims. No. 2,012,291.

Push-pull amplifier. Means for nega-
tively biasing the control-grids under
control of the d-¢ component of the
anode currents of the tube. The first
tube is normally under-biased and the
second tube is normally over-biased.
E. F. Carter, Hygrade Sylvania Corp.
No. 2,014,520.
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Automatic volume control. H. A.
Wheeler, Hazeltine Corp. Filed April
6, 1932. 23 claims. No. 2,013,121.

Volume control. Use of tubes hav-
ing several grids; means for establish-
ing different d-¢ potentials upon the
several grids, controlling the amplifica-
tion by simultaneously adjusting the
d-¢ potentials upon at least two of the
grids in accordance with the strength

of signals applied to the amplifier.
K. C. Black, RCA. Application April
14, 1930. 37 claims. No. 2,013,297.

Preselector system. By means of
negative resistance the resonance char-
acteristics of an antenna, for example,
is sharpened. W. F. Curtis, Beaver
Heights, Md. No. 2,013,650.

Selective a.v.c. Method of quieting
receiver when energy transmitted from
the input decreases below a predeter-
mined level. W. A. Harris, RCA. No.
2,013,307. See also No. 2,010,252 to
L. E. Barton, RCA, on the same subject.

Band pass tuner. A preselector sys-
tem. A. T. Witts, RCA. No. 2,012,030.

Multi-range receiver. Including
means of regeneration. P. J. Snider,
RCA. No. 2,011,941.

Variable band receiver. Interstage
coupling comprising an essential and
an auxiliary circuit with the coupling
between the latter two circuits adjust-
able so that the sensitivity of each
stage is automatically reduced when
the selectivity is decreased. W. v B.
Roberts, RCA. Re-issue. No. 19,668.

Program selector. A timed radio
program selector. G. G. Pernod, New
York, N. Y. No. 2,010,826.

Automatic tone control. A connec-
tion between a tone control circuit and
a radio frequency amplifier whereby
the transmission of currents of higher
audio frequenecy is varied in the same
direction as the change in amplification
of the amplifier. Rudolf Rechnitzer,
Telefunken. No. 2,012,321.

Multi-band receiver. Switching sys-
tem involving feedback. R. M. Planck,
RCA. No. 2,015,191.

Control system. A time control switch
element for automatically tuning the
receiver at given intervals. E. E.
Temple, Denver, Colo. No. 2,010,044.

Control circuit. Means for simul-
taneously actuating sensitivity, seleec-
tivity, fidelity control. G. L. Beers,
RCA. 32 claims. No. 2,010,131.

Remote tuning. Method of remote
control and automatic tuning. H. B.
Fuchs, Brooklyn, N. Y. No. 2,012,603.

Patent Suits

1,313,094, I. Langmuir, System for
amplifying variable currents; 1,729,-
048, F. G. Myers, Method of making
talking motion pictures; 1,756,863,
C. A. Hoxie, Method of making motion
picture films; 1,840,351, W. L. Douden,
Sound record and method of producing
same; 1,854,159, L. T. Robinson, Sound
recording, filed Apr. 20, 1935, D. C..
S. D. Calif. (Los Angeles), Doc. E
650-M, R C.A et al. v. R. M. Like et al.

1,403,475, H. D. Arnold, Vacuum
tube circuit; 1,403,932, R. H. Wilson,
Electron discharge device; 1,811,095,
H. J. Round, Thermionic amplifier and
detector; 1,936,162, R. A. Heising,
Transmission system; 1,702,833, W. S.
Lemmon, Electrical condenser, D. C.,
S. D. N. Y., Doc. E 80/142, R.C.A. et
al. v. Lenox Engineering Co., Inc., et al.
Consent decree for plaintiff (notice
May 31, 1935).

703,929, F. E. Ives, Photochromo-
scopic and trichromatic apparatus;
1,253,796, L. F. Douglass, Camera;
1,416,645, C. F. Jones, Duplex camera,
filed May 1, 1935, D. C., S. D. Calif.
(Los Angeles), Doc. E 658-J, Techni-
color Moticn Picture Corp. v. L. F.
Dougluss et al.

1,455,141, Lowell & Dunmore, Radio
receiving apparatus; 1,606,212, same,
Power amplifier; 1,635,117, . W. Dun-
more, Signal receiving system, C. C. A.,
4th Cir., Doc. 3816, P. D. Lowell et
al. v. A. G. Triplett et al. Decree re-
versed June 4, 1935.

Re. 18,579, Ballantine & Hull, De-
modulator and method of demodula-
tion; 1,297,188, I. Langmuir, System
for amplifying variable currents;
1,573,374, P. A. Chamberlain, Radio
condenser; 1,618,017, F. Lowenstein,
Wireless telegraph apparatus; 1,707,-
617, 1,795,214, E. W. Kellogg, Sound
reproducing apparatus; 1,894,197, Rice
& Kellogg, same, D. C., S. D. N. Y.,
Doc. E 80/143, R.C A. et al v. Lenox
Engineering Co., Inc., et al. Consent
decree for plaintiff (notice May 31,
1935).

1,828,094, H. Andrews, Electrical fre-
quency changing apparatus of the
thermionic type, D. C. Dela., Doc. E
1046, Radio Patents Corp. v. Westing-
house Electric Supply Co. Consent
decree dismissing bill without prejudice
April 3, 1935.

1,297,188, I. Langmuir, System for
amplifying variable currents; 1,573,-
374, P. A. Chamberlain, Radio con-
denser; 1,728,879, Rice & Kellogg,
Amplifying system, D. C., S. D.
Calif., C. Div., Doc. E 551-H, R.C.A. et
al. v. J. L. Misrach (United Radio
Stores). Patents held valid and in-
fringed (notice July 25, 1935).

1,879,863, H. A. Wheeler, Volume
control, C. C. A., 2d Cir.,, Doc. —,
Huzeltine Corp. v. B. A. Emerson Tele-
vision Radio, Inc., et al. Decree affirmed
(notice July 31, 1935).
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SPRING
TENSION!

HEN you specify Shakeproof

Lock Washers, you are providing
your product with the greatest possible
protection against the damaging action
of Vibration. Each twisted tooth is
specially tapered to insure a constant
spring tension, which keeps the biting
edges of the tooth firmly imbedded in
both nut and work surfaces. Thus a
powerful strut is placed between the
nut and the work —a practically im-
movable force operating against any
backward movement of the nut. Then,
realize that this same positive locking
action is multiplied as many times as
there are teeth on the washer. That is
why Shakeproof urges you to test this
modern lock washer yourself—see with
your own eyes how definitely it excels
over any other locking method. Free
testing samples are yours for the ask-
ing—write today!

Type 20 anltlrls
Terminals

SHAKEPROOF

xyawreeed Lock Washer Company

| ||1I 23 = T
1 7E2.58 7 Distributors of Shakeproof Products
Manufactured by Hlinois Tool Works

2539 N. Keeler Ave. Chicago, Ill.

Other Pac. Peading
=Foreign Pat.
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TO OPERATE

DIRECT CURRENT
EQUIPMENT

C1--'I1ESE Ward l.eonard Controlled Rectifiers,
without moving parts, offer a most economical
means of providing direct current from alternating
current supply. They operate with little electrical
and no mechanical loss. They require no mainte-
nance. Here is the device you have been looking
for to operate your DC equipment from AC cur-
rent where volt-
age control is a
factor. Send for
particulars.

CONTROLLED RECTIFIERS for com-
munication, laboratory and similar uses
requiring a constant DC voltage with
varying loads.

SEND FOR DESCRIPTII'E BULLETIN
Bulletin 8601 describes the Ward Leonard
Controlled Rectifier, gives cfficiencies and
other technical data. Send for a copy.

WARD LEONARD

RELAYS - RESISTORS - RHEOSTATS

WARD LEONARD ELECTRIC CO.
32 South Street. Mount Vernon. N. Y.

Please send me your bulletin No. 8601.
IName e e
COMPUNY . o s

N 7 2 N



British Patents

Radio Circuits

Testing circuit. A single-tube oscil-
lator, primarily intended for testing,
demonstrating, or servicing wireless
receivers comprises a screen grid
tetrode, connected as a dynatron by
biassing its screen grid to a higher pos-
itive potential than the anode. W. F.
Brown, Staffordshire. No. 423,961.

Superheterodyne. An amplifier and
a dynatron oscillator feed a rectifier
in whose output circuit is a resistance.
The output signal is taken from this
resistance. The rectifier also has a
resistance in the anode circuit and the
voltage across this is applied to the
grid of an oscillator. The control
rectifier is bias delayed to be inopera-
tive until the signal exceeds the voltage
applied to the anode of the oscillator
and cathode of the rectifier. The object
is to improve the discrimination against
interference. RFL, Inc. No. 424,197.

Automatic tone control. A capacity
for use as a tone control is variable in
accordance with an applied voltage and
comprises a tube having a condenser
between the plate and grid and an im-
pedance in the anode circuit. The

effective input capacity of the tube un-
der these conditions is a funection of
capacity,

the grid-plate the mutual

conductance and the load impedance
and can thus be adjusted by varying the
grid voltage. The circuit shows the
application to the over-attenuation of
higher frequencies, therefore the re-
duction of noise when a weak station
is being received in a superheterodyne,
in which a voltage for a.v.c. is derived
from a diode. J. Yolles, Marconi Co.,
No. 428,772.

Detector reception. In a diode de-
tector the anode is connected to a more
positive point on the load circuit than
the cathode to avoid distortion with
high percentage modulation. C. Travis,
Marconi Co., No. 427,018,

Superheterodyne. A detuned oscil-
lator is used to produce a control wave
which prevents reproduction of the
signal when the receiver is out of tune
by a predetermined amount. E. K.
Cole, No. 431,006.

Tuning aid. To permit accurate aural
tuning, a receiver in addition to having

66 (180)

an a.v.c. is a means for decreasing the
sensitivity on departure of the tuning
of the receiver from resonance with the
received signal by making the selec-
tivity of the a.v.c. potentials to be less
than those used for producing aural
tuning control. Associated Electrical
Industries, No. 429,429. See also No.
429 428, on automatic volume control
circuits.

Tuning systems. In a receiver tuned
by ganged variable inductance of the
moving core type, the tuning range is
altered by varying the capacity of the
tuned circuits by switching-in fixed con-
densers. Johnson Laboratories, W. J.
Polydoroff, No. 429,471.

Superheterodyne. T he frequency-
changing stage is so arranged that the
same variable condenser serves to tune
the receiver to the incoming signal and

to tune the local oscillator. Hazeltine
Corp., No. 425,659.
Local oscillator circuit. The grid of

the oscillator is connected to an inter-
mediate point on a grid leak resistance,
a condenser being across the upper
part of the grid, having such a value
that the phase angle of the impedance
between the grid and the high poten-
tial end of this resistance corresponds
to that of the impedance between the
grid and the cathode. By this means,
the effect of variation in grid-cathode
capacity of the oscillator tube to im-
prove replacement on the oscillator
frequency is minimized. Philips, No.
425,880.

Remote control. A transmitter or
receiver having a low impedance circuit
for transferring high-frequency signal
circuits from the control apparatus to
the transmitter or receiver. Plessey
Co., No. 426,011.

R-f amplifier. In an r-f pentode cir-
cuit the coupling between stages is
partly magnetic and partly capacita-

tive, with regeneration available to
obtain equal overall amplification over
the tuning range. A. V. Loughren,
No. 426,109, Marconi Co.

Automatic volume control. A con-
trolled direct current is used to vary
the saturation of the ferro-magnetic
core of an inductance. Marconi Co.,
No. 426,347.

Frequency multiplier. The frequency
separation between desired and un-

desired signals in a radio receiver is
increased by using the first stage as
a frequency multiplier comprising two
tubes with push-pull input, biased to
the lower bend. Their output circuits
are in parallel to balance out the funda-
mental frequency. A. C. Cossor, No.
426,350.

Frequency Modulation. Two patents
to E. H. Armstrong. No. 426,227 re-
lates to a method of producing fre-
quency or phase modulated signals.
No. 426,228 relates to a system for
increasing the signal strength with
respect to hiss. A wide band is used
with current limiters, a pair of bal-
anced detectors which respond cumula-
tively to frequency modulated signals
and differentially to amplitude modu-
R

FIGC.2.
RECTIFIER  CURRENT LUMITER
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=
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lated variations. Assuming an un-
modulated 200 kec. carrier, audible tube
hiss arising from filament variations
is limited to the range from 190 to
210 ke. By the circuits 52, 54, 53, and
55 this noise effect is wiped out. It is
stated that on 6 meters, the tube noise
is reduced to 1 per cent of its normal
value.

Noise suppressor circuit. Method for
reducing the amplification preceding
the detector when the received signal
strength is below a predetermined level.
Marconi Co., No. 426,893.

Superheterodyne. Complete separa-
tion of the original frequencies from
the combination frequencies resulting
from frequency conversion in a super-
heterodyne is achieved by the use of
two control grids separated by a
screen grid. G.E. Co., No. 426,512.

A.v.c. circuit. A varying master-
bias voltage is arranged to vary the
bias of each controlled tube only be-
tween definite limits both determinable
for each tube. Murphy Radio, No.
426,803.

Frequency converter. A modulation
system comprising a tube having two
grids separated by a positively biased
screen electrode, modulating potentials
being applied to one grid and r-f oscil-
lation to the other, the output circuit
being between anode and cathode.
Hazeltine Corp., No. 426,855.
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TRIPLETT “TWIN™
(En any combination of A.C. or D.C.)

YOU CAN
DEPEND ON

'@ﬁus

ELECTRICAL INSTRUMENTS
Moving Coil Accuracy 2%

Triplett offers you a complete and dis-
tinctive line of instruments. Instru-
ments too, that are modern in every
way; easy to read, light in weight and
compact in size.

Yet Triplett instruments will give you
a new conception of precision. Just
try them. And this precision is not
extravagant. Many readings can be
improved with Triplett accuracy—time
saved in hunting errors—and finished
panels greatly improved in appearance.

Why not use coupon below now for
full information.

MAIL THIS COUPON NOW

------------------------------------------------------------------------------

TRIPLETT ELECTRICAL INSTRUMENT CO.
2311 Harmon Ave., Bluffton, Ohio

Please send me catalogue. .. ......... ... ... ... ... ... . ...,
More information on . .......
Name ....... .....

Address . . o~ = EEEEEN 8 ! Bl . L b

..............................................................................
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- ARE YOUR
READINGS
CORRECT?

TRIPLETT
A.C. Volt Meter
Model No. 331

PRECISION WITHOUT
EXTRAVAGANCE

TRIPLETT D.C. Milliampere Meter
Model No. 421

TRIPLETT MANUFACTURES

a complete line of electrical instruments for radio, electrical and general
industrial purposes—both standard and custom built. Write for
catalogue.

e I R

Precision®
_ELECTRICAL INSTRUMENTS

(481) 67



N E W/ ! RADIO RECEPTOR

DYNAMIC (MOVING COIL)

MICROPHONES

The high sensitivity of
these microphones reduces
amplifier cost, parasitic
and tube noises.

MODEL 6-A

j especially designed for studio

™) broadcasting and recording
“¥ work.
7

MODEL 6-B

for remote pickup and
public address work.

MODEL 6-C

for amateur use and low-
priced  public  address
equipment.

LIST AND
price $30.00 “yp
Please reply on your letterbead.
We will gladly send complete information.

RADIO RECEPTOR COMPANY, INC.
108 "TH AVENUE, NEW YORK CITY, U. S. A.

900,000- OHM CONTROL

HE Type 642-D Volume

Control is a 200,000 ohm volt-
age-divider designed for use as a
vacuum-tube amplifier gain con-
trol or as a multiplier for a vac-
uum-tube voltmeter. The atten-
uation range is 0 to 30 db in 3 db
steps. The attenuation ratios are
accurate to within 0.1 db to ap-
proximately 10,000 cycles.

Type 642-1) Volume Control. . .$25.00

For complete details write for Circular P-100-E

GENERAL RADIO COMPANY
Cambridge, Massachusetts

won
in the Greatest Variety! W/]

Ingenious  hermetic Any style ecan, mounting, lug or pigtail
sealing for stability terminals . . | in single or multiple sec-
and permanency. tions . . . any capacity or voltage. You

* will tind just what you need among the
Seepage - proof  in- many listings in our latest catalog. Or
selated cap, spun- if your needs are quite extraordinary, our

riveted terminals, . A . A
soft-rubber gasket. quotations will prove mighty attractive.

° New Catalog Just jssued.  Covers cou-

. - denser  and  resistor  line,

vA!I_a,::r:;::n?innD_attf Sent on request, with sample copy of monthly
longest life. Research Warker,

Conservative ratings
.. full  eapacity...
minimum leakage.

Millions  in  use.
Cheek up their serv-
ice record!

CORPORATION
75 Washington St., Brooklyn, N. Y.

* FOR THE NEW ALL-METAL TUBES »

TUN GN DS TEN
MOLYBDENUM

ROD, SHEET AND WIRE e SPECIAL SHAPES

KULGRID

For Grids, Round or Flat
Also Kulgrid “C” Tungsten Welds

ELECTRICAL CONTACTS

CALLITE PRODUCTS CO.

534—39th STREET UNION CITY, N. J.

ASTATIC

S-TYPE CRYSTAL PICKUPS

HIGH FIDELITY!
ECONOMICAL!
PROFESSIONAL!
GUARANTEED!

LICENSED UNDER BRUSH DEVELOPMENT CO. PATENTS
See your jobber or write for literature.

ASTATIC MICROPHONE LAB., INC., YOUNGSTOWN, OHIO

““Pioneer Alanufacturers of Quality Crystal Products’

68 (182)
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Radio Engineering

Library

—especially selected by radio specialists of McGraw-Hill

publications
—to give most complete, dependable coverage of facts needed by
all whose fields are grounded on radio fundamentals

—available at a special price and terms.

HESE books cover circuit phenomena, tube theory, networks,

measurements, and other subjects—give specialized treatment
of all fields of practical design and application. They are books
of recognized position in the literature—books you will refer to
and be referred to often. If you are practical designer, researcher
or engineer in any field based on radio, you want these books
for the help they give in hundreds of problems throughout the
whole field of radio engineering.

5 volumes, 2981 pages, 2000 illustrations

1. Everitt's COMMUNICATION ENGINEERING

2. Terman's RADIO ENGINEERING

3. Chaffee’s THEORY OF THERMIONIC VACUUM TUBES
4. Hund’'s HIGH-FREQUENCY MEASUREMENTS

5. Henney’s RADIO ENGINEERING HANDBOOK

Special low price and easy terms

Bought singly, the five volumes comprising this library would cost
you $26.00. Under this offer you save $2.50 and in addition have
the privilege of paying in easy installments beginning with $2.50,
10 days after receipt of the books, and $3.00 monthly thereafter.
Already these books are recognized as standard works that you
are bound to require sooner or later. Take advantage of these

convenient terms to add them to your library now.

ON-APPROVAL COUPON

a
»
McGraw-Hill Book Company, Inc. :
330 West 42d Street. New York, N. Y.
Send the Radio Engineering Library (5 volumes) for 10 days®
examination on approval. In 10 days I will send $2.60. plua
few cents postage, and $3.00 monthly until $23.60 has been paid.

or return books postpaid. (We pay postage on orders accom-
panied by remittance of first installment.)

Signed
Address
City and State

Official Position .

Name of Company
{Books sent on approval in U. 8. and Canada only.)
. LAl . L]
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AN
ACHIEVEMENT
OF
DISTINCTION
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‘““Meets our requirements’” . .. is the way sound engineers de-~
scribe the ultra modern PRESTO GREEN SEAL DIiSC. The
quality of tones reproduced by recording apparatus is only
as faithful--or as poor—as your disc makes it. Hundreds or
thousands of dollars may be invested in recording or repro-
ducing machinery-—but the disc has the final ‘“say”! The
“say” will be perfect if your disc is PRESTO GREEN SEAL!
the latest advance in instantaneous sound recording.
And of course the PRESTO INSTANT UNIVERSAL
RECORDER is a necessary link in the chain for perfect
high fidelity reproduction. Portable- flexible and compact.
Get the detailed engineering characteristics of the PRESTO PRODUCTS
today. They will meet with your most critical expectations.
Ewverything for recording from a needle to a complete studio installation.
PRESTO PRODUCTS are unconditionally guaranteed. [f complete
satisfaction is not received. relurn purckase within thirty days—ard money
will be gladly refunded immediately.

"

RECORDING CORPORATION
139 West 19th Street, New York, N. Y.

’ . DA
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WITH

Binding Posts Low-Loss Sockets Short Wave

Tip Jacks A-CSwitches Switches
Male Plugs Tap Switches Moulded Sockets
Female Plugs Terminal Strips Electric Eyes

Write for Latest Bulletin

HUGH H. EBY, Inc.
2066 Hunting Park Ave., PHILADELPHIA, PA.

=
£
=

& | Low In | MICROHM POWER RESISTORS

MICROPHONES

I

PRICE . . meet every .r.«‘quiremeut .of 4(._0,'",],":0"'“5
@ Whether it be for General-Purpose use or Specialized L L L LA o
Applicati ill find in the Complete* SHURE | high i VI 30 watt. | Resistance range an to
pplications . . . youwrnilindinthe Lomplete ugh m VI 20 watt.  Resistance range up to
Line the microphone that will best fit your exact needs i quality and 100,000  oluns. Exreptional value is
What better proof of performance than the fact that they bk offered i||‘(lllll;xTn(‘-m:l::;m:ltll:l)lrl\ :;:ml‘o\:" (ll)lrlli;‘g,
. - accuracy, yand s space re -
have been adoPted b_y 35 Ieadmg Sound-Eqmpment mvnl.:. ’ \\I'ritv for samples. further in-
Manufacturers — used in thousands of sound and broad- formation and our new catalog.
cast installations throughout the world!

Write for complete information now! PRECISION RESISTOR CO.

*The complete SHURE line contains more than 100 Crystal,
Carbon, Condenser Microphones, Stands and Unit Accessories— 334 Badger Ave'l Newarkl N.J.

C(mz/)lele Microphbone Equipment for every Micropbone Ap-
plication!  Crystal Microphones licensed under Brush patents.

accuracy.

SHURE BROTHERS COMPANY

Meraes fore fetrers o Auictiress
Eniaeers --rr‘f:fh:-vﬁc-m erdr B

JI5WE5T HIJR‘IJH 5T CHICAGD, U.S. A

Gardiner Rosin Core Solder be-
cause of its uniform high quality
actually goes farther and does
better work. Due to modern pro-
duction methods, it costs less than
ordinary solders. Made in various
alloys and core sizes in gauges as
small as 1/32 inch diameter. Send
us your solder problems—we can
Avatlable in 1, 5 and  help you reduce your costs.

20-1b. spools.

PLUGS —CONNECTORS

New List Prices

Wall Receptacle. ... $3.00
Panel Rcceptacle. .. 3.00
Cable Plug ...... 3.00
Cable Receptacle... 3.00
Plug, Shielded.. ... 3.50

Receptacle, Shielded. 3.50
4834 So. Campbell Ave., Chicago, Ill.

State number of contacts
desired, 2, 3, 4, 5, 60r7

I T »:; g .:‘-ﬁ_'?{E_
INTERCHANGEABLE INSERTS I § gr | ) PﬂEHmﬂB
WITH 2 TO 7 CONTACTS '

Durable . . . accurate . . . dependable . . . hundreds of these
attractivt_a new type plugs and cable connectors used by broad-
cast stations, sound recording studios and industrial engineers.

Features: (1) Cable grip eliminates pull on contacts; (2) Fe-
male contact sleeves of hardened beryllium-copper, silver
plated, assure posttlve contact. (3) Knurled brass screw-on

nut locking device prevents accidental disengagement of con- DON r GUESS ’ ASK _—
nector; (4) Metal shielded body for extra heavy duty. MALE

AND FEMALE UNITS WITH 2 TO 7 CONTACTS ARE

INTERCHANGEABLE. Receptacles with side openings for Co NT'N ENTAL- DIAMOND
cable run on exterior of walls or with inch high body for sur- ;

face mounting and rear cable entry, or flush mounting for panel
or outlet box. Write for new Remler catalogue sheets. }II‘I? matter svyhat your insx.fllation pll—i.ﬂ;lem we:f ll'nay be gble to
elp you. ince we manufacture a orms of laminated insu-

ATTRACTIVE DISCOUNTS lation—VULCANIZED FIBRE—PHENOL FIBRE—FISH
PAPER—CELLULAK—VULCOID—CODITE—our recom-

R E M L E R c o M P A N Y, L td . mendations will be without prejudice. Write us today.

2101 Bryant Street San Francisco, Calif. CGNTINENTEL-DIﬂrﬂ[OND F[EHE CDD-'IPANY
REMLER_THE RADIO FIRM AS OLD AS RADIO AERARE CELA R
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FERRANTI
ELECTROSTATIC
VOLTMETERS

The only 2} inch Volt-
meters that accurately
determine the voltage
in high impedance

circuits

Zero current consump- l\/l‘\\ be mountqd on a panel

tion. using either the projecting or flush
type, or used in the portable pattern
illustrated. These instruments are
entirely self-contained up to 3500
volts and may be connected direct-
ly to either AC or DC circuits.
They are essential in every labora-
tory dealing with cathode ray
tubes, photo-cells, etc.

Complete  deseriptive  literature gladly
sent on request.

FERRANTI ELECTRIC, Inc.

130 W. 42nd St., New York City

FERRANTI ELECTRIC, Ltd,,
FERRANTI, Ltd., Hollinwood,

Leading from 20 to
25,000 volts.

AC or DC up te 3500.

Self-contained over-
voltage protcetion

2%, 3%, and 4”
dials, Magnetic
damping.

Toronte, Can.
England

Outstanding Performance With the New
Type 148 Cathode Ray Oscillograph

®* BASICAL-
LY NEW SWEEP
allowing waves
from 10 to 500,-
000 cycles per
second to be ob-
served with im-
proved linearity
and exceptionally
fast return trace.

e IMPROVED
SYNCHRONIZ-
ING CIRCUIT
permitting locking
sweep with frac-
tions as well as
multiples of wave.

List price with 3" tube........ $91.50
List price with 5” tube....... $106.50

® CASCADE AMPLIFIER giving 1
deflection with .2 volt signal.

® SINGLE KNOB controls all switching.
® PATENTED CALIBRATED SCALE with
5 Inch Du Mont cathode ray tube.
® COMPLETELY AC operated.
Write for complete specifications on this oscillograph.

ALLEN B. DU MONT LABORATORIES
UPPER MONTCLAIR, N. J.

inch
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ray focusing
anode material

Brand colloidal graphite (in
water) is now a standard coating on various

Aquadag*

cathode ray tubes. In its use as a ray focusing
anode material, this product has the following
four advantages:

i. ltis easy to apply.
2. It is economical to use.

3. It adheres equally well to all types
of glass.

4, 1t reduces light reflection because
of the dark, matte surface formed
on the glass.

Technical Bulletin No. 191B giving detailed
information is available gratis on request.

*Reg. U. S. Pat. Off.

ACHESON
IDS CORPORATION

l'l | AS ACHESON OILDAG COMPANY
URON ® MICHIGA N

\COLLOIDAL PRODUCTS

COLLI

DUNDED
PORT

(485) 171



PIONEER HI.POWER FOR PORTABLE
SOUND EQUIPMENT
GEN-E-MOTORS s Carer SENEMOTOR ol e o

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.

Dynamotors for every pur- §
pose—for every capacity y
from the smallest compact

unit used to replace ___-Pi
B" batteries to the ﬁ“‘“‘ A
largest SilverBand " L
with a capacity of
995 watts with g
maximum voltage of

1000 V

Write for Circular

>/ T CARTER MOTOR (CO.
" 365 W. Superior St., Chicago

PROCTOR - roocoscce:

High Fidelity Records Require a Modern, Wide
Range, High Fi-
delity Pickup

Leading Broadeasting
Stations and Sound
Studios are today mak-
ing every link in their
wide range equipment
coniplete—Dby  installing
the Proctor Pickup.

SPECIAL
MODELS

For Every Purpose

Models to convert 39V
D. C. or 110V D. C into
110V A. C. A GssEn
gine Driven Generator to
deliver 110V A. C. for
operation of radio or am-
plifier, and 7% volts for
charging batteries, up to
1000 watts output.  Write
Pioneer engineers for full

details' G Sy |Bdic DA It offers uniform response, extended fre-
quency range, high and low. minimum

record wear calibrated ncedle pressure

PION EER GEN-E-MOTOR COMPA NY scale, 18 noun resonant, freely damped,
non matm(%tic, and unmulall(;_d in l{ne-

H H - chanieal design and construetion, ea-

462_c w' SUPZI’IOI’ St‘ Chlcago sonably priced. Write for Bulletin E-2

Cable Address: Simontrice NEW YORK B. A. Proctor Co., Inc., 17 West 60th St., New York, N. Y.

Designers and Manufacturers of Sound and Recording Equipment.

Just p.ub/ished — Zeh Bouck’s New ! ACME FULL RANGE
Making ' VOLTAGE
a Living g REGULATOR

i n R a d 1 > Voltrol provides complete

control over primary volt-
Foreword by

age in a stepless full
range from O to 130
Alfred N. Goldsmith
220 pages, $2.00

.% Jh J
} MAKI
ia 1.1V]

!

volts. Accurate V2
volt adjustments.
Write for lllustrated
FREE Bulletin No.
136 for details and
applications.

THE ACME ELECTRIC & MFG CO.
1447 Hamilton Ave., Cleveland, Ohio

HAT are the opportunities in radio? This frank, im-

partial survey of the whole field tells you. The book
covers engineering, operating, servicing, broadcasting, writ-
ing, salesmanship, etc., telling what jobs there are, what they
pay, how to train for themn, how to break into the game, and
then get ahead.

Are you interested in... ?

—how to determine whether or not radio is your vocation
—how to choose a school

—what books to buy

—how the operator can get a berth

—business expansion and engineering careers for the service-

man
—breaking into broadcasting, ete
Then see this new book. Interesting, up-to-date. sound. authorita- % -
tive. Sent for 10 days’ examination on approval. Just mail the " W 8 % An Ariston s_peaker
coupon, today. ¥ o speaks for itself—
& e 1

. avenss ‘ o make your own com-
Metiraw-IIill Book Co.. Inc.. 330 W. 42nd St., N, Y. Q. ¥ i ! parisons.
Send me DBourk’s Making a Living in Radio for 10 days’ examination on { f Send for a nan!ple made
approval. In 10 days I will send $2.80, plus few cents postage, or return to your specitications.
book postpaid. (Postage paid on orders accompanied by remittance.) k"
B e R R e e oA B i 5 00 B5a 0866586850660 000040038000804aa005da00
A R o e G G R e R o B G o 0 o 0 Ga 8 a6 60906 a6 80860008 a0gaa0000
(82 s R T S S s A e e R o d e e b B oo oaoataoa0abaaaa0asaoa0asasaoaaaad ) - ]
o ARISTON MFG. CORP,,
ORILION . L e e

4049.59 'ERSEY = AV : ;

COMPANY .« .\ttt e e L-11-35 049-59 DIVERSEY . AVE., CHICAGO, ILL.

L T T O T LU A T LU EETLTL DTS T 1T
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Specially Designed for

Theater and School Auditorium
“Booster” Systems

Brush T2S4P or theater mi-
crophones permit actors a
freedom of movement and
naturalness, available with no
other pickup. Vision of the
audience is uninterrupted.

For small stages one, two or
three mikes—in series—are
hidden along the front of the
stage like footlights. For
larger stages left and right-
hand circuits are preferred.
100 ft. leads can be used and
conventional high gain ampli-
fiers.

Install T2S4P microphones
on your next theater or school
auditorium  booster  system.
Get the details now. Data
Sheet Nos. 5 and 6 give com-
plete information and installa-
tion diagrams. Free on re-
quest. Write for a copy today.

DEVELOFMEMNT
COMPANY

THE PIONEER IRON CORE
for RF and

Definitely improves selectivity, gain and signal to noise ratia

IF Transformers

The superior characteristics of Ferrocart
Cores, Coils and Transformers have been
proven by the sale of nearly 1,000,000
FERROCART CORES in 1935 to American

manufacturers alone.

Availuble for any large scale production.
GUARANTEED FOR UNIFORMITY—immune

to temperature, humidity and age.

Patents issued in U. S. A, und leading foreign
countries including Canada and patent appli.
cations pending in U, S. and foreign countries.

Advanced engineering service available based
on broad American and European experience.

FERROCART CORPORATION OF AMERICA
30 ROCKEFELLER PLAZA NEW YORK CITY

RED WIRE WOUND RESISTORS
WYY R ELEVEN ,_-..-:-"'*"“J

- -. : _ _{t
CUTERS

, =
" THE MUTER COMPA
1255 SO. MICHIGAN AVE., C

MR

CUSTOM DESIGNING & MANUFACTURING

for the BROADCAST o SOUND AND ELECTRONIC FIELD

We Have Every Facility at Your Disposal and Welcome Inquiries on Your Special
Work or Problems.

TYPE WS-20010-S Transmitting Condenser
. & & A«‘ A :k._ 5

Another example of our
development for special
applications. Designed
for 20000 volt operation
in a standard broadcast
transmitter. 1f it doesn’t
fit into your job we can
build one that will. The
© WS$-20010-S shown is
100 m.m.f. and sells
for $50.00 net.

QUALITY PRODUCTS SINCE 1910

——AUDIO PRODUCTS CO.
4189 W. Second St. A.J. EDGCOMB Los Angeles, Cal.

RELAYS -

For Every Purpose

Automatic Electric relays are the result of over forty
years of experience in relay design and manufacture.
This organization is one of the oldest and largest in
the world producing relays for every remote-control
purpose and for operation under practically any oper-
ating condition.

This long experience has taught us how to make re-
lays of basically sturdy design, having the utmost re-
liability in operation, lasting retention of adjustment
and long working life. Due to standardized design,
quantity production and consequently low price, hun-
dreds of manufucturers are finding it wiser to use our
relays for their products than to make their own.

Our newly-revised relay catalog 1016-A will be gladly
sent upon request. Write to American Automatic Elee-
tric Sules Company, 1033 West Van Buren Street, Chi-
cago, lllinois.

Automatic Eleetrie Company

MANUFACTURER
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Our mica stampings are made of the finest mica ob-
tainable . . . Munsell’s India Ruby Mica. Exception-
ally accurate machining is one of their outstanding
features. Send for further details, prices, samples.

Other Electrical Insulations: Write for New Price List No. 98
which describes our complete line of Micanite, Varnished
Cambric, Laminated Bakelite, and other insulating materials.

MICA INSULATOR CO.

200 Varick St., New York,; 542 So. Dearborn St., Chicago; 1330 Scho-
tield Bldg., Cleveland. Branches: Birmingham, Boston, Cincinnati,
Los Angeles, San Francisco, Seattle. Canada: Montreal, Toronto.

Metal Covered Fuse Mounting

For Use in New Metal Tube Sets

This new Littelfuse METAL COV-
ERED FUSE MOUNTING has been
especially  designed  far use  in
metal tube cquipped radio  sets.
Mude  fTor standard 3AG  Fuses.
Small. compact only 2% ” x %"
X T oover: amcd requires no
muaunting  se Supplied  with-
out fuses or with 1, 1%. 2 or 3 amp. precision made and tested
Underwriters’ approved 3AG fuses.  No, 1126 Metal Covered
Fuse Monnting mects Underwriters” requirements,

TEST SAMPLE

Interested manufacturers who are looking for ways and means
ta better theiv product showld write fur test sample and Littel-
fuse Catalog.

LITTELFUSE LABORATORIES

CHICAGO, ILL.

4248 LINCOLN AVENUE

A TRIAL WILL CONVINCE YOU

30 Years' Experience
Insures Dependability
[ ]
We Manufacture
PERMANENT MAGNETS TOOLS and DIES
METAL STAMPINGS LAMINATIONS

THOMAS & SKINNER
STEEL PRODUCTS CO.

Indianapolis, Ind.

23d St. at Alvord

i
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SUPPRESSED
KNOWLEDGE
OF THE AGES)

What strange powers did the
ancients possess? Where was
the source of knowledge that
made it possible for them to perform
] miracles?  Were these profound secrets
{ burned with ancient libraries, or are they
;"  buried beneath crumbling Temple walls?
These wise men of the past knew the
mysteries of life, and personal power,
his wisdom is not lost—it is withheld
from the mass. It is offered freely TO
YOU if, with an open mind, you wish
to step out of the rut of monotonous
existence and MASTER YOUR LIFE.

THIS FREE BOOK

Man's intolerance has at times swept
his achievements from the face of the
earth, yet secret brotherhoods have pre
served this sacred wisdom of the ages.
The Rosicrucians, one of these ancient
brotherhoods, INVITE YOQU to write
and secure a free copy of "“The Secret
Heritage.”" It will point out how you
may receive age-old truths. You can
learn to MAKE YOUR LIFE ANEW—
the fulfillment of your ideals
awaits you. Address: Scribe:
i D. B.

3y The Rosicrucians
-4 — AMORC —
'%.SAN JCSE, CALIFORNIA

i Y The Rosicreuclans are NOT a religious organization

25
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PRrROFESSIONAL SERVICES

BLILEY ELECTRIC CO.

Designers—Manufacturers

Quartz Crystals for standard or special
radio frequency applications.

Inquiries Invited.

240 Union Station Bldg.
Erie, Penna.

ELECTRICAL TESTING
LABORATORIES

Characteristies and
Life Tests of Vacuum Tubes
Tests of photo cells, glow lamps. crater lamps.
Tests of electronic and obtical devices.
ROth Street and East End Avenuce
New York, N. Y.
Phone: Butterfleld 8-2608

HUDSON BROS. MFG. CO., Inc.

539-41 42nd St., Union City, N. T.
Designers and consultants for experimental glass
apparatus. pyrex and soft glass.

Aspirator Pumps iround Joints
Graded Seals Stop-Cock Grease
Stop-Cocks Pyrex and McLeod Gauges
Soft Glass Trabs of all types,
Glass Apparafus Made to Blue Print Specifications,
Tel. Palisade 6-2910

VAPOR LAMP LABORATQCRIES
148 West 234 Str., N. Y. City
Designers and Consultants on

Special Glow, Fluorescent and Discharge tubes and

lamps for Electronic and Advertising fleld.

Special hot and cold cathodes for low voltage

Neon and other gases.

High Vacuum work and Equipment, Cathode Sput-

tering, Glass Blowing, ete.

Phone Chelsea 3-5648 and 9630,

(488)
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A SPECIAL HEADSET
- - . for MONITORING
TIRRIMM...

Adapted to the particular needs of monitoring
service. Combines at one time the lightness and
comfort of the famous TRIMM FEATHER.
WEIGHT—with a phone of exceptionally uniform
response characteristice,

TR l‘l ‘ RADIO MANUFACTURING CO.
. B - -~

1528 Armitage Avenue, CHICAGO, TLL.

Designed and built by

[

Does your product demand
the ULTIMATE in Resistors?

% v The maintained accuracy, com-
s Vw : = pactness. quietness and long life

Y 1 of MORFNLL' CARBONIZED
¥ “ v RESISTORS will interest you.
e i These precision components can

be depended on for high overload
capacity, rapid heat dissipation
and mechanical strength. In ad-.
dition they are moisture-proof,
non-capacitative, non-inductive
and easily installed.

Available in resistances from 100
ohms to 100 megohms. Write for
Catalog 341-D, giving details and
prices.

MORRILL AND MORRILL
wew w3 30 Church St., New York, N. Y.

v
s AL USED WHERE QUALITY COUNTS

AUDA?

trade mark
Pi(‘k-lll.s o o @

“The standard by which others
are judged and valued”

Models to suit everv demand,
from the humblest midget-combina-
tion to HIGH FIDELITY—low
needle-pressure requirements of fine
transcriptions. AUDAX  instru-
ments are immune to humidity and
summer heat. They are chosen on

sli‘_’,.:“ a PERFORMANCE basis, as equip-
= ment in most of the world's leading
to Radio Stations, Universities, Lab-
N390-00 oratories—in fact, wherever quality
each counts.

Special Recording Heads Made to Order

AUDAK COMPANY
I 500 Fifth Avenue, New York
“*Creators of High Grade Electrical and Acoustical Apparatus Since 1915

To Save You Time and Money

r
FRUE enough, your own experiences are your
most valnable asset. But, today new developments
are breaking fast. The whole picture is constantly
changing. Each day brings some new idea, ma-
chine or method that is outside vour expericnce.
Knowledge of these developments must be added
to yvour working equipment. Not to know about
what’s new and important these days is fatal.
Electronics will help you by bringing this infor-
mation quickly, accurately and cheaply.

You must have help
to keep up-to-date

Electronics enables us to maintain our
principal editorial policy of “Properly informing
quickly, our readers of what is going on in elee-
tronics.” Regardless of the branch of electronics
you are interested in, you need help to keep you
informed of new products, new methods, new
technique, or new principles.

Electronics will be of genuine interest and assist-
ance to you. It is the one inclusive service covering
all branches of electronic science. It is the “de
luxe” of technical publications. You will find it
a source of valuable information at a very low cost.

Here is your opportunity

THE subseription card elsewhere in this issue
will enable you to subseribe to this service con-
veniently. Fill in the card and mail today.

ELECTRONICS, 330 W. 42d St., New York City

ELECTRONICS — November 1935

Year after year, for two and
a half decades, the CORNELL-
DUBILIER organization has
pioneered the major iniprove-
ments in the manutacture of
quality candensers. This year

—for the twenty-tifth eon-
secutive  vear, CORNELL
DUBILIER has been awarded
UNITED STATES GOVERN-
MENT contracts on special
high-voltage mica transmit-
ting condensers, (A typical
unit is ilustrated herewith,)
To keep in advance , amd
rot simply abreast of the
times ., _ that has ever been
our ereed?

b

Thirty-four inches bigh and sixteen inches in diameter, this
mica capacitor is one of the largest ever built in the United
States. It is bermetically sealed and the mica units are im-
mersed in a bigh dielectric oil. This capacitor bas a current
carrying capacity of 125 amps and is .02 mfd at 100 KC.
Effective test voltage is 60,000 V.D.C.

Write for complete descriptive catalog on this and
other Cornell-Dubilier products

CORNELL-DUBILIER

CORPORATION

4380 BRONX BOULEVARD*NEW YOREK
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EMPLOYMENT : BUSINESS : OPPORTUNITIES : EQUIPMENT— USED or SPECIAL

UNDISPLAYED—RATE PER WORD INFORMATION: DISPLAYED—RATE PER INCH
Positions Wanted, 5 cents a word. minimum Box Numbers in care of our New York, 1 inch ...$5.00 .
$1.00 an insertion, payable in advance. Chicago or San Francisco offices count 2 to 3 inches...... ... 475 an inch
o . ) 10 words additional in undisplayed ads. 4 to 7 inches............ 4.50 an inch
Positions Vacant and all other classifica- Replies forwarded without extra charge.  Qrier spaces and contract rates on request.
ligne 10 cents a word. minimum charge  picount of 10% if full payment is made in  An advertising inch is measured vertically
advance for four consecutive insertions of on one column, 3 columns—30 inches—
Proposals, 40 cents a line an insertion. undisplayed ads (not including proposals). to a page.
COPY FOR NEW ADVERTISEMENTS RECEIVED UNTIL 3 P. M. ON THE 3RD OF THE MONTH { Kiecyy
u’% oo
LEGAL NOTICE LEGAL NOTICE LEGAL NOTICE

STATEMENT OF THE OWNERSHIP. MANAGEMENT, | Business Manager, H. W. Mateer, 330 West 42d St., | as trustee or in any other fiduciary relation, the name of
CIRCULATION ETC.. REQUIRED BY THE NOY.

, the person or cnlrlmrahliun for whom sueh trustee is act-
ACT OF CONGRESS OF MARCH 3, 1933 2. Ths . o . . < q ing. 13 given; also that the said two paragraphs contain
Of Electronics, published monthly at New York, N. Y., name 'Jal:]‘:lt ;l(‘ifirg‘s\s“e;mls:t' b(e”“(:‘[;lgdagﬁ :lg‘?rl}%z‘t;g?étel]t; statements embracing afftant’s full knowledge and belief
for Oct. 1, 1935. thereunder the names and addresses of stockholders own. | @8 0 the circumstances and conditions under which stock-
oo X & i & y holders and security holders who do not appear upon the
State of New York ing or holding one per cent or more of total amount of s A E
4 d y g o A . 3 & books of the company as trustees. hold stock and
County of New York { 55 stock. 1f not owned by a corporation, the names and | V urities 1 acity other than that of b
. . addresses of the individual owners must be given. If | Seeurities in a capacity other an that of a bona fide
Before me, a Notary Public in and for the Statc and owned by a firm, company, or other unincorporated con- | OWDET: and this affiant” has no reason to helieve that any
county aforesaid. personally appeared D. C. McGraw, | cern. jrs name and address, as well as those of each | OLNET DeTson, association. or corporation has any interest
who, having been duly sworn according to law. deposes | inaividual member, must be give McGraw-Hill_Pup- | direct or indirect in the said stock, bouds, or other
anc says that he is the Secretary of the MeGraw-Hiil lishing Company, Ine., 330 W 47d 8t Y, (. | securities than as so stated by him.
Publishing Company, Inc., publishers of Electronics, and | gygpekholders of which are: James H. McGr: \ 5. That the average number of copies of each issue of
that the following is, to the pest of his knowledge and | 499 & N, Y. . James H. McGra Ir. this publication sold or distributed, through the malls
belief, a true statement of the_ ownership, management West 42d St., N, Y. €. James H. MeGr James H. or otirerwise. to Dpaid subscribers during the twelve
(and if a daily paper, the ecirculation), Jete., of the [ NeGraw, Jr.. and Malcolm Muir. 330 West 424 St.. | months preceding the date shown above is. (This in-
zgtrj)rltii::lld rg(tllll;ll;g(;n%r\n i:;)re “\151 da}lehlillg;;*nzlnlél;’eg al)(g;;e N. Y. (., Trustees for; Harold W. McGraw, James H formation Is required from daily publications oniy.)
4 . ¥ g o o ' - aw, o0 E . MeG b s W, A . GRS AW .
bodied i section 337, Postal’ Laws and ' Resoidticns, MeGraw, Jdr., Donald €. McGraw Curt.iaY\\ McGraw D. . MCGRAW, Secretary.

3 L L i Curtis W. McGraw, 350 West 42d St., N. Y. C.” Donald MCGRAW-HIL “BLISHIN MPANY, IN
printed on the reverss of this form, 10 wit: GplcGriv, 320 West 43¢ st XY 6 anne Husus | i 0 . ubserined o e e iy of
33

L. That the names and addresses of the publisher, | Britton, 330 \West 42d_St.. N. Y. C. Mason Britton, September, 1933
editor, managing editor, and business managers are: 330 West 424 St., N. Y. C. FEdgar Kobak, 330 West [SEAL] . H. E. BEIRNE.
Publisher, McGraw-Hill Publishing Company, Inc,, 330 | 42d St., N. Y. C. Grace W. Mehren, 33 West Grand Notary Publie, XNass ounts.  CIk'S No. 66, N.Y
West 42d St, N. Y. €. FEditor, Keith Henney, | Ave.,, Chicago, Di. J. Malcoim Muir and Guaranty Letary Publie, Nassau (ounty. s No. 66, N. Y.
330 West 42d 'St., N. Y. €. Managing Editor, None. | Trust Co. of New {ork‘. Tl("gstees for Lida Kelly Muir, | CIK's No. 118 Reg. Na. 6-B-73
N. Y . F

524 Fifth Ave., . . Weatherby. 971 (My commission expires March 30, 1936)
H e Clinton  Road, Brookline, Mass. Midwood Corporation.
H PARE TIME PROFIT %\‘Ialdison,“.\;{ df Slo&kha}l?ers of which are: Edwin ?
H - Vilsey. Madison, N, J. Elsa M. Wilsey, Madizon. N. J. 6 : ” Sp) A
B 3. That the known bondholders, mortgagees, and other Opportunlty Advertls“lg'
H Have you ever Invented anything? A

security holders owning or holding 1 per cent or more of
total amount of bonds. mortgages, or other szecurities
are: (If there are none, so state). None.

novel invention may produce something
salable if patented. Send today for FREE
Book ‘’I’atent Guide for the Inventor.”

Think

SO IR IO E T 00RO D,

CLARENCE A. O'BRIEN narjf)'esTg?ttllle}]%\\':x‘zgs,pasrégé;(ahwlléerrs!,engndabsoe‘:irilgyi‘-ih'lﬁdet;]; “SEARCHLIGHT”
and Hyvman Berman if any. contain not only the list of stockholders and ]
Registered Patent Attorneys seeurity holaers as they abpear upon the book: of the Flrst
SASE L Aams, Building. Washinzion. D. . R it o R S
—
| | ]

Be sure vou have all the facts regarding the industry from the very beginning—and has con-
market covered hv Electronics when vou are stantly led in the thinking which has resulted
: . G ’ in so many of these amazing developments.

planning vour 1936 advertising schedules. am & !

New uses open new markets LS GLLUR G SRt G pr(.)s-
for the elect tub pects regularly read Electronics
or tne electron tubhe /

New tubes. new research. new industrial appli Among the readers of Electronics, there is hardly
' es Sedare s : - . . .

. . ) ’ X a single man who does not in some measure influ-
(‘a]ll()lllSYlf]d;(:iftt‘ 'thé.t“llfe a(.loptmn 'Of thﬁ f;lem;:n ence quantity buying of radio parts, components,
tu '.“l ’}Im.““fb r3l“' ‘)";’“’““]'e ]at dnla((t erlat vg tubes. equipment and accessories. Your story,
pace. .t“h reely pre 1(te(] “‘;t the 111(>xl w;; before this hand-picked audience, will bring
years will sce even grealer developments, hase results in increased sales and profits in 1936.
completely upon the vacuum tube, than have ) e I

occurred during the past five vears. Electronics Want complete particulars of the many profit-
has pioneered and developed this fast growing able markets covered by Electronics? Write to

ELECTRONICS

330 WEST 42nd STREET
NEW YORK, N. Y.
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CONDENSER AND TRANSFORMER

MANUFACTURERS

DO NOT FAIL

To investigate the exceptional values we are offering in nsed equipment for
manufacturing Radio Condensers, Transformers, ete., before purchasing. Our

inventories include:

Transformer, Intermediate and Radio Frequency Coil Winders, Condenser Wind-
ing, Impregnating and Vacuum Drying Equipment, Henry and Wright Dieing
Machines, Gang Slitters, Punch Presses, Conveyor Type Assembly Benches, Dry-
ing Ovens, etc. Testing Equipment.

Condenser, Capacity and Breakdown
Choke Coil and Transformer Tests

Continuity Tests
L.F. and R.F. Coil Tests

Meters, Oscillators, Signal Generators, Recorders, ete.

Detailed Descriptions and Prices Furnished Upon Request

GRrIGSBY-GRUNOW CoMmprany. INc.

in liquidation by Order of The United States District Court

2801 Dickens Ave.

FRANK M. McKEY, Trustee

Phone, Berkshire 7500 l‘ll"‘ \‘i.. ILL.. IT S.A.

Cable Address—Grigaut

Air Blowers EQU l PM ENT Flare

Vucuum L'utnps NEW—RECONDITIONED  yiem

Asplrators for making Winding
Gas Boosters HLECTRONIC TUBES, RADIO gealing
Spot Welders '1'}in5[:5 ”‘AP&;{}?E&%‘?;T Exhaust
(ias Burners A N Basing

Accessories Special ';:ngmglsa;g_’ Ly Machines

EISLER ENGINEERING CO.
751 So. 13th St., Newark, N, J.

ELECTRON TUBE EQUIPMENT
JOHNSONBURG RADIO CORP.
Complete machinery, equipment, lab-
oratory, etc., now offered for sale in
whole or in part.

A. E. LYLE Johnsonburg, Penna.

METERS

Weston, Jewell, Rawson. Sensitive Research,
Meters in a variety of models and ranges.

General Radio Audio Oscillator, Type 377-B.

Standard Signal Generator, Type 403 : Decade Boxes.

Leeds and Northrup Resistance Bridge Type S.

MecBeth Illuminometer.

Bausch and Lomb Monochromator, etc.

A. E. LYLE  Johnsonburg, Penna.

ELOQUENT!

Tubes reconditioned by
NATIONAIL — speak
for themselves—the
story 18 1mpressive to
those concerned with
low cost and long life.
Why not Listen In by
placing a trial order?

NATIONAL RADIO TUBE CO.
INC.
3420 - 18th St.  San Francisco, Calif.

BOMBARDERS

Lepel 5 kw. and 3 kw, tungsten gap bom-
barders for high frequency heating of elec-
tron tube elements. Some with new type
oil condensers and water cooled leads.

NOT REBUILT
A.E.LYLE Johnsonburg, Penna.

DEPENDABLE

New and Used

ELECTRONIC TUBE EQUIPMENT

A complete line of equipment for the manufacture of

Radio Tubes, Neon Tubes, Incandescent Lamps, ete.

Write for Bulletin 8howing savings from 25 to 75%
EISLER ELECTRIC CORP.
534-39th Street, Union City, N. J.

ELECTRON TUBE
EQUIPMENT

SAVE MONEY NOW!!

We are moving to larger quarters,
our own building.

There are many items in our ware-
house and factory that do not warrant
moving. Many appliances and parts
you can use are here waiting an offer.
Do not send for list. Come in and pick
up what you can use.

Chemicals Switches

Meters Rheostats

Gauges Machines
Machine Parts

b L) Furnaces,

Transformers Gas & Electric

Glass Tubing, Cane, and Bulbs

We are moving all this month.
Stop in as soon as you can.

KAHLE ENGINEERING CORP.

300 Manhattan Ave., Union City, N. J.
Tel. Palisade 6-6710

Buying
Good Used Equipment

is frequently the difference between
having good needed equipment or do-
ing without it.

Tubular Rheostats

COMPLETELY RECONDITIONED
Single & Double Slide Types
Some Screw Drive—=8" 16”7 & 207
ALL RANGES

Your inquiry for one or u thousand invited.

LOUIS J. WINSLOW

1345 Sussex Ave, Newark, N, J,

All types of High Grade New and
Used Equipment for the manu-
facture of Electron Tubes.

Lowest prices on the market,
AMEKRICAN ELECTRICAL SALES CO.
35 East 8th St.. New York. N, Y.
Cable Address ""AMELSACOMP-NEW YOREK




HIGH-FIDELITY
AMPLIFIERS

For Exacting Requirements
—Recording, Audition,
Monitoring, etc.

Type RK-420 Power Supply

AmerTran now offers broadcast and recording
engineers the three essentials to the construc-
tion of high-fidelity amplifier systems:

(a) Highest quality audio-frequency
formers and reactors.

trans-

(b) Carefully engineered amplifier and power-
supply circuits.

(c) Drilled chassis to insure correct arrange-
ment of component parts.

Amplifiers may be assembled for a wide variety
of precision requirements using standard com-
ponents and circuits. There is a definite assur-
ance of a uniform {frequency characteristic
(within =114 dB). Overall gain, power output,
and impedances may be adjusted to satisfy your
individual needs.

May we send additional information on “Series
400” amplifier systems?

American Transformer Company
Transformer builders for over 34 yecrs

174 EMMET ST. NEWARK, N. J.

@H{ AMERTRAN
&Y TRANSFORMERS

78 (492)
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MAY we take this

opportunity to express
our appreciation of the
wide acceptance of
Polymet Products by
many radio and electrical manufacturers.

Our appreciation also goes to the many engineers,
who, having put Polymet Products to exhaustive
tests, have expressed their confidence in the design
and performance of these components by specifying

“Polymet” for their equipment.
Manufacturers of the

following types of May 1936 continue to reflect

the same upward trend in the

condensers: | i )
DRY ELECTROLYTIC Eo ume of your business as it
A.C. DRY as 1n ours.

ELECTROLYTIC Please feel free to call on
WETELECTROLYTIC  Polymet for technical assist-
PAPER—MICA

ance.

POLYMET MANUFACTURING
CORPORATION

829 East 134th Street New York, N. Y.
CABLE: POLYMET, N. Y.

A better
GETTER

because of the

EXPERIENCE

The kind of experience
offered by King Labora
tories 15 based on spe-
cralizaton  in  research
and development on just
one product—the vac-
uum tube “"GETTER.

The perfection of BAREX Embedded Gerters has been achieved
through performance in service involving millions of vacuum tubes.
Complete vaporization without splash—minimum shrinkage, and in-
creased production of superior Cuality vacuum tubes, can be depended
on to reduce tube costs.

Leading manufacturers are now using our new BAREX Embedded
Getter designed especially for the metal tube—a Getter developed
after months of research and backed by our specialized experience.

KING LABORATORIES, Inec.
205 ONEIDA STREET
SYRACUSE . . . NEW YORK

The NEW

BAREX

GETTER

November 1935 — ELECTRONICS
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Over a quarter of a century of experience
is built into CANNON Products through the
unflagging zeal of the Founder-Owner and a
crew of skilled mechanics, trained and sea-
soned in the work, and supported by modern
plant and equipment.

Experience 1s the priceless “ingre-

dient’’ in CANNON Plugs!

Wise users are refusing the gamble of buying “‘experi-
ments,”’ but are standardizing on the CANNON Line
which is constantly under a well-planned program
of improvement and expansion.

Let us share our experience with you. Sead for
vour copy of catalog with many new items in
preparation.

CANNON PLUGS

CANNON ELECTRIC DEVELOPMENT CO.
MANUFACTURING ENGINEERS

Main Office: 420 West Avenue 33, Los Angeles, Cal.

Eastern Sales Office: Lewis & Sachs Co., 220 Fifth Ave., New York _ gvisf

REPRESENTATIVES CANNOMN

CHICAGO: Jenkins & Adair, Inc., 3333 Belmont Ave. DETROIT: Public Address Systems.

340 E. Grand Blvd. DALLAS: Edw. F. Aymond, 3750 Urban Ave. BOMBAY: Eastern
Electric & Engineering Co., 175 Hornsby Road, Fort, Bombay, India.
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Stackpole Type “C”*
Control with Midget
Switch,

“Interior midget
switeh,”

Midget control with switch.

On  behalf of modern design It's a “find"” for the makers of
and engineering, you've re- modern household receivers—
peatedly asked for a miniature the line switch carries the
control, with a dependable line APPROVAL of the UNDER-
switch, replete in all known WRITERS LABORATORIES.
advantages of larger size con- Each terminal of the switch
trols. You asked for it—our has two contacts — insuring
engineers went to work—and POSITIVE  CONTROL and

now after months of experi- LLOWEST possible CONTACT
mental work, we have it! A DROP. MIDGET CONTROLS
M] L‘)G,ET . CONTROL by are available in Types “MB”
STACKI OLE—100% accurate and “MI.” In applications
—not a single outstanding where space is at a premiunm
point of our larger controls is and our type “C" control is
sacrificed. essential — the MIDGET

The NEW MIDGET CONTROL SWITCH is recommended in
is a "natural” for the makers place of our S-1 Type switch.

of the new Auto Radios where, Write for detailed data on
at best, space is at a minimum. complete STACKPOLE line.

Watch for full details of Stackpole’s new insulated
fixed resistor to appear in an early
issue of Electronics

Stackpole Carbon Company
St. Marys, Pa. U. S. Al

L A e e e e K,
e e T AT e i B S |
(493) 719



When Better Radio Resistors Can Be Made

S .. Allen-Bradley Will Be F irst to Make Them!

Are you familiar

with this Compact Volume Control?
Its performance is unaffected
by moisture or long service...

® Bradleyometer Types J and JS are so different
from ordinary volume controls that every radio
engineer should be familiar with their designs.

® For instance, the resistor is a
solid-molded ring—not a film-type
unit. The resistor material is varied,
in longitudinal section, to provide
any specified resistance-rotation
curve.

@ After molding, the unit cannot
change; even severe service can-
not alter its performance. Long
wear does not deteriorate this un-
usual Allen-Bradley resistor. Even
high humidity has no effect on
Bradleyometer Types ] and JS;
they remain permanently quiet.

® These volume controls are only
1145 in. in diameter. They are avail-
able with or without a built-in line
switch actuated by the control
knob. They are interchangeable
with other units built to R. M. A.
standards.

Allen-Bradley Co.
110 W. Greenfield Ave., Milwaukee, Wis.

Bakelite
(Shull cut mway)

SPECIFY
BRADLEYUNITS IF YOU WANT
QUIET, DEPENDABLE RESISTORS

These solid molded fixed resistors

have an exceptionally low volt- ,;;"
age coefficient. Moisture and age
do not affect them. All manufac-
turing processes are under con-
tinuous laboratory control. Such
uniformity of manufacture as-
sures resistors that are quiet and
dependable in radio receivers.

( ? “SPRRK PLUG RESSIOR €9) ‘

g i

SUPPRESSORS THAT HAVE NO
HIGH VOLTAGE CHARACTERISTICS

Allen-Bradley Suppressors do not 7
“‘open circuit’”’ in service; they do
not ‘‘drop”’ in resistance and,
therefore, fail as suppressors;
they do not have a high voltage
characteristic; they do not fail
from exposure to oil and water;
they do not break due to car or
engine vibration. These resistors
are enclosed in rugged, non-
arcing bakelite casings.

ALLEN-BRADLEY

RADIO

Carbon Wiping Contact
(Notet Metal holding carbon buttan is cut away)

RESISTORS :

Solid Molded Resistance Element P

the Choice of the

3/8” Mounting Hole World’s Largest
Radio Manufacturers

Silver Plated One-Piece Contacts
Fibre Guard
for Solder Flux
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Panorama of WOR 50 K.W. Broadcast Station

JSOLANTITE PLAYS AN IMPORTANT ROLE IN
8 THE MODERN BROADCAST TRANSMITTER.

The 50 K.W. Transmitter recently built by Western

Electric for Station WOR employs ISOLANTITE
liberally.

In this up-to-date station are strain insulators, concentric
transmission line spacers and end seals, stand-offs, switches,
shafts, inductance supports, power and rectifier tube sup-
ports, condenser cases, pedestals and many other parts of

ISOLANTITE.

To improve your equipment, specify ISOLANTITE in-
sulation. Isolantite Inc., 233 Broadway, New York,
N. Y. Factory at Belleville, N. J.

Represented by GRAYBAR ELECTRIC CO.




A Clear Path Ahead -
with RCA ALL-METAL TUBES

\ L\

in fundamental radio design they
impose a serious handicap that can L z ]
..never really be overcome, no matter g L o

" how perfectly the design limitations
// are compensated for by refinements

/ OMPROMISES are always irksome;
4

)

in execution,

4 \%‘j Highly perfected though glass tubes % 1 3
_~ =4 are, they involve a basic compromise: - Sz ; ;
ﬁ §a they are manufactured in accordance S 3 f
&/ with a technique borrowed from a ; B == = T :

fundamentally unrelated industry. __ = %

RCA All-Metal Tubes abolish that compromise. They are
designed and builtas radio tubesshould be, from the ground
up. In one stroke they sweep away countless obstacles that
beset the equipment designer’s path. The road ahead is clear.

With metal, tolerances can be closer. With metal, more
and more automatic machinery can be used, resulting in
finer accuracy, greater uniformity and progressively lower
production costs. With metal, shielding is very nearly per-
fect. With metal, no charge accumulates on the shell.

With metal, leads are shorter, are more direct, and con-
tribute to rugged support of the elements. With metal, tubes
are more compact and, therefore, make possible more efh-
cient chassis designs.

With metal comes the opportunity to standardize on a
few fundamental types to take the place of several score of
glass types, many of which overlap in function.

Available in metal is the new pentagrid mixer—the 6L7—
the advantages of which cquipment designers have been
quick to recognize.

These are some of the features of RCA All-Metal Tubes,
as designed by General Electric and made by RCA. Because
of the features of metal tubes—no less than the potent sales
appeal of their very newness— 48 set manufacturers have
adopted all-metal tubes.

T Y "ifﬁ"'"lT

RCA Manufacturing Co., Inc.,, Camden, N. J.; a subsidiary of the

_ | '.
RCA RADIO TUBES 1

RADIO CORPORATION OF AMERICA




