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For more than a quarter of a century suppliers of high grade
metals to the foremost electrical equipment manufacturers.
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~1 T | A BOOKLET FOR
EVERY RADIO
ENGINEER. . . .
SEND FOR YOUR
COPY TODAY ..

NEW—"MCA" IMROVED CABLE
END TYPE SUPPRESSOR

INTERNATIONAL
2100 ARCH ST,

Page |

.....IMPORTANT

DEVELOPMENTS IN

1{R)C

RESISTORS

Not since IRC introduced the Type "K' Metal-
lized Filament two years ago have there been
resistor refinements of the importance of
those now announced by IRC engineers. These
spell new and unusual records of performance
in such essential resistor factors as perma-
nence, overload and humidity characteristics,
voltage coefficient and low level of noise.
They are detailed and actual tests charted in
a new booklet which we will gladly send to
radio manufacturing executives who realize
the necessity for keeping their products fully
abreast of rapidly changing times.

IR)C
MOTOR SUPPRESSORS

The same new low resistance contact which has resulted in out-
standing refinements in IRC Metallized Resistors has proved
equally important in its application to IRC Motor Radio Sup-
pressors. It means definite elimination of the most common
cause of suppressor failure—poor contact—and improvement
in general suppression performance as well. Other IRC Sup-
pressor features include solid, vibration-proof construction
without springs, rivets, steel wool or other intermediate ele-
ments. Special treatments proof them against moisture, hu-
midity and heat while extremely low capacity insures an abso-
lute minimum of noise.

Scientifically Designed for Lasting Service
On the Toughest Noise Suppression Job

RESISTANCE COMPANY
e PHILADELPHIA, PA.

In Canada, 74 Wellington St. W., Toronto, Ontario

MAKERS OF METALLIZED, POWER AND PRECISION WIRE
WOUND RESISTORS AND IRC MOTOR RADIO SUPPRESSORS
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Where fastenings are made
in hard-to-get-at places

Self-tapping Screws cut time and cost in half

N making hard-to-get-at fastenings

these unique Screws have no equal.

Driven like a wood screw ... form-
ing a thread in the metal as they are
turned into a plain hole... Parker-
Kalon Hardened Self-tapping Sheet
Metal Screws offer the only real
speedy, simple, cheap way of making
sheet metal assemblies in cramped
places.

It saves time...costs much less to
use these famous Screws instead of
common devices. You avoid the
fumbling and poor fastenings that
go with riveting and bolts and nuts.
You eliminate the tapping operations,
tap plates, stripped and crossed
threads and difficult starting involved
in the use of machine screws.

Practically all radio manufacturers
have gained lower assembly costs by
using Parker-Kalon Hardened Self-
tapping Sheet Metal Screws for at-
taching parts to chassis. Among them
are — Atwater-Kent, Crosley, Philco,
R.C.A.-Victor, Stewart-Warner,
Sparton, Stromberg-Carlson, Wur-
litzer. ’

See tight engagement of Note loose fit of machine
Self-tapping Screw. screw in tapped hole.

Stronger Fastenings, too

Under stresses of tension, shear and
vibration Self-tapping Screws hold
better than the ordinary devices—
machine screws and bolts and nuts.
I#'s easy to see why when you look
at the microphotographs here. The
obviously tighter engagement of a
Self-tapping Screw means greater
security.

Try Self-tapping Screws, Free
Find out for yourself how much
easier, quicker and cheaper it is to
make fastenings with these Screws.
Use the coupon to get a FREE

"Money-Saver Test Bag" of samples
with our unbiased recommendations.

Where and How to use them
Parker - Kalon Hardened Self-tapping Screws
For making fastenings to sheet metal up
to 6 ga., aluminum, die castings, Bakelite,
etc. Turn Screw into drilled, pierced or
molded hole. It forms a thread in the
material as it turns in. Can be removed
and replaced. Available in a full range
of diameters and lengths, and 5 styles
of heads as shown below.

(KRR

PARKER-KALON Hardened Self-tapping Screws

PAT.IN U. S. AND FOREIGN COUNTRIES

PARKER-KALON CORPORATION, DEPT. L, 190-198 VARICK STREET, NEW YORK, N. Y.

Tell me whether_assemblies described on attached sheet can be made cheaper with Self-tapping Screws. Il make

a "Money-Saver Test” if you send samples and recommendations—Free.

Name and Title

Company

AdAress .meaemeemeenmeis s
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UALITY of sound re-

QUALITY OF production as a func-
AUDIO OUTPUT  tion of loudspeakers is a
subject which has had con-

tinuous consideration during the past few
years. Of the types of distortion which may
affect quality, frequency distortion, phase
distortion and amplitude distortion have
come to be recognized as analyzable factors.
The first results from the non-uniform
frequency-response characteristic of the sys-
tem; the second, from certain frequency
components being displaced in their rela-
tions with other components, and the last
named, from non-linear amplifying charac-

" teristics within the system.

Obviously the effect of phase distortion
is not serious, but with respect to amplitude
distortion it is experience that overloaded
amplifiers sometimes introduce sufficient
harmonic content to make the quality of
audio output poor. '

In the I. R. E. Proceedings for May, 1933,
Frank Massa has a paper which reports re-
sults of an inquiry made to determine how
much overloading may be allowed in an am-
plifier without materially affecting the quali-
ty. From the data submitted it is apparent
that the presence of amplitude distortion be-
comes more evident as the frequency range
of the reproducing system is increased.

L 4

ITH the implied al-

GOVERNMENT - ternative of actual Gov-

GUIDANCE OF  ernment participation in

INDUSTRY private industry the Presi-

dent’s industrial recovery

bill contains elements of challenge to Ameri-
can business executives.

We believe that in the radio industry
there have been fewer “stuffed shirts” than
in almost any other line of commercial ac-
tivity. Also, there certainly has been a glar-
ing paucity of hundred thousand dollar per
vear salaries—such as have abated R. F. C.
enthusiasm for loans to other industries in
distress. )

The radio industry as represented by the
receiver manufacturers has suffered mostly

from unprofitable retail prices. Causes as-
cribed include fly-by-night, irresponsible,
“gyp” competition, and dumping. Dumping
was the second phase of over production.

Government control of industry will pre-
vail for a period of two years under the bill,
which declares the existence of “a national
emergency productive of widespread unem-
ployment and disorganization of industry,
which burdens interstate commerce, affects
the public welfare and undermines the
standards of living of the American people”
and defines the policy of Congress to be “to
remove obstructions to the free flow of
interstate commerce which tend to diminish
the amount thereof; and to promote the or-
ganization of industry for the purpose of co-
operative action among trade groups, to in-
duce and maintain united action of labor and
management under adequate governmental
sanctions and supervision, to eliminate un-
fair competitive practices, to reduce and re-
lieve unemployment, to improve standards
of labor, and otherwise to rehabilitate in-
dustry and to conserve natural resources.”

To this end, the industries of the country
are to develop codes of “fair competition”
which, upon approval by the President, are
to constitute legal requirements, with fines
ranging up to $500 as penalties for viola-
tions.

Following adoption of a code, or its en-
forced application upon an industry which
fails to act voluntarily, all members of the
industry affected, engaged in interstate com-
merce, will be required to secure Federal
licenses, failure to do so to be punishable by
a fine not exceeding $500 or by imprison-
ment for not more than six months, or both.

The designated “period of two years”
should be viewed as a period of great oppor-
tunity for the radio industry. It will be a
period of opportunity for constructive, co-
operative leadership, a period during which
there is likely to be an early separation of
the builders from the destrovers.

Og)oﬂafa‘(//mg’mw(,’

Editor
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Precision-built?

.... OF COURSE
but more than that!

@ You expect precision workmanship in most measur-
ing instruments, in fine tools and in machine parts.
These must be amazingly accurate if they are to be of
worthwhile service . .. You'll find this same watchlike
precision in the Volume and Tone Controls made by
Chicago Telephone Supply Co. . . . But expect more
than precision workmanship when you examine these
fine variable resistors. Not only are they precision-
built. You'll find them precision designed, as well.

That's a part of the service rendered by our Engineer-
ing Department that is vital to every manufacturer of
radio receivers. It insures not only fundamentally correct
designs, but also the use of materials that are absolutely
correct for each particular part. It insures also the utmost
watchfulness and care during every stage of manufacture.

Our engineers know full well how all-important is
the matter of care — accuracy — precision— vigilance in
the making of such delicate parts as these. For these
units must be everlastingly gqziet, and as permanently
trouble-free as human ingenuity and skill can make them.

Frankly, we believe you'll find the precision-quality
we build into these units a mighty comforting thing to
bank on. When your merchandise has jumped the final
hurdle in its journey to the consumer, and is being
judged solely on its performance in the acid test of daily
use, the integrity of its components is a vital necessity—
Make sure that your Volume and Tone Controls are
right by specifying those bearing the CTSC trade mark.

Any engineering aid we can render is yours for the
asking. Let us help smooth out some of your variable
resistor problems. Send us your specifications today.

CHICAGO TELEPHONE SUPPLY CO.
HERBERT H. FROST, Inc.
SALES DIVISION
General Offices ELKHART, INDIANA and Plant

No. 11 Switch, for panel mount.ng
No. T, for unit mounting.
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The finest radio-equipped
motor cars depend upon
Allen-Bradley Suppressors
for satisfactory radio re-
ception. Profit by the ex-
perience of the leaders
and standardize on Allen-
Brodley Suppressors.

SPARK PLUG RESISTORS

‘Allen-Bradley

The world's foremost manufacturers of auto-radio
receivers are enthusiastic about the high suppression
efficiency of Allen-Bradley Suppressors. They also
prefer these long-lived spark plug resistors because:

1- They do not “open circuit”’ in service and cripple
the engine.

2-They do not “drop” in resistance and fail as
suppressors.

3-They do not have a “high voltage characteristic”
which sharply decreases the suppressor resistance
during each spark discharge and thus defeats the
purpose of the suppressor.

4-They do not fail from exposure to oil and water.

5-They do not break due to car or engine vibration.
The resistors are enclosed in rugged, non-arcing
bakelite casings—not in brittle ceramic material.

The superiority of Allen-Bradley Suppressors can
be easily demanstrated. Our engineers will gladly
supply dota and performance curves on resistors
; for your requirements. Write us today.

A TERRIFIC LIFE TEST

Allen-Bradley Suppressors are tested in laboratory and
tleld under oll extremes of temperature, moisture, and
other conditions in automotive service. Thera Is no guass.
work—prolonged tests protect the car owner against
annoying fallures.

X

ALLEN-BRADLEY COMPANY, 126 W. Greenfield Ave., Milwaukee, Wisconsin
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RMA Prepares to Operate Under
“Industry Control” Plan

With trade association membership declared to be an
imperative necessity under the new “industrial control”
law, a general invitation to all makers of radio products
to join the RMA is being extended. All non-member
radio makers are asked to communicate and file mem-
bership applications with RMA headquarters, 1317 F
Street, N.W., Washington, D. C., and as soon as possible.

EATURING the ninth annual convention of the Radio

Manufacturers Association at the Stevens Hotel, Chi-

cago, June 6, was consideration and definite construc-

tive action for operations of the radio industry under
President Roosevelt’s industrial recovery program. A special
RMA committee to begin work toward a voluntary “code”
for the radio industry under the new plan for government
“industry control” was created without a dissenting vote at
the RMA membership meeting. The Association’s board of
directors was empowered to “do anything that may be re-
quired by the industrial recovery act in cooperation with the
federal government.”

The committee of leading national radio manufacturers
appointed to work with the government in administering
the new law and cooperate with the federal industrial ad-
ministrator consists of W. Roy McCanne, chairman, presi-
dent of the Stromberg-Carlson Company, Rochester, N. Y.;
Paul B. Klugh, of Chicago, vice-president of Zenith Radio
Corporation; Arthur T. Murray, of Springfield, Mass., pres-
ident of the United American Bosch Corporation, and S. W.
Muldowny, of New York, chairman of the National Union
Radio Corporation. The committee immediately prepared
to compile industry data in anticipation of early passage by
Congress of the new legislation.

Fred D. Williams, of the P. R. Mallory Company, of In-
dianapolis, Ind., was unanimously reelected president of the
RMA. The board of directors also was reelected. Leslie
F. Muter, of the Muter Company, of Chicago, was elected
treasurer; Bond Geddes was reelected executive vice-presi-
dent, general manager and secretary, and John W. Van
Allen of Buffalo, general counsel.

The RMA board includes the following, elected for tliree-
year terms: J. Clarke Coit, Powel Crosley, A. Atwater Kent.
Paul B. Klugh and George K. Throckmorton; for two-year
terms : E. T. Cunningham, W. Roy McCanne, W. S. Syming-

ton, A. S. Wells, and S. W. Muldowny; for one-year term:
Arthur T. Murray, James M. Skinner, William Sparks,
LeRoi J. Williams, George Lewis, Leslie F. Muter, Arthur
Moss and Richard A. O’Connor.

A nation-wide “Radio Prosperity Campaign” next fall,
including outstanding broadcasting during a “Radio Progress
Week” in October, was outlined. Earl Whitehorne of New
York, long identified with radio interests, will be director
of the prosperity campaign.

Under direction of Chairman Leslie F. Muter, the parts,
cabinet and accessory division was reorganized at the annual
division meeting in Chicago, June 6, during the convention.
New chairmen for ten committees of the division were
chosen and will develop detailed work for their members
during the coming year. Thé various committees with their
chairmen follow : Carbon Resistors, H. E. Osmun, chairman;
Wire-Round Resistors, Leslie F. Muter, chairman; Variable
Resistors, Arthur Moss, chairman; Fixed Condensers, Rich-
ard A. O’Connor, chairman; Variable Condensers, Lloyd
Hammarlund, chairman; Cabinets, N. P. Bloom, chairman;
Audio and Power Coils and Wire, Whipple Jacobs, chair-
man; Transformers and Chokes, C. H. Bunch, chairman:
Sockets, H. H. Eby, chairman, and Instruments, Robert
Williams, chairman.

The RMA annual meeting was attended personally by
nearly 90 per cent of the membership. There were also two
meetings of the board of directors and separate meetings of
the four Association divisions: the Set Division, Chairman
Arthur T. Murray; Tube Division, Chairman S. W. Mul-
downy; Parts, Cabinet and Accessory Division, Chairman
Leslie F. Muter, and Amplifier and Sound Equipment Divis-
ion, Chairman Richard A. O’Connor. All divisions heard
annual reports of important work done during the past year
and made plans for comprehensive future activities, in the
interest of all manufacturing interests in the RMA mem-
bership.
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In this Sparton model, three speakers
in an arc of a circle provide 155
square inches of sound -recording
speaker surface. This application of
principles in acoustical reproduction
eliminates distortion and provides
performance superior to dual-speaker
arrangements.

PARTS AND ACCESSORIES

For Radio Receivers

URING the past three years considerable
progress has been made in the development of
commercial standards for parts and accessories
for radio receivers.

Through Leslie F. Muter, of Chicago, chairman of
the RMA Parts Division, and Floyd C. Best, of Elkhart,
Indiana, Standards Committee chairman, parts manu-
facturers are now contributing proposals and data to
develop new and simplified commercial standards and
thus effect substantial savings for receiving set manu-
facturers as well as makers of parts.

During the depression years, particularly, the com-
petition in the parts field has been very keen. Low
grade as well as high grade products have been marketed.
Many radio receivers are in service made up largely of
parts which make a poor showing except in the 50-kw.
areas.

Condensers

In the matter of condensers radio must be credited
with noteworthy progress. Before the advent of radio
a one-half microfarad condenser consisted of a wood
box container for the conducting and insulating elements,
the box about six inches square and one inch thick. A
standard three microfarad condenser weighed about
fifteen pounds. The fractional unit capacities employed
in radio made possible greatly reduced dimensions. The
evolution of the electrolytic rectifiers of pre-radio days
into electrolytic condensers—wet and semi-dry—per-
mitted reduced dimensions for low capacity condensers
for receivers, and also made for reduced costs. The
small tubular condenser units have contributed to the

success of the miniature receivers now widely used.
The dependability of by-pass and trimmer condensers
of modern manufacture is quite remarkable.

Condensers of variable capacity also have been very
materially improved in recent years. In superheterodyne
construction for tracking use condensers have been sub-
iected to close engineering studies with the result that
condensers properly designed for the purpose now are
available which have dependably uniform characteristics.

The dry electrolytics with single section cans one inch
in diameter, for by-pass and filter uses are made in
forms permitting of various mountings, thus enabling
receiver designers to locate condenser units in any
available space.

There are still many uses in radio for the small mica
condensers molded in Bakelite. These range in capacity
from .04 to .00004 microfarad.

Resistors

Resistors as shunts across spark gaps for the
purpose of suppressing spark disturbance to radio re-
ceivers mounted in automobiles, presented a challenge
to the manufacturers. These resistors perforce had to
withstand much mechanical jarring without likelihood
of circuit opens. The ohmic resistance must remain
constant once applied to the car system. They should
not have high voltage characteristics which act to de-
crease the suppressor resistance during each spark dis-
charge.

Several resistor manufacturers were successful in
meeting these requirements.

For relatively low ohmic values where measuring

wwWw americanradiohistorv com
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instrument precision is desirable wire-wound resistors
have wide application.

In the 1,000 to 5,000 ohms range the molded re-
sistance units have been widely accepted.

With grid leaks commonly used with detector tubes
and with resistance-capacity coupled audio amplifiers,
a too low resistance value reduces the sensitivity of the
receiver while if the resistance is too high the receiver
may howl or choke on strong signals. With respect to
the bias resistance from cathode or filament center tap
of a tube to chassis or negative of plate current supply
good practice prescribes that the resistance should equal
cne thousand times the rated negative grid bias of the
tube in volts divided by the rated plate current in
milliamperes.

In modern receivers the number of resistors is large
compared with circuit requirements of a few years ago.

Sockets

In no element of the radio receiver, except tubes, has
there been more worthwhile progress than in the manu-
facture of sockets. Such products as the simple unit
with spring reinforced contacts for tubes of all types,
and the rivetless unit are examples of real progress
along this line.

Yolume Controls

Several companies have produced excellent volume
controls which have made possible improved radio re-
ception. During the past year a considerable amount of
technical information has been published on this subject,
in Rap1o ENGINEERING.

Transformers

In ten years vast improvement has been made in audio
transformers used in the output of radio receivers. As
soon as it was realized that there must be sufficient wire
in primary windings to provide the required impedance
and that there should be a resistance of 200 megohms
upward between the two windings and core, crackling
and frying of audio outputs disappeared.

Loudspeakers

Although American manufacturers were building
loudspeakers as early as 1911 it was not until 1926 that
satisfactory moving-coil speakers became available. In
1927 attempts were made to obtain wider response by
employing dual speakers. During the following five
years economy, low prices for receivers and space
limitations tended toward improving single speakers.
Loudspeakers then came to be known as “magnetic” or
“dynamic.” In the latter the force that drives the
diaphragm is developed by the interaction of the current
in the driving coil with the lines of magnetic force
crossing the air-gap in which the coil vibrates. With a
driving coil of a given size, the efficiency is proportional
to the lines of force per unit area crossing the gap—
that is, to the flux density.

The present tendency toward the employment of loud-
speakers remotely controlled and toward the renewed
incorporation in receivers of two or three loudspeakers
is a bid for greater volume, wide frequency coverage
and distortionless reproduction.

The outstanding work done by one company during
the past few years is indicative of what has been going
on in this direction. Recognizing the popularity of
miniature receivers this company sensed the opportunity
to add what was lacking, by adding an auvxiliary speaker.

Page 9

This speaker is installed in a suitable cabinet, located
at any convenient place in the home. The cabinet is
smaller than the conventional console, and its appearance
with respect to authentic period designing is not re-
stricted by the installation of tuners, dial knobs, etc. It
merely contains the speaker and a pair of small leads,
the two together no larger than a No. 16 wire being led
to one or more locations where the small receiver may be
located. The small receiver is then used throughout
the household according to the wishes of the family, but
it can be connected to the auxiliary speaker merely by
inserting a small plug into a suitable jack, whereupon
sufficient volume is obtained for any home and a degree
of fidelity exceeding that incorporated in nearly all
present day console receivers with conventional speakers.

The tuning and control volume is done at the arm
chair with the small receiver. No auxiliary amplifier or
any other equipment is used between the receiver and
the speaker, and the small receiver still has its own
individual speaker as a part of it, so that its utility is the
same as it 1s in its present form.

Materials, General

Of the three main active materials in electrical ap-
paratus, conductors, insulation and magnetic material,
there has been a wide variation in development. Copper
for conductors is practically the same today as it was
thirty years ago. Insulation has advanced considerably
but magnetic materials have, through industrial research,
gone through most important changes. The core materials
and core structure of modern transformers and chokes
show improvement. Also, there have been advances in
shaping inductance units, such as the Polydorff iron de-
velopments in the United States and the ferro-cart coil
inventions in Europe.

Molded Products

Radio furniture, as tlis concerns cabinet housing for
radio receivers, has drawn upon the genius of the fabri-
cators of materials. Various synthetic molded products
have been introduced in radio receiver manufacturing
which have contributed toward neat appearance of the
finished product and made possible small units without
loss of rigidity and strength. Molded wood products also
have found an acceptable place in receiver manufacture.

The general acknowledgment in other countries of the
superiority of American radio receivers, both in respect
to performance and appearance, is a tribute to the rapid
progress made here by parts manufacturers in perfecting
the many elements that go to make up the modern
receiver.

Special Equipment

In the manufacture of receivers for automobile, air-
plane and motor-boat use a long list of special parts and
fittings is required. Roof and under-chassis antenna
plates are in various varieties. In many installations loud-
speaker units are completely inclosed in cylindrical
aluminum cases provided with clamping studs. Shielded
cable also is widely used in these installations for the
purpose of limiting inductive disturbances.

For the rapidly increasing number of centralized radio
systems for hospitals, hotels, schools, apartment build-
ings, etc., special antenna systems have come into use.
These systems also have called for many designs of
panel boards with their required complement of meters
and switches.

Every new extension of radio develops a demand for
new accessories, new parts and new designs.
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Automatic

Regeneration

By R. W. TANNER

hope of engineers and experimenters since the

regenerative circuit was first invented. It is now

a possibility through a development recently
completed.

While the invention can be applied to the broadcast
receiver to good advantage its greatest value will be on
the short waves where the elimination of reaction on the
tuning must be accomplished for ease of tuning. What
could be more valuable in a short wave receiver than
regeneration which requires only one initial adjustment?

In Fig. 1 is shown the fundamental circuit with a 27
detector tube. The inductance L is the usual grid coil
and L1 is the regeneration coil. Both L and L1 are
tuned to resonance with the incoming signal by means
of a two-gang condenser C. The r-f. currents in the
detector plate are fed to the tuned regeneration circuit,
L1-C, through a blocking condenser C2. The capacity
C1 is a coupling condenser.

If L and L1 were magnetically coupled and no capacity
at Cl, the plate feedback currents would be stronger at
the low capacity end of the tuning scale. With no
magnetic coupling between L and L1 and a capacity
at C1, the feedback would increase at the high capacity
end of the scale.

With proper coupling between L and L1 and capacity

3 UTOMATIC regeneration has always been the

*

RADIO ENGINEERING

coupling through C1, we can adjust the value of regene-
ration at a suitable point where it will remain constant
over the entire tuning scale.

The circuit is not exactly complicated but considerable
accuracy in the coils and tuning condenser is a necessity.
The length of leads in both tuned circuits must be the
same and the condenser trimmers must be adjusted ac-
curately. The value of Cl and degree of magnetic
coupling is entirely experimental. Coupling to the
antenna cannot be too great otherwise detuning of the
detector grid circuit will result in throwing the circuit
out of balance, as well as causing dead spots in the
regeneration.

The r-f. chokes in the detector plate circuit are of
considerable importance in obtaining smooth, constant
operation. RFC-1 should be capable of blocking the
r-f. currents within the tuning range. RFC-2 may be
85 millihenrys and C3 250 mmf.

Automatic regeneration is especially suitable to a short
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Fig. |. Automatic regenerative circuit.

wave superhet, no more than one high-gain i-f. stage
being then required. Image frequency interference is
reduced to a minimum by the added selectivity, the sen-
sitivity being all that one could desire.

Considerable work is being done with this new idea,
applying it to various circuits and with different tubes.
Tater constructional data will be available.

*

OPERATION OF NEW ANTENNA AT KYW

IX months ago KYW made first use of a new

type of antenna, that in effect consists of two

vertical radiators, so spaced and properly ad-

justed in such a manner, as to concentrate the
larger portion of the radiated energy in the directed di
rection. The unique feature of this installation was the
utilization of wooden masts for the support of the con-
ductors which radiate the 10 kilowatts of KYW’s 1020
kilocycle frequency.

The main antenna at KYW, generally referred to as
the exciter antenna, consists of a wooden mast which
supports a section of copper tubing 204 feet in length.
When first installed, an attempt was made to work the
antenna as a half-wave radiator. A tuning coil was
placed midway between the top and bottom of the pole
and at a height of about 100 feet, and current fed by
means of a two-wire transmission system to the trans-
mitter. This particular system presented some difficulty
in the matter of tuning and adjustments and after some
experiments were made it was decided that a quarter-

wave, under the circumstances would be more feasible.
Since January 5, 1933, the exciter antenna has been
worked as a quarter-wave, its advantages over the half-
wave being that it is little affected by weather conditions
and can be tuned and adjusted at the base of the mast.
Also as the present method of operating the quarter-
wave antenna makes use of a ground consisting of cop-
per sheets and radial wires, the wooden pole is very
nearly at the same potential as the antenna itself, thus
doing away with the possibility of loading a considerable
portion of the radiated energy into the supporting mast.

When the antenna was frst installed, three sets of
guys, consisting of four guy wires each, were made use
of to hold the mast erect. The topmost set of guys was
approximately 140 feet above ground. There remained,
unsupported, a 60-foot section of the mast at the top.
It was decided that this presented a hazard in the case
of high winds or ice collecting, and an additional set of
guys was installed and attached to the mast, approxi-
mately 175 feet from the ground.
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The
CATKIN
Tube

Largely replacing glass,
an envelope of copper
serves as anode

1933

UROPEAN tube manufacturers have introduced
new radio receiving tubes, adopting from trans-
mitting tube practice the metal container which
serves also as the anode.

Filg. 2 shows a view of the screen-grid tube before the
base has been attached. Fig. 1 shows the tube with base
ready to be pushed up into place.

The new tubes embody various desirable features, such
as greater uniformity, smaller dimensions, less liable to
breakage, ease of packing and shipment, and requiring
reduced shelf space.

The tubes available thus far are the screen grid, triode,
and pentode, also a variable-mu s-g. type.

In the internal construction of the new tubes nearly
all bends and welds are avoided from wire supports.
Also, the inside electrodes are accurately and rigidly
positioned within the anode-envelope by strong mica
washers.

Glass is improved upon as a dielectric by substituting
for the glass “pinch™ a mica insulated pressed steel clip.

AIR-COOLED . b
AMOOE - - CONTROL GRID
e A

7 -‘i SCREEN GRiD
STRAIGHT WIRE —SUPPRESSOR
CONSTRUCTION GRID
NO BENOS OR
WELDS

NEW (YPE

T CATHODE

SCREEN-GRID
CONNECTION

Fig. 3. The pentode unit.
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Fig. I. Fig. 2.

Fig. I. A sectioned base of the Marconi

Catkin. The shockproof rubber mount-
ing which is used on all types is clearly
visible.

Fig. 2. Interior view of Marconi s-g.

Catkin. The cut-away anode and screen
show the whole construction; this is the
tube as it appears before the base is
added.

Below this the wires are well spaced and taken out
through a glass seal which forms the lower part of the
electrode container.

The frequently disturbing sound vibrations which
cause movement of tube electrodes, and thus produce a
type of hum are, in the Catkin tube, obviated by the
method employed to give it a non-microphonic mount-
ing.

A short section of glass tube is joined to the copper
envelope, the latter tapered to a thin edge which snugly
fits the glass, being fused with a borax flux.

The reduced size of the tube is indicated by the
measurement 125 mm. by 33 mm. (the triode 334 inches
high by 7% inch wide at the top).

The precaution of having the tube secured to the
base by a rubber clamp limits the sound conduction path
to the thin conducting wires attached to the contact pins,
constituting an excellent non-microphonic mounting.

Of the tubes already available the characteristics of the
s-g. detector amplifier are:

_ Filament volts ...........ooiiiiiiinennn.... 4
Filament current .......................... 1 amp.
Anode volts (max.)................cvvunnnn... 200
Screen volts (max.)..........cooeviiiuinin... 80
Amp. factor ....... ... 1,120
Impedance ........................... 350,000 ohms
Mutual conductance ..................... 3.2 ma./volt
Grid anode capacity....................... 003 ppf
Anode—earth capacity (unshielded)......... 6.0 ppuf
Anode—earth capacity (shielded)........... 9.0 ppf
Grid—earth capacity ...................... 11.5 puf
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A Study of
Hum Generation
in Yacuum Tubes

As Affected by
Heater Design
By
J. J. GLausert
AND

A. G. CamMpBeLL* '

and 38 tubes in 1931, there has existed a feeling

that these tubes are suitable for operation only

with d-c. applied to the heater. As originally
brought out, these tubes contained heaters of the straight-
through type, a single coiled filament concentrically lo-
cated in the cathode sleeve, and since no provisions were
made for hum cancellation the tubes were not suitable
for a-c. heater operation. The hum is due primarily to
the magnetic field created by the filament current modu-
lating the electron stream between cathode and plate.
Most tube manufacturers are still using this form of
heater construction, thereby limiting the application of
the 6.3 volt tube to a d-c. heater supply. Realizing this
limitation the Arcturus Radio Tube Company in 1931
developed a double hairpin type of heater which provided
for hum cancellation. All Arcturus 6.3 volt_heater type
tubes employ this type of heater and can therefore be
used on either a-c. or d-c. supply voltages.

It is the purpose of this paper to compare the hum
developed in the 6.3 volt tubes with that developed in
the standard 2.5 volt heater type tubes, and thereby to
show that because of the lower hum levels developed in
the former type that the 2.5 volt tubes do not present
sufficient advantages to have new tubes developed around
this type of heater.

Description of Apparatus

The apparatus itself is thoroughly shielded from ex-
ternal disturbances and is placed in a shielded room as

EVER since the introduction of the types '36, ’37

tChief engineer, Arcturus Radio Tube Company.
*Resecarch engineer, Arcturus Radio Tube Company.
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Fig. 2. Types of heaters.
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Fig. 3. Type 57. Filament as in Fig. 2 (C).
Critical bias = 5.55 v.
Cathode bias = 7.35 v.

an additional precaution against the influence of dis-
turbing stray fields. Without a tube in the test socket
the measured disturbance is 300 microvolts, most of
which is at 60 cycles. Except for the 60 cycle a-c. source
used as a filament heater supply, batteries are used
throughout.

The tube whose generated hum is to be determined is
connected as a self-biased anode-bend detector as shown
at A in Fig. 1. The cathode is maintained at a positive
potential with respect to ground by means of the 50,000-
ohm resistor in the cathode circuit. The filament mid-
point can be adjusted to any positive d-c. potential V
above ground by means of the potentiometer P. The
output circuit is resistance coupled to the input circuit
of a type 24 tube used as a high gain linear voltage am-
plifier, having a measured gain of 143. A switch S, pro-
vides for the measurement by means of the anode-bend

A
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Fig. 1. Diagram
of hum analyzer.
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rectifier vacuum tube voltmeter, of the voltage at either
the amplifier input or output.

A transformer T,, supplies audio frequency from a
standard audio oscillator to the square-law vacuum tube
voltmeter input. A harmonic analysis of the voltage
generated by the tube under test is made by superimpos-
ing the voltage generated at the transformer secondary
of T,, upon the voltage at either points a or b of switch
S,. The audio oscillator is tuned to a frequency slightly
higher or lower than that of the harmonic under observa-
tion. The beat frequency produced by the superimposition
of these two frequencies upon a square-law rectifier ap-
pears on the microammeter I, connected in the output
circuit of the v.t.v.m. and is maintained at a frequency
of not more than 20 cycles per minute, (the natural
frequency of the meter is 50 cycles per minute). The
d-c. plate current of the v.t.v.m. is balanced out in the
conventional manner. The peak amplitude of the beat
note is proportional to the product of the contributing
amplitudes and the v.t.v.m. calibration constant. The
amplitude of the beat note is measured by observing the
maximum and minimum positions of the microammeter
needle as it slowly oscillates back and forth. The am-
plitude of the known audio frequency is measured by
throwing switch S, into position d. If the harmonic
under observation is small, S, is thrown to position b

LT o
o TR
I [ 3 - 3

Tosa Moardee

Fig. 4. Arcturus Type 57. Filament as in Fig. 2 (D).

Critical bias = 5.92 v.
Cathode bias == 6.05 v.
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Fig. 5. Arcturus Type 77. Filament as in Fig. 2 (E).

Critical bias = 6.05 v.
Cathode bias = 6.19 v.
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Fig. 6. Type 36. Filament as in Fig. 2 {B).

and the actual voltage developed across the output cir-
cuit of the tube under test is determined by dividing the
amplitude of the harmonic between b and ground by the
known gain of the amplifier. Then

Ib

E,=
4AE,

Where ¥ I, peak amplitude of the beat note

A v.t.v.m. constant (microamperes per volt
squared)
r.m.s. voltage of known frequency

E, — r.m.s. voltage of harmonic
Voltages of the order of 0.1 millivolt can be measured
with an accuracy of plus or minus 5 per cent. This
method of harmonic analysis was described by C. G.
Suits in an article entitled “A Thermonic Voltmeter
Method for the Harmonic Analysis of Electric Waves,”
Proc. I. R. E. Jan. 1930.

Types of Heaters

There are five practical means of mounting the fil-
ament or heater within the cathode sleeve as shown in
Fig. 2. At A is shown a single wire filament F mounted
along the axis of cathode K. Inasmuch as tungsten is
the only suitable material for heaters available at present,
this type of heater construction is suitable only where a
low voltage and high current can be tolerated. The
high current produces a strong magnetic field which
modulates the space current causing excessive hum.

In B is shown the straight through single coiled fil-
ament in use in many of the present 6.3 volt tubes. It is
to be noted that no precautions for cancellation of the
magnetic field produced by the current passing through
the heater has been taken in either type A or B.

At C is shown the return helix type of heater in which
provision for hum reduction is accomplished by causing
the current to enter and leave in opposite directions,
through two helically wound wires having a common
axis. These helices have the same diameter and pitch
and the turns are interlaced. This type of heater is ap-
plicable to both the 2.5 and 6.3 volt tubes.

At D is shown the single V or hairpin type of heater,

Il

E,

I
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while at E is shown the M, or double V, or double hair-
pin heater construction. Because of the limited number
- of materials suited for vacuum tube heater use, and the
limited space requirements, only the heaters shown at
- B, C and E are applicable to the 6.3 volt, 0.3 ampere
tubes.

Hum Comparison

With 60 cycles a-c. as the supply source to the heater,
a comparison was made between the heaters shown at
B, C, D and E of Fig. 2, on a number of tubes. The
generated hum was resolved into the fundamental fre-
quency and its harmonics by the method described above.
In each case measurements were made with the rated
voltages applied to all elements of the tube, and with
the filament center-tap at ground potential and then again
with that value of positive bias on the filament which
produces maximum hum. This has been termed the
critical bias. It is of interest to note that the average
critical bias is approximately 6 volts. The maximum
-and minimum values were 9 volts and 3 volts respectively.

In Fig. 3 are shown the results obtained on ten type
57 tubes with 2.5 volt heaters of the return helix type
of Fig. 2C. The average 60 cycle component at zero
bias is 8.1 millivolts and 127 millivolts at the critical
bias of 5.55 volts. Fig. 4 offers a direct comparison,
being the results obtained on the same type of tube but
with the single hairpin heater of Fig. 2D. The average
60 cycle hum at zero bias is 5 millivolts and at the critical
bias it is also 5 millivolts. At zero bias the only higher
harmonic of any account in the return helix construc-
tion of Fig. 3 is the 120 cycle component, but for the
critical bias, both the 120 and 180 cycle components are
of objectionable magnitude. Measurement of the 180,
240 and 300 cycle components showed these to be neg-
ligible even at the critical bias for the single hairpin
heater construction as is shown by Fig. 4. It should be
borne in mind that the higher frequency disturbances
are more objectionable, even though their actual level is
low, because of the increased audio amplification and
increased sensitivity of the ear to higher frequencies.

The reason for the marked difference in hum levels
at the critical bias for the two types of heaters C and
D of Fig. 2 is due to the necessity of spraying the return
helix heater with an insulator to keep the turns from
touching each other, whereas a two-hole extruded baked
ceramic of higher insulation resistance is used with the
single hairpin heater. As far as we know there has not
been developed a sprayed insulator possessing the high
insulating qualities of the baked ceramic.

A group of type 77 tubes having approximately the
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Fig. 8. Arcturus Type 36. Filament as in Fig. 2 (E).
Critical bias = 8.9 .
Cathode bias = 8.28 v.

RADIO ENGINEERING

[

a
E

Hort Gewerared (Mitrvoers)

7H8E Nomser

Fig. 7. Type 36. Filament as in Fig. 2 {C).
Critical bias = 69 v.
Cathode bias = 8.11 v.

same characteristics as the type 57 except for heater
voltage and current was next studied. The heater con-
struction shown in Fig. 2E was used. An extruded four-
hole ceramic is employed. The average 60 cycle com-
ponent at zero bias was 0.45 millivolt while the maximum
obtainable with a 6.05 volt average bias was only 1.5
millivolts as shown in Fig. 5. It is of interest to note
that although the third, fourth and fifth harmonics are
negligible for the single hairpin type of heater as was
pointed out in reference to Fig. 4, the heaters with the
double hairpin of Fig. 5 contain a measurable amount
of third harmonic component at the critical bias but a
negligible amount at zero bias. The reason for this is
not apparent but may possibly be due to the higher
operating temperatures of the filament, and therefore
the resulting higher conductance of the ceramic insulator.

From the above it may be concluded that the double
hairpin construction generates a lower hum voltage than
either the return helix or single hairpin heaters.

A comparison was next made between three differ-
ently constructed type 36 tubes employing 6.3 volt heaters
as shown in Fig. 2B, C and E. Fig. 6 shows the high
hum levels obtained when using the single coil straight-
through heater in which no provision for hum reduc-
tion has been made. Since the loop formed by the lead
wires and filament entirely surrounds the tube struc-
ture a high inductance is unavoidably obtained which
results in a high alternating magnetic field intensity. In
this construction the helix is placed inside a tubular
ceramic surrounded on the outside by the cathode sleeve.
It is to be noted that at the critical bias the higher har-
monics up to 240 cycles per second are of high mag-
nitude.

Fig. 7 is the result of a study of the return helix con-

(Concluded on page 17)
—— - —— -
CRITICAL

HUM IN MILLIVOLTS
1AS

ZERO BIAS CRITICAL BIAS vBoLYS
60~ 120~ 60~ 120~ 180~ 240~

Type Tube Heater

57 i iieeiaann Return Helix... 820 014128 480 175 0. 555

Arcturus 57...Single Hairpin.. 500 035 50 037 0. . 5.92

Arcturus 77...Double Hairpin. 045 047 1.5 137 021 O 6.05

36 ingle Coil...... 2.0 033 39%. 184, 2.0 148 890

36 ciiiiiienane Retusn Helix,.. 3.0 124125 560 131 35 690

Arcturus 36...Double Hairpin. 092 062 135 141 0 0. 8.90
Fig. ¢
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The Processing of

Thoriated Tungsten Filaments

HE fundamental application of

the filament in a vacuum tube is

to provide a source of electrons.

The electron as a natural unit of
electricity was introduced in the latter
part of the nineteenth century by
Stoney. This, however, was not the
origin of the true interpretation of the
word and it was not until J. J. Thom-
son’s work with his negative corpuscle
radiation from heated surfaces in vacua
that a true meaning, as we know it to-
day, was placed in the annals of scien-
tific perception.

The electron mass of 1/1845 of that
of the hydrogen atom was established as
being 8.999 X 10—% grams, while its
charge was shown to be 4.774 % 10—
es.au.  With this information at hand
the way was cleared for electronic sci-
ence to ever increasing usefulness. Un-
doubtedly, since the first practical fila-
ment in an evacuated envelope was of
carbon, it follows that the first evidences
of electron emission were noticed by
Edison in conjunction with the develop-
ment of the incandescent lamp.

When De Forest found the effect of
varying the electronic charge about a
heated body in a vacuum the immense
possibilitics of the vacuum tube became
reality. The controlling of large
amounts of power with a currentless
voltage made the vacuum tube an in-
strument of infinite purpose. Re-
searches in chemistry and physics rap-
idly converged, and the common basis
of matter was the rule; communication,
wire and wireless advanced by leaps
and bounds; and a systematic investi-
gation was begun to improve the vac-
uum tube.

Stefan-Boltzman formulated the equa-
tion:

P=KE€A(T.— T
P — power radiated
K = constant
A — constant
T. = temperature of body
T, — temperature of sur-
roundings

Kelvin

This equation being the relation of
the energy dissipation of a perfect
black body, by radiation. It shows that
this radiation becomes greater as tem-
perature is increased. From this equa-

The development and use

of vacuum tubes in indus-

try creating a new tech-
nical art.

By Mirton A. AUSMAN

*

tion the saturation current of a hot
body was deduced, being:
—b
Is — ATYe

Is = saturation current

A = constant, depending on parameter
T = temperature (Kelvin)

b = Stefan-Boltzman constant

Tungsten’s high melting point made
it an excellent material for the first
practical vacuum tubes. At this point
it is interesting to observe the coinci-
dence of many developments that con-
tributed to the rapid advance of the art
in the early part of the twentieth cen-
tury. Let us examine the history of
tungsten from this point of view.

In 1781 K. W. Scheele isolated an
acid from a mineral called Sheelite,
which is a natural calcium tungstate.
Bergman, one year later, derived the
same acid from Wolfram or Wolfram-
ite, the mineral being composed of
tungstates of iron and manganese.
Wolframite is at present the leading
source of tungsten (derived from the
Swedish “heavy stone”). We are ad-
vised through British patent No. 11,848,
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MERCURY *” y
PUMP Sy

BACKING VACUUM
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Fig. I.
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1847, that Oxland took out a patent
for the manufacture of sodium tung-
state, tungstic acid, and tungsten. Ox-
land later covered the use of ferrous-
tungsten alloys which are the basis of
high speed steels. The greater portion
of tungsten ore comes from Asia, almost
one-half of today’s supply being mined
in China.

In 1906-07 a process was developed
for preparing tungsten filaments by ex-
truding fine black tungsten powder
through dies in combination with a
dextrin binder. After this process the
filament was heated in an inert gas to
drive out the dextrin binder, a carbonif-
erous substance. The volatile portion
of the dextrin was eliminated but ap-
parently the carbon combined with the
tungsten to form WC and W,C. We are
advised that the filaments were very
brittle when made by this method. Car-
bon content would account for this. An-
other process utilized a carbon filament
burning in an atmosphere of hvdrogen
and tungsten hexachloride. This process
was developed by Just and Hannaman
(British patent No. 1949, 1905. Tt is
again noticed that mention is made that
the filament formed by this process is
brittle due to its carbon content.

Another method of making tungsten
filaments was the extrusion of tungsten
powder with twice its weight of mer-
cury cadmium amalgam. The amalgam
being volatilized leaves a pure tungsten
filament, very strong and exceedingly
ductile.

None of these processes is at present
in general use. In 1909 Coolidge de-
veloped a method of mechanical manip-
ulation in conjunction with heat treat-
ing capable of making metallic tungsten
from the powdered metal. This process
is in general use today (British patent
No. 23,499, 1909). Let us compare the
amperes of emission from filaments of
various materials as compiled by Van
der Bijl, through the medium of Rich-

A
ardson’s formula: , “A” being
I/cm*
the parametric constant.
Oxide coated........... (8-24) x 10*
Tungsten ................ 236 X 107
Thorium .................. 20 x 10

It will be seen that the oxide coated
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filament’s emission exceeds that of the
thoriated filament type for the same
energy consumption. This is due to
the lower electron affinity of the coat-
ing used in the former case. Electron
emission is a surface evaporation and
the efficiency of the filament is quite
naturally a function of the amount of
work necessary before the internal bal-
ance of the atom is affected to the point
whereby an electron may be freed from
its influence. Thus, substances whose
orbital (outer) electrons are held by a
strong field are not suitable as the elec-
trons are difficult to dislodge from the
local effect by the dynamic acceleration
caused by heat. It is therefore neces-
sary to raise such substances to very
high temperatures before they may be
efficiently employed as cathodes. Such
a substance is tungsten which has a high
melting point.

Oxide filaments have not been found
suitable for high-frequency use due to
the difficulty of complete evacuation of
tubes using this type of filament. Dur-
ing a period when electrons are flowing
from filament to plate the filament is
operating normally and safely but due
to the rapid change of grid potential a
great many electrons are caught be-
tween plate and filament and ionize the
gas surrounding the filament, which
drops rapidly back to the filament with
a destructive action on the coating.
This effect has been noticed in im-
properly exhausted thoriated filament
tubes.

In 1923 Langmuir (Physical Review,
1923) found that filaments containing
thoria (ThO,) when raised to 2,600 K.
contained a small percentage of metallic
thorium and that these filaments showed
a greater electronic activity. Above
2,600 K. ThO, is reduced to metallic
thorium. If, however, after burning a
filament at this high temperature it is
immediately tested at lower tempera-
tures the filament will show the approx-
imate emission of pure tungsten. This
is due to the evaporation of the metallic
thorium from the surface of the tung-
sten. If the filament is operated at 2,000
K. for a short time the thorium will
permeate to the surface of the tungsten,
forming a layer of thorium atoms.
Langmuir has shown that:

20,900
LogD = 21 —
T
44,500
LogwE = 7.76 — ——
T

E = rate of evaporation
D — rate of diffusion
T = temperature (K)

The effectiveness of the filament be-
ing designated thus depends on the

balance between the rate of diffusion
and the rate of evaporation the value
never being greater than one, due to
the fact that thorium evaporates much
more rapidly from its own surface than
from that of tungsten. Increases in
temperature above 1,900 K. are fatal
to the preservation of the thorium sur-
face. Let us now tabulate a short table
showing the emission of thoriated tung-
sten compared with pure tungsten:

Deglr{ees Ampere? per square centimeter

Thoriated Tungsten
tungsten

1000.... 9.12 X 10-°

1100.... 2.51 % 10—%

1200.... 3.98% 10—%

1300.... 3.98 % 10—

1400.... 3.09% 10— 575 10
1500.... 1.82X 10—  7.58 % 10—$
1600.... 8.15x 102 8.05 x 10—
1700.... 3.39% 10! 631 % 10—*
1800.... 115 3.92 X 10~%
1900.... 3.55 2.04 x 10—
2000.... 955 8.92 ¢ 10—
2100.... 23.44 3.46 % 10—3
2200.... 53.70 1.14 x 10—
2300....117.50 3.63 x 10—
2400. ... 1.02 % 10—
2500.... 2.67 X 10!
2600. ... 6.48 % 10—
2700. ... 1.47

2800. ... 3.21

Reducing agents such as carbon,
boron or tungsten carbide (British
patent 215,348) may be introduced in
the metallic powder before it is pressed
into ingots. This introduction aids in
the reduction of thoria to metallic
thorium when the filament is flashed.
However, it also appears that the func-
tion of these materials is to open the

dense crystalline structure of the tung- .

sten to allow the more rapid diffusion of
the thorium to the surface of the tung-
sten through the interstices caused by
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Figs. 2 and 3.
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the carbon. In most cases, particularly
in case of transmitting tubes, the carbon
is introduced after the filament is
mounted. This because of the difficulty
of handling the tungsten when it is car-
bonized. Various methods are used to
introduce this carbon.

In all cases that have come to the
author’s attention the carbon is intro-
duced by burning the thoriated tungsten
filament in a hydrocarbon gas or vapor.
Both of these processes require extreme
purity of the materials involved in the
process in order to eliminate the possi-
bility of poisoning the filament.

The method in which acetylene is
used as a carrier of the carbon is illus-
trated in Figs. 1,2 and 3. A resistance
measurement of each filament should be
taken prior to treatment. A number of
tubes should be run on the carboniza-
tion system and an observation taken
on each one with regard to resistance

“increase compared with the reading of

the ammeter when the process is termi-
nated. These measurements should be
taken when the filament is cold. It will
be found that resistance increases of
from 35 to 45 per cent will give the
greatest life. Study of Fig. 3 will show
that the ammeter will indicate the in-
creasing resistance of the filament as it
absorbs carbon. Experimentation will
clearly define a point where the filament
has attained the required increase in
cold resistance. Acetylene pressures of
approximately 200 microns will be
found satisfactory. Combinations of
high pressures and high carbonizing
voltage will result in a precipitation of
free carbon particles on the press which
may increase leakage.

Clean exhaust systems are essential
and the elements should be thoroughly
cleaned in a high temperature hydrogen
furnace before sealing. This will facil-
itate the exhaust process and preclude
the possibility of occluded gases from
the elements poisoning the filament.
Each tube, before carbonization should
be thoroughly exhausted on a separate
pumping system. The elements being
cleaned thereon by high frequency heat-
ing. This makes possible the baking
out of the tubes on the carbonization
rack and eliminates certain volatile sub-
stances which may be deposited in the
carbonization exhaust system and cause
high vapor pressures to exist therein.
Three constrictions are usually fur-
nished in each tubulation, one for pre-
liminary exhaust, one for carbonization
and bakeout and one for the final ex-
haust. The final exhaust being both
high frequency and static.

The acetylene (C,H.) used in filling
the container should be as pure as pos-
sible. Provision should be made to
bake the C.H. container which should
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be thoroughly rinsed before using in a
weak hydrofluoric acid solution, dis-
tilled water and alcohol in the order
named. Although these precautions
may seem unnecessary they assure a
more uniform process and a smaller
percentage of shrinkage. Baking of the
C.H. container should be at 500 C
which makes it necessary that the con-
tainer be of Nonex or Pyrex.

The C,H, pressure in the container
should be such that it may be easily
controlled through the medium of the
stop-cock in Fig. 1. It will also be
noticed that the C;H, in no instance is
allowed to flow through the freezing
trap because of its boiling point of
—72.2C.

The method of carbonization using an
inert gas such as hydrogen as a carrier
for a volatile liquid rich in carbon, al-
though not widely used, is ideal for
production purposes. Its simplicity
makes possible the use of unskilled em-
ployees. This process also may be more
accurately controlled under production
difficulties.

In Fig. 4 a stream of pure hydrogen
is passed through a flow indicator over
benzol (thiophene free C,H,) into a
deep bell jar. The hydrogen being
lighter rises to the top and displaces
the air. The hydrogen is cleaned on
its way into the apparatus by passing
through a tube of hot copper turnings
after it has been allowed to bubble
through a weak acid, a weak alkali and
distilled water solutions. However, be-
fore entering the manometer it is
passed over phosphorous’ pentoxide
(phosphoric anhydride acid (P,Os) to
climinate all moisture.

EXPERIMENTAL
BROADCASTING STATION
AUTHORIZED IN
COLOMBIA

The Ministry of Posts and Telegraphs
granted permission to Manuel J. Gaitan
to install in Bogota an experimental
broadcasting station. The new station
is authorized to use up to 714 watts
power, and a wave length of 363 meters.
It will be known as station HJ3ABH.

*

A STUDY OF
HUM GENERATION
IN VACUUM TUBES

(Concluded from page 12)

struction with sprayed insulation. The
resulting hum voltages are of the same
order as obtained with the same type
of construction used in 2.5 volt heater
tubes. Again it is noticed that the 6.3
volt heater construction gives a greater
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Figs. 4 and 5.

The hydrogen does not flow through
the benzol but passes over the solution.
The hydrogen flow being adjusted so
that it does not pick up enough benzol
to cause a precipitation of carbon when
the filament is lighted. This adjustment
may also be partially affected by vary-
ing the length of the tubing projecting
in the benzol container. The wvapor
content of the hydrogen is naturally
affected by the temperature of the ben-
zol which when being cooled by the
evaporation caused by the passing hy-
drogen causes a lowering of temperature
which affects the vapor content of the
hydrogen.

After the hydrogen has been flowing
for a length of time to assure the

¢ & o

harmonic content of the higher fre-
quencies.

Fig. 8 shows the lower magnitude of
hum generation found in Arcturus tubes
employing the double hairpin heater
with a four-hole ceramic insulator. The
results are directly comparable to those
obtained with the same type of heater
used in Arcturus type 77 tubes as shown
in Fig. S.

Conclusions

The hum developed in both types of
tubes employing the double hairpin con-
struction for 6.3 volt operation is less
than for all other types of he