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Model 705

Seunsitrol Relay

Double Adjustable
Contacts

PEND

SERIAL

Model 705
Sensitrol Relay
Single Fixed Contact

4

OPERATE on values as low as 2 microamperes or 1 milli-
volt . .. direetly from photo-cells, resistance thermometers
or other generators of minute power.

CONTACTS handle 50 milliamperes at voltages up to 110
AC or DC.

POSITIVE, magnetic contact prevents chattering and
other contact troubles.

FURNISHED with fixed or adjustable contacts. Manual or

electrical reset.

SCALE may he calibrated for current, voltage, tempera-
ture, etc.

COMPACT . ..

inexpensive!

measuring only 314" diameter . . . and

WESTON Sensitrol Relays have found wide application
throughout industry on control and measurement prob-
lems requiring extreme sensitivity associated with pos
itive action, such as automatic scale feed control
turbidity control — precipitation control — temperature
control —signal alarm systems, ete., ete. If you have any
similar problem, WESTON engineers are qualified and
anxious to assist in its solution. Write stating your prob-
lem, or requesting the Sensitrol Bulletin . . . Weston
Electrical Tnstrument Corporation. 618 Frelinghuysen
Avenue, Newark. New Jersey.
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THE CULMINATION OF 30 YEARS
SPECIALIZATION IN THE MANUFACTURE
OF QUALITY CARBON PRODUCTS . . .

Just as you are constantly striving to secure the best possible performance in
the sets you design, so have Stackpole engineers constantly worked to perfect
and improve Stackpole products that you may attain your objective.

As a result, there's years of progressive research behind these Stackpole
Resistors, Switches and Controls—backed by an organization of engineers
whose skill has been sharpened by long experience—and by plant facilities

second to none.
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Here research rules supreme—here individual problems are analyzed
and solved that you may be better served.

You are invited to avail yourself of this complete service. If you have a
special variable or fixed resistor problem, put it up to Stackpole. We shall be

glad to cooperate.

Your inquiries are invited.

STACKPOLE CARBON COMPANY

ST. MARYS - PENNSYLVANIA

Stackpole products are sold only to manufacturers of original equipment
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Engineering

Progress Results

P.R.MALLORY & €O.Inc.
INDIANAPOLIS
L o R Cable Addrass— PELMALLO

P. R. MALLORY & CO., Inc.

° L )
in Important :
Marked improvement in Y axley
swilches has permitted the do-
mestic and amateur receiver
manufacturers to advance into
new fields of all-wave set
design. Provision is made in
Yaxley switch design for shorting the unused taps of the various antenna,
oscillator and other similar coils. The capacity effect between the vari- q
ous parts of the switch has been reduced by proper arrangement of
the parts and the use of special materials. This offers the added advan- ]
tage of the very low losses when used as high as twenty-five megacycles.
The fundamental Yaxley design of exclu- features of the Yaxley 3100 switch line is
sive silver to silver contact has been a novel but highly satisfactory method of
further improved until the contact resis- eliminating the well-known mounting
tance has been reduced to fractional bushing. This is accomplished by extrud-
parts of a milliohm. ing part of the cup and rolling an accur-
. ate thread on the extruded surface. This
These improvements have been made eliminates the necessity of providing an
without any sacrifice of qualily or safety expensive brass bushing.
as may be shown by the fact that break- ) .
down voltages are still in excess of 1000 Most suppliers seek L induce manufac-
volts R. M. S. at 60 cycles between all the turer.s to adapt their products to the
component parts of these switches. supplier’s wares. Mallory-Yaxley, on the
contrary, engineers its products to meet
A new Yaxley ¢“3100”° line of band change manufacturers’ requirements — to solve
switches has the complete mechanism in manufacturers’ problems. Which is the
a self-enclosed cup, grounded and shielded basic reason why Yaxley switches are
for R. F. purposes from the other compo- synonymous with leading quality in
nent parts of the receiver. One of the performance. )
-
Y

INDIANA

AXLE,
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» WOLF! . . . Two bulletins issued by
consumers’ organizations which pur-
port to give their subscribers the low-
down on advertised articles have come
to hand. They deal with radio receiv-
ers. As is customary with reports of
this nature, there are very few good
words said for anything or anybody
and one might easily get the feeling
that he would be a lot safer not to
buy any radio at all for he is almost
sure to get gypped.

One bulletin, in particular, lambasts
automatic frequency control stating
that it is one of the worst potential
sources of trouble that has been added
to radio sets, It states that a.f.c. is
comparable to automatic gear shift
devices on automobiles, and winds up
by stating that a radio purchaser would
do much better to do his own tuning.

The chip-on-shoulder attitude of
these reports is characteristic and an-
nually alienates many subscribers who
really wish for honest-to-goodness dope
and not biased statements. The diffi-
culty of giving a real survey of radio
receivers is apparent when it is con-
sidered that annually there are sev-
eral hundred models from a hundred
different manufacturers. For example
one of these reports had 6 pages de-
voted to radio. Three of them were
given over to a discussion of labor
conditions in the manufacturers’ plants.
Only a half-dozen sets were completely
described.

A recent survey indicates that there
has not been much trouble with a.f.c.
Probably it is too early for troubles
to develop, if they ever will. Out of
200 service calls on sets which had
a.f.c. one organization reports that very
few found trouble with the a.f.c. cir-
cuits or apparatus.

A.f.c. is added to receivers to make
certain that a high gain, highly se-
lective superheterodyne is accurately
tuned. Slip-shod manual tuning pro-
duces bad distortion, making unpleas-
ant the finest program as heard from
the finest receiver. A.f.c. is not merely

Crosstalk

for the lazy man’s enjoyment; it serves
a purpose and is a real contribution.

These consumers’ organizations could
perform a distinet service, however, if
they could teach advertising managers
that inventing trick new names for old
gadgets is not good salesmanship. A
purchaser of a radio thinking he is
getting an exclusive feature, cannot
help but be disappointed when he gets
the set home to find that his neigh-
bor’s equipment has exactly the same
gadget (under another name) and that
it sounds the same and probably looks
the same.

Isn't it possible that set manufac-
turers are claiming new features a
bit too often, and a bit too blatantly?
Have they anything new to back up
their claims? Is it necessary to claim
anything else than that the radio pur-
chaser gets a whale of a lot of equip-
ment for awful little money, these
days.

Giancarlo Vallauri

KEITH HENNEY

Editor

» TELEVISION STOCK . At the
request of the Attorney General of
New York, a restraining order was
issued halting the sale of stock in a
television company, capitalized for
6,000,000 shares of $1 par value. The
company was without assets. There
have been many television stocks nearly
all of which have gone boom.

Suppose two successful non-inter-
changeable systems of television were
developed. How would the situation
be handled? Restriction of wave-
lengths to one or the other system
would wipe out the investment of the
losing company. Granting of wave-
lengths to both systems would provide
a double setup, which no one would
want. An interesting speculation.

> VISITOR . . . American radio engi-
neers who recently met and talked
with Professor Giancarlo Vallauri of
Italy were not aware of the scientific
stature of the unassuming, genial pro-
fessor. Not only is he vice-president
of the Royal Academy of Italy, a dele-
gate to the Third World Power Confer-
ence and to the Harvard Tercentenary
Celebration, an officer of high rank in
the Royal Italian Navy, but he is in
charge of all broadcasting in Italy ex-
cept that from the Vatican, is Director
of the National Electro-technical Insti-
tute “Galileo Ferraris” and professor
of electro-technical engineering at
Politecnico, both at Turin, president of
the Italian Broadecasting Company, edi-
tor of FElettrotecnica and Alta Fre-
quenza and in addition holds a bewil-
dering number of offices in other
organizations.

His technical work involves contri-
butions on frequency transformation,
ferro-magnetism, operation of three-
electrode tubes, measurement of field
strength (1920) and other fields of
endeavor which mark him as an out-
standing figure in science and inter-
national broadcasting.



THIRTY YEARS AGO

This month, 1907, U.S. Patent 841,387 was issued to Lee de Forest.
It disciosed the three-element electron tube, named the audion.
Above, on a copy of the patent is an early example of the triode
with grid wound on a glass arbor, and with twe parallel plates



Millions of Sets

EAR 1936, an oasis in a desert

of depression, has just closed.
A spirit more optimistic than that
existing in the good-bad 1929 days
is abroad. The last of the year was
brightest of all, winding up in a
burst of bonus payments to em-
ployees and dividends to stockhold-
ers that put vast quantities of tax-
scared money into circulation. Much
of this money will find its way into
the electronics industry either by
direct purchase of radios or by im-
proving manufacturing capacity at
plants where modernization of
equipment is indicated.

Companies, of course, cannot de-
clare dividends or pay bonuses they
have not earned. This plethora of
cash payments is only a sign that
industry is experiencing profits.
Radio manufacturing, the largest
of the industries existing on the
vacuum tube, built up a new record
in point of unit sales. According
to the RMA some 7.6 million re-
ceivers went out of factories and
into homes in 1936, topping all pre-
vious figures, doubling in dollar
value the 1984 figure (1936 = $315,-
800,000).

Not only has the industry showed
a marvelous output of units but
many companies are enjoying prof-
its for the first time in years. Some
are piling up their first profits of
all time. It is sad to note, however,
in a recent bulletin of the Depart-
ment of Labor that radio employees
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are very near the bottom of all man-
ufacturing industries in the point
of weekly wages.

Tube manufacturers are hopeful
that the metal tube bad news is now
past, that 1937 may give them a
chance at profits. The cost of devel-
oping, selling, stocking multitudi-
nous tube types which are used only
sparingly offsets the profits made
from quantity production of the few
types widely used.

1936, however, is past. An in-
dustry like electronics, based upon
a science and upon invention, has a
future that is always more im-
portant than its past.

With 7.6 million new radio sets
in use manufacturers wonder what
1937 can bring. It is certain that
something new is desirable. With
radios looking and sounding much
like those of the past, obsolescence
must depend more upon some new
service than upon trick and individ-
ualistic names for gadgets which all
sets possess. This new service will
probably be television. The present
year will see increasing pressure
brought upon engineers and scien-
tists working at television to bring
out of their laboratories something
which can be sold the public. The
emphasis must soon be on practice;
not theory.

What of electron tubes in indus-
try?

Nearly every electronic applica-
tion is a special joh. It cannot be

built unto a package to be sold
horizontally to all industry. These
specialties require special salesmen-
engineers who sell the job, engineer
it, service it. Therefore large com-
panies are at a disadvantage com-
pared with a small group, or an
individual. Every industry, auto-
mobiles for example, provides room
for electronic engineers equipped
with mechanical and electrical in-
genuity. From these statements
must be excepted applications like
welding, illumination and register
control. Here the large companies
are carving out considerable busi-
ness. Thus in electronics there is
opportunity for large and small com-
panies.

During the year it is expected
that the rising sales of tube-con-
trolled welding apparatus will con-
tinue. Ignitrons, which are pool
type tubes with immersion starters
are now able to deliver continuous
currents up to several hundred am-
peres, peak currents up to 7500 am-
peres.

Beam tubes developed in 1936 may
be expected to appear in new classes
in the new year. Already the tech-
nique is being applied to higher
power tubes and to applications
where high efficiency is desired.
Degenerative feed-back circuits will
become better understood and will
find new applications.

1937 is a new year, replete with
opportunity for profits, for service.

7



RCA Describes Television System

Behind the New York field test of RCA’s television facilities lies an intricate system of

experimental units, including the studio, monitoring groups, cables, transmitter, radiator

and receivers. A report of R. R. Beal’s paper before the New York LR.E.

HE decision of the RCA and its

service companies to bring their
television developments out of the
laboratory and to subject them to a
comprehensive field test was greeted
generally, when it was announced
some eighteen months ago, as an ex-
cellent contribution to the art. Later,
on June 29, 1936, the field test was
actually inaugurated with the official
opening of the Empire State build-
ing transmitter. At the time, the
general purpose of the tests and the
fundamental dimensions of the sys-
tem were announced, but the details
of the experimental equipment used
were not available, because they were
not fully worked out until several
months after the experimenting got
under way. Now, after six months
of experience, the system has more or
less ‘“shaken down” into a coordi-
nated group of units. While insuffi-
cient data have been accumulated
and interpreted, as yet, for any
worthwhile report of results, the sys-
tem itself is in complete enough form
to warrant a complete description.
This description, long awaited by ra-
dio and electronic engineers, was
given early last month by Mr. Ralph
R. Beal, Research Supervisor of RCA
who presented before a large audi-
ence at the New York Section of the
LR.E. a paper entitled ‘“The RCA
Television Field Test System”. The
paper made no attempt to present or
to interpret the information thus far
revealed by the tests, but concen-
trated on describing the experi-
mental units through which the in-
formation is being collected. Many
questions asked by members of the
audience were answered by several
RCA engineers in whose province the
requested information lay.

The various equipment units in
the system may best be described by
following a typical program through
from studio or film projector to the
viewing screen at one of the receiv-

8

ers. Briefly, the video units involved
in the RCA building are: A com-
pletely equipped television studio for
live talent, a projection room for
transmitting film, monitoring facili-
ties, a central synchronizing gener-
ator for generating synchronizing
impulses, and video line amplifier
and terminal equipment. This ter-
minal equipment feeds either of two
connecting links between the RCA
building and the Empire State
Transmitter. One link is an experi-
mental coaxial cable; the other is a
u-h-f transmitter operating on 177
Me, which sends a more or less
directional beam toward the 85th
floor of the Empire State building.
At the Empire State building are
input equipment (including a re-
ceiver for the radio link and ter-
minal amplifiers for the coaxial
cable), further monitoring equip-
ment, the transmitter itself, and
finally the transmitting antenna.
Paralleling all this video equipment
is audio equipment of more or less

conventional design, including a high
fidelity telephone circuit between the
studios and the transmitter.

Thus it will be seen that the ex-
perimental system is a complete
broadcasting plant, and it has been
installed, to quote Mr. Beal, ‘“‘sub-
stantially as it would be employed in
a radio broadcasting service.” The
equipment itself, as shown in the
illustrations, has a highly profes-
sional appearance and has been con-
structed with a degree of care not
often found in an experimental sys-
tem.

Standards of Transmission

Of basic importance in the tests
are the standards used for scanning
and for picture repetitions. At pres-
ent the pictures are scanned in 343
lines per frame, and are completely
covered 30 times per second. Odd-
line interlacing is used, in a 2-to-1
ratio, giving 60 field scannings per
second. The aspect ratio (width-to-
height) is 4-t0-3. The maximum

www americanradiohistory com
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video frequency in the RCA system
has been set at 1.5 Mc. which is 64
per cent of the value (2.35 Mec.) die-
tated by the conventional formula for
the maximum frequency = % (aspect
ratio) (frame frequency) (number
of lines)®.

With 1.5 Mc. as the maximum fre-
quency in the sight signal, all of the
video equipment from Iconoscope
pick-ups through to the modulator of
the transmitter must be capable of
passing frequencies from about 20
cps. to 1500 ke. The 177 Me. radio
relay link passes two side-bands of
this width. The carrier frequencies
of the main transmitter are 49.75
Mec. for the picture signals and 52
Mec. for the sound. Both of these
carriers are radiated from the same
antenna, whose frequency response
is wide enough to pass the audio
side-bands (10 ke. wide) and the
upper side-band of the video signal

The control booth contains o
three positions, for video, gen-
eral production and audio moni-
toring, arranged before « win-
dow overlooking the studio be-
low. Note the “Kinescope”
monitors in front of the video
and production operators

The camera men wear earphones

through which they receive in-

structions from the production

man’s  talk-back  microphone.

Five men operate cameras,

»  lights, and microphone boom in
the experimental studio

(1.5 Mc. wide). The lower side-
band frequencies (49.75 Me. to 48.25
Mec.) are partially attenuated by the
antenna system. Feeding both audio
and video transmitter outputs to the
same transmission line requires the
use of concentric line filters to pre-
vent interaction between the two
transmitters.

It is intended to change the stand-
ards of the system sometime in the
future to agree with those recom-
mended by the RMA Television Com-
mittee, which call for a 441-line pic-
ture and a maximum video frequency
of 2.5 Mc. ‘but which are otherwise
in substantial agreement with the
present set-up.

The studio is provided with three
Iconoscope pick-up cameras, each

ELECTRONICS — January 1937

with its associated amplifier. The
cameras are supplied with synchron-
izing pulses from the main genera-
tor. The cameras are fitted with
optical equipment as follows: Tele-
scopic lens, 18-inch focal length;
“straight” lens 7.5 inch focal length.
The latter lens, when operated at f.
4.5, gives an effective depth of focus
of about 3 feet at a distance of 10
feet. The lighting system of the
studio is also of considerable inter-
est. Normally, incident light of 800
to 1000 foot-candle intensity is used.
The light sources are conventional
incandescent lamps, fitted with heat
filters which are necessary to pro-
tect the actors. An augmented air-
conditioning system is installed in
the studio and is capable of remov-
ing heat-energy at a rate of 50 kilo-
watt-hours per hour. The audio
pick-up is handled with the conven-
tional microphone boom now used in
motion picture productions. At least
five men are required on the studio
floor to handle cameras, lights, and
microphone.

A feature of considerable interest
is the monitoring and control booth
associated with the studio. The mon-
itoring console has three positions
arranged on a single desk, for audio
monitoring, video monitoring, and

wwWwW americanradiohistorv com

for production control, the latter be-

ing the center position. The audio
position is conventional. The video
position contains detail, brightness,
contrast, and scanning-voltage con-
trols for each of two channels, which
are each individually monitored by
means of a Kinescope and a con-
ventional oscilloscope. The former
gives the image in reproduced
form while the oscilloscope shows
the waveform of the scanned lines
in relation to the “pedestal” (d-c
signal level) on which the syn-
chronizing impulses are superim-
posed, thus making possible maxi-
mum use of the modulation depth
available for the video signal.
Two channels are provided so that
one may be set up and made ready
for use while the other is delivering
the program. Also in the control
booth are the video and audio am-
plifiers which feed the signals to the
terminal equipment in the main
equipment room.

Motion-Picture Projector Equipment

A separate room in the Radio City
studios is set aside for film projec-
tion, a source from which much pro-
gram test material has been derived.
Two projectors of special design are
available. The special design is

9



Kxperimental television receiver used
by the observers in the Field Test

made necessary by the fact that
standard sound motion picture film
runs at 24 frames per second, where-
as the television image is scanned
at the rate of 30 times per second.
The film runs through the projector
at an average speed of 24 frames
per second, so that the sound track
is reproduced at proper pitch and
tempo, but each individual frame
does not remain in place for the same
length of time. Instead the frames
are projected alternately at a rate
of 20 and 30 frames per second, by
means of a special intermittent
mechanism, which gives an average
rate of 24 per second. Two succes-
sive frames are available, 1/20 sec-
ond scanned 3 times and 1/30 second
scanned twice, averaging 1/24 of a
second each. The projector is fitted
with a shutter which admits light
from the film to the Iconoscope dur-
ing only a very small part of the
time during which each frame is sta-
tionary, actually only during the
time when the scanning beam in the
Iconoscope is returning from bottom
to top of each set of interlaced lines.
The light impulse creates a charge-
picture on the mosaic of the Icono-
scope which remains until scanned.

10

The film-projection room is fitted
with monitoring apparatus for two
video and audio channels, one for
each projector, so that continuous
film programs can be handied.

Studio to Transmitter Connecting Links

The 177 Mc. “interbuilding radio-
relay” circuit consists of a trans-
mitter situated on the 10th floor of
the RCA building and a receiver on
the 85th floor of the Empire State
building. The relay transmitter is
fed from the studio or film projec-
tion room through a coaxial cable,
and the video signal is monitored at
the transmitter input. A directive
antenna in the 14th floor level con-
sisting of a dipole in front of a plane
metal reflector directs a beam toward
the Empire State building. Here a
receiver (with monitor) converts the
177 Me. signal back to the video

frequencies (from 20 cps. to 1.5 Mec.)
which in turn are fed to the modu-
lator of the main transmitter. The
radio relay circuit has been found
to be highly satisfactory, and gives
a picture quality equal, in detail and
in freedom from noise, to the signal
transmitted over the coaxial cable.
The latter is terminated in the Main
Equipment Room of NBC and ex-
tends to the Empire State building,
finally terminating at the modulator
input of the main transmitter.

Main Transmitter

The transmitter in the Empire
State building consists of two units,

Block diagram of video units from

studio to antenna. Both audie and

video transmitters radiate from the
same antenna
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the video and the audio, which oper-
ate at carrier powers of 8 kw. each.
Both units use special tubes in the
final amplifier which are designed
for generation of wide bands at the
high carrier frequency required.
The tubes dissipate about 30 kw. at
the plate, and deliver an electron
emission of 18 amperes per tube, a
value which permits 8 kw. output
when the final tank circuit is loaded
to pass the 1.5 Mec. side bands which
are produced. No attempt is made
to reduce either of the side-bands,
at the transmitter, although as
pointed out above, the antenna does
attenuate the lower side-band fre-
quencies somewhat. In the audio
transmitter, conventional plate mod-
ulation is used, but in the video unit,
it is next to impossible to produce
efficiently the high voltages required
for plate modulation over the ex-
tremely wide frequency band. So
grid circuit modulation, impedance-
coupled to the grids of the final am-
plifier, is used.

The transmitter is provided with
a control board which gives visual
monitoring of the video signal at the
input to the modulator. This moni-
tor can be connected either to the
coaxial cable or to the radio relay
receiver. All video signals through-
out the system are sent over coaxial
cable, except of course in the case of
r-f transmission from the radio re-
lay and main transmitter radiators.
Even the line-cord jacks used in the
video circuits are of special coaxial
design.

The outputs of the two transmit-
ters are coupled through selective fil-
ters to a common transmission line
of the concentric type which in turn
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connects with the main radiator
mounted on the top of the Empire
State building (see front cover,
Electronics, July, 1936) at a height
of 1250 feet. The horizon at sea
level viewed from this antenna is
approximately 45 miles away.

The radiator is of unusual design;
it consists of 9 horizontal dipoles
arranged as the sides of three equi-
lateral triangles, one above the other
and supported by a pipe framework.
The emitted wave is horizontally
polarized, and the radiation pattern
around the antenna is approximately
circular. The vertical spacing be-
tween each triangular set of dipoles
is so chosen that the high angle
radiation from the structure is re-
duced to a very low figure. Great
concentration of radiated energy in
the horizontal plane has been
achieved. The signal is, in fact,
about 8.2 db. stronger in the hori-
zontal plane than it would be if
radiated directly from a vertical
dipole.

The range of the transmitter has
only partially been investigated. The
reliable service area seems to be
about 25 miles. However, good re-
ception in a favorably-situated sub-
urb 45 miles away is consistently
reported.

Field Test Receivers

The reception of the television sig-
nals is confined to a small number
of receivers, not over 100 in all,
which are distributed in New York
City and the surrounding suburban
area in the homes of various mem-
bers of the RCA and NBC technical
personnel. The receivers are of
standard pattern, and are installed

www_americanradiohistorv com

Left, the film projection room contain-
ing the special projectors described in

the text.

Opposite page, the control

and monitoring positions for the fitm

projection apparatus

The radio .relay transmitter at the RCA

Building which transmits the video signal

on 177 Mec. to the main transmitter in the
Empire State Building

in typical as well as specialized loca-

tions.

The receivers are superhet-

erodynes, tune from 42 to 84 Mc. and
accept both the audio and video sig-
nals at once. A common video-audio
r-f amplifier (using an acorn tube)
feeds the two carriers to a common
first detector, at the output of which
two different i-f frequencies (audio

and video) appear.

The video i-f

is amplified, applied to a second

detector

and thence to the con-

trol electrode of the Kinescope. In-
cluded in the receiver are circuits
for selecting the synchronizing sig-
nals from the incoming wave (am-
plitude and wave-shape selection are

used) ;

vertical

these signals control the
and horizontal deflection

generators. Control knobs are pro-
vided for control of tuning; of sound
[Continued on page 48]
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Feedback Amplifier Design

By paying attention to simple theory it is possible to apply negative feed-back across several

stages of amplification without encountering oscillation troubles.

multi-stage circuits are described and explained

Practical single and

HE feedback amplifier can be

thought of as an ordinary am-
plifier in which a certain amount
of negative regeneration (or degen-
eration) has been deliberately in-
troduced. When this is properly
done the amplifier acquires new
properties, the most important of
which are a great increase in sta-
bility of amplification with changes
in circuit constants, and an accom-
panying reduction in amplitude dis-
tortion.

The operation of a feedback ampli-
fier can be understood by reference
to Fig. 1. Regeneration is intro-
duced by superimposing upon the
amplifier input a fraction B of the
output voltage E, so that the actual
input to the amplifier consists of
the signal voltage e, plus the feed-
back voltage BE. Since the output
voltage E is necessarily A times
the voltage actually applied to the
amplifier input, E = A (e; 4+ BE).
Solving this equation for the ratio
E/es, which represents the effective
gain in the presence of feedback,
gives at once

E__4 1 1
. I_AB_—B(I_E%) ...... )

In this equation the assumption as
to signs is such that when the feed-
back voltage opposes the signal volt-
age, B is negative. The quantity
AR can be termed the feedback fac-
tor, and represents the amplitude of
the voltage superimposed upon e;
compared with the actual voltage
applied to the input terminals. Thus
if AR = 50, then for each millivolt
existing between the input termi-
nals the feedback voltage will be 50
millivolts, and if the phase is such
as to give negative feedback a signal
of 51 millivolts will be required to
produce one millivolt at the input.

Examination of Eq. (1) shows
that if the feedback factor AB is
large the amplification is reduced by
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the presence of feedback, and fur-
thermore when |AB| >>1, Eq. (1)
reduces to

Eles = —1/8......ccccovnn.. (2

Expressed in words, Eq. (2) states
that when the feedback factor AB
is large the effective amplification
depends only upon the fraction 8 of
the output voltage that is superim-
posed upon the amplifier input, and
is substantially independent of the

Foeatfach vodage S5

V/—\FI& i)

Amglificalian

FIG, 2 (b}

Fig. 1.—Fundamental feedback cir-
cuit, showing relation between in-
put, output and feedback voltages

Fig. 2.—Amplification and phase

characteristics of (a) resistance or

impedance coupled amplifier, (b)
transformer.coupled amplifier

gain actually produced by the am-
plifier itself.

This remarkable behavior is a re-
sult of the fact that when the feed-
back is large the voltage actually
applied to the amplifier input ter-
minals represents a small difference
between relatively large signal and
feedback voltages. A moderate
change in the amplification A there-
fore produces a large change in the
difference between signal and feed-
back voltages, thereby altering the
actual input voltage in a manner
that tends to correct for the altera-
tion in amplification. Thus in the
amplifier considered above where
AR = 50, if the amplification A was
halved by a change in design it
would then take two millivolts across
the input terminals to deliver the
same output as before. With  un-
changed the feedback voltage would
still be 50 millivolts, so it would re-
quire a signal of 50 + 2 = 52 milli-
volts instead of the previous 51 milli-
volts to produce the same output.
Thus a 2 percent change in effective
overall amplification results when
the gain A is altered by 50 percent.

Inasmuch as the quantity B de-
pends upon circuit elements such
as resistances that are permanent,
the amplification with large feed-
back is substantially independent
of the tube characteristics and elec-
trode voltages. Furthermore Eq.
(2) shows that the amplification
with large feedback is inversely pro-
portional to B, so that if the fraction
B of the output voltage that is super-
imposed upon the input is obtained
by a resistance network, the amplifi-
cation will be substantially inde-
pendent of frequency and will have
negligible phase shift. On the other
hand, if it is desired to have the
amplification vary with frequency
in some particular way, this can be
readily accomplished by making the
feedback network have the same
transmission loss characteristic as
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Fig. 3—Single-stage feed-back amplifier arrangements, for single ended and push-pull operation.

The special

characteristics of each circuit are described in the text

the desired gain characteristic, This
last property can be utilized in
equalizing an amplifier. :

Reduction of Amplitude Distortion and
Noise

The presence of negative feed-
back also greatly reduces the ampli-
tude distortion and crosstalk pro-
duced in the amplifier. This distor-
tion can be thought of as being gen-
erated in the amplifier, usually in
the output stage. If d represents
the amount of distortion appearing
at the output in the absence of feed-
back when the output signal volt-
age is E, then in the presence of
feedback the distortion with suffi-
cient excitation to produce the same
output voltage E will be less than d.
This is because some of the distor-
tien is fed back to the amplifier input
through the feedback circuit and re-
amplified in such a way as to tend
to cancel out the distortion orig-
inally generated. If D represents
the distortion voltage actually ap-
pearing in the output in the pres-
ence of feedback when the output
voltage is E, the distortion voltage
applied to the amplifier input by the
feedback circuit is BD, and this is
amplified 4 times by the amplifier.
The total distortion output is then
the distortion d actually generated
in the amplifier plus the amplified
feedback distortion BDA. That is:
D = d + BDA, or

_d
1-p4

Distortion with feedback=

D=

Distortion in absence of feedback
1—84

This equation shows that feedback
reduces the percentage distortion
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appearing in the output for a given
output voltage by the factor 1 — BA.
If BA is made large by employing a
large amount of feedback, the re-
sult is a very great reduction in the
distortion,

Noise introduced into an ampli-
fier likewise tends to be reduced by
feedback in the same manner as dis-
tortion. This is because the noise
voltages appearing at the output
are fed back to the amplifier input
in such a way as to tend to oppose
the noise otherwise appearing in the
output. The effectiveness of nega-
tive feedback in reducing noise in
this way depends upon the amount
of feedback and upon the place
within the amplifier where the noise
is introduced. The reduction of
noise is greatest when the point of
introduction is in the output cir-
cuits of the final tube, under which
conditions the noise voltages are re-
duced by the factor 1 — BA. If
however the noise is introduced in
low level stages the amount of re-
duction resulting from feedback be-
comes less, and if the noise is intro-
duced into the input circuits of the
amplifier, feedback has no effect in
reducing the signal-to-noise ratio.
Negative feedback will therefore
not reduce thermal agitation noise,
hum introduced in low level stages,
or microphonic effects in low level
stages. The chief usefulness of
feedback from the point of view of
noise is that it permits the use of
a poorly filtered power-supply sys-
tem for the plate circuit of the final
stage of amplification.

Feedback without Oscillations

In order to realize the advantages
of feedback, the amplifier and its

feedback must be so arranged that
oscillations do not occur. This can
be accomplished by arranging the
circuits so that the feedback voltage
is normally in phase opposition to
the applied signal (i.e., BA negative
and real), and by arranging the cir-
cuits so that there is no frequency
where AB is positive, real, and
greater than unity.'

The amplification and phase shift
characteristics of a feedback ampli-
fier are therefore of fundamental
importance in determining whether
or not the amplifier will be stable.

The amplification and phase char-
acteristics (phase measured from
the midrange value) of single-stage
resistance-impedance and trans-
former-coupled stages are shown in
Fig. 2. It will be seen that large
phase shifts (never more than 180°)
occur in general where the amplifi-
cation is low, except in the vicinity
of the series resonance in the trans-
former case. So long as the total
phase shift of A8 is less than 180°,
it remains negative as required for
stable operation. Phase shifts
greater than this amount are en-
countered only in the case of two
or more stages, or when the feed-
back network adds a shift to that
of a single stage.

Single Tube Feedback Circuits

Practical amplifier circuits in
which there is feedback from the
output to input circuits of the same

1The exact criterion for avoiding oscilla-
tion in feedback circuits is that when the
value of A8 and its conjugate are plotted
as a function of frequency on rectangular
coordinates with the real part along the X
axis and the imaginary part along the Y
axis, the resulting curve will not inclose the
point 1, 0. See E. Peterson. J. G. Kreer
rnd L. A. Ware, ‘“Regeneration, Theory, and
Experiment.” Proc. I.R.E., vol. 22, p. 1191,
October, 1934.
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Fig. 4. Two-stage feed-back circuits.

The advantages of coupling over two stages can be realized 1with-

out oscillution troubles if proper procedure is followed

tube (or push-pull pair) are shown
in Fig. 3. Arrangements ¢ and b
are commonly recommended for use
with beam power tubes to reduce the
amplitude distortion generated by
the tube. These arrangements also
reduce amplitude distortion result-
ing from saturation of the output
transformer core at low frequencies
and improve the low-frequency re-
sponse by tending to maintain the
voltage across the transformer pri-
mary the same at all frequencies.
The falling off at high frequencies
as a result of leakage reactance is
not affected, however, since this takes
place on the load side of the trans-
former primary. The circuit of Fig.
3¢ overcomes this, but requires that
the load impedance be high enough
to develop the required feedback
voltage. The arrangement at Fig.
3d is a special case of ¢ where R: =
0, and R.= 00, and is attractive in
that it eliminates four resistances
and wastes no power in the feedback
network, but has the disadvantage
that the load impedance is fixed by
feedback requirements.

In the circuits of Fig. 3e, 3f, and
3g feedback is obtained by the use
of a resistance in the cathode cir-
cuit. At e the cathode resistor is
used simultaneously for bias and
feedback purposes, while at f and ¢
the circuits are arranged so that the
feedback factor AP is greater than
obtainable with only the bias re-
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sistor, while the normal bias is still
maintained. It will be noted that
circuits e, f, and ¢ give a feedback
voltage that is proportional to the
a-c current flowing in the plate cir-
cuit of the tube, so that these cir-
cuits tend to stabilize the current in
the output circuit rather than the
voltage developed across it. Thus
when the output circuit is a resist-
ance-capacity coupling network as
shown, the shunt capacity C, causes
the output voltage to drop at high
frequencies for constant a-c plate
current, and likewise the coupling
condenser reactance causes the volt-
age developed across the grid leak
to drop at low frequencies even when
the a-c plate current is constant.
Feedback action does not improve the
frequency response in these circuits
even though amplitude distortion is
reduced. The falling off at high and
low frequencies can, however, be
greatly reduced by shunting the cath-
ode resistor R. by a condenser C. to
reduce the negative feedback at high
frequencies, and shunting by an in-
ductance L. to reduce the negative
feedback at low frequencies, as in
Fig. 3h. By proper choice of these
reactive elements the response can be
made substantially flat over a much
larger frequency range than would
otherwise be possible. Circuits e, f,
g, and h are not suitable when the
output circuit contains a trans-
former, because there is no resulting

improvement in frequency response,
and the stabilization tends to make
the magnetizing current of the trans-
former sinusoidal and so actually
produces amplitude distortion in the
output voltage.

The circuit of Fig. 3¢ is particu-
larly suitable for use with a power
amplifier having a resistance-coupled
driver stage. This arrangement re-
duces the distortion produced in the
final tube, and improves the low fre-
quency response of the output trans-
former. Also, if R.>>R. and
R, >>R., the feedback voltage
varies with frequency in such a way

{2} Characieristics of individval stages |
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Fig. 5. Multistage operation
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as to reduce greatly the frequency
distortion produced by the driver
stage (but does not reduce the ampli-
tude distortion in the driver).

Two-tube Feedback Circuitss

Circuits in which the feedback
takes place from the output of one
tube to the input of the next preced-
ing tube have a number of advan-
tages. Since there is more gain
available between feedback points,
it is practicable to use higher values
of the feedback factor A8 and there-
by to realize to a greater extent the
potential advantages of feedback.
The two-tube circuit also takes care
of amplitude and frequency distor-
tion in the driver stage as well as
in the power stage. This is of par-
ticular importance when the power
tube requires a large exciting volt-
age or when the grid of the power
tube is driven positive, as in Class B
and Class AB amplifiers. It is a
possibility of negative feedback that
has so far been largely neglected.

Two-tube feedback circuits must
in general use resistance or im-
pedance coupling, or an interstage
transformer with a not-too-high re-
sistance across the secondary. Under
these circumstances oscillations will
not take place since the maximum
phase shift that results is +=90° per
stage. Two stages hence give a maxi-
mum phase shift +180° and this
occurs only at extreme frequencies
where the amplification drops to
zero. Interstage transformers with
open-circuited secondaries, and other
arrangements which give 180° phase

Ry

(c)

; +Ep

Fig. 6—Three-stage circuits
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shift per stage must be avoided, as
then the total shift will reach at
least 270 degrees, and considerable
gain is possible when there is a 180°
phase shift that changes the feed-
back from negative to positive.

A series of representative two-
tube feedback circuits is shown in
Fig. 4 and other similar arrange-
ments can be devised to meet situa-
tions not covered in the figure. The
circuits of Fig. 4 are characteristi-
cally different from the one-tube cir-
cuits of Fig. 3 because of the re-
versal of polarity resulting from the
additional tube.

Feedback Circuits with Three or More
Stages

A three-stage amplifier has a pos-
sible phase shift of at least =270
degrees at extreme frequencies, and
so when feedback is introduced will
generally oscillate unless especially
designed. When it is desired to em-
ploy feedback with a three-stage am-
plifier the proper procedure is to
use a form of coupling for which
the phase shift will not exceed +90
degrees per stage. Two stages of the
amplifier are then given a frequency
response very little if any better
than that required for the purpose
at hand, while the third stage is de-
signed to have a substantially flat
frequency response with negligible
phase shift up to frequencies much
lower and much higher than the re-
maining stages. The third stage
therefore introduces a negligible
phase shift (except the reversal of
polarity produced by the tube ac-

tion) until the frequency is so high
or 30 low that the remaining stages
cause the amplification to drop
greatly. Consequently the feedback
factor AB can be made to drop to
less than unity as a result of the
falling off in amplification A before
the additional phase shift introduced
by the third stage is sufficient to
make the total shift of all three
stages reach +180 degrees. This
situation is illustrated in Fig. 5,
which shows the desired amplifica-
tion and phase shift characteristics
of individual stages together with
the combined characteristic. It will
be noted that the maximum permis-
gsible mid-frequency value of the
feedback factor AB under these con-
ditions is determined by the flatness
of the third stage compared with the
response characteristic of the other
stages.

Examples of three-stage amplifiers
with feedback are shown in Fig. 6.
Arrangements a and b require no
particular comment. Circuit ¢, how-
ever, gives stabilization of the a-c
current in the plate circuit of the
output tube exactly as circuits 2e
and 2f, which have already been dis-
cussed, unless suitable compensating
reactances L’. and C’, are used. In
each of the circuits of Fig. 6 two
of the stages should have a fre-
quency response no wider than neces-
sary, while the remaining stage
should have uniform gain and sub-
stantially negligible phase shift to
nmuch higher and lower frequencies
than the other stages. Under these
conditions no oscillation occurs.

[Continued on page 50]
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1936 —NEMA Radio and

Two former sections of NEMA are reorganized into one compact

group for industry cooperation on technical and commercial matters

HE manufacture of radio trans-

mitting apparatus, electronic
tubes, commercial receivers, and
public address and music distribu-
tion apparatus, like other branches
of the radio industry, has grown
like the proverbial Topsy. Individ-
uals in the art had their attention
riveted so long to their own prob-
lems and on their own efforts to keep
pace, that when they finally looked
about they found that the industry
had indeed grown but that it worked
at tangents and cross purposes, with-
out a wholly acceptable terminology,
and without acceptable methods of
tests and rating.

Realizing the virtues of organiza-
tion for the purposes of exchanging
viewpoints, and stimulated by the
necessity for cooperative effort under
NIRA, members of the industry or-
ganized in NEMA a section in which
the desired cooperation could occur.
Until late Spring, 1935, activities
were confined largely to NIRA mat-
ters and therefore problems specific
to the art have been under dis-
cussion only since that time. It is
expected that tangible results of
the organization will now be forth-
coming.

Prior to December 1935, manufac-
turers of radio apparatus and elec-
tronic tubes were organized in two
NEMA sections: One dealing with
radio and public address apparatus
and one devoted to industrial and
electronic tubes. The work of these
two sections differed in detail but
definitely overlapped and as of the
above date the two sections were
merged into one known as the Radio
Apparatus and Electronic Tube
Section.

Organization

An initial step in organizing was
the development of a product scope.
This was determined to be as
is outlined below:
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Radio Transmitting Apparatus for
all applications such as (but not
limited to) broadcasting, television,
facsimile, trans-oceaniec, marine,
beacon, point to point, aircraft,
amateur and government services
and comprising all apparatus from
and including the pick-up of sound
waves and/or signal source to the
antenna, including all generating,
measuring, switching, signalling,
testing and accessory equipment.

Public Address and Music Dis-
tribution apparatus construed as
combinations of microphone, pick-up
with turn-table and loud speaker
with or without electrical amplifica-
tion for the reproduction of sound
(but excluding phonographs.)

Commercial Radio Receivers and
Direction Finders for commercial
and special purposes including broad-
cast receivers for radio distribution
systems but excluding all other
broadcast receivers for entertain-
ment purposes.

Electronic Tubes: all vacuum and
gas-filled electronic tubes and light
sensitive devices having functions
similar to such tubes (such as photo-
voltaic cells) for all applications
other than sun lamps, X-ray, light
source and radio broadcast receivers.
Specifically excepted from this defi-
nition are rectifier tubes of the tung-
sten-argon and tungsten-argon-mer-
cury types having a maximum d-c
rating of 120 volts,

Three types of committee were
organized by function: Engineering,
commercial (or line) and adminis-
trative. The powers of the commit-
tees are limited to that of recom-
mendation. Recognizing the fact
that all members do not have the
same technical or commercial inter-
ests, a technical and a line sub-
committee were designated for each
of the main divisions of interest:
radio apparatus, audio apparatus
and tubes. The commercial sub-

committees report directly to the
Section; the engineering sub-com-
mittees report to the General En-
gineering Committee which coor-
dinates the work and reports to the
Section. Regular meeting dates
have been set for each of the sev-
eral committees, and an executive
secretary has been employed.

The Section has not maintained a
definite campaign for additional
membership for the reason that it
seemed advisable first to develop a
written program of activities based
on a period of operating experience.
Such a program is now complete
and will be brought to the attention
of members of the industry.

Among other projects is that of
collecting for members, statistics in
dollar volume broken down properly
as to products and as to domestic
and export business. Several tech-
nical standards have been adopted
and published during the past year.
They are: Bulletin entitled “Useful
Information on Police Radio Sys-
tems”; Standardization of Positive
Grid Characteristics; Transmitting
Tube Ratings and Operating Infor-
mation; Standard Output Ratings
for Transmitters for Police Com-
munication,

Work Outlined by
Section

Projects now under consideration
will ultimately lead to standards of
value to the industry. On tubes
they involve nomenclature, model
numbers, electrical and mechanical
design standards, performance data
specifications, warranties, definitions
and symbols. Other work involves
rating police radio transmitters,
sound system specifications and
standards. Still another project in-
volves the possibility of and pro-
cedure for a cost comparison study
of vacuum tubes.
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Electronic Section—1937

Annual report indicates that Radio and Electronic Tube Section

will provide members with valuable data during the year 1937

This electronic section of NEMA
contacts and cooperates with other
organizations which have mutual in-
terests.

Contact is maintained with ASA,
IRE and RMA in connection with
standards for the radio industry.
Cooperation is offered the U. S.
Government on questions of gen-
eral interest, for example, warran-
ties on tube life. The Department
of Commerce, Bureau of Navigation
and Steamboat Inspection is con-
sulted regarding specifications for

sound apparatus as required by the
52nd Supplement of the General
Rules and Regulations. The Section
cooperates with the Federal Com-
munications Commission for obvi-
ous matters of mutual interest.
Individual members are compil-
ing data regarding rates on trans-
porting electronic tubes. National
legislation of interest to members
is reviewed through NEMA so that
individual members may be informed
and so that the Secticn as a body
may undertake such projects as

will conform to such legislation.
Thus is it seen that the electronic
section of NEMA represents an op-
portunity for members to consult on
matters of mutual interest, for co-
operation leading to standardization
of technical matters, and for gath-
ering commercial and statistical data
of value to the industry. The group
is now organized so that the ensu-
ing year should show material bene-
fits resulting from the unification of
the two previous groups into one
compact single-purposed Section.

RADIO APPARATUS & ELECTRONIC TUBES SECTIOﬂ

Chairmon

H.E.Young,Western Electric Co.

|

Executive Secretary

V.G.Rydberg, Westinghouse Lamp Go.
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S.Norris, Amperex Electronics Products Inc.

Audio Apparatus
E.A.Reinke, Strdmberg-Carison Co.

Radio Apparotus
C.M.Hobar+, Westinghouse E.& M. Co.

Business Development
Committee
G.W.Henyon, General Electric Co.
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Program Committee
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Technical Committee
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Fig. 1—Fundamental schematic wiring diagram for modulation meter

Fig. 2—The completed mecter

Vacuum Tube Modulation Meter

Simple, inexpensive, vacuum tube meter for measuring modulation by noting ratio of two

meter readings.

Discussion of errors and method of accurate calibration are given

HE rapid and accurate meas-

urement of carrier modulation
is absolutely essential to the
proper operation of a double-side-
band modulated radio transmitter,
whether in routine operation to ob-
tain the maximum permissible mod-
ulation for economic utilization of
the plant, or in design and develop-
ment testing in which modulation
is one of the fundamental operating
characteristics which must be known.
While numerous methods of making
modulation measurements exist, the
modulation meter here described is
particularly inexpensive, quite ac-
curate, and of the utmost simplicity
in operation. While the modulation
meter can safely be used without
direct calibration, a simple and
highly accurate calibration process
is also described.

The principle of operation of the
modulation meter is most easily un-
derstood from Fig. 1, in which D is
a diode rectifier with a 0.1 megohm
resistance load to insure a high de-
gree of linearity in the demodula-
tion of the carrier supplied through
the blocking condenser C. The rec-
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tified current in the load resistance
is directly proportional to the high
frequency carrier envelope. The d-¢
component of this current is propor-
tional to the average carrier ampli-
tude and is measured by the d-¢c mil-
liammeter; the a-c component of the
load current is proportional to the
carrier modulation and is measured
by the a-¢ milliammeter. The pur-
pose of the current transformer T

is to isolate the copper-oxide a-c
milliammeter from the d-c com-
ponent.

The modulation of a carrier sig-
nal applied to the diode rectifier is
then equal to the ratio of a-c to d-c
milliammeter readings. Since the
a-c milliammeter is calibrated in
r-m-s values, and modulation is es-
sentially a ratio of peak values, the
(sinusoidal) modulation M of a car-
rier supplied to the diode is:

A-C

%M =g X 141 X 100

where A-C is the a-¢c milliammeter
reading and D-C is the d-c milliam-
meter reading.

While the factor 1.41 represents
no great mental hazard in the com-
putation of the percentage modula-
tion, it is none the less undesirable.
By using a current transformer T
with a 1.41:1 step-up ratio this fac-
tor is automatically applied, and we
have the very desirable and con-
venient result of equal readings on
the a-c and d-c¢ meters indicating
1009% modulation, with other values
equal to the ratio of a-c¢ to d-c meter
readings. By adjusting the input
carrier until the d-¢ milliammeter
reads 1.0 ma., the modulation fac-
tor is read directly from the a-c
milliammeter. The adjustment of
the d-¢ reading is made approxi-
mately by varying the coupling of
the rectifier to the radio-frequency
circuit and set precisely by means
of the variable resistance R.

The modulation meter consists of
two parts: the rectifier tube and 0.1
megohm load resistance placed at
the transmitter connected through
a shielded four-wire cable to the
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indicating meters and transformer
contained in a compact aluminum
cabinet 77x107x4”, illustrated in Fig.
2. The complete circuit diagram is
shown in Fig. 8.

A type 6C6 or similar tube is used
as diode rectifier, the control grid
acting as the rectifier plate, the
shield-grid, plate and other elements
connected to the ground conductor
and shield. The 0.1 megohm load
resistance is a one watt IRC unit.
For ultra-high-frequency work an
acorn tube and metallized resistor
would be preferable.

The d-c milliammeter is a Weston
model 301, 0-1 ma.; the a-c meter
a Weston model 801, 0-1 ma., rec-
tifier type. The variable 50,000 ohm
resistance is a wire-wound General
Radio type 471-A rheostat.

The current transformer—wound
on a husky audio-frequency trans-
former core of silicon steel—has a
1900 turn primary and a 8000 turn
secondary both wound with No. 34
enameled wire. The 3000 turn sec-
ondary winding has approximately
30 henries inductance, the 1900 turn
primary has 12 henries inductance
and the coefficient of coupling is
99.7%. An electro-static shield be-
tween the two windings grounded
to the aluminum cabinet is of mate-
rial assistance in shielding the cop-
per-oxide meter from radio-fre-
quency currents. The measured loss
in the transformer at 1000 cycles
per second is one decibel or 12 per-
cent. This loss is compensated over
the useful frequency range by mak-
ing the turns ratio 1.58:1 (3000 to
1900 turns) instead of the theoret-
ical 1.41:1.

The connections are such that
throwing the Federal anti-capacity
switch on the modulation meter to
the “Int” or internal position con-
nects the instrument for modula-
tion measurements; throwing the
anti-capacity switch to the “Ext”
or external position makes the cop-
per-oxide milliammeter available for
external use at the CuO terminals
and the signal modulation compo-
nents available at the terminals
marked AC. These connections make
the modulation meter available for
various purposes: for instance, in
making distortion measurements the
AC terminals feed into a high-pass
filter and calibrated amplifier and
back to the copper-oxide meter; or,
the modulation from the terminals
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AC is fed to an amplifier and loud-
speaker for auditory monitoring,
ete.

Although the modulation meter
as described can be used without
serious error, the following calibrat-
ing method is so simple and the re-
quired apparatus so easily available
as to warrant the actual calibration.

The essentials of the calibrating
circuit, shown in Fig. 4, are a source
of audio-frequency of low harmonic
content, such as a beat-frequency
oscillator or audio-oscillator; a good
10 uf paper condenser and approxi-
mately 500 henries of inductance in
series with a 100,000 ohm rheostat
and 145 volts of “B” battery. The
direct current from the “B” bat-
tery simulates a carrier voltage while
the audio-frequency voltage simu-
lates the audic modulation on the
carrier,

The calibration is performed as
follows: with the rectifier heater
energized, the ‘“B” battery voltage
is adjusted until the d-¢ milliam-
meter reads a convenient value, say

1.0 ma. Now if the output voltage
from the audio-frequency source (set
at any desired frequency) is in-
creased from zero, the a-c milliam-
meter will begin to register in di-
rect proportion to the a-c voltage
applied as read by V. (V is desir-
able but not essential in the calibra-
tion process.)

It will be noted that the deflection
of the d-c milliammeter remains con-
stant as the audio voltage is in-
creased up to a certain definite volt-
age. Further increase in the audio
voltage results in an increase in the
deflection of the d-¢ milliammeter.
At the point where the d-¢ milliam-
meter deflection just fails to in-
crease, the peak value of the audio
current in the primary of the cur-
rent transformer, T, is just equal
to the direct current flowing in that
circuit. If the current transformer
ratio is sufficient to overcome losses,
the a-c milliammetcr will indicate a
value equal to the d-c milliammeter
reading, or one milliampere in this
instance.
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Fig. 3—-Schematic wiring diagram and layout of the complete meter. The tube
is connected through the shielded cable to the measuring circuit
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Fig. 4—Circuit arrangement for making accurate meter calibrations
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Since the peak value of the modu-
lation component (the audio-fre-
quency current) is equal to the car-
rier component (the direct current)
the indicated percentage modulation
is 1009%. Should the a-c milliam-
meter read higher or lower than the
d-c milliammeter the modulation
measurement will be in error by the
inverse of the same factor. The
calibration is continued point by
point for the range of audio fre-
quencies desired.

It should be noted that this cali-
bration process includes the effects
of d-c¢c saturation in the current
transformer T. Saturation effects
will be found by repeating the cali-
bration at lower values of direct
current, say 0.5 milliamperes. Cali-
brations at other than 100% modu-
lation — the important figure—can
be made by first obtaining the 100%
calibration point, noting the value
of V, and then setting V to the
desired percentage, lower modula-
tion percentages being directly rro-
portional to the setting of V for
1009%,.

The precision of setting and cali-
bration at 100% modulation and
1.0 ma. carrier level is better than
19 since the d-¢ milliammeter can
be read to better than one-half a
scale division. The measurements
at lower percentages of modulation,
or at lower carrier levels, are cor-
respondingly less accurate, but al-
ways well within the rated accuracy
of such meters.

Typical calibration curves for a
1.0 ma. and a 0.5 ma. carrier ampli-
tude are shown in Fig. 5. The de-
parture from a straight line paral-
lel to the abcissa and intersecting
the ordinate at 100% is due to vari-
ations in the current transformer
loss, due in part to impedance varia-
tions in the copper-oxide meter; to
insufficient inductance in the cur-
rent transformer windings; to the
frequency error in the copper-oxide
meter; and to the effect of the shunt
capacitance across the rectifier tube
and in the shielded cable between the
rectifier tube and the modulation
meter. It is essential that the capac-
itance of the coupling condenser C
be kept to 50 puf or lower if at all
possible to preclude high-frequency
cut-off. Similarly, for minimum er-
ror at the higher audio-frequencies
the series resistance R should be set
at zero and any desired adjustment
of the d-¢ milliammeter reading
made by varying the coupling capac-
itance to the rectifier tube R. Fig.
6 shows the magnitude of the error
due to zero, 10,000 ohm and 20,000
ohm settings of the series rheo-
stat R.

The importance of the frequency
diserimination errors in the modula-
tion meter depends upon the type of
measurement to be made. If a modu-
lation percentage measurement at
400 cycles per second is desired, the
errors are negligible. If used with
associated equipment for distortion
measurements at 400 cycles funda-

mental, the errors are again unim-
portant. For measurements of per-
centage modulation as a function of
frequency, that 1is, in obtaining
a modulation amplitude-frequency
measurement on a transmitter, the
error below 70 cycles and above 5000
cycles per second becomes appreci-
able, but can be corrected for from
the calibration curve.

Although the modulation meter
does not measure separately positive
and negative modulation peaks, this
is only a minor limitation on the
usefulness of the instrument, while
the inclusion of the necessary cir-
cuit elements for this purpose would
have unduly complicated the con-
struction and calibration of the me-
ter. On single-tone modulation tests
the inherent error involved is of
the order of magnitude of the dis-
tortion components in the modula-
tion envelope, while on speech the
modulation meter indications are as
significant as those obtained on
audio-frequency volume indicators
utilizing similar copper-oxide meters
as indicating instruments.

The use of a copper-oxide meter,
relatively insensitive to radio-fre-
quency currents, greatly simplifies
the problem of shielding, as those
who have tried using either thermo-
couples or vacuum tube voltmeters
for measuring the a-c modulation
component will readily agree. Fur-
ther, copper-oxide meters with the
d-c movement most suitable for the
type of monitoring may be used.
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WJZ's New Tower “Proves In”

New 640-foot vertical structure more than doubles non-fading radius and increases signal

five db. Tower and transmission line designed to handle 500 kw., for which a construction

permit has been requested from the FCC

N NOVEMBER 15th, the Tenth

Anniversary Day of the Na-
tional Broadcasting Company, the
NBC engineers celebrated by putting
a new 640-foot vertical tower in
service at WJZ, Bound Brook, N. J.
After a month of operation with
the new antenna, sufficient evidence
had been amassed from field strength
measurements and from listener’s
letters to determine some prelim-
inary estimates of the increase in
service. The results are impressive:
With 50 kw. of power in the an-
tenna, the measured field intensity
at one mile averages almost 2 volts
(1800 millivolts), equivalent to an
increase in power to 115 kw. The
night non-fading area has been in-
creased more than five times, cor-
responding to an increase of radius
of greater than two times. This lat-
ter figure has been obtained by an
analysis of letters received from
listeners living within 150 miles of
New York.

The tower itself has a length-to-
width ratio of 100-to-1, yet it will
withstand an indicated wind velocity
of 115 miles per hour in the upper
sections. This was actually tested
by straining the guy-wire supports
to 48,000 pounds tension, which cor-
responds to the force exerted on
one guy by a 125-mile wind. The
tower base, which consists of 300,000
pounds of concrete, resists a total
down-thrust (tower weight and ver-
tical component of guy-wire tension)
of 230,000 pounds. This thrust is

New wvertical radiator and ground

(note radials) at WJZ. The cost:

70,000 dollars. The result: More
and better-satisfied listeners
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supported by the base insulator, the
largest single porcelain cone insu-
lator yet built. 90,000 feet of one-
inch copper ribbon were plowed in
for the ground system. The whole
antenna system, including the trans-

mission line, is designed for possible
future use on 500 kw. power, pend-
ing action of the FCC on the appli-
cation recently made by NBC for
a construction permit for a 500 kw.
installation.



When Meters Blow

Edgerton photographs show how instrument fuses protect

By LOUIS J. FOHR, JR.

Littiefuse Laboratories, Chicago

OST every laboratory using

electrical measurement instru-
ments has at some time, experienced
ruined equipment because some un-
foreseen development crept in and
spoiled an important experiment.
Most every production line that uses
sensitive electrical meters for check-
ing the quality of their product has,
sometime at the highest peak of pro-
duction, experienced a blown test
board. And the question arises:
“What happens when the meter cir-
cuit is overloaded?” The experience
is very costly and unnecessary. The
following study is a record of true
experience on blowing delicate elec-
trical test instruments under the
most exacting conditions. The meter
illustrations were taken by Mr. Har-
old E. Edgerton of Massachusetts
Institute of Technology with the aid
of his famous stroboscopic light.
Each picture shows what happens in
1/600 second.

Several methods of protection were
studied at Littlefuse Laboratories to
determine their individual effective-
ness. Instrument fuses ranked over
every test between circuit breakers,
fusible alloys, thermostatic breakers,
and electrolytic valve action.

It is the popular misconception
that the meter needle is wrapped
around the stop on severe overloads.
However, in the photographs we see
a 0-1 milliammeter subjected to a
direct short circuit on a 110 volt line,
and the experiment showed that
many things happen. The needle was
bent in one frame, or 1/600 second,
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against overload and what happens to meters that “blow”

but it did not wrap itself around the
meter stop. In fact, the needle point
never overcome the starting inertia.
The coil and movement turned 30°
in 3/600 seconds, but the pointer re-
mained stationary. When the move-
ment reached full deflection, the nee-
dle just started to move. In 4/600
seconds the needle gains headway,
but, by this time, the coil movement
bounces back on the advancing nee-
dle, and the bearing points are badly
dulled and out of line. After 7/600
second, the coil and both hair springs
burn up and release the strain on the
circuit. This arc registered as a
“smear” of light on the film. After
the experiment, the meter was ex-
amined, and it was found the bent
needle needed replacement; the core
inside the coil movement was badly
charred and needed polishing; the
coil and hair springs were com-
pletely burned out; and the two
bearings were badly damaged.

Whether the overload is great
enough to burn out the coil or just
change the meter calibration, the re-
sult in the plant will be interrupted
production.

It must be remembered that even
small overloads are apt to be the
source of everlasting trouble in pre-
cision instruments. Quick shocks to
the movement may cause the bearing
points to become dull which would

cause the response of the meter to
become sluggish. The pointer may
be shifted around on the shaft or
bent. In this case, the zero adjust-
ment will not bring the indicator
into even approximate agreement
with the scale marking.

In high grade spring-controlled
instruments, every effort is made to
keep the moving parts in gravita-
tional balance. Severe shocks to the
movement will change the action of
the unit which may go unnoticed for
several months.

Fast Protection

A very simple, but effective cure
is to fuse the meter circuit. Such
installations must be very accurately
designed for each type of meter, but,
nevertheless, standard sizes are avail-
able on the market at low cost.
Where possible, the fuse should be
used before the meter shunt or mul-
tiplier. In most cases, the added re-
sistance of the fuse will add negli-
gible error to the meter reading.
1f, however, the error should be
greater than the allowed tolerance,
a push button switch may be shunted
across the fuse to short it out for
final readings only.

Now suppose we use a duplicate
meter, but protect it with a 1/100
ampere fuse. When we consider the
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7/600 sec.(meter  7/60 sec.
blows-flash lasts 1/150 sec)

46 M.A.normal
foad

1/600 sec. 3/600 sec. 4/600 sec.

.46 M.A.normal
load

Top line—Milliammeter (0-1) subjected to direct short circuit across 110 volts. Bottom—Effect of fuse in pro-

speed of “Old Man Overload,” we
can easily conclude that the fuse
must act very fast or the needle will
be bent. This time we again have
an operating load of .46 milliam-
peres. The meter in series with the
1/100 ampere fuse is shunted di-
rectly across the line. There is a short
lag due to the heating action of the
fine platinum wire inside the fuse,
and also the weight of the meter
movement. The fuse resistance is
115 ohms at 5 milliampere load. As
the current changes on the 1/100

ampere fuse from .0014 to .01 am-

peres, the fuse resistance changes
from 109 ohms to 161 ohms. This
is due to a ballast action; therefore,
the needle rises from normal load of
.46 milliamperes to .50 milliamperes
under the severe direct short circuit.
There is no quick motion of the nee-
dle, because the ballast action and
the high speed blowing of the fuse
released so little energy into the
meter circuit. After the fuse blows

1/600 sec..
Fuse blows

3 D

3/200 sec.

tecting meter against direct overload

the circuit is opened and the needle
slows up and returns to zero in 1/6
second.

The reason for this fact action of
the fuse is better described with
time-current curves on the standard
fuses. The curve for the fuse in
this test is on the bottom of the
graph, and shows that an overload
of .02 amperes will blow the fuse in
.1 second, but an overload of .1 am-
pere is interrupted in .0002 second.
On an extreme overload, the blowing

time is instantaneous, because the

time required for an instrument fuse
to blow is an inverse function of
the degree of overload. This is a
very important characteristic when
protecting the calibration of a deli-
cate instrument.

Now, let us use the same meter,
but add a 300 ohm resistor for added

ballast and connect it in series with
the fuse to slow up the action of the
needle still more. After the overload
occurs (direct short across 110 volt

10.0

=

N\

2-ormp. fuse]
Ll

l-amp. fuse |11

—
L i

e

T T ']

11

z-omp. fusel

ey
T

=
H

1/4 -071.77;;. fus

L Vg-amp. fusel|

// fat

¥ e T 8
j& ~amp. fuse|

Current-Amps.
/

. : =

52 "amp. fuse|lT]

Y

e T i
100 -omp. fusell]

Illo [ ]

0.01

70,0001 0.001 0.01

0.1 10.0

Time - Seconds

ELECTRONICS — January 1937

WwWWW americanradiohistorv com

i ]
tof,

19/200 sec.  63/300 sec.

d-c line in series with the 3,000
ohm resistor) the movement and
needle point keep in step with
each other. The action starts at
normal Jload of .46 milliamperes
and moves up to .52 in 1/100 second;
up to .74 milliamperes in 41/600
seconds. At this point, the pointer is
just gaining momentum; then, the
fuse blows, and the needle drops to
zero. The entire action takes place
in 4/15 second, and the highest read-
ing was only .74 milliamperes. Then
the fuse blew before the movement
could gain sufficient inertia to hit the
stop and bend the needle or dull the
bearing points. With this test, no
quick action was noticed to damage
even the most delicate instrument.

A word may be said about the
construction of the instrument fuse
used in these experiments. Platinum
wire .000075 of an inch in diameter
was soldered across a bridge of two
parallel wires supported by a small
glass bead. This is the same con-
struction as the bead inside automo-
bile lamps. The entire unit was her-
metically sealed inside a 1” x 3" glass
tube with .025 brass ferrules, form-
ing the caps, which were mounted
into clips, supported at the base of
the meter panel. The fuse resist-
ance was 116 ohms in all tests, and
their action was identical.

This 1/100 ampere fuse wire is 30
times finer than a human hair; it
costs $11,280,000 per pound, but one
pound would measure 25,100,000
feet; it is 16,800 times heavier than
air yet it floats in air like a spider
web; it is twice the size of the 1/200
ampere fuse wire, and both these
wires are in commercial use today.
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Broadcast Station Statistics

Capital investment, maintenance costs, revenue from sale of time, broadcast station per-

sonnel by occupation and average weekly salary, are among credit and debit items in

broadcast station operation

LTHOUGH carefully regulated
by the Federal Communications
Commission which issues licenses
for their operation, although pro-
viding  entertainment, education
and news of one type or another,
and although frequently engaged in
interesting and exciting program
pick-ups as well as the more usual
and prosaic routine testing of equip-
ment, broadcast stations are pri-
marily operated for profit and to
make a living for their owners. And
whatever glamor or commonplace
affairs may enter into station activ-
ities, the operation and maintenance
of broadcast stations are subject to
the same economic principles and
laws that govern other businesses.
The costs going into the construc-
tion and operation of broadcasting
stations, the revenue from sale of
time on the air, the number of per-
sons necessary to keep the station
in operation, the distribution of per-
sonnel according to occupational
function, and wage expenses are
problems that are answered here
for the typical or “average” broad-
cast station of the United States.
The material presented on these
pages has been taken from the sta-
tistical surveys made by the United
States Department of Commerce and
the National Advisory Council on
Radio in Education.

From Table I it can be deter-
mined that (excluding those items
which depend very largely on local
economic conditions) the capital in-
vestment of broadcast stations is
approximately proportional to the
square root of the power rating. The
cost of the transmitter is also pro-
portional to the square root of the
power and varies from 35% to 65%
of the total capital investment. The
studio speech input expense varies
with the power of the station up to
50 kilowatts, after which it is
constant.
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From Table II, showing the an-
nual maintenance costs of stations
it can be determined that salaries
vary approximately as the cube root
of the station power and form from
76% (in the case of 100 watt sta-
tions) to 35% (estimated for 500
kw stations) of the total mainte-
nance charges. Tube replacement
costs are proportional to the cost
of the transmitter, except that 50
kw stations appear to be unusually
economical as regards this item.

In all of the pie charts, the val-
ues are given in thousands of dol-
lars. In the field of local advertis-
ing, stations up to 100 watts account
for 209 of the revenue, stations
between 100 watts and 1 kw account
for 229, and stations between 1 kw

and up to (but not including) 5 kw
account for 349% of the total reve-
nue. In the case of regional and
national advertising, however, the
lowest power group accounts for
2.9%, the next two groups for 10.4%
and the 1 to 5 kw group accounts
for 29.6% of the total revenue. The
highest power group accounts for
499% of the total regional and na-
tional advertising, as measured by
sales revenue.

In the analysis of revenue by geo-
graphical districts the Middle At-
lantic and East North Central states
account for 43.2% of the local ad-
vertising revenue and 51.9% of the
regional and national advertising.
All of the southern groups combined
account for only 21.5% of local ad-

TABLE 1-Capital Investment of Broadcast Stations

CAPITAL INVESTMENT

POWER OF BROADCAST STATIONS

100 W KW 5KW 50 KW 500 KW

PLANT

Transmitter .................. $4,000 $12,500 $29,000 $120,000 $375,000

Speech Input Equip........... o 2,000 2,500 3,500 5,000

Installation ............... ... 200 1,000 3,500 10,000 25,000
RADIATING SYSTEM

Antenna System _..... . ... 2,000 4,000 6,000 15,000 40,000

Ground System ... .......... 1,500 2,000 3,000 5,000
STATION BUILDING

Structure, etc. .............. M 7,500 15,000 40,000 75,000

Furniture, etc. ... ... ... ..... 100 400 1,000 3,000 6,000
SERVICE

Power Lines, etc. .. .. .. .. 2,000 20,000 30,000

Water System...............
Telephone Lines

Dependent Upon Local Conditions

Dependent Upon Local Conditions

ENG'G. SURVEYS, ETC. 100 500 1,000 3,000 6,000
MISCELLANEOQUS ... ... 200 600 1,000 6,000 15,000
STUDIOS, OFFICES, ETC. . Dependent Upon Specifications Adopted

STUDIO SPEECH EQUIP . 2,000 4,000 6000 12,000 12,000
OUTSIDE PICK-UP EQUIP . ... 1,600 1,600 3,200 3,200
TOTAL (Excl. Real Estate) ..... $8,600  $35600  $70,600 $238,700 $597,200
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TABLE Il-Maintenance Costs of Broadcast Stations

ANNUAL MAINTENANCE

POWER OF BROADCAST STATIONS

COST 100 W
5% INTEREST ON CAPITAL $325
DEPRECIATION
Transmitter [At 20%)... ... .. 1,320
Buildings (At 3%)...........
Furnishings (At 10%)........ 10

I KW  5KW 50 KW 500 KW
$1,500 $3,000 $10,200 $27.600
6,000 12,000 40,800 110.400
Depends Upon Investment

40 100 300 600

RENTAL ... ... Depends Upon Local Conditions
SALARIES
Executives e 2,650 9,000 9.000 20,000 31,000
Office and Clencal .......... 940 2,340 3,080 5,200 7,500
Technicians 1,230 5,250 11,000 31,200 49,500
Artists ... .. . 1,250 5,400 10,600 25,100 60,500
Announcers ... .. ... ... ... 2,110 4,500 5,050 7.000 13,500
Salesmen and Others. .. ... 2,180 5,500 6,300 10,600 11,200
POWER 400 1,500 4,000 19,000 100,003
MAINTENANCE OF PLANT
Electrical ........... .. .. .. 300 1,000 2,000 5,000 8,000
Structural ..., .. ... ... .. 100 200 300 500 1,000
Tube Replacements.. .. 600 2,000 4,000 10,000 60,000
WIRE LINES . .............. .. 3,600 7,500 15,000
MISCELLANEOQUS ... .. ....... 350 1,000
TOTAL .. ... ... ... ......... $13,415 $44,230 $70,430 $188,070 $496,800
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vertising revenue and 18% of the
regional and national revenue.

The individual bar charts are not
all drawn to the same scale although
the bars in each individual chart
are proportionally correct. One
chart cannot, therefore, be compared
directly with another and still main-
tain a proportionally correct visual
picture. The upper half of the page
shows the number of persons en-
gaged in broadcast activities, classi-
fied according to power of station
and occupational function. The to-
tal number of persons of one par-
ticular occupational classification en-
gaged in broadcasting in the United
States is shown at the bottom of the
separate bar charts.

The lower half of the page gives
the average weekly salary of the
various occupational groups accord-
ing to station power. These figures
are averages for the United States
and are subject to fairly wide geo-
graphical variations. Obviously in-
dividual wages are subject to still
wider fluctuations. —B. D.

25



BROADCAST PERSONNEL BY OCCUPATION AND STATION POWER
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Nomogram for Coil Calculations

Chart for determining inductance-dimension data of single-layer solenoids. based on the

Nagaoka formula, which eliminates the need of calculation.

transmitting coils

Applicable especially to

HE chart printed on the reverse

gide of this sheet is a nomogram
based on the Nagaoka formula
(Bureau of Standards Circular, No.
74) which gives the inductance of
a single-layer solenoid in terms of
its length, diameter, and winding

pitch. The formula is:
0.025 D*1 K
L =
p'.

where L is the inductance in micro-
henries, D the diameter of the coil
(helix) in inches, ! the length of the
coil in inches, p is the pitch of the
coil (inches per turn), and K is
the Nagaoka “form factor” which
is a function of Dy/l. This ratio
D/l can be calculated if desired, but
it may be found also by reference
to Fig. 1 below. By connecting the
given values of D and ! with a
straight line, the right-hand scale
marked R gives the ratio D/I. This
value of D/l is then used in connec-
tion with the scale marked R in the
inductance nomogram.

In the nomogram it will be no-
ticed that there are five vertical
lines. The line at the extreme left
(marked V) is simply a turning
scale and is not graduated. The
inductance scale L is marked from 5
to 500 microhenries. The middle
scale gives the pitch P in inches and
also serves as a turning scale (Q).
Values of the ratio R = (D/1) from
0.1 to 10 are given. The scale at the
extreme right is graduated both in
length and diameter, covering val-
ues of I from 1 to 100 inches and of
D from 2 to 20 inches. The use of
turning scales and the combination
of D and I in one scale make the
nomogram highly compact without
lessening accuracy.

To find inductance when dimen-
sions are given, the line IpV is
drawn through the given values of
length and pitch. The intersection
of lpV with the V scale is then con-
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By CARL P. NACHOD

nected with the given value of diam-
eter, in the line VQD. Finally the
intersection of VQ@QD with the Q
scale (same line as p scale) and the
given value of R (as found from
Fig. 1) are connected in the line
LQR, intersecting the L scale in the
value of inductance. In the example
given, a coil 7 inches long, with a
winding pitch of 0.26 inches per
turn, and a diameter of 2.1 inches
is found to have an inductance of 10
microhenries.

When one dimension is to be found
from the given inductance and given
remaining dimensions, the order of

=
=

Q05 (QOF

Fig. 1.

drawing the lines is changed. For
example if p is to be found when
L, D and [l are given, the intersect-
ing lines are drawn in the order
LQR, DQV and lpV. The values of
l, D, and R used must always be in
the relation D/l = R and the lines
must always intersect the turning
scales V and Q.

By making use of Fig. 1, the value
of » = l/p which is the total num-
ber of turns in the coil can also
be found. Since single-layer sole-
noids are now used principally in
inductances for transmitting pur-
poses, rather than in receiving-set
applications, the dimensions in-
cluded in the scales apply to coils
of fairly large size.

Auxiliary nomogram for determining diameter-to-

length ratio and total number of turns
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SOL ENOID INDUCTANCE CHART

BY CARL P. NACHOD
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The Band-spread Problem

Adapting an earlier work in Electronics by Landon and Sveen to the problem of comput-
ing band-spread circuits for modern all-wave superheterodyne receivers

HE growing popularity of short

wave superheterodyne receivers
for both communication and amuse-
ment purposes has made it desirable
that there should be some simple and
accurate method of designing band
spread radio frequency and oscillator
tuning circuits without the necessity
of laborious ‘“‘cut and try.”

The majority of household multi-
wave receivers are equipped with
ingenious forms of mechanical band
spread, the idea apparently being to
make each receiver a “Jack of all
waves and Master of none.” If elec-
trical band spread were employed, it
would be possible to extend the pop-
ular broadcast areas, such as those
at thirty and fifty meters, over the
entire dial, and omit the “poor hunt-
ing grounds” lying in between.

This method of designing the band
spread tuning circuits (which, by
the way, is mathematically exact) is
an extension of the method given by
V. D. Landon and E. A. Sveen in
Electronics August 1932.

Fig. 1—Radio frequency and os-
cillator circuits

Figure 1 shows the radio fre-
quency and oscillator circuits, to-
gether with the symbols representing
the various component parts. While
the diagram shows the radio fre-
quency tuning circuit arranged for
simple parallel band spread, the ac-
tual type of band spread employed
in the radio frequency stages is im-
material as long as the symbol C’ is
taken to represent the equivalent ca-
pacity shunting the coil L when the
capacity of the variable gang tun-
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By R. C. WOODHEAD

Montreal, Canada

ing condenser is C. Series band
spread would probably be more satis-
factory for frequencies above ten
megacycles, as the L/C’ ratio will be
much higher. C, represents the self
capacity of the oscillator tuning coil
(of self inductance aL), while the
self capacity of the coil L is assumed
to be included in C,. In the work
that follows, all capacities are ex-
pressed in puf, inductances in ph,
and frequencies in megacycles, al-
though in most of the steps, the re-
sults do not depend on the units used
as long as they are used consistently.
The resonance equation expressed in
these units becomes:

Frequency = 1000+2x» \/(LC)

The steps are as follows:

(1) Calculate the values of the
fixed band spread condensers for the
r-f circuits to cover the desired band
of frequencies with the given vari-
able condenser. In the case of par-
allel band spread shown, C, is given
by the familiar relation:

(F mln)z(cmaz)—‘(p maz)z(cmin)

(Fm)”—(me)’

(&3

(2) Calculate L using the reson-
ance equation. In the case of par-
allel band spread, the values of (C»
+ Cmaz) and (Fmin) are substituted
in the equation.

(3) Choose the three frequencies
(F,, F,, F;) within the band at which
the tracking is to be perfect. For
optimum tracking over the entire
band, the positions of the three fre-
quencies with reference to the ends
of the band should be approximately
the same as in the numerical example
which follows.

(4) Find C/, C., Cs, the three
values of the equivalent capacity C’
corresponding to the three chosen
freqencies by substituting L and
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each of the frequencies in turn in
the resonance equation.

(5) Find C,, C,, C;, the three cor-
responding values of the capacity of
the variable tuning condenser. In
the case of parallel band spread, C,=
C’/— Cy ete.

(6) If F,, is the intermediate fre-
quency, calculate:

Ni= Cl'["‘x/(”‘x + Fn)]’
N =C/[Fy/(F: + F)I?
Ns = Cy/[F3/(Fs + F..)P

(7) Calculate x = { N1— N3)(C:—C?)
y = (Na— N3)(C,—C>)
(8) Calculate b = ( Nyy— Nax)/(y—x)
(Cr—C)(b—N1) (b—No)
(9) Calculated = - (M—Nob
(10)Then, C; = d + C, (almost exactly).
If C, is not small compared to d, the exact

d+ V(@ +1C4d)

relation: C; = — — may be used.
2

b
——— hence aL, the oscillator
inductance, may be found.

(Cl + Cs)(Nl - 80‘,) — aC\Cs
b— N,

(1) a

(12) C»

As a check on the ideal accuracy of
tracking in a typical case, the fol-
lowing problem was worked out us-
ing seven figure logarithms:

Fig. 2—Graph showing deviation
from perfect tracking

A set of coils is to cover the 160
meter band (say 1.7 to 1.0 Mec.) us-
ing a 150 upuf variable condenser
(15 to 165 ppf). The self-capacity

[Continued on page 48]
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Radio Operating Questions
and Answers

BY ARTHUR R. NILSON AND J.
L. HORNUNG. McGraw-Hill Book
Company, 1936. (425 pp. Price $2.50.)

THOSE WHO TAKE examinations for ra-
dio operator’s licenses under the Fed-
eral Communications Commission have
the fortune to be able to go to a se-
lected list of questions asked on all
sorts of radio problems and situations
—and to find answers that, presumably,
have satisfied the examiners in the
past. The questions, of which there
are 639 in the latest (sixth) edition,
have been taken from many sources.
They, plus the answers, ought to give
any prospective license holder sufficient
ammunition to crack any of the grades
of examinations now held.—Kk. H.

Television—A Guide for
the Amateur

BY F. A. MOSELEY AND HER-
BERT MCKAY. The Oxford Univer-
sity Press, London and New York,
1936. (144 pp., illustrated. $2.)

THIS SMALL book, evidently written in
response to the demand for information
on the part of the British television
public, comes dangerously close to be-
ing “just another book on television.”
The book is well written, so far as it
goes, and the illustrations are numer-
ous and well chosen, but the informa-
tion presented is not sufficiently de-
tailed to interest the technical reader.
For the intelligent layman who has
but a smattering of technical knowl-
edge, however, it serves the purpose
very well. It covers the field from the
early mechanical scanning days up to
the present cathode ray systems, and
includes the latest advances in the way
of pick-up cameras and similar devices.

We think it high time that books on
television should be illustrated, where
necessary, with actual television images
rather than with “pasted-in” photo-
graphs. This the authors have not
seen fit to do; in the book there is only
one “image” (page 44) and it is ob-
viously a paste-pot job. This objec-
tion should not be taken as typical of
the book, which is a creditable job
considering the type of reader for
whom it is intended.—D.G.F.

Electronics and Electron

Tubes

BY E. D. McCARTHUR, General
Electric Company. John Wiley and
Sons, Inc., New York, 1936. (181
pages. Price $2.50.)

THIS BOOK, reflecting the author’s broad
experience in power tube engineering,
is concerned more with large power
tubes than with the smaller receiving
types, and in this it differs from most
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previous books on the subject. The
fundamentals of the subject, which ap-
ply to large and small tubes equally,
are well presented, but the examples
are taken almost exclusively from
power-tube practice. This in no way
detracts from the value of the book,
but it does startle the reader to see
characteristic curves given in terms of
kilovolts of grid potential and amperes
of plate current.

The book opens with a discussion of
the elementary particles involved in
electronics, discusses the properties of
gases and then proceeds to the theory
and practice of vacuum electron tubes.

ANTENNA TERMINAL

\n.

This basket-like maze is the antenna
termination system of the German
directional receiving station at Bee-

litz. The circular base permits

switching on any of the 54 lead-ins,

each of which can feed three re-
ceivers

This latter section includes chapters
on the elements (principles rather than
structures) of the electron tube, on
the two-element tube, on the theory
of grid control and on the practical
applications of triode and multi-grid
tubes. Well written sections on gas
and vapor-filled tubes and their appli-
cations are also included. The bibli-
ographies under each subject are well
chosen and extensive.

Despite its general excellence the
book suffers from poor arrangement in
several respects. For example, in the
chapter on two-electrode tubes, ordinary
vacuum diode rectifiers are classed
with phototubes and selenium tubes.
The latter two classes are two-elec-
trode tubes. to be sure, but their action
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RECENT

is so very different from that of a
vacuum diode that they belong in a
chapter by themselves together with
introductory material on the photoelec-
tric effect. Likewise, it appears that
the material on properties of gases
should be presented in connection with
gas-filled tubes instead of in an unre-
lated chapter. There are also a few
errors in proofreading, including an
inecorrectly stated formula on page 5.

The book is recommended for those
who require a short treatment of the
field on a technical plane which does
not entail too much mathematical the-
ory, and which can be used as a basis
for further reading.—D.G. F.

Radio Field Service Data

BY ALFRED A. GHIRARDI, Radio
and Technical Publishing Co., Publish-
ers, New York City. (Price $2.50.)

THE SECOND EDITION of this book, ap-
pearing in loose-leaf form with supple-
ment sheets issued at regular intervals,
is intended as an up to date working
text for the service man. An interest-
ing feature of this book is the rather
large section on “case histories” which
outlines the more important and fre-
quent service operations required for
various types of receivers. In addition
to circuits, a large list of intermediate
frequency values for superheterodyne
alignment, a table of tube characteris-
tiecs, socket connections and other
strictly service data, the volume con-
tains a number of tables and charts not
directly bearing on service work but
useful to the radio mechanic.—B. D.

Control of Electric Motors

BY PAISLEY B. HARWOOD, John
Wiley and Sons. (1936) (Price, $4.50.
390 pages.) Illustrated.

IN THE PREFACE the author of this book,
who is Engineering Supervisor of Cut-
ler-Hammer, Inc. states that, ‘“the ob-
ject of this book is to describe briefly
the characteristics of various types of
motors, and to explain how these char-
acteristics are used for control pur-
poses. The design, construction, and
operating characteristics of a number
of controllers and control devices are
discussed, and methods of combining
these devices to secure a desired result
are described.” The aim as here ex-
pressed has been quite adequately met.

An interesting and desirable feature
of the book is the last chapter on “Elec-
tronic Devices” which is devoted to a
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BOOKS

brief description of the operation of
gaseous and vacuum tubes and their
use in control circuits. The details of
tube theory and operation are not
touched but the subject is well handled
considering the range of material cov-
ered in 47 pages. While, perhaps, more
space could have been given to tube
control applications in view of the
newness of the subject, it appears that
the space allotted is in keeping with
the present commercial application of
electron devices to the control of mo-
tors. Two pages are devoted to a
bibliography and references on eleetron
tube theory and applications for those
who desire to go into this subject more
thoroughly.

The author has written a practical
treatment on the subject which will
enable the reader to obtain immediate
usefulness from the volume. Except
for a brief discussion of wave form in
tube circuits, the book is almost com-
pletely non-mathematical. The few
indesirable features, such as the use
of the symbol f rather than Re to indi-
cate field resistance, the fact that the
meaning of some of the mathematical
symbols is mnot as well indicated as
might be expected, and that sometimes
the illustrations and diagrams are sev-
eral pages removed from the text
which they illustrate, - are entirely
minor matters which do not detract
seriously from the usefulness and gen-
eral excellence of the book.—B.D.

Cathode Ray
Oscillography

BY J. T. MAcGREGOR-MORRIS
AND J. A. HENLEY. The Instruments
Publishing Co., Pittsburgh, 1936. (249
pp., illustrated. $6.00.)

THIS BOOK, one of a series written and
printed in England, but published in
this country, is a worth-while modern
treatment of cathode-ray technology.
The opening chapters discuss electron
theory, including the dynamics of the
moving electron, and the methods of
producing beams by the methods of
electron optics. Both cold-cathode and
hot-cathode types of oscillographs are
then described in detail, the former be-
ing somewhat unfamiliar in American
engineering practice, but of great scien-
tific importance. In the more familiar
hot-cathode types, examples are taken
from German, British and American
practice. The chapter on sweep-cir-
cuits might, in this reviewer’s opinion,
be somewhat larger than it is, but ade-
quate circuits for most purposes are
presented. The remainder of the book
is concerned with practical applications
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of cold- and hot-cathode types, includ-
ing those involved in television trans-
mission and reception. The book should
be useful to those who require a
review of cathode-ray systems and
methods.—D. G. F.

Electronic Television

By GEORGE H. ECKHARDT, Good-
heart-Willcox Company, Chicago, Pub-
lishers. Illustrated. (162 pages; price
$2.50.)

“ELECTRONIC TELEVISION” is a book in-
tended for the non-technical reader who
desires to become acquainted with re-
cent television trends. The descriptions,
which are limited to the Farnsworth
and RCA systems of this country, are
up to date. The photographs, of which
there are a large number for a book

CARRIER TELEPHONE VIA
LIGHTING WIRES

This carrier telephone unit for inter-
office use sends r-f energy over the

power line. The dynamic speaker
serves as speaker and microphone

of 162 pages, are well reproduced, and
in general the printing, make-up, and
binding are good. The line drawings,
however, are poorly executed.

The book is divided into three parts
dealing, respectively, with the trans-
mission of pictures, the reception of
pictures, and by-products of television
research. It is evident that the author
had access to both Farnsworth and
RCA information in the preparation of
this book. Most of the descriptions are
short, incomplete, and lacking in essen-
tial details. There is a repeated state-
ment that filters permit selection of
impulses by amplitude selection, and on
page 27 the author states, “The circuit
is similar to that of an ordinary oscil-
lator circuit, except the capacity of cur-
rent is small compared to the inductance
capacity of the tube and winding of
wire.”—B.D.

Radio Amateur’s

Handbook

1937 (14th) Edition. American Ra-
dio Relay League. (422 pages plus ad-
vertising.)

NEARLY 400,000 of these vade mecums
for amateurs have been sold by the
home office of the ARRL. Since 1926
when the first small edition appeared
the volume had steadily increased in
size and value and in distribution until
now, it hardly seems necessary to re-
view the latest issue. All amateurs of
any standing have been exposed to its
data on principles, tubes, circuits,
transmitters, receivers, power supply,
antennas, measurements, station oper-
ation and message handling.

This year, in line with technical
trends, special attention is devoted to
noise silencer circuits. New tube types
are explored for new and useful ap-
plications. Ultra high frequencies get
a large share of space as is natural.

But why go on—it is a bang-up
good book on radio, for amateur or
engineer, it is well known, and it is a
swell buy for a dollar—k. H.

Official Radio Service
Handbook

By J. T. BERNSLEY. Gernsback
Publications, Inc. New York, N. Y.
(1008 pages 1936. Price $4.00.)

THIS REVIEWER HAS the greatest of
respect for radio service men. Not
only must they take care of the natural
illnesses of radio receivers but they
must clean up a lot of dirty work often
left in the receivers by the engineers
who designed and built them. So
complex has the modern service man’s
job become that books for him are now
larger and more expensive than books
for radio engineers!

This book does not state why it is
the ‘‘official” handbook, but it is a
textbook for service men containing
practical radio theory and servicing
information. It is intended to make
the serviceman’s daily tasks easier.

It starts off with the fundamentals of
radio, goes into more intricate circuits
used in present day sets, how to align
them; it treats control and indicator
circuits, A.V.C., power supply, audio
systems, loud speakers and P.A. ap-
paratus. Finally it carries one along
into commercial set analyzers, includ-
ing the cathode-ray tube equipment,
has a chapter on hints on receiver re-
pairs, another on unusual service ex-
periences, a chapter or two on auto-
mobile radio—there’s going to be a lot
of service here, one of these days—fol-
lows with noise elimination. Finally
it has several hundred pages of facts
about modern receivers, the i-f fre-
quencies used, voltage divider data,
tube complements etc.—K. H.
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HIS PAGE is the result of a letter from C. J.

Franks of Ferris Instrument Company. Mr. Franks
believes there ought to be a page in Electronics where
the reader (10,500 of him) can have his say — just
as the Editor has his page called Crosstalk.

Having decided to have such a page, the question
of title comes up. Crosstalk is a technical term widely
Its meaning is well

used in the communication art.

Short-Wave Therapeutics

In your article, “Electron Tubes in
Diathermy,” November Electronics, you
state “it appears that one frequency
is, roughly, as good as any other.”
The following vreferences to the lit-
erature should be interesting to your
readers:

Dr. Paul Liebesny, head of Gen-
eral Hospital, Vienna, author of “Kurz
und Ultrakurzwellen Bilogie und Ther-
apie” has demonstrated 15 meter waves
to be destructive in certain diseases,
whereas 4 meter waves were cura-
tive.

Dr. E. Schliephake in “Short Wave
Therapy” states that in diseases of the
liver 12 meter waves were without
results but with 6 meter waves a
lightning-like improvement set in and
he also stresses, in his later papers, the
point of the biologic efficiency of the
still shorter waves.

Dr. Stefan Jellinek, University of
Vienna, uses only 1 watt, 3 meter
waves for his successful biologic ex-
periments on both living tissue and
eggs and he attributes, as I did in
1928, that these changes are due to
a catalytic effect. Dr. E. Weissen-
berg of Dr. Potzl’s Neurological Clinic
in Vienna has treated many patients
with ultrashort waves of low inten-
sity, from a fraction up to 5 watts.

Dr. Lee de Forest states “My ob-
servations have led me to the same
point of view as you take in the
interesting paper by yourself and Dr.
F. T. Woodbury, that it is by no means
the selective heating and general ther-
mal inerease of body tissue which pro-
duces the surprising beneficial results
obtained with radio therapy.”

J. H. HALLBERG

303 Fourth Avenue
New York City

Broadcasting on 546 Kc

In view of the fact that the U.S.A.
broadcasters are in need of an addi-
tional band of frequencies, it has been
considered to use the 500-550 ke band.
As is also known from Aiken’s article,
one of the most serious objections to
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Backtalk

known.

disagree.

using this band for broadeasting Is
that: “it would be a menace to safety
of life and property on sea”. The
existing Governmental regulations pre-
secribe in general the equipping of
ships with radios, but no mention is
made in them as to the quality of the
equipment.

With regard to the foregoing, it
must be seriously considered at what
distance from the sea coast (as a
function of the antenna power) broad-
casting stations working in the men-
tioned band were to be erected, and
whether these stations should work
with directive antennae, to reduce in-

ENGLISH CHANNEL 1
1200 Km.

ADRIATIC SEA
500 Km.

terferences. Budapest I. is working
on 546 ke and with an antenna power
of 120 kw, and it might be of interest
to report the experiences and observa-
tions made with this transmitter, as
conclusions can be drawn from them.
The Budapest I. (Lakihegy) station
was erected a couple of miles to the
South of Budapest, on an island on
the Danube river. Its antenna was de-
signed as a half-wave, vertical antenna,
so as to have a fading-reducing and
a horizontal-radiation property. The
antenna’s iron construction itself is
the radiator. The radiated frequency
response on 7 kc is —2 db, on 9 ke —6

that comes to mind, “monkey chatter”.
gee there are difficulties with it.
might fit the Editor’s page, but it would be ungen-
erous to use it as a label for this, the Readers’ page.
Letters published in Backtalk represent the writer’s
viewpoint with which the Editor (and reader) may

BALTIC SEA
800 Km.

There is another, somewhat similar, term

Anyone can
Monkey chatter

db relative to the 1 ke level. The
modulation by speech is 40-50%, and
increases to 90% in the case of a
musical fortissimo.

In the radiation diagram we see
the circles of 50 km and of 100 km,
the distance of the transmitter from
the surrounding seas, further the
curves of daylight field intensity of
both 75 mV/m and 7.5 mV/m, and
also the curve where the fading, i.e. the
night variation of field intensity be-
gins to be noticeable.

The Hungarian Post Office has re-
ceived no complaints whatsoever indi-
cating that Budapest 1. was interfer-

BLACK SEA
900 Hm.

75 mV/m
Beginning of the fading

ing with radio service on the sur-
rounding seas. The equipment of the
ships on the above seas does not differ
from those used on the ships com-
municating towards or along the
coasts of the U.S.A.

The data given here prove that, even
in the case of broadcasting transmit-
ters of high radiation power (and
where the antenna is not even a di-
rective one), in the case of 500-550 ke,
it is not necessary to retire too far
back from the coast.

VICTOR A. BABITS,

University of Technical Sciences
Budapest
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TESTED B
ancf_
APPROVED

+ » « BY the largest Radio and
Industrial Organizations in the
Country.

«++« BY amplifier manufac-
turers of nationally known

reputation.
o Initiative — Resourcefulness — Cooperation « -« FOR ampl1f1cat10ns hereto-
to advance the interess fore considered impossible for

of the- industry

a carbon type Control.

CONTROLS « « « FOR service in equipment

VOLUME e TONE Demanding Dependability—Sta-
POTENTIOMETER bility—Quietness—Long Life.

TYPE “'C”’

200 OHMS TO 20 MEGOHMS
ANY TAPER
FIVE TYPES OF SWITCH
FRICTION CLUTCH
TAPS ANY PLACE ELECTRICALLY

* PERMANERNTLY QUIET »

INTERNATIONAL RESISTANCE commmr

40! NORTH BROAD S'I'REET_ P,HII.ADEI.PHIA PA. ;

3y i
Fuctorus or ,l.ucensee.s u\ Canada. England Franco '.i-many lta‘ly Donmark and Aust )m

$2 MAKERS aOF RE$I$TANCE UNITS OF MORE TYPEs IN- MORE SHAPES FOI!
- MORE APPLICATIONS THAN ANY O'I'HER MANUFACTURER 'IN THE WORLD

§ o L

e

»” 4

B ELECTRONICS — January 1937 33



TUBES AT WORK

HIS month’s crop includes tubes at work examining razor

blades, producing current pulses, amusing rifle enthusi-
asts, testing enamel insulation, protecting wild life, creating
swing music, testing textile gelatines

Phototubes Examine Edges
of Razor Blades

RECENT ADVERTISING has informed the
public that the edges of razor blades
are being tested automatically by the
“Electric Eye.” The method by which
this is accomplished is described in a
letter from Mr. A. R. Stargardter of
the Gillette Safety Razor Company.
As a blade undergoing examination
passes through the machine, a high pow-
ered light source casts a beam of light
of very small cross section at an angle
across the shaving edge. A photo-elec-
tric cell is so arranged that any light
reflected from the blade edge will act
upon its face. The amount of light re-
flected into the cell window is measured
by means of a galvanometer, since the
current emission from the photo-electric
cell is proportional to the amount of
light acting upon it. The mirror of this
measuring galvanometer casts a spot of
light on the recording chart of the in-
strument, so that as the blade proceeds

through the machine the position of the
light on the chart gives a constant read-
ing in terms of amount of light re.
flected from the corresponding position
along the blade edge. The sharper the
edge the less light will be refiected from
it, so that it is possible to calibrate the
sharpness of the blade according to the
amount of light it reflects.

Thyratron Inverter Used
in Studying Filament
Characteristics

IN A RECENT STUDY of the thermionic
emission of tungsten and thoriated
tungsten filaments reported in the
Physical Review by Prof. W. B.. Not-
tingham, of M.L.T,, it is pointed out that
for accurate measurements of emission,
especially with low accelerating or re-
tarding fields it is necessary that there
be no voltage drop along the filament
itself. In order to avoid this voltage
drop, the filament under test may be

PROJECTED TELEVISION

This Telefunken receiver, ready for

the market, has a 20,000 volt cathode

ray tube behind the lens, through
which the image is projected

34

A three-by-four foot screen may be

illuminated with sufficient brilliance

for theatre use. Two Berlin movie

houses have bought receivers at
about $2000 each

www americanradiohistorv com

heated with pulsating current produced
by a thyratron inverter circuit. This eir-
cuit, similar to the one previously de-
veloped by Prof. Nottingham, is shown
in the Figure. The type of pulse gen-
erated is such that the current is on
for exactly one-half of the time. This
adjustment was accomplished by regu-
lating the shunt resistance R, until the
proper output current was obtained and
then opening the switch SC so that
both thyratrons remained on continu-
ously. The other variable resistance
(marked 0-150 ohms in the diagram)
was then adjusted until the gal-
vanometer G indicated static balance.
Then with the switch closed, the in-
put to the grids of the thyratron
from the power oscillator (200 cycles
in this particular case), was ad-
justed until the same galvanometer
indicated a dynamic balance. The circuit
then delivers equal on and off pulses.
This could be checked by observing the
thermionic current delivered by the fila-
ment connected to the output of the
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Thyratron inverter circuit

circuit. This thermionic current under
the action of the pulses was exactly
one-half as great as that delivered
when the filament was heated with
straight direct current. By confining
the measurement of emission to the
time when no current was flowing
through the filament, and while the fila-
ment still retained the proper tempera-
ture by virtue of its thermal inertia,
the measurement was carried out under
the required condition of zero potential
drop along the filament itself. While the
application in this inverter circuit is
primarily of a scientific nature, it is
believed that it may find uses in other
applications in the electronic industry.

Electronic Shooting Galleries

THE OLD “SHOOTING GALLERYS” offered
a cigar or a kewpie doll if you hit the
bull’s eye with a rifle. A new type of
shooting gallery is made of a duck in
motion, into the body of which is fixed
a photo-cell. The light from an incan-
descent lamp fixed into the gun stock
is put on momentarily by the trigger
controlled by the customer. The light is
focussed by means of an optical system.

If the light falls on the ‘“target”
(photo-cell), the duck flaps its wings,
and simultaneously takes your photo-
graph shooting the duck, and this is
delivered to you all within a few min-
utes. The entire operation is controlled
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Because of its exceptionally perfeet fin-

ish Formica grade XX has always been
a favorite for insulating panel boards.
Several methods of marking, printing
in gold and silver, engraving, or hot
stamping are available according to

requirements.

THE FORMICA

INSULATION

You c¢an be sure the material will be
handsome in appearance, high and uni-
form in insulating quality, and that the

marking will be well done.

Large equipment makes prompt service
possible. Send us your blue prints for

quotations.

COMPANY

4638 Spring Grove Avenue, Cincinnati, Ohio

ORMICA
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mooth Control

®
0i_ 1. Voltage
Speed
Heat

Light

With new Type “TH’ Transtal+
Voltage Regulators by AmerTran

F{YHE Transtat Regulator is being used for numerous voltage-control appli-

calions in industry because of its many advantages over resislive and
tap-changing devices. Voltage may be changed gradually, and without inter-
rupting the circuit, from zero to values considerably higher than line voltage.
Moreover, the Transtat offers high efficiency, good regulation, and greal flexi-
bility. All of these features are possible in the Transtat because it utilizes a
continuously variable auto-transformer
—it is the ideal volitage control for

allernating current circuits.

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

Ask for Bulletin No. 1177 for complele

data and prices.

*Transtat Regulators are manufactured exclusively by
Amwmerican Transformer Co. under U. S. Letter Patents
and patent applications of the Company, including
Nos. 1,993,007 and 2.014,570.

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

=t &ty
B QUALITY TRANSFORMERS S
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by a set of relays functioning from the
plate circuit of a suitable amplifier
controlled by the photo-cell.

Tube Recorder Used in
Testing Enameled Wire

FNAMELED INSULATION on copper wire
has long been used as a most economi-
cal material. In the application of the
enamel, which is baked on the wire, the
temperature at which it is baked and
the length of time allowed are impor-
tant factors in determining the strength
of the insulation, both mechanically and
electrically. A new machine, described
in the November 1936 issue of Bell
Laboratorizs’ Reeord. has bzen de-
signed to test samples of enamel cov-
ered wire for the mechanical strength
of the coating. The wire from a spool
is wrapped around two drums, which
rotate and carry the wire under a
scraper which rests on the insulation
with a pressure which can be accurately
adjusted. After having passed under the
scraper the wire passes through two
mercury pools, separated by about %-in.,
and connected in the circuit shown in
the Figure. If the scraper removes the
insulation from the wire and the bare
spot is long enough to connect the two
pools of mercury through the wire, then
the grid bias of the tube is short-cir-
cuited. At once a magnetic “scraper”
register in the plate circuit of the tube
records the fault in the insulation. By
means of a make and break commuta-
tor arrangement another register
counts each two-inch length of wire

LABYRINTH
MICROPHONE

The stream-lined housing in this

electrodynamic unit concentrates
the sound input and, with the aid
of close tolerances in the air-gap, is
claimed to produce a very high out-

put level
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the end that

the Radio Industry

may be better served

- - - and move economically

We have entered a new field—added a new product—taken a
step forward—to the end that we may better serve the radio
industry. We now own the Cathode Sleeve business of Juno
Fasteners, Inc.—are in production and are ready to supply tube
manufacturers with Lockseam Cathode Sleeves. This type of
sleeve is a precision product, produced under accurate control
and inspection methods. With it economies heretofore impos-
sible are assured.

We continue the manufacture of seamless tubing. The quality
of this product too, can be still further refined. And here also
economies of operation are possible.

We are headquarters now for more than just fine Seamless
Cathodes. Users can depend on “Superior” Lockseam quality
and service.

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

CABLE
j@fa WMmcA

W M.C.A. engineers, like many others,

* are finding coaxial cable highly
desirable as a transmission line. For
service as a link between antenna and
either transmitter or receiver, Commu-
nication Products is prepared with a
better cable at lower cost.

In addition to the quickly available
standard cable, CP I produces many
other sizes having a broad range of im-
pedance values and power handling
capacities. A complete assortment of
fittings and much improved terminal de-
signs, all lower in cost, are supplied.
Steatite, Micalex and Victron insula-
tion, are offered. Victron insulated
cable is especially desirable at ultra
high frequencies because of its reduced
loss. Nitrogen, valves, gauges and a
complete assortment of accessories are
features of the CPI coaxial cable
program.

If you are in the market for coaxial
cable for receiving purposes or for
transmitting powers up to 50 K.W,, do
not buy until you have investigated the
C P 1 product.

Literature de-
scribing CP I
coaxial line
will be mailed

upon request.

COMMUNICATION PRODUCTS, INC.
245 Custer Ave.
JERSEY CITY, NEW JERSEY

Chicago Office — Phone Randolph 1605

www americanradiohistory com

passing through the machine. The per-
centage of the wire scraped bare is then
obtained by comparing the reading of
the scrape register with that of the
count register. An additional test is
made by running the wire between two

Mercury )
pools

wire

10 volts D.C.

Circuit for testing enamel wire

rollers, the rollers being connected in
the same manner as the mercury pools.
These rollers detect any defect in the
enameled insulation and operate a re-
corder in the same manner. By running
many samples through the machine it
has been determined what types of
baking produce the strongest insula-
tion.

Photo-electric Tube
Controls Game in Large
German Preserve

THE SCHORFHEIDE GAME PRESERVE
near Berlin is fenced with a high lat-
tice, to prevent deer, elk, Canadian
buffalo and other animals from tres-
passing on adjoining fields. The pre-
serve, however, is traversed by a main
highway formerly closed by a large
gate, which the motor car driver had to
open and was supposed to close behind
him. As the gate was often left open
by careless motorists both at the en-
trance and exit from the preserve, a
photo-electric tube has been set up at
each entrance and the gates removed
entirely.

These tubes operate a battery of
floodlights and a large horn. Any at-
tempt by the animals to pass through
the exit provided by the road intercepts
the :-beam and the animals are fright-
ened back into the preserve by the
light and sudden sounds. The equip-
ment is directed so that motor cars
passing through on the highway do not
affect it. Although the plan appeared
somewhat fantastic at its inception, in
actual practice, it has worked out as in-
tended so that damage to the fields of
adjoining farms by wandering game has
ceased.

“Swing’ Music from
Cathode Rays

THE EDITORS are in receipt of a highly
interesting patent recently issued to
Merlin Davis by the United States
Patent Office. It concerns a cathode ray
tube of unusual design, one form of

January 1937 — ELECTRONICS
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Helping Radio ro ser
its own Style Standards

HERE'S a trend in cabinet de-.

sign today that is definitely
away from the traditional furniture
styles which have influenced radio
styling in the past. Step by step,
the radio industry is establishing
an individual style-identity more
appropriate to the importance of
radio in modern life.

In the development of these new
style standards, Bakelite Molded
has played an important part. Its
lustrous, fine-textured surfaces, va-
ried colors and high adaptability of
form are ideally suited 10 express
modern conceptions of design. Its
production merits make possible
the forming of quality cabinets at
quantity costs.

A recent example of the new trend
in styling is the Kadette Classic
radio. The body of the cabinet,
shown below, is completely formed
in one piece, and with one opera-

tion of the molding press, through
use of Bakclite Molded. All neces-
sary slots and through-holes, and
the final surface lustre are provided
in the same operation, obviating
further machining or finishing.

Radio manufacturers and design-
ers are invited to consult us regard-
ing improved methods for forming

BAKELITE CORPORATION 247 PARK
BAEELITE CORPORATION OF CANADA., LIMITED, 163 Dufferin

“The segiiersd trads murks hems sbess Sictingend anrerioi
@onctacnrst by beein Corparonen Under B smoment 3" s e

THE MATERIAL OF
ELECTRONICS — January 1937
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AVENUE,

Street.

either large or small cabinets from
Bakelite Molded; also, to write for
our comprehensive booklet 13M,

“PBakelite Molded.”

Photo shows Kadette Classic Radio with
rich green Bakelite Molded cabinet. De-
signed by Carl Sundberg. Also made in
black and brown. Molded for International
RadioCorp.byCliicagoMolded ProductsCo.

NEW YORK, N.Y.

Toronto, Ontario. Canada

cvmi o prosent ond Forers wime o Sotoliy Coperoint praducal®

A THOUSAND USES
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UNITED
TUBES

ol

MERCURY RECTIFIER

TYPE 975-A

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

No other rectifier on ihe mar-
ket between the '72-A and the
'69-A "measures up' to this
UNITED tube, in overall size,

shielding or break down factor.

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

Ratings and Description

Half wave. shielded filtament. mercury recti-
fier.

Max. overall dimensions 3" x 10%"

Max. beak inverse volts 15,000 (17.500—
factory test).

Max. peak plate current 6.0 ambperes.
Average plate current 1.5 ambperes.
Filament: 5 volt, 10 amp.—coated emitter.
Base: Standard 50 watt.

Price $30.00

| which is shown in the Figure. The dot-
ted line represents a cathode ray gen-
erated by a cathode, accelerated by an
annde, and deflected by deflecting plates
in the usual manner. The unusual fea-
tures of the tube are the collectors
shown in the diagram and the perfor-
ated plate immediately in front of them.
The perforated plate is maintained at
a potential somewhat lower than that
of the collectors. By the application of
alternating voltages to the two sets of
deflecting plates the cathode ray beam
is caused to scan the perforated plate,

Shape of
perforations,
N4 W
': Perforated 7\
\ plote
| “Collectors YAVAN

“Swing” music-maker

in much the same fashion as in a tele-
vision cathode ray tube. The alternating

| voltage applied to the vertical deflec-
tion plate may be of very high fre-
quency compared to the alternating
voltage applied to the horizontal deflect-
ing plates. The shape of the openings
in the perforated plate may have any
desired form, one typical type being
shown in the diagram. The electrie cur-
rents resulting from the collection of
the cathode ray at the collectors are
then of predetermined wave form and
may be amplified and reproduced as
musical impulses. The flexibility of the
arangement permits, as the reader may
readily see, a wide variety of wave
forms depending upon the deflecting
voltages and their frequency. The pat-
ent was isued on September 8, 1936
under the number 2,053,268.

Measuring Textile Gelatines
with a Phonograph Pick-up

By DR. IRVING J. SAXL

I» THE INVESTIGATION of gelatines and
similar materials used as binders in the
textile and other industries, the surface
condition is of great importance in the
performance of such substances. For in-
stance, a gelatine that is used for sizing
and similar purposes in the textile in-

“UNITED ELECTRONICS COMPANY

22 SPRING ST., NEWARK, N. J.

TRty B R S el A AR TN P T AN ST RS

dustry must be so constituted that it
will dry up with a surface that will give
the least possible friction with the ob-
jects with which it comes in contact.
This friction should not only be as
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AR-4S3P

A beautiful bronze or chromium finish-—3'" spherical case is avail-
able for the AR-4S3P sound cell microphone. The AR-2S6P is
supplied in a standard bronze finish unless chromium is specified.

BIRUSE

ATTENTION!

PUBLIC ADDRESS AND BROADCAST
ENGINEERS

Four vyears ago, Brush anaounced the first
commercial crystal microphcne, sound cell, grill
type. During this period, many improved models
have been developed and manufactured. AND
NOW —it is a pleasure to announce—
TWO NEW TYPES—of sound cell spherical
microphones—the AR-4S3P and AR-2S6P.
The AR-4S3P is designed for HIGH OUTPUT
with average lengths of high impedance lines.
AR-2S6P with slightly lower output is ideal
for cable lengths as high as 800 FEET with-
out serious loss of output. This microphone is
also available with a transfcrmer for operation
into existing low impedance equipment
(50 AND 200 OHM LINES).

WHY A SOUND CELL MICROPHONE?

The answer is in the photograph—note in the
shadow how clearly the sound cells are oui-
lined —sound passes on!— Consequently —
no pressure doubling —no cavity resonance.

ANNIVERSARY

Brush is the Leader—the First to Produce Commercially

The rochelle salt crystal bimorph element. the
heart of most crystal devices —

The sound cell microphone., grill type, eliminat-
ing diaphragm and cavity effects. permiiting
sound to pass through from any direction—

@ The spherical, grill type, microphone —

@ The sound cell uni-directional microphone —

Internal spring mounting, minimizing response
to mechanical shock—

A laboratory microphone with a flat frequency
response to 17,000 c. p. s.

A crystal phono-pickup —now manufactured
by licensees —

@Oiher industrial rochelle crystal devices—

Write for technical data and prices

BR2S
The Brush BR2S
... 2" spherical
microphone
...bronze &z
chromium iinish,

pEVELOPMENT I The Brush BL1
COMPANY lapel micro-
phone .. . small

CLEVELAND, O. and light weight,

ideal for public
address work.

ELECTRONICS — January 1937

MICROPHONES o MIKE STANDS  TWEETERS « HEAD PHONES o LOUD SPEAKERS

easily attached
to coat lapel

41
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pocéet—%/t—Oﬁm-
Milliammeter

D.C.andA.C.

Size: 3 1/16"
x 5%"
x 2%"

DEALER §

PRICE 1 510

Uses Large 3”7 Sq. Triplett Instrument

A. C..D. C. Voltage Scales Read: 10-

50-250-500-1000 at 1000 ohms per

volt.

D. C. Milliampere Scale Reads: 1-10-

50-250.

Ohms Scale Reads: Low 1/5-300; High
250,000.

Black Molded Case and Panel.

Low Loss Selector Switch.

Complete with Alligator Clips, Battery

and Test Leads.

DEALER PRICE.......... $15.00 |
A Complete Instrument for all servicing
needs. Can be used for all A, C.-D. €.

voltage, current and resistance analyses.

LEATHER CARRYING CASE for Model 669,
supplied extra.

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

WRITE FOR CATALOG

S|

The Triplett Electrical Instrument Co.
231 Harmon Dr., Bluffton, Ohio

‘Without obligation please send me

—— More information on Model 666.
I am also interested in

NGME . & b seet vl sl o 1071 S §rd @ 1) st T 3 Sows wiN
Address .. .ah .8 Em s an Gk 8 i b e B b A
City......oooovv .. State........... f
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small as possible but, in addition, such
gelatine surfaces should be so hard
that an abrasive action, such as that of
the heddles of a loom, will not cut into
the material.

Specifically speaking, a yarn is coated
with a gelatine or other binder to pro-
tect it against abrasion and at the same
time to reduce its surface friction. In
other words, loom heddles or some
other resistance the yarn has to pass
through should not enter into the yarn
and should not be obstructed by irregu-
larities on the surface of the yarn.

A similar condition once before was
encountered in the beginning of the
acoustical industry. At that time,
Thomas Alva Edison while working on
one of the early models of his phono-
graph using wax cylinders, was
troubled by the fact that the back-
ground noise of such recording means
was excessive, a condition that repeated
itself at a later date when the proper
materials for conditioning the surface
of phonograph discs had to be found.

It therefore occurred to the writer to
use this production of noise, not for the
development of smooth, recording ma-
terials, but for measuring the combined
penetration and granular condition of
the surface of materials, particularly of
gelatinous nature. It will be readily
understood that an analogous technique
lends itself to the investigation of other
materials not necessarily of colloidal
structure and that measurements can be
taken by other means than estimates
of sound intensity.

The method developed is based on the
fact that a phonographic pickup will
produce increased electromotoric force
the more violently its needle is moved.
Accordingly, if the needle of the phono-
graphic pickup is brought together with
gelatine surfaces, then the needle will
hardly move if the surface is glasslike
in hardness and smoothness and the
needle penetrates little. If, however, the

surface is rough or if the needle can
enter the surface on account of the fact
that the specimen has little cohesion,
then a voltage will be generated in the
pickup. This voltage may then be am-
plified in the customary manner and
the final output determined. It will be
understood that the same method of in-
vestigation can also be used in the
study of other materials, such as lac-
quers, varnishes, shellacs, ete., and that
it lends itself, in addition, to the inves-
tigation of bearings, finely machined
surfaces and similar materials.

The Apparatus

Figure 2 is a schematic wiring dia-
gram of the working model while Fig.
1 is a photograph of the actual working
apparatus. The motor, M, is geared at a
slow speed over a worm drive, W. The
motor is reversible with the aid of the
reversal switch, S. Inasmuch as the a-c
motor is of the synchronous type, a
constant speed is achieved.

This driving arrangement, with the
aid of a spiral, moves a sled, L, on
which is attached the gelatine-carrying
slide B. The preparation of the test
specimen will be described in detail
hereafter.

The slide, B, moves under the phono-
graphic pickup, P, and thus introduces
motion of the needle relative to the
slide, resulting in the generation of
electromotoric force in the pickup. This
em.f. is fed to the amplifier, A. In or-
der to avoid the connection of a high
voltage to the output meter, I, a prop-
erly grounded transformer, Tr, is
switched in between the amplifier and
the output meter. The low e.m.f. fed
into the output meter is then propor-
tionate to the motion of the needle in
the pickup and can be read in either
milliwatts or decibels on the metering
instrument directly.

It will be realized that the conditions
of the gelatine surface have to be

Fipna-

Fig. 1.

wWWw._americanradiohistorv com

Pick-up surface tester and amplifier

January 1937 — ELECTRONICS



The general characteristics
of the series are as follows:

Heater Voltage ............

Heater Current... .......... ...
Accelerating Potential ..

Deflection Characteris-
tic with Accelerating
Potential of 2000 Volts

{325 Series)

Deflection Characteris-
tic with Accelerating
Potential of 2000 Volts

(326 Seriesd.........._

ELECTRONICS — January 1937

HIGH VACUUM CATHODE
RAY TUBES

12

Ouistanding Features

1. Small and brilliant spot. *
2. High deflection sensitivity. ' 2
3. Completely electrostatically shielded.
4. Individual detlector plate connections.
5. Undistorted deflecting field.
6. Full range modulation without defocussing.
Z. Low interelectrode capacities.
8. High insulation between elements.
9. Wide range of accelerating voltage.
10. Complete separation of high and
low voltage terminals.
All tubes 1nterchangeable in sockets
and circuits.

12 All terminals in moulded bases

pr

o

o L T T T

11.

i

. give maximum protection agam,st

D N A al ? :
& aoc':idental“ﬁreakage : Sl et
1 s .%]J%;F’;;/- ’
) Vs
325A 326A 3258 326B 32s8C 326C
Mazx. Length (in.) 16% 22 16% 22 16% 22
Max. Screen
Size (in.) 4% 7% 4% 7% 4% 7%
’ Green. Green. Blue— Blue— Bl Blue
Fluorescent Medium Medium Green. Green. Hi uhel' Hi hl‘y
:Characteristics Persist- Persist- | Long Per- Long Per- gny ek
Actinic Actinic
5.0 Volts ence ence sistence sistence
B0 . 3 Vi Observation and Pho- Photography with
0.55 Ampere Application phB::ig):?;v;s?nh tography of non-recur- blue- .en,mvey film.
green sensitive film. rent and low frequency x
..... 1000—5000 phenomena.

Volts

130 Volts/ inch

Western Eleclric

RADIO TELEPHONE BROADCASTING EQUIPMENT
" Distributed by GRAYBAR Electric Co.

In Canada: Northérn Eloctrie Co,y Lid.

80 volts/ inch
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EVERFADY

TRADE MARK

“B-C” BATTERV PACKAGE

Solves the problem of what to do with “B” batteries
in the home with a table model receiver. The mottled
walnut brown finish blends unobtrusively into any
household background. .

Shipped flat in one piece, the “Eveready” “B-C”
Battery Package is easily set up. Locks together rigidly.
Holds three standard large size 45-volt “B” batteries
and up to three 4}2-volt “C” batleries.

The advantages of the “B-C” Pack with the economy
of standard “B” and “C” batteries, which cost 13%
per service hour less than the “B-C” Pack. With the
“Eveready” “B-C” Battery Pack age, dealers can supply
the equivalent of a “B-C” Pack for almost any receiver
out of their stock of standard batteries.

Costs the set owner only 25¢ once, as only the bat-

teries inside are replaced.

NATIONAL [ARBON COMPBANY, INC.
General Offices: NEW YORK, N. Y.

Branches:
Atlanta . Boston + Chicago - Cleveland « Dallas - Kansus City
Louisville « Minneapolis « New York - Philadelphia

Pittsburgh - Portland « San Franeisco

UNIT OF UNION CARBIDY: [I[d8 AND CARBON CORPORATION

4
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standardized as to make comparative
results possible. The method of prepar-
ing the slides and their drying under
specified humidity conditions are as fol-
lows:

Twenty per cent gelatine solutions
are prepared in beakers whose height is

@ Tk | :

-0

Output Amp//'r"/_'ér

meter

Fig. 2. Pick-up surface tester

equal to the length of a microscope
slide. The solutions are held at 60°C
in a water bath, being covered to pre-
vent scum formation. A microscope
slide, held by forceps, is dipped three
times in one of the solutions, drippings
removed by wiping on the edge of the
beaker, care being taken to wipe all
the solution from the bottom of the
slide. The preceding operations must be
done quickly to prevent uneven scum
formation.

After wiping, the slides are placed
on a level support and allowed to stand
for fifteen minutes in a dust-free at-
mosphere; then laid in level position in
a dessicator, using anhydrous calcium
chloride as a dessicating agent. In prac-
tice, it has been found desirable to
maintain the temperature of the dessi-
cator and its contents at 35-40°C. for
two hours to facilitate drying. Higher
temperatures or longer periods of dry-
ing are liable to cause peeling and
cracking of the dried gelatine film.

It should also be noted that it is ad-
visable to use new slides for each exper-
iment. The glass cracks off with the
gelatine while drying, producing an ir-
regular surface, particularly if higher
grades of gelatine are used.

The sample, prepared in the above
manner, is now inserted into the slide,
L, and fastened there with a screw. The
pickup is inserted and the motor
started. After the slide has moved
through, it may be shifted sideways and
moved to the original position by re-
versing the direction of the motor with
the aid of the 8 pole double throw
switch, S.

For comparison, the following data
received from various American manu-
facturers may be mentioned:

Gelatine received from manufacturer
A is relatively smooth and hard. The
output meter reads from 40-50 milli-
watts. Under the same conditions, the
slides from manufacturer B gives a
reading from 100-110 milliwatts indicat-
ing that this latter product is rougher
and/or softer than product A.

It is interesting to note in this con-
nection that gelatine received from
manufacturer B has a higher jell
strength than gelatine of the A type.
It will be realized therefore from the
preceding figures that jell strength is
not necessarily representative of
smoothness, hardness and freedom from
grains.
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ERIE engineers are now working on many
problems of decided importance to the industry.
During this year research and experiment will
continue to keep Erie Resistor’s products more
than abreast of radio manufacturers’ requirements.

So we say .. . WATCH ERIE RESISTOR IN 1937.

ERIE RESISTOR

CARBON RESISTORS AUTOMATIC INJECTION

AND suppa:ssoCORPORATION MOLDING

ToronTo HIEIITEMAZYIIY LONDON
ELECTRONICS — January 1937 45
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Photocell Measures
Dust in Chemicals

chemically and pathologically speaking.

The Victor Chemical Works, of

photocell, in the following manner: A

definite weight of the compound in

/&M @E N @ S question to be tested is dropped
through a ‘“chimney” onto the floor of

of the milliammeter is an index of the

amount or percentage of dust present

IN THE MANUFACTURE of fine chemi-
cals, it is absolutely essential that the
percentage of “dust” be held to a mini-
mum, particularly so in medicinal prep-
arations. Dust in such a case will un-
doubtedly introduce new difficulties,
Chicago, Ill., measure the amount of
dust in percentage by means of a
a “tunnel”, the dust thereby created

# partially cuts off a beam of light di-
rected down the length of the tunnel
upon a photo-cell at the other end. The

o r Il K l ND s degree of light interference, accurately
measured by the percentage deflection

Our mica stampings are made of the Other Electrical Insulations: Write in the compound.

finest mica obtainable . .. Munsell’'s for New Price List No. 101 which

India Ruby Mica. Exceptionally describes our complete line of .
accurate machining is one of their Micanite, Varnished Cambric, Lami- Tube Manufacturers Bulletins
outstanding features. Send for further  nated Bakelite, and other insulating .

details, prices, samples. materials. RECENT NOTES of RCA Radiotron deal

with the operation of the 6L6 with
equal plate and screen voltages. Here
it is pointed out that with feed-back
circuits it is advantageous to get screen
and plate voltages from the same point
on the voltage divider. There are other
advantages of equal voltage conditions
=l “Togen w = as pointed out in this Application Note,
No. 66.

Ken Rad has issued a bulletin (CEB
36-10) on the 6L6, dealing with the
e effects of power supply regulation.
A R t t Two Hygrade Sylvania bulletins, No.

epu a lon 30 and 31, have been issued recently.

The first deals with input capacitance

MICA INSULATOR COMPANY

200 Varick St., New York: 542 So. Dearborn St., Chicago: 1276 West Third Si., Cleveland.
Branches at: Birmingham, Boston, Cincinnati, Los Angeles, San Francisco, Seattle, Montreal, Toronto.

» A b d of tubes at audio frequencies. The sec-

ond is concerned with the modulation

C & ) ase On capabilities of infinite impedance detec-
AL

tors.

P er f or mance Slot Machine Starts

Phonograph by Radio

A NOVEL SLOT MACHINE appearing in

L)

Flawless performance, such as that

® Eight-cell exponential horn o
and Lansing No. 284 moving consistently secured by users of the cafes, taverns and tea shoppes this

coil type speaker unit for LANSING “MONITOR”, does not | summer offers one answer to phono-

frequencies from 500 to 8000

c.p.s. as used in the high “iust h en.” graph makers who used to wonder what
f{"dq(‘)‘;';;?o section of  the Just happ radio might do to them. Produced by
A R”. Note: The o .
Lansing Monitor has  a The Unequaled sound quality plus sur- 3 Chlcag(})1 manufalcturer ﬁf amusen(xient
power handling capacity of .o . . s evices, the new slot machine embodies
30 watts. prisingly high operatmg.eﬂiclency are | - tiny mobile radio transmitter which
the result of an exclusive, advanced | i5 used to start a phonograph.
type of design, perfect accuracy in If you want music with your meals,

. sl . : ly request the waiter to bring
construction and precision inspection. | YOU simp B .,
The LANSING BMONITOR along the portable “radio station” with
@) ASsLsIG manTon Those who have heard the LANSING | {1 peny ‘card,  Drop a comn into. the

:::nimfif‘“ hii';h e Linear Monitoring System tell us that | proper chute on this and instantly the
speech reinforcement, small A sses anything they have ever | Phonograph begins to grind out the
projection rooms and deluxe £ EUpRd 8 R latest musical hit. As the coin enters

;::ril.; e:n:fx:::::-:“ e experienced. No other speaker will the box tendered by the waiter, it ac-

cific installations will be satisfy them once they have actually | tuates the broadcasting apparatus,
e etiiate) lediios heard the MONITOR. which, working on two small batteries,
sends a short wave impulse directly to
the phonograph. Picked up by a light

LANSING MANUFACTURING Co. aerial wire, the wave is conducted to

a special receiving set inside the cab-

I I 6900 McKinley Ave., LOS ANGELES, CALIF. inet, then travels on to the mechanism.
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A for S. S. WHITE
’/lcu) - FLEXIBLE SHAFTS
'J ¥ in the Radio and Electronics Field

s

Many applications have been made in recent years, for remote con-
trol and for driving of instruments and other equipment used in
the radio and electronic fields. A partial list is given below.

This steadily increasing use of S. S. WHITE Flexible Shafts is due
in ]Jarge measure to these three factors:

h"‘:‘. :

1. The simple, efficient way in which the flexible shaft solves the
problem of driving or of transmitting control movement between
any two points, regardless of their relative locations or positions.

. The development by S. S. WHITE,. of shafts with characteristics

specially suited to each class of application—power drive and
remote control.

Wi

A

¥
ol |

3. The wide range of sizes and of shaft characteristics offered by
S. 8. WHITE in each class.

Our engineers have been privileged to cooperate in working out
many of the existing applications. Their broad experience is like-
wise at your service, without obligation. If you have an applica-

tion under consideration let them give you their recommendations.
Just send us the details.

AN TSNy
"\ 'r-“._""‘.’“‘““ ‘ 5
o W ARV Eh e e B &'g“\‘

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

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

N

2
%

Partial List of S. S. WHITE Flexible Shaft Applications
in the RADIO and ELECTRONICS Fields

REMOTE CONTROL SHAFTS COUPLING SHAFTS

Auto Radios

Electrical Instruments
Aireraft Radio Receivers and Transmitters Broadeast Transmitter
Broadcast Transmitters Auto Radio Receivers .
Variable Frequency Crystal Holders
. Auto Radio Antennas
Radio Telephone Equipment
Aircraft Direction Finder Portable Track Recorder

Aircraft Antenna Control Auto Radio Control Panels

FLEXIBLE SHAFTS for POWER DRIVES, REMOTE CONTROLS and COUPLINGS

ELECTRONICS — January 1937 47
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TELEVISION

(Continued from page 11)

volume, sound high-frequency tone,
sound low-frequency tone; sight de-
tail, sight brightness, sight contrast;
horizontal and vertical scanning and
synchronization. The Kinescope im-
age-tube is mounted vertically, screen
uppermost and protected by a shat-
terproof glass plate. The image is
viewed in a front-surfaced mirror
on the underside of the cabinet lid.
Including the Kinescope, 33 tubes are
used in the receiver; two power sup-
plies, one for the high accelerating
voltages in the Kinescope and the
other for all other requirements, are
used. The receiver draws approxi-
mately 350 watts from the power
line. The audio system in the re-
ceiver is high fidelity (to 10,000
cps.) throughout.

The receiver so far as the video
channel is concerned is a quasi-sin-
gle-sideband type. The i-f circuits
in the video channel pass only the
high-frequency side-band without at-
tenuation, whereas the low-frequency
side-band is considerably attenuated.
This practice is adopted solely in
the interest of economy, since the
narrower band involved permits
much higher amplifications per stage
with the tubes at present available.

Each observer in the area has
been provided with forms to be filled
in during each observation. The in-
formation reported on concerns the
settings of the controls, and the ne-
cessity of resetting them, whether
or not trouble was encountered with
the vertical and horizontal framing
or synchronization, with the type of
noise interference encountered, and
similar items.

Noise Interference

While no specific data were pre-
sented, it was brought out in the
paper that the two most troublesome
sources of noise interference with
the video signal were those resulting
from automobile and airplane igni-
tion systems and from electronic dia-
thermy machines. In the absence of
such interference a signal of one
millivolt is generally considered sat-
isfactory to drive the receiver. How-
ever, when those noises are present,

48

a much stronzer signal is necessary
to overcome their effects. Ignition
noise usually affects a part of one
or more lines in the picture, caus-
ing that part to remain either com-
pletely bright or completely dark.
Interference from diathermy ma-
chines, especially when the machine
is operated with unrectified plate
supply, takes the form of a blan-
keting of many successive lines,
sometimes as much as one-fourth of
all the lines in the picture.

Mr. Beal pointed out at the I.R.E.
meeting also that the technical part
of the field test was only a part of
the program, although it has
formed the major part of the
activity up to the present. The
development of program technique is
also being pursued actively.—D.G.F.

References :

The reader is referred to the following
articles which have appeared in Electronics
and whieh describe in greater detail certain
parts of the RCA system than was practical
in the above report :
1. Television—A Review of Present-Day
Systems, p. 300 October 1934

2. Television Today—The Status Quo, b.
27, June 1944

3. F'CC Plans Future of UHF Region, p. 9,
July 1936

Also, reference may he made to the collec-
tion of papers entitled “Television”, Volume
I. RCA 1Institutes Technical Press, which
consists in the main of 1.R.E. papers written
by members of the RCA organizatious.

LOUDSPEAKERS FOR
MERMAIDS

At a recent Berlin Radio Show, «
water-proof speaker was shown. The
demonstra:ion above, proved its sub-

marine qualities by dipping the unit
into water while operating

BANDSPREAD

(Continued from page 29

of the oscillator coil is assumed to
be 5uuf, and the intermediate fre-
quency is 0.465 mc.

(1) Cp= 375.5404 puf

(2) L = 16.21490 » H

(3) i—1.725 F, — 185 F; — 1.975 me.

(4) C'=524.9860 C." — 456.4387 C;
400.4900 uu f

(5) €y =149.4456 C. = R0.8983 C;
24.9496 u {

(10) Cs = 2564.221 uu f (using the approxi-
mate relation)

= 2564.212 up f
formula)

(11) @ == 0.7175328 hence aL — 11.62471
u H.

(12) Cp =394.7725 upf
The deviation from true alignment
was calculated for a number of fre-

(using the exact

quencies in the band. (Fig. 2)
Signal freq. Deviation.
1.7000 me. 28 eycles high.
1.7250 1 low
1.7500 15 «
1.7750 20 “
1.7875 19 i
1.8000 17 =
1.8250 8 “
1.8500 1 high
1.8750 10 “ o
1.9000 17 “
1.9125 19 =
1.9250 18 “
1.9500 12 O
1.9750 3 low
2.0000 31 4

These figures show that the per-
fection of tracking leaves nothing to
be desired. It would be expected
that the tracking would improve as
the band spread is increased, since
the differences between the chosen
“perfect” frequencies are reduced.

This method may, of course, be
used equally well in cases where
band spread is not required, by mak-
ing Cp equal the self capacity of the
radio frequency coil.

Following this method, coils were
constructed to cover the 160, 80, and
40 meter bands when used with a
100 puf variable gang condenser,
and another set was made to cover
the broadcast band with a 350 uuf
gang. In each of the four cases,
adjustment of the parallel condenser
trimmer was all that was required
(the series condensers were not even
equipped with trimmers).
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This shows how a Parker-Kalon Assembly Engineer can help

TO MAKE A FINE PRODUCT
-YET KEEP PRICE DOWN

OW cost and quality are di-

rectly affected by the assem-
bly method employed is shown by
this instrument made for physi-
cians. To assemble the various parts
of the Comprex Major Cautery-
Diagnostic Light Transformer to
the molded housing is not a com-
plicated matter.

It could be done by using machine
screws in tapped bushings molded
into the housing. Yet, because the
maker was well-informed on the
advantages of Parker-Kalon Hard-
ened Self-tapping Screws for as-
semblies of this kind, a worth-
while saving was made. Use of these
unique Screws eliminated bushings
and brought a direet reduction in

the cost of the housing. It also re-
moved the possibility of trouble
and expense from stripped threads.
In addition, stronger assemblies

were obtained since Self-tapping
Screws hold better.

The assemblies involved are in-
dicated by arrows and include fast-
cning a coil and core unit; the
small resistance coil; the two con-
tact arms and knobs; the switch
knob, and also the housing cover.

In 7 out of 10 cases where metal or plastic
assembly is involved Self-tapping Screws
can be used to make a product better, at
less cost. The function of Parker-Kalon
Assembly Engineers is to help design and
production men employ the Screws where
benefit can be obtzined. Having a prac-
tical background of assemhly work and a
specialized knowledge of Self-tapping
Screws, a Parker-Kalon Assembly En-
gineer is able to uncover all of the pos-
sibilities for using the Screws to simpli-
fy fastening jobs and save money.

Whether your product is in the draw-
ing stage or in actual production it would
pay you to take advantage of this serv-
ice. It will show whether you are mis-
sing benefits that might be obtained with-
out upsetting schedules or changing de-
signs. An invitation will bring one of the
Parker-Kalon Assembly Engineers.

PARKER-KALON CORPORATION
198 Varick Street New York, N. Y.

PARKER-KALON /s FASTENING DEVICES

A HARDEMED SELF-TAPPING SCREW FOR EVERY KIND OF ASSEMBLY

] e

SOLD ONLY THROUGH RECOGNIZED DISTRIBUTORS

ELECTRONICS — January 1937
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Feedback Amplifiers

It is possible to obtain equalization
in an amplifier by suitably modify-
ing the feedback network. For ex-
ample, if in the circuit of Fig. 3a
the resistance R, is shunted by a
capacity the negative feedback will
be reduced at high frequencies, tend-
ing to compensate for the falling
off occurring in the output trans-
former.

Notes on Design

Uniform nomenclature is employed
in the circuits of Figs. 3, 4, and 6
with respect to essential circuit ele-
mentg. Thus R, in every case repre-
sents a resistance across which the
feedback voltage is developed, while
C, and L, represent reactive elements
shunted across R.. Likewise R: de-
notes a resistance used to reduce the
output voltage for feedback purposes,
while C:. is a blocking condenser in
series with R. By-pass condensers
are indicated by C wherever there
might be some doubt. The effective
shunting capacity across a resist-
ance-capacity coupling unit is indi-
cated as C;, while C. represents the
coupling condenser in such a unit.

In the construction of a feedback
amplifier it is necessary to avoid as
far as possible capacities in shunt
with the resistances of the feedback
network. Capacities across R: are
particularly troublesome in circuits
where R: must be large, as for ex-
ample in Fig. 38i. In circuits such as
Fig. 3a it is to be noted that the
capacity to ground of the trans-
former secondary is effectively in
shunt with R, and because this
capacity cannot be eliminated it sets
an upper limit to R, which in turn
fixes an upper limit for R. with a
given value of B. This limitation
of R:. and R, is important because
R, + R, is in shunt with the load of
the output stage and so consumes
power inversely in proportion to the
resistance. The condenser C. that
appears in a number of the feedback
networks must be large enough to
have, at the lowest frequency that
is amplified appreciably, a reactance
very small compared with R..

50

[Continued from page 15}

In circuits where a resistance in
series with the cathode is used for
feedback purposes, as in Fig. 3e, it
is necessary to return the screen by-
pass condenser and the suppressor
grid directly to the cathode instead
of ground, in order to prevent the
feedback voltage from also being
applied to these electrodes. Under
these conditions it is essential that
a voltage dropping resistance shown
as R of relatively high value be em-
ployed in the screen circuit, since
otherwise the resistor R, would be
effectively short circuited through
the battery to ground as far as a-c
currents are concerned.

In all circuits involving trans-
formers between feedback points, the
proper polarity of primary and sec-
ondary must be selected. This can
be readily done by trial since the
wrong polarity will cause oscilla-
tions.

The ratio § of feedback voltage to
output voltage can be readily calcu-
lated from the circuit elements. Thus
in arrangements such as Fig. 3a,
4b, 6a, ete., B = R./(R: + R.). Simi-
larly in circuits such as Fig. 3e
where the feedback voltage is devel-
oped by a cathode resistor, the value
of B in the mid-frequency range
where the effects of C. and C; can
be neglected is

Resistance of Ry and R; in parallel
" Resistance of R, and Ry in parallel

At high and low frequencies, where
C; and C. must be considered, the
computation is more involved but is
of the same general character. It is
to be noted that in all cases where a
cathode resistor is used to develop
the feedback voltage, the screen drop-
ping resistor R, is effectively in
shunt with R,, while in circuits such
as Fig. 38k a filter resistance R, and
the effective shunt resistance repre-
senting the eddy current resistance
of inductance L., also shunt R..

Practical Uses of Feedback Amplifiers

The reduction in amplitude distor-
tion and cross talk, the improvement
in frequency response, and the in-

creased stability of amplification
which result from feedback are the
properties which are usually of
greatest interest. The reduction in
amplitude distortion effected by feed-
back is probably the most familiar
because of the beam power tube. It
is to be noted however that the feed-
back circuits usually recommended
for beam tubes reduce the distor-
tion only to about one-third of the
value otherwise obtained, and so
barely scratch the possibilities. A
much more effective arrangement
from many points of view is to em-
ploy a two-stage feedback circuit by
applying the feedback voltage to the
input of the driver stage rather than
to the input of the power stage. Such
an arrangement provides much more
gain between feedback points and
hence makes it practical to use values
of AB of 5 to 10 or even more. This
makes it possible to operate a power
tube with sufficient excitation to pro-
duce under normal conditions 25 per-
cent or even more distortion, and so
greatly increase the power output,
yvet with low distortion in the actual
output. Furthermore, distortion in
the driver stage such as occurs when
the grid of the power tube is driven
positive or when large exciting volt-
ages are required, is likewise re-
duced. This makes it possible to
redesign the driver to obtain more
driver gain. Finally, with larger
feedback the frequency response can
be greatly improved.

Experimental results obtained by
the author for a typical case are
shown in Fig. 7. It is seen that
the presence of feedback makes an
enormous improvement in the flat-
ness of response, and causes the am-
plification to be virtually independ-
ent of tube voltages. It is further
to be noted that when a resistance
feedback network is employed the
amplifier has practically zero phase
shift throughout its response band,
a property of importance in certain
types of measuring work and in
television.

The cost of this improvement, loss
of gain, is readily overcome by using
more amplification.
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with a SAW TOOTH Index that is POSITIVE in
action and a "Bite and Wipe'" low resistance con-
tact.

Centralab's latest contribution to the radio indus-
try is now available in various combinations with

or without AC line switch.

Present your Tone Switch Problems to Centralab's
engineering staff.

Centralab

Division of Globe-Union Mfg. Co.

MILWAUKEE, WIS.

PO S 4 5

O
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THE ELECTRON ART

ACH month the world’s technical literature is scanned to

see what physicists and engineers are doing with tubes, for

presentation in tabloid form to Electronics’ readers.

Design and Manufacture
of Receiving Tubes

ESPECIALLY BECAUSE S0 FEW authori-
tative articles on the manufacture and
design of thermionic vacuum tubes
have appeared in the technical press,
the paper “Modern Receiving Valves:
Design and Manufacture,” by Benja-
min, Coscrove, and Warren, read before
the Institution of Electrical Engineers
on December 2 deserves special com-
ment.

The paper is a thorough exposition
covering the main features in the geo-
metrical design of modern radio re-
ceiving tubes, and the various factors,
mechanical and chemical, which impose
limitations in manufacture. The paper
includes a brief historical survey of
the recent improvements in the ther-
mionic emitters and gives details of
the precautions necessary in the pro-
duction of modern, highly efficient
oxide-coated cathodes and insulated
heaters. The minimum tolerances to
which it is possible to reproduce char-
acteristics in the manufacture of tubes
are indicated. Pumping and activation
processes as practiced by the M. O.
Valve Company are described and the
main factors affecting the life of the

tube are discussed. The manufactur-
ing processes described are sufficiently
like those practiced in this country to
give the general reader a good survey
of American practice.

The technical portion of the paper
begins with a discussion of diodes
both as power rectifiers and as detec-
tors and the paper gives the equa-
tions correlating the electrical charac-
teristics of the tube with its physical
dimensions. In rectifiers consisting of
a cylindrical anode and cathode, the
advantage of increasing the length and
decreasing the diameter of the anodes
in order to decrease the internal plate
resistance are pointed out.

Although it is not possible to calcu-
late with any great accuracy the char-
acteristics of small receiving tubes of
given dimensions or, conversely, to de-
termine the dimensions required for a
tube of any desired characteristics, the
approximate equations giving the am-
plification factors, transconductance,
and internal plate resistance in terms
of the physical dimensions of the tubes
are given. These equations may be
used to arrive at the first approxima-
tion in the design of new tubes,
although it is usual (at least for manu-
facturers in the United States) to

SEMI-AUTOMATIC GRID WINDING MACHINES

A grid winding machine at the Radiotron plant at Harrison, N. ]J. The
English practice is identical in its essentials to that shown above
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supplement the theoretical calculation
with curves and charts based on their
past experience with similar tubes.

The authors show what are the upper
limits of transconductance in a triode.
The upper limit of mutual conductance
in high-# triodes is set by the minimum
distance between grid and cathode
which may be obtained in manufacture
without the risk of excessive variation
in electrical characteristics. In low-
impedance triodes the upper limits of
mutual conductance are established by
(a) the minimum size of the grid wires
which may be employed, (b) the mini-
mum values to which it is possible to
reduce the grid to cathode and grid
to plate spacing without danger of
emission from the grid or excessively
high plate temperatures, and (c) the
ratio of the grid pitch to the grid
cathode distance. The manner in
which the transconductance depends
upon the pitch of the grid winding
for a particular type of tube is given
in Fig. 1.

Hotn

(]

/

Mutual Conductance,
ma per Volt

2
Vo
1 A
4 0
0 20 40 60 80

Number of Grid Wires per Inch

Fig. 1—Effect of pirch of grid wires
on transconductance of receiving
triode

The principal considerations which
are essential in the design of tetrodes,
pentodes, and other multiple element
and multiple unit tubes are enum-
erated. The mathematical calculations
which are applicable to diodes, cannot,
of course, be applied to multiple ele-
ment tubes with any degree of preci-
sion. A number of curves are given,
however, to indicate the manner in
which various designs and manufactur-
ing considerations affect the charac-
teristics of the tubes and qualitative
information is provided as a guide in
the design of muti-element vacuum
tubes.

The authors have prepared an inter-
esting table showing the affect on the
electrical characteristics of the tubes
with small variations in the mechanical
dimensions of the element. The results
given have been determined by differ-
entiation (with respect to the various
parameters) of the theoretical equa-
tions correlating the mechanical dimen-
sions of the tube with its electrical
characteristics. The results given are
applicable to a common type of receiv-
ing tube. By means of these mathe-
matical calculations it is shown that
an error of 1 per cent in the cathode
radius, will introduce an error of
almost 2% per cent in the value of the
plate current, transconductance, and
internal plate resistance of the tube.
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JRODUCTS OF THE CERAMIC AR

The several AL cera are caref designed + it satisfactorily various engineering
requirements. During the past year our research laboratory has released the superior
Steatite ceramics Alsimag 192, Alsimag 196, Alsimag 197 and Alsimag 202.

The high dielectric constant and low power factor makes Alsimag 192 an ideal ceramic for use
The very low loss factor of ultra-stestite Alsimag 196 recommends this body for all high fre
quency applications. The unusual mechanical properties make it obviously superior in its field

Designed to meet the rigid requirements where high temperatures are encountered and used
especially by range manufacturers, Alsimag 197 has been enthusiastically received.

Alsimag 202 with its low efficient of expansion will be of interest to those engineers seeking £
a ceramic body with excellent thermal shock properties. ;

Our standard Alsimag 35 has for many years met the requirements of engineers for o dens
Steatite body with low electrical losses and exceptional mechanicai strength.

Alsimag 72 for thermocouples and Alsimag 203, a porous body for resistance, have specia b
applications well known to engineers

Lava [machined Steatite] where limited quantities or watch-like accuracy are desired—experi
mental samples machined from the crude material without any die expense. Extensively employed
in electronic tubes.

Our engineers and laboratories are at your disposal to work out a body to meet special needs.

If ALCO supplies your ceramics your engineers are not limited to one body. ; i

dsehear mi°Comamie Eeatlensin Write us today for additional information
and samples of such Alsimag bodies as are
of interest to you, instructing your Pur-
chasing Department to secure our attract-
ive prices on your Insulating parts.

HATTANOOGA, TENNESSEE
BRANCH OFFICES (SEL Phone Book)

SAN FRANCISCO NEW YORK

LOS ANGELES BOSYTON

PHILADELPHIA TORONTO
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Sustained Peak Overloads

Impossible?
Not with Tantalum!

This is the new EIMAC 100T, latest
addition to the family of Eitel-McCul-
lough, Inc. A pair of these tubes will
deliver 500 watts at 5 meters, although
each tube has a rating of only 100
watts plate dissipation.

Tantalum is the foundation upen
which EIMAC tubes have always been
built. The manufacturers state: “Tan-
talum is the only material that can be
completely degassed, making unneces-
sary the use of a chemical ‘getter’.
The wisdom of our choice of tanta-
lum is borne out by the fact that
leading tube manufacturers, after ex-
perimenting with other metals with
only fair results, are slowly turning
to tantalum.”

The facilities of the Fansteel labora-
tory are at the disposal of manufac-
turers wishing to investigate the pos:
sibilities of tantalum, tungsten or mo-
lybdenum.

ELECTRICAL CONTACTS of tungsten, molyb-
denum, platinum, silver and alloys, designed
and made by Fansteel, afford extra dependa-

hility m relays and other electronic operated
devices.

FANSTEEL

METALLURGICAL CORPORATION
NORTH CHICAGO, ILLINOIS

. i

COLUMBIUM
MOLYBDENUM
ELECTRICAL- CONTACTS

. TANTALUM
TUNGSTEN

o4

If, in addition to a small error in
cathode radius, other errors are in-
troduced (such as variations in the
length of the heaters, plate, pitch of
grid wire, etc.) the electrical charac-
teristics may deviate widely from the
desired results. For these reasons, it
is necessary to take unusual care that
the physical dimensions of the compo-
nent parts of a vacuum tube have ex-
tremely close tolerances.

In addition to these mechanical vari-
ations which influence the electrical
characteristics of the tube, chemical
variations, likewise may be detrimental
and require all efforts toward minimiz-
ation. A fairly large portion of the
paper is devoted to manufacturing
methods, and it is interesting to ob-
serve that a good number of the manu-
facturing processes which are described
are very similar to those used in Amer-
ican manufacturing operations. For
instance, the manufacture of grids is
carried on by semi-automatic grid wind-
ing machines which are very similar
to those used in this country. The

most interesting of the three classes
of cathode material and provide the
greatest difficulty in manufacture. The
usual oxide coating consists of barium
and strontium oxide present in equi-
molecular proportion or equal parts
by weight. In manufacturing, the Weh-
nelt cathodes are formed by passing
the core material of the cathode
through a suspension of barium and
strontium carbonate in a liquid binder.
In the exhausting process the car-
bonates are reduced to oxides and the
carbon dioxide which is liberated is
pumped off. The electron emission of
Wehnelt cathodes is a function of the
relative weight of the barium and
strontium oxides used, as shown in
Fig. 3.

side rods (Fig. 2) are fed into
_-Swagin
=0 e
—_
Srde /’00\/ =5 m
3
Mand/ri/ ‘\
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Gria wire
Cutting wheel

,//,_\ |
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1006 80 60 40 20 0 Ba0
Percentage by Weight of Barium and Strontium Oxides

Emission in ma at 1020 °K
o

Fig. 2—Details of grid winding
machine

grooves on the rotating mandrel and
the grid wire is wound into notches
cut into the side rods by the cutting
wheel. The winding wire is fixed in
position in the notches by a swaging
wheel which presses the metal of the
side rod over the grid wire. For con-
stant-# tubes the pitch of the grid
winding is held constant, but for vari-
able-u tubes cams are provided on the
grid winding machine so as to provide
gaps or variations in the pitch of the
grid winding, to give the desired char-
acteristic. The automatic grid wind-
ing machines prepare grid strips about
2 ft. in length, from which perhaps
half a dozen or a dozen individual grids
are later cut.

The most important part of any
thermionic tube is the emitting surface.
Thermionic emitters may be divided
into three groups: (a) clean metal
emitters, (b) contaminated metal emit-
ters, (c¢) oxide-coated emitters.

The oxide emitters are perhaps the

Fig. 3—Electron emission of oxide

cathodes as a function of the rela-

tive percentages of barium and
strontium oxides

For directly heated cathodes, in the
form of a wire or strip, the cathodes
are made by drawing the core mate-
rial through a series of baths and
ovens. The baths contain a water
suspension of the carbonate together
with about 12 per cent of barium or
strontium nitrate, which acts as a
binder. After passing through a bath,
the wire passes through electrically
heated ovens maintained at 750 deg. C.
In order to avoid any decomposition of
the carbonate, the coated core mate-
rial is heated in an atmosphere of
carbon dioxide. The authors have
found that oxidation of the core due
to nitrate decomposition can be avoided
by the use of suitable mixed gases.
For indirectly heated cathodes, a sus-
pension of carbonate in an organic
solvent is made and sprayed on to a
nickel base.

Heater-cathode design, “getters,”
pumping technique, activation proc-
esses, and tube life are treated in the
article with considerable detail. The
last section of the paper deals with
some of the limitations encountered in
the use of tubes, such as hum, micro-
phonics, noise, and frequency limita-
tion, and the methods of minimizing
these factors are given. All in all
this article, which undoubtedly will
appear in a forthcoming issue of the
Journal of the Institution of Electrical
Engineers, is an interesting and worth-
while contribution on tube design and
manufacture.
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HE W./c&bn LOCK WASHER

NEW 7APERED -THW/STED TEETH
PROVIDE AMAZING LOCKING POWER

WHEN connections are locked with Shakeproof they are
positively protected against the damaging effects of
vibration. Three vital mechanical forces function co-opera-
tively to prevent the nut or screw from working loose. First,
there’s Strut-Action, produced by each tooth biting into both
nut and work surfaces and setting up a powerful leverage
against any backward movement of the nut. Second, is Spring-
Tension, the force that, under vibration, keeps the teeth
biting ever deeper and assures a permanently tight lock. And,
third, there’s Line-Bite at initial contact, which means that
a substantial portion of each biting edge is effective imme-
diately to form a really tight lock.

FREE TEST RING PROVES IT!

You can see for yourself how Shakeproof Lock
Washers do deliver greater locking power. Our
free testring, holding an assortmentof five different
sizes in both External and Internal types, is yours
for the asking. Get acquainted with Shakeproof’s
new tapered-twisted teeth now — write for your
Free Test Ring today!

SHAKEPROOF LOCK WASHER CO.

Distributor of Shakeproof Products
Manufactured by llinois Tool Works

SHAKEPROO@ 2539 N. Keeler Avenue, Chicago, lilinois

TAPP‘NG SCREWS In Canada:

Canada Ilinois Tools. Ltd., Toronto, Ont.
Copr. 1936 llinois Tool Works

WITH
STANDARD MACHINE
" SCREW THREAD
U. S. Patent Nos.

1,862,486 1,909,476 1,909,477 1,419,564
1,782,387 1,604,122 1,963,800. Other
Patents. Patents Pending. Foreign Patents.

cuTs TS OWN THREAD

e o
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EXTERNAL
TYPE

INTERNAL
TYPE

THE

DESIGNING
ENGINEER

Sago. .|

To insure the per-
formance of any
metal product all connections must be locked permanently tight.
That's why 1 specify Shakeproof—1've tested itz new tapered-twisted
tooth pl;im:iple and 1'm convinced it’s the one lnck washer that never
let's go!

THE

PRODUCTION
CHIEF

Saqs.-- |

On the production
line. we need a lock
washer that’s easy ¢
to handle, doesn’t
spread and locks
tight with a mini-
mum of time and
effort. Shakeproof
provides all these
advantages and, what's more, we nevecr have complaints on nuts
or screws workiny loose during shipment.

THE

PURCHASING
AGENT

Sayqd... .

1'm looking for uni-
form high quality,
dependable per-
formance and a re-
liable souree of sup-
ply. Shakeproof
meets these require-
ments fully and also
knows how to co-
operatewith their
customers so that
orders are handled
efficiently.
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“Be not the first by whom the new is tried, nor

yet the last to cast the old aside”—

TR

SHAKESPEARE.

iitlid T

i

Because Goat Modern Form Fitting

UGG

Tube Shields definitely improve set

performance, they have replaced the

IR

old fashioned “can” type shields on

LTt

millions of radios.

GOAT RADIO TUBE PARTS, INC.
314 Dean Street Brooklyn, N. Y,
A Division of
THE FRED GOAT CO., INC.
Established in 1892

T R TR
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A NEW LINE OF POWER RHEOSTATS

THESE new models are the last word in porcelain-vitreous
enamel construction.

A newly patented contact system gives exceptionally smooth
control.

All moving parts are enclosed; great strength and ease of mount-
ing are provided by new metal mounting plates.

Two popular sizes—50 and 150 watts in a wide range of resist-
ance values—-are available now, larger sizes will be ready soon.

Write for further information and...

remember the mark @ means reliable rheostats and resistors.

HARDWICK, HINDLE ¢« Inc.

136 PENNINGTON ST.—NEWARK, N.J.

TYPE 0-150 L % " .
150 WATTS ) 1 ]

{11111
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i}
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ROTe

www_americanradiohistorv com

Corrections

To Mr. J. G. Sperling’s article, “Trans-

mitter Adjustments” July Electronics

make the following corrections:

1—Page 15, 2nd column, 17th line
from bottom, formula should read:

C=E, -+ (I, X 100)

2—Page 54, 2nd column, 1st line, for-

mula should read:

0%/ Ra
T ?nf i

3-—Page 54, 2nd column, 14th line from
bottom, formula should read:

1. _(KVA/KW) P
cap —— - . ——
Erms

4—A corrected graph for Fig. 6 is
given.

100 - as
80 Myltipl T
ply Value of T
60 ul Capacity by Correction —-—f
50 ‘LI Factor from Figd  — ]
4 M1 [ T L L]
1 'CB
T T | 5000hm  6000hm |
2 (L Ra Line  Line
- 20 A —
ol W \ 10 1122 1025
g | o 20 789 710
s Ry/A 40 539 495
2100 - oA 80 367 337
& 80 -8 120 321 265
5 6oL S § 160 232 220
€ WIS 200 196 188
8 VA 240 166 162
+ 40 iy 280 139 141
< 30 | 320 120 124
\ | 360 100 107
20 400 80 94.0 _
‘ 1 440 59 800
480 33 66
il 520 52

o g
1000800600400 300 200 10080 60 40 30 20
Termination Capacity in uuf -Cg

For Fig. 4, page 33, November, Mr.
Smeltzer’s article, substitute the figure
given here.
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Electric Photographic Timer

A METHOD by which photographic ex-
posures are timed and governed by the
discharge rate of a condenser through
a variable resistance is described in the
July 1936 issue of X-Ray Technology.
Thyratrons actuating electromagnets
are used to start and stop the exposure
at a definite part of the voltage wave.
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HE dream of yesterday is the accom-
plished fact of today. Regular air

service across the Pacific by Fan
American Clipper ships has added an

important link in the world's transpor-

tation facilities.

Back of this spectacular service, and

making its success possible, is a com-

plete system of radio beacons and com-
munication. Technical excellence and
reliability distinguish the radio equip-
ment both in the air and on land. RF
switch gear, bushings. tube sockets,
inductances, condensers and other parts
make use of ISOLANTITE insulation in
all this radio equipment. ISOLANTITE
in your equipment will assure best
results.

ISOLANTITE, Inc.

233 Broadway, New York, N. Y.
Factory at Belleville, N. J.

SAN FRANCISCO

/MIDWAY/ S,

WAKE I[S.

PHILIPPINE IS. GUAM IS.

Western Electric
14-A Transmilter
used at all of the
land stations albong
the route of the Clip-
per ships. Note the
liberal use of
ISOLANTITE.

[ . MP

ISOLANTITE
CERAMIC INSULATORS!
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EMLE

ATTENUATORS

New Features ¢ Same Price

Improvements provide unequalled ease of
operation and long life. Attenuation vari-
able in 27 steps of 1-2/3 db. per step up
to 45 db. fading in 3 additional increasing
steps from 45 db. to infinity. Attenuation
change halved as switch arm spans adja-
cent contacts resulting in attenuation of
5/6 db. per step. Impedance practically
constant over entire range of the pad.
Standard impedances of 50, 200, 250 and
500 ohms. Special values to order.

® BALL BEARING ROTOR SHAFT.
® CLOCK SPRING PIGTAIL
CONNECTIONS.

LA-5 LADDER
TYPE—NET

$10-80

REMLER COMPANY, Ltd., 2101 Bryant Street, San Francisco ‘

REMLER—THE RADIO FIRM AS OLD AS RADIO

"SPEER

‘CARBON COMPANY
ST. MARYS, PA.

58

" OF INSULATED
RESISTORS,
GRAPHITE ANODES

" and sound.engineering service to insure best

results in any application, based on 39 years
of specialized experience, intensive research,
pioneer development, uninterrupted progres-
siveness and unsurpassed manufacturing

facilities.

Performance demonstrates the many ad-
vantages of specifying. SPEER products. Ar-
range a test for your most difficult application.
Write for our éngineering advice and service.

www americanradiohistorv com

Cathode Ray
Transient Oscillograph

WITHIN RECENT YEARS the cathode
ray oscillograph has become a com-
mon and useful piece of equipment
for recording periodic phenomenon.
Extensions of the field of applica-
tion of this instrument to include
visual observation of transients
greatly increase its value. This can
be done by the simple expedient of
repeating the transient in synchro-
nism with the sweep voltage. Cathode
ray oscillographs for the visualiza-
tion of transient phenomenon and
making use of grid-control arc recti-
fiers are described in the article
“Electronics Transient Visualizers”
by Herbert J. Reich in the Decem-
ber 1936 issue of “Electrical Engi-
neering.”

Although most of the -ecircuits
shown make use of several grid-
controlled triodes, relatively simple
circuits have been developed which

—

L
l C3 —Cax I 3
Gas Tansient
T discharge creut
A tube C
—_— 1

R
‘ rﬁ 7
: éL’ E osciflograph
—

—if-

Gaseous discharge tube circuit for
transient oscillograph

make use of only one gaseous dis-
charge tube. One of these circuits
is shown in the accompanying sche-
matic wiring diagram. The voltage
from the sweep oscillator is applied
to the input or grid circuit of the
gaseous discharge tube in such a
direction that the sudden voltage
change at the end of the sweep
makes the grid positive. This causes
the tube to fire and allows the con-
denser in the plate circuit to dis--
charge through the tube. Because
of the inductance in the plate cir-
cuit, plate current continues to flow
until C, is charged with opposite
polarity to a voltage somewhat lower
than the applied voltage. The volt-
age induced in L, causes a flow of
grid current charging C. and C, in
such a direction as to leave the grid
negative, This current cannot leak
off through the grid owing to the
rectifying action and the tube is
prevented from firing until another
positive pulse is applied at A.
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Journal of Applied Physics

THE AMERICAN INSTITUTE OF PHYS-
ICS is initiating a new journal be-

ginning in January 1937 devoted to |

the interests of the applied physicist.
The “Journal of Applied Physics”
(which replaces the monthly, “Phys-
ies”) will carry on the program initi-
ated by its predecessor, in the publi-
cation of research papers. In addi-
tion new features will be developed
which will in many ways alter en-
tirely the character of the Journal.
Each month some particular labora-
tory will be discussed with emphasis
on the personnel and organization
rather than on the building and
equipment. Reviews of recent im-
portant articles in other journals
will be published along with short
sketches concerning the authors of
the papers published in this journal.
Non-members may obtain the
monthly “Journal of Applied Phys-
ies” for $7 per year (in the United
States and Canada) by making ap-
plication to the American Institute
of Physies, 175 Fifth Avenue, New
York City. It is expected that the
first issue will appear about the
middle of January.

Tonlars
THE DECEMBER ISSUE of the “Bell
Laboratories’ Record” contains its

contribution to the enrichment of

the American language in the article |

entitled “Tonlars.” This term, like
several others which have originated
with Bell System, is taken from the
initial letters of a descriptive phrase
which has little meaning outside of
the Bell System. In this particular
case Tonlars is taken from tone op-
erated net loss adjuster receiving.
According to the article by Mr. L.
D. Abraham, the “tonlar” is essen-
tially a device that will despatch a
test message just prior to each reg-
ular message and, at the distant end,
compare the amount of the test cur-
rent received with the desired
amount at that point. If the amount
received differs from the desired
amount, an adjustment in the circuit
net loss will be made automatically,
and left there until the next test
message is sent.

ELECTRONICS

|GUARDIAN

1625 W. WALNUT ST.
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DU MONT TYPE 158 OSCILLOGRAPH

Used In Sales Demonstratlon

Another of the many com-
mercial uses of the Cathode
Ray Oscillograph was
brought to light at a recent
automobile exhibit.

| Two automobile doors — one
sound proofed and one not sound
proofed—have microphone pick-
ups mounted in them. The leads
are connected to a Du Mont Os-
cillograph. When the doors are
struck, a deflection of the trace
on the face of the tube is pro-
duced. The greater the deflection
the less sound proof the door.
This not only proves to be a good
sales demonstration but an effi-
cient engineering aid as well. The
minimum amount of insulating
material necessary for maximum
sound proofing may be accurately
determined in this manner.

Du Mont offers the most complete line of Cathode Ray Tubes and Oscillographs now commer-
C|ally available. The quality and perfection of Du Mont products is the result of over six years
of intensive development by Du Mont, the pioneer in commercial Cathode Ray Equipment,

Write for the complete catalogue of Du Mont products.

ALLEN B. DU MONT LABORATORIES, INC.
UPPER MONTCLAIR, N. J.  Cable Address—WESPEXLIN NEWYORK |

A LITTLE GIANT for a BIG JOB

This Quick Mounting RELAY by GUARDIAN

STURDY
FLEXIBLE
PERMANENT

Takes up to double pole,

double throw contact. Con-

Midget
Serles

l-"/. .
A. C. . C.
Voitage up to
o v.

Relay
110 - 115

tact switch sets may be

changed in the field even

after assembly.

Air gap control permits quick adjustment to varying requirements
during assembly even though the machines are built to identical speci-
fications. Mounting is designed for production line requirements;
consists of a single 8/32 screw and shake-proof washer with locating

pin that prevents loosening or turning.

@ELEC?RIC

CHICAGO, ILLINOIS

WWW americanradiohistorv com



MANUFACTURING REVIEW

News

+ William F. Hedges, formerly man-
ager of NBC operated stations, has
been appointed vice-president in charge
of broadcasting of the Crosley Radio
Corp. The announcement became ef-
fective January 1. Mr. Hedges has
been with the National Broadcasting
Company for the past five years and
prior to that was associated with
WMAQ and the Chicago Daily News
as executive and editor.

+ A new service, known as radio cov-
erage rating, has been announced by
Edgar H. Felix of New Rochelle, N. Y.
The radio coverage reports will give a
comprehensive summary of day and
night service for all important com-
munities being served by networks and
radio stations throughout the United
States.

New Products

4+ The Gates Radio & Supply Company
of Quiney, Ill. announces their ap-
pointment as midwestern distributors
of all transmitting and industrial
tubes manufactured by the United
Electronics Co. of Newark, N. J.

+ Beginning the first of the year Victor
J. Andrew established his own business.
He is specializing in engineering and
custom manufacturing of antennas and
radio frequency transmission equip-
ment.

4+ Mr. Gerald R. Brophy has recently
joined the development and research
staff of the International Nickel Co.
according to an announcement by Vice-
President A. J. Wadhams. Mr. Brophy
will be located at the company’s re-
search laboratory at Bayonne, N. J.
and will devote his time to problems

relating to nickel alloy steels, nickel
cast irons and other ferrous materials.

+ Formation of an industrial and trans-
portation color service under the di-
rection of R. H. Hookway has just
been announced by the Sherwin-Wil-
liams Co. This service has been es-
tablished to aid industrial designers in
securing effective color treatments and
suitable types of finishing materials.

+ To provide increased facilities for the
manufacture of public address, sound
equipment, and machine tools and dies,
construction of a new Chicago factory
on Bloomingdale Street at Central Ave.
has been started by the Webster Co.
It is expected that this modern factory,
which will have the advantage of a
railroad siding, will be completed by
the first of April.

Beam Power
Amplifier

RCA MANUFACTURING COMPANY, INC.,
Harrison, N. J., has made available
through their transmitting tube dis-
tributors a new transmitting beam
power amplifier known as RCA-807.

60

This tube is designed particularly for
r-f transmitting applications, and in-
corporates the beam-power features of
the receiving type 6L6. It has been
provided with a ceramic base, top cap
connection for high insulation and low
interelectrode ecapacitances, and im-
proved shielding. This tube has a
plate dissipation of 21 watts and high
power sensitivity. This last quality
makes it well suited for use as a crys-
tal oscillator, frequency multiplier or
buffer amplifier. In the output stage,
two 807’s in class C telegraph service
can give a power output of 50 watts

or better. These are the manufactur-
ers’ ratings: D-c plate voltage, 400
max. volts; d-¢ sereen voltage, 300

maXx. volts; max. signal d-c plate cur-
rent, 100 max. ma.; max. signal d-c¢
plate input, 40 max. watts; plate dis-
sipation, 21 max. watts; screen dissi-
pation, 8.5 max. watts.

Flux

SOLDER AND FLUX users will be inter-
ested in the Alumaweld flux which
makes it possible to make high strength
permanent repairs on joints of any
metals. The Alumaweld Company of
America, 2442 S. Parkway, Chicago,

Illinois, also announces Alumaweld
solder for use when greater tensile
strength (12,000 1bs.) is desired.

Raek Construction

Rapio ReCeEpTOR Co., INC., has devel-
oped a new rack and panel assembly
known as the RH-1. This is a front
removable rack and panel assembly
and is constructed upon the usual heavy
channel and angle iron framework.
Panels are attached to side channels
by means of sturdy continuous hinges
on one side and screws on the other
side. Special brackets are provided
with all equipment to be mounted upon
the rear of the rack. These brackets
are so constructed that the apparatus
to be mounted upon them can be slid
back and forth after the attachments
are removed. All components of the
rack are provided with terminals at the
front so that removal of connections
is simple. The entire rack and panel
assembly is provided with a steel dust
cover enclosing it on top, rear and
sides so that the entire assembly can
be placed against a wall or built into
the wall. Radio Receptor Co., Inc., 108
Seventh Ave., New York City.
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Sound Effect Apparatus

SOUND EFFECT equipment intended
for use in studios has recently been
announced by Jenkins & Adair, Inc.,
3333 Belmont Ave., Chicago, Ill. The
model A unit described in Bulletin
No. 40 consists of three continu-
ously variable speed turntables
which operate from approximately 10
r.p.m. to 125 r.p.m., four crystal type
reproducing heads and associated
filters, mixing and gain controls,
cut-off filters, etc. This unit is in-
tended to be used with the sound
effect records which are popularly
used in broadcast studio operation.
Mechanical sound effects, such as
automobile horns, sirens, bells, or
buzzers may be remotely operated
from the machine. Eight keys allow
a maximum combination of eight
musical sound effects to be operated
simultaneously. The audio-fre-
quency amplifier in the lower portion
of the cabinet, together with its
power supply unit, provides a maxi-
mum peak power of 30 watts output.

Adjustable Impedance Speakers

A NEW LINE of loudspeakers with
adjustable impedance transformers
has recently been announced by the
Jensen Radio Manufacturing Co.,
6601 South Laramie Ave., Chicago,
IIl. Two types of speakers are avail-
able, one to match conventional plate

impedance values and the other to
match conventional line impedance
values. The illustration shows a
speaker for plate impedance match-
ing suitable for impedances of 4,500,
7,000, 10,000, and 14,000 ohms. Be-
sides a full line of speakers with
adjustable impedance transformers,
the speakers and impedance match-
ing transformers may be obtained
separately from Jensen.
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| —application of tubes to power

i

oy r@%\x
“:) Frequency Measuring Service WoRiDWIDE

Many stations find this exact measuring serv- W

ice of great value for routine observation of
transmitter performance and for accurately
calibrating their own monitors.

MEASUREMENTS WHEN YOU NEED THEM MOST
R.C.A. COMMUNICATIONS, Inc.

Commercial Dept.
A RADIO CORPORATION OF AMERICA SERVICE

66 BROAD STREET NEW YORK, N. Y.

DYNAMIC MICROPHONES

ARE INCREASING IN POPULARITY
because they

—have greater sensitivity

—are free from inductive plckup

—have no background noise

——can work with long lines

—are sturdiest ever produced

—are weatherproof

—are small in size

—are reasonable in price
SOME TERRITORY STILL OPEN FOR REPRESENTATION.
Write for Late<: Bulletin No, 3013

RADIO RECEPTOR COMPANY,
108 SEVENTH AVE. NEW YORK, N. Y.

Telling the engineer and manufacturer
what is being done with electron tubes
in industry—and how it is being done

Just published — New second edition EL%CgRON
° ES ~.=""
Electron TubesinIndustry | ol B
by KeiTH HENNEY, Editor, Electronics Hm\m =

539 pages, 6 x 9, 397 illustrations, $5.00

EI\GII\EERS and manufacturing executives interested |
in cheapening or quickening industrial processes will
find in this book a thorough presentation of the practical aspects of electronics
—_what the electron tube is doing toward making prccesses simpler, cheaper,
safer, and in making possible new methods of control. Describes in detail
ampl:ﬁer, rectifier, and other tubes and photocells and their apphcatlons in
industry, 1nc1udmg circuit diagrams, performance charts, and comparisons with
other types of apparatus.

SEND THIS ON-APPROVAL EXAMINATION COUPON
y sf2 ----------.-------------------------------------
See this edztzon‘for = McGRAW-HILL BOOK COMPANY, INC.
developments in: 330 West 42d Street, New York, N. Y.
—circuits using newer tubes, ele-

Send me Henney's Electron Tubes in IIndl%st(xi‘y forI
[N 10 days’ examination. on approval. n ays

ments and prmcnp]es agree to bay $5.00 plus a few cent(swpostage and

. 0 3 . delivery, or return book Postpaid e pay post-
mm.or contrOI’ We]dmg’ 1lumi age on orders accompanied by remittance.)
nation, and register control

—ignitron tubes, cathode-ray

tubes, and other types

—capacity relays, relay circuits

Name

Address

City and State

SUESUUNDESENLESNEENEES

. . . POSItION it ieieiotecesocasasesssostasnsscacnans .
conversion, tnversion, and -
transmission COMPANY e vtvntnnionsncoatssonsesssesnsenssosase =
P . (Books sent on approval in U, 8. and Canada only.) §

—invisible light control methods, 1-1.27 &
etc. ..IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.III...,



You Can Use to Advantage

DIAMOND VULCANIZED FiBRE—made from selected materials
by time tested processes—the best insulating fibre years of
experience can produce.

VULCOID—a form of vulcanized fibre that is non-hygroscopic—
combining the mechanical properties of fibre with good di
electric strength and great stability in form and dimension.

MICABOND—selected mica, carefully bonded. Mica in ifs
most usable form, with high dielectric strength and resistance
to high temperatures.

DILECTRO (XPLW)—a laminated phenolic material developed
especially for radio, readily fabricated—a phenomenally low
power loss insulation at radio frequencies even under adverse
temperature and humidity conditions.

Ask for more facts, figures and samples of these—and other—
Continental-Diamond specialized insulating products

NEWARK, DELAWARE

INSULATING MATERIALS

CONTINENTAL-DIAMOND FIBRE COMPANY

® Standard

stocks

We manufacture tools for serv-
icing of sets in laboratory and

also the

MYCALEX

line of equipment for broead- ‘
casting stations, amateurs and
laboratory apparatus.

factory . . .

Engineers, lab men and manu-
facturers are invited to gain

a better knowledge of the
| many ways in which we can
be of help.

Send for complete catalog No. 37 ‘

-
- A merican
{ RADIO HARDWARE CO., INC.
476 Broadway, New York City

main-

tained for audio and
power transformer lamina-
| tions and shells and frames.
'| Motor laminations a specialty.
[| Big battery of presses for all

type and weight stampings.

Laboratory check maintained

on all electrical steel
Large stock raw material
on hand for rush work.

Try Us

CATALOGUE ON REQU

used.
kept

EST

WEBSTER - CHICAGO

SECTION M-D-22

3820 W. LAKE ST., CHICAED,

ILL.
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Surge Meter

TO MEASURE large current impulses
of only a few cycles duration such
as are employed in electric welding
practice, Welding Timer Manufac-
turing, Inc.,, 251 Ogden St., New-
ark, N. J,, has developed a surge
meter. Essentially this meter con-
sists of a current transformer, a
vacuum tube rectifier which charges
a condenser, and a high resistance

meter shunted across the condenser
to determine the condenser charge.
The instrument has three ranges,
obtained by shunting the trans-
former secondary by resistors of
different values. The instrument is
calibrated in r.m.s. values of cur-
rent. In operation the primary
lead to the electric welder is passed
through the doughnut shaped coil
which forms the current trans-
former.

Cathode Ray Oscillograph

ALLAN B. DUMONT LABORATORIES,
INc.,, Upper Monteclair, N. J., have
recently announced their type 156
oscillograph using a 5 in. eathode
ray tube. This equipment has been
designed for use in recording in
connection with motion picture film
cameras or for observing slow
speed phenomena at less than 10
cycles per second. In the first ap-
plication a tube having a blue trace
of high actinic value and extremely
short persistence, is used. For ob-
serving slow speed phenomena a
screen having a high persistence of
image is employed.
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Audio Transformers

A COMPLETE LINE of audio frequency
transformers with flexible mounting
cases, thoroughly shielded, and avail-
able in a wide variety of impedance
ranges is available from the Thor-

darson Manufacturing Co., Chicago,
111.

Replacement Resistors

A NEW WIRE-WOUND replacement re-
sistor, designed especially for serv-
ice men, has recently been made
available in 5 and 10-watt sizes by
the Muter Co., 1255 South Michigan
Ave., Chicago, IlIl. These units are
compact, impregnated with water-
proof cement and are provided with
a small aluminum tag giving the
resistance value of each unit. A
wide range of the ‘“Zipohm” units
are available and are described in
the “Zipohm” catalog.

Precision Plug-In
Resistors

PRECISION RESISTORS in handy plug-
in form and available in a wide
variety of resistance values are now

offered by Clarostat Manufacturing
Co., Inc., 285 North Sixth Avenue,
Brooklyn, N. Y. These units are
housed in a standard four-prong tube
base and are available in values of
from 1 to 10,000 ohms, with an ac-
curacy up to 1/10 of 1 per cent.
According to the manufacturer, the
method of construction is such as to
permit the units to be retailed at a
relatively low price.
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| ARISTON CONDENSERS

Samples

i
| F-‘,ﬂ" L o N O will be cheer-
7&5?‘ = fully submit-
; P ted for your
! test and in-

spection.

Ariston tubular condensers are non-indue-
! tively wound with soldered wire terminals.
| These condensers are well sealed against moisture with a
| special high-grade insulating wax.

ARISTON MANUFACTURING CORPORATION
4049-59 Diversey Avenue

Chicago, Illinois

POWER RESISTORS

which assure high quality and
accuracy at an economical price

These units enjoy wide acceptance by motor manufacturers, motor service
men, the radio service field, amplifiers, etc., as well as by P, A. Equip-
ment manufacturers, inexpensive meter manufacturers, etc. They can be
depended on for accuracy within 2%, and assure high quality at low price.
Available in 5-10 and 20-watt sizes with maximum resistances of 30.000.
50,000 and 100.000 ohms respectively, Write for details and Drices.

CUSTOM-BUILT WIRE WOUND RESISTORS

TYPE P.I
§ WATT

Actual
Size

SIGMA ANNOUNCES
THE MODEL 2-A RELAY

A 12 milliwatt
electronic and

semi-sensitive instrument for general

industrial uses.

it embodies the following features:

Input 12 milliwatts, D.C.

Hair-spring adjustment.

Single-pole-double-throw,

Operable in any position at rated input.

Fine Silver Contacts control loads up to ()2 amperes at
110 volts A.C.

Neatly housed in qlus-tonped dust cover,

Mounted on 5-pronged plug-in base fitting standard V.T.
socket.

List Price
With coil resistances up to 2,000 ohms......... $5.00
With higher coil resistances up to 8,000 ohms 5.50

SIGMA INSTRUMENTS.

388 Trapelo Road

LEACH (LR) RELAYS
| ALWAYS ON THE JOB GIVING

DEPENDABLE OPERATION

The new Leach Impulse Relays make possible
many new developments such as new circuits, new
lock-out schemes—alarm systems and safety devices.
Operation is dependable, absolutely quiet, and fast

. . time required to shift from one position to the
other is approximately 1/60 second.

INC.

Belmont, Mass.

|
LEACH RELAY COMPANY
5915 Avalon Boulevard, Los Angeles, Callf.

{5 E. 26th St., New York Uity

LEACH RELAY CO.. 5915 AVALON BOULEVARD, LOS ANGELES, CALIF.

Please send me your new catalog. I am interested in relay.

Name

| Company
Address

I -y
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HERE IS A |

NEW RELAY

The new Ward Leonard Motor |
Driven Time Delay Relay
gives a greater number of time
intervals through a new system
of gearing, immediate recyc- |
ling, quick make and break |
and includes a Ward Leonard
Midget Relay for load con-
tacts. Send for Bulletin 362
which describes it in detail.

OTHER RELAY BULLETINS

Bulletin No. 131

HEAVY DUTY RELAYS—
Particularly well adapted for
transfer purposes.

Bulletin No. 81

INTERMEDIATE DUTY
RELAYS — Two and three
wire control standard up to

four pole.

Bultetin No. 251
SENSITIVE RELAYS —
Operate on extremely low

values of current.

Bulletin No. 106

MIDGET MAGNETIC
RELAY—Single and double
pole for light duty.

WARD LEONARD
RELAYS

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

Please send me your Relay Bulletins,

Capacity-operated Relay

THE ELECTRONIC LABORATORY, 306 S.
Edinburgh Ave., Los Angeles, Califor-
nia, announces a new capacity-operated
relay of small size, known as the type
CR-1 relay. This unit is of the 110
volt AC-DC type and is contained in
a crackle-finish, metal case, approxi-
mately 4% in. long, 4% in. high and 31
in. deep.

X

single-pole, double-throw type with
silver-alloy contacts of 100 watts ca-
pacity. Relay sensitivity is controlled
by a small bakelite knob on the side
of the case. In operation, the antenna
is connected to an insulated terminal
at the top of the case. The relay may
be used in a number of applications
such as counting metallic objects, con-
trol of certain industrial operations,
animated advertising displays, opening
doors, etc. The CR-1 relay lists at
$25.00 complete.

DC-AC Inverters.

A NEW LINE OF DC-AC inverters is
announced by the American Television
and Radio Co., of St. Paul, Minn.,
listing at $18.50 without filter or
$22.560 with filter, and having overall
dimensions of approximately 73 x
8 x ¥ in., weighing 17 1b. There are
sixteen different types for voltages
ranging from 6 to 220 volts d.c. and
output a.c. for both 110 and 220 volts.
The inverters are equipped with a
plug-in type vibrator unit of new de-
sign, having 14 in. diameter contacts.
Advantages claimed for the unit are
freedom from interference on radio
operation, long life vibrators and
four point voltage regulators.

Winding Head

A COIL WINDING HEAD of new type
which winds single phase motor coils
in gangs or groups up to six in a nest,
in all sizes and shapes, connected in
series, has been developed by Ideal
Commutator Dresser Co., 1631 Park
Ave., Sycamore, Ill. The coils can be
removed and inserted in the stator
without series soldering.

The control relay is of the |

Now—

a high-powered—

New

The Library now
comprises a re-
vised selection of
books culled from
latest McGraw-
Hill publications
in the radio field.

RADIO
ENGINEERING
LIBRARY

— especially selected by radio specialists of
McGraw-Hill publications

— to give most complete, dependable cov-
| erage of facts needed by all whose fields
are grounded on radio fundamentals

— available at a special price and terms

These books cover circuit phenomena, tube
| theory, networks, measurements, and other

subjects—give specialized treatment of ail
| 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 vou are a researcher
or experimenter—if your interest in radio is
deep-set and based on a real desire to go
further in this field—you want these books
for the help they give in hundreds of prob-
lems throughout the whole fleld of radio
engineering.

5 volumes 3064 pages, 2000 illustrations

1. GLASGOW’'S PRINCIPLES OF
RADIO ENGINEERING

2. Terman’s MEASUREMENTS IN
RADIO ENGINEERING

3. Chaffee’s THEORY OF THERMIONIC
VACUUM TUBES

4. Hund’s PHENOMENA IN HIGH-
FREQUENCY MEASUREMENTS

5. Henney’s RADIO ENGINEERING
HANDBOOK

Special Low Price and Easy Terms

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

SEND THIS ON-APPROVAL COUPON

McGraw-Hill Book Co., Inc.
330 W. 42nd St., New York, N, Y.

Send me Radio Engineering Library 5 vols., for
10 days’ examination on approval. In 10 days I
will send $2.50, plus few cents postage, and
$3.00 monthly till $23.50 is paid., or return books
postpaid. (We pay postage on orders accom-
nanied by remittance of first installment.)

NAMO (o0 v o1y s s m B s B0 oo MRS siwaro e Wawte) « §

SEEEENENGUUOREEGEEEBEEL

Address

City and Statein..ermevams.mecvomm . ameas

Position

..............................

Company

(Books sent on approval in U. 8. and Canada only.)
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Internal Spring Mounting
in Microphone

A NEW DEVELOPMENT in microphone
construction is the spring mounting in
the Brush Development Company’s
Model BR2S. This mounting makes it
unnecessary to use external mounting
rings or rubber stand shock absorber,
and makes it possible to pick up or
move the microphone while in use. Itis
formed by fastening springs to two op-
posite sides of the unit of sound cells
and pieces of felt on the other two
sides, making the instrument unrespon-
sive to jarring or handling. This mi-
crophone is especially good for p.a.
work. Brush Development Company,
1899 E. 40th St., Cleveland, Ohio.

Portable 5-Watt
Sound System

A PORTABLE SYSTEM in which speaker,
amplifier, microphone and desk stand
are contained in a luggage case. When
in operation, the amplifier is removed
from the case, and the case acts as a
baffle for the speaker. The amplifier is
of the high-gain type and the system
can therefore be used with any modern
microphone, velocity, dynamic, dia-
phragm-crystal or sound cell-crystal
type. Clarion model, for 110 volt,
50-60 cycle a-c operation lists at $59.00,
less tubes and microphone. Trans-
former Corporation of America, 69

Wooster St., N. Y. City.

WI

ELECTROLYTICS

Variety

Pt 8 There's the widest choice

¢ of types, sizes, capacities,
voltages, mountings and
connections when you
specify AEROVOX
electrolytics.

*

Design that chassis as
you think best. When 1t
comes to electrolytic con-
densers, depend on
AEROVOX for a mechan-
ical and electrical fitting.

*

Meanwhile, a complete
electrolytic condenser pro-
duction department—a
plant within a plant—
meets any delivery
schedules.

*
Wirite . . .

State your condenser prob-
lems. Our engineers will
help solve them. Quo-
tations cheerfully given.

CORPORATION -

T Washingten. 5. e Aracalyn NV %
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Power Charger

Bricgs & STRATTON CORPORATION, Mil-
waukee, Wisconsin, announces a 6 volt
200-watt charger to supply motor
power for running small equipment as
well as for battery charging. It is elec-
tric starting; the motor and generator
are separate units; it has a four-cycle,
air-cooled, single cylinder motor and is
shielded to prevent radio interference.

Crystal Coupler

A PRELIMINARY COUPLING amplifier for
use with any type crystal reproducer
is available from the Radio Engineer-
ing & Mfg. Co., 26 Journal Square, Jer-
sey City, N. J. It has low and high
frequency compensation. Bulletin 14-A
describes this unit known as the R20-A,
for broadcasting stations, sound stu-
dios, transcription studios.

Enclosures

THE SERIES K meter enclosures made by
Radio Engineering & Manufacturing
Company, 26 Journal Square, Jersey
City, New Jersey are designed for
front of panel mounting on radio
transmitters where protruding meters
and other high tension apparatus must
be effectively covered for the protection
of personnel.

Adjustable Condenser
Mounting

SoLAR MANUFACTURING CoORP., 599
Broadway, N. Y. City, had designed
“Flex-Mount”, a movable universal
tube which makes the condenser actu-
ally reversible. May be mounted flat or
on edge. Designed to take care of tight
corners and difficult installations where
it is advisable to mount the condenser
rigidly.

Styli

UNIVERSAL MICROPHONE COMPANY, In-
glewood, Cal., has added to its record-
ing accessory line professional steel
cutting styli to be used in conjunction
with its professional blanks, Silveroid
dises and all nitrate or acetate records.
It is said to be the closest approach to
sapphire yet produced commercially.

Cam Lever Switch

GAMEWELL engineers have designed a
switch of several advantages as fol-
lows: It is positive in operation, han-
dling 5 amperes a-¢, 1 ampere d-c, at
110 volts; rugged construction, easy in-
stallation, numerous contact arrange-
ments; high insulation breakdown.
Known as Type 3CL switch, it is man-
ufactured by General Control Company,
Cambridge, Mass.

WWW americanradiohicstory com

Y Y% Custom-Built
ue Combination
Wax and Acetate

RECORDER

Now in use by
Leading Broadcast
Stations and
Transcription Studios

1—Constant Speed...No

Vibration

2—Perfect Division of Lines

3—Records 33%5 or 78 R.P.M.

4—Variable Pitch: 96, 110 or
125 Lines to the Inch

5—Reversible Cutting Feed

6—Safety Lift for Recording
Head

7—All Driving Mechanism
Underneath Table

8—Special Adapter for Any
Type Cutting Head

MASTERTONE DE LUXE PORTABLE MODEL

“MASTERTONE
Deluxe” ! \
Fitted with Iyl syechranius moter
W’:\-é“:(ll. CRYSTAL
FEART A el [ GapmaED voumE

—BALANCED CRYSTAL MCKUP

Ty TAKES
et

FETY LY
MATCHED CUTTING NEAD
PrEGBONR
LATHE TYPE vun—l J

An ideal machine to be used in
conjunction with Studio Installa-
tions to obtain sound effects and
speeches from people unable to
come to the studio.

Write for Bulletin E-1

RECORDING EQUIPMENT
MANUFACTURING CO.

6611 Sunset Boulevard
HOLLYWOOD, CALIFORNIA
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A NEW IMPROVED SOUND

RECORDING INSTRUMENT-

Designed to meet the most exacting professional requirements—sturdy
construction — simplicity in operation — priced within the range of
every potential user.

FEATURES:

Synchronous Motor
Metal Panel

Extra heavy aluminum turntable
machined all over—pertectly
balanced

"78 and 33-1/3 R.P.M, speeds—in-

stantly available

Speed changed by moving one lever
on the panel

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

Enclosed worm gear

Cutting head carriage travels on
ground stainless steel bar—in-
suring perfect, long-life bearing

Interchangeable lead screw

WRITE FOR COMPLETE DESCRIPTIVE LITERATURE AND PRICE

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

ALLIED RECORDING PRODUCTS (CO.

Phone BRyant 9-1435

126 West 46th Street, New York, N. Y.

For truly outstandmg performance.
select a Shure “Ultra” Wide-
Range Crystal Microphone. Supe-

rior engineering design . beauti-
ful modern styles . ‘and re-

markably low cost .

are but

three of the many reasons why
Shure “Ultra” is the BEST mirro-
phone buy. Three models, $25 list.
For complete technical informa-
tion, write for Data Sheet 125MB
today!

Licensed under patents of the Brush Devel-
opment Company. Shure patents pending.
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QHURE MICROPHONES

BHURE BROTHERS © MICAOPHONE HEAOQUARTERS
225 WEST HURON STREET o CHICAGOD, U. 8. A,

equipment
uses.

Write for Bulletin 530-K
for details and prices.

SHALLCROSS MFG. CO.

SHALLCROSS

Instrument Switches

Type 530
Single and Double

The 530 Instrument Switch
has been designed to provide
a high grade inexpensive ro-
tary switch of many contact
points, to be used in instru-
ment circuits for the selection
of ranges, tapping resistances,
transformers, laboratory test
and many other

COLLINGDALE, PA.

wwWwW americanradiohistorv com

Regulator Condenser

AEROVOX CORPORATION, 70 Washington
Street, Brooklyn, N. Y., announces a
new type of wet electrolytic condenser
with such leakage properties that it
can be employed to prevent undesirable
voltage rises, when a radio set is first
turned on. At other times the con-
denser operates in normal fashion with
a powerfactor less than 10% and low
leakage. They are to be connected
across the output of the filter and not
across the rectifier.

Capacity Control Unit.

A NEW UNIT KNOWN as ‘“Capacitrol”
is manufactured by J. Thomas Rham-
stine, 300 Beaubieu St., Detroit, Mich.
The unit, which is self-contained, con-
sists of a capacity operated relay
with an antenna which may be from
five to fifty feet of rubber covered

wire. If a person or car approaches
within 3 ft. of the antenna the device
operates closing a relay for opera-
ting any desired device. The device
is useful where photo-electric appa-
ratus or the installation of “Treads”
is not possible. The complete unit
less antenna lists for $40. The size
of the box is 63 x 8 x 5% in. overall.

Mono-hand Microphone Stand

BRUNO LABORATORIES, INC., 20 W. 22nd
St.,, N. Y. City, announces their Model
B-22 one-hand button action micro-
phone stand. The ingenious arrange-
ment makes it possible to move the
movable part of the stand by the pres-
sure of a button placed below the mi-
crophone. The base of this stand is
triangular and rests evenly on any
floor. Maximum height 59”, list price
$22.50.

' Radio Instruments

SiMPsON ELECTRIC COMPANY, 5216 W.
Kinzie St., Chicago, Illinois announces
its complete line of radio instruments
and service equipment, incorporating
the “roto ranger” rotary dial. As the
selector switch is moved to any one of
twelve positions, the scale comes into
view which coincides with the circuit
which has been cut in, actually switch-
ing circuit and dial simultaneously.
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+ Audio Attenuators. A bulletin on
sound projection control listing T and L
pad attenuators, gain controls and
faders suitable for audio frequency am-
plifier circuits is available from the
Central Radio Laboratories, 900 East
Keefe Avenue, Milwaukee, Wis.

4 Microphone Data. An interesting
loose-leaf folder suitable for standard
three ring binders of letterhead size
and describing the specifications, char-
acteristics and applications of Shure
microphones has been published by
Shure Bros., 215 West Huron St., Chi-
cago. This specification chart, which
in some respects is similar to the tube
data charts, gives typical applications,
prices, performance curves, load imped-
ance, current requirements, size, dimen-
sions and other technical information
relative to carbon crystal, condenser,
and other microphones.

4+ Tube Bulletin. Technical bulletins
describing the RCA, 807 transmitting
beam power amplifier, the 808 radio
frequency power amplifier, and the 956
super-control acorn pentode have re-
cently been issued by the RCA Manu-
facturing Company. The bulletins may
be obtained from the Commercial Engi-
neering Section, RCA Manufacturing
Company, Harrison, N. J.

4+ Metal Furnaces. Induction Furnaces
having a melting capacity from a frac-
tion of 1 1b. to several tons are described
in bulletin of the Ajax-Electrothermic
Corporation of Trenton, N. J. In the
laboratory units described in this bul-
letin, high frequency spark generators
are used to provide the induction field.

4+ Vacuum Pumps. The Beach-Russ
high vacuum pumps of the single stage
rotary type are described in Bulletin
No. 70 of the Beach-Russ Company, 50

Church Street, New York City. The
single stage units discussed in the bul-
letin are designed to maintain a con-
stant vacuum to within 5 millimeters
of mercury.

4+ Rotary Converters. The Janett Man-
ufacturing Company, 5563 West Monroe
Street, Chicago, has recently issued a
4-page bulletin describing their rotary
converters which are especially suit-
able for radio, sound apparatus, and
gaseous signs. Standard converters
are built for a d.c. supply of 6, 12, 32,
115 or 230 volts, and deliver single
phase, 110 volts, 60 cycle current.

4+ Insulating Material. The William
Brand & Company, 276 Fourth Avenue,
New York City, has available for dis-
tribution their catalog No. 11 describ-
ing electrical insulating material. Mica
plates, varnished tape and varnished
tubing having extensive application in
the electrical, radio, and automotive
fields are listed.

Literature

+ Resistance Welding. “Theory and
Application of Resistance Welding” by
L. H. Frost, welding engineer of the
Electric Controller & Mfg. Co. Data
on welding procedure and hints for the
prevention of faults encountered when
using this method of fabrication. A
limited number of copies free, addi-
tional copies available at 10 cents each.
Electric Controller & Mfg. Co., 2700 E.
79th St., Cleveland, Ohio.

4+ Replacement Guide. A supplement
to the 80-page volume control replace-
ment guide issued several months ago
by Clarostat, a handy reference list of
exact duplicate volume control replace-
ment numbers. Clarostat Manufactur-
ing. Co., Inc, 285 No. Sixth St., Brook-
lyn, N. Y.

See Your Jobber Today — Or Use This Coupon h e -
e y——-
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4+ Telephone receiver test equipment.
Bulletin No. 1 of the Ballantine Labora-
tories, Inc., Boonton, N. J. describes the
artificial ear, type 502, for receiver test,
and type b500A, a complete rack-
mounted assembly incorporating the
artificial ear and all of the apparatus
required for receiver testing.

4 Metal Data. A loose-leaf bulletin has
recently been released by the Stupa-
koff Laboratories, Pittsburgh, Pa., de-
scribing the technical characteristics of
Kovar. Kovar is an iron-nickel-cobalt
alloy, having the thermal coefficient
closely approaching that of glass and is
particularly useful in making the glass
to metal seals in radio vacuum tubes.

4+ Quartz Crystals. “Bliley Quartz crys-
tals” is the name of a technical bulletin
deseribing quartz crystal mountings,
temperature-controlled ovens and fre-
quency standards manufactured by the
Bliley Electric Company, of Erie, Pa.
Crystals having a fundamental range
of 20 kiloeycles to 25 megacycles are
listed.

4+ Rectifier Tubes. “Westinghouse Rec-
tifier Tubes” is the title of a 4-page
bulletin dealing with high vacuum,
mercury vapor and gas-filled rectifiers
and low-voltage Rectigons which are
available from the Lamp Division,
Westinghouse Eleetric & Manufactur-
ing Company, Bloomfield, N. J.

4+ Multiple Antenna. A 12-page bulle-
tin describing antenna systems for mul-
tiple-set operation in apartment houses,
hospitals, hotels and private dwellings
is available from the Technical Appli-
ance Corporation, 17 East 16th Street,
New York City.

N E W — alow cost C-B Oscillograph

MODEL 105

You Need Every One
of These Exclusive Features

Uses the new Type 913 one-inch Cathode-
ray tube and provides every feature of the
most expensive oscillographs, such as:
Linear Sweep with synchronizing circuit
using the Type 885 Thyratron; separate
High Gain Amplifiers for horizontal and
vertical plates; Beam Centering Controls;
and adjustable light shield for Cathode-

ray tube screen.

Compact, easily portable — yet the most
complete instrument ever offered using the
Type 913 tube. Not one of these features
can be omitted without so limiting the
utility of the oscillograph that any saving is
wasted by limited performance. Write for
bulletin describing thisinstrumentin detail.

with Linear Sweep, Dual Amplifiers, etc.

Pay-As-You-Earn. $5.50 down
Oscillators for Use with MODEL 105

This instrument now makes it possible for you to secure
complete Cathode-ray Receiver Servicing equipment
for only $9.50 down (MODELS 81-A and 105).
Designed for use with either the MODEL OM-A
Frequency Modulated Oscillator or the MODEL
81-A Frequency Modulator, to produce calibrated se-
lectivity curve images by single or double trace method.

AAAAAAAAAANNANAAAAANAANA
The CLOUGH:-BRENGLE CO.

l 2811 W. 19th St., Chicago, U.S.A. |

Send at once full description of the new MODEL H
105 Cathode-ray oscillograph and time payment M
order blank.
Name...
Addnss

Complete with five tubes, net cash $48 90
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CHART SHOWING TRACKING
ERROR COMPARISON BETWEEN
TRU-TAN AND ORDINARY
STRAIGHT ARM PICKUPS,

| |
L 1| GRAPH_OF TRACKING ERROR
- | SAagx of Tmeckyy Endon

.......... moDEL B |

TRACRING  EAROR 1M DESAELS
} "

LICENSED UNDER

BRUSH DEVELOP-
MENT CO, PATENTS
ASTATIC PENDING

BETTER REPRODUCTION
LONGER RECORD LIFE

By means of the unique, offset head illustrated here, the needle is held prac-
tically true to tangent throughout the entire playing surface of the record.
As a result, the TRU-TAN Pickup has a maximum irackin% error never exceed-
ing 1.5° from true tangency—as compared to the 10° and I5° maximum
error of the average 8 and 12-inch straight arm pickup. This comparison
quickly shows why the TRU-TAN can so confidently guarantee LONGER

RECORD LIFE and BETTER REPRODUCTION over the conventional straight
arm pickup.

EASIER NEEDLE LOADING

ABSOLUTELY FREE FROM RESONANCE

Another outstanding feature of the TRU-TAN Pickup is the ability of the
offset head to turn practically 180°, thus permitting the operator to load
the needle from the top and quickly return arm to playing position.

The TRU-TAN is absolutely free from mechanical resonance throughout the
audible frequency range, and offers 3 new exclusive Astatic pickup engineer-
ing advancements: the offset arm; the reversible needle loading action; the
double row ball bearing base swivel.

LIST PRICE $17.50

WRITE FOR TRU-TAN LITERATURE

ASTATIC MICROPHONE LABORATORY, INC.

Dept. E, Youngstown, Ohio, U.S.A.
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| tube shape.

Cathode Ray Tube

A HIGH VACUUM, low-voltage cathode
ray tube having two sets of electro-
static deflecting plates has recently
been announced by the Radiotron
Division, RCA Manufacturing Co.,
Harrison, N. J. This tube, which is
known as the RCA-913, has an in-
directly heated cathode, a fluorescent
screen about 1 in. in diameter and

4

is encased in a metal can which may
be grounded to eliminate the effects
of local magnetic fields. The tube
is provided with the standard 8-
prong octal base and is designed to
operate with an anode voltage of
between 250 and 500 volts.

The low operating voltage, low
price, and small size of this tube
together with its shielding case
make the tube especially suitable
for amateur work.

Ceramic Dielectric
Condensers

SMALL SIZE fixed condensers having
ceramic insulation are available
from the Cornell-Dubilier Corp,,
South Plainfield, N. J. The condens-
ers are available in disc, cup, and
The cup and disec type
cover ranges of capacities between
2 and 100 puf and the tubular form
is available in ranges up to 1,200
wpf. Subject to a limited tolerance
in all cases of not less than 0.2 uuf.,
these condensers may be obtained
to values of within 1 per cent of the
required capacitance.
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ProressioNnaL

SERVICES

BLILEY ELECTRIC CO.

Designers—Manufacturers

Quartz Crystals for standard or special
radio frequency applications.

Inquiries Invited.

240 Unlon Station Bldg.
Erie, Penna.

EISLER ENGINEERING CO.

Consulting, Designing & Mfg. Engineers
Electric Welding Problems, High Vacuum
Compound Pumps, Soft and Hard
Glags Working Equipment, Radlo
and Electronic Tube Machinery
Special Machinery built to your specifications
753 So. 13th St. Newark, N. J.

ELECTRICAL TESTING
LABORATORIES |

Characteristics and
Life Tests of Vacuum Tubes
Tests of photo cells, glow lamps, crater lamps,
ts of electronic and optical devices.
80th Street and East End Avenue
New York, N. Y.
Phone: Butterfleld 8-2600

THAD R. GOLDSBOROUGH
REGISTERED PATENT ATTORNEY
Patent and Trademark Soliciting
Consulting Service
Patent Sale and License Negotiations

201-205 McLachlen Building
Washingten, D, C.

International Electronics, Inc.

CONSULTING ENGINEERS
to_Radio Manufacturers In all parts of the world
Recetvers—Tubes—Condensers—Coils—Reststors
. Reports—Designs—Specifications—Processes
Write for information on your problems without
obligation
RESEARCH LABORATORIES
145 W. 45th Street New York., N.Y.

WEBER MACHINE CORP.

Specialists on experimental electro me-

chanical devices. Let us help you solve

your problems. Modern equipped machine
shop. Capable engineering staff.

59 Rutter Street, Rochester, N. Y.

The Solution of
Your Problem

in the field of Electronic devices
may be found through enlisting the
services of the Consultants whose
cards appear on this page.

This is a highly specialized field
and specialists are therefore better
able to undertake the rapid devel-
opments necessary to keep in step
with modern manufacturing
progress.
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| ¢+ Dynamic Speakers.

fications for Magnavox dynamic speak-
ers are presented in a 4-page bulletin
issued by the Magnavox Company, of
Fort Wayne, Ind. Technical details
and prices of thirty-six different dy-
namic speakers are listed.

+ Radio Switches. The Yaxley Manu-
facturing Division of P. R. Mallory &
Company, Indianapolis, Ind., has re-
cently issued a 4-page bulletin of engi-
neering data on Yaxley switches. A
feature of this bulletin is a printed in-
sert on semi-transparent paper show-
ing the outline and dimensions of the
switches. These drawings may be used
in making blue prints or in ordering
switches to meet certain specifications.

+ Resistor Data. A type of folder giv-
ing the specifications and engineering
data on I.R.C. fixed and variable re-
sistors has recently been issued by the
International Resistance Company, 401
North Broad Street, Philadelphia, Pa.

4 Dielectrics. High Frequency Insula-
tors for Commercial Service is the
name of a 20 page booklet published by
the Dielectric Products Corporation, 63
Park Row, New York City, and out-
lining the principal electrical and me-
chanical characteristics of steatite and
vitrolex. This company also has avail-
able a small folder giving the principal
electrical and mechanieal characteris-
ties of solid and liquid Vitron.

4+ Condenser Catalog. The Cornell-
Dubilier Corporation, 4377 Bronx Boul-
evard, New York City, has recently is-
sued two catalogs deseribing their con-
denser products. Catalog No. 128 lists
the technical details of condensers suit-
able for radio receiving purposes. Con-
densers for industrial, high voltage and
radio transmitting werk are listed in
catalog No. 127. Catalog No. 133 A
lists the Cornell-Dubilier condensers
which are especially suitable for ama-
teur transmission.

4+ Magnavox Dials. A 4-page bulletin
describing engraved dials suitable for
automobile gages, meters, and speedo-
meters, thermostats, electric clocks,
testing meters and radio receivers, has
recently been issued by the Magnavox
Company, of Fort Wayne, Ind. Lumin-
ous dials are available, enabling one to
determine a dial setting in the absence
of direct illumination.

Superior Tube buys
Juno Fasteners

Through purchase of the business,

Standard speci- |

patents and machines of the manufac- l

turers of Lockseam cathodes, Superior
Tube Company (Norristown, Pa.) an-
nounce that they will be able to supply
both seamless tubing for cathodes and
the patented Lockseam product. Thus
tube manufacturers can get from a sin-
gle source, both kinds of cathode ma-
terials.

www americanradiohistorv com

at less thon
10¢ per watt s

: g

TYPE 354 GAMMATRON
FCC high-level rating for
broadcast use 250 watts,

low-level 50 watts
Plate volage, 2500 valts

Gammalrons are priced ot only

FEATURES ...

RADIOTONE A-16
STUDIO RECORDER

Handles 78 RPM and 33-1/3 RPM work.
100 lines or 120 lines per inch.

Records from inside out or outside in.
Variable adjustment for stylus angle.
Adjustable spring tension.

100-power microscope attached.

Self-starting synchrorous motor, absolute
constant-speed.

Quick change from 78 RPM to 33-1/3 RPM.

Can be furnished as portable model.

For complete
information
write today to

RADIOTONE

Recording Co.
6103 Melrose
Hollywood, Cal.
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British Patents

Radio Cirecuits

Oscillator. A brake-field oscillation
generator in which there is arranged
between the cathode and the positive
grid a negatively biased grid screen-
ing the positive grid from electrons
passing from the cathode, the circuit
determining the oscillations being con-
nected between the positive grid and
the cathode. No. 441,341, See also
No. 441,538, I. Hausser, Heidelberg,
Germany.

Feed back amplifier. A thermionic
amplifier of {he kind employing nega-
tive feed back between output and
input for distortion correction, in which
the amplifier gain-frequency charac-
teristic is variable with frequency to
correct for line attenuation. No. 441,-
626, Standard Telephones & Cables, Ltd.

Transmitting system. A push-pull
short-wave oscillator has its frequency
accurately regulated by a resonant cir-
cuit of the long-line type. The oscil-
lator is kept in frequency agreement
with the constant frequency by a zero
beat method which distinguishes be-
tween excursions above and below the
standard and automatically corrects
them. C. W. Hansell, Marconi Co.
No. 441,793.

Directive system. To insure a clear-
cut directional indication, free from
ambiguity due to waves reflected from
a nearby conductor, the receiving aerial
is given a pick-up characteristic which
has a zero direction lying inside a
small solid angle of full-strength re-
cepton, outside which it again receives
no signals. Telefunken, No. 441,964,

High selectivity circuit. This patent
relates to the reduction of interference
from stations of neighboring fre-
quency to that desired and contem-
plates broadly the shifting of the
intermediate frequency band upwards
or downwards with respect to the
normal intermediate carrier by vary-
ing the frequency of the local oscil-
lator only, at the same time the re-
sulting preponderance of the lower
frequencies of the audio frequency band
is corrected by a band-expanding
arrangement prior to the second de-
tector stage. J. K. Johnson, Hazel-
tine Corp. No. 442477.

Anti-noise circuit. A receiver is
disabled for the duration of a disturb-
ing impulse or has its amplification
considerably reduced, so that the
disturbance is not heard in the re-
producer. A glow discharge relay or
a dynatron is arranged in the aerial
circuit and responds to an excess vol-
tage to operate the relay. Ideal
Werke, Berlin. No. 442,626.
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High frequency oscillator. An elec-
tronic-period oscillator of the magne-
tron or Barkhausen-Kurz type pro-
vided with means for setting up an
electrostatic field with a component

in the direction of the axis of the

electrodes. E. G. Linder, Marconi Co.
No. 442,465.
Magnetron oscillator. The mag-

netic field is increased to at least a
critical value at which, under dynamic
conditions, electrons leaving the cath-
ode with zero velocity arrive at the
anode with zero radial velocity. This
critical value is much larger than the
value of the normal critical field, and
the transit time of the electrons is
substantially increased as compared
with the transit time obtained when
the magnetron is operated in the
normal manner with a magnetic field
near to the normal critical field. For-
mulas for the transit time and critical
value of magnetic field are given for
magnetrons having plane and cylin-
drical electrodes in terms of the elec-
trode gap and anode-cathode voltage.

W. E. Benham, Marconi Co. No.
442,776,
Synchronizing circuit. No. 2,005,153

to A. M. Marks, Communication Pat-
ents, Inc., and 2,023,505 to Rene Bar-
thelemy, France.

Tuning indicator. A shadow meter
for giving visual indication when a re-

ceiver is exactly in tune. P. R. Mallory
& Co. No. 434,932.
Blind landing system. A radio

navigational system for assisting air-
planes to land under conditions of
poor visibility. Telefunken, Germany.
No. 444,194,

Multi-channel system. Picture sig-
nals and sound signals are carried on
separate short wave carriers spaced
from each other by a frequency interval
such that at the receiving station a
single local oscillator can be used for
producing the two subcarriers required
for superheterodyne reception. D. S.
Loewe, Berlin. No. 439,366.

Interlaced scanning. The scanning
beam is swept over a set of fixed
mutually inclined mirrors, and the time
of complete scanning is equal to a
number of line periods which is one
more or one less than to span an in-
tegral multiple of the number of partial
scans in a complete scan. C. 0. Browne,
London. No. 439,121.

Superheterodyne. Method of elimin-
inating interference due to the produc-
tion of harmonics in the frequency
changing stage by means of connecting
the anode of the mixing valve to an in-
termediate tapping on the inductance
of the intermediate-frequency band-
pass coupling. By this means and the
provision of a bypass condenser with a
low impedance to the harmonic fre-
quencies but high impedance to the
intermediate - frequency, currents of
harmonic frequencies are balanced out.
R. E. Spenser, London. No. 438,972.

Film system. In an intermediate film
television receiver, selected images, for
example, alternate images, are pre-
sented to an observer several times.
This allows the ratio of the rate of
presentation of images to the rate of
transmission of images to be some other
than an integer. J. L. Baird, London.
No. 439,771.

Reflex circuit. Received oscillations
are impressed on one grid of a multi-
grid tube and after a change in fre-
Lot FIG.2.

L v

quency are fed back to another grid of
the same tube for reamplification.
Marconi Co. No. 439,047.

Automatic tuning control. A manu-
ally tuned radio-receiver has auto-
matic means for finally adjusting the
tuning exactly to the desired signal
comprising a variable tuning mem-
ber to vary the resonant frequency to
the desired frequency in one sense,
movement of the tuning member being
arrested on reaching the desired fre-
quency on the reverse travel. E. K.
Cole. No. 442,897. See also No. 442,-
903 to E. K. Cole on a circuit in which
the knob controlling the degree of
noise suppression is adapted simul-
taneously to modify other parts of the
circuit to suit the modified setting.
Also No. 442,951 to Cole on a noise
suppression-device.
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Patent Suits

1,403,475, H. D. Arnold; 1,403,932,
R. H. Wilson; 1,507,016, L. de Forest;
1,507,017, same; 1,811,095, H. J.
Round; Re. 18,579, Ballantine & Hull,
filed July 22, 1936, D. C., W. D. Wash.
(Seattle), Doc. 1149, RCA et al. V.
I'. V. Buckley (Buclley Radio Co.)

2,047,863, W. G. Finch, Telecom-
munications system; 2,048,604, same,
Electromagnetic coupling device, filed
Sept. 8, 1936, D. C, S. D. N. Y., Doc.
E. 83/353, W. G. Finch v. Wide World
Photos.

1,763,380, 1,798,962, C. E. Trube,
Electric coupling system, D. C.,, S. D.
N. Y., Doc. E 59/255, Hazeltine Corp.
v. Westinghouse Electric & Mfg. Co.
Doc. E 59/256, Hazeltine Corp. v. Gen-
eral Electric Co. Doc. E 59/257, Hazel-
tine Corp. v. Radio Corp. of America.
Doec. £59/258, Hazeltine Corp. v. R.
C. A. Victor Co., Inc. Consent and
order of discontinuance without prej-
udice (notice Aug. 20, 1936), in each
of above cases.

1,573,374, P. A. Chamberlain; 1,-
707,617, 1,795,214, E. W. Kellogg;
1,894,197, Rice & Kellogg; 1,728,879,
same, D. C., S. D. Calif. (Los An-
geles), Doe. E 893-C, RCA et al. v. R.
A. Cottreli. Decree proconfesso, hold-
ing patents valid and infringed, in-
junction Sept. 8, 1936.

1,507,016, L. de Forest, Radio sig-

NEOBEAM
OSCILLOSCOPE

Makes Sound Visible’

VIBRATION STUDY

Locates vibration instantly. New model
150 Neobeam Oscillo-cope permits guick de-
lermination of efficiency when used with the
model 153 vibration pick-up. Range 8000
C.P.S. Detects movements as low as .000003".
Portrays vibrution on 3” calibrated screen.
Supplied also with speaker to permit hearing
as well us seeing.

THE NEOBEAM

Compleely self conlained and easy to
operate. Uses latest 61.6 Beam Power ampli-
fiers, calibrated sweep. Takes any input
from 1 micro-velt to 200 velts. Complete
with tubes and ready to operate, $40.00 net.
Vibration pick-up $17.50 net. These arc
quality instruments—fully guaranteed.

SUNDT ENGINEERING CO.

(Affiliate of Littelfuse Laboratories)
4248 Lincoln Avenue CHICAGO, ILL.
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naling system; 1,507,017, same, D. C.,
S. D. Calif. (Los Angeles), Doc.
E 967-Y, RCA et al v. El-Rey Ruadio
Mfg. Co. et al. Patent held valid and
infringed, injunction Sept. 8, 1936.

1,403,475, H. D. Arnold; 1,403,932,
R. H. Wilson; 1,507,016, L. de Forest;
1,507,017, same; 1,618,017, F. Lowen-
stein; 1,702,833, W. S. Lemon; 1,811,-
095, H. J. Round; Re. 18,579, Ballan-
tine & Hull, D. C., S. D, Calif. (Los
Angeles), Doc. E 892-Y, BCA et al. v.
R. A. Cottrell. Decree.’pro confesso
holding patents valid and infringed,
injunction Sept. 8, 1936.

1,231,764, F. Lowenstein; 1,618,017,
same; 1,465,332, H. D. Arnold; 1,573,-
374, P. A. Chambedain; 1,702,833,
W. 8. Lemmon; 1,811,0%, H. J. Round;
Re. 18,579, Ballantine #& Hull, D. C,,
S. D. N. Y, Doc. E78/111, RCA et al.
v. Pyramid Radio Distrikytors, Inc.,
et al. Interlocutory decree of Feb. 5,
1936 for plaintiff affirmed Aug. 5, 1936.

1,973,039, M. H. Benedek, Electrical
Condenser; des. 93,653, J. Greenberg,
same, filed July 30, 1936, D. C., E. D.
N. Y. Doe. E 8026, Micamold Radio
Corp. v. Aerovox Corp.

2,020,211, J. P. Quam, Loud Speaker;
2,020,212, same, Method of making
dynamic speaker, filed August 3, 1936,
D. C., N. D. Ill,, E. Div., Doc. 15283,
Quam-Nichols Co. v. Oxford Tartak
Radio Corp.

Decree for plaintiff by default, injune-
tion granted (notice July 27, 1936).

1,403,475 (c¢), H. D. Arnold; 1,403,-
932, R. H. Wilson; 1,447,773, Espen-
schied & Brown; 1,507,016, L. de For-
est; 1,507,017, same; 1,531,805, R. C.
Mathes; 1,596,198, S. Loewe; 1,618,017,
F. Lowenstein; 1,869,323, P. H. Evans;
1,936,162, R. A. Heising; Re. 18,579,
Ballantine & Hull, D.C,, N.D.Ill., E.
Div., Doe. 15220, R. C. A. et al. v. Ul-
tramar Mfg. Corp. et al. Consent de-
cree, finding patents wvalid and in-
fringed, injunction granted June 15,
1936.

1,403,475 (d), H. D. Arnold; 1,403,-
932, R. H. Wilson; 1,507,016, L. de For-
est; 1,507,017, same; 1,811,095, H. J.
Round; 1,936,162, R. A. Heising; Re.
18,579, Ballantine & Hull, D. C, N.D.
I11., E. Div., Doe. 14978, R. C. A. et al.
v. E. Mraz (Hi-Lo Radio Co.). Decree
pro confesso, finding patents valid and
infringed, injunction granted Mar. 18,
1936.

1,570,297, F. L. Dyer, Art of record-
ing and reproducing sounds; 1,628,658,
same, Talking machine record; 1726,-
546, same, Apparatus for making
phonograph records; 1,783,498, same,
Method of making phonograph records,
C. C. A, 3d Cir., Doc. 6034, F. L. Dyer
v. Sound Studios of N.Y., Inc. Decree
affirmed June 20, 1936.

(D. C. N. Y.) Georgiev patent, No.
1,789,949, for electrolytic cell, claims
11, 18, and 19 Held valid and infringed.
Aerovox Corporation v. Micamold Ra-
dio Corporation, 15 F. Supp. 279.

UMONT

WORLD'S
FINEST

CONDENSERS

% SOLID SEAL J

TIN FOIL ONLY
NOSYNTHETIC WAXES USED
NO AIR POCKETS

LAYER OF ALUMINUM
VARNISH FOR MOISTURE
PROTECTION

NON-INDUCTIVE TERMINAL
“VACUUM IMPREGNATED WRAPPER

Check these Features:

1- No aluminum foil. (We use tin
foil only, for permanent, sol-
dered connection.)

A layer of aluminum varnish.
(This keeps the condenser mois-
ture-proof.)

(No air
pockets, with this type of con-
struction, to cause leakage.)

Impregnated wrapper.

l/4-inch wax sealed on the edge.
(This makes a rigid terminal.)

Vacuum impregnated and
sealed.

Better than RMA insulation
specifications.

Smail in size.

We do not use Chlorinated
Wa_es.

Quality at all costs.

10. High Breakdown Test.
Used by U. S. Government

The Life of DUCO Condensers
is remarkably long, due to the
process of manufacture, and
the thorough testing of all raw
materials entering into their
manufacture.

Manufactured by

DUMONT

ELECTRIC COMPANY

DEP'T E
514-516 BROADWAY
60-62-64-66 CROSBY ST.

NEW YORK, N. Y.
WRITE FOR FREE CATALOG, DEP'T E.
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RADIO MANUFACTURERS

make big savings with

CRESCENT CORD SETS

with parts

Ready to Install!

Think of the economy, convenience and safety of buying
your cord sets already assembled, complete with switches,
sockets, fittings, etc.

CRESCENT COMPLETE CORD SETS are making big savings
for Radio Manufacturers. We specialize in this work—Every
set carefully tested and inspected — 100% perfect cords
guaranteed.

Send us your blueprints for prices on quantity production.

Address Department E

CORNELL DUBILIER CORPORATION

1006 Hamilton Blvd., So. Plainfield, N. J. \

ACME LITZ

REDUCES
MANUFACTURING
COSTS il’.‘F-"hznPdFOducﬁon of

R.F. coils

|. Ease in Winding

. . Struthers Dunn can furnish a
2. Umformli'y thermostatic control specially

. . worked out to fit your exact re-
3. Low Rejections quirements.

Why not explain your needs to
an engineer who has specialized

Other ACME WIRE CO. Products on such problems successfully

MAGNET WIRE (All Insulations) for years.
COILS (Magnet Wire Wound)

VARNISHED INSULATIONS (Cambric, Paper, Silk, Tape)
PARVOLT CONDENSERS (Filter, By-pass,

Power Factor Correction) ST R u TH E Rs n u N N

AERIAL WIRE (Stranded or Solid, Bare or Enameled) INCORPORATED
146 N. JUNIPER STREET

THE ACME WIRE Co. PHILADELPHIA, PA.

NEW HAVEN, CONN. =|[DUNCO|
For over 30 years, suppliers to the largest TH E RMOSTATS
radio and electrical manufacturers
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We offer a comprehensive line of electrical
control apparatus of proved dependability for
adaptation to your products or for use in your
production processes. Autelco control devices

include:
RELAYS: Quick and delayed action types, for
A.C. and D.C. circuits, any voltage, any contact

combination,

STEPPING SWITCHES: Electro-magnetic multi-
contact switches, for automatic selection of electrical
circuits,

SWITCHING KEYS: A variety of locking and
non-locking types in any desired contact combination.

- Also cords, plugs, jacks, signal lamps, sockets,
. counters, etc. Write for complete illustrated catalogs.

American Automatic Electric Sales lompany

1023 W. Van Buren Street, Chicago

A TRIAL WILL CONVINCE YOU

‘ 35 Years' Experience
Insures Dependability
[ )

We Manufacture
PERMANENT MAGNETS TOOLS and DIES
METAL STAMPINGS LAMINATIONS

Suppliers of

ALNICO MAGNETS

THOMAS & SKINNER
STEEL PRODUCTS CO.

23d St. at Alverd Indianapolis, Ind.

-« [14d
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ray focusing

anode material

Aquadag* Brand colloidal graphite (in
water} is now a standard coating on various

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

I. It is easy to apply.

2. It is economical to use.

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

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

Technical Bulletin No. 191B giving de-
tailed information is available gratis on
request.

*Reg. U. 5. Pat. OH.

ACHESON
DS CORPORATION

|9 ] AS ACHESON 0ILDAG COMPANY
HURON ® MICHIG A N

’ OLLOIDAL PRODUCTS
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v
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SAVES YOU
TIME and MONEY

True enough, your own experiences are your most
valuable asset. But, today new developments are
breaking fast. The whole picture is constantly chang-
ing. Each day brings some new idea, machine or
method that is outside your experience. Knowledge
of these developments must be added to your work-
ing equipment. Not to know about what's new and
important these days is fatal. Electronics will help
you by bringing this information quickly, accurately

and cheaply.

you must have help

to keep up-to-date

Electronics enables us to maintain our principal edi-

torial policy of "Properly informing quickly, our

readers of what is going on in electronics.! Regard-
less of the branch of electronics you are interested
in, you need help to keep you informed of new prod-

ucts, new methods, new technique, or new principles.

Electronics will be of genuine interest and assistance
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 coupon below will enable you to subscribe to
Fill it in and

this service with the current issue.

mail it today.

Enter my subscription to Electronics for

OV yr. @ $5 ]2 yrs. @ $8 [(]3 yrs. @ $10

Name....,.

Address. .

City and State.

Company and Position................

ELECTRONICS - 330 W. 42nd St., New York City

CONTACTS

TUNGSTEN

AND

MOLYBDENUM

ROD, SHEET AND WIRE
SPECIAL SHAPES

KULGRID

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

CALLITE PRODUCTS DIVISION

EISLER” ELECTRIC CORPORATION
544-39th STREET

4

® Guthman Coils are
dependable! No matter
what your requirements,
there's a Guthman coil M
that will fit the job! Send
us your specifications —
we'll be glad to submit
samples and quote SPE-
CIAL LOW PRICES!

EDWIN I. GUTHMAN and CO. Inc.
400 South Peoria Street, CHICAGO, ILLINOIS

s 1l e 11l il

THE EPLO STORALE
BATTERY ELININATOR

gives
RELIABLE ADJUSTABLE OUTPUT!
ends

BATTERY- CHARGING NUISANCE!

Convenient and Dependable—Provid-
ing 6 volt-10 amps. filtered D.C. from 110
voit A.C., the Epco Storage Battery Elimina-
tor Is specially designed for faboratory tests and demonstrating 6 volt
automobile radios, small D.C. motors, magnets, solenoids, signals, relays
and similar apparatus. Also used as an efficient battery charger. Forward
order today or write for further technical details.

el ELECTRICAL PRODUCTS (0.

Price
6531 RUSSELL STREET - DETROIT, MICH.

T

At

$19.75 L5,

(Usual Jobber Discount)

6 voit—5 amps.
(Usual Jobber
Discount)

El

LTI

------ AT

JHITHA 1 i

e hil\ll“\ill!il‘ll' BBy

HI-POWER FOR PORTABLE
SOUND EQUIPMENT

The Carter GENEMOTOR supplies the most re-
liable and economical “B” Power for Class A or
B amplifiers from a 6 or
12 volt battery. Output
up to 500 volts. Sturdy
— Compact — Quiet in
operation — Requires no
oiling Guaranteed.
Also can be supplied for
A.C. output.

TR ER D T

Write for Circular

CARTER MOTOR CO.
365 W. Superior St.,, Chicago

ST LRI BN

(UL TR s e T T e e s e T TR

UNION CITY, N. }.
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empLoYMENT : Business : OPPORTUNITIES

e

UNDISPLAYED-—RATE PER WORD

Positions Vaeant and all other classifica-
tions 10 cents a word, minimum charvge
$2.00.

Pasition Wanted, (full or part-time salaried
employment only), 3 the above rates,
payable in advance.

Pruposals, 40 cents a line an insertion.

INFORMATION :

in care of our New York,
Chieago or San Irancisco oflices count
10 words additional in undisplayved ads.
Replies forwarded without extra charge.
Discount of 10% if full payment is made in
advance for four consecutive insertions of
undisplayed ads (not including proposals).

Box Numbers

e:q <«

EQUIPMENT— USED or RESALE

DISPLAYED—RATE PER INChx

1 inch ..... $5.00
2 to 3 inches 4.75 an inch
4 to 7 inches 4.50 an inch

Other spaces and contract rates on request.

An edverfigsing dinch is measured vertically
on one column, 3 columms —30 incheg—
to a page.

COPY FOR NEW ADVEDTISEMENTS RECEIVED UNTIL 28TH OF THE MONTH FOR THE ISSUE OUT TIIE FOLLOWING MONTH (Elect)

PRACTICAL HOME STUDY COURSE
FOR RADIO AND
COMMUNICATION ENGINEERS

Primarily for men who have completed
High School or equivalent education, and
wish to grow with their profession.
Consists of over 50 lessons in book form,
each with exercises, exercise answers,
and examinations to be graded.

Course covers elementary mathematics
necessary to handle alternating current
circuit theory, a general treatment of bi-
lateral networks, and of unilateral net-
works. Very reasonable—payable month-
ly. Write for the information boollet.

CARL E. SMITH

Radio Sta. WHK Cleve., Ohio

an

Meters repaired, made more serviceable
Conversion to higher sensitivity as high
as 10 microamperes for Weston type 1
or 24-57.

Sensitive vacuum thermo couples

For Sale used Weston panel meters,
Rawson microammeters, Brown Dpyro-
meters,

Reasonable Prices
Precision Electrical Instrument Co.
561 Broadway, N. Y

SEARCHLIGHT
SERVICE

Covers the Advertising of

Agencies Wanted
Agents Wanted
Auction Notices

Bids Wanted

Books and Periodicals
Buildings for Sale
Business Opportunities
Civil Service Opportunities
Contracts to Be Let
Contracts Wanted
Educational
Employment Agencies
Foreign Business

For Exchange

For Rent

Franchises

Labor Bureaus
Machinery Wanted
Partners Wanted
Patent Attorneys
Patents for Sale

Plants for Sale
Positions Vacant
Positions Wanted
Property for Sale
Proposals

Receivers Sales
Representatives Wanted
Salesmen Wanted
Second Hand Equipment

For Sale For Rent
Exchange Wanted
Specialties
Tutoring

Miscellaneous For

Sale. For
Rent and Wanted

Address
Departmental Advertising Staff
McGraw-Hill Publications

330 West 42d Street, New York

POSITIONS WANTED

ENGINEER, many years development work
Bell System, Carrier, telephone. radio.
acousties. Present position remote control
and transmission systems. Graduate degree
in Physics. Address “Engineer” care Tecna
Co., 200 Broadway, New York City.
LICENSED First Class Radio-telephone

Operator wants position in radio broadcast
or manufacturing fleld. Four and one-half
years of a flve year co-operative course in
Electrical Engineering. Four years' experi-
ence in present position in operation and
maintenance of electrical machinery and con-
trol equipment in large industrial concern.
Amateur radio operator five years. Desire to
locate where evening classes in advanced
Radioc and Electrical Engineering subjects
are available. PW-98, Electronics, 330 West

OPERATOR, Broadcast: Experience one
year broadcast; Remotes, Control Board
and transmitter. Two years Aircraft Maln-
tenance, Ground Station Maintenance and
Operation. Desires loecation in college or
university town where good technical course

is available, Pw-99, Electronics, 520 No.
Michigan Ave., Chicago. TIIl.
WANTED

ANYTHING within reason that Is wanted in

the field served by Electronics can be
quickly located through bringing it to the
attention of thousands of men whose interest
is assured because this is the business paper
they read.

Used Lab. Equipment

Weston—G.R.—L&N—G.E., Etc.

Meters — Bridges — Torsion balances—Inductors —
Decade boxes—Analytical halances—Osciliograbhs
—Jagabi rheostats—Signal Generators—Condensers

Write for my list

LOUVIS J. WINSLOW
200 Pennsylvania Avenue Hillside. N. J.

DEPENDABLE

New and Used
ELECTRONIC TUBE EQUIPMENT
A complete line of equipment for the manufacture
of Radio Tubes, New Tubes, Incandescent Lamps,

ete.
Write for Bulletin showing savings from 25 to 75%

EISLER ELECTRIU CORP.
534 39th Street, Union City, N. J.

e <
+ EXPERIENCE +

Eleven vears of it—is our assur-
ance that

recondition
vour transmitting tubes proper-
ly and build in Long Life and
Proper Characteristics.

we can

Aircooled Tubes 100 to 1000
watts

Watercooled 5 to 35 KW
Satisfaction Guaranteed

National Radio Tube Co., Inc.

3420 18th St. San Francisce, Calif.

VACUUM TUBE EQUIPMENT

Formerly production units of
JOHNSONBURG RADIO CORPORATION
Including:
Power Transtormers
Motor Generator Units
Hydrogen Furnaces
Filament Coating Units
Hofmann Exhaust Units
Lepel Bombarders
Weston & Rawson Meters
Biddle Slide Wire Rheostats
B. & L. Spectrometer
Kinney & Eisler Pumps
Eisler 1, K.V.A. Welders
York Soldering Machine
York Base Brander
PRICES ON INQUIRY

A. E. LYLE, Johnsonburg, Penna.

WANTED

CASH WAITING

We pay highest prices for your surplus
Inboratory equipment as meters, rheo-
stats, hridges, decade boxes, ete. Submit
your lists of what you have to offer.

AMERICAN ELECTRICAL SALES CO.
65-67 E. 8th St. New York, N. Y,

Wanted to Buy

2 Western Electric dynamic microphones.
Must be in good condition.

1 Western Electrie ball type microphone,

2 RCA velocity microphones. In replying
state model, type and list price when
new,

UNITED STATES RECORDING CO.

Rialto Theatre, Washington, D. C.

HIGH GRADE NEW AND USED

ELECTRON TUBE EQUIPMENT

Huge Stock of Equipment of
Every Type and Variety
KAHLE ENGINEERING CORPORATION
Specialists in Equipment and Methods for the
Manufacture of Neon Tubes, Radio Tubes, Incan-
descent Lamps, Photo Cells, X-ray Tubes. etc.
941 DeMott St., Nortli Bergen, N. J.

COMPLETE EQUIPMENT
New and Uxsed for

ELECTRONIC TUBE MAKING,
LABORATORY, and SCHOOL UNITS

Glass Cutters, Spot Welders, Anncalers, Flare;
Stem, Sealing, and Bas:ng Machines,

Vacuum Pumps, Burners

ELEGTRONICS MACHINE G0,

751 13th Streer, Newark, NI J.

ELECTRONICS — January 1937
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NOW AVAILABLE

as a

TRANSCRIPTION
TURNTABLE
The Famous PRESTO
RECORDING TURNTABLE®

*Over 500 now in use all over the world.

UNEQUALLED for brilliant, life-like reproduction of electrical
transcriptions, freedom from ''wows'' and constant trouble-free
operation 24 hours a day.

IT’S RIM-DRIVEN ... Power is delivered by a heavy

duty motor at the rim . . . the
point of greatest leverage.

VIBRATIONLESS . . .

live rubber
. . cushioned from the chassis
and turntable.

The motor floats on

INSTANT SPEED
CHANGE .. .. ...

NO FLYWHEELS OR
MECHANICAL FILTERS

NO GEARS . . . NO
FLEXIBLE COUPLINGS

78 to 331/3.

The turntable itself is a

heavy
casting, perfectly balanced.

A powerful friction drive at the
rim of the turntable allows no
play between the motor shaft and
the turntable.

Models to suit all station requirements.

NOTE: Provision is made on all Presto turntables
for the addition of recording mechanism.

Write today for illustrated folder.

PREST() tor:otanis

CORPORATION
143 W.19THST.,N. Y.C.
WORLD'S LARGEST MANUFACTURERS OF
INSTANTANEOUS RECORDING EQUIPMENT
Export Division
(Except Australia and Canada)

M. SIMONS & SONS, INC.
25 Warren St., N, Y,
CABLE: Simontrice, N. Y.

Australia and New Zealand
Agents and Stockists

A. M. CLUBB & CO,, LTD.

45 King Street
Sydney, N.S.W., Australia

YOU
NEED .
THIS =

Compact, complete. Not only indi
cates shorts, opens, or grounds, but
actually provides for checking eir
cuit at approved standard testing
voltages. Operates from any 115 volt.
60 cycle primary circuit. Manually
controlled tap switch for sec-
ondary voltages from 3500 to
2500 volts.

INSULATION BREAKDOWN TESTER™®

FOR F
BULLETIN

WRITE
REE
140

INDEX TO ADVERTISERS

Page
Acme Elect. and Mfg. Co. ... 76
Acme Wire Co......... ~ 72
Aerovox Co. ..... P A 65
| Acheson Colloids Corp........ 73
Allied Recording Prod. Co. ... 66
| American  Automatic  Electric
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IAmerican Radio Hardware Co. 62
American Transformer Corp .. 36
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Astatic Microphone Co.. . 68
American Electric Co. v 73
American Lava Corp.. .. 53
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Central Radio Labs .. . &
IClough-Brengle Co., The 67
Continental Diamond Fibre Co 62
| Cornell Dubilier Corp.. 8 72
Communications Products . 38

Crescent Ins. Wire & Cable Co. 72

Dumont Electric Co.. .. ... .. 71
Dumont Labs., Allen B.. ... 59
Dunn, Inc., Struthers..... i W2
Electrical Products Co...... .74
Erie Resistor Corp. .......... 45

Fansteel Metallurgical Corp... 354
Formica Insulation Co..... .. 35

General Radio Co...... wereTge
Inside Back

Goat Radio Tube Parts Inc... 56
Guardian Ele. Mfg. Co........ 59
Guthman & Co., Inc., Edw I. 74
Hardwicke-Hindle Co. .. . 56
Heintz & Kaufman, Ltd. ... .. 69
International Resistance Co. . 33
I Isolantite, Inc. ....... b . 2N 1517
Lansing Mifg. Co.. .. .. ..... 46
Leach-Relay Co. . ... ol . 63
Littlefuse Labs. ...... e L
Mallory & Co., Inc,, P. R.. 4
Mica Insulator Co...... . 46i
McGraw-Hill Book Co. . ..61, 64

Page
Muter Co., The.. 73
National Carbon Co........... 44
Parker-Kalon Corp. .......... 49
Precision Resistor Corp.. 63
Presto Recording Corp. 76
Radio Receptor Co.. 61
Radiotone Recording Co.. 69
RCA Communications, Inc.... 61
RCA Mig. Co Back Cover
Recording Equipment Mfg. Co 65
Remler Co., Ltd., The. 58
Shakeproof Lock Washer Co 55
Shallcross Mfg. Co....... 66
Shure Brothers .......... 66
Sigma Instrument, Inc 63
Speer Carbon Co........ . 58
Stackpole Carbon Co. . 2,3
Struthers-Dunn 72
Superior Tube Co............ 37
Sundt Engineering Co. 71
Thomas & Skinner Steel Prod.

Co. i v o . .omia. 13
Triplett Elec’l. Instr. Corp .. 42
United Electronics Inc. 40
Ward Leonard Mig. Co... 64
Webster Chicago 62
Western Electric Co. ... 43

Weston Elec. Inst.

Inside Front Cover

White Dental Mifg. Co. S. S..

Professional Services

SEARCHLIGHT SECTION
Classified Advertising

EDUCATION COURSE..

EMPLOYMENT

EQUIPMENT FOR SALE
American Electrical Sales...
Eisler Electric Corp
Electronics Machine Co
Kahl Engineering Corp
Lyle, A. E.

Precision Elect.
Co.

National Radio Tube Co., Inc.
U. S. Recording Co....
Winslow, Louis J...

Instrument

47

69

75
75

75

.75

75

.75
173

75
75
75
75

76

January 1937 — ELECTRONICS



A neww

Lo £ WD
e S

BORDRRL NADaD) 3
e m R

FOAER FiITa
]

Schering

L

bridge
for all

power factor

and Capacitance measurements

OW vou can measure directly the two most important
characteristics of any condenser—its capacitance and
its power factor.

The new G-R Type 716-A Bridge has a direct-reading range
of 100 puf to I uf (+29%) for capacitance, and 0.001% to
6% (+=29 of indicated value) for power factor at 1
kiloeyele.

When used in substitution methods the direct reading con-
trols greatly simplify the balancings and the necessary cal-
culations, and increases bhoth the capacitance and power
factor ranges.

This bridge is invaluable for power factor and eapacitance

measurements on

Air condensers

Paper condensers

Mica condensers

Ceramic and all other types of insnlation

Cables

Slabs of solid dielectric

Liguids in cells

Ground ecapacitance of generators and transformers
The bridge is completely self-contained and can be used at other
frequencies from 60 cycles to 10,000 cycles.

Recommended auxiliary equipment includes a Type 508-A Oscilla-
tor and a Type 714-A Amplifier (shown in the photo at the right):
however anv oscillator-amplifier combination may be used provided
it falls within this range: oscillator 14 watt with an amplifier of 40
db gain or oscillator of 10 mw with an amplifier of 80 db gain.

Type 716-A Capacitance Bridge, Relay Rack Model,

L B B B B

TPE assembly above is completely a-c oper- $335.00.
ated. It is composed of the Type 508-4 Type 716-A Capacitance Bridge, Cabinet Model, $360.00.
Oscillator  (top), Type 716-4 Capacitance
LU O /.”-“l /Im/n/zﬁm"and Type #20-B Write for Bulletin 98-E for complete details.
relay rack. Price, complete acitn bench-mount-
ing relay rack (eithout headser), $660.0G Address: 30 State Street, Cambridge. Mass.

GENERAL RADIO COMPANY
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MEET RCA’

 NEW CATHODE- RAY TUBE

Only 434
inches long

HERE’S a brand-new cathode-ray tube only 4% inches
long, that is of tremendous value to radio engineers,
service men, amateurs and school laboratories. The RCA-913
is a high-vacuum, low-voltage electrostatic type of cathode-
ray tube with all-metal construction and a fluorescent screen
nearly one inch in diameter. The 913 is a low-priced tube
that is ideal for use where a larger tube is undesirable —
it is particularly adaptable for use in compact, portable
oscillograph equipment. In addition, this tube can be built
right into transmitters as an integral part, for use in check-
ing circuit operation and measuring modulation percentage.

The RCA-913 needs only a simple power supply—fits into
standard applications—operates at a maximum of 500 volts

and gives good results at voltages as low as 250 volts—has

e
“.‘.‘ o
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1 !
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RCA presents the Metropolitan Opera every Saturday

afternoon. And “Magic Key of RCA” every Sunday
2 to 3 P.M.. ES.T. Both on NBC Blue Network.

two sets of electrostatic deflecting plates.

We shall be glad to send you complete $ 5

technical information free, on request.

RCA RADIOTRON DIVISION, RCA MANUFACTURING COMPANY, INC, CAMDEN, N. J.
A Service of the Radio Corporation of America '



