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ASKS THE SKEPTICAL
DESIGNING ENGINEER

WHAT OTHER CERAMIC

Manufacturer can offer you a body for
every need?

Why Lava (Machined Steatite)?

Why Alsimag (Steatite Pressed or
Extruded)?

Ask us these questions before you make a decision
on your insulating problems.

Our engineers, having years of experience in apply-
ing the many varied Steatite bodies, can assist you in
selecting the correct material for your application—
not limited to one or two bodies.

For either a few test samples to check designs or your
production order for millions—we have the proper
facilities for producing them quickly, accurately and
economically.

Your source of supply must have these two requisites:

A—To help you out when you need extraor-
dinary production service.

B—A competent staff to assist you in your
difficult engineering problems and to give
you advice whenever it is needed most. i

We want an opportunity to prove that we can serve
you in all of these requirements. Take advantage of }
it NOW. Send us sketch, blueprint or sample of your
present or contemplated parts.

AMERICAN LAVA CORPORATION
CHATTANOOGA, TENNESSEE

Manufacturers of Excellent Ceramics for over a third of a century
and now sole producers of the Super-Steatite Ceramic Material—
ALSIMAG.

SALES OFFICES

Newark, N. J.—Globe Indemnity Bldg.
In charge—J). H. MILLS

Philadelphia, Pa.—1107 Real Estate Trust Bldg.
In charge—H, S. GLASBY

Cleveland, Ohio—Newman Stearns Bldg.
In charge—CHARLES £. WISTAR

Boston, Mass.—Room 223, 80 Federal St.
In gharge—JOHN F. MORSE

Chicago, lll.—1112 Merchandise Mart
In charge—CHARLES H. CAREY

St. Louis, Mo.—1123-29 Washington Avenue
in charge—R. H. GEISER

San Francisco, Calif.—163 Second Street
In charge—A. P. BARTLEY.
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ALL-METAL TUBES

TIIE ALL-METAL TUBE has finally emerged
as a practical, fool-proof device,  The diffi-
culties, of the type encountered in the manu-
facture of any new product, have been nicely
surmounted. Production shrinkage has been
brought down to a figure comparable to
that generally anticipated in the production
of the glass-type tube. The various bugs,
such as high grid losses, noise, leakage, etc.,
have been eliminated in most cases, Shrink-
age in shipment is practically licked right
now.

Considering the fact that it took years to
bring the glass-type tube up to its present
standard of excellence, it is remarkable in-
deed that tube engineers have heen able to
conquer, practically overnight, the numer-
ous mechanical problems that were evident
at the start.

The fundamental design of the metal tube
has been proven to be sound. The basic
conception holds possibilities not open to
the glass-type tube. It is therefore a cer-
tainty that the metal tube is here to stay,
and there is no question that it will contrii-
ute immeasurably to the advancement of
radio in many ways.

What the design engineer has already
done with the metal tube is nothing com-
pared to what he will do—but there is no
reason why a set manufacturer should wait
until better things are done before using the
metal tube, any more than there is reason
for the ultimate purchaser to hold off buying
until something better turns up.

STANDARDIZATION

THERE 1s NOTHING that will pay larger
dividends to manufacturers in the radio and
allied industries than standardization. The
savings that can be gained are almost be-
vond computation.

Excellent work along these lines has been
accomplished by the Radio Manufacturers
Association, and a great deal more will be
accomplished in the near future. Every
manufacturer related to the industry should
assist in this beneficial work.

General standardization can be gained
only through whole-hearted cooperation.
Once the entire industry is in accord on the
matter, each and every manufacturer will
benefit by the standards set for all.

WwwWw americanradiohistorv com

VOLUME EXPANSION

ANY ONE wHO has witnessed a demonstra-
tion of the electrical phonograph equipped
with a volume-expanding device, cannot
help but marvel at the all-around improve-
ment in the musical reproduction. The ad-
dition of the volume expander not only
increases the volume range of the repro-
duction from the record, ‘but practically
eliminates surface noise.

No manufacturer of phonographs or
radio-phonograph combinations can afford
to overlook this device. The common type
of electrical phonograph hasn’t a prayer
alongside the unit with volume expansion.

NOISE ELIMINATION

THE GREATEST PLAGUE to the radio industry
is noise. Noise raises the very devil in the
short-wave bands; it rears its ugly head in
the majority of receivers equipped with
automatic volume control; in the form of
natural static, it ruins many a good program
in the standard broadcast band; it is a po-
tential barrier to the progress of television.

All the king’s horses and all the king’s
men in the radio, electrical, auto and other
noise-making industries, can’t even make a
dent in this national background of inter-
ference. All man’s electrical noise couldn’t
be vanquished in ten years. Nature's.own
brand of racket can’t even be touched in
certain wavebands.

Snubbing half the nation’s noise would
take at least five years of intensive effort
and possibly longer. But a half-way job
won't satisfy the problem.

What is required is not coordinated effort
on the part of noise-producing industries,
but rather coordinated effort on the part of
engineers or large radio organizations with

a view to tackling the subject from the -

technical angle.

We need to know more about the char-
acteristics of noise and its relation to radio
waves. The problem calls for a tremendous
amount of tedious research work, but that
is the only manner in which the problem
will eventually be solved.

Fortunately, Major Armstrong has pre-
sented a new angle to the subject. In his
frequency-modulation system may lie the
complete answer to the noise problem. It

may require a new broadcasting set-up, but -

if it does the trick, the changeover will be
cheap in the long run.

RADIO ENGINEERING
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A VALUABLE TIP

from SANTA CLAUS
"Ship Everything Railway Express"

That’s sound advice because you avoid congestion and delays
by using the safe, swift Railway Express Service. Prompt pick-
up for all shipments; super-swift transportation on passenger
trains and quick delivery at destination! These are the outstand-
ing characteristics that have made Railway Express famous
throughout the industry. ¢ Prompt pick-up and delivery in all
principal cities and towns without extra charge. Take a tip from
Santa, whenever you have anything to ship anywhere tele-
phone Railway Express.

ON THE AIR
TUNE IN on the RAILWAY EXPRESS NEWS PARADE
Every week from the following stations:

Atlanta, WGST e Baltimore, WBAL @ Boston, WEEI

Chicago, WLS @ Cleveland, WHK @ Dallas, WFAA

Los Angeles, KNX e Minneapolis-St. Paul, KSTP

New Orleans, WDSU e New York, WOR @ Omaha,

KOIL ® St. Louis, KWK @ San Francisco, KYA
Seattle, KOMO

Watch for local announcements

RAILWAY EXPRESS

AGENCY INC.

NATION-WIDE RAIL-AIR SERVICE

DECEMBER, 1935

The New Lars are

SHAKERROOR

of course!

T seems the new cars have
reached a zenith.Such perform-
ance' Such riding comfort! And,
rices so surprisingly low!

Sha eproofishappytohaveplayed
a part in this great display of auto-
motive progress and nsf?roud that
the industry has specified Shake-
proof Lock Washers for an even
greater number of applications
than ever before. The engineers
who are designing and building
these great cars know from years
of experience that Shakeproof's
multiple-locking washers never
let go—that each twisted tooth,
biting into both nut and work
surfaces, positively stops any
backward movement of the nut.
That is why they depend on
Shakeproof to keep important
connections tight and thus assure

Type 20. Locking the utmost in performance.

Terminals

SHAK]EPR@@]F

P Lock Washer Company

97,954
7 Distributors of Shakeproof Products
l’endmg— Manufactured by Hlinois Tool Works

Foreign Pat. 2509 N. Keeler Ave.  Chicago, IIL

Page 3
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R.E. CONVENTION REPORT

THE GIST OF TECHNICAL PAPERS

Thc attendance at  the
Rochester convention of the I.R.E. held
on November 18-20 last set an all-time
record. It was outstanding as well in
the large number of localities repre-
sented and the enthusiasm displayed on
cvery hand. In addition to the techni-
cal sessions, the talks at the banquet
dealt with the probable effects of the
new trade agreement between the United
States and Canada, the outlook of the
radio industry in view of recent politi-
cal developments, as well as a com-
parison of the European radio industry
with that in this country. It was evi-
dent that the industry as a whole is far
trom discouraged. and determined to
adapt itself to hest meet conditions as
they exist, rather than attempt to mold
conditions to better fit the industry. It
is gratifying indeed to behold an in-
dustry at once so flexible and so deter-
mined that discouragement is met by
stock-taking and progressive change.

OSCILLATOR TRACKING

The advent of all-wave receivers
placed in the foreground the problems
of oscillator tracking and oscillator
stability. Methods of meeting these
problems and the degree of performance
attained were discussed by W. A. Har-
ris. Another problem which has only re-

Targets and Source of
¢ Secondary Electrons
X

Cathode Anode
FiG. {1 Collector
lllustrating the functioning of the electron
multiplier tube.

cently come to the fore; namely, the
losses in tubes and dielectrics at high
frequencies, were discussed by C. J.
Franks. R. M. Wise discussed some of
the problems encountered in the manu-
facture of metal tubes and the technique
developed to meet them.

ELECTRON MULTIPLIER TUBE

Dr. V. K. Zworykin discussed at some
length the multi-stage electron multiplier
tubes which were previously discussed
at the October meeting of the New York
Section of the I.R.E. These tubes, which
function on the principle of secondary
emission caused by impinging primary
electrons, have the advantage of un-
usually high gain per tube, as well as a
much lower noise level than conven-
tional amplifier tubes. Heretofore sec-

A B
: Carrier and Sidebands
Master |Corrier | Carrier displaced 90 degrees
Oscillator Amplifier e
5
Balanced 90P?1§gs’:e || Sideband | | &
c Modulator Shiffer Amplifier §
B . R D E F o
5,3 Avdio | Corr?.:;/on B Block schematic of
ns Amplifier the essentials for
; . ttaining frequency
Phase inversely proportional FIG.2 g ¢
to frequency modulation.
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« STANDARDIZATION DISCUSSIONS |

ondary emission has been considered a
serious handicap, which it still is in
conventional tubes. Dr. Zworykin has,
however, turned this handicap into a
device which promises to be of con-
siderable importance, particularly in
high-gain low-frequency amplifiers. As
shown in Fig. 1, this tube consists es-
sentially of a cathode which emits an
electron stream. This stream is at-
tracted to a secondary electron emitter
by virtue of its higher (positive) po-
tential. The electrons impinging on this
target release a larger quantity of sec-
ondary electrons which are in turn at-
tracted to another target from which
a still greater quantity of secondary
electrons are emitted. This process is
continued for the desired number of
stages and the electron stream is finally
collected on an anode.

The secondary emission surfaces of
the targets are made of oxidized silver
or beryllium with a calcium surface
layer. This surface is very similar to
that employed in modern photoelectric
cells. The number of secondary elec-
trons released by each impinging elec-
tron depends upon the velocity of the
latter. This ratio may be as much as
ten to one in some tubes recently de-

veloped. Focusing the electrons on suc- .

cessive targets is accomplished with an
electrostatic field. Tubes with as many
as 10 stages, and gains of about 200 db,
have been constructed.

STANDARDIZATION
The pros and cons of standardization

in the radio and allied fields were pre-
sented by L. C. F. Horle and P. G.

Agnew. Some of the points raised in-

dicated the absurd tolerances and almost
but not quite identical requirements
placed on component parts. Some of
the tragic examples were the use of
1400 different field coils by one manu-

RADIO ENGINEERING
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facturer of loudspeakers, the use of
392 types of shaft length by the manu-
facturer of variable volume controls,
and the necessity in another instance of
furnishing three identical paper conden-
sers with different code numbers to one
manufacturer of radio receivers. It
was effectively pointed out that a con-
siderable saving would accrue if engin-
eers would show some inclination to use
more standard components. It was
pointed out that the Gas Industry had
adopted the first fittings standards of
the S.A.E. some years ago to effect
a considerable economy for both in-
dustries. The necessary machinery for
close cooperation on standards is now
set up by the A.S.A. for coordination
of the standards of the various in-
dustries.

STANDARDIZATION DIFFICULTIES

During the extended discussion it
was brought out that some of the diff-
culties in the way of standardization in
the radio field were:

1. Rivalry between manufacturers.

2. The complicated patent situation.
3. Rapid development in the radio
field.

4. Frequent changes in practice.

5. Rapid changes in materials uti-
lized.

6. Rugged individuality displayed in
this field which is still in its pioneer-
ing stage.

7. The large number of companies
involved.

8. Rapid changes in personnel.

9. Two standardization bodies: LR.E.
which is scientific, RMA which is in-
dustrial in nature.

10. Unbalance due to
ture of the product.

11. Commercial necessity of gadgets.

12. Secrecy because the industry
feels the need of immediate rather than
ultimate profits.

In spite of these difficulties, a good
case was made for closer cooperation
and more standardization. It was clear
that the feeling of those participating in
the discussions was that there was a
distinct need for honesty in the rating
of products and that general standardi-
zation was not only desirable but pos-
sible.

FREQUENCY MODULATION

Major E. H. Armstrong’s discussion
of frequency modulation supplemented

&) &)
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Circuit of the correction amplifier used
in the frequency modulation system.

DECEMBER, 1935

&)

Resonant
at lowest

P Input FIG.4
Linear i}?sisfa?ce 7f Linear
. <UFFieh o in
Recf‘*('fier Amp. i/ tilsF fsx;I re‘)cégﬁ h‘;geude Amp.li/fler Recfilfier
v

circuit aperiodic
« 'S

3, &)
£33

Y
b3
52 X
£% Resonant

at highest
transmitted frequency

00000

0

Headphones or.__
Loud Speaker

B

S
o o

Circuit used in the receiver for converting frequency modulation to amplitude modulation.

his earlier paper before the New York
Section. He gave credit to such early
workers in the field as Poulsen, Car-
son and others, and pointed out the rea-
sons for dropping frequency modulation
in 1925 when Carson showed mathe-
matically that at least as great a band
was required for frequency modula-
tion as for amplitude modulation. An-
other hurdle was the difficulty of hold-
ing the no-signal carrier frequency fix-
ed in the spectrum.

Fig. 2 shows in block schematic form
the essential circuits for attaining fre-
quency modulation in the transmitter.
The essential elements consist of a
master oscillator (A) followed by a
carrier amplifier (B) feeding the fre-
quency multipliers. Carrier and audio
signal are supplied to a balanced modu-
lator (D) through a phase correction
amplifier (C). The balanced modulator
suppresses the carrier and transmits
the two sidebands only. The two
sidebands are shifted 90 degrees in
phase so that no demodulation can occur
with the original carrier. These side-
bands are then combined with the car-
rier and fed to the frequency multi-
pliers. A total frequency multiplication
of 3000 was employed in the experi-
mental setup at the Empire State Build-
ing transmitters.

It is obvious from Fig. 2 that the
carrier is initially phase modulated and
this wave is converted to frequency
modulation by subsequent multiplica-
tion. The details of the correction
amplifier are shown in simplified form
in Fig. 3. In this circuit the phase of
the signal is changed inversely as the
frequency. Fig. 4 shows in simplified
form the arrangement used in the re-
ceiver for converting frequency modula-
tion to amplitude modulation.

SIGNAL-NOISE RATIO

According to Major Armstrong, the
chief advantage of his system lies in
the improvement in signal-to-noise
ratio. He pointed out that received
noise is proportional to the received

WwwWw americanradiohistorv com

bandwidth only where the amplitude
of the noise is greater than the carrier
amplitnde. He has shown both analyti-
cally and experimentally that whereas in
an amplitude-modulated wave an inter-
fering voltage which is one percent of
the carrier amplitude will spoil the
program, while an interfering voltage
which is 50 percent of the carrier will
he negligible in his frequency-modulat-
ed system.

Tt appears that in the ultra-high-fre-
quency band in which Major Armstrong
proposes to use his system of modula-
tion. ignition interference presents the
only real interference problem. Mea-
surements of a 2-kw frequency-modulat-
ed transmitter located at the Empire
State Building in New York City made
near Camden, N. J. showed about 30 db
improvement in signal-to-noise ratio
over the signal of WEAF.

FREQUENCY ASSIGNMENTS

Dr. Jolliffe discussed in considerable
detail the frequency assignments since
1927. He pointed out that the spectrum
below 30 mc is likely to remain as it
is for some years. but that definite as-
signments can bhe expected shortly at
frequencies above 30 mc.

Mr, Otto Schade described and dem-
onstrated an oscillograph which will
reproduce a family of curves, such as
the characteristics of a vacuum tube, on
a cathode-ray tube screen. This ap-
paratus is capable nf continuous calibra-
tion and can be put to a wide varicty of
uses.

RANDOM NOISE

The influence of tube and circuit
properties on random electron noise was
discussed at some length by W. A.
Barden. He showed that the ratio of
signal to thermal agitation noise does
not increase as fast as signal step-up
with increase in the Q of the first tuned
circuit. He submitted the following
values for noise voltage generated by
tubes for a baudwidth of 6.0 ke and
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under ordinary operating conditions of
bias, etc.:

Noise Voltage Tube
07 mv 6J7
1.0 mv 6K7
0.9 mv 6C6

.1 mv 6D6
1.1 mv 77
1.1 mv 78

If the control-grid hias voltage is
varied, the noise increases rapidly as
cut-off is approached.  Variation of
screen potential makes little difference
in noise for most tubes. Plate voltage
variations have little effect on generated
noise until the plate voltage approaches
the screen voltage at which point the
generated noise rises rapidly. In tubes
of the 6.7 type. most of the noise is
that generated at i-f, and the r-f noise
heterodyned down to i-f is of negligible
importance. Tube noise due to thermal
agitation may be calculated from:

N = 2VRTRF
where T is the absolute temperature,

say 800 degrees Kelvin, K the Boltz-
man gas constant, R the plate resistance,

and F the frequency bandwith. This
noise, however, only accounts for 5 per-
cent of the total noise output of multi-
grid tubes.

ALL-WAVE ANTENNA SYSTEM

H. A. Wheeler described a new all-
wave antenna system with several novel
features. In general automobile igni-
tion noise and other man-made static
generated near the ground appear to
radiate more energy in the vertical
polarized than in the horizontal field.
For this reason doublet antennas have
come into general favor for all-wave
1eception.  Doublet antennas less than
one wavelength long favor the signal
arriving normal to the axis of the
antenna, Ordinary twisted pair used as
a4 properly terminated transmission line
has a loss of about 2 db per wavelength
which is independent of frequency. This
may increase to 5 db per wavelength or
more when the line is wet.

The antenna used in the arrangement
described by Mr. Wheeler is of the
double V variety. This doublet resonates

at 8,500 kc at which point it has an im-
pedance of 80 ohms. Below resonance
the impedance is largely capacity react-
ance and above resonance it is inductive.
The maximum impedance at any point
in its useful range is about 2,000 ohms.
Thus at 4,000 kc the impedance is 800
ohms and at 18,000 ke, it is 2,000 ohms.
Below resonance this type antenna has
about half the impedance and three
times the power factor of the usual
single-wire doublet.

The coupling filters used in this sys-
tem have extremely low loss over the
useful operating range. The 500-ohm
damping resistors used in conjunction
with the antenna filter are intended to
damp the ground leads which may ap-
proach quarter-wave resonance at some
frequencies.
that a quiet ground be used and the two
ground wires should not be combined. In
some of the commercial embodiments of
this system, the ground wires are omitted
and ground obtained through the trans-
mission line. In general such an ar-
rangement is more susceptible to inter-
ference.

NEW RAYTHEON TUBES

Three new type metal
tubes have been announced by the Ray-
theon Production Corp.,, of Newton,
Mass.

These new types include two tubes
of special interest to those working with
a-¢, d-c combinations. The new Z5A6
corresponds in characteristics to the
type 43. The new 25Z6 has character-
istics like those of the 25Z5.

TYPE 6X5 FULL-WAVE RECTIFIER

Heater
Voltage .............. 6.3 volts
Current . ............. 0.6 ampere

Maximum Over-all Length 31/"

Maximum Over-all Diam... 1.5/16"

Base ................... Small Octal 6-Pin
A-C Voltage per Plate. .. 350 volts max.
Peak Inverse Voltage... .. 1,250 volts max.
D-C Load Current....... 75 ma max.
Peak Plate Current...... 375 ma max.

TYPE 2526 RECTIFIER-DOUBLER

Top Views of Sockets

The third new metal tube is the type
6X5, a narrow space, high-vacuum
rectifier designed primarily for auto-
mobile receiver use.

Each of these three tubes is manu-

factured in the same type steel shell
used for the types 6F6 and 5Z4.

The detailed characteristics of the
new tubes are given in the accompany-
ing tables.

TYPE 25A6 POWER PENTODE

Heater

Maximum Over-all Length .
Maximum Diameter

Base ...

25.0 volts
0.3 ampere

...................... 3"

1-5/16"
Small Octal 7-Pin

Heater Heater .............................. 25.0 25,0 25.0 volts
Voltage .............. 25.0 volts Plate ... oo 95 135 180  max. volts
Current ... ..., 0.3 ampere SCreen . .oveit 95 135 135 "

Maximum Over-all Length 31/," Grid —I15 —20 —20  volts

Maximum Diameter ... ... 1-5/16" Amplification Factor ............... .... 90 99 96

Base ................... Small Octal 7-Pin  Plate Resis. ................... .. .. .. 45,000 42,000 40,000 ohms

A-C Voltage per Plate... 125 v max, Mutual Cond. ........... ... ... ... ... 2,000 2,350 2,400  umhos.

D-C Load Current as Volt- Plate Current ........................ 20 39 40 ma
age Doubler . ... .. .. 85 ma max. Screen Current .......... ... .. .. . . ... 4 8.5 8.0 ma

D-.C Load Current as Rec- Load Res. ... .. o 4,500 4,000 5,000 ohms
tifier L.l 85 ma max. Power Output ........... ... .. .. ... 0.9 2.0 2.75 watts

Peak Plate Current... ... 500 ma per plate  Distortion ................. .......... 9 10%

o =

Page 6

www americanradiohistorv com

RADIO ENGINEERING

It is, of course, essential



www.americanradiohistory.com

CATHODE-RAY
TECHNIQUE

ABROAD

By BERNARD H. PORTER

Coincident with the in-
creasing demands for kinescopes or ca-
thode-ray tubes abroad, new production
methods and techniques have been de-
veloped. Foreign experimenters, having
observed that silver or similar metals
impair the brilliancy of the images by
reflecting light from the operating tube
elements, now favor the use of opaque
films formed with colloidal graphite dis-
persions in water. Such a material is
also extensively used for similar pur-
poses in this country.* (Fig. 1.)

EQUIPMENT IN ENGLAND

The equipment employed in England
for coating cathode-ray tubes comprises
three separate units, each of which will
be duplicated to meet demands. The first
device (Fig. 2) is designed for holding
the glass envelopes in an upright position
on a rotating table. The neck of the tube
is then inserted over the proper apertures
throungh which a solution of colloidal
graphite in water of the required dilu-

*Graphite Films. Ranto EnaiNgerinG, April,
1935,

C

Colloidal graphite

deposits serve as o

focusing anode in

the 903 cathode-ray

tube. a high-vacuum

electromagnetic
type.

(Courtesv RCA Man-
ufacturing Co., Imc.)

tion is forced from a convenient reser-
voir by a pressure of three to four
pounds. The treated tubes are then
passed to the second unit or air-drying
oven, mounted on small asbestos trucks,
and so dried by the heat from gas jets.
A rotary kiln, the final unit, some fifteen
feet in diameter, is divided into ten seg-
ments at the outer edge of which the
operators sit assembling the parts, ex-
hausting the tubes, and sealing the same.

It is reported that the Ediswan En-
gineers in Fngland have at present de-
veloped production lines, somewhat as
described above, and which are capable
of producing one hundred tubes a week.

Fig. 3.
moves back and forth on F. The chamber A contains the binder material, while ¥V is a

vacuum space.

.
Q,quﬁf

it

(A’) By pulling the lever L the intake | and the nomle N open, as the section S

(A) By opening the valve by means of L and rotating the crank slowly,

the fluorescent powders in B are forced out by the pressure of V3 to ¥ atmospheres.
Overall length of guns, 12 inches. (Cowrtesy of Pfaltz & Bauer.)
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In view of the increasing demands made
by radio and television-set manufac-
turers for greater quantities of cathode-
ray tubes, the present production will
soon be increased.

BINDING AGENTS

The technique surrounding the appli-
cation of the fluorescent powders in

(Continued on page 15)

Fig. I.

Funnel method, as employed in

this country on both an experimental and

small-production scale, for coating the
interior walls of cathode-ray tubes.

Page 7
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(Courtesy Ravtheon Production Coi1p.)
Structure of the 6Q7. The mica spacer
(1) which supports the diodes, is sprayed
with liquid ceramic for the purpose of
improving insulation. The beads (2) are
also sprayed with a liquid ceramic. Small
rings of copper (3} are brazed onto
the Fernico eyelets to prevent leakage.

Engineering activity in the
design of the 1936 series automobile
receivers gives the old argument of
metal versus glass an entirely new start.

FOR AUTO RECEIVERS

Now one of the advantages claimed
for the metal tubes is small size. This
advantage, while not obvious in the
home receiver, is a real one for the
auto set designer. Convention may be
a sacred word in the home set, but it is
thrown out completely in any considera-
tion of auto set construction. Parts are
dovetailed together to the point where
they sometimes require that the set be
dismantled if a part is replaced. Tubes
can be mounted right side up in the
assembly but often they hang upside
down when the set is installed in a car.

With serious consideration given to
the use of metal tubes throughout the

Page 8

THE ALL-METAL
VACUUM TUBE

A DISCUSSION OF METAL, METAL-GLASS
AND GLASS TUBES IN RELATION TO THEIR
CHARACTERSTICS AND APPLICATIONS

automotive radio feld, and with old
arguments still unsettled, a review of
the subject of radio tubes may be worth
while.

METAL-TO-GLASS

Metal tubes, as originally developed,
brought to the commercial field a scienti-
fic achievement wherein steel or a steel
alloy was sealed to glass. For a long
time the tube manufacturers had spoken
of the possibility of some day manu-
facturing tubes in some kind of a metal-
lic container. The glass bulb and sup-
port stem of glass, used in the manu-
facture of glass tubes, were handed
down from the lamp industry. While
a transparent envelope is an essential
for an illumination device. there is no
law that requires its use on a relay or
amplifying device such as a radio tube.
The difficulties of tube manufacture in
glass go far beyond those connected
with lamp manufacture. For example,
the lead-in or seal wires passing through
a lamp stem number two as against an
average of six to seven in the radio
tube.

THE "CATKIN"

The English “Catkin” or adaptation
of copper-glass construction, used in
large transmitting tubes in this country,
to small receiving types is well enough
known to engineers to warrant little at-
tention here. The vacuum envelope
in the “Catkin” is the plate, and each
type required an external shield to lim-
it the r-f field about the plate and to
protect the user from shock. In addi-
tion, the “Catkin” construction called
for a glass stem structure not unlike
those used in glass tubes. This copper-
glass tube was expensive to manufac-
ture and offered no particular advantage
other than anode cooling—important in

WwwWw americanradiohistorv com

the large transmitting tubes but of no
advantage in most receiving types.

The development of the present series
o1 metal tubes was announced in April.
The mechanical advantages listed at that
time were small size, rigid support of
the elements with their center of gravity
near the base of the tube and a new
cight-prong base with a guide key to
insure correct placement in the re-
ceiver socket. These mechanical ad-
vantages are mentioned because they
play a part in what followed during the
early summer.

THE "G" AND "M-G" TUBES

Several tube manufacturers installed
the necesary welding equipment to pro-
duce metal tubes of the types first an-
nounced. Others, probably feeling that
a shortage of the metal tubes would
exist for some time, adapted to glass
tubes the octal type base developed
for the metal tubes. Thus, the “G”
tube came into being. Metal tubes with
characteristics equivalent to glass types
were the 6A8, 6K7, 6]7, 6F6, 5Z4, and
to a certain extent the 6C5. The 6D5
was announced, but this type did not
materialize. The 6H6 and 6L7 were
quickly reproduced in glass to com-
plete the “G” octal base series, which
could be manufactured without the ex-’
pensive welding equipment necessary to
metal-tube manufacture. At this same
time, still another type—the “M-G.” or
metal-glass series was introduced. These
were similar in certain respects to the
“G” type tubes. but instead of using
the conventional glove type shields
these M-G tubes were manufactured in
T or straight side glass bulbs and fitted
with a tubular shield of metal crimped
over the regular size metal tube bake-
lite base. :

The variety of octal-based tubes in-
troduced during the summer of 1935 did

RADIO ENGINEERING
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serve to relieve an actual shortage of
metal tubes. The economy offered by
substitutes for straight metal tubes is
a subject of controversial nature with
few points of interest to the design
engineer. It is generally agreed that the
octal base is an improvement whether
it be employed on the true all-metal
tube or on a glass or metal-glass count-
erpart.

INTERCHANGEABILITY

Considered together, metal-glass, "G”
type and metal tubes are of principal
interest to the engineer in connection
with interchangeability. Capacity dif-
ferences are substantial as might be ex-
pected, and interchangeability is mnot
accomplished in the average receiver
without realignment of the tuned cir-
cuits connected to the socket where the
change is made, The loss oi sensitivity
is greatest, assuming that there is no
realignment, when glass tubes equipped
with glove shields are substituted for
metal tubes in a set aligned perfectly
for the metal tubes. The reverse condi-
tion is the same, of course. Metal-
glass tubes fall about half-way be-
tween the “G” or octal base glass and
the true metal tubes in sensitivity
change without realignment.

CAPACITY DIFFERENCE

The reasons for capacity ditference
are obvious—the tube shield accounting
for a large part of the difference and
differences in lead length accounting

6A8
15T DET.& 0SC.

(Counrtesy Raytheon Production Corp.)
Interior structure of representative metal
tube, cut away to show the positions

of the elements.

for the balance. The “G” series tubes
equipped with glove shields do not differ
from the straight glass types in capaci-
ties. The metal-glass tubes, which are
made in straight side bulbs with a
tight fitting tubular shield, differ slightly
from glass tubes because the shield is
closer to the elements. Lead length in
the metal-glass tubes is about the same
as in the glass tubes since this type
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uses the conventional stem and glass
bulb. The true metal types show the
greatest difference from glass because
the metal envelope—acting as the shield
—is very close to the elements and be-
cause the lead wires are extremely
short. In general, inter-electrode capaci-
ties are lower for metal tubes than the
corresponding capacities in glass or
metal-glass and both input and output
capacities are somewhat higher for the
metal types. With any of the three
types, sensitivity is the same with the
receiver aligned for the tubes used.

Variations in sensitivity with change
{from one type of construction to an-
other are minimized by the use of lowest
permissible L/C ratios in the i-f am-
plifier tuned circuits.

Further discussion of glass and metal
tubes can be limited to cover straight
glass and the all-metal types only. The
metal-glass type tube is to be considered
as a glass tube from the manufacturing
viewpoint.

METAL-TUBE ADVANTAGES

Electrically, the advantages claimed
for the metal tubes cover better per-
formance at high frequencies, less noise
because of the bulb and internal struc-
ture, better shielding than has been
available with glass tubes heretofore,
and extremely short leads. In addition.
the inter-electrode capacities are con-
siderably lower in the metal tubes than
in the glass types which they replace.

6F5 6F6
POWER QUTPUT

=Tk

.
i

reitow

0038 NFD.

10EG

oMLY ON SETS
HAVING 483 N.C. LF.

::osurn F - =

AL

10mrOQ = o3
wro
-

SZs
RECT

SiELO~ ato

E

T e
wocow 1, ||| -cneEs

Fig. |.
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circuits of the first detector, i-f and power tubes indicate
the direction of flow of gas current. This demonstrates the
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The introduction of new types such as
the 6H6 and the 6L7 brought out ad-
vantages which could be achieved
through new circuit design. Also the
6L7 made possible almost complete eli-
mination of capacity effect between the
oscillator injection circuit and the sig-
nal circuit in mixer complications.

Glass tubes with octal bases have
been developed in types corresponding
to the 6H6 and 6L7 so that these cir-
cuit advantages are available with glass
tubes as well as the metal types.

In analyzing the advantages claimed
for the metal tubes, it is logical to as-
sume that noise caused by stray elec-
trons producing charge effects on the

Exhausting air from all-metal tubes. High-efficiency

pumps draw off the air from the tubes as they rotate

through gas fires which heat them and drive out gases

occluded in the metal. All air is pumped out in the
first fifteen seconds.

(Photo courtesy RCA Manufacturing Co., Inc.)

———— e

———
To insure precision control of welding operations in the
assembly of all-metal tubes, Thyratron tubes are used.
The parts to be welded are brought together between
heavy copper electrodes, a starting impulse is given to
the control system and automatically the Thyratron con-
trol tubes pass the heavy welding current through the

metal tubes for a fraction of a second.
(Photo courtesy Raytheon Production Corp.)
e e e e e e

B EEEEE——
A continuous-feed hydrogen furnace used for cleaning
up metal tubes. Two operators are shown loading the
chain conveyor belt and just beyond them is shown the
elaborate equipment which maintains a temperature of
approximately 950° C. and a smooth flow of hydrogen
gas over the parts in the furnace. On the left, the
water-jacketed cooling chamber is shown. The treated
parts travel through this jacket cooling in an atmosphere
of hydrogen. Hydrogen not only cleans the metal tube
parts of all hydrocarbons, but in addition the hydrogen
gas displaces any other gases which may be in the metal.

(Photo courtesy Raytheon Production Corp.)

Lulb wall would be eliminated complete-
lv in a tube with a metal bulb. For:
several vears glass tubes used in radio-
frequency circuits have been coated on
the inside wall of the bulb with carbon
to carry away charges produced by the
collection of stray electrons. Lower
mter-electrode capacities in metal tubes
are a definite advantage and probably
will permit the development of higher
signal gain through the use of better
coils than could be used with glass tubes
without oscillation trouble. This ap-
plies particularly to tuned radio-fre-
quency circuits. It is difficult to mea-
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WELDING EXHAUST TUBULATION TO

HEADER. A POWERFUL THYRATRON-

CONTROLLED WELDER FUSES THE OPEN

LENGTH OF METAL TUBING TO THE
HEADER.

sure any appreciable increase in signal
response for metal tubes over glass due
to the short lead wires in the metal
tubes, except at ultra-high frequencies
not yet in use for broadcast transmission.

R-F LOSSES

Radio-frequency losses in metal tubes
as compared with glass might be said
to have been higher for the metal tubes
over the first few months of production,
due to the type of insulation used for
the support of the control grid cap at
the top of the tube structure. The de-
velopment of new types of phenolic
insulation (XM-262) has brought the
grid-loss factor down to a figure com-
parable with glass.

In a final analysis the performance of
metal tubes as compared with glass in
sets in the field depends almost alto-
gether on the manufacture of the metal
tubes. The manufacturing processes
used on glass type tubes have developed
over the course of several years and
have reached a point where perform-
ance is taken for granted. The manu-
facture of metal tubes practically dupli-
cates the steps used in the construction
of glass tubes except for exhaust and

seasoning.

EXHAUST AND SEASONING

Glass tubes are exhausted by passing
them through a cycle lasting about six
minutes during which the tube is be-
ing constantly evacuated. The heater
is lighted at voltages varying from ap-
proximately the normal value to twice
the normal value.

The plate and grids or screens are
heated, to temperatures approaching
1000° C, inductively with radio-fre-
quency power at approximately 400 kc.
The entire heating process can be watch-
ed and controlled to a uniformity which
is entirely satisfactory. The getter is
flashed by inductive heating and the
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position of the getter in the glass tube
is not difficult to control.

The exhaust of metal tubes follows the
same procedure used on glass types ex-
cept for the heating of the elements and
the flashing of the getter.  Inductive
heating cannot be employed, so the outer
shell or bulb of the metal tubes is heat-
ed with gas flames to a temperature
sufficient to drive gas out of the bulb
itself and to heat the plate and grids
to a satisfactory temperature by direct
radiation. The getter is flashed by ap-
plying a point flame to a position on the
bulb wall where the getter pellet has
been welded or fastened mechanically.
The greatest difference in finished tubes
at the end of the exhaust process is due
entirely to the difference in element
heating technique.

The problem of how much heat to ap-
ply to drive the gas out of the tube ele-
ments has been a difficult one to solve.
Results over the last few months indi-
cate that this new method of tube heating
is fully as satisfactory as the inductive
heating used on glass types. Trouble
encountered in early metal tubes. due
primarily to high gas content are trace-
able to this new exhaust technique.

GAS EFFECTS

Early reports from the field indicated
that some receivers have been found to
be insensitive due to the presence of a
very small amount of gas in the radio-
frequency amplifiers. The design of
most receivers using the new metal tubes
was based on circuit constants found to
be satisfactory with glass tubes. Grid
and automatic volume control isolation
resistors had the same values which
proved to be satisfactory with glass
tubes in which there is practically no
gas current. Therefore, a gas current

www americanradiohistorv com

(Courtesy RCA Manufacturing Company, Ine.)

of only one or two microamperes for
cach radio-frequency amplifier tube
would provide a total high enough to
wipe out the no-signal bias due to the
drop produced by gas current through
the grid isolation resistors and the avc
isolation resistor which was one meg-
ohm in most designs (See Fig. 1).
During the last few months reports
indicate that trouble of this kind is no
longer encountered due both to improve-
ment in the exhaust of the metal tubes
and to correction in the design of the
receivers.

SHRINKAGE

At present manufacturers report that
metal tubes are made with shrinkage ap-
proaching shrinkage losses in glass
tubes. Under these conditions glass and
the new metal tubes can be considered
on a par for trouble-free performance
and the- advantage in shielding and size
in the new metal tubes can be fully

realized.
°

DETERMINATICN OF MAGNETIC
HYSTERESIS

THE FAHY simplex permeameter is in
quite general use for determining the
magnetic properties of ordinary mag-
netic materials. In its original form,
values of magnetizing force correspond-
ing to points on a hysteresis loop can-
not be obtained as precisely as can be
done for points on the normal induction
curve. An attachment has been devised
at the Bureau of Standards by which
the hysteresis values can be obtained
with a precision comparable with that
attained in the determinination of nor-
mal induction data. This device is de-
scribed in RP845 in the November
number of the Journal of Research.
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The 6F6 as a Triode-connected Class AB Amplifier

Tlle requirements for ob-
taining optimum power output from a
Class AB amplifier are usually based on
the assumption that the power-supply
source has nearly zero resistance and,
consequently, furnishes nearly constant
voltage as the power output varies from
zero to a maximum. Because this as-
sumption is seldom true in practice, it
is desirable to know the requirements
for obtaining optimum power output
when the power-supply unit has some
resistance. It is the purpose of this
article to furnish detailed operating
characteristics for two type 6F6 tubes
when they are connected as triodes and
operated as a Class AB amplifier. The
data outlined is the result of research in
the laboratories of the RCA Radiotron
Division of RCA Manufacturing Co..
Inc.

DESCRIPTION OF TESTS

‘The screen of each type 6F6 tube was
connected to its plate and each control
grid, in turn, was driven positive during
a portion of the input-voltage cycle in
order to obtain high power output; the
power required by these grids was
furnished by a suitable self-biased driver
tube through an input transformer. In
every case, the driver tube was biased
to operate as a Class A amplifier.

Preliminary tests were conducted in
order to determine the optimum input-
transformer ratio and optimum plate-to-
plate load for both fixed- and seli-bias
conditions and for several practical
power-supply regulations. These tests
show that the optimum plate-to-plate
load is substantially independent of
power-supply regulation. The value of
this optimum load depends upon the
power output desired, the permissible
distortion, and whether or not the bias
on the output tubes is obtained from a
self-biasing resistor. The optimum in-
put-transformer ratio was found to be a
function of power-supply regulation only
when the bias on the output tubes was
fixed; when the output tubes were self-
biased, the optimum transformer ratio
was found to be substantially indepen-
dent of power-supply regulation. The
optimum plate-to-plate load and opti-
munt input-transformer ratio for each
test are given on the curves and in the
summary table on the opposite page.

THE DRIVER TUBE
In order that a tube be suitable for

use as a driver, it should have a reason-
ably high power sensitivity and should
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be capable of supplying the losses of
both the input transformer and the grids
of the output tubes. The results of a
number of tests indicated that either a
single 6F6 connected as a triode or a
single 6CS is a suitable driver. The
6F6 has reasonable power sensitivity
and can satisfy the power requirements ;
the 6C5 has a high power sensitivity,
although it cannot furnish all of the
requisite power. The plate impedance
of each type is low enough so that the
inductance of the primary of the input
transformer can easily be made suffi-
ciently high to obtain good low-fre-
quency response. In all tests, the 6F6
driver was self-biased to —20 volts and
the 6C5 to —8 volts with no signal in-
put; the zero-signal plate-to-cathode
voltage was 250 volts for either type of
driver. A comparison of the merits of
the 6I'6 and the 6CS5 as drivers can be
made from the accompanying curves or
the summary table.

EFFECT OF PLATE-SUPPLY REGULATION

The total series resistance in the plate
circuit of the 6F6 output tubes consists
of: (1) r, the plate resistance of the
tubes; (2) R,, the load resistance;
(3) R, the series resistance common to
grid and plate circuits; and (4) R,, the
equivalent series resistance of the power
supply. 1t will be noted that R, in self-
biased circuits is equivalent to the grid-
bias resistor.

When R, and R, are zero, best plate-
voltage regulation and maximum power
output are obtained. Therefore, it is
advantageous to use fixed bias instead
of self bias and to have R, as small as
possible. If a plate-voltage source of
approximately zero resistance is used in
place of the regular power supply, and
if resistance is then introduced in series
with this source until it has the same
voltage regulation as the regular power
supply, the resistance added to the cir-
cuit is the equivalent internal resistance
(Ry) of the power supply. In practice,
R, is determined by plotting the voltage-
regulation curve of the power-supply
system. This curve may be obtained
conveniently by measuring the slope of
the line joining the voltage outputs at
the zero-signal and maximum-signal op-
crating conditions. These correspond
to minimum and maximum current
drain.  The slope of this line represents
Ry, the equivalent d-c resistance of the
power supply.

{A) OPERATION USING 6F6 DRIVER
AND FIXED BIAS

Fig. 1 shows curves of d-c plate cur-
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rent, distortion, and d-c grid current vs.
power output for power-supply regula-
tions corresponding to 0, 500, and 1,000
ohms. As mentioned previously, a dif-
ferent optimum input-transformer ratio
is required for each power-supply regu-
lation when the bias is fixed; these opti-
mum ratios are shown in the insert of
Fig. 1 and in the summary table. The
input-transformer ratio (primary : 14
secondary) decreases as R, increases.
As the power output increases, dis-
tortion and plate current increase. OQut-
puts of 18.8, 16.4, and 14.4 watts are ob-
tained, corresponding, respectively, to
power-supply regulations of 0, 500, and
1,000 ohms. (All curves shown in this
and in subsequent figures terminate at
the start of driver grid current.) The
distortion at maximum output for each
power-supply regulation is approxi-
mately 7 percent. If the input-trans-
former ratio is adjusted to optimum for
zero power-supply regulation, the power
outputs shown will not be obtained for
any other power-supply regulation un-
less accompanied by increased distortion.

(B) OPERATION USING 6F6 DRIVER
AND SELF BIAS

The change from fixed- to seli-hias
operation requires the use of a different
plate-to-plate load and input-transformer
ratio for optimum results, The trans-
former ratio and load were kept the
same throughout this test. The results,
shown in Fig. 2, indicate that less power
output is obtained when self, rather than
fixed, bias is used and that both plate
current and distortion are independent
of power-supply regulation. Driver grid
current started to flow at the same value
of input signal for all three regulations.
The power outputs corresponding to
regulations of 0, 500, and 1,000 ohms
are 14.6, 14, and 13.5 watts; the distor-
tions are 7.4, 6.2, and 5.4 percent, re-
spectively. It is seen that the effect of
1,000 ohms in the power supply is to
reduce the maximum power output from
14.6 to 13.5 watts, a decrease of 7.5 per-
cent; the corresponding decrease in test
A with fixed bias was 23.4 percent.

(C) OPERATION USING &C5 DRIVER
AND FIXED BIAS

Fig. 3 shows curves of d-c plate cur-
rent, distortion, and d-c grid current vs.
power output when a 6CS5 is used as
the driver and fixed bias is applied to
the output tubes. In this test, as well
as in test A, it was found that the. opti-
mum plate-to-plate load was 6,000 chms

(Continued ov page 23)
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METAL
IN RADIO TUBES

¢
4 i
» |
v

}
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1

Flat strip of Svea metal for radio: Flat strip of nickel for radio: Surface Special strip of purest domestic iron for I‘
Surface with no polishing or etching with no polishing or etching [100X unre- radio: Surface with no polishing or etch-
(100X unretouched}. Note uniformity touched}. Note relative porosity and ing (100X unretouched). Note impur-
with freedom from slag, impurities and non-uniformity of surface. ities and elongated gas bubble under
gas bubbles. surface at right. Slag and carbon hard

spots make uniformity impossible.

CHARACTERISTICS OF QUALITY IRONS AND COLD ROLLED STEEL : |

Lower Center: Specially prepared best

quality domestic iron showing chemical

action on the streaks of impurities—usu-

ally pockets of gas under the surface of
the metal.

Right: lliustrating the effect of sharp

bend on cold rolled steel. Metal struc-

ture will suffer under such treatment if
impurities are present.

Below: Same quality of iron shows gas

pockets under the surface which open

with a single sharp bend. Such mate-

rial will not stand fabrication and if used

in tubes causes short life due to liberated
gas.

Below: Showing physical surface defects

of cold rolled steel which are quite

evident under the microscope which mag-
nifies minute defects (30X).

Page 14 RADIO ENGINEERING
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Copper, after 150-hour bath in mercury
at room temperature {60X).

Nickel, washed only. Not etched {60X].

Nickel, after 150-hour bath in mercury
at room temperature (60X},

Svea metal, washed only. Not etched {60X).

Svea metal, after 150-hour bath in
mercury at room temperature {60X).

ENGLISH RADIO MARKET
THE TOTAL TURNOVER of the British
radio industry in the year inaugurated
by the Olympia show will be nearly
£30,000,000. This estimate was given by
J. H. Williams, Chairman of the Radio
Manufacturers’ Association,

He anticipates that in the 12 months,
1,750,000 receivers will be sold, com-
pared with 1,500,000 in the previous
“radio year,” when (from show to
show) the total turnover was approxi-
mately £25,000,000.

He thought that the London exhibi-
tion indicated a steady expansion of
trade. It was another sign that the
8,000,000 peak in receiving licenses
would be reached.

Inquiries among tube manufacturers
revealed the expectation that 10,000,000
tubes would be sold in the year—about
7,000,000 in new sets and the remainder
in replacements.

* Satisfactory expansion of overseas
trade was reported by many firms.
There are growing markets, particu-
larly for all-wave sets, in India, Africa
and the Empire generally. British
sets, despite export difficulties and
foreign competition, are finding their

DECEMBER, 1935

way into many countries, Among the
chief foreign buyers are Norway,
Sweden and Belgium, though business
has been done with a score of others.
(Clerk Alfred Nutting, Consulate Gen-
eral, London).

°

CATHODE-RAY TECHNIQUE

(Continued from page 7)
such devices has also recently been im-
proved, particularly since a thorough in-
vestigation has revealed many inade-
quacies in binding agents like silicate of
potassium and sodium. Either such
chemicals possess characteristics that
are inherently fluorescent or produce the
desired homogeneous, non-coloring and
light-retaining surfaces only after ex-
treme care has been exercised in their
application. A new binding material, of
unknown chemical constituents, has been
compounded in Germany to overcome
these difficulties. Likewise, a long-nozzled
spray-gun (Fig. 3A’) having an aper-
ture of 0.4 mm has been designed to
most effectively produce a uniform bind-
ing screen, once the envelopes have been
cleansed with hydrofluoric acid. Using
a pressure of about three atmospheres,
one obtains a matted-appearing film

www americanradiohistorv com

irom the fine spray in about thirty sec-
onds time. After the binder has dried
to a consistency comparable to that of a
fly-paper, the fluorescent powders are
carefully filtered on to the surfaces, or
applied as in Fig. 3A, and the tube is
finally dried in a weak vacuum at a
temperature of 200° C.

%

.

)

7

Fig. 2. A trap containing sodium hydrox-

ide in the pressure-line to the reservoir

absorbs gaseous acid-anhydrides, thus

preventing the formation of electrolytes
in the graphite solution.
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THE GRID BIAS CELL

FROM DATA PREPARED BY THE ENGINEERING
DEPARTMENT, P. R. MALLORY AND CO., INC.

Tm: GRID BIAS cell is a
small acorn-shaped, self-contained device
%" wide and 11/32” deep. The case
itself is the negative electrode, and the
disc the positive. The no-current poten-
tial of the cell is 1.0 volt plus or minus
10 percent. This potential is constant
within wide limits of temperature, hu-
midity and superimposed alternating
current. Its life is practically indefinite
—cells studied on shelf life and under
operating conditions over the full 2%
years development period showing no
change in characteristics.

APPLICATION

The principal use of the Grid Bias
Cell is to furnish bias for the type 75,
2A6, or similar tubes used as the first
audio stage in modern high-gain audio,
avc receivers. The use of these tubes
has become increasingly popular during
the last year, since no other tubes at
present available permit the nicety of
commercial balance between cost, com-
mercial and technical requirements.
These tubes we understand, however,
have intrinsic disadvantages peculiar to
extremely high-mu triodes which makes
satisfactory current design either critical
or expensive. As far as bias systems
are concerned, there are two funda-
mental systems in common use. Of
these, there are many modifications of
detail only. The accompanying circuits
are intended only as being illustrative
of usual practice.

Fig. 1 represents a common circuit of
this type in which the bias is obtained
by a common cathode series resistor.
Tt has been called to our attention that
one major difficulty with this circuit lies
in the necessity of providing a large
capacity by-pass C, usually a low-volt-
age electrolytic, this condenser being
made necessary by the fact that the
cathode is above ground. This circuit is
susceptible to the usual degenerative ef-
fects of self-biased audio circuits, and
cverloads easily with constant distortion.

Fig. 2 represents another bias circuit
in common use, preferred by many
manufacturers. In this case the cathode
is grounded which is a distinct ad-
vantage over the system shown in Fig.
1. The bias return is usually brought
to a point in the negative power sup-
ply return. We understand that though
somewhat more stable and less sensitive
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to the disadvantages of the system of
Fig. 1, this circuit usually requires the
filter R-C, involving a resistor and a
condenser. Tt is still susceptible to early
overload and variations of potential of
the bias return, which happens in eco-
nomical design as the result of tube
age, line voltage, variations, etc.

The circuit using the Grid Bias Cell is
shown in Fig. 3. This circuit furnishes
a definite normal bias of 1.0 volt on the
grid; this bias remaining independent
of tube characteristics, due to tube vari-
ations, and the variations encountered in
one tube throughout its life. This cir-
cuit avoids degenerative effects and is
not so greatly susceptible to overload
distortions. The cell replaces the R-C
filter of Fig. 2, as well as simplifying
the negative power return circuit; and
replaces the cathode resistor R and
cathode by-pass C of Fig. 1, with the
cell and grid resistor of Fig. 3.

"CONTACT POTENTIAL"

It has been stated that one of the
greatest disadvantages of the use of the
high-mu triode lies in the fact that the
so-called “contact potential” (grid volt-

CAVC.
Line

FIG.3
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age at which the grid draws current) at
least in the early life of the tube, is
close to the operating bias, this result-
ing in positive overshooting by rela-
tively weak signals, with consequent
grid current distortion. Furthermore,
this “contact potential” is not constant
from tube to tube, nor does it remain
constant throughout the life of the tube.
Oxide-coated cathodes are reported to
have as a general property relatively
high negative contact potential when
new. This potential gradually ap-
proaches zero, going positive, then
through a minimum, and finally slowly
increasing again in the negative direc-
tion. As far as grid-current distortion
is concerned, this amounts to a continu-
ally changing operating bias throughout
the tube life, the condition being most
severe early and very late in the tube’s
life. In order to overcome this ap-
parently inherent difficulty, we under-
stand many designers overbias the tube,
a practice, so we are told, which is not
fully satisfactory due to loss in gain and
grid cut-off distortion (rectification) as
the contact potential recedes from its
original negative value.

The Grid Bias Cell has an inherent
property which enables it to accommo-
date the bias value to a considerable ex-
tent to variations in contact potential,
due to the fact that grid current in the
grid-to-cathode direction will charge
the cell more negatively, and its poten-
tial will increase under continued charg-
ing to a value of approximately 2.0
volts. This voltage will, after operation
has ceased, gradually decrease to the
original design voltage of the cell, the
time it takes to return being a function
of the total quantity of electricity passed
through it during charging. In some
cases, after prolonged charging, the cell
might take as long as 48 hours to re-
turn to its original voltage.

SELF-REGULATING FEATURE

A specific example will illustrate this
action. Assume a contact potential of
0.9 volts,—a not unusual condition in a
new tube. With the bias set at 1.0 volts
by the Bias Cell, the tube will draw grid
current when the signal peaks exceed
0.1 volt. The Bias Cell, however, will
quickly become moré negative as the
peaks exceed the 0.1 volt, and increase

(Continued on page 20)
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M-267

A New Mineral-Filled Molding Material
Designed Particularly For Electrical In-
sulation Requiring Low Dielectric Losses

The Bakelite Laboratories
have developed a new type phenolic
insulation material, known as X2M-262,
which has low loss at high radio ire-
quencies, high surface resistivity, low
moisture absorption, has the desirable
mechanical properties of other types of
bakelite. is free from Drittleness and
breakage, and is adaptable to intricate
and accurate forming. Its uses as
bases for padding condensers, and as
cases for molded mica condensers, are
shown in the accompanying illustrations.
The same material is also being used for
grid-cap insulators in all-metal tubes.

Since the introduction of XM-262, a
number of improvements have been made
in certain of its characteristics. For
instance, the moldability and the adapt-
ability to preforming have been greatly
improved. Whereas the original ma-
terial required a six-minute molding
cycle, it is now possible to mold the
same material in three minutes with no
sacrifice in electrical properties.
PHYSICAL AND ELECTRICAL
PROPERTIES

The specific gravity of the material is
1.9. TIts weight per cubic inch is 1.1
ounces. The energy required to break
the material (Izod test) is 0.20 foot-
pounds; per inch of notch, 0.40 foot
pounds; per inch square, 2.50 foot-
pounds. Its modulus of elasticity (flex-

DECEMBER, 1935

ABOVE: XM-262 BASES FOR MICAMOLD
PADDING CONDENSERS.
BELOW: MICAMOLD FIXED CONDENSERS
CASED IN XM-262.

{Photos courtesy Bakelite Corporation)
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ure) is 4.5 to 5x10° Ibs per sq. inch:
flexural strength—Y9300 1hs. per sq. inch:
tensile strength—6100 Ihs, per sq. inch.
The dielectric strength is 640 volts per
mil. instantancous and 400 volts per mil.
step.

The power factor of XM-26Z at 1000
cycles is .9 to 1.2 percent. At 1,000,000
cycles it is 0.75 percent. The specific
inductive capacity is 5.0 to 5.5, and the
resistance surface, hased on the Western
[Llectric Test (after 96 hours at 90¢¢
relative humidity at 95° F.) is 2000
megohms. The volume restivity is over
10° megohms centimeters.

The material has very low moisture
absorption—only 0.002 percent at the
end of 24 hours: 0.007 percent at the
end of 48 hours; and at the end of 144
hours, only 0.025 percent.

MOLDING CHARACTERISTICS

The bulk factor of XM-262 is 2.5;
the shrinkage is .0025” per inch. The
cure, in 1/4” thickness, is five minutes
hot and five minutes chill.

In all the tests on this molding ma-
terial, steam-heated platens at 320° F.
are used with 2000 pounds pressure per
square inch on the piece. The molds are
hand molds. The material has to be
cooled to prevent blistering, espcially on
large and thick pieces.
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The Cleveland Stadium on the Closing Day of the National Eucharistic Congress.

Estimated crowd, 160,000,

SOUND TO 160,000 PEOPLE

DETAILS OF EQUIPMENT USED FOR THE 1935 NATIONAL EUCHARISTIC CONGRESS

To saturate with  high-
tidelity sound an oval double-deck sta-
dium seating 80,000 people and an addi-
tional 20,000 people standing in a
“human monstrance” in the center of
the stadium—a line of procession 34 of
a mile long with sound for both those
in the procession and spectators, a crowd
of over 100,000—was the order given to
Sound Systems, Inc., by the National
Euncharistic Congress held in Cleveland,
September 23 to 26th, 1935, This was
to be accomplished in the face of a dif-
ticult program pick-up.

PROBLEMS INVOLVED

The program in the stadium consisted
of groups of voices, massed bands, in-
dividual speakers and radio  pick-up.
Perhaps the most ditheult was the pro-
gram given on the last day, including
the tinal procession, Benediction Ser-
vices and the Pope’s greeting {rom
Rome.

To pick up and amplify the various
forms of Mass during the three-day
Congress with microphones at scattered
puints was a matter made difficult by be-
ing in the open air. To do justice to
such a program requires special studios
and various types of microphones, but
simitar results were required in amphi-
fying the program at the Fucharistic
Congress outdoors.

SERVICES HANDLED

On the final day the stadium was com-
pletely filled at one o’clock. The pro-
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By K. J. BANFER

General Manager

SOUND SYSTEMS, INC.

cession started at a point about one mile
distant and the program started with
sermons and chanting with a musical
background. The procession and pro-
gram were started simultaneously and
those in the line of march were able to
participate in the services held at the
stadium during the three hours neces-
sary for the entire procession to enter
the stadium. It was very clearly speci-
fied that there should be no sound lag
at any point, reproduction to be clear
and undistorted and at a volume to over-
ride all street and crowd noises, and to
be perfectly synchronized. At a time
between 4:00 and 5:00 p. M. regardless
of the program in the stadium the Pope's
greeting from Rome, broadcast by
short-wave to America, was to be re-
broadcast over the entire system. The
normal hazards of short-wave reception
would have to be encountered, but to
avoid unnecessary difficulties the pro-
gram was carried direct by line from
New York to the Cleveland Stadium
and broadcast simultaneously with the
national chain broadcast.

Inquiries received about the various
methods used, indicate that a brief de-
scription of the installation might prove
heneficial to those in the public-address
business.

www americanradiohistorv com

MIKE AND SPEAKER EQUIPMENT

Microphone equipment consisted of
six crystal microphones selected for
their high-fidelity of reproduction, stur-
diness of construction and their imper-
viousness to adverse weather condi-
tions. Two three-position mixers were
employed with the necessary amplifica-
tions, explained in the block diagram.

Loudspeaker equipment was extreme-
lv important. In order to deliver sound
of equal volume without lag or echo to
all points in the Stadium, it was abso-
lutely essential that the loudspeakers be
grouped somewhere near the center and
near the origin of sound. Permission
for this location was given much against
the desires of those conducting the Con-
gress. It is doubtful if a major installa-
tion has ever been made anywhere in
which so much consideration has been
given in favor of good sound reproduc-
tion. Ordinarily, loudspeakers are spe-
cified at points already provided for be-
fore sound is considered, but the uncon-
ditional guarantee given in this installa-
tion made it necessary to make sound
one of the original considerations. This
is a fact which must be considered more
and more in the future, if better sound
reproduction and distribution is to be
obtained.

SPEAKER DISTRIBUTION

Due to the oval arrangement of the’
audience and the long “throw” and high
volume needed, it was necessary to use:
(A)—two clusters of trumpets laid out
with the actual dispersion beam of each

RADIO ENGINEERING
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one slightly overlapping. Eighteen
trumpets with giant units were neces-
sary to cover the area. This did not
include the single-deck -section at the
rear of the Stadium, as it was inadvis-
able to project sound to the rear over
tne microphone positions because of
feedback difficulties. The single rear
section was covered with slightly short-
er projectors and electro-dynamic units.
These were (B) square batlles with
bells 277 x 27" x 24" deep chosen for
the dispersion and depth of coverage
needed. On the outside at the rear of
the Stadium it was known that the pro-
cession would be retarded and grouped
at the entrance gates and complete short
range was necessary. .\ wide-dispersion
angle projector (C) with a bell 41" x
41" x 15" deep was used at these two
points.

To cover the line of march required
high power and a somewhat narrower
beam, but wider than the beam of a
standard trumpet. A bafile with a rec-
tangular opening (D) 27" x 41" x 36"
deep was used at the points shown along
the line of march in the diagram. Four-
teen of these units were necessary each
covering from 250 to 300 feet.

TRANSMISSION LINES

In order to have even distribution of
sound it was necessary to install trans-
mission lines to carry the signal at com-
paratively low level (20 db, 0.6 watts)
over the entire circuit. The transmis-
sion lines were divided into three cir-
cuits each having its own gain control,
making it possible to equalize output
signal depending upon the area covered.
In order to check the volume on the

Deck

Showing area covered by loudspeakers.
length,
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(60,000 People)

street and various points of the Stadium,
a teleplione system was nccessary to
converse with the operator who con-
trolled the entire system from the center
of the Stadium near the microphone.

THE MIXERS

The two three-position mixers, shown
in the block diagram, were primarily
composed of three individual two-stage
pre-amplifiers. The microphones were
fed into the two grids of the input tube
and an electronic mixer, composed of a
tapped dual volume control with ap-
proximately 3 db attenuations per step,
was used between the plates of the input
tube and the grid of the second stage.
The two stages of low-level amplifica-
tion were, of course, push-pull and all
the microphones used utilized the push-
pull principle. The outputs of the mix-
ers were provided with cither a high
impedance to feed directly into push-pull
grids or through an clectronic coupling
device, the impedance to change to
either 200 or 500 ohms as the require-
ments might be. The over-all gain per
stage in the electronic mixer is approxi-
mately 56 db.

The outputs of the two mixers were
paralleled into a three-stage triple push-
pull voltage amplifier and master con-
trol. The over-all gain of this voltage
amplifier is 84 db, with a power output
of 30 db. Output impedances were ar-
ranged by means of a tapped secondary
to give accurate matching for from one
to six 500-ohm lines.

EQUALIZING PANEL

Following the voltage amplifier a line
matching and equalizing panel was in-

stalled. This panel was arranged for
500-ohm input and two 500-ohm and
one 125-ohm output lines with special
high power attenuators in cach circuit,
The two 500-ohim output lines were used
to drive two 20-watt output stages aud
the 125-ohm line was used to drive four
20-watt output stages all connected in
parallel. All of these output stages were
provided with 500-ohm input, and an
output line for accurate matching to ac-
commodate from one to six 500-ohm
power lines.

THE POWER SPEAKERS

The power speakers which are indi-
cated as B, C, and D in the block dia-
gram each consist of a high-Qdelity, 1.2-
inch cone type speaker having an over-
all frequency response from 30 to 7,200
cycles., These speakers have a Class B
audio stage built into the speaker chassis
giving a maximum undistorted output
of 10 watts, cach with a maximum input
signal of 0.6 watt. Field excitation is
obtained from the power supply, also
huilt mto each speaker chassis.  These
power speakers were installed in expo-
nential projectors with a  dispersion
angle of approximately 75 degrees.

To supply feld current for the 18
trumpets and giant units (A), two feld
rectifiers were used with all of the fields

in series, supplying 05 volts at 1.5
amperes.
RESULTS

While the installation may be re-

garded as a standard type of public-ad-
dress system, it was installed to serve
two purposes. Inside the Stadium it
was largely for the benctit of the audi-

= 61th. ST.
Procession Legend ‘ y
e HALL !
A D'< | 3
° | 5 * |/] AvoiTorium
Jd
N\
s 4 © \
DK
Pall P
@ A
\\
H KD
' CourT ONTARIO
E e Fm House
D Microphones  Amplifiers ‘ N A
o Rt K0
7™
\ ~ Railroad . D_,/// / \
2 2
’ Seats ~\ Human —
Double Monstrance D>  Ramp , %

www americanradiohistorv com

Program amplified throughout the entire stadium and over the line of march nearly one mile in
For three hours music and chanting were synchronized between the Stadium and line of march by the thousands participating.
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6 Crystal Microphones

3 Position
Mixer

3 Stage
Voltage Amplifier
and Master Control

3 Position ] |Line l__li
Mixer Att. f
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Block diagram of the amplifiers showing the grouping of light-weight portable amplifiers

to develop the volume of power needed.

It was necessary to use the four types of speakers

and baffles to properly cover the area designated.

ence, but the entire outside installation
was for the purpose of synchronizing
the program in which thousands were
participating over an unusually large
area. Ivailure of the system to do the
work specified would have meant the
cancellation of a large part of the mam-
moth program being attempted for the

first time by a national organization of
Catholic people.

Results met cvery wish of the or-
ganization, although it was planned with
considerable doubt in the minds of the
Congress as to the possibilities of the
use of sound as compared to some other
type of signal system.

A limited length of time was given
for the installation due to other events
in the Stadium, and last-minute changes
were made continually during the four
days, due to the unexpected overflow
crowds. Small space was allowed for
the amplifying equipment so as not to
interfere with the special Altars and
other arrangements, ’

The method of using small portable
cquipment to build up a total of over
300 watts of audio amplification needed
for the work is not ordinarily used, but
results were excellent. One cabinet 18”
x 24”7 x 30” housed all of the amplifying
equipment. I‘rom the diagram it will be
seen that microphones were fed into
mixers and pre-amplifiers. These fed
into one small 7-watt amplifier which
acted as a driver for six 20-watt output
stages which in turn drove 10-watt
stages built into the power speakers,
the latter being used at remote points.
This simplified the power problem at
the main amplifiers and solved .dith-
cultics presented by long transmission
lines and the necessity of uniform level
over the whole system.

The  public-address man  will un-
doubtedly find suggestions here to help
in the solution of similar problems
which will become more complicated as
new-and greater uses are made of sound
equipment.

THE GRID-BIAS CELL

(Continued from page 16)

in potential under continued operation
until it has assumed such a voltage value
that charging ceases. [t will then au-
tomatically hold this voltage as long
as the signal is strong, but will slowly
return to normal as the signal is re-
moved. As the tube ages, and the con-
tact potential becomes less negative the
tube will handle more and more signal
without the necessity of charging the
cell. These changes in bias, due to grid-
current charging are so rapid that the
effect of overshooting is practically un-
noticeable aurally during the short time
when the grid is overloading. This self-
regulating icature thus becomes a most
valuable and important asset of the Bias
Cell, and allows non-critical design of
the bias circuit with a degree of satis-
factory and reliable operation heretofore
unattainable. ’

OTHER USES

The Grid Bias Cell may also be effec-
tively used to furnish the initial bias to
the r-f, i-f, and converter tubes on the
avc line. In this application, it is, of
course, necessary to use several cells in
series. IHere again, this use allows the
cathode to remain grounded, and experi-

Page 20

ence has shown that regenerative ef-
fects and tendency to oscillate are con-
siderably diminished by this bias meth-

od.
LIMITATIONS

The Grid Bias Cell is not adapted for
power or output tube bias. No economy
would result from piling up a sufficient
number of bias cells to obtain the proper
voltage for this service. Neither is the
present cell so designed to satisfactorily
handle the cathode-to-grid currents
vsually encountered in this type of serv-
ice. The cell is a potential device solely,
a discharge current of 0.5 microampere,
drawn continuously over a period of sev-
eral weeks, decreasing its voltage about
one-third, the voltage returning gradu-
ally to normal after the discharge cur-
rent has been discontinued.

CHARACTERISTICS

A-C: The characteristics of the cell
are unaffected by super-imposed a-c as
high as 360 microamperes of any fre-
quency. ’

Impedance: The cell is non-reactive
at audio frequencies, and the d-c re-
sistance ranges between 11,000 and 50,-
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000 olms on standard production cells.

Temperature: The cell is unaffected
and of uniform characteristics when op-
erated in ambient temperatures in the
range from minus 40-deg. F. to plus
120-deg. F.

Humidity: There is no change in cell
characteristics when exposed indefinitely
to a relative humidity of 90 percent at
120-deg. F.

Noise: The cell does not cause the
development of any noise effects.

FIELD EXPERIENCE

For a period of nearly two years, a
large number of cells have been in nor-
mal operation in various household and
automobile receivers. In all cases the
service in these sets has been highly sat-
isfactory. Since October, 1934, many
thousands of these cells are giving emi-
uently satisfactory service in com-
mercial receivers, without a single fail-
ure.

MOUNTING METHOD

In mounting the Grid Bias Cell in a
receiver, it is necessary to have the ex-
posed surface of the black electrode lie
either in a vertical plane or in a hori-
zontal plane at the bottom of the cell.
It must never lie in a horizontal plane
at the top of the cell.
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CORES—

Design, Production

IN THE previous article,
reference was made to impedance and
reactance determinations which indi-
cate inductance values. There follows
data on the relations hetween such
values.

CIRCUIT AND VECTOR RELATIONS

A non-inductive resistance “R” s
placed in series with an iron cored re-
actance and a source of 60-cycle alter-
nating current, as shown in Fig. 1. The
voltages developed in this circuit are
vectorally related in the manner shown
in Fig. 2.

(I) Special case.
Assuming that r + N = 0, then X =
Z=2=fL,.
Ex
Then — =1
R

the alternating current in amperes,
which is flowing in the circuit.
E.\' EX

and for an applied terminal volt-
age of 1 volt rms across “X".

N = —.
Ex
(II) In the most general cases, the
power factor of the inductance is cos 0
Ee—sz — E22 = En2
and cos O =

2 E; Er

From this relation the total losses in
the core and winding may be deter-
mined.

If a small battery be introduced into
the circuit of Fig. 1, the proper amount
of direct current can be sent through
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By Engineering Department
ALLEGHENY STEEL CO.

® SELECTION OF MAGNETIC CORE MATERIALS
FOR RADIO RECEIVER CONSTRUCTION—PART 2.

No.3 No.1{

60~ X

I

FIG.1 No.2

Representative testing circuit.

FiG.2

Eg=Ey3 Erm

Vectoral relations of voltages developed
in circuit of Fig. I.

R

Circuit for measurement of inductance
of chokes.
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the winding during measurcment. A
vacuum tube voltmeter may he used to
measure the various voltages to ad-
vantage. inasmuch as it draws no ap-
preciable current from the high-im-
pedance circuit during the measurement.
Care must he taken, however, that the
proper type of vacuum-tube voltmeter
is employed. so that only the a-c volt-
ages will be measured. and the readings
not be affected by the direct-current
drop of potential resulting from the pas-
sage of the direct current through the
circuit during the measurement.

MEASUREMENT OF INDUCTANCE OF
FILTER REACTORS

The measurement of inductance of
filter reactors carrying fairly heavy di-
rect current through the winding during
measurement, is accomplished by a
slight modification to the circuit of Fig.
1. The modified circuit is shown in
Tig. 3.

L, and L, should be identical in con-
struction, in which case the combined
inductance “L” of the two units is one-
half of the inductance of either unit.
Variation of the battery voltage will
provide the necessary adjustment to
send the proper amount of direct current
through the two chokes, but this direct
current will not flow through the re-
mainder of the a-c circuit.

If only one inductance L, is avail-
able, another inductance L. should be
very large with respect to L, so that
the shunting action of L. may bc
neglected, or if the value of the in-
ductance of L. be known at various
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values of direct current, proper allow-
ance can be made for the shunting ac-
tion of L. and the value of L, deter-
mined at various values of direct cur-
rent.

L = parallel inductance value of

L, and L..
1 1 1
From the relation — — — + —
L L. L,
LL,

the inductance desired is L, =

L.—L

The circuit for impedance measure-
ments as outlined in the foregoing
pages may be conveniently assembled
irom the apparatus indicated in the dia-
gram of Fig. 4,

SELECTION OF PROPER TESTING SAMPLE

Any core having a rectangular cross
section in the middle leg (if shell type
construction is employed) may be used.
Preferably stack the laininations alter-
nately to give the lowest possible air-
gap. If a butt-joint is used, the lowest
practical reluctance that may be con-
sistently maintained is the equivalent of
a gap of .003”. This introduces a vari-
able of considerable magnitude in the
permeability determinations.

STANDARD UNITS

Having determined the permeability
of the core material from the determina-
tion of the impedance, reactance and
inductance of a given design, it is de-
sirable for future reference and purposes
of comparison to express the various
magnetizing forces and flux densities in
standard units,

The a-c flux density may be expressed
in Gausses, as the maximum value or

STANDARD (TYPE L-7) LAMIN-
ATION FOR MAGNETIC TESTS

Magnetic Constants For Stack
One-Half Inch Thick

A = 1.6l square centimeters.

| = 15.25 centimeters

Y = 2457 cubic centimeters

Wt. of full core high silicon steel —
grams

Wt. of full core Allegheny Electric Metal =
204 grams

184.3

1

110 V.
60~

FiG.4

Symbo! Apparatus Characteristics

Rh  3200-ohm potentiometer type rheostat
to carry .3 ampere.

Tr.  10-watt step-down transformer 110/10,
60 cycles

R 5-dial precision decade box from | to
100,000 ohms (non-inductive resist-
ance spools)

Ma 0-10 ma milliammeter

L Inductance to be measured

Ba  0-67!> volts "B" battery, variable in
1/2-volt steps

amplitude of a sinusoidal flux wave,
equal in rms value to the rms value of

the actual alternating flux density. On

that basis,
Ecree X 10°

Bmax = —————— Gausses

+44 f NAK,

where E.¢ec 1s the rms alternating
voltage across the coil

f is the frequency in cycles

per second

is the number of turns in
the winding
is the cross section of the
magnetic core in square
centimeters.

TABLE |

Equipment

Detector stage audio transformer...........
Second stage interstage audio transformer. .

Push-pull output transformer with two primaries. ...

Polarized output transformer...............
Heavy duty filter reactor 80 ma. ... .......

Ho Polarizing
B.ux M.M.F. Gilberts
Gausses per centimeter
....... 5 to 10 b to 1.2
....... 250 1.5
7,000 0
....... 4,200 6.7
300 27

TABLE 11

COIL SPECIFICATIONS FOR

STANDARD LAMINATIONS

(B ax) (Ho)
Approximate Flux Density Polarizing Force
Resistance  Gausses per Gilb./Cm./
Coil Type Turns Gauge (ohms) volt 60 cy. milliampere
10 23,300 No. 40 4,000 10 1.9
100 2,330 No. 31 40 100 9
1,000 233 No. 21 4 1,000 019
10,120 23 L. 10,120 00188
19,400 12z . 19,400 .000989
Page 22
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The polarizing magneto-motive force
resulting from the direct current in the
winding, expressed in Gilberts per
centimeter, is given by the following ex-
pression:

1.256 NI
Gilberts per centimeter

0 —

1
where N

is the number of turns in

the winding

I is the direct current in am-
peres

1 is the length of the magnetic

circuit in centimeters,

To express the magneto-motive force
in ampere-turns per inch, multiply the
Gilberts per centimeter by 2.032.

DESIGN RANGES

The tabulation in Table I gives the
normal maximum values that are likely
to be encountered in various audio
transformers and smoothing reactors
(chokes).

STANDARD LAMINATION FOR TESTING
MAGNETIC CORE MATERIALS

On a purely theoretical basis, the
standard ring sample test is unquestion-
ably the most accurate. However, accu-
racy with the ring sample requires that
the diameter of the ring be fairly large,
necessitating a considerable loss of ma-
terial. Furthermore, the coil must be
wound upon the sample, making im-
possible the use of a previously prepared
standard coil on a large number of simi-
lar size samples.

Usually, in the ring sample, there is
no air-gap or break in the magnetic
circuit, so as to have the entire mag-
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netic circuit included in the material
under test. This does not reproduce
the usual magnetic conditions in the
core of audio transformers. In some
such designs there is one air-gap, but
more often there are two breaks in the
magnetic circuit. Their effect is some-
what reduced by interleaving the
laminations, which is the usual practice.
In heavily polarized transformers and
chokes, either a butt-joint or definitely
controlled air-gap is necessary for satis-
factorv performance.

For the reasons noted above a stand-
ard lamination, covering the usual range
of magnetic performance through the
use of a series of standard coils is de-
sirable. Such a lamination is shown in
Fig. 5. The “L” lamination shown is
economical to produce, and may be cut
from Epstein watt-loss sample strips,
when comparative study is made. If
produced by a continuous dieing ma-

-8

1.0

Centimeter - Polarizing Magnetomotive Force (Ho)

chine, these “L” laminations involve a
scrap loss of between 15% and 20% of
tiie sheet from which they are punched.
When produced by a corner die, the
punching loss is practically negligible.

Interleaving these laminations in a
standard stack, in the usual manner, pro-
duces little strain upon the picces. For

TEST FOR INCREMENTAL PERMEABILITY
SPECIMEN: y dﬂd pieces : B6 wt. 1505 or.| coiL no. 100 Ho/MA.=.192
Lot Vo 7169 W cavsE: 043" k, .813 578’5/8/3'5"‘- =122.9 My frenry =170
Eo- £r R z Aa MA. Ho B
1 1222 | 3000 | 2455 | 6.52 | 1103 0 o] 122.9
1 917 | 2000 | 2180 | 5.78 | 984 | 2% | .48 | 122.9
{ 1.204 | 2000 | 1924 | 5.0 867 5 .96 1229
1 .844 | 1000 | 1183 3.14 535 10 1.92 | {122.9
FIG.6

service requiring either a butt-joint or
definite air-gap, the "L” laminations
place the two portions of the air-gap
symmetrically in the magnetic circuit.

COILS FOR STANDARD LAMINATION

In Table II is data on a scries of five
coils, which with the standard ¥
laminations cover the entire working
range of magnetic core materials,
worked under a combination of alternat-
ing and direct flux densities. The re-
sistance of each of these coils is suffi-
ciently low to be practically negligible in
comparison with the impedance obtained
from the usual magnetic materials.

In Figs. 6 and 7 are given typical sets
of observations and computations, il-
lustrating the application of the fore-
going suggested standard tests.

CLASS AB 6F6'S

(Continued from page 12)

and that the optimum input trans-
former ratio was dependent upon power-
supply regulation. Power outputs of
13.1, 12.1, and 11.5 watts were obtained,
corresponding to power-supply regula-
tions of 0, 500, and 1,000 ohms. The
distortion at maximum output for each
power-supply regulation was approxi-
mately 7 percent.

Comparing these curves with those in
Fig. 1 which shows corresponding re-
sults for the 6F6 driver, it is seen that
the maximum power outputs are much
less, although the power sensitivity of
the driver and output stages combined
is higher with the 6C5 than with the
6F6 driver. The two distortion curves
corresponding to regulations of 500 and
1,000 ohms were found to be close
enough to be represented by a single
curve, as shown.

(D) OPERATION USING 6C5 DRIVER
AND SELF BIAS

Curves of d-c plate current, distortion,
and d-c grid current vs. power output
for this test are shown in Fig. 4. Power
outputs of 11.4, 10.5, and 9.8 watts,
corresponding to regulations of 0, 500,
and 1,000 ohms, were obtained. The
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distortion is approximately 6 percent for
all three cases. The plate-current and
distortion curves are independent of
power-supply regulation.

HARMONIC DISTORTION

A harmonic analysis of the output
using the set-up of test B was made in
order to ascertain the nature of the dis-
tortion present under average operation
conditions. The optimum plate-to-plate
load was 10,000 ohms, the input trans-
former ratio was 1.29, the tubes were
self-biased, and the power-supply regu-
lation was 500 ohms. The results are
shown in Fig. 5. Only second and third
harnmonics are present at low signal
levels; at higher levels, the fifth, seventh,
ninth, and eleventh harmonics appear.
At high signal levels, the high-order
odd harmonics form an appreciable part
of the total distortion. The lack of
high-order even harmonics is due, of
course, to the cancellation of these har-
monics in the plate circuit of the push-
pull stage; the second harmonic shown
is introduced by the driver stage.

Two 6F6’s when connected as triodes
in a push-pull circuit and operated to
draw grid current, can provide power
outputs up to approximately 18 watts
at 7 percent distortion; the actual out-
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put depends on the regulation of the
power supply, the method of obtaining
bias, and the type of driver tube. The
variation in maximum power output and
distortion with power-supply regulation
is small when sclf bias is used. This
characteristic is desirable when power-
supply costs must be kept low, although
it is obtained at a sacrifice of power out-
put. In all tests, the driver tube was
driven to its grid-current point and was
operated as a Class A amplifier.

The efficiency of the input transformer
used in these tests was average; the
actual efficiency for each test is listed
in the summary table. It must be re-
membered, however, that the leakage
inductance of this transformer should be
small at all times, regardless of the cffi-
ciency of the transformer as a power-
transferring device. The ratio of the
input transformer was optimum in each
test; any deviation from the optimum
values will result in either less power
output or increased distortion. It is
suggested, therefore, that those contem-
plating the use of this audio system first

. determine the regulation of the power

supply to be used and then estimate the
transformer ratio from the values given
in this article; power-supply regulations
in excess of 1,000 ohms are not recom-
mended.
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THE 6L7 AS A VOLUME EXPANDER FOR PHONOGRAPHS

A DEVELOPMENT OF THE RADIOTRON ENGINEERING DEPARTMENT,
RCA MANUFACTURING COMPANY, INC.

Thc ratio of maximum to
minimnn amplitudes that is feasible to
record phonographically is not suthicient
to take care of very large volume
changes. such as may he produced by
a symphony orchestra. For this rea-
son, very large ranges in sound intensity
are reduced in some way bhefore the
record is made. Such reduction. known
as “compression.” is usually accomplish-
ed manually by careful monitoring.

Most  home phonographs have no
provision for expanding the signal in
order to compensate for the compression
introduced at the time of recording.
Hence, passages are distorted in the
sense¢ that they are not reproduced with
full volume range. Tf full compensation
for compression is desired, it is neces-
sary to provide the phonograph with
~ome means for increasing the ampli-

fication of joud passages in the same
proportion that they were compressed at
the recorder, However, if the volume
control on the phonograph is set for
reasonably loud volume on expanded
passages, the residual noise level in
the room may impair reception of soft
passages when full expansion is used.
Therefore, full compensation may not be
desirable,

SIMPLE VOLUME EXPANDER CIRCUIT
The characteristics of the type 6L7
tube permit its use in a comparatively
simple volume-expander circuit. This
tube has a heater, a cathode, five grids,
and a plate. Two of the five grids are
control grids: the first (G,) has a re-
mote cut-off characteristic and the sec-
ond (G;) has a sharp cut-off charac-
teristic. Of the three remaining grids.
fwo are screens and one is a suppressor.

TYPE 6L7
]I Fo)
I

0.1 Uf

o0——

A-F
INPUT

L

I MEG!

| MEG.

VOLUME LEVEL
CONTROL

OILF outPuT

0.1 MEG. .l

EXPANSION CONTROL

TYPE 6H6 |0.5 >>F 250V.
MEG.
100V,
ov.
s
-lOvV.e o
-3v.3 2
PSH
n
L

" DELAY VOLTAGE [

NOTE: ALL TERMINAL POINTS ON POWER UNIT
SHOULD BE ADEQUATELY BY-PASSED.

Fig. I. Volume-expander circuit using a 6L7 tube.
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The schematic diagram of a volume
expander is shown in Fig. 1. The sig-
nal to be expanded is fed to the remote
cut-off grid (G,) of a 6L7 and also to
the input of a 6C5, as shown. The
cutput of the 6C5 is rectified by a 6H6;
the positive terminal of the rectified
output connects to the sharp cut-off grid
(Gy) of the 6L7. The no-signal bias
of this grid is such that the Gi-plate
transconductance of the 6L7 is low
(under 50 micromhos). When a signal
is applied, the rectified voltage fed to
Gs increases the transconductance, and
hence the gain, of the 6L7. This in-
crease in gain is approximately pro-
portional to the rectified diode voltage
and, hence, to the signal amplitude.

TIME CONSTANT

It is essential that the time constant
of the circuit generating the control
voltage e so adjusted that changes in
this voltage occur only for compara-
tively slow changes in signal amplitude.
If the time constant is too short. speech
will sound particularly unnatural; if the
time constant is too long, there will be
an objectionable lag. A time constant of
0.25 to 0.5 second is generally regarded
as a satisfactory choice.

Distortion of the signal due to the
characteristic of the remote cut-off
grid (G:) is appreciable for large sig-
nals. Therefore, the maximum sig-
nal input to G; should be 1 volt peak,
which is of the same order as that ob-
tainable from the usual magnetic phono-
graph pickup.

The plate-current value of the 6L7
serves as a good measure of the degree
of expansion. It is suggested, there-
iore, that the initial bias on G; be ad-
justed for a no-signal plate current of
approximately 0.15 milliampere by
means of potentiometer P. This po-
tentiometer requires no further adjust-
ment if the same 6L7 is always used.
The plate of the 6H6 may be biased
negatively in order to delay expansion

until a predetermined signal amplitude .

is reached. This delay voltage may be
inserted at point X.

Although this system can operate
from a radio receiver to provide ex-
pansion, it is suggested that, at the pres-
ent time, volume expansion be used
for phonograph reproduction only.
Since large unanticipated changes in
sound level during a broadcast may not
be adequately monitored, the expander
will act to exaggerate these changes.
It is not probable that such accidental
changes will be present in a phono-
graph record.

RADIO ENGINEERING


www.americanradiohistory.com

NEWNS

CLOSING A record-breaking vear for the
radio industry, the RM.\ Board of Direc-
tors met Wednesday, December 11, at the
Commodore llotel in New York City to
canvass the results and make plans for
1936.

Sales of receiving sets during 1935 will
total, for the first time in the history of
the industry, over 5,000,000, The nearest
approach to this record was the sale of
4,400:000 sets in 1929, Industry sales of
radio tubes, parts and accessories have
shown similar increases in the year now
closing. \With the business upturn and
assured broadcasting {eatures, especially
with the coming presidential election, the
prospects for 1930 are viewed with op-
timismm by industry lcaders.

RECORD INCREASE IN OCTOBER TAXES

A record-breaking increase of 129 percent
in radio excise tax collections during Octo-
ber 1935 is tangible evidence of the pros-
perous radio season. During October. ac-
cording to the latest cfficial report of the
U. S. Internal Revenue Bureau of collec-
tions of the 5 percent excise tax on radio
and phonograph apparatus, radio manu-
facturers paid $643.440.02 as compared with
$280,699.11 during October 1934, This
did not include excise taxes on automobile
radio which are not separately reported
and are included among automobile acces-
sorics taxable at 2 percent. For the ten
months’ period ending October 1935 the
total excise taxes collected on radio and
phonograph apparatus were $3,134,941.04,
compared with $2,490,099.01 during the
same ten months of 1934, an increase of
25.9 percent.

Excise taxes collected on
refrigerators during October
$258,797.91 againsg $308,406.37
1934.

RADIO EMPLOYMENT INDICES
FOR SEPTEMBER

mechanical
1935 were
in October

Further data on the excellent business
in radio is given in the latest report, for
September 1933, of the Bureau of Labor
Statistics, U. S. Labor Department, on
radio factory employment. This increased
19.2 percent over August employment and,
although seasonal, it evidenced the large
annual increase in radio employment, pay-
rolls and production. The federal report,
however, omitted the number of radio com-
panies contributing reports and the de-
tailed number of employees.

The increase of 19,2 percent in radio
factory employment over August 1935 also
is comparable with an increase of only 15.9
percent over radio employment during
September 1934. During September there
was an increase of 1549 in employment
over the official three-vear average of
1923-25.

Radio factory payrolls during Septem-
ber 1935 increased 24.2 over the preceding
month, and were 30.9 over September 1934.
They were also 006.3 over the three-year
average of 1923-25.

Per capita weekly earnings in radio
factories reported in September 1935 were
$20.45, slightly less than the average per
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weckly carnings in all manufac-
turing industries, which were $21.14. In
radio factories the increase per capita
weekly earnings were 4.2 percent above
August 1935, and  13.2 percent above
September 1934,

Average hours worked per week during
September 1935 were 39.5, placing the
radio industry practically on a +0-hour
weekly basis, and werc an increase of 0.5
percent above Augnst 1935 and 21.4 per-
cent above September 1934

Average hourly earnings of radio factory
employees during September 1935 were 519
cents. a decrease of 2.1 percent from Aug-
ust 1935, and 6.9 percent less than Septem-
ber 1934.

capita

ST. LOUIS ORDINANCE TO
PROHIBIT AUTOMOBILE-RADIO
iS FACING DEFEAT

Over one hundred representatives of
automotive and radio interests. including
broadcasters, united in opposition at St
Louis on November 25 against the pro-
posed local ordinance to prohibit auto-
mobile-radin.  No one advocated the ordi-
nance at the hearing of the St Louis
Public Safety Cominittee. Opponents are
confident that the proposed ordinance is de-
feated. The committee of the St. Louis
Board of Aldermen took it under advise-
ment and will not make a decision before
the City Council's next meeting. December
6. Death of the proposed ordinance in
committee or by adverse action later ap-
pears probable.

St. Louis local and also national organi-
zations participated in the committee hear-
ing against the bill. Spokesmen for the St.
l.ouis Electrical Board of Trade, radio
and automotive jobbers and dealers, the
Greater St. Louis Automobile Club, and
other organizations vigorously opposed the
proposed ordinance. The St. Louis Safety
Council said there was no evidence that
auto-radio causes accidents and asked that
no action be taken on the ordinance. In
conclusion, for the Radio Manufacturers
Association, Bond Geddes of \Washington.
executive vice president-general manager,
presented a detailed statement and brief
against the ordinance, including telegrams
irom officials of forty-four states attest-
ing to the safety of auto-radio and that
no highway accidents anywhere had been
attributed to it.

Valuable cooperation in opposition to the
ordinance was given by the St. Louis
broadcast stations. For four days prior
to the Aldermen's hearing the St. Louis
stations made broadcasts against the ordi-
nance and also urged motorists to file
objections. _ J. L. Van VYolkenburg of
station KMOX and Raymond C. Schroeder
of station WIL spoke at the hearing against
the ordinance. The attack at the hearing
was led by Carl H. Christino, manager of
the St. Louis Board of Trade, and George
M. Berry spoke for the Greater St. Louis
Automobile Association.

The RMA was represented at the St.
T.ouis hearing by John W. Van Allen of
Buffalo, general counsel of the Associa-
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tion, and Director Paul V. Galvin of
Chicago, in addition to My, Geddes, while
many representatives of RMA CoMmpanics,
whose cooperation had been enlisted, also
were present.  In addition, the RMA had
secured the active support of the Motor and
Equipment Manufacturers Association, the
Motor and Equipment Wholesalers As-
sociation. the Automobile Manufacturers
Association, the National Standard Parts
Association, and other national and local
trade bodies.

St. Louis and Missouri newspapers gave
prominence to the discussion of the ordi-
nance and it was opposed editoriallv by the
St. Louis Post-Dispatch.

The detailed RMA statement of facts
and law regarding antomobile-radio has
been sent to automobile manufacturers and
motor vehicle and state officials to develop
the conclusion, which has heen unanimous
thus far. that automobile radio promotes
highway safety, reducing speed and keep-

ing drivers alert, and without a single
accident anywhere attributed to  auto-
radio.

CANADIAN TREATY LOWERS
RATES ON RADIO PRODUCTS

Results to the American radio industry
from the new reciprocal trade treaty with
(anada are not important, according to
opinions received from both American and
Canadian manufacturers by Bond Geddes.
executive vice president-general manager
of the RMA.  American parts and acces-
sory manufacturers and., to some extent,
tube  manufacturers  promise to he the
principal beneficiaries of the new Canadian
treaty, according to the information avail-
able to Mr. Geddes. Control of radio
patents in Canada prevents any substantial
increase in receiving set sales by American
manufacturers in Canada. American radio
tubes may be sold in somewhat larger
quantities although the tube patent situation
in Canada also is a factor.

“Radio tariffs in the new treaty will be
reduced about one-sixth,” said Mr. Geddes.
“and additional reduction will be effected
by the promised modification by Canada of
the arbitrary valuation plan heretofore
in effect. However, neither American nor
Canadian manufacturers regard the new
treaty as a material benefit to American
manufacturers.

“The treaty provides a reduction in
Canadian import rates from 30 percent to
25 percent ad valorem, or ahout one-sixth,
on ‘electric wireless or radio apparatus and
parts. Various and similar reductions on
all electrical products are made and the
tariff on electric refrigerators was reduced
from 40 percent to 30 percent.

“The new tariffs are cffective Janunary 1.
1936. Further legislation is required, how-
ever, by the Canadian Parliament to modify
the present Canadian system of arbitrary
valuation. In the past Canada has not
accepted the face value of American in-
voices but made an arbitrarv assessment
compared with the market values of simi-

(Continued on page 27)
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NEw Probnucrs

RAYTHEON DEVELOPS NEW IMPROVED
CONTROL GRID INSULATION FOR
ALL-METAL R-F TUBES

Raytheon engineers, working with one
of the large manufacturers of phenolic
insulating materials, have developed a new
wafer insulator for the control-grid termi-
nal of the new metal tubes. Tubes, the
performance of which will be improved
by this new material, are the 0A8, 0l.7
and OK7.

Tests on r-f coil efficiency have shown
that the Q of a really good coil is re-
duced Dby an undesirable amount when
connected  acrouss the control grid and
shield of the metal amplifier or mixer
tubes if certain types of phenolic insula-
tion are used.

To reduce these losses, the engincers in
the Raytheon laboratory at Newton, Mass-
chusetts tested all available types of in-
sulation material including ceramics. The
material finally selected was developed dur-
ing the tests. It has the mechanical
strength of the strongest material previous-
Iy used but is near the best ceramic in
low losses at the high frequencices.

This improvement in grid circuit insu-
lation will permit engineers to obtain the
full advantages of low internal capacitance
and short leads in metal tubes on short-
wave reception.

.
CONDENSERS FOR CATHODE-RAY

The popularization of the cathode-ray
oscillograph for radio servicing and ex-
perimenting, since more rugged and eco-
nomical tubes for the purpose have be-
come available, has led to the increased
usc of high-voltage condensers.

Normally, since the current drain by the
cathode-ray tube is very small, a 1-mid con-
denser s sufheient for filtration.  Dykanol
oil filed and impregnated Type TD con-
densers are suggested where space is at
a premium, according to Cornell-Dubilier
Corporation, 4377 DBronx Boulevard, New
York. The physical size of these capaci-

tors is about one sixth that of paper-wax
units,

The different cathode-ray tubes require
different B voltages, to cnable the tubes
to be worked up to their safe operating
characteristics.  The most popular type
tube, No. 906, takes 1,200 volts maximum,
but is commonly worked at 1,000 volts.
Therefore ordinary condensers can not be
used in filtering the maximum B feed.
since the condensers’ working voltage is
too tow. The d-c working voltage rating is
given by the manufacturer, and the actual
d-¢ voltage present should never exceed
specifications.

This type of condenser is fully described
in the Cornell-Dubilier catalog No. 128.
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DU MONT ELECTRONIC SWITCH

The Type 150 Electronic Switch is a
new development recently announced by
the Allen B. DuMont Laboratories of
Upper Montclair, New Jersey, which great-
Iy increases the value of the cathode-ray
oscillograph by permitting simultaneous
observation of any two voltage or current
phenomena,  Thus this device can be used
to mspect and compare the waveform and
phase of two voltages or currents from
different parts of the same circuit, or com-
pare the waveform of a standard wave and
any other wave. For example, it is pos-
sible to see the input and output wave-
form and phase displacement of an ampli-
fier.  In a perfect amplifier the input and
output waves cover one another, while
cven a slight distortion or phase shift will
noticeably display the two oscillograms.
.—.\nqther useful application is to apply a
timing wave in conjunction with the wave
under observation. For example in test-
ing switches or relays it is possible to in-
spect the length of time it takes to com-
vlete the switching if hoth the switched
potential and a timing wave originating
from an a-c source of known frequency
are present on the oscillograph screen.

The number of different applications of
this device are too numerous to mention.
All measurements and tests are compari-
sions and there is no better way to com-
nare two oscillograms than by placing
them right on top of each other.

The device has no mechanically moving
or vibrating parts. It consists of a switch-
ing tube and two amplifiers, one ampli-
fier for each phenomena applied.  The
switching tube operates to cut in one ampli-
fier, then the other at such a rate that the
phenomena appear at the same time. In
fz}(l(lition to switching the device also ampli-
es.

Controls are provided on the unit for
adjusting the gain of the amplifiers for
varying the speed of switching.

The unit is completely self-contained
and sold with tubes so that it is only neces-
sary to apply 110-120 volts 60 cycle a-c to
it to start operation.

.

UNIVERSAL RECORDER IMPROVED

The No. 12 recorder engineered by the
Universal Microphone Co., Inglewood, Cal.,
to secure maximum results up to 12 inches
in diameter on aluminum discs, has been
greatly improved to meet an increasing
demand for fine quality.

The equipment has been developed for
maximum results at a minimum cost both
in machine and records. In the new model
of the No. 12 recorder the recording head
from the professional recorder is now a
part of the assembly.

It is of four-pole, double coil, center
pivot type and operates on the push-pull
principle. The energy is furnished by a
cobalt steel permanent magnet and eli-
minates the necessity of using battery
energy as in the previous model,

This cutter is extremely small in ex-
ternal dimensions, being a half-inch thick,
an inch wide and two inches long—ahout
half the size of a package of cigarettes.

The reciprocating part is of extremely
lightweight material, thereby preserving the
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frequencies. The turntables are heat treat-
ed and lathe-turned and the guide arm for
the lead screw is now hinged overhead
to assure perfect grooving and ease of
handling. Tension screws are also pro-
vided to permit the adjustment of weight
on stylus.

EISLER COMBINATION WELDER AND
TRIMMER FOR FLEXIBLE SHAFTS,
WIRE AND CABLE

Flexible shafts, stranded wire and
cables composed of a multiplicity of small
wires, either twisted together or helically
coiled, have a tendency upon being cut, to
unravel at the ends, sometimes ruining a
considerable length and making it difficult
to join it to other pieces of cable or me-
chanical parts.

In coping with this condition, the Eisler
Engineering Co. of 747 So. 13th St,
Newark, N. J., have developed a com-

bination cutting, welding and trimming
machine upon which flexible' cable may
be cut apart or two pieces joined and
trimmed without unraveling and at the
same time maintain practically the same
flexibility as it had before.

This combination welder and trimmer is
designed to operate on either 110 or 220
volt alternating current and can be mount-
ed on a bench or furnished with a movable
pedestal permitting it to be readily moved
from one position to another.

The machine is equipped with a special
annealing device for annealing the welded
stranded wire, a slide adjustinent for close-
ly regulating welding current, push-button
control of upset and current, foot-operated
clamping jaws for holding the work, a
lamp with reflector for adequate light upon
the work and an especially designed grinder
or trimmer for trimming the work.

A flexible shaft or cable to be cut apart
is clamped in the welding jaws. Applica-
tion of current welds the strands together
and finally severs the cable. The ends of

the cable are then placed in the trimmer

which is equipped with a Carborundumn
wheel driven by one-twentieth horsepower
motor, and finished off.

In welding two ends of cable together
the ends are first prepared as above and

(Continued on page 27)
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NEws Or T INDUSTRY

DICTIONARY OF LETTER SYMBOLS

A new dictionary of letter symbols and
abbreviations, the “language” of engin-
eers and scientists, will be undertaken by
a committee of the American Standards
Association, it has just been announced.

Rapid coinage of new words and terms,
and the adoption of many foreign words
and phrases in the various fields of engi-
neering and the sciences, demands a new
compilation of standard usage, according
to the committee. ‘

In spite of its great ramification, engin-
eering and science is becoming more and
more integrated and those working in
one field find that lack of abbreviations,
or confusion in their use, restricts and
hampers their work.

The Committee on Symbols and Ab-
breviations of the ASA has been reor-
ganized and will begin at once the in-
tricate task of coordinating existing ab-
breviations and symbols, and rewriting the
present standards into a comprehensive
manual of letter symbols and abbreviations.

In line with American Standards As-
sociation procedure, the committee is anxi-
ous to see that every group which has a
problem in respect to abbreviations and
symbols in its own field, be represented
on the committee. Any group which has
published its own standard for symbols

"is urged to submit a copy for considera-
tion by the committee.

NEW BLILEY CATALOG

The Bliley Electric Company has re-
cently issued a 16-page catalog describ-
ing its complete line of quartz crystals,
lolders and ovens for transmitters, single-
signal filters and standard frequency bars.
Both general communication and amateur

frequency crystals are included. In addi-
tion several pages are devoted to tech-
nical information on crystals and crystal
circuits. Copies of this bulletin may be
secured by writing to the Bliley Electric
Company, 202 Union Station Bldg., Erie,
Pa.

NEW FIRST-AID KIT

A new first-aid kit, designed to meet
the specifications of leading industrial
medical directors, has been adopted as
standard by the Standard Oil Company of
New Jersey and other large American in-
dustrial companies.

The special feature of this new kit,

DECEMBER, 1935

which is known as the “Brac-Kit” and
was developed by the Davis Emergency
Equipment Company, New York, is that
it can be permanently installed in a given
place, but its contents are instantly avail-
able in emergencies and are protected
from contamination and damage when
treatment is being applied.

The kit consists of two baked enamel
steel cases, an outer case which can be
permanently attached to a wall by means
of screws, and an inner case which is
normally kept inside the outer, where it
is held in place by a simple lock. When
needed, the inner case can be unlocked by
a twist of the handle and carried, with all
necessary first-aid supplies, to the scene
of the accident.

The Brac-Kit contains ten D-carton
first-aid units, each of which holds enough
material to serve for several treatments.
The exact assortment depends upon the in-
dustry in which the kit is to be used, but
a widely accepted assortment is comprised
of adhesive plaster, gauze compresses, in-
dividual swabs of Isodine (the new iodine
antiseptic), individual tubes of Tannoid
(tannic acid treatment for burns in a

water-soluble jelly), ammonia inhalants
(for fainting), eye dressings, and a
tourniquet.
°
RMA NEWS
(Continued from page 25)
lar Canadian manufacturers, It is this

arbitrary valuation which is to be modified
under the terms of the treaty by future
legislation in Canada. Such legislation,
however, will provide against ‘dumping’
and the new Canadian legislation ‘will not
include an advance for selling cost or
profit greater than that which in the ordi-
nary course of business under normal con-
ditions of trade is added in the case of
goods by manufacturers or producers of
goods of the same class or kind in the
country of export’ Another provision of
the new Canadian legislation will provide
that the new rates will not increase the
value of the American imports beyond
the price at which such or similar goods
are freely offered for sale to producers at
the time and place of shipment in the
country of export in the usual quantities
and in the ordinary course of trade.

“The one-sixth reduction in the Cana-
dian tariff on radio sets is not expected
to materially increase American set sales
in Canada. The Canadian set manufactur-
ers are well protected by their radio patent
license organization. Licenses of American
manufacturers do not provide for sales in
Canada, where set manufacturers must se-
cure separate Canadian licenses. Several
American manufacturers have virtually
Canadian branch factories and these, to-
gether with Canadian set manufacturers,
will be benefited by their ability, under the
new treaty, to secure cheaper American
parts and accessories. The reduced tariff on
American radio parts and accessories, there-
fore, promises to be the principal result of
the new treaty so far as the American in-
dustry is concerned.”

MANY RMA MEETINGS
DURING IRE CONVENTION

A peak in radio engineering activity

was reached during the annual fall meeting -
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at Rochester of the Institute of Radio En-
gineers, November 18-20. As usual, the
Rochester meeting drew large and repre-
sentative attendance, with many exhibits by
parts and accessory manufacturers. The
program included discussion of many en-
gineering developments of utmost future
importance to the radio industry.

There were many meetings of RMA
committees during the IRE convention, and
the Association was represented officially by
President Leslie F. Muter of Chicago:
Bond Geddes, executive vice president-gen-
eral manager, of Washington; Judge John
W. Van Allen of Buffalo, general counsel,
and Virgil M. Graham, chairman of the
RMA Standards Section. A number of
officers and directors of the Canadian RMA
also were guests of the IRE at Rochester.

Plans for standardization of radio parts
and accessories was a feature of the Ro-
chester meeting. L. C. F. Horle is in
charge of the component parts standardi-
zation work. A meeting was held of the
RMA General Standards Committee of
which Mr. Virgil M. Graham is chairman.
Also there were meetings of the Broad-
cast Receivers Committee of which E. T.
Dickey of Camden is chairman; the Sound
Equipment Committee of which Hugh S.
Knowles of Chicago is chairman; the
Vacuum Tube Committee of which Roger
M. Wise of Emporium, Pa., is chairman:
the Television Committee of which Mr. A.
F. Murray of Philadelphia is acting chair-
man, and of the Facsimile Committee of
which E. W. Engstrom of Camden, N. J.,
is chairman.

°
NEW PRODUCTS
(Continued from page 26)
then welded together after which it is
placed in the annealer.

After proper annealing the cable is in-
serted in an automatic centering device of
the trimmer and the burrs of the joint
ground off.

The machine will handle either square
or round solid rods, wire and bars as well
as flexible shafts and cables of steel, nickel,
brass, copper and other metals up to .250"”
in diameter.

°

LINE VOLTAGE DROPPING
RESISTOR TUBE

Resistance elements for use in series
with tubes and pilot lamps operated on
110-volt circuits, are offered in a conveni-
ent unit developed by Clarostat Mfg. Co.,
Inc., 285 N. 8th St., Brooklyn, N. Y. The
unit has a perforated metal housing similiar
to the 574 metal tube, and fits in the new
octal socket.

Particular advantages are: (1) Lowest
resistor operating temperatures; (2) High
leakage resistance (greatest insulation) be-
tween resistance element and ground; (3)
Provides means of mounting resistor above
chassis while keeping “hot” or “live” leads
under chassis; (4) Satisfies rigid require-
ments of underwriters,

Units available in different resistance
values, providing voltage drops for taking
care of one to seventeen 6.3-volt 0.3 ampere
tubes on 117.5-volt lines. Units can be
provided with sections taking care of 6-8-
volt 0.25-ampere pilot lights. Other coni-
binations and ratings on special order.
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RADIO ENGINEERING BUYER’s GUIDE

A continuous, indexed recording of the reliable sources of supply of

Materials—Component Parts

ALLOYS, RESISTANCE
AMERICAN ELECTRO METAL CORP.. Lewiston.

Ma
CALL‘}TE PRODUCTS co0., 342 39th St., Union City.

Cleveland Wire Cloth & Mfe. Co.
Consolidated Wire Corp.

Driver Company, \\'ilbur B.
Driver-Harris Compan

Fansteel Meta]lurgIcal Labs.
Hoskins Mfg. Co.

Jelliffe Company, C. 0.

Prentiss & Combany, Geo. W.

ARRESTORS, LIGHTNING
Birnbach Radio Corb.

Knox Porcelain Co.

Johnson, E. F.. Cu.

BASES, VACUUM TUBE

AMERICAN LAVA CORP.. Chatranouga, Tenn,
Ameriean Phenolic Corp.

American_ Record Corp.

ISOLANTITE, INC., 233 Broadway, N. Y, C.
Kurz-Kasch Co.

RCA MFG. COMPANY INC., Camden, N, J.
Westinghouse Lamp Co.

BINDING POSTS

BANKS INTER-AIR PRODS.. Woodside, N, Y.
Eby, H. H., & Co.

BRASS—COPPER

AMERICAN BRASS CO THE Water
ANACONDA COPPER CO., 25 Broadway
Baltimore Brass Co.

Bristol Brass Corp.

Copper & Brass Research Ass'n

Ryerson & Son, Inc.

Scoville Mtr. Co.

WATERBURY BRASS GOODS BR.. Wiaterbury, Caun.

CABINETS—WOOD

Adler Mfg, Co.

Alden Corp.

EXCEL WOODCRAFT CORP.. THE. Columbus Itd. at
Leonard St., Cleveiand, Ohlo

Peerless Cabinet Co.

Superlor Cabinet Corp.

CATHODES (See Tubing, Seamless Cathods)

CATHODE RAY—TUBES

DUMONT LABORATORIES- ALLEN B., 512 Valley
Rd,, Upper Montelalr, N. J.

General Electric Co.

HYGRADE-SYLVANIA CORP., Clifton, N. J.

RCA MANUFACTURING CO., INC., Camden, N. JI.

WESTERN ELEC. CO., 195 Hroadway, N. Y. C.

Westinghouse Elec. & Mfg. Co.

CATHODE RAY—OSCILLOGRAPHS

DUMONT LABORATORIES, ALLEN B., 342 Valley
Rd., Upper Montelair, N. J.

General Electric Co.

RCA MANUFACTURING CO.. INC.. Camden, N, I.

RADIO INSTRUMENTS CO., 22 Wooster St., N. Y. C.

WESTERN ELEC. CO., 135 Broadway, N. Y. C.

Westinghouse Elec. & Mfg. Co.

CERAMICS

AMERICAN LAVA CORP., Chattancoga. Tenn.

Amerian Phenolic Corp.

Colonial Insulator Co.

Crowley & Co., Henry L.

Dielectric Products Co.

ISOLANTITE, INC. 233 DBroadway. N. Y. C.

Mycalex Corp. of Am

STUPAKOFF LABORATORIES INC,, 6627 Hamllton
Ave., Pittsburgh, Pa.

CHOKES

ACME ELECTRIC & MFG. CO.. 1140 Tiamilten Ave.,
Cleveland, Oh

ALLOY TRANSFORMER CO.. 135 Liberty St. N. Y. C.

AMERICAN TRANSFORMER CO., 175 Emmet St.,
Newark, J.

'y, Conm.
N. Y. C.

General Transforme Co.
HAMMARLUND MFG. CO.. 421 W, 33rd St.. N. Y. C.
KENY‘ONCTRANSFORMER CO., INC.. %40 Barry St

Uhll\vlT‘E(DCTRANSFORMER CORP., 72-74 Spring St.,

COIL MACHINERY
UNIVERSAL WINDING CO., Elmwood Ave., Provi-
dence, R. I.

COILS—POWER

ANACONDA COPPER CO., Waukegan. Wisc.

ACME WIRE COMPANY, 1255 Dixwell Avenue, New
Haven, Conn.

American Enameled Magnet Wire Co.

Belden Manufacturing Co.

Coils, Incorporated

Eleetrical Winding Company

GENERAL ELECTRIC COMPANY Schenectady, N. Y,

Roebling’s Sons, John

Westinghouse Elec. & Mfg, Co.

COILS—RADIO RECEIVER

ALADODIN RADIO INDUSTRIES, INC., 466 W. Su-
perfor St., Chicage, TI.

Alden Manufacturing Co.

Automatle Winding Co,

Colls, Inc

ELNECTRICAL WINDING CORP., 22-26 Wooster St.,

General Mfg. Co.

GUTHMAN & CO.. INC., Edwin I.. 1306 W. Yan Buren
St.. Chicago, 1N

HAMMARLUND MFG. CO.. 421 W. 33rd St., N. Y. C.

Meissner Mfe. Co.

Natfonal Company

Sickles Company
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COILS—SPEAKER

ACME ELECTRIC & MFG. CO.. 1440 Hamilton Arve.,
Cleveland, Ohio

ALLOY TRANSFORMER (0., 135 Liberty St.. N. Y. C.

AMERICAN TRANSFORMER CO., 175 Emmet St.,
Newark, N, J.

ANACONDA WIRE & CABLE CO., Muskegon, Mich

Chicago Transformer Corp.

Longan Electric Mfg. Co.

GENERAL TRANSFORMER CORP., 300 8. Throop St.,
Chicago,

l1alldorson Com ban,
JEFFERSON ELE
KENYONCTRANS

RCA MANUFACTURIN

STANDARD TRANSF
Street, Chicago, Il

‘Thordarson Elec. Mfg. Co

UNITEDCTRANSFORMER CORP., 72-78 Spring St..

CONDENSERS, FIXED PAPER

ACME WIRE COMPANY, 1255 Dixwell Ave., New
Haven, Conn.

AEROVOX CORP., 90 \Vashington St., Brooklyn, N. Y.

CORNELL DUBILIER CORP.. 4388 Hronx Blvd., N.

(,osmic "Radlo Co
Dumont Mfg.
ELE(?TRONIC LABORATORIES INC., Indianapolis,

Flechtheim & Co., A. M.

Girard-Hopkins, Imn

Magnavox Co., T.t

MALLORY & co., P R., Indianapolis. Indiana
Micamold Radio Corp

Polymet Mfg. Co.,

SOLAR MFG. CORP.. 599-601 RBroadway, N. Y. C.
sSprague Specialties Cn.

TOBE-DEUTSCHMANN CORP.. Canton. Mass.

CONDENSERS, FIXED ELECTROLYTIC

AEROVOX CORP., 9 washington St., lrooklyn, N. Y.
Condenser Corp. of America
CORNELL DUBILIER CORP. 4388 Tronx Blrd., D

CURTIS CONDENSER CORP., 3088 W. 106th St.,
Cleveland, Ohio

Magnavox Co, 1.td.

MALLORY & CO., P. R., Indianapolis. Tndlana

Micamold Radlo Corp.

Polymet Mfg. Co.. TInc

CTRIC COMPANY, Bellwood, Ill,
FORMER CORP., 840 Barry St.,

G CO..
R

INC., Camd N.
MER CORP

J.
854 BIackha\\k

599-601 Broadway, N. Y. C.

Sprague Specialtiss Co.

CONDENSERS ADJUSTABLE

Delur-Amseo Cou

HAMMARLUND MFG CO., 424 ‘. 33rd St.. N. Y. C.
Meissner Mfg. Co.

SOLAR MFG. CORP., 593-601 Broadway, N. Y. C.
TOBE-DEUTSCHMANN CORP.. Canton. Mass.

CONDENSERS, VARIABLE

CARDWELL MFG CO., ALLEN B.. 81 Irospeet St.,
Brooklyn, N.

DeJur-Amsco Corp

General Instrunent Co.

GENERAL RADIO CO.. 30 State St.. Cambridge, Mass.

HAMMARLUND MFG. CO., 424 W. 33rd St., Y. C.

O0AK MFG. CO., 711 W. Lake Street, ("hlcago 1.

Precise Mfg. Co.

Radio Condenser Co.

Reliance Dle & Stamplng Co.

Seoville Mfg. Co.

CONTACTS, METAL

Baker & Co.. Inc
CALLITE PRODUCTS DIV., 542 39th St.. Unlon Clty.

(‘.eneral Plate Co.

General Tungsten Mfg. Co.

MALLORY & CO. P. R.. Tndianapols, Indiana
Wilson Co,, a

CORES, RESISTANCE COIL

AMERICAN LAVA CORP., Chattanooga, Tenn.
Colonial Tnsulator Co.

ISOLANTITE. INC., 233 Broadway, N. Y. C.
steward Mrg. Co.

CORES, TRANSFORMER

THOMAS & SKINNER STEEL PRODS. CO., 1100-
1120 E, 23rd St., Indianapelis, Indlana

CRYSTALS, QUARTZ and ROCHELLE SALT
BLILEY ELECTRIC CO.. 237 Unton Station Bids.
Tle, a.

13oonton Research Labs.

Premier Crystal Laboratorlea

RCA MANUFACTURING CO.. INC., Camden, N. J.

BRUSH DEVELOPMENT CO.. F. 4nth St, & Perkins
Ave., Cleveland, Ohlo

SCIE’NTI‘I;:’C RADI!0 SERVICE, University Pk., Hyatts-
ville, Md.

DIALS, ESCUTCHEONS
Crowe Nameplate Co.
Magnavox Company, The

DIAPHRAGMS, SPEAKER
Hawley Products Co.
Masland Mfg.

orp.
UNITED PRESSED PRODUCTS CO., 407 S, Aberdeen
St., Chicago, 1M1

" ELECTRODES, NEON

EISLER ELECTRIC CORP., Unlon Clty, N. J.
EISLER ENGINEERING CO., INC.. 747 So. 13th St.,
Newark, N,

SV(ED,}SH IRON & STEEL CORP., 1T Battery P,
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EYELETS

Platt Bros. & Co.

CUnited Shoe Mach. Co.

WéTERBURY BRASS GOODS BRANCH, Waterbury.
onn

FIBRE, PHENOL and VULCANIZED

{sheet, rod, tube)
Bakelite Corp.
Brandywine Fibre Products Co.
Continental-Diamond Fibre Co.
Formica Insulation Co.
Franklin Fibre-Lamitex Corp.
General Electrie Co.
Mica Insulator Co.
National VulcanIzed Fibre Co.
Resinox CarDora
SYNTHANE CORPORATION Ouks, Penna.
\\‘estinghuuse Elec. & Mfg. Co.
Wilmington Fibre Co.

FLEXIBLE SHAFTING

I'lscher Spring Company, Clms
White Dental Mfg. Co., K. S.

FUSES
LITTELFUSE LABS., 1238 Lincoln Ave., Chicago, Iil.

GENERATORS

Carter Motor Company

Columbia Elec. M(fg. Co.

ELECTRONIC LABORATORIES, INC., 122 V. New
York St., Indianapolis, Ind.

MALLOPV & CO., P, R., Indianapolis, Indiana
ONAN & SONS, D. W., Minneapolis, Minn

PIONEER GENE-MOTOR CORP., 466 W. Slmerlur St.,
Chicago, Il

GETTERS (See Nickel Tube Parts)

GRAPHITE
ACHESON COLLOIDS CORP., Port liuron. Mich.

HORNS

BUD RADIO, INC., 1923 E. 55th St., Cleveland. Ohtc

HOPE MFG. CO., 401 Broadway, N. Y. C.

MACY ENGINEERING Co., 1452 39th St Bkiyn, N, Y,

RACON ELEC. Co0., 52 E. 19th . Y, C.

WRIGHT-DECOSTER. INC., 2253 Universily Ave., St.
Paul. Minn.

INSTRUMENTS (See Meters or Cathode Ray)

INSULATION, BEADS
AMERICAN LAVA CORP., Chattanooga, ‘I'enn.

Dunn, Ine., Struth
233 Broadway, N. Y. C,

ers

ISOLANTITE, INC.,

Steward Mfg. Co.

STUPAKOFF LABORATORIES, INC.. 6627 Hamllton
Ave., Pitts, Pa.

INSULATION, CERAMICS {See Ceramics)

INSULATION COMPOUNDS

CANDY Bl‘ Co., INC., 35th and Maplewood Ave., Cht-
cago, N

Dolph Co., John C

Glenn & Co.. J.

Mica_ Insulator Co -

Roebling’s Bons Co., John A.

ZOPHAR MILLS, INC.. Court, Lorraine and Creamer
St., Brooklyn, N. Y.

INSULATION, LAMINATED BAKELITE
SYNTHANE CORPORATION, Oaks, Penna.

INSULATION, MOLDED
smerican Insulator Corp.
AMERICAN LAVA CORP., Chattanooga, Tenn.
American Phenolic Corp.
American Record Corp.

Chicago Molded Prods. Corp.
Formica TInsulation Co.
General Electric Co.
Kurz-Kaseh Co.

Macallen Co.

\WWatertown Mrg. Co,
Westinghouse Elec. & Mfg. Co.

INSULATION, TUBING

BENTLEY HARRIS MFG. CO., Conshohocken, Pa.
BRAND & CO., WM., 278 Fourth Ave., N, Y. C.
Glenn & Co., J, J,

Mica Insulator Co.

IRON, SWEDISH (Tube Parts}
SWEDISH IRON & STEEL CORP., I7 Battery Pl

LACQUER, PAINT, VARNISH

ACME WIRE COMPANY, 1255 Dixwell Ave.. New
Haven, Conn.

Dolph & Co., John C.

Impervious Varnish Co.

{rvington Varnish Co.

Maas & Wallstein

Roxalin Flexible Lacquer Co., In

ZAPON COMPANY, 60 E, 42nd St.. N. Y. C.

ZOPHAR MILLS, Court, Lorraine and Creamer Sts.,
Brooklyn, N. Y.

LAMPS, GLOW

LITTELFUSE LABS., 4238 Lincoln Ave., Chicago, Ill.
LUGS

CIIN“CH MFG. CORP,, 2335 W. Van Buren St., Chlcngo.

Thompson-Bremer Corp.
WATERBURY BRASS GOODS BR., Waterbury, Conn.
ZIIERI'gK MACHINE WORKS, F. R,, 68 E, 131 8t.,

MAGNETS
THOMAS & SKINNER STEEL PRODS. CO., 1100-1120
E. 23rd St., Indianapolis, Indiana.
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MAKE COMPARISONS

FOR YOURSELF

Compare Gardiner Rosin-Core Solder
with any other make—try it in your own
shop. MNote the neater and faster work
even with the most inexperienced help.

Gardiner Solder, due to modern produc-
tion methods, actually costs less than even
ordinary Solders.

Made in various alloys and core sizes

Camon WA, .l:

and in gauges as fine as | 32 of an inch.

I HE Group Subscription Plan for
Rabpio ENGINEERING enables a group _
. We \vi.II be glad te submit samples of
of engineers or department heads to In 1.5 and the Specifieations you are. Using. tagether
-1b6. spoois. We also make solid wire. bar sofders and
subscribe at one-half the usual yearly

casting and dipping metals.
rate.

| 4819 So. Campbell Ave., Chicago, TII. |

The regular individual rate is $2.00 a
year. In groups of 4 or more, the

subscription rate is $1.00 a year. (In STU PAKOFF
FOR

NEW ALL METAL TUBE PARTS

KOVAR.EYELETS, SHEET, WIRE FOR GLASS TO METAL-SEAL

Canada and foreign countries, $2.00.)

The engineering departments of hun_ Insulating Materials Ceramic Cap !Insulators
dreds Of manufacturers in the radio Insulated Filament Ceramic Getter Shields
. ] . R Folded Filaments Ceramic Spacers

and allled lndUStrles have used this Nickel Cathode Sleeves Ceramic Header Insulators

Group Plan for years, in renewing Exhaust Tubes Ceramic Plate Supports

their subscriptions to Rapio ENcI- STUPAKOFF LABORATORIES, Inc.
6629 HAMILTON AVE. PITTSBURGH, PA.

NEERING.

— o WAXES
Each subscriber should print his name oCOMPOUNDS

. | |
and a.ddress clearly and state his oc- oV ARNISHES F
cupation—whether an executive, engi- For Insulation of Condensers
neer, department h'ead’ Plant super- Tl:a.nsformou_-:. coils, power packs, pot heads, sockets, ri
intendent, or foreman, etc. AR T

WAXES for radio parts. Compounds made to
your own specifications if you prefer.

. eZoruAar MiLLS. INC.
Remember this Group FOUNDED o8

Plan Wh en YO ur Court, Lorraine and Creamer Sts., Brooklyn, N. Y.

] L] ] e
Subscription Explres SPEEDCRAFT WIRE STRIPPERS
Two New
. o Models
(Radio Engineering) Foot podal and
Semi-Automatic
Operation
R Biggest improve-
Bryan Davis Publishing Co., Inc. ;nte:tip;l);e_rr in
years. Scientif-
19 East 47th Street ally s k?,’,?i? of
atu
New York, N. Y. mork. Man uality of work
and increase production,
Guaranteed by Free Trial
Write for literature on these and other types of wire strippers.
E WIRE STRIPPER CO.
1725 Eastham Ave. E. Cleveland, Ohio
DECEMBER, 1935 Page 29
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MELTING POTS

Dunn, inc., Struthe
STA-WARM ELECTRIC CO0., Ravenna, Ohio
Trent Co., Harold E.

METERS; TESTING INSTRUMENTS

Apparatus Design Co.

Boonton Radio Corp,

BURTON-ROGERS CO., 755 Boylston St.. Boston, Mass.

CLDUGH ‘BRENGLE CO.. 1134 W. Auston Ave., Chi-
€480, .

Dumunt Laborulorles. Allen

FERRIS INS CORP.. Boonton. N. J.

General Lleclrlt

GENERAL RADIO COMPANY, 30 State St., Cambridge

A, Mas
HICKOK ELEC. INSTRU. CO., Cleveland. Ohio
JACKSON ELEC. INSTRU. CO., Dayton. Ohio
RCA MFG, CO., INC., Camden, N. J. Y.L
RADIO CITY PRODUCTS Co., 28 W. B'way, N. Y. .
RADIO INSTRUMENTS CO., 22 Wooster St., N, Y, (.
RADIO PRODUCTS CO., 145 Sunrise DL, Daylon. Ohio
Rawson Llec, 1nstru. Co.
REA E METER WORKS, Bluffton, Ohio
Shallcross Mfg. Co.
SUPREME INSTRUMENT CORP.. Greenwood. MIlss,
TRIPLETT ELEC. INSTRU. luﬂ’ton. Ohio
TRIUMPH MFG, COu 1007 W. Lake Chicago, Ill.
WESTERN ELECTRIC CO., 1J5 uroadway. X.
WESTON ELEC. INSTRU. CORP., 614 Freylinghuysen
Ave., Newark, N,
Westinghouse kKlec, & l\lrg. Co.

MICA

BRAND & CO., WM., 276 Fourth Ave., N. X. C.
Continental-Dismond I'ibre Co.

Ford Radio Mica Co., Inc.

Macellen  Co.

Mica 1nsulator Co.

New England Mlca Co.

MICROPHONES

AMERICAN MICROPHONE CO.. Los Angeles, Calif.
AMPERITE CORP., 561 Broadway, N. Y,
ASTATIC MICROPHONE LAB., INC., 40 Hubbard

Road, Youngstown, Ohio
Beacon Microphone Co.
BRUNO LABORATORIES, 20 West 22nd St.. N. Y, C.
BRUSH DEVELOPMENT CO., Cieveland, Ohlo
Carrler Microphone Co.
ELECTRO-VOICE MFG.

CO.. INC.. South Bend,
Indiana
RADIO RECEPTOR CO., INC., 106 7th Ave., N. Y. C.
RCA MFG. COMPANY. INC., Camden, N, J.

8 0 W. Huron St., Chicago, IIl.
SOUNO SYSTEMS, INC., 1311 Terminal Bldg.. Cleve-
land,
Turner Lmn
UNIVERSAL MICROPHONE CO., LTO..

Calif.
WESTERN ELECTRIC CO., 195 Broadway, N, Y. C.

MOLYBDENUM
AMERICAN ELECTRO METAL CORP.,

Ma
CALLITE PRODUCTS DIV., 542 39th St., Unten City,
N. I

ELECTRO-METALS, iNC., 1880 E, 40 St., Cleveland, O.
Kansteel Metailurgical Labs.

MONEL METAL

International Nickei Corp.

NICKEL, TUBE PARTS (Also see Svea Metal)

(plates, grids, wire cloth, cathodes, getters, hooks,
heaters, base-plns, welds)

AMERICAN BRASS C0., Waterbury, Conn.

AMERICAN ELECTRO METAL CORP., Lewlston,
Main

]
CANLL.lITE PROOUCTS DIV., 542 39th St., Unlon City.

Clcreland Wire Cloth & Mfg. Co.

Driver Co., Wilbur B,

Driver-Harris Co.

General Plate Co.

GOAT RADIO TUBE PARTS,
Brooklyn. N.

Kemet Labs.. Inc

King Laboratories, Inc.

Newark Wire Cloth Company

Pequot Wire Cloth Comnany

Prentlss & CombDany, Geo.

SUMMERILL TUBING COMPANV Bridgeport,

Superlor Tube Company

Wizard Electric Company

PAPER, for CONDENSERS

Inglewood,

Lewlston,

INC., 311 Dean S8t..

Penna.

Dexter & Sons Co., Inc., C. H.
Schweltzer, Inc., Peter J
Strype, Fred. C.

PAPER TUBES

Chicago Paper Tube Co.
Cross Paper Products Co.
Paper Tube Company, The
Paramount Paper Tube Co.

PHOSPHOR BRONZE

Phosphor Bronze Smelting Co.
Riverside Metal Company
Scoville Mfg. Company
Seymour Mfg. Company
Waterbury Rolling Mills. Inc.

PHOTOELECTRIC CELLS

Burt, R. C.,
Continental EIecI.rIc Co.
Eby, H. H., Mfg. Co.

General Electric Co

G-M Laboratories

RCA MANUFACTURING CO., INC,, Camden, N. J.

Wastlnzhoune Elec. & M Co.
WESTON ELECTRICAL INSTRUMENTS CORP., 612
Frelinghuysen Ave., Newark. N. J.

PICKUPS, TRANSCRIPTION
ASTATIC MICROPHONE LAB., INC., 40 Hubbard
Road, Youngstown, Ohio

AUDAK COMPANY. THE. 500 Fifth Ave., N, Y. C.
PROCTOR & CO., B. A., 17 W, 60th St., N. Y. C.
RCA MFG. COMPANY, iNC., Camden, N. J.

PLASTICS (See Insulation, Molded)

PLUGS

Alden Mfg. Co.

Amerlcan Phenolfc Corp.

Cannon Elec. Development Co.

ClrhlllCH MFG. CORP., 2335 W. Van Buren St., Chicago,

Poge 30

Eby Mfg. Co., H, H,

Jones, Howard B,

MALLDRY & CO., INC., P. R., Indlanapolis, Indiana
REMLER CO. LTO., 2101 Bryant St.. San Franclsco,

POINTS CONTACT
Baker &
CALLITE PRODUCTS Div., 542 89t St.. Unlon City,

Fansteel Metallurgical Corp,
RECTIFIERS

-1 Electric_Mfg. Co.
GENERAL ELCTRIC CO., Bridgeport, Conn.
MALLORY & CO., INC., P, R., lndianapolis. Indiana

UNITEND YTRANSFIJRMER CORP., 72-74 Spring
Westinghouse Elee. & Mfg., Co.
RELAYS

ALLEN-BRADLEY CO., 126 W. Greenfleld Ave., Mil-
waukeo, Wise,

Automatic Llectrlc Co

Dunn, Inc., Struth

ELECTRDNIC LABORATORIES. INC., Indianapolis,

GENERAL ELECTRIC COMPANY, Schenectady, N. Y,

Lurman Elec.

Mercoid Lorpuratlon

WARD I. ONARD ELEC. cCo.,

Ver.
WESTON ELEC,
Ave.. Newark,

RESISTORS, CARBON COMPOSITION

AEROVOX CORP., 90 Washington St., Brooklyn, N. Y,

ALLEN-BRAOLEY CO., 126 W. Greenfleld Ave, Mil-
waukee, Wisc,

CENTRALAB, 900 E. Keefe Ave., Milwaukee, Wlsc.

Chicago Tel. bupply Co.

CIIAR NTYT MFG. CO., INC., 287 N. 6th St., Brook-
yn

CONTINENTAL CARBON. INC., 13902 Lorain Ave.,
Cleveland, Ohio.

ELECTRAD, INC.. 175 Varick St., N, Y. C,

Erie, Penn.

ERIE RESISTOR CORP.,
Globar

INTEIRNATIONAL RESISTANCE CO., 2100 Arch St.,
MALLORY & CO., INC., P. R., Indlanapolis, Indiana
Micamold Radlo Corp.

Ohlo Carbon Co.

OHMITE MFG. CO., 4835 Flournoy S,
Speer Kesistor Corp.

Stackpole Carbon Co
SOLAR MFG. CO., 599-601 Broadway, N. Y. C.

Tech Laboratories

WARD LEONARD ELEC. CO., 33 South St., Mt.
Vernon, N, Y.

White Dental Mfg. Co., S. 8,

Wirt Company, The

RESISTORS, WIRE WOUND
AEROVOX CORP.. 90 Washington St.,
Atlas  Resistor
CLAROSTAT MFG. C0,, INC.,

Brooklyn, N. Y.
Daven Compa
ELECTRAD. INC., 175 Varick St., N. Y. C.
Hardwick Hindle, In

INTERNATIDNAL RESISTANCE CO., 2100 Arch St.,

MALLORY & C0., INC., P, R., Indlanapolis, Indiana
MUTER CO., THE, 1255 S. Mlchlgan Ave., Chicago, IIl.
OH{VIITE MFG. COMPANY, 4835 Flournoy St., Chicago.

PRECISION RESISTOR CORP., 334 Badger
Newark, N, J,

Shallcross’ Mfg. Co.

WARD LEDNARD ELEC. co.,
Vernon. N,

SCREWS, SELF LOCKING

Parker- I\alun Corp.

SHAKEPROOF lDCK WASHER CO.. 2501 N. Keeler
Ave., Chicago, Il

STEEL

\ulegheny Steel Co.

AMERICAN ROLLING MiILL CO.,
American Steel & Wire Co.
Ryerson & Son, Inc.

SOCKETS

Alden Mfg. Co.

American Phenolic Corp,

CINCH MFG. CORP., 2335 W. Van Buren 8t., Chicago,

Contlnental -Diamond Fibre Co.
Co., H.

Eby Mrg.
FRANKLIN MFG. CORP.,
St., N. Y. C.

SOLDER

Dunton Co.,

GARDINER METAL CO., 4820 S. Campbell Ave., Chi-
cago, Il

Kester inder Comnanv

RUEY CHEMICALS CO., 58 McDowal St., Columbus,

SOLDERING |IRONS
ELECTRIC SOLDERING IRON CO., 342 W. 14th St
INSULINE CORP. OF AMERICA, 25 Park PL.

STA-WARM ELECTRIC CO., 508 N. Chestnut  8t.,
Ravenna, Ohlo

SPEAKERS and SPEAKER UNITS
Best Mfg. Co.

Boudette & Co.

Jensen Radlo M!z Co.

Magnavox Co.,

OPERADIO ]MFG. CO., 13th and [Indiana St., st
OIFIORD RADIO CORP., 350 W. Huron St.,

Charles,

1
RCA MFG. COMPANY, INC., Camden, N. J.
RACON ELEC. €0, INC., 52 E. 19th 8t. N. Y. C.

Rola Comnany,
820 Orleans St., Chi-

33 South St., Mt
INSTRU CORP., 612 Frelinghuysen

Chicago, 111

Brooklyn. N. Y,
287 N. 6th St.,

Ave.,

33 South St., Mt

Middletown, Ohio

ALBERT w., 137 vVarick

Chicago,

The
UTAH RADIO PRODUCTS co..
cago, Il
Victory Speakers, Ine.
Volee Of The Alr (o,
WESTERN ELECTRIC €0., 195 Broadway, N. Y. C,
WRIGHT-DE COSTER. INC., 2253 University St., St.
Paul, Minn.
SVEA METAL

S\g_El%’lst! IRON & STEEL CORP., 17 Battery PL.,

www americanradiohistorv com

TAPE, VARNISHED FABRIC
ACME WIRE CO0., 1255 Dixwell Ave., New Harven,

Con:
BRAND CO., WILLIAM, 276 Fourth Ave., N. Y, C.

TRANSFORMERS {Also see Chokes)

ACME ELEC. & MFG. CO., THE, 1440 Hamilton Ave.,
Cleveland, Ohl

ALLOY TRANSFORMER CO., 185 Liberty St., N. Y. C.
AMERICAN TRANSFORMER CO0,, 175 Emmet 8t.,
Newark, N. J.

Chicago Transformer Co.

Dongan Electrlc Mfg.

G%?‘E'&‘]L TRAlh{SFORMER CORP., 5025 8. Throop
- ica
LDORSON COMPANY, THE, 4500 Ravenswood

ve., Chicago, Ill.
JEFFERSON ELECTRIC CO0., Bellwood, Iilinois
K%‘NY N _TRANSFORMER CO., INC., 840 Barry st.,

RCA MFG. COMPANY, INC., Camden. N. J.
STANDARD TRANSFORMER GORP.. 856 Dlackhawi
St.. Chicago, Ill.
THORDARSON ELEC. MFG. CO., 500 W. Huron St..
cago,
UNJTED TRANSFORMER CORP., 12-74 Spring St.,

TRANSPORTATION, EXPRESS

Railway Express Aaeney, fne. Offices in all cities
TUBE PARTS (See Iron and Nickel)
TUBING, SEAMLESS CATHODE
General Plate Compan,

COMPANY, Bridgeport, Pa.

SUMMERILL TUBING
RIOR TUBE COMPANY, Norrlstown Pa.

TUBING SPAGHETTI (See Insulation Tubing)

TUNGSTE
CALLITE PRODUCTS DIV., 542 30th St., Unton City,

Cleveland Tungsten Mfg. Co., Inc.

VIBRATORS (See Relays)
WASHERS INSULATING (See Fibre, Phenol)
WASHERS, METAL .

SHAKEPROOF LOCK WASHER CO., 2501 N, Keeler
Ave., Chlcago,

Thompson - Bremer C

WROUGHT WASHER MANUFACTURING CO., 2208 S,
Bay St., Milwaukee, Wis.

WAXES (See Insulation, Compounds)

WIRE, BARE

Alpha Wire Co.

Amerlean Bralding Co.

American Steel & Wire

AN ONDA WIRE & CABLE C€0., 25 Broadway,

Belon 'M g. Co.
CALLITE BRODUCTS DIV., 542 sotn St., Unfon City.

CORNISH WIRE COMPANY, 30 Church 8t., N. Y. C.
Crescent Insulated Wire & Cable Co,

General Cable Corp.

Holyoke Company, Ine.

Hosklns Mfg. Co.

Phosphor  Bronze Smeltlnz Co.

Riverside Metal Co.

Roebling’s Sons Co., John A,

Scovill Mfg. Co.

WIRE, BRAIDED

American Braiding Co.

CORNISH WIRE COMPANY, 30 Church St., N. Y. C
General Cable Corn

Holyoke Company, Ine.

Roebling’s Sons Co., John A,

WIRE, COPPER CLAD

Amerlcnn Brailding Compan;
CAL IITE PRODUCTS DIV.. 642 38th St., Union City,

WIRE FILAMENT and GRID
AMERICAN ELECTRO METAL CORP.,

C/IleLJITE PRODUCTS DIV., 542 39th St.,

Driver Co., Wilbur B,
Driver-Harrls Co.

Jeliff Mfg. Corp., C. O.
Newark Wire Cloth Co.
Pequot WIre Clol.h Co

Lewiston,
Union 'Clty.

Prentiss &

SWED;SIE IRON & STEEL CORP., 17 Battery PI.,

WIRE, INSULATED

ACME WIRE COMPANY, 1255 Dixwell Ave., New
Haven. Conn.

American Bralding Company
Amerfcan Enameled Magnet Wire Co.
American Steel & Wire Co.
A’l‘WAcYONDA WIRE & CABLE co.,

Belden Mfg.

CORNISH WIRE COMPANY, 80 Church St, N. Y, C,

General Cable Corp

GENERAL ELEGTRIC COMPANY, Schenectady, N, Y.

LENZ ELECTRIC MFG. CO., 175I-1757 N. Western
Ave., Chlcago, III

Rockbestos Products Corp.

Roebling’s Sons Co., John A,

WIRE, MAGNET
ACME WIRE COMPANY,
Haven, Conn,

25 Broadway,

1255 Dixwell Ave., New

American Bralding Co.

American Enameled Magnet Wire Co.

American Steel & Wire Co.

ANACgN A WIRE & CABLE €O, 25 Broadway,
Belden Mfg. Co.

General Cable

0
GENERAL ELECTRIC COMPANY. Schenectady, N. Y.
Roebling’s 8ona Co., John

WIRE, RESISTANCE (See Alloys})

WIRE STRIPPERS

Carlander, Hen .

WIRE STRIPPER €O0., 1725 Eastham Ave., Fast Cleve-
land, Ohlo

ZINC

New Jersey ZInc Co.

Platt Bros. Co.

RADIO ENGINEERING
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LAMINATIONS

for Audio & Power Transformers
SPECIALIZED METHODS — YEARS OF EXPERIENOF
Wide Variety of Stock Standard Sizes
Dimension and Price Sheets on request

We Also Make

PERMANENT MAGNETS—DIES—TOOLS—
METAL STAMPINGS

Facilities for prompt service

Sfﬁ'@' pI"OdUCfS CO. INDIANAPOLIS, IND.

1 1100 to 1120
E Thomas & Skinner ,70%/°020

UNIVERSAL

Professional
Recording
Machine

Designed snd_ bullt
to 1insure Highest
Class Results. Solid,
heavy, dependable —
Precislon _machiped
thruout:—16 in. dis-
tortlon - proof  turn-
table disc — Constant
sPeed rim drive with-
out ‘‘waver’’ or ‘‘wow’'—I110 volt A.C. 100% synchronous. reversible motor—
Solid steel bar slide—Special Universal power cutter with four adiustments
for damping—Engineered by Universal to provide the best in instantancous
recording eauipment,

Write for detailed description.

UNIVERSAL MICROPHONE CO., Lid.
424 WARREN LANE INGLEWOOD. CALIF., U. 8. A.

CHOOSE THE CHELSEA
Where You Get the Best for Your Money

THE CHARM OF THE CHELSEA is its atmosphere
of cordiality and repose-enhanced by wide verandas
overlooking fountained lawns and the Sea. A beautiful
dining room at the Ocean’s edge serving a bountiful
table of excellently prepared food.

$ With $ 40 Rm.-$ Room

rom 8@ NS4 &S &
Bath Dinner Bath

SPECIAL WEEKLY AND MONTHLY RATES

HOTEL CHELSEA

ATLANTIC CITY

Joel Hillman J. Christian Myers Julian A. Hillman

MACHINES and ACCESSORIESZeLecraics fc g
FOR MAKING o

Incandescent Lamps Electron Tubes
Neon Luminous Tubes Radio Tubes
Now, Used and Reconditiened Machines Available

Sizes ¥ to 100 K.V.A, Woelders as low as $35.00.
Subm1( your samples for test. No obligatien.

EISLER ENGINEERING CO., INC.
747 So. 13th St. Newark, N. J. ~z

THE MUTER COMPANY
1255 SO. MICHIGAN AVENUE
CHICAGO

When You Renew Your Subscription to

RADIO ENGINEERING

Remember the Group Rate —$1.00 a year for
four or more subscriptions.
Regular Rate—$2.00 a year in U. S. A.—$3.00 in foreign countries

Erecrnolllernss
—LeCTRO-] ETALS,

CLEVELAND. OHIO
.

Quality Welds

M Lead-in Wires

fmproved Sound Equipment,

be sent on request.

HPVENT CORPORATION

Not everyonme buys Sound Equipment
But most everyone knows good sound

. which accounts for the universal acceptance of Fox
Complete informaticn and free technical data on Eletgrn-

Dynamic Units, Aluminum Horns, Portable P. A, Sys-
tems. Alrcraft Equipment and Theatre Reproducers will

TRANSFORMER

Comparative Tests always prove Acme
transformers better in performance
with higher operating efficiency. Built
by transformer engineers for radio,
television and special applications. -
THE ACME ELECTRIC & MFG. CO
1450 Hamilton Ave., Cleveland, Ohio

|

INDEX TO ADVERTISERS
A K
Acme Elec. & Mfg. Co.. The......... 31 Ken-Rad Corp.. The. ... oviiinnn 32
Ameriean Lava Corp......Second Cover .
B 3
Muter Company. The................ 31
Eisler Engineering Co.. Inc......... 31
Flectro Metals, Ine...........o.vve 31 R
F Railway Express Agency, Ine...... 3
Fox Sound Equip. Corp............. 31 ]
G Shakeproof Loek Washer Co....... 3
Solar Mfg. Co........cvvvnn Fourth Cover
Gardiner Metal Co..............cene. 29 Sound Systems, Ine...........oon. 32
Goat Radio Tube Parts. Inc......... 32 Stupakoff Laboratories, Inc......... 29

T

Thomas & Skinner Steel Products

(Do 0aooaBaB0Ea60006600000006000000008
o)
Universal Microphone Co. Ltd. ..., 31
w
Wire Stripper Co.. The. ... 20
Z
Zophar Mills. Ine.....cooooviiaiinn, 29
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GOAT RADIO TUBE PARTS, INC.

43 Ohio Street, Chicago, i

GOAT....

S, ey
Y

Used by some set manufacturers
on all of their models and by almost
all set manufacturers on some of their
models —for performance, appear-
ance and economy.

(A Division of THE FRED GOAT COMPANY. INC., Established 1893)
200 N. Edgemont Ave., Los Angeles, Calif.

Form Fitting
Tube Shields

314 Dean Street, BROOKLYN, N. Y.

500 King_ Street, West, Toronto, Canada

==

School Systems

FHA Loans legalized for
Public Address Equipment

A new low rrleed Educational Sound 8ys-
tem for sehools, i lifier, all

tuner, automatic phonograph, four position
input controt Junel. erystal microphone with
floor stand and room control panel. Furnished
in single or double channel, 10 to 70 room
capacity. All single channel models ecom-
pletely wired for two channe! conversion,

Ask for Bulletin “CS”

Sound Systems, Inc.

jua 1311 Terminal Tower, Cleveland, Ohle

Page 32

These Advertising Pages

reach the 6,000 important radio
executives, engineers, production
managers and purchasing agents
every month. . . .

If You Have A Message

tell 1t to these men. Get in touch
with our advertising department
TODAY !
Experienced merchandising and selling advice,
given freely.
RADIO ENGINEERING
19 E. 47th Street, New York City

RADIO ENGINEERING
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Communication and Broadcast

Engineering

The monthly journal for engineers
and executives in the fields of radio
broadcasting and communication,
telephony, telegraphy, aeronautical,
police and marine radio, electrical
recording, facsimile, etc.

Recent Numbers of Communication and Broadcast Engineering
have carried the following articles:

The Alternator as the Radio Power Supply ... .by J. Delmonte
Marine Radio Telephone Service by F. A. Gifford and R. B. Meader
Class B and C Amplifier Computations. ... ............ ... by Dr. Victor A. Babits
Portable Carrier-Current System. .. by F. B. Bramhall, E. S. Grimes, A. J. Boudreau
Broadcasting Studio Acousties. ................ .. by S. K. Wolf and C. C. Potwin
Field Strength Measuring Equipment. ... ... .. ... .. by E. L. Gove and C. E. Smith
The WLW "Suppressor’” Antennas............................. by J. C. Bailey
Impedance Matching at Audio Frequencies. ... ............ .. by T. W. Kilmer, Jr.
Maintaining and Measuring the Frequency of Transmitters. . . .by V. J. Andrew, Ph.D.
Coupling the Broadcast Antenna to the Transmission Line..... ... by Paul Rosekrans
WOR's Directive Antenna.............. ... ... ... by J. F. Morrison
Ultra High Frequency Police Radio. . .................. ... .. .. by Paul F. Godley
High Fidelity Broadeasting. ..................... ... ... .... by John J. Long, Jr.
Continuous Aural Frequency Monitoring. ............ .. ... .. by Robert C. Moody

Departments in each number cover New Products and
Equipment, Federal C. C. Activities and Reports, "Tele-
communication," Maps of Communication and Broad-
cast Systems, ete.

——— e e e — ama e — — e — =t e v . e S M — — —— — — —

BRYAN DAVIS PUBLISHING CO., |9 East 47th Street, New York, N. Y.

O Enclosed find {?5%% ffz';_ lz );':-s} subscription.

[ Enclosed find 25c. to cover mailing costs of one sample copy of

1
|
|
Subscription Rate |
I “"Communication and Broadcast Engineering."

$3.00 YeOI'IY | Name (Please Print).. ... ... . ..o iviiiiiiei it iae s

]

|

|

!

B T 1 S P
Town and SHate. .ottt e e e e e
Name of Company .. ....oumeii i
Title or Oceupation. ... ..o it e e e

{Foreign and Canada $4.00)
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. |

SOLAR CAPACITORS

EMBODY THE BEST MATERIALS
AND ADVANCED MANUFACTURING

TECHNIQUE ... TESTED AND TRUSTED
...RADIO’'S LEADERS USE THEM ...

B ——
= = ——

MANUFACTURING AFFILIATES IN B LONDON, PARIS, BERLIN, MILAN

¢ ~
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