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over what we had
been using » » » ”

What do you want laminated bake-
lite to do? What electrical, mechan-
ical and physical properties are
required for better fabrication and
performance in your particular case?

Every problem is a different one.
Each specific use requires its own
formula. Put it up to our Service
Engineering Department to deter-
mine the formula which best meets
your requirements right down the
line — hardness, tensile strength,
thickness, appearance, dielectric
strength, machining qualities,
weight, cost, etc.

Our filesare replete with thedataand
formulae on thousands of problems
inlaminated bakelite. Thesolutionto
your difficulties is probably among
them. Put it up to us to find out.

‘PHENOLIT

Reg. U.S. Pat. Off.

Laminated BAKELITE

SHEETS . RODS . TUBES :SPECIAL SHAPES

“a big improvement ‘

E——

. . . it punches cold

One of America’s largest radio manufacturers
required a laminated bakelite which would punch
cold without “cold flow” yet still retain its high
dielectric strength and non-hvdroscopic property.
Owur Service Engineering Department avorked
months on this problem—and solved it to the entire
satisfaction of our customer. Perhaps ave can do
an equally valuable service for you in the labora-
tory “avhere known requirements mcet known
performance.” Call us at any time.

ED FIBRE COMPANY, WILMINGT)!

Offices in Principal Cities

www americanradiohistorv. com
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OR. fifteen years, American electrical men have
depended on the Formica Insulation Company

for high grade uniform insulation.

They have not only found the quality satisfactory but
the service given by the largest unit in its industry
adequate.

'“H““l'

Since phenol laminated products were first produced,
Formica has specialized on just one product. A well
equipped laboratory is constantly trying for further
improvements.

ORMICA

Made from Anhydrous Bakelite Resins
SHEETS TUBES. RODS

The FORMICA INSULATION CO. 4626 Spring Grove Ave. CINCINNATI, OHIO
Add A dddddddddadddd dd4 4 4 4d 4 4 4 4 44
e —— e e L
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The High Power Amplifying
Tube

By GeorGrE Lrwis
Vice President, Areturns Radio Co.

HE general tendency toward quality

reception is justitiable and consistent,

Endeavors in this divection have

evolved the high power amplifying
tube—the “‘fifty type’—and cirenits and
transformers that make most of it.  Prae-
tically perfect reproduction ean be secured
with this tube with a large volmne output.
But the tube itself is in line for further de-
velopment and improvement—a consideration
that is rather general for A.C. tubes today,
The majority of tubes designed for opevation
trom alteruating current are merely modifi-
cations of D.C. tubes that, while solving rhe
major problems of A.C. operation in a fairly
satisfactory way, do not make the most of
the possibilities of humless reception and
long life. Researeh has adequately demon-
strated this. The majority of “A.C.7 tubes
ave merely D.C. tubes operated on alternat-
ing eurrent.

I'rogress in A.C. tubes designed as far as
high power tubes are coneerned, will un-
doubtedly be directed toward the develop-
ment of the cathode type. A close study of
thermodynamies will probably evolve a new
super-power tube during the coming year, &
tube with practieally unlimited lite with an
almost impereeptible decrease in mutual con-
duetance and a similarly minute inerease in
plate resistance over an active period of
several thousands of hours.

Much of this development work will un-
doubtedly be done in the laboratories of
the independent tube manufacturers. In
passing, it is interesting to note the “caste”
that these manufacturers have achieved
during the past yvear.

Published Monthly by

Bryan Davis Publishing Co., Inc.

Bryan S. Davis, 1 James A. Walker,
President. Secretary.

E. M. Bacon,
Advertising Manager.

Publication Office—Lyon Block—Albany, N. Y.
Chicago Office—58 E. Washington St.—A. G. Rudolph, Manager

San Francisco Office—318 Kohl Bldg.

Los Angeles Office—421 Grant Bld|fa ECupit and Birch
2.

Seattle Wash. Office—407 Leary B

Entered as second class matter at the post 52 Vanderbilt Ave. Yearly subscription rate $2.00 in U. S. and
office at Albany, N. Y., January 9, 1925, under . Canada; $3.00 in foreign countries.
the act of March 3, 1879. New York City

\
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HOSE concerns who con- stantly being undertaken by the Sco-
tract with Scovill for the vill research department.
A mqnulec.tur.e of radio parts All Scovill condensers are made under
/) enjoy distinct advanmgeS- the Scovill-owned Lowenstein Patent
Not only do they receive  No. 1,258,423 dated March 5, 1918.
parts of superb quality and careful The following concerns have been
workmanship, but they have recourse licensed to manufacture under this
to the valuable development work con- patent:

Hammarlund Manufacturing Company, New York City
General Radio Company, Cambridge, Mass.
Thompson-Levering Company, Philadelphia, Pa.
Pilot Electric Mfg. Company, Inc., Brooklyn, N. Y.
American Specialty Company, Bridgeport, Conn.
Scovill means SERVICE to all who require parts or finished prod-
ucts of metal. Great factories equipped with the last word in lab-

oratories, and modern machinery manned by skilled workmen, are
at your disposal. 'Phone the nearest Scovill office.

SCOVILL

MANUFACTURING COMPANY .. Waterbury, Connecticut

NEW YORK — CHICAGO — BOSTON — SAN FRANCISCO
DETROIT — PHILADELPHIA — LOS ANGELES — ATLANTA
PROVIDENCE — CLEVELAND — CINCINNATI

IN EUROPE — THE HAGUE, HOLLAND

Member, Copper and Brass Research Association
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EDITORIAL

January 1929

,

THE RADIO INDUSTRY

NEW year is upon us. It is time

for everyone to re-cast the old and

start out with renewed stimulation.

This usually calls for a general reca-
pitulation in order that we may institute a
more agreeable mental balance and gain a
better sense of direction.

Industrial executives have put on their
thinking caps and the air sizzles with new-
born ideas. The radio industry has concluded
a very satisfactory year and it is readily appar-
ent that, with the new plans put into opera-
tion, the new year will be even more pro-
ductive.

There is stimulation in the knowledge that
the problem of A. C. operation is completely
licked. The greatest obstacle to the sale of
radio receivers has been once and for all abol-
ished. It is pleasant to review the improve-
ments made in the A. C. tubes, for it is no
longer necessary to condemn them. Though
the A. C. tube has not reached its final state
of perfection, it has at least been lifted out
of the state of imperfection and can be con-
sidered as being practically fool-proof. Con-
sistency in the operation of A. C. sets is
another matter that lends brilliance to the
new-year perspective. No matter how one
views the engineering phase, he finds that the
fear of failure is but a shadow of the past.

The radio industry has been criticized more
than once for being haphazard. There may
be an element of truth in the accusation, for
where is the industry that grew fully and
completely without being haphazard at some
period? Inconsistent or not, the remarkable
point is that the radio industry has been able
to cram so many new and radical engineering
developments, production activities and mer-
chandising plans into a single year and emerge
in a position to record the whole as an indis-
putable achievement.

With good reason, the industry looks into
this new year with greater confidence and
more elaborate hopes. The executives are
aware of the fact that for the first time in the

history of radio the industry is looked upon as
a stabilized force, that it has economic impor-
tance and has the confidence of the public.

Since the industry is no longer in the specu-
lative stage, we expect to witness further
stabilization in production and merchandis-
ing methods. Quantity production has been
attempted and in many instances has proven
highly successful. It took the automotive
industry years to learn that cars could be
sold during the winter months. The radio
industry has learned in a very short space of
time that radio sets can be readily sold dur-
ing the summer months and in large quanti-
ties. The summer period of inactivity in
production will eventually be filled in and it
is reasonable to expect that the industry will
never again experience complete production
paralysis as it has in the past.

We believe that the industry is also aware
of feminine buying influence and that manu-
facturers are giving more than the usual
amount of thought to cabinet and console
design. The use of style and design in practi-
cally all industries is on the increase and they
have proven their worth.

The matter of style is even more impor-
tant to the radio industry than to the automo-
tive industry. There is a distinct movement
in America towards beautifying the home.
Woman is demanding style, color and har-
mony in home decoration and she is insisting
that all objects of utility conform to her inher-
ent taste. She is demanding as much in the
radio set she buys.

We believe that set manufacturers are cog-
nizant of this new stage in the development
of the industry—the appearance stage-—and
will bend a great amount of their efforts in
this direction. The engineering and manu-
facturing efficiency stages are no longer the
industry’s main worries. These stages have
advanced rapidly within the past year and
will come near to being completely rounded
out during 1929.

M. L. MUHLEMAN, Editor.
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HE way
they’re made;
the way they sell;
the way they make
golden tones of \
radio broadcasting; i
these all point to the
profits on Gold Seal — ‘I
for the dealers who
handle ’em.

If you want this golden pro-
fit-finger to point your way,
find out about this outstandingly
successful tube. Dealers all over
making money—why shouldn’t
you? Write250 Park Avenue, NewYork.

Gold Seal Electrical Co., Inc.
NEW YORK AND CHICAGO |
¥ | AlsoManufacturersof GoldSeal Electrical Appliances |

i

T
e
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NSTRUMENTS—golden notes—for-

merlylostto radio now come through
broadcast receivers in full tonal beauty.
No longer does the bass viol come in
thinly on overtones alone—no more do
the shrill notes of the piccolo at top
register die away in a shrill, reedy ab-
surdity. The modern radio has TONE!

Better broadcasting—better tbes—
better speakers—but it has remained for
Sangamo to build transformers to match
these improvements. And particular at-
tention is called to Sangamo Push-pull
transformers! The Sangamo Push-pull
InputTransformerhasanextremelyhigh
primary inductance to secure faithful

amplification of low notes and an accu-
rately divided secondary insures practi-
cally identical frequency characteristics.
There are Sangamo Push-pull Output
Transformerstomatchtheimpedance of
the various type power tubes and special
Output Transformers for dynamic speakers.

In the Sangamo line there are trans-
formers which permit set builders and
manufacturers to produce the real tone
fidelity. Are you ready for us
to send you the data?

Sangamo Condensers
Molded in Bakelite—unchang-
ing value under all conditions
of service.

Rudio Engineering, Janwary, 1929

toms ol music
now beCOme

. REALITY/

(¢ 2‘}\ TN
Tone!

“X* Linte Transformers
Type AX straight audio ampli-
fication, list price......_$6.00
Tvpe BX Push-pull Input uoit,
List price...___.. .$6.50
Type CX-171 Push pull Qut-
put transformer. for 171 or
250 power output tubes for
cone speaker, list price_.$6.50
Type DX, same as CX except
for 210 and 112 power tubes,
list price._.._.________ .$6.50
Type HX Push-pull Outpm for
171 0or 250 Power output tubes
to match theimpedance of mov-
ing coil of Dynamicloud speak-
ers, list price.. .. .$6.50
Type GX, same as HX except
for 210 and 112 power tnbes,
listprice_........_.._._.. .50
Type E output choke to match
impedance of the various type
power tubes, list........$5.00

“A* Line Transformers
(Similarto X " line but with
special core metal to give
slightly better curve)
Type A straight aud:o amplifi-
cation, list price....._. $10.00
Type B Push-pull Input trans-
former for all tubes, list price

Type C-171 Push-pull Output,
for 171 0or250tvpe powertubes
with cone speaker.....$12.00
Type D-210, same as C except
for 210 and 112 po“cé tubes
T} pe H-1 7l I’ush pull Output
for 171 or 250 power tubes for
Dynamic speaker...... $12.0

Type G-210, same as type H
except for 210 and 112 tubes,
liseprice ..o $12.00
TypeF Plate Impedance for use
as a choke to prevent oscilla-
tionandforimpedancecoupled
amplifiers, list._ ... . $5.00

SANGAMO

ELECTRIC COMPANY

Springfield, Illinois

For 29 years preeminent manufacturers of electrical precision instruments

www americanradiohistorvy com
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Reduce the “Rejections”
pile—do ir wirh Durez

and scores of practical applications.

Send for this free booklet: “Do it with Dures.”
Contains complete information about Durez—
physical and dielectric properties, color ranges,

“FeweR rejections; fewer production
operations,” is the cry in every manu-
facturing industry. And nowhere is it
more keenly felt than in the highly
competitive radio field.

Do it with Dures. Here is a mate-
rial unparalleled for efficiency and
production economy. With incredible
rapidity Durez can be molded into parts
of most intricate design. It fuses and
hardens quickly. It is amazingly tough
—vyet non-brittle. It can be drilled or
tapped with ease. It scarcely ever
splits or cracks when pins or studs are
inserted. (Many forms of metal parts
may be permanently imbedded in the
molding process.) It is heat and acid
resistant, and impervious to oil and
moisture. Dielectric properties are
rerfect.

There is a special grade of Dures
for tube bases and other important
radio parts.

Durez cuts production costs to the
bone. One operation, and the part is
complete. No expensive machining,
buffing or coating. Parts come from
the mold with a smooth, polished-like
surface; and where added attractive-
ness is desired, beautiful color effects
—in solid shades or combinations—
may be obtained. Every practical color
is available. And whether your run is
two or a million, the last part will be
an exact duplicate of the first!

One, or a million just like it

Reduce yvour ‘“‘Rejections” pile; cut
down your production costs—do it with
Durez. Our laboratory and engineer-
ing staff will gladly aid you in the solu-
tion of any problem in which a molding
compound offers the possibility of a
better method of manufacture. Write.

General Plastics, Incorporated, 15
Walck Road, North Tonawanda, N. Y.
Also New York City, Chicago, San
Francisco.

www americanradiohictorvy com
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1925 192'1

Volume of
%

Busznesswg

T C.A.Products
Increases Business
1737 to 3807
Each Year/

Wide reputation for efficiency and durability, due to
refinements in construction and careful design, has
resulted in a constantly increasing appreciation of
T.C.A. Products. A new factory of seven times
greater capacity is now under way to take care of the
steadily mounting demand.

-’4{

19 ! Estlmated EtEy h;. T.C.A. Products include a complete:
£ o= line of power, audio and neon

otum/ﬁ ‘i@aé transformers chokes, power packs

’ " ‘Q‘:and filament transformers for A.C.
. conversion. They are being used

3 gé ; as standard equxpment by many of
. //7/ the country’s largest builders of

i radio sets and accessories.

"":l

g a)‘ Sales offices in all principal cities.
42

MﬁfSend specifications to Chicago of-

_T ”’ “fice. Manufacturers expecting to
*Ti ichange or improve design this year

“should submit specifications early..

THE TRANSFORMER CORPORATION
OF AMERICA
1428-1432 Orleans Street, Chicago, lllinois

www americanradiohistorv com
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Of course the Wheatstone’s Bridge plays
its part in the Research Laboratory.
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—his set hasn’t ‘adenoids . . .

It is mighty discouraging to real-
ize that your set doesn’t command
the same enthusiasm and respect
as that of one of your friends.

But it can be easily corrected. All
itneedsisan“adenoid”operation.
Simply take out the trouble-
causing inferior transformersand
replace them with one of the
AmerTran audio systems.

With any of the AmerTran audio
systems you will get music from

your old set that you never
thought possible before—and it
doesn’t make any difference how
old or out of date it is either. With
the AmerTran Power Amplifier
(Push-Pull for 210 tubes) and the
ABC Hi-Power Box you can
make your old set as modern as
any set regardless of price—and
have the finest toned sct possible
commercially.

See vour dealer or write to us.

AMERICAN TRANSFORMER COMPANY

Transformer Manufacturers for more than 25 years

20 Emmet St.

Newark, N. J.

AMERIRAN

[V VT NN G W WS GIS N  S C  W W H  W WWIrRwwrTwrw rerreewe

AmerTran Push-Pull Power
Stage (illustrated above)—
completcely wired with input
transtormer and a choice of
4 output cransformers de-
reanding on speaker and
power tubes. Price, east of
Rockies—less tubes—$36.00.

AmerTran DeLuxe Audio
Transformer, (illustrated
above,) Standard of Excel-
lence, 1t Stage: Turn Ratio.
3:2nd Srage: Turn Ratio. 4.
Price, cach §10.00,

www americanradiohistorvy com
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Rising to the needs of a
Great ][ndusitry

The requirements of the modern radio are
more and more exacting.

As receiving sets improve, coils must be
more accurate to keep pace with the fine
calibrations of the expert radio engineer.

This is why the world’s most successful
radio manufacturers turn to Dudlo for
their supply of coils for every part of their
instruments.

Dudlo coils are not only wound accurate-
ly, but every part and material from the
core to the outside wrapping is selected
and applied with skill; a skill which could
only come from an organization trained
over many years of making millions upon
millions of coils for every electrical need.

Y V4

< No radio unit is any better than its coil,
7/79 (élly fﬁe /ﬁlnq / and no coil is any better than the wire in
" its windings. Dudlo draws and insulates
f/] f A/ d ¥ the wire and controls every part and pro-
g /77 0 gf 0 l 0 cess from the copper rod to the finished
coil. A complete service to the radio and

electrical industries.

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA

56 Earl St. 105 W. Adams St. Division of 274 Brannan St. 4143 Bingl_un]\\;\ve.
Newark, N. J. Chicago. (Il THE GENERAL CABLE CORPORATION San Francisco, Cal. St. Lovis, Mo,

www americanradiohistorv com


www.americanradiohistory.com

Page 12 Radio Engincering, January, 1929

Shakeproof lock Washers

WHEREVER you look—you
will find nuts locked this new
Shakeproof way. FEngineers have
developed this better method of
locking. Multiple teeth grip the
work and the nut preventing turn-
ing—vibration only tightens their

hold.

New savings in speed and in bolt
lengths—a better product in effi-
ciency and appearance accompany
the use of Shakeproof.

!

LT

Unless you are using this washer
on your product, send the coupon
below for shop test samples.

T R T TR R TR SO TSR Y

SHAKEPROOF LOCK WASHER CO.
(Division of Illinois Tool Works)
2509 North Keeler Ave., Chicago, Il

Patented June 13, 1922. Other patents pending.

4
£
" Free
4
. Shop Test
4
*  Samples
" ,* SHAKEPROOF LOCK
WASHER CO
2509 North Keeler Ave.,
Chicago, Il
Please send mec samples of

»

. "
& '0' Shakeproof Lock Washers
D to fit bolt size = — =
Shakeproof Locking Terminals

Size

+
,»* Firm Name
J

’

'." Address

0
&

T ,* Town State
:

Type 11 External Type 12 Internal Type 20 Terminal ¢ By
rd

www americanradiohistorvy com
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PRECISION

Uncoated

FILAMENT WIRE
and RIBBON

FOR RADIO VACUUM TUBES

/ MINIMUM SHRINKAGE

‘/ CORRECTLY SPOOLED (unwinds freely)

/ UNIFORM SIZE, WEIGHT and RESISTANCE
ACCURATE (within .00005” of specifications)

A Product of

SicMUND COHN

44 GOLD ST. NEW YORK

www americanradiohistorv com
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For Better A-C Tube Circuits :

The “Hum-Dinger”

THE sloited head is

recessed in the bush-

ing mounted in panel

or sub-panel, ready for

instant adjustment by

service man or expert, but

out of the way of meddling

fingers. Avalable in any re-

sigtanee ruange from 6 10 200

ohms, Cheaper than usual po-

tentiometer; cheaper than cen-

ter-tapped  transformer  winding.

Carrying  capacity — more  than
ample for any A-C tube circuit.

UM suppression, after
H all, is the final factor

in passing unpon the
merits of any sockel-power
sel.  Yet the ecenter-tapped
transformer winding does not
always provide good hun sup-
pression, due to unbalanced
conditions in the circuit and
variations in the A-C tubes them-
selves. Furthermore, this prac-
tice is costly in price as well as in
assembly and wiring. The potenti-
ometer balancer is usually bulky,
costly, and fussy in actual use.
With these considerations in mind,

the Clarostat Enginecering Staff has e -
evolved the real solution l:‘)f the hum CIarostat leed ReSlStOrS

suppression problem.

s P . &)
The sketch hardly does justice to this Neat, compaet, flat sivip resistors—~folow-

novel device. It is so tinv—Iless than ing standard practice but made with just a tos
1145 inches long and hardly 34-inch bit more care. The fibre support is threaded

to hold wire firmly in place. Sides of fibre

e s 5 L ; 3 : ¢
high! Yet it is built like a watch are rounded for less strain on wire and

although there is absolutely nothing to neater job. Ends firmly clamped on wind-
get out of order. No screws or bolis ing for positive contact and mechanical
used. Everything permanently clamped 3"";"g1;h-.l“leiéls.lilnc;'l‘unglcl smml)el;l Onﬁomi
in place. Note the precise serew ‘a(ljus.l- f‘“l"(‘* v[“"";'r'f"'l';e" '.Jr':)s;;‘ i 1I: ‘éf)()(;lsoh‘\x:s'.
ment, which operates the contact (l'§k E_‘hd' Note mounting holes and soldering tabs.
ing over center half of resistance winding! And the cost—well, yow’ll be surprised!

FILAMENT

OR WEATER There's a CLAROSTAT
for Every Purpose

TRANSFORMER
C BiAs /
Sl‘éTORS \\“ And so, once more, we demonstrate to you that there’s a1 CLARO-

STAT for every purpose—whether you are dealing with fixed fac-
tors and can use flixed resistors, or whether vou are dealing with

variables and require adjustable resistors. Quite impartially, we

7l
(CLAROSTAT are ready to recommend and to f(urnish either fixed or variable

resistors in co-operaling with you on your engincering problems.
HUM - DINGER g

5 for techmieal dala and prices regarding the H.u !-Dil.lg(‘,l‘ and Clarostat  Fixed
rl e Resistors. Don’t hesitate to request samples for your inspection and test, on your firm

letterhead. Better still, place your resistance problems before us so we may help you solve them.

CLAROSTAT MANUFACTURING COMPANY, INC.

Specialists in Precision Resistors
282 North Sixth Street 3 Brooklyn, N. Y.

~CLAR(OSTAT-

www americanradiohistorvy com
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Muter Dependable Dynamic
Type Speaker

THE Dynamic Speaker with its superlative performance is this

season’s outstanding radio sensation. It has changed the radio
set from a mechanical reproducer of sounds to a musical instrument
supreme. The distinctive tone of the various new manufactured
receivers can be attributed almost entirely to the Dynamic Speaker,
and this same improvement can be embodied in any set by the
attachment of a Muter Dependable Dynamic.

Dependable Dynamic Speaker Unit

Power Type Price
6 volts D, C.. 4306 $29.50
90 volts D. C. 4390 33.00
110 volts A. C. - 4310 39.50
Table Model in Solid Walnut Cabinet Spinct Console Model of Solid Walnut
Power Type Price Power Type Price
6 volts D. C. 4406 $19.50 6 volts D. C. 4506 $64.50
90 volts D. C. 4490 53.00 90 volts D. C. 4590  68.00
110volts A.C, . 4410 59.50 110 volts A. C. ..4510 74.50

LESLIE F. MUTER COMPANY
8444South Chicago Avenue -+ s Chicago

—

|
;4

Other
MUTER DEPENDABLE
Products

Dynamic Speakers
By-Pass Condensers
Filter Condensers
Fixed Condensers
Rheostats
Tubestats
“B” Eliminators
Resistance Amplifiers
Phone Plugs
Antenna Kits
Lead in Insulators
Panel Switches
Knife Switches
Ground Clamps
Interference Eliminators
Clarifier and Tone Filter
Soldering Lugs
A.C.Power Units
Neutralizing Condensers
Trimming Condensers
Audio Transformers
“B” Power Unit Trans-
formers
Choke Coils—A.F. and R.F.
Grid Leaks
Power Resistances
(tapped and variable)
Antenna Plugs
Lightning Arresters
and many others.

The Complete Quality
Popular Priced Line
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GILBY WIRES and other materials offer you not only assured ac-
curacy but also the finest available compositions—something MORE
than accuracy ! The forward-looking manufacturer of today realizes
that it is such items of advantage that make for the success of any

product.
GILBY FILAMENT WIRE

While correct mechanical properties are essential,
a proper choice of composition is also highly im-
portant. Gilby Filament Wire is unique—it provides
a real contribution to the quality of a tube.

GILBY BALLAST WIRE

We have succeeded in bringing about an elimination of resonance points in the construc-
tion of audio-transformers by the use of a ballast wire which introduces an adequate
amount of properly distributed resistance in each turn of the secondary coil, producing
uniform amplification of all audible frequencies (providing, of course, that the trans-
former possesses a sufficiently high primary impedance). Specially shaped secondaries to
reduce the distributed capacity are not required. As a matter of fact, distributed capacity
is desirable in a coil wound with this wire because the cut-off of the frequencies above
audibility is thereby increased.

GILBY RESISTANCE WIRE

We offer a complete range of specific resistances for every requirement—bare, enamelled,
cotton covered or silk covered. Each item represents the highest quality of its kind.

PURE NICKEL

We produce nickel of the highest commercial purity—free from cobalt—in wire, ribbon
and sheet for plates, cathodes, support wires and other uses.

Suitable samples of any Gilby material will be sent to responsible manufacturers
upon request.

GILBY WIRE COMPANY

WILBUR B. DRIVER, President
NEWARK, NEW JERSEY
GILBY

% o
XStancy W
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Characteristics of flectric wave Filters

Dealing With the Design of Filters for Radio Power Supply

present a set of curves which show

the operating characteristics of

electric wave filters. The discus-
sion will be limited to non-resistive,
low-pass filters, because the effect of
‘resistance is to increase the attenua-
‘tion of the current waves through the
filters. By proper design, the resist-
ance can be made low enough to mini-
mize this effect.

An electric wave filter is a device
for separating current waves which
have different frequencies. In its
usual form, the wave filter transmits
-currents of all frequencies within one
-or more specified ranges and excludes
<currents of all frequencies outside of
these ranges without absorbing the
energy of the excluded frequencies.
Electric wave filters are used exten-
sively in conjunction with rectifiers to
obtain direct current from alternating
current for operating radio receiving
sets. The following discussion is
limited to filters that are used for this
purpose,

I T is the purpose of this paper to

*Asst. Professor of Blectrical Engineering,
University of Idaho.,
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Frequency Structure

For the purpose of design, the pul-
sating output of a rectifier may be
looked upon as having a constant direct
current component upon which are
superimposed an infinite number of
alternating currents of different fre-
quencies, but having a fundamental
frequency equal to the number of pul-
sations per second in the filter output.
TFor single rectification this funda-
mental frequency is equal to the fre-
quency of the alternating current ap-
plied to the rectifier, while for double
rectification the fundamental fre-
quency is twice the applied frequency
of the alternating current supply.

A non-resistive electric filter is a
network of capacitances and induct-
ances and a low-pass filter consists of
shunted capacitances and series in-
ductances. The function of the filter is
to attenuate the alternating current
components of the rectifier output and
to pass the direct current component
with a minimum attenuation. For this
attenuation to take place, the cut-off
frequency of the filter must be lower
than the fundamental frequency of the
rectifier.

www americanradiohistorvy com

In the design of a filter, it can be
seen from an examination of Equation
1, that no attenuation of the alternat-
ing current will take place unless
(W°LC) is greater than 4.

WLC
X = Cosh'l ( —1). (1)
2

W is equal to 27f, where f is the fun-
damental frequency of the rectified
alternating current, L is the induct-
ance in henries, and C the shunted
capacitance in farads.

Fig. 1 is a curve showing the attenn-
ation of a filter to various frequencies.
This curve shows that for design pur-
boses, only the fundamental wave need
be considered since a filter which will
properly attenuate the fundamental
will attenuate all higher harmonics at
a much greater rate. This curve does
not represent an actual condition since
the cut-off frequency of a filter applied
to a double rectifier would be adjusted
to give the desired attenuation-at the
fundamental frequency of the applied
wave. For example, if it is desired to
have an attenuation of 3.6 at 120
cycles, which would be the fundamen-

4
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ance and capacitance to give vari-
ous values of attenuation.

tal frequency of the applied wave from
a 60 cvele double rectitier, the cut-off
frequency of the filter would be 51.5
eyeles,

Variation in Attenuation

g, 2 is @ curve showing the varia-
tion in attenuation for constant ca-
pacitance and  variable inductance.
From this curve it can be seen that the

cain in attenuation is velatively small

for all values of inductances above 22
henries. Since choke coils having an
inductance greater than this are ex-
pensive to make if the vesistance is
to be Kept to a minimum, it may be

said that thix is tlle upper limit of -

the inductance.

Fig. 3 is a curve of attenuation
plotted against capacitance. For vari-
ous reasons little gain is made by using

values of eapacitance greater than 5 or
6 M.J. This value takes into con-
sideration only the filtering aection.
The condenser which terminates the
filter must have a capacitance suflicient
to supply fhe alternating current load
of the radio set. This function of the
ferminating eapacitance must be in-
vestizated along with the design of
the filter.

TFig. 4 is a set of ecurves showing the
proper inductance and capacitance to
wive varioux values of attenunation. In
wenteril, it is not economical to have
au attenuation greater than 4 per filter
<eetion, Thesxe curves show the large
inerease in induerances amd capaci-
tiex uecessary to obtain the high
attenuation.

The ratio of current at the output
ta rhe eurrent at the input of a filter
seetion can he expressed in exponential
form

j= = i@ (2D
where i. and iy are the currents at the
output and input of the filter vespec-
tively. x is a factor determined by
Equation 1.

x in the usual case is a complex

number bhut for the purpose of this
paper. the absolute value of x is only
desired.

Reflection From Load

Equation 2 is only true providing no
reflection from the toad occurs. This
reflection will be zero providing the
muuher of filter sections are infinite.
or what ix the same electrically, the
load impedance he made equal to the
sirge impedance.  The surge imped-
ance of a filter of this type is equal to

L WAL 3
D _
() 4

7. = ¢haracteristic or surge impedance.
W,L, and C having the same signifi-
cauce as hefore. The load impedance
7. must then he made equal to Z, in
order for the desired attenuation to be
obtained. Nince Z, is a
the frequeney squared. it is easily seen
why a filter is not always suecessful,

==
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amplitude

in the
output and input sides of the filter.

Ratio of A.C.

especially when applied to a radio set
for high trequencies. Since in this case
the last term becomes large. Iu this

¢axe propogation of the disturbance ix
fl om the opposite direetion. That i, a

function of
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only from the input frequency (usually
low frequency) hut also from the load
frequency.

Unlexs the ontput impedance is
properly matched, the expression for
the current at any peint in the filter
is equal to

13,
=% (I,——) e
¥,
Vo (I, +— exm (4)
7
where the terms have the following
meauing.

i, = current at any desired filter sec-
tion: I, value of alternating current at
the input; E, value of alternating cur-
rent voltage at the input; x is the
attenuation constant per tilter section:
m the filter section under considera-
tion ; and Z, the surge or characteristic:
impedance.

It can be shown that if the load:
impedance 7y, is made equal to 7,
Fquation 4 reduces to

= ], exm (3)
which is the same as Equation 2, ex-
cept this is more general since it ap-
plies to a mnliti-section filter.

Tig. 5 is given to show the ratio of
the alternating cwrrent amplitude im
the output side of the filter to the
alternating cuvvent amplitude in the
input side of the filter. Ior example.
an ttenuation of 3 gives a current
ratio equal to .03. That is, the alter-
nating current in the output is equak
to .03 of its value in the input circuit.
Ience, it the reduction in amplitude of’
the alternating cwrrent is Known, the
artenuntion of the filter may he found.
If 2 loud speaker is serving as the load
tor the tilter, the ratio of amplitudes
of the alternating currents should be
about .03, which corresponds to an
attenuation of 3. If head phones are
used as a load. the rafin of currvents.
should be less thau .008, which corre-
spouds to an attenuation of 5. FExcept
in rare cases. an atteuunation greater
than 5 is not needed.

As was mentioned before. it is not
desirable to use a greater attenuation

iy

filter must he designed to work not than 4 per section. In order to obtain
1000 i = r— = ———ﬁ——j
- ] [
700 ; :P— —l —
! =
70 - l | I I
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artenuation of 3, vecourse is usually
made (o muiti-secrion filters.,  An at-
renation of 5 may be obtained by a
two-gection filter having an attenua-
tion of 2.5 per section or by a 4 section
tilter of 1.25 per secrion. This relation
may be wrirten ax, X = bur, where X
is equal 1o rhe desired over-all attenu-
ation. b rhe attenuation per section,
and m the number of seerions.

Fig. 6 ix a curve showing the rela-

tion between the number of sections
and the produet of induetaunee, eapaci-
tance, and number of xections.  The
ordinate is a measure of the amount
of marerial used in the filter. The most
econvmical filter from the srandpoint
of material is a three-section filter. but
A two-section filter would prove the
cheaper, <ince fewer units would he
used,  Ax the over-all atrennation in-
creases, the number of sections also
increases.

In order that the attenuation units
may be converted into loss in transmis-
sion units (TU), which are quire well
extablished. Fig. 7 hax heen ineluded.
By the use of this eurve., any of the
previous emwrves may be converted into
losx in TU instead of using attenuation
units.

These curves have heen given on the
basis that the inductance was con-
stant for all values of load eurrent.
However, the induectance of most iron
core coils varies with the load current,
expecially when operated on the curved
part of the satuvation curve Fig. S
shows the variation in inductance of
one of the common rypes of filier in-
dnctznees. It can b2 seen from this
curve that the induerance must he de-
rermined for the largest value of cur-
rent to he used.  In order to keep the
inductance always operating on the
straight  part  of the magnetization
curve, an air gap should be included
in the magnerie eircuir.

In order that the volrage regula-
tion may he reasonably good, the in-
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ductaneé should be kept to a rarher
low value. This will enable the resist-
ance of the induerance to he kept to
a minimum which will, of eourse, im-

prove rhe voltage regulation. 'This
should not he carried roo far, since

most rectitiers have a relarively nigh
rexistanee which makes the over-all
voltage regulation poor. regardless of
the resistance of rhe inductances.

The Rating of Radio Receivers

Description of a System for the Measurement of the Comparative

2 the manufacture  of  radio
equipment  setrtles down ro a
stabilized indusiry, quantita-
tive rarings  are looked for

with which to deseribe such equip-
meut in a manner similar 1o that
wsed for orher electrical and mechau-
teal  apparatus. The inadequuey  of
such ratings as “eoust-ro-const recep-
tion every night” becomes apparent
as rthe Barnum era passex. At first
the usual methods of rating electrical
machinery in kilowatts or kilowart
Ionrs do not seem applicable to such
a deviee ax a radio instrument. Actu-
ally. however. a radio receiver is a
power converter, and its output is
lozically expressed in terms of power.
but in milliwatrs rather than in kilo-
watts.  Obviously. a rating in terms
of output power is a very incomplete
description of a radio receiver. since
it has no reference to the signal in-
rensity in the antenna required to

“ Engineering Dept., General Radio Co.

Sensitivity of Receivers
By G. C. Woods*

give the rated output. In orvder to
describe  the instrimment complerely
(=0 Tar as sensitivity goes). a relation
between input  voltage and  output
power must be derived.

This might

Front view of
the standard
signal genera-
tor designed to
conform with
the strict
quirements in
the rating of
radio receivers
as outlined in
this article.
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bhe expressed as a vatio. but. in order
to simplity rthe relation, a xtandard
outpnt has been agreed upon whieh
permits a receiver to be rated in
mierovolts required to give standard
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signal, or, more simply, as possessing
a sensitivity of so many microvolts,
standard output being assumed.

The arbitrary figure of 50 milli-
watts has been tentatively agreed
upon as the standard output' and the
microvolt becomes the unit of sensi-
tivity on this basis.

Basis of Measurement

In order to measure the sensitivity
of a receiver in microvolts, it is neces-
sary to introduce into the receiver a
signal sufficient to give the standard
output, and to determine the strength
of this signal in microvolts. The
measurement of voltages of a few
microvolts is not a matter of attach-
ing a voltmeter of proper range, and
reading the scale. The simplest
method of determining voltages of
this order is by putting a known
current through a known resist-
ance, It is essential that the
voltage be impressed entirely at one
point, i, e, the antenna and ground
posts of the receiver. If there is any
stray field from the voltage source.
large errors will be introduced.
Thus, there is required for these
measurements a local signal generator
so designed that a known minute
radio-frequency voltage may be pro-
duced between two designated termi-
nals and nowhere else. With such a
device, over-all measurements, either
of the entire radio-frequency amplifier
or of the whole receiver, may be
taken. The single unit should contain
both the source of voltage and the
means for adjusting and determining
it, i. e., should consist of both a
radio-frequency oscillator and a ecali-
brated attenuator.

An instrument has been designed to
meet these requirements, This outfit

was developed to fulfill four condi-
tions:

I. R. E., Preliminary Report of Committee
on Standardization, May, 1928,

(1) A portable source equipped for

use with external, unshielded bat-
teries.
(2) A range of output voltages

from one microvolt up, with sufficient
shielding to prevent the induction by
stray fields of voltages comparable
with the output voltage in any adja-
cent tuned circuit.

(3) An accuracy well within the
consistency of measurements with
highly stable receivers.

(4) The whole outfit to be repro-
ducible by ordinary skilled shop
labor.

Description of Unit

A diagram of the circuits employed
is shown in Fig. 2. A single audio-
oscillator tube is provided within the
apparatus, for modulation at a fixed
frequency of about 400 cycles. This
is the frequency normally used for
the most common measurements, sen-
sitivity and selectivity. This oscil-
lator comprises the tube shown at
the left of the drawing, and the
iron-core transformer tuned by a
fixed condenser. This transformer
feeds a modulation transformer
through a resistance voltage divider
marked “Modulation Control.” The
audio voltage is impressed by the
modulation transformer (of one-to-
one ratio) upon the plate circuit of
the radio-oscillator tube, and is meas-
ured by a thermal voltmeter compris-
ing a resistance, a 30-ohm thermo-
couple, and a panel-mounting direct-
current galvanometer shown at the
lower part of the figure. If fidelity
measurements are to be made, an
external audio oscillator is necessary,
for which provision is made with a
third winding on the modulation
transformer. This third winding is
connected through a low-pass filter
to exposed “External Modulation” ter-
minals on the main panel. This filter
permits thie use of an unsbielded ex-
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The schematlc diagram of the specially designed standard signal generator.
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ternal audio oscillator, which may be
positioned anywhere with respect to
the signal generator and the receiver
under test, and which may be con-
nected to the signal generator through
unshielded leads. The radio-oscillator
tube has a “parallel-feed” plate cir-
cuit comprising the secondary of the
modulation transformer and a radio-
frequency choke coil in series with
the positive plate-battery terminal and
the plate. The tuned circuit of the
radio oscillator consists of a *“vario-
meter” inductance which is connected
by a metal belt to the variable tun-
ing condenser, both being operated
by a tuning dial on the front panel.
The system maintains a nearly con-
stant L/C ratio, and obviates the need
of continual readjustment of the cur-
rent. as the tuning is changed. A
small variable condenser is provided
in shunt with the main condenser for
fine tuning adjustments. The tuned
circuit is closed through an attenu-
ator which is by-passed to ground
by a non-inductive variable resistance

marked “Radio Control.”  This re-
sistance thus furnishes a means for
adjusting the modulated radio-fre-

quency current flowing into the atten-
nator. The current which passes into
the attenuator is measured on a 4-ohm
thermocouple connected through a
twin two-section filter into 2 Dpanel-
type direct-current galvanometer which
is exposed on the front panel of the
outfit. The output end of the attenu-
ator terminates in 2 2-ohm non-in-
ductive slide-wire which is connected
to the output terminals on the front
panel. This slide-wire cousists of a
short piece of No. 36 manganin wire
stretched over a copper return path
with an insulation strip between them
0.01 inch thick.

Line Filters

It will be noted, first, that all bat-
tery lines, the external modulation
lines, and the lines of the two direct-
current meters pass through filters.
Flters are, of course, absolutely
necessary if external batteries and
modulation sources are to be allowed.
Also, the advantage of being able to
expose the current-measuring instru-
ments without covering their dials
with metallic screens is obvious.

The resistance attenuator is built
of small non-inductive units in which
no wire larger than No. 36 manganin
is employed. It will be noted that no
single resistance unit is larger than
178 ohms. This permits the use of
the reversed-loop form of winding,
which experience has shown to be more
reliable as a radio-frequency voltage-
drop resistance at 1500 kilo-cycles
than the so-called “bifilar” or parallel-
strand winding. Capacity effects in
the reversed-loop winding would be
important, even with wire as small
as No. 36 if high resistances were
employed.
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3v using. the slide-wire, then, we
are enabled to employ a decade at-
tenuator having only five steps. Using
the values of resistance shown, the
attenuation ratios at the various
points on the attenuator from left to
right on the diagram are respectively
as follows: 10,000 to 1, 1,000 to 1,
100 to 1,10 to 1, and 1 to 1. The slide-
wire is provided with a calibrated
scale of ten divisions., Thus, with the
current through the “Radio Current”
meter adjusted to a fixed value of 50
milliamperes, and the attenuator at
the last point on the left on the panel
a radio voltage of ome microvolt is
impressed between the output termi-
nals with the slide-wire on its first
scale division, and 10 microvolts with
the slide-wire at maximum. The slide-
wire scale is correspondingly multi-
plied in microvolts output at other
points on the attenuator. The current
may also be operated at twice the
foregoing value without forcing the
meter off scale, which provides a maxi-
mum output voltage of 200,000 micro-
volts.

Compensating Resistance

The sliding-contact switch shown
above the decade attenuator in the
diagram is simply a device for throw-
ing a fixed resistance of approxi-
mately 16 ohms in series with the
attenuator on alternate points, in order
to keep the total resistance in the
radio-frequency circuit constant and
to prevent current variations as the
attenuator is shifted. This compen-
sating resistance is controlled by a
separate switch mounted on the same
shaft with the attenuator switch, be-
cause it and its associated leads must
be carefully shielded from the right-
hand or low-voltage portion of the
attenuator. The shielding of this at-
tenuator is a delicate and rather
complicated matter, brought about by
the fact that, for convenience, we
elected to start with large radio-fre-
quency currents. It may appear
strange to the casual observer that
we simply wind up a set of individ-
ually measured resistances, connect
them together in an attenuation net-
work, and assume that the attenuated
voltage is equal to a value computed
from the diagram. This procedure is
justified, however, by the arrange-
ment and shielding of the units. The
features of the shielding system do
not appear in the diagram. Its nature
may be suggested by the fact that at
the point of maximum attenuation, a
current of 100 milliamperes may be in
the attenuator switch arm, whereas
a current of 10 micro-amperes and no
more must flow into the slide-wire.
This means that the net capacity be-
tween all conductors connected to the
switeclh arm and all conductors con-
nected to the last attenuator point
{including the slide-wire) must be less
than 0.5 micromicrofarad in order to
reduce the capacity error to 2% at
200 meters.

The units of the attenuator itself
are distributed through three brass
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Interior view of
a portlon of the
standard signal
genera-
tor. Note the
substan.
tial shieiding
employed.
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boxes, one inside rhe other: the com-
pensator resistance and switch are in
a separate shield; and finally, the
radio control rheostat and all leads
carrying the main current from the
oscillator are separately shielded from
the slide-wire and the leads connected
to the output terminals. In localizing
a measured microvolt between two ter-
minals, as is done here, it is also
found that the question of ground cur-
rents from the attenuator points and
elsewhere is very important. The
proper locations for . the various
ground connections shown in the dia-
gram were worked out only after some
thought and a great deal of dis-
couraging experience.

The Shielding

Regarding the general shielding of
the outfit, little has been said because
it is more or less conventional. The
radio and audio-oscillator circuits
are mounted in a heavy copper box
with a removable lid. The fittings are
rather massive because the lid could
not be soldered on and forgotten, as
is readily done with laboratory equip-
ment. This main internal shield is
attached to a metal subpanel, which is
spaced by metal studs from the out-
side panel, also of metal. The outside
panel is screwed tightly to a copper-
lined cabinet and forms with it the
outside shield. In some outfits of
this sort it is better to insulate the
internal assembly in its shield from
the outer shield; this is determined,
in general, by the location of the at-
tenuator and associated equipment
with respect to the radio-oscillator
circuit, which determines the ground
current paths. The various filters are
each distributed, part inside the inter-
nal shield and. part hetween the inter-
nal and external shield. All controls
are brought through both shields to
the front panel on insulating shafts.
Metal shafts are undesirable because
they frequently make rubbing contacts
with one or both shields and produce
unexpected and disturbing phenomena.

A word should be said as to the
accuracy of the voltages supplied from
the generator. Certain methods are
available for checking the voltage
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ratios by comparison with an external

voltage divider, and by comparison
with known current ratios, also for
checking the absolute values of volt-
age against other sources of a dif-
ferent nature. Thorough cross-checks
and intercomparisons on this particu-
lar system indicate the following
points: (1) The error in any ratio on
the slide-wire or decade attenuator
is not greater than 3% at any fre-
quency below 1500 kilocycles; (2)
The error in the absolute value of the
voltage between the generator termi-
nals is not greater than 4% at any
frequency and is probably much less
for voltages above 10 microvolts.

Operation

The accepted practice in measuring
and rating receivers is to impress the
known voltage from the generator im
series with the local antenna circuit
and the input terminals of the receiver.
The output of the receiver is equipped
with a resistance load appropriate to
the power tube or tubes which termin-
ate the audio amplifier. A “normak
signal” is specified for all receivers,
usually 50 milliwatts. All measure-
ments are referred to the radiofre-
quency voltage, with a specified per-
centage modulation and a specified
antenna, which will produce norma3l
signal in the output load of the re-
ceiver. With an output load of 2000
ohms, for example, normal signal cor-
responds to about 10 volts, which is &
reasonable loud-speaker voltage. A
simple “output meter” is required for
all such measurements It may be a
vacuum-tube  voltmeter or a therma?
meter. Furthermore, sensitivity meas-
urements are usually made with a
modulation frequency of 400 cycles
and 309% modulation. Suppose a re-
ceiver with specified antenna constants
gives normal signal at 100 microvolts.
This figure of 100 microvolts is a
rational sensitivity rating for the re-
ceiver, because it means physically that
if the receiver is fed from a 2-meter
antenna having substantially the same
effective inductance and capacity as
that used in the measurement. a field
strength of 50 microvolts per meter is
required to provide entertainment.
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Gas in Metal Parts of Vacuum Tubes

Relative to Gas-Forming Contaminations and Degassifying Treatments

ITH the recent rapid com-

mercial development ot the

radio vacuuw tube. the metal-

lurgist, engaged in this field.
has heen confronted with many rather
novel problems. diflicult of commer-
cially practical solution.

Not the least of these ix the demand
for gas-tree metal parts, To meet the
present requirements for satisfactory
tube operation a vacuum of less than
L0007 mm., of mercury pressure must be
obtained and maintained during the
life of the tube. Any slow evolution
of gax from the metal parts will
obviously raise the pressure fo values
in excess of this in a very short time.
The metallnrgieal problem ix to pre-
vent such gas evolution.

Gas Evolution

It is the purpose of thix article to
discuss briefly some of the possible
sources of gas evolution in metals, in-
dicate measures tauken to eliminate
some of thexe sources, and illustrate.

with a few examples, some of the
troubles  arising from  this  gas
evolution.

In considering the sources of gas in
metals, there are, first of all. the gases
inherent in metals from the time of
their reduction from ores. All the
forms in wlhieh ~ may bhe present
from the time of solidifieation of the
metal are not fully known to science
at present. There is =ome gas en-
trapped in mwechanieal voids, sueh as
blow holes and shrinkage cavities, in
the body of rhe ingot as cast. There
arve also impurities in the metal such
as oxides. nitrides, carbides and sul-

= Metallurgist, Westinghouse Lamp Com-
By,

A microphotograph of

Fig. 1. 3
nickel that has been burned in a
sulphurous atmosphere and which
shows sulphur contamination along
grain boundaries. Mag. 200.

By J. H. Ramage*

phides which are apt to he sources of
gas later in condirions existing in the
vaenum tube, These sources are read-
ily proven and definite methods can
be taken to obviate rhem. Ilowever,
with these sources removed, there is
still gas in the metals held in niniers
not fully understood. variously desig-
mited as dissolved, absxorbed or ad-
sorbed. and which, due to our lack of
knowledge as to its origin, ix mueh
more difticult to deal with. Some of
the possible explanations for thie pres-

?

Nickel supports (marked

pressed in the glass

stem of a tube. There is an ab-

sence of gas bubbles, causin

cracked stems. (Transmltteg

light; specimen immersed in mono-
chlor benzol. Mag. 5.)

)
\
Fig. 3.
by arrows)

ence of this gas nre (1) that It is aet-
nally dissolved in the metal ax in an-
other gas or liquid. that is, that there
is a mixture in molecular proportions.
(2) that it is present in the body of
the metal at grain boundariex only,
being held by mutual electrical attrac-
tions of atomic or molecular propor-
tions, (3) that it is condensed on the
surface of the metal. probably also an
electrical plienomenon. That there is
intergranular penetration of gasxes in
hot metals is readily demonstrated by
the etched microsections of nickel
burned in sulphurous atmosphere or
tungxten Dburned in an oxidizing at-
mosphere. Microphotographs Tigs. 1
and 2 are illustrations of this phe-
nouenon.

Further Sources of Contamination

Besides the gas sources considered
above in the metal as cast, there is
possibility for further contamination
in the hot and cold working processes
necessary to reduce it to the finished
tube parts required. The surface of
course, can assume a layver of oxide,
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sulphide or carbide if rhe necexsary
impurities are present in the atmos-
phere in which the metal ix worked.
A film of lubrieant used in cold draw-
ing or rolling and left on the metal
through subseqnent processes may lend
to contamination. This cont:mination
muy penetrate inrergranularly into the
body of the metal making its removal
more diflieult. Then there ix also the
possibility of the so-called adsorbed
and absorbed gases described above in
cold metals also,

We know of no process of removing
the so-called dissolved. absorbed and
adsorbed gasex other than heating the
metal in vacuum,  After this treatment
the metal cannot he exposed to the
wixes  again or reabsorbtion will oc-
cur, It is therefore necessary to per-
form thix hearing operation durving the
eviacuwiution of the tube. We have
found, however. that certain pretreat-
ments of rhe metal parts greatly ac-
celeratex this tinal degassifying oper-
ation. I'or instance, n heat treatment
in hydrogeun prior to mounting the
parts in the rube has been found most
etficient.  Analysex of the gas content
of nickel parts rreated in rhis manner
ax compared with similar parts given
the =ame treatment in vacuum are
most interesting. considering the snb-
sequent performance of the metals. In
both cases rhe parts were exposed to
air again for some time prior to analy-
sis for gas. As compared to untreated
metal. no reduetion in hydrogen coutent
wis shown by the vacuum treatment,
while rhe hydrogen treatment showed
an increase in hydrogen to 4% times
the volume of that in the untreated
metal. The vacuum treatment showed
a reduction in oxygen of 10% and no
reduction in nitrogen content. The

piece of
here shown was burned in an oxi-
dizing atmosphere and shows oxide

Fig. 2. The tungsten

along the
Mag. 50.

contamination grain

boundaries.
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‘Fig. 4.
marked by arrows

The nickel supports

show correct

amount of gas. That one marked

by an X was untreated before

using and contains too much gas.

(Transmitted light; specimen im-

mersed in monochlor benzol
Mag. 5.)

hiydrogen treatment showed a redue-
tion in oxygen of 20% and in nitrogen
of 13%. Neither treatment showed
more than 7% reduction in total gas
.content. the vacuum treatment giving
the hest mmalysis,  Yet in aetual oper
ation, the hydrogen treated matrial is
much more readily degassified in the
‘tinal tube making step and the result-
ant tubesx are better. We do know also
that hydrogen is more readily removed
in this final step (heating in vaenum)
than any of the other gases encoun-
tered.

The indieations from fhese vesults
are that the gases which subsequently
.eause rrouble are held in the metals as
.eliemical compounds sueh as carbides,
.oxides. nitrides and sulphides. There
is nlways a large proportion of hydro-
gen in the residual gases left in the
tubes whieh, in itself, is harmliess.
ITowever, in the presence of the hot
metal and aided by the possible de-
<composition of the contaminating com-
pounds by ionic bombardment, :
such as waler vapor, hyvdrogen sul-
phide, ammonia and hydrocarbons arve
formed which do not “clean up’ but
render the tube permanently gassy. It
is therefore possible that the useful-
ness of this so-called degassifying pro-
cess (lLieat treatment in hydrogen) is
in removing a large part of these gas-
forming contaminations at or near the
surface of the metal. Following this
line of reasoning, several other ‘de-
gassifying” processes designed to re-
move certain contaminations have heen
devised for special cases with very
promising results.

N

Mechanically Trapped Gases

There are several difliculties encoun-
tered due to gas evolution from metals
other than vacuum troubles which have
a bearing on radio tube manufacture
in special cases rather than in u gen-
eral way. The matter of mechanically
trapped gases is illustrated rather
forcibly in trouble encounntered in large
power tubes having a portion of the
outer vacuuni-tight container made of

mertal. In rhese tubes, the anode is of
copper and serves also as part of the
outer envelope. In operation, the heat
developed in this portion can melt the

copper 1mless weather cooling is re-
sorred to, Trapped gas contained in

blow holes cannot be discovered in the
cold drawn tubes but will cause Dblis-
ters ax the metal gets hot during the
tube operation which result in defec-
tive cooling at these areas and subse-
quently fusion holes and tube failures,
A vacuum treatment prior to use fol-
lowed by elose inspection is resorted

to as a means of detecting sueh de-
fective anodes.
The xo-cialled hydrogen “degassify-

frearment in a moditied form is
rexorted fro also in preparing nickel for
insertion in glass. In the case in ques-
tion. the metal cannot be completely
degassified as, owing to its coetlicient
of expansion as compared to glass, it
eracks the glass when no gas is evolved

ing™”

Fig. 5. Note the

. Same as Flg. 3.
cracks in the glass stem due to the

union between the

glass and nickel. (Transmitted

and reflected light; speclmen in
air. Mag. 11.)

too complete

during rhe insertion. On the other
hand. if too much gas is evolved, the
nickel pieces. nsed for supports inside
the tubes. hecome lonse and fall out.
An optimum gas condition of the metal
has been found which causes a slight
gas evolution during insertion result-
ing in an unstrained but at the same
rime secure =eal between the glass and
the nickel. This is not. of course.
vacuum-tight but in this case a
vaemun-tight seal is unnecessary. The
mierophotos. Figs. 3, 4. 5. and 6. illus-
trate the case in question.

Gas Bubbles

The presence of gas bubbles in ex-
cess on the seal wire is, of course, an-
other illustration of the evils of gas
evolution. Fig. T illustrates good and
poor seal.

We kunow of no one process to which
fhe finixhed metal parts can be sub-
jected which will act as a cure-all for
these gas troubles. Preventative meas-
ures will have heen indicated in the
foregoing discussion of the causes of
the trouble. To sum up. care must be
exercized in kind of metal selected, in
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%

.

RN
Fig. 6.

.
Same as Fig. 4, showing
that there was the correct amount
of gas, as cracks in glass are ab-

sent, there being only a partial
union between the glass and nickel.
{(Transmitted and reflected light.
specimen immersed in monochlor

benzol. Mag. 92.)

its preparation as fto freedom from
mecluinical voids and gas forming im-
puritiex. Further care must be exer-
cised during the cold working pro-
cesses necessnry in reducing it to wire
or strip, especially during the neces-
sary annealing steps, hoth as to the
nature of the armosphere in whieh it
is anneuled and fthe freedom of the
surface from dirt of any kind before
anneiling.

Then the hydrogen anneal referred
to will render the common metals used
susceptible to very complete degassifi-
cation at the final evacuation of the
tube if they have not heen very bady
contaminated up to this point. This,
of course, does not apply to the so-
called irredueible oxide forming metals
sneh asx cliromiwm, tantalum, thorium,
zireonium, ete. All these precautions
may still he defeated by dirt intro-
duced in assembling the parts. espec-
inlly by excessive oxide formed at
welding operations. Absolute cleanli-
ness of the parts as mounted and ready
for exhaust is practically a surety of
a hard tube after the exhaust operation
if this operation is earried out properly.

Fig. 7. The continuous row of
bubbles on the left seal wire
caused a leak In this stem. The

right seal wire was satisfactory.

(Transmitted and reflected light:

specimen immersed in monochlor
benzol. Mag. 9.)
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New Musical Effects Produced by
Electrical Means

New Freedom of Musical Expression Gained Through the Use of High

NE of the most striking recent

developments in the art of

sound reproduction is that of

loud speakers capable of de-
livering large volume of sounnd. The
gain from this increase in loudness is
not simply that the ears are relieved of
strained attention to catch what is said
or played, but a change of quality as
judged by ear occurs as the loudness is
altered, even when the actual sound
wave shapes are kept the same! TFor
this reason,, reproduced speech and
niusic will not sound natural unless the
reproduction is at approximately the
same loudness as the original.

The advent of the Radiola No. 104
brought radic music into the home
with a volume about equal to that of a
biano in the room. Electrical repro-
duction was then applied to phono-
graphs, and the Brunswick “Pana-
trope” and Victor “Electrola” far ex-
ceeded the machines depending on
direct or mechanical reproduction, in
point of sound power.

Auditorium Speakers

More recently there have been
evolved loud speakers of much higher

1“Auditory Masking of One Pure Tone
by Another,” K. L. Weyel & C. E. Lane,
Lhys. Itey., Vol. 23, P, 266, 1924,

“Physical Mcagurements of Audition,”
H. F. Fletcher, Bell System Tech. Jowr.,
Oct. 1923, I’. 145, Jour. Franklin Inst.,
Sept. 1923.

“High Quality Transmission and Repro-
diuetion of Speech and Music,” W. 1.
Aartin and H. Iletcher, A, I. E. E., Vol.
XL, 1924, P. 385.

* Rescarch Labovatory, Gencral RElectric
0.

Power Sound Reproducing Devices

By Edward W. Kellogg*

R. KELLOGG convinces

us that the art of mu-

M sical expression is to be
enriched by means of

electrical reproduction.

That a purely commercialized
device 1will hitch itself to the
purely aesthetic and remain as «
contribution to the art of all
sound ewxpression appears far
jetched. The fact remains, how-
ever, that with the aid of super-
power reproducing devices, qual-
ity and volume can be controlled
independently and an entirely
new form of musical expression
obtained.

That point of development has
been reached where we can
“make the heavens resound to a
whisper.” We shall yet experi-
ence the thrill of our bodies
vibrating under the power of
“a soft musical passage” rising
alove the orchestral background
—Editor.

power for use in auditoriums or out-
of-doors. In these devices no pains are
spared to secure faithfulness or high
quality, and amplifiers of ample ca-
pacity are emploved to avoid distor-
tion. Speakers of this class have for
the most part been of two types, one
employing a large horn, perhaps 12 to
20 feet long, with a bell opening of the
order of 8 feet by 8 feet, while the
other type employs a number of cone
type speaker units. As an examnple of
the cone type auditorium speaker a
model built about two years ago under

Mr. Edward W. Kellogg, and the high-power amplifier and bank of dynamic
speakers employed in the interesting experiments discussed in this article,
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the writer’s direction may be briefly
described. It employed nine coil-driven
cones such as used in the Radiola No.
104. the units being arranged in three
racks, of three cones each. The power
stage of the amplifier consisted of a
pair of UX-851 tubes, each drawing .3
ampere plate current at 2000 volts.
The amplifier could supply about 150
times the power without distortion
which the UX-210 tube can supply to
its cone in the Radiola No. 104 or the
Panatrope. This equipment was used
in a number of public gatherings at
which orchestras or bands were:
pbresent. It could, with pleasing effect,
be run at a setting at which it was
definitely louder than a ten to fifteen-
piece dance orchestra, or comparable
with a military band.

Violin at Band Volume

In the course of these demonstra-
tions one characteristic of the music,
produced by means of the high power
speaker, impressed itself on those of
us who were present. It is as easy to
get a powerful sound from a single-
voice or instrument as from a large
number of voices or from a whole
orchestra. In fact we can with a
given equipment put out considerably
more sound power when reproducing a
single voice or instrument than when
reproducing the highly complex sounds.
of a large chorus or orchestra. Phono-
graph records are usually so cut that
a vocal or instrumental solo is practi-
cally as loud as a band recording.
What this means with the household'
phonograph is that the solo numbers
are reproduced with somewhere near
their original volume, but that the
orchestra and band numbers, while
lond enough to be enjoyed, are faint
imitations of the originals. The high
power auditorium speaker can practi-
cally duplicate the orchestra, chorus,
or band, but it can do something which
has not been possible before—sing a
tenor or soprano solo, or play a violin
at band volume.

New Musical Expression

Such reproduction is of course not
exactly “natural,” but the function of
a musical device, such as the loud
speaker, is not necessarily limited to
imitation (although it must be capable
of imitation) but to afford pleasure:
to the listener. And one of the ele-
ments which brings a thrill to the:
listener is the flood of sound that
shakes his whole body, that in some-
passages seems even deafening. The
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ability to reach such sound levels ex-
tends the range of musical expression,
and carries an impression of power.
Why else do we build giant organs,
organize choruses of hundreds of
voices, bands of fifty pieces, and orches-
tras of a hundred or more instruments?

It will be argued that the large
orchestra is necessary to afford the
desired variety of instruments and to
give proper balance. But if there are
several instruments of each kind, this
explanation can hardly stand. Still
less do such reasons apply to the tavo
hundred voice chorus. A quartet, or
for some compositions a sextet, can
carry all the parts, afford the full
range of voice qualities, and can be
controlled and blended more perfectly
than a larger number of voices. There
is, of course, a psychological factor in
favor of the large orchestra or chorus,
but the primary purpose is to produce
a great volume of sound.

Altered Sound Quality

The multiplication of sound sources
results inevitably in a change of
sound quality, the wave shape from
the multiple source being more com-
plex. With the best of tuning, two
different instruments playing the same
note will produce more or less rapid
beats. With a large number of instru-
ments playing the same note, each will
beat with all the others, and the result
is rapid and rather irregular fluctua-
tions in intensity during the playing of
each note. Whether the net effect is
pleasing to the ear is perhaps a matter
of taste. Those who prefer the com-
plex tones would probably describe
them as “richer.” Those who like the
simpler tones would speak of them
as “mellow” or “smooth” and find, rela-
tively, a certain harshness in the com-
plex tones,

Heretofore we have had no choice
bhut to accept the complex wave and the
tonal qualities which it carries, when-
ever we have wanted great sound
volumme. The two factors have gone
hand in hand. With the new tool at
our disposal, the high power sound
reproducing device, we can control
volume and tene quality independently,
and can have the smooth and mellow
tones of the small group or single in-
strument at any voluine. There is thus
a new freedom given to musical ex-
pression. The quality resulting from
blowing or bowing strongly can be re-
produced softly as desired, or the
quality of an instrument played softly
may fill the auditorium. Still more
important is the advantage to be
gzained in the rendering of vocal selec-
tions. Every voice changes in quality
according as the person sings loudly
or softly, and the change is certainly
in the direction of an impairment in
quality as the loudness approaches the
point where strain and effort are
present. The forced voice gives no
pleasure and is likely to result in per-
manent injury. We seek the world
over for the rare combination of great
power, pleasing voice quality, and suffi-
cient musical appreciation and train-

ing to use the voice with artistic effect.
But there are thousands of singers who
have all of the requirements except
power, and whose voices may even
surpass those of their more celebrated
brothers or sisters in richness and
fineness. These voices are now made
available in the theatre and auditorium
as well as in the parlor., All singers
may use their voices at morc natural
levels, and the smooth round tones of
the soft or subdued voice may be heard
with ease in all parts of the house.
Amplifying a Whisper

Certain difficulties are encountered
in the attempt to magnify the voices
of singers actually present on the
stage, and the full advantage of elee-
trieal sound production cannot per-
haps be realized under these conditions.
But where music is recorded and then
reproduced the new factors will be-
come of great importance. Already the
alteration of sound levels possible
with electrical phonograph recording
and reprocduction has been utilized
to produce records of a type that
has been quite popular, namely,
the ‘“whispering” tenor solo. The
microphone is placed very close to
the singer, who speaks and sings in a
voice little above a whisper. On the
higher notes the voice becomes nearly
a falsetto. The reproduction is many
times louder than the original, and
the effect is of a voice of very unusual
quality. Those who listen probably
do not often realize the discrepancy in
loudness, and might not like it so well
if they did. We have so long been
seeking naturalness in reproduction
that unnaturalness is thought of ag a
fault, even though it may have been
brought about for a purpose and with
pleasing effect.

Although a large orchestra is looked
upon as the finest that can be provided
in musical entertainment, it may be
predicted that where recorded musie
is used, the aim in general will not
be to give the best possible imitation
of the large orchestra (although this
can be done with remarkable success
when desired), but to render in what-
ever .volume is wanted the simpler
music of a small orchestra, with single
instruments instead of groups of in-
struments carrying melodies. Balance
is not dependent on the use of the
proper number of instruments of each
kind, but can be controlled by the po-
sitions of the players relative to the
microphoue.

The Orchestra of the Future

Let us venture another prediction.
farther probably from early fulfillment.
The orchestra of the future will make
extensive use of electrical sound pro-
ducing devices, One of the most im-
portant applications will be to ac-
centuate the tones of certain instru-
ments in order that a single instru-
ment may carry a melody, or to give
the effects of accompanied solos with-
out subduing the entire remainder of
the orchestra. Again new tone quali-
ties are obtainable by electrical means.
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For example, let us suppose that an
electrical sound pick-up is located
within the instrument whose tones are
to be magnified. The character of the
tones will vary with location and also
with the design of the electrical pick-
up or microphone. Instruments which
are not at present loud enough to be
useful, except in the softer passages of
the composition, will be made useful
for the loud passages as well, With
such electrical assistance as has been
suggested, the orchestra of the future
will be able to produce many eifcets
not now possible,

ONE TEN-THOUSANDTH OF AN
INCH IS IMPORTANT IN “TALKIE””
MAKING

HE first sound picture or talk-

ing movie designed especially

for purposes of military instruc-

tion was completed recently and
shown before a representative group of
military and naval officials. The film
was made at the Infantry School at
IFort Benning, Georgia. It is a result
largely of the Western Electric Com-
pany’s experimental work and produc-
tion methods.

One of the “most difficult of alt
production tasks,” to quote the com-
pany’s statement, was placed before
the Hawthorne organization of the
Western Electric Company by the en-
thusiastic public reception of the talk-
ing pictures.

More than $500,000 worth of the most
modern machine equipment had to be
bought, and especially adapted to this
project. A heavy production schedule
was set up. The tool room was geared
up to capacity for turning out the re-
quired tools. A storeroom covering
6,500 square feet of floor space was
built in record time for the storage
of material, process parts and appa-
ratus,

Accuracy and precision were the
basic features in the planning. One
ten-thousandth part of an inch was a
familiar item. The finest work was
necessary in the manufacturing pro-
cesses entailed in making the new con-
denser type transmitter (the micro-
phone used in recording for the talk-
ing pictures). One small disc, a part
of the transmitter, must be ground
until its surface is exactly flat—mi-
croscopically flat. To test this flutness
a quartz disc is used. By placing this
disc on top of the other disc, a patch-
work of light rays broken into spec-
trum rays is seen. If this patchwork
of light rays does not have a certaim
design then there is something out
about the flatness of the manufactured
dise.

Dust-proof rooms are used for trans-
mitter assembly. Dust, any speck of
it, in this instrument, would be fatal.
Glass cabinets, with all the moisture
exhausted, contain the parts which are
assembled in the cabinet. The work-
men place their wrists through rub-
her sleeves fixed to the cabinet in order
to assemble the parts.

Executives Service Bulletin
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The Engineering Rise in Radio

By Donald MeNicol

Fellow A.ILEE., Fellow I.R.E., Past-President, Institute of Radio Engineers

PART VIIL
HE very thorough investigations
carried our hy Iickard brought
to light all rhar it seemed pox-
sible to learn abour the action
of erystals as wave detectors.  Tracing
banekward trom effecr to canse. it was
early noted that the cuvrent actuating
the telephione reeeiver associated with a
crystal deteetor, was of the natnre of
a recritied current. That ix, the alter-
naring current produced in the an-
tenna hy passing eleetric waves was,

after  passing  through  the erystal
«detector., changed into a uni-diree-
tional current. made up of the sue-

ceeding pulses of one sign.

Pieckard ascertained that it was
mnecessary to have a lavge arvea coutaet
on one side of the crysral. and that
the direetion of rectilication was
always the same for the sume crystal.
In some of the early crystals experi-
mented with by Pickard, the thermo-

electric current (generated when the
assembly was made up as a thermo-

couple) were in the same direction
as the rectified current. This ix an
-effect whieh would lead an investiga-
tor to eonclude that thermo-electric
action was a factor of* the detecting
properties of the ecrystal. Pickard,
‘however, exrended hix inquiry over a
wide range of crystals. and in the
case of impure silicon diseovered that
the thermo-electrie current was in the
opposite direction ro  the rectified
current.

With rhe rectifier principle estal-
lished, Pickard suggested rhat the
name “solid rectiiers” he given to
detectors of the mineral type. to dis-
tinguish them from electrolytic and
gaseous rvectifiers. or valves. Of the
mineral group. in addition to the ear-
borundum type, four other solid rec-
tifiers developed hy I’ickard came into
general use. These were the silicon,
zine oxide (perikon), molybdenite,
and pyron (ivon sulphide), of which
the perikon proved the most eflicient.

As used in service the construction
of these detectors was quite simple.
Disregarding workmanship and fine
appearance. a solid rectifier detector

made up at a cost of fifty cents
worked as well asx one costing ten
dollars. The silicon tyvpe had a small

section of the mineral fixed in a
metal cap, constituting one terminal,
the other terminal being a fine metal
point, adjustable as to pressure on the
erystal. The carborundum detector
had a block of the substance fixed
‘between two metal plates. The galena
detector was the same as the silicon
arrangement, except that the fine

metal point was maintained in lighter
contact with the crysral. The im-
proved form of perikon detector pro-
vided contact hetween zineite and
copper pyrites or hornite.

‘I'o account for rhe action of erys-
tals ax veetifiers, no aid scemed to be
fortheoming from theovies of eleetrie
action in conduetors. nor from any of
the exeeptional ‘“effects” observed by
scientists over a long period of years.

HOGAN

JOHN V. L.

the 1uodern electron
analysis  of  ecrystal
action, Pickard, in 1909, advanced
the theory of electron shift at the
point of contact. As a perfect con-
tnct of small nrea is one of the
requisire conditions for the nuanifesta-
tion of the rectifying property, it ap-
peared evident that the cnrrent flow
in the rectifying conductor must be
extremely constricted in the immedi-
ate neighborhood of the small contact.
Such extreme constriction of current
path in material where the conduction
is not metallic may lead to electron
impoverishment of either the pesitive
or negutive electrons. depending upon
whether it serves to present maximum
conductivity for currents entering the
crystal through the contact of small
aren. or for those presenting maxi-
mum counduectivity in the reverse
direction. The effect being to make

By applying
theory in an
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“in” o Yout”
conduetor and
then acting as

eitbher
the
aren

the passage of
currents ditlicult,
contact of smatl
@ recrifier.

The crystal derector rhroughout its
approximately ten yeurs of use =erved
two very desirable ends. LU was em-
ployed as a detector in thousands of
small and large radio installations set
up for commerciat working on land
and in ship starions, tiding over the
vears during which the andion was
being perfecied: especially rhe =six
vears 1906-1912 hefore rhe full poten-
tialities of the audioun were dis-
covered.

Also. rthe erystal. being an inexpen-
sive device, enithled o host of amateur

experimenters in America and other
countries to set up =mall stations,
primarily for :unusement purposes,

hut out of whieh c¢mme mueh of sug-
gestion for improvement in details.
and much experimental data of inme-
dinte use to scientists engaged in
solving the larger problems of radio
transmission.

under
spon-

Amateur experimentation
operating couditions. largely
sored by the American Radio Relay
League has, almost from the begin-
ning of rhe art, continued to contrib-
ute kunowledgze of real value to the
advaunecemeunt of radio signaling. In
Later years the amatfem’s contribu-
tions in  knowledge of short wave
radio telegraph operation has been of
particular merit., from whieh the
larger radio undertakings. bhoth gov-
ernmental aml private. have profited
materially.

“Beat” Currents and the Hetero-
dyne Principle

Although the audion detector. the
development of which is traced in a
later chapter. was introduced in 1906.
six or seven years were to elapse
lLefore the amplifying properties of
the tube were discovered. Throughout
the years when the electrolytic, mag-
netic aud crystal detectors were eni-
ployed. and duving the six or seven
years while the audion was employed
as a simple detector, it was realized
by those identified with radio tele-
graph undertakings that there was
need for a method of augmenting the
radio-frequeney energy reaching the
detector. by means of a local em.f.,

whieh latter could he maintained at
any desired value and in a stable
condition.

This would be in accord with wire
telegraph practice where a sensitive
relay is caused. through its armature
contacts, to operate a rveading sounder,
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the relay armature and sounder being
in eirenit with a local battery.

Many attempts were ninde to devise
microphonie relays which would he
acruated by the minute rectitied cur-
rents of the crystal detector, but for
the needs of rapid, continnous tele-
graph service noue of these contriv-
ancees was found to he practicable.

With
mind,
the

the requirement clearly in

Fessenden, in 1902, couceived
idea of the Ileterodyne by
means of whielr “beat” currents are
employed. The prineciple back of the
idea is that if two radio-frequency
currents of slightly different frequen-
ciex are impressed upon a cireuit,
they will successively assist and
oppose. bheing in and out of phase
progressively.

The result of the interference is
that o third value is produced which
is known as a beat current. As the
interfering cuwrrent ix produced hy a
Jocal generator it can he given a f{re-
uency whieh will insure that the heat
current will ocenr at audio frequeney,
and the latter paxsed through a rec-
Lifying detector will produce the sig-
nal indication in the translating de-
vice.

The name “lleterodyne” ix
from the Greek words “heteros” and
“dynamix,”  xignifying  “other” and
“foree,” to imply that the received
<ignal in the telephone is produced
by energy 60 the received waves plus
that from a local source of e.an.f.
Ohviously the piteh of the tone in the
telephone may be varied by varying
the frequency of the loeally applied
em.f. Thus if a current of 50,000
cyeles per second is impressed on a
circuit on whieh a current of 59,500
c¢yeles per second already is impressed.
rhe resulting, or “beat” current will
have a frequency of 500 cyeles per
second.

The heterodyne method of reception
introduced no new instrumentality.
The interfering loeal e.m.f. could be
applied by coupling the output of a
high-frequency alternator, or alternat-
ing-current are, to the receiving
fantenna.

In 1905. Fessenden applied for addi-
tionnl patents™ covering the hetero-
dyne, and in the years following niany
ingenious applications of the system
were worked out by I*. K. Vreeland,
J. V. L. Ilogan. K. D. Forbes, H. E.

coined

Hallborg, A. ¥. Van Dyck, Louis
Colhen and G. W. Lee, all of whom

were at that time associated with Fes-
senden interests.

‘The heterodyne principle although
couceived by TFesseunden as eavly as
1902, remained a laboratory device of
engaging possibilities until it was
given a thorough tryout in competi-
tion avith the “tikker™® system of
receiving continuous waves, in 1910.
“Tests tor whieh facilities were pro-

=y, 8. Pat.,, No. 706.740 (1902).

2. 8. Patent Nos. 1,050.441 and 1,050,-
728, granted in 1913. See also U. .
Patent No. 1,141,717, Lee and Iogan
{1913).

Navy were carried
that year: fivst, hetween rhe
tion at Brant Rock.
and xrations on board the fast
cruisers Salem and Birminghan, and
later from the Navy's station at Ar-
lington. Virginin, ro stations on ships.

Tests showed that heterodyne re-
ception was possible up to o distance
of 3,000 milex, and that heterodyue
signnls were on the average five times
as loud ax signals from the smne
sonree and over the same distanee
when rhe electrolyriec or ecrystal de-
tector was emploved simply ax a ree-
fving detector withont applving the
locally generated interference (hetero-

vided hy the U, 8,
ont in

st

dyne) oseillations to the antenna
circuit.
The invention held possibilities of

vast importance which were destined
to rveach fruition following the dix-
covery in 1912-1913, that the audion
can  be utilized to produce electrie
oscillations.  With the little audion
bulb available to produce the inter-
fering oseillations, replacing the ma-
chine alternator and cumbersome are
generator., important improvements

were soon made in the design of
radio receivers, The “external” hefe-
rodyne (coupled to the reecelving

antenna) could be replaced by an
“internal” or self-heterodyne cireuit;
an oscillating audion performing the
desired funetion. And ont of it all
wax  evolved the super-heterodyne
radiv receiver. popular for broadeist
radio-phone reception in 1926,

CHAPTER 8§

The Propagation of Electric Waves

N a previous chapter it was re-
lated that Mr. Marconi brought
to the United States. In 1899, an
operating outfit with which an

attempt  was made to report the
progress  of the international yacht

= Phe “tikker” oy ticker, due to V.
Poulsen, was developed by him as a receiver
Jor wse where conlinvous wave are (ransg-
mission was8 employed. It congisted of a
mechanical vibrator, cunnected in the secon
dary cirenit of the antenna coupler, which
ineluded a telephone receiver and a con-
denser in parallel. A8 the vibrator rapidly
opened and closed the condenser chreuit the
denger was charged and discharged
correspondingly, the eharging current beinyg
thuat due to the cuienna vscillations. Thur
yroups of audible gignals reached the tele
plione identical with the telegraph dot and
dagh gignals transmitted from the distant
8tation.

Goldsehmiidt, algo, invented an inlerrupter
of this tupe called « “tone wheel” for use
a8 « receiver of undamped waves 8uch us
those trauswitted by the alternator of hig
invention. A metal wheel with alternate
insulating and conducting seqments, 10-
tating under ¢ conducting brush, was con-
neeled to the antenna, the brush being in
series with a telephone receiver. The wheel
was rotated «t a speed such that for cach
wlternation in the antenna due Lo incoming
oscitlutions, one conducting tooth passed
wnder the brugh. In this manner the high-
Jrequency oscillations icere ‘‘eut wup’ dnte
audible groups corresponding with the
trangmitted teleyraph signals.

Dr. L. W, Austin desiyned a rotary itype
of ticker comprising a rolatable grovrved
wheel in the groove of which one end of a
fine steel wire rested. When the wheel was
rotated by means of ¢ motor the chattering
contact thus formed between wheel and wire
gerred to render audible incoming osecilla-
tions in a receicing antenne conncoled
thercto. A similur rotary ticker wa8 inde-
pendently devised by C. V. Logicood.
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race between the Shamrock and the
Colwmbiu. After the conclusion of rhe
rice, Maveoni carried out a series of
triatds of wireless telegraphy hetween
two Awmeriean war-ships, at the ve-
quest of rhe United States naval au-
thorities, xignals being exchanged np
ro a distance of thirvty-six miles. On
riie return jonrney to Iugland, Mar-
coni fitted the steamer on which he
siiled with an onttit of his equipment,
and abour forty miles from the Iug-
lish coast signals were received on
shipboard from a land station.

Upon his return to Bugland, Mar-
coni Iud arrived at the conclusion that
the time had come for an attempt to
communieciate across the Arlantie, Fng-
Iand to Ameriea. It may be imagined
that this project was somewhat of an
inventor's dream, when it is recalled
that prior to 1901 the longext distance
covered was in the neighborhood of
150 miles; and that, at sea.

In Chapter 4, of rhis work, is in-
corporated a brief statement of the
theory of electric wave propaguation
prevalent in rhe year 1900. In gen-
eral, the nnderstanding was fairly ae-
enrate, even if at that time no great
distanees had been covered. There
was, of course. later, a host of vrob-
lems which grew out of the attempts
to bridge distances which involved sur-
mounting the eurvature of the earth.

There is to be noted here an out-
standing difference between the prob-
lems of “‘wire” and *wireless” signal-
ing. In relegraphy and telephony by
wire the hetterments have resulted. in
large part, from improvements made
in the media extending between the
terminal  instruments—the line and
the eable. In radio signaling, the in-
ventor. in order to produce systems
which  will be improvements upon
present systems. has only the field of
rhe terminal equipment in which to
work. The medium connecting trans-
mitting and reeceiving installations is
not subjeet to treatment of a sort that
would affect the grade of transmis-
sion through it of radio signals.

Mr. Marconi's suecess in transmit-
ting test signals aeross the Atlantie
ocean, from a station at Poldh, Corn-
wall. to a station at St. Johns, New-
foundland. on December 12, 1901, im-
mediately precipitated a considerable
amount of diverse opinion and conjec-
ture as to how the transmitted energy
could possibly indic:ite its presence at
o point 1800 miles from its source. In
France. one oflicial advanced the no-
tion that the submarine telegraph
cables which follow the same geueral
direetion as the Poldhu-St. Johns line,
acted as a guide to the vadio waves.
Blondel assumed that tlie layers of
etlier at the surface of the ground have
@ maximum eleetrical density, com-
parable to a sort of electric mist, ex-
tending to a height about that of the
usual antenna. The smme conditions
obtaining at eaeh end, the receiving
antenna, he assumed, would be more
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influenced when entirely immersed in
this hypothetical mist, than when it
was extended to greater heights.

Others clung faithfully to the idea
that the theory of propagation of light
rays should afford an explanation of
the behavior of IHertz waves. Some
held that the waves were propagated
by diffraction. increasing as the waves
became longer. But, there was the
stern reality that in crossing the At-
lantic the waves had to surmount an
obstacle more than 186 miles high, the
curvature of the earth.

Various Theories

Emile Guarini, in ¥rance, and Pro-
fessor La Grange, in Belgium, distin-
guished between the progress over the
surface of the earth, or through it, of
the electric and magnetic components
of the electric wave. Guarini' re-
ferred to experiments of his which
convinced him that ‘“an electric field
can traverse obstacles only with loss
of energy (deviations and absorp-
tions). while a magnetic field traverses
the earth’s crust without serious diffi-
culty and with moderate loss.”

The amount of “bending” of electric
waves around the eartl’s surface in
traveling from England to Canada
may be understood when it is stated
that a ray of light starting from Eng-
tand in a horizontal direction would
pass over the nearest point of land in
Canada at a height of one thousand
miles, approximately.

At operating distances in excess of
a thousand miles a new series of trans-
mission phenomena was presented. In
1902, Marconi, during a voyage across
the Atlantic, observed an effect of day-
light on the strength of signals. Sig-
nals from the English station were
readable at night to a distnce of 1,600
miles, while in daylight they were not
received beyond a distance of 800
miles.

A theory of this phenomenon, preva-
lent at the time and for some years
thereafter, was that daytime trans-
mission was less effective as a result
of ionization of the air in the immedi-
ate neighborhood of the sending an-
tenna, caused Dby the rays of ultra-
violet light from the sun.

Small wonder that when Marconi
sent signals across 1,800 miles of space,
in 1901, there should be speculation as
to the mechanism of transmission of
the waves. No doubt the energy de-
parted from the sending antenna and
existed for a fraction of a second in
a medium extending continuously be-
{ween sending station and receiving
station. There was the question as
to the nature of the medium, but the
action of the sending antenna by
means of which the distance effect
was produced seemed to be consistent
with the understanding that electro-
magnetic waves were produced and
radiated.

1 Scicntific American, New York, May 9,
1908, p. 22864 '

Mr. Marconi’s 1897 demonstrations
so astonished the physicists that sev-
eral of these openly discussed the pos-
sibility that an entirely new electrical
phenomenon was involved. Reference
was made in Chapter 2, to Richard
Kerr's query in 1898, as to whether or
not Marconi was, perhaps unknow-
ingly, using a new system of electric
waves, differing from those discovered
by Hertz, and it may well be realized
that following the first successful
trans-Atlantic demonstration, in 1901,
the question should be asked: are the
very long distances covered consistent
with the properties of pure Maxwellian
or Hertzian waves?

The idea of a “bound ether” occurred
to Dr. Lodge to account for wave
propagation around the surface of the
earth, the thought being that the ether
present in the earth and its atmos-
phere was in some fashion bound or
locked as an inherent element of the
whole. Thus, the progress of electric
waves over the surface of the earth
between points widely separated might
be conceived as being possible because
the waves adhered to the bound ether

path, instead of travelling off in a
straight line into the free ether of
space.

Mr. Tesla, as late as the year 1912°
leld to the view that in a radiating
systemn employing spark-gap and earth
connection, in addition to an elevated
antenna, transmission takes place
through space; conduction effects be-
ing excluded. But, when an arrange-
ment whereby the spark-gap is replaced
by an energy-storing inductance., one
side connected to earth, the other to
an elevated antenna, the distant re-
ceiver will be energized by currents
conducted through the earth while an
equivalent electric displacement occurs
in the atmosphere.

Tesl:'s notion was that “the distant
receiver is operated simply by cur-
rents condueted along the earth as
through a wire, energy radiated play-
ing no part.” Loss of signal energy as
distance is overcome was explained as
heing due to evaporation of moisture
from that side of the earth at the time
turned toward the sun, the conducting
particles carrying off more or less of
the electric charge imparted to the
earth at the transmitting station. In-
asmueh as evaporation is considerably
greater during day lhours Mr. Tesla's
novel theory at least advanced an ex-
planation which might seem to account
for the longer ranges of operation pos-
sible at night than in the day time.

Nor was it likely in the wide search
for other theories which might contain
some degree of plausibility, or perhaps
prove to be the ‘“lucky shot in the
dark,” that the possibility of a part
being played by the earth’s natural
magnetism, should be overlooked.

Although eight years later E. V. Ap-
pleton,’ in England, and H. W. Nichols

2 Electrical Revicw and Western Elec-
trician, Chicago. July 6, 1912, paye 34.
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and J. C. Schelleng,! in America, were
to designate the relation of the earth’s
magnetic field to wave propagation
under certain conditions, in 1917; J. 8.
Clemens,” in America, advanced the
theory that in order to transmit signals
over the earth’s surface without con-
ducting wires it should be necessary
only to “excite” the magnetic lines al-
ready in the air. It was Clemens’ no-
tion that the high voltage applied to
a radio antenna acted to excite the
natural magnetism, resulting in the
creation of magnetic waves which
travelled outward, following the cur-
vature of the earth by virtue of the
fact that in the region of the earth
magnetic lines are present.

The electromagnetic theory of light
having been postulated by Maxwell,
and the existence of electromagnetic
waves, artificially produced, having
been demonstrated by Hertz, most of
the terminology and nomenclature as-
sociated with light rays quite natu-
rally attached to the radiation mechan-
ism of wireless signaling. Indeed, no
explanation of the early success in
space signaling had a reasonable
foundation except that which could be
stated in the terms employed by Hertz;
reflection, refraction, polarization. and
interference, which terms are common
to the light-wave theory. But, light
waves travel in straight lines unless
reflected or refracted, and there are
but a few substances which either the
direct rays or refracted rays can
penetrate. The phenomenon of light
and dark hours on the surface of the
carth had long since disclosed the main
properties of light waves from the sun.
Hertz waves were known to be highly
penetrative, and Marconi's transocean
demonstration jndicated that they
reached points so far distant from
their source that (except for certain
sun-effect losses) no ‘“dark hour”
period existed.

Kennelly-Heaviside Layer

The first to advance a logical expla-
nation of the mechanism of Hertz
wave transmission over distances
which involved the curvature of the
earth, was Dr. A. E. Kennelly, of Har-
vard University. In an article pub-
lished in the Electrical World and
Engineer, New York, March 15, 1902,
(three months after Marconi's first
trans-Atlantic  demonstration) Dr.
Kennelly stated:

“There is well-known evidence that the
waves of wireless telegraphy, propagated
through the ether and atmosphere over
the surface of the ocean are reflected by
an electrically-conducting surface. On
waves that are transmitted but a few
miles the upper conducting strata of the
atmosphere may have but little influence.
On waves that are transmitted to dis-
tances that are large by comparison with
fifty miles, it seems likely that the waves
may also find an upper reflecting surface
in the conducting rarefied strata of the

2 Proc. Phys. Soc. London,
22D, February, 1925.

¢ Propagation of Eleciric Waves Over the
Barth. Nichols and Schelleng. Bell System
Journal, April, 1925,

s Phe Electrical Ezperimentcr, New York,
March, 1917, p. 814.
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air. It seems reasonable to infer that
electromagnetic disturbances emitted from
a wireless sending antenna spread hori-
zontally outward and also upward, until
the conducting strata of the atmosphere
are encountered, after which the waves
will move horizontally outward jin a fifty-
mile layer hetween the electrically-reflect-
ing surface of the ocean beneath, and an
electrically-reflecting surface, or succes-
sive series of surfaces, in the rarefied air
above.

If this reasoning is correct., the curva-
ture of the earth plays no significant
part in the phenomena, and bheyond a
radius of, say. 100 miles form the_ trans-
mitter, the waves are nropagated with
uniform attenuation _cylindrically, as
though in two-dimensional space. The
problem of long-distance wireless wave
transmission would then be reduced to
the relatively simple condition of propa-
gation in a plane, beyond a certain radius
from the transmitting station. Outside
this radius the voluminal energy of the
waves would diminish in simple pro-
portion to the distance, neglecting
absorption losses at the upper and lower
reflecting surfaces, so that at twice the
distance the energy per square meter of
wave front would be halved. In the
absence of such an upper reflecting
surface, the attenuation would be con-
siderably greater.”

Based on measurements made by
Professor J. J. Thomson, Dr. Kennelly
believed it would be safe to infer that
at an elevation of about fifty miles
above the eartl’s surface, a rarefaction
of the atmosphere exists which, at
ordinary temperatures, accompanies a
conductivity to low-frequency alter-
nating currents about twenty times as
great as that of ocean water.

The probability of a reflecting layer
in the upper atmosphere occurred also
to Oliver Heaviside, very likely inde-
pendently, in June, 1902. At that time,
writing an article on Telegraphy,. for
the Encyclopedia Britannica (pub-
fished, December 19, 1902) Heaviside
said:

“Sea water, though transparent to
light, has quite enough conductivity to
make it behave as a conductor for
Hertzian waves, and the same is true in
a more imperfect manner of the earth.
Hence the waves accommodate themselves
to the surface of the sea in the same
way as waves follow wires, The irregu-
Jarities make confusion, no doubt, but the
main waves are pulled round by the
curvature of the earth, and do not jump
off. There is another consideration.
There may possibly be a sufficiently con-
ducting layer in the upper air. If so.
the waves will, so to speak, catch on to
it more or less. Then the guidance will
be by the sea on one side and the upper
layer on the other. But obstructions, on
land especially, may not be conducting
enough to make waves go around them
fairly. The waves will go partly through
them.”

Although the first public suggestion
of the importance of taking into con-
sideration the probability of an upper
conducting layer was made by Dr.
Kennelly, the fact that Heaviside’s an-
nouncement followed so closely, and
his studies of the reflection of electro-
magnetic waves were so extensive, it
soon become customary to refer to
the condition as the Kennelly-Ieavi-
side layer.

There is no need to commiserate
with the scientists of 1902, hecause
they were not able to develop a con-
clusive theory of radio transmission,
while we keep in mind that as late as
1925-1926, the Kennelly-Haviside layer
was in some quarters still on proba-
tion! Two years after the Kennelly-
Heaviside announcements, J. A, Flem-

ing, of the Marconi organization, in
his paper of 1904, read at the St.
Louis Electrical Congress, asked
the question.: “How is it that the bend-
ing of the eclectric radiation takes
place? If it is due to a simple diffrac-
tion, then it is proportionately to the
wave length vastly greater than any-
thing of the kind we find in connection
with the ether waves which produce
luminous sensations. It may be sug-
gested that we have here one of the
facts which indicate that the radiation
sent off from an earthed antenna is not
identical in every way with that
sent out from an insulated Ilertz
oscillator.”

Here was a task for the giants: a
problem for the best of intellects. In-
telligible signals had been transmitted
between points on the earth’s surface,
eighteen hundred miles apart, without
the use of conducting wires. Iow ac-
count for this through reasoning
applied to explain the behavior of
light waves, or of sound waves in air?

Attempts to determine whether dif-
fraction could occur to a sufficient
extent to account for the observed facts
were supposed by some thinkers to in-
volve the ratio of wave length to the
earth’s dinmeter. The optical analogies
dizeussed hy Fleming, and others, did
not secem to lead in the direction of
understanding. Naturally, many of
the brightest minds in the world were
engaged in attempts to unravel the
mystery. Contributions to the subject.
of greater or less value, were made hy
. Leeher, W. V. Rybezynski and A.
Sommerfeld. in Germany; IT. Poincare
and H. Abraham in France; J. Nichol-
son, W. H. Eecles, MacDonald, Love
and Watson, in England.

The researches of these physicists

extended through the years from
1901 to 1919. Sommerfeld. in 1909.
(Annalen d Phys.. Vol. 2%) assnmed

that part of the radiation is a surface
or cylindrical wave which follows the
contour of the earth. analogous to the
transmission of electric waves over
wire lines, the waves being rapidly
damped in a downward direction. and
subject to damping in the direction of
propagation. Sommerfeld’s idea was
that the surface wave following the
contour of the earth was not dif-
fracted: or at least. diffraction was
not essential to its progress over long
distances.

Inquiry into the phenomena of wave
propagation over long distances is
little aided by consideration of the
electrienal action which takes place at,
and in the immediate neighborhood of,
the transmitting antenna, but an un-
derstanding of complete eycle of events
from fransmittted wave to received
wave is of value in setting up the
problem, the solution of which is
desired.

8 propaaation of Electric Warves Over the
Earth. IT. W. Niclols and J. C. Schellena.
Bell System Technical Journal, April, 1925.
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The Mechanism of Radiation

The electrical engineering concepts
and the terminology which grew up
based upon the association of electro-
static and electromagnetic effects in
and around conducting wires, for edu-
cational purposes served well to build
the entire art of electrical engineer-
ing, and although the electron theory.
which reaches more deeply into elemen-
tal causes, is now the only useful
theory of electricity we have, it is very
likely that for many years to come
studies of and applications of electric
circuits will continue to be subject to
interpretations couched in the ter-
minology long established.

The theory of radio transmission
stated in the Blondel-Ferrie paper, of
1900, (Chapter 4) was an epitome
which in few words set forth the con-
sensus of the foremost thinkers of
that time. The terms there used ex-
plain that in the transmitting antenna
the lines of electric force are in
meridional planes, connecting perpen-
dicularly with the earth; the mag-
netic lines of force being in circles
having the antenna as & common axis.
Thus the electrostatic and magnetic
components of electric waves were set
forth in an understandable manner.

The relative significance of these
components in telephone cirvcuits had.
cleven years previously, been investi-
gated by J. J. Carty, in America, in
connection with ‘“‘cross talk” phe-
nomena. In a paper read hefore the
New York Etlectric Club, in 1889, Carty
showed conclusively that the disturb-
ing current induced in neighboring
wires is due to electrostatic induction:
the electromagnetic effect being a con-
sideration only wlhen the wires are in
very close proximity. A reason for
this is that in telephone lines the cur-
rent is relatively small. In the case of
electric power lines the electromag-
netic field may be the greater factor.

The very fact that when the exist-
ence of electric waves was first-proven
high-frequency currents were em-
ployed to produce them was, no doubt,
responsible for the notion whielh pre-
vailed for a considerable length of
time that electric waves were purely
a2 high-frequency phenomenon. The
writings of Maxwell and Heaviside
were freighted with suggestion that
an alternating e.m.f. alone was the
essential. Obviously, experimental in-
vestigation alone was not likely to
afford the discovery that radiation
takes place at low frequencies: it was
a subject for the mathematician. and
in the course of time thie mathemati-
cians gave the answer, notably John
RR. Carson, in America.

The effect of any alternating cur-
rent in & conductor is to create in the
space surrounding it electromagnetic
and electrostatic fields, linked together.
With an alternating e.m.f. applied to
the conductor these fields are in a
continuous state of change. They re-

(Continued on page 32)
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. At the Knee of the Curve

An Interesting Recital on the Vagaries of Radio and How the Engineer
Has Evolved Suitable Compromises and Employed Some of the

QOUNDS like rhe title of a roman-
tic novel, doesn’t it: something
like “At The Cross-Roads.” or,
“Behind the T'nrustile.”  Well,
as a matter of fact, theve is quite a bit
of romance conneceted with the knees
of the curves, as we shall hiear about.
but it is not the sentimental kind of
romance that we usually have in mind.
It is the romanee that is connected
with the development and discovery
of matters scientitic—the fruits of the
life work of these connected with such
discoveries and developments.

WAVELENGTH

FREQUENCY

A curve indicating the retation be-
twesen wavelength and frequency.

There is romance in work, as well ax
in love.  We philosophize further; in
keeping with the popular meaning of
the word. we might perhaps suggest
rhat part of the romanece is found in
ane’s love for hix work,

We had unot meant to philesophize ;
but actually it is getting us quite a
way into the subject of our artiele.
For the love one has for his work is
in direct proportion te the intervest he
finds in it. And fo go one step tarther.
fhe magunitude of that interest varies
inversely with the sameness of the
work.

It rhe work never varvies. inferest in
it ix soon lost, and the monotony of
it all may commmand as muneh, if not
maore, artention, as the work itself,
Thiuk of having to do problems in
Olnr's Iaw all day loug; a simple mnl-
tiplication or a division. The only
variation iu the problem is in the

actual numbers used in the calenla-
rions.  Dut it iz always 1 /R or
E = IR. Amperes equal volts divided

by ohms, or volts equal amperes mul-
riplied by ohms. The first one or two

= President, Nationul Radio Tnstitute.

Elements to His Advantage
By J. E. Smith*

caleulations are interesting. bhut after
that it is the same thing over and over
again.

But suppose there is some disturb-
ing factor that makes these calcula-
tions hold true only under certain con-
ditions! Well. then we have found
something that hreaks the monotony-
that revives our old interest in Ohm's
law, not because of Dr. Ohm's law
itsell, but heeanxe of thix new disturb-
ing factor which we have encomntered;
it is another law acting upon the old
one. In faet, the old one was not an
exaet law, nor a universal law, to tell
the truth. It was only a particnlar
case or a particular application of a
more nniversal law.

And so, it is hecanse of such things
that the radio engineer's life ix filled
with interest for his work ov, if we
wish to conxider the matter from an-
other angle—with agony, on account
of the countless complications which
arise in his daily work, to cause him
avief and worry. And all this is dne
to the “knee of {he eurve.”

Relativity

What do we mean by the “knee of
rhe curve?”’ Let us look at Fig. 1.
Thix shows 2 cnrve. known as @
hyperhola. which shows the relation
existing between the wavelength and
the frequency of the radio waves to
which we tune every day. ov of the
currents which are flowing in the eir-
cuits of our radio receivers. Thix
curve can be ealculated from the <imple
formulia, wavelength in meters equals
300,000 divided by frequency in kilo-
cyeles per second.

The knee of the eurve is where it
bends abruptly.  This part is more
heavily inked than the remainder of
the curve. But why all the worry
about rhe knee of this enrve? Well,
just this; higher up on the curve than
the knee. the wavelength increases
more rapidly than the frequeney, and
lower down on the curve than the
kuce. rhe reverse is the case. So as
we move along the eurve from the
poiut « to the point h. or in the orher
direction it we please, tirst we have
one of the two changing more rapidly
than the other, and then later on we
find that rhe opposite is true. And
rhe trouble with it all is rhat the
broadeasting range of frequeney and
wavelength lies right at the knee of
the curre. 1n other words, the radio
engineer can expect all kinds of com-
plications in his work, and he usually
tinds thiem. Wavelengrhs which are
longer and shorter than those of the
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Lroadeasting range are assigned to
other clasxes of radio communication.
such as naval and conumercial radio.
airplane radio, ete. The broadeaster,
and dexigners of sets to veceive broad-
sasting, are confined to that nupleasant

hortion of the curve known as the
“knee.”
Distressing Variations
Away up on the curve, as at o

(Fig. 1) where the curve is practically
a straight line we have the very long
waves and awdio frequeneies.  When
the enrvature hegins to he appreciable
we enter the region of radio freynen-
ries. as at d. And of course, later on
asx the frequency gets higher and
higher. we come to the ultra-high fre-

queneies.  or  the  ulfra-short  wave-
lengths,  On either side of the knee

we have what can be considered. for
practical purposes straight lines, and
we can more or less definitely state
that one thing or anether happens: at
the middle or knee of the curve. how-
ever, we cannot always be so sure.
Let us see how this works out in the
case of some things with which we
are familiar. Let us consider first, how
the resistance of coils varies with fre-
quency. We all know that at very low
frequencies the resistance of coils is
very low, aud does not vary appreci-
ably with frequeney. But let us in-
crease  rhe  frequency  considerably ;
let us get closer to what we call the
radio frequencies. We find then that

A serious phenomenon ocenps  which
makes the resistance of the coil no
longer constant. but rather. this re-

sistance inereiases steadily as the fre-
quency iuereas slowly at firsr, but
at an ever-inereasing rate as the fre-
quenecy increases. When we get to the
radio frequeneies, we find that the re-
sixtanee beging to rise at a very much
more rapid rate, and we find-ourselves
“at the knee of the eurve.” Thix is
shown in Fig. 2. where the knee ol
the curve has been heavily inked.

FIG.2

RESISTANCE

FREQUENCY

Curve showing the relative change
of resistance with a change in
frequency.
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The Skin Effect

The reason for this increase of
resistance with frequency is known as
the “skin-effect.” As the frequency
becomes higher and higher, the temnd-
ency of the current to confine itself
to merely rhe “‘skin” or outer surface
of the wire becomes more and more
marked. And when the wire is made
into a eoil only that portion of the
“skin” is used whiceh is on the outside
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FREQUENCY
Another typical case of the

‘‘bends,” where the resistance of
a tuned circuit changes with a
change in frequency.

of the coil. Consequently. as the fre-
quency increases, less and less of the
wire is used to conduct the current;
consequently the wirve acts as if it were
smaller in diameter than it really is,
and as if its resistance has been in-
creased considerably. Unfortunately,
again. the “knee of the curve.” where
the resistance Dbeging 1o inerease
rapidly. oceurs in the broadeasting fre-
quencies. Below these frequeuncies the
resistance is almeost constant.

Distribiited Capacity

What has been said of resistance, of
course. applies as well to the effect of
coil "capacity on the resistance of the
coil. It ix well known that distributed
capacity hax rhe effect of making the
coil act ax if its resistance were higher
than it actually is. in addition to mak-
ing it act as if its induetance were
greater than it actually is. This gives
us the terms ‘“apparent” induectance
and “apparent” resistance, referring to
the induetance and resistance which
the coil “appears” to have.

Both the apparent resxistance and
the apparent inductance of a coil in-
crease as the frequeuncy inerenses. and
once agnin. unfortunately. thix in-
crease begins to become very marked
at the frequencies used for hroadenst-
ing. In I*ig. 2. it we would change the
word resistance to the word apparent
resixtanee or apparent inductance. we
should have rhen a picture of how
these quantities vary with frequency,
the Lkuee of the curve heing at the
heavily inked portion.

Mutual Inductance and Regenera-
tion

S0 we ean go on and
show  how thix knee of the curve
troubles the radio engineer. The ap-
parent mutual inductance hetween twao
coupled coils. or the “coupling” as we
geunerally eall it, ehanges with fre-

on, and

queney, due to the capaeity between
the two coils. This inerease of mutual
inductance, or coupling, beings 1o be-
come serious right in the broadceasting
cange of frequencies: we ave. for the
umpteenth time at the “kuee” of the
curve,

Next, we can go into the matter of
regeneration: this is an important
phenomenon. as you all know, whether
we find it in the ordinary grid sup-

pressor cirenit or in the bridge eir-
cuits. few of which are accurately
halanced.

At low lrequencies there is not much
regeneriation, as in andio-frequency cir-
cnits. There is some. it is true. but
not enongh to cause us to lose a lot
of «leep over it. As the frequency
increases. however. the regencration
increases more and more rapidly, until
when we get into the radio frequencies,
we find it a very serious factor in the
design of radio receivers.

It i on this account that bhridge
cirecuits are more difficult to balance
at  frequeneies higher than about
1,000,000  ecyeles  per  second (300
meters). When these circuits are
slightly unbalanced. they generally os-
cillate first below 300 meters, on this
account. It seems rhat the knee of
the curve oceurs at about 300 meters,
or 1,000,000 cycles per second—right in
the broadeasfring range, once again.

If we measure the amount of regen-
eration we have in the circuit hy the
amount that the apparent resistance
of the tuned circuits is decreased by
this regeneration. then we can picture
the effect as we have dene in Fig. 3.
If the regeneration becomes too strong,
the apparent resistance of the tuned
cireuit may hecome zero, in which caxe
the receiver oscillates, This is a
powerful eauxe for worry for the radio
engineer, and ix due to the fact that
the downward bend of the curve oec-
curs in the broadensting range of
frequencies,

Feed-back

On the other hand. we will
opposite state of affairs in
suppressor cireuit. 1In this eirenit, ax
you know, a resistance is placed in
seriex with the grid in order to sup-
press oscillations.  On thix account, no
stnge of the receiver is hy itself re-
cenerative for the negative resistance
introduced into the tuned circuits due
to regenceration ix never great enongh
to neutralize the high resistance in
series with the grid. IFrour a rather
complicated combination ot effects, it
is found that there really is introduced
into the tuned cirenits quite a lot of
positive resistance. by the individunl
stages. This  resistanee  increases
steadily with fregunency. and as we
have tound in other cases before, rhe
knee of the curve oceurs at about 300
meters.

On the orther hand. when we cou-
nect several of these stages in cas-
cade. asx we do in radio receivers, the
feed-back from one stage to another is

find an
the grid
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additive or cumulative, the feed-back
from the third stage reinforcing that
of the second stage, and so on. This is
an “over-all” feed-back. not the simple
feed-hiaeck of an individual stage, as
from the plate circuit to the grid
cirenit.

This over-all feed-back, increases
with frequency, just like all the other
things we have considercd. And so we
lave an extremely complicated and
peculiar result. Look at Fig. 4 and we
shall try to explain what is going on
in the tuned circuit of the grid sup-
pressor circuit. At very low frequen-
cies we have little or no regeneration,
=0 the resistance of the tuned circuit
is the true resistance of the coil and
condenser.

Next, as the frequency increases we
tind the “skin-effect” adding to the re-
sistance of the coil and econdenser, and
the apparent resistance rises slightly,
as at «, Fig. 4. The regeneration has
not yet become serious.

Positive and Negative

However, as the frequency increases
further we have introduced into the
runed cirenit the positive resistance of
the individual stages, and the negative
resistance due to the over-all feed-
back. The latter increases at first
more rapidly than the former, so the
net effect is that of a considerable re-
duction of resistance in the tuned cir-
cuit, whiceh, if the over-all feed-back is
strong eunough, may actually lead to
oscillations, as at b, Fig. 4, where thé
apparent resistance has become zero.

Sr FIG.4
W=
o
S
oy [
w3 b
T
FREQUENCY
A particularly charming curve,

which gets that way due to the
influence of positive and negative
resistance.

This point. where the tuned circuit
resistance is least, always occurs in
the broadcasting range of frequencies.

On inereasing the frequency still
further, we find that the positive re-
sistance of the individual stage in-
creases much more rapidly than the
negative resistance due to the over-
all feed-back, so that at the higher fre-
qfiencies, or shorter wavelengths, we
find the resixtanee becoming rather
crear, as at e, Fig. 4.

This explains why, when these cir-
cnits oseillate. they do =0 near the
middle of the dial and why so many of
them are =0 Dbroad at short wave-
lengths.  Of course. it is pessible to
remedy these difficulties when they are
clearly understood. IFor instance, a
lirtle more over-all feed-back wonld
cure the high resistance at the higher
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frequencies, and a little more grid sup-
pression would stop the oscillations at
the middle of the dial.

At any rate, look at all the kinks
and bends of this curve! And they all
fall in the broadcasting range of fre-
quencies. Here are plenty of “knees.”

Characteristic Curve of Vacuum
Tube

In concluding this article, it is hardly
mecessary to call to your attention the
“knee” with which you are all mostly

familiar. (By the way, please remem-
ber that all these “knees” are in-
human—or rather un-human.) This

‘most familiar knee is the knee of the
<haracteristic curve of the electron
tube. What a blessing that this curve
has a knee. Without this knee there
~wvould be no detectors. We would have

only amplifiers; but what good would
amplifiers he if we have no detector to
feed into them. The point is that the
detector is a detector because it has a
knee, or rather, because its curve has
a knee. If we are using the good old
“plate circuit rectifier,” it is a rectifler
because we operate it at the knee or
bend of the plate current, grid voltage
curve. Or, if we are using a grid
leak-grid condenser detector, then we
are operating the tube at the knee of
the grid voltage, grid current curve.
On the one side of the knee the current
changes more rapidly with the voltage

- than on the other side of the knee.
Consequently we have a netf increase
or a net decrease of plate current, de-
pending upon which type of detector
we are using. It is this net change of
current that is the signal output of the
detector.

THE ENGINEERING RISE IN RADIO

(Continued from page 29)

verse, expand and confract according
to the variations in the direction of,
and the intensity of the current. When
the frequency is high (say. above
10.000 cycles per second) a consider-
able part of the energy is radiated
into space in the form of electro-
magnetic waves, having the same fre-
quency as the actuating current.

It will be understood that at very
qow frequencies the energy radiated is
inconsiderable. and that when the
frequency employed is of a high order
radiation takes place which travels
outward long distances.

It would be in error to suppose that
‘the theory that electromagnetic waves
are transmitted as detached waves
through space, the hypothetical ether
serving as the medium of transfer, was
arrived at in a manner so convincing
that all students of the subject have
‘been in agreement with its postulation.
From Newton’s time (1686) until the
present. the wave theory of light has
‘been subject to periodical analysis and
attack. And as the wave theory of
tight and the wave theory of radio
thave been associated in some degree of
tharmony since Hertz's time (1887),
the rise of radio has been accelerated
or retarded from time to time as those
-engaged in the work have had to de-
vote time to running down new theo-
ries at variance with those of the
accepted order.

Newton regarded it as beyond rea-
son to conceive of waves or vibrations
in any fluid being propogated outward
svithout a continuous and immediate
bending such as would quickly ter-
minate their outward progress. In
quite recent times Dr. Einstein, of
‘Germany, has thrown discredit on the
wave theory of light; which is either
aid or confusion for those engaged in
applying the electromnagnetic wave

theory in radio signaling—depending
npon what the future has in store in
the way of further disclosures of truth.

An American student. of amatuer ex-
perience. in 1916. wrote and published
a book’ on the subject of radio trans-
mission, in which he took the ground
that transmission is purely electro-
statie, the air acting as one side of the
communication circuit; the surface of
the earth, the other. ¥is notion was
that the air is a fair conductor for
high-frequency currents and that the
energy sent off by a transmitting an-
tenna is conveyed to the receiving an-
tenna with the air serving as the
medium—ether playing no part in the
transfer. With such a theory prevail-
ing the deductions of Maxwell and the
demonstrations of Hertz would fall,
but a reason would stand out account-
ing for the faithfulness with which
radio waves follow the curvature of
the earth; adhering to a path in which
air is present.

The early writers on radio felt that
they were clear on the points that
within a distance of about one-half
wave length from a straight wire
vertical antenna there exist no com-
plete electric waves: for, within this
distance some of the lines of force
still remain attached to the conductor:
That a free Iertzian oscillator emits
free waves which are propagated out-
ward and travel through space as do
light waves: and that a grounded
oscillator gives off grounded waves—
half waves whose electrostatic lines
instead of being self-closed. terminate
on the earth., Poincaré, in France.
and Vreeland, in America, in 1904, and
others, concluded from the latter con-
sideration that the waves follow the

T Rerolutionary.  Theorie: in  Wireless.
F. E. Summers, Memphis, Mo., 1920.
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conducting surface of the earth and
sea over which they slide.

Writing in the Electrical World,
New York, of September 26, 1908, Dr.
J. E. Ives, enlarging on the work of
Zenneck and Hack, in Germany, dis-
cussed the mechanism of electric wave
production and of detachment from an
antenna, dealing entirely in terms of
the electrostatic flux. In the article
no mention is made of the magnetic
component. Ives pointed out that
when an antenna is initially charged
the electric flux surrounding the an-
tenna slides down to earth, and an
attempt is made to account for the
subsequent detachment of the flux
from the antenna by the electric forces
resident in the flux; that is, in the
tension along the flux lines and in the
distension perpendicular thereto.

Engineering advance is predicated
upon mathematieal deductions and ex-
perimental determminations which, cir-
culating through the literature of the
subject attract the attention of en-
gineers and artisans in direct touch
with practical operation. This might
seem to be a condition carrying the
suggestion that it would be well to
have alt literature on a given tech-
nical subject pass through the hands
of a reviewing and correlating Board
to the end that every paper and book
might be consistent in its statements
with prior publications, or explain the
reasons for the inconsistency. Un-
doubtedly, if such coordination were
practicable, much time would be
saved by students who, otherwise,
have no choice but to attempt out of
their own resources to reconcile dis-
crepancies of statement, or to con-
clude that stated theories, even if gen-
erally accepted, are to be regarded as
ever subject to modification,

To return to the subject of wave
components. Obviously, with an alter-
nating e.m.f. applied to a transmit-
ting antenna, the electrostatic field is
constantly varying, and when electro-
static induction is varying a magnetic
field is produced. The reverse, also,
is true: when magnetic induction
varies an electrostatic field is pro-
duced. The surging to and fro of the
electric charge in the antenna entails,
therefore, a magnetic field, which
makes up part of the detached energy.
As the energy in wave form detaches,
the magnetic component is preponder-
ant; and, as stated by Lowenstein®, at
a distance of one-sixth of the wave
length, the magnetic intensity is forty
per cent greater than the electric in-
tensity. TIFurther, at a distance of one-
half wave length the preponderance
of magnetic over electric intensity is
only five per cent, and at a distance
of one wave length the two values are
equal,

(To be continued)

8 The Mechanism of Radiation and Propo-
gation in Radio ommunication. Fritz
Lowenstein, Proc. Inst, Radio Engineers,
New York, June, 1916. (prescnted Deccem-

ber 1, 1915).
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Sound Projector Systems for Motion-
Picture Theatres'

the General Equipment Employed With Sound

A Description of

N theaters at which motion pic-
tures accompanied by synchronized
speech or music are presented. the
records come in two forms. Some
are composition dises similar to ordi-
nary phonograph records, while others
are standard motion-picture tilm hear-
ing at one side a track of alternate
light and dark bands, of varying den-

sity.  In either cuse there must be
; QAR
fe— AN Fig. 2. This is
the type of
photoelec-
1 3 tric cell which
l is employed for
| the reproduc-
| tien of music
' from sound

# films.

|i ! ‘ i
N '

apparatus synchronized with each pro-
jector to derive from the records an
electric current in which all the varia-
tions in pitch and lowdness are accu-
rately represented. There must in ad-
dition be apparatus to amplify the cur-
rent, to effect its conversion into
sound and so to direct the sound into
the theater auditorium as to create
the illusion that it emanates f{rom,
rather than merely accompanies, the
picture. When a theater is being pre-
pared for presenting sound pictures,
the fitm projectors in use are ordi-
narily retained but each is fitted with
+ Courtesy of Bell Laboratories Record.

*dpparatus Development Department, Bell
Telephone Laboratorics.

and Talking Motion Pictures

By Edward O. Scriven™

a new motor and driving mechanism;
It is provided with a rurntable and
electric pick-up for disc records, and
with analogous equipment for film
records, or both.

Electric Pick-up

The pick-up used for disc records is
in some ways similar to the repro-
dueer of an ordinary acoustic phono-
graph, witlt a needle holder connected
to a clamped diaphragm of highly
tempered spring steel. To the dia-
phragm there is fastened an armature
made of a special high-permeability al-
loy, so arranged that as the dia-
phivagm and the armature vibrate,
the flux in the air-gap of a permanent
magnet varies correspondingly; in ap-
propriately placed coils currents are
induced which are the electric repre-
sentation of the wave groove which
moves past the needle. Although this
instrument delivers energy at a coni-
paratively low level, it has a very uni-
form response over a wide range of

PROJECTOR HEAD:------\----

T m

Fig. 1. The ar-
rangement of
the projector
apparatus for
reproduc-

GUIDE ROLLER..
APERTURE PLATE-

frequencies. That result has been se-
cured largely by preventing distortion
whielh would arise from resonance in
any part of the systemn; tlie members
have been designed with natural
periods beyond the range of fre-
quencies to he transmitted, and the
magnet chamber back of the dia-
phragm is filled with a heavy oil to
damp free vibration. The films used
with the dise records, called synchro-
nized films, differ from ordinary films
ouly in that one frame at the begin-
ning of each is marked to give rhe
starting point.,

Film Records

With the optical or film records,
the sounds are represented by paral-
lel bands, alternately light and dark.
Intensity or loudness is represented
by differences in cdensity of the record,
andd pitch by the closeness of the
bands. For reproduction from these
another apparatus group is required,
and it too is connected to the pro-
A narrow light beam of high

jector.

TENSION PAD

-LIGHT GATE

FILM PICK-UP
-} AMPLIFIER

ing from sound
;ilms. The light LENS TUBE-...._ | |I
rom the excit- il
ing lamp is EXCITING LAMP...| |}
brought to a fo- STRIPPER ...
cus on the film

inch,
covering
the record with
an allowance of
0.010 inch for
variat_lon of po-
sition.

) LAMP SOCKET

(LTI

.. JPHOTO-ELECTRIC
""" CELL

MAGAZINE
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intensity passes through the film ree-
ord and falls upon a photoelectric
cell to produce a current correspond-
ing to that from the original record-
ing transmitter. There is fastened
to the projector an ‘“exciting” lamp
and a system of lenses for focusing
its light upon an aperture 0.0015 inch
by 3/16 inch; Dby other lenses the
image of the aperture is then Drought
to focus upon the film record as a
line 0.001 inch by 0.080 inch. Since
the track on the film is 0.100 inch
wide. there is an allowance of 0.010
inch on cach side for variation in its
position. The position and focus of
the lens tube are fixed, but the ex-
citing lamp is mounted on a movable
carringe so that new lamps as in-
stalled may be brought properly into
focus. (See Fig. 1.)

P. E. Cell and Amplifier

A photoelectric cell of the type used
is shown in Fig. 2, and the cireuit in
Fig. 3. When polarized by a proper
voltage, the cell passes a current pro-
portional, within limiting values, to
the intensity of the light falling upon
it. The polarizing voltage is supplied
to the cell through such a high resist-
ance that in operation there is ob-
tained from the cell a voltage across
the resistance proportional to the in-
cident light. The voltage bears, there-
fore, at any time an inverse relation
to the density of that part of the sound
track when between the exciting lamp
and the cell.

The photoelectric cell circuit is in-
herently one of high impedance. In
such a circuit local interference is
readily picked up, and since the
energy level is low, the current so ac-

EXCITING LAMP
PHOTOELECTRIC CELL
FILM
PICK-UP
AMPLIFIER

(‘ ; EMACHDNE 'TI
Errobucen —=

TURNTABLE uuitsd

NS
HING PANEL

RN TR
Fig. 6. A typi-
cal theatre lay-
out for the

PROJECTION ROOM
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DOUBLE
TURNTABLE

presentation of
sound pictures.
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quired may be appreciable in compari-
son with the sound currents them-
selves. In addition the shunting effect
of the capacity between the conductors
is noticeable, particutarly at the higher

m
F
CONDENSER
[VACUUM
2 0 TUBE
MEGOHMS MEGOHMS
':'Poumzmc
P BATTERY -

Flg. 3. The circuit employed be-

tween the photoelectric cell and
the adjacent amplifier.

frequencies. Hence a vacuum tube
amplifier, which serves both to in-
crease the energy and to make that
energy available across a low imnped-

LRI

Fig. 5. A West-
ern Electric
projector for
sound pictures,
on which is
used a Simplex
head. A Pow-
ers or Motio-
graph head may
also be em-
ployed.
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ance cireuit, is closely associated with
the cell upon the projector itself. The
amplifier is shown in Fig. 4. Cell and
amplifier are enclosed in a heavy
metal box made fast to the frame of
the projector, and the frame is care-
fully grounded. As a further precau-
tion. the amplifier is supported withim
the enclosing box by a rather elabo-
rate flexible suspension. lest vibratiom
of the vacuum tubes introduce noise
components into the current. The am-
plifier brings up the energy level to
about that obtained from the magnet
coils of the reproducer for disc records.

Mechanical Filter

It is evident from the relative lo-
cation of apparatus, shown in Fig. 1,
that it is not feasible to print the
film with the pictures directly oppo-
site corresponding parts of the sound
record. Furthermore the pictures
ntove intermittently before the projec-
tion lens, while the sound record must
of course move uniformly in front of
of the photoelectric cell. Picture and
sound record are therefore separated
longitudinally by 1414 inches, and a
certain amount of slack is allowed
between the sprocket carrying the film
in front of the projection lens and that
carrying it Defore the photoelectric
cell. To prevent vibration of the pro-
jeetor or variations in the supply vol-
tage or load from varying the speed of
the latter sprocket, it is connected to-
the other moving parts of the system
by a mechanical flliter which absorbs
any abrupt changes in speed. The
driving motor is held electrically at
the correct speed, but at will the au-
tomatie control can bhe disconnected
and the speed regulated manually by
the operator.

The Fader

As with ordinary metion-pictures,
two projectors must be used alter-
nately to present i continuous pro-
gram. At the end of a record, the
musie or speech coming from one ma-
chine must be blended impereeptibly
into that from the other just as the
picture from one reel is faded into
that from the next. At the end of
each sound film or disc the music
overlaps that at the beginning of-the
next; to make the transition there is
a device called a fader, a double po-
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tentiometer. As the starting projector
goes into operation, the fader knob is
turned and the current delivered to
the amplifiers is changed quickly until
it comes entirely from the new record.
Ordinarily the fader is installed with
anxiliary dials and handles, so that
the operator can control it from any
position around the projectors. In its
lower range, used in changing between
projectors, the steps are rather large,
whereas in the upper range the volume
changes in secarcely perceptible steps.
The fader thereby fills another use;
it makes possible any volume of sound
desired, within reasonable limits, by
choice of the proper step in the upper
range, and thereby permits equalizing
the level of sound obtained from dif-
ferent records. There is provided as
well a switch for changing from film
to disc records. and the reverse, and
a4 key for connecting a spare projector
in place of either of the regular ma-
<hines.

The Power Amplifier

After passing through the fader. the
sound currents go to the main ampli-

Fig. 4. The amplifier to which

the photoelectric cell is connected,

showing the suspension for ab-

sorbing vibrations, The tubes are
not in place,

fier, where their energy is raised to a
level adequate for the loud speakers
of the particular theatre. This eombi-
nation of apparatus is capable of mul-
tiplving the energy 100.000.000 times.
and is so designed that all frequencies
in the range from 40 o 10,000 ecycles
are amplified about equally. A po-
tentiometer is provided on the ampli-
fier but after it has once heen adinsted
at the time of installation it is ordi-
narily not changed; necessary adjust-
ments in energy level are made on the
fader instead. The amplifier” is built
in three units, of whieh the first con-
sists of three low-power tuhes econ-
nected in tandem. resistance coupled,
with the filaments heated by a twelve-
volt battery. In the second unit there
are two medium-power tubes with a

* Described by H. A. Dahl 1'111

. the Bell
Laboratories Record for May, 1928.
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push-pull connection. whose filaments
are heated by low-voltage alternating
current.  Two similar tubes in this
unit act as a full-wave rectifier, and
supply rectitied alternating current for
the plate circuits of the amplifier tubes
in the first and second units. The
third unit has a single stage of high-
power push-pull amplifier tubes and
push-pull amplifier tubes; like the
second, it operates entirely on alter-
nating current. The three units can
be arranged to meet any conditions.
In small theaters only the first two
are required, and in larger honses the
high-power unit, the third, is used as
well. For unusual conditions two or
more of the high-power units may be
operated in parallel from the output
of the second unit to give a greater
volume of sound,

Control Panel

Following the amplifier there is an
output control panel consisting of an
autotransformer having a large num-
her of taps which are multiplied to
a number of dial switches. To the
switehes are connected the loud-speak-
ing receivers. so that the impedance
of the amplitier output ean be matched
to the desired number of horns.
Thereby there is secured the most efli-
cient use of the power available. and
adjnstment of rhe reliutive volumes of
the individual horns is made possible
at any time.

A Lheater installation ordinarily eon-
tains four horns. They are mounted
hehind a transvocent sereen, on which
the pictures are shown, so that the
sound may seem to come directly from
the picture. Two horns are mouuted
at the line of the strige and pointed
upward toward the balconies and two
are mounted at the upper edee of the
sereen, or ahove if, and directed down-
ward,

One or more Western Electric No.
3565 receivers* arve used with each of

* Described by A. L. Thuras in the Bell
Labhoratories Record for March, 1928,

the horns,  Sinee these show extremely
high efficiency. converting into sound
energy thirty per cent of the electri-
cal energy supplied them, they reduce
to a minimum the output required
from the amplifier. A horn is ordi-
narily fitted with one receiver, but for
outdoor use or other special require-
ments it may be fitted with two, four
or nine by a throat such as that shown
in Fig. 7. The maximum electric:tl
input to a horn for continuous safe
operation is approximately five watts
Dper receiver. To disperse the sound-
waves over a large angle, more horns
are needed than for a comparatively
small angle. This directive character-
istic of the horns is important. since it
is responsible for the illnsion that the
sonnd comes directly from the mouth
of the horn, that is, from the screen.
When the horn is replaced by a lond
speaker of otherwise identical charac-
teristics which vadiates is sound over
a very wide angle, the sound seems to
come fron a point some distance be-
hind the screen, so that the illusion of
coming from the picture is destroyed.

Fig. 7. The throat by which a
horn can be fitted with nine re-
celvers, for outdoor use.
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The “Round the World

ERE short wave television to arrive
today. it would most certainly be
handicapped by the lack of a satis-
factory receiver.

With thousands of short wave Te-
generative receivers in daily use, this state-
ment may scem at first to be inaccurate
and incorrect. It is well borne out by a
single startling fact—that this type of set,
once the most populav of all broadeast re-
ceivers. is now not only almost extinet for
broadeast receptiou, but is actually barred
by more intelligent municipalities, and in
England totally tabooed hy the Post Otiice
Department. This is because regenerative
tuners ruin programs for nearby receivers.
(A single dry hattery operated receiving
tube when oscillating has been heard
thousands of miles on short wave—think,
then, of the chaos that would accompany
general use of short wave regenerative re-
ceivers).

Modulated and Unmodulated Reception

For amateur code (C. W.) reception such
a set is qnite sensitive enough to bring
in stations half-way ’‘round the world:
but not so for broadeasting {(modulated
C. W.) reception. The distance at which
a C. W. heterodyne note from a trans-
mitter can he heard may be 1,00 miles
while the program service area will extend
for only 25 miles, or 1/40 this distance.
It is apparent that the great sensitivity of
the short wave regenerator for code is
almost entirely lost for broadecast program
reception, and that for voice or modnlated
reception (not code) a much more sensitive
set is needed and a non-radiating set is
essentinl to avoid interfering with other
acts. [Further. the average regencrative
detector set as used by amateurs is addi-
tionally poor for voice reception. since for
sueh work regeneration econtrol (and de-
tector regeneration is today a necessity on
ghort-waves) must be smooth and gradual
This calls for a new technigque in receiver
design (particularly the addition of an
R.F. amplifying aud blocking tube) for
such characteristics are generally lacking
in ordinary short-wave receivers which,
always oscillating for C. W. code reception.
do not make good regeneration control a
prime necessity. A

The “Round the World Four” receiver
has been designed expressly for listening
in on far-away short-wave broadeasts and
for mnon-radiating code reception. Its
tickler control is so smooth and sweet that
one can sneak right up on a station, push-
ing regeneration right up to the ragged
edge—and seldom get the

usual dismal

oscillation “plop” blotting out the critically
sensitive regeuerative region just below
oscillation. Instead the “Ilound the World
I"our” slides into oscillation without any
“stickiness” or loss of that tremendous
sensitivity associated with eritieal re-
generation just below oscillation, and that
sensitivity ix available with all its tre-
mendous amplifieation to pu ‘“punch’ into
a modnlated signal that may not even be
audible oun the usual short-wave tuner.

Front view of the receiver.
case is aluminum.

The

Mueh of this resnlts from the ideal con-
formation and design of ithe new S-M
plug-in c¢oil forms. 'The 222 sereen-grid
R.F. amplifier materially boosts signal
streneth. and eliminates re-radiation and
all “holes” or *“dead spots’ at which
ordinary sets often fail to oscillate. The
set is almost independent of the tyvpe of
antenna used. A nuite considerable gain
in sensifivity. all had through the ecare-
fully executed applieation of R.F. ampli-
fication to the set. pushes its sensitivity up
to the point where English and other
foreign amateurs are rececived fairly regu-
larly in Chicago.

Operation

The antenna may consist of a single
properly insulated wire. strung up either
indoors or ontdoors, and from 20 to 100
feet long, depending upon resnlts obtained.

Connect To
Point’Y

N
clo

where the squeal

filament voltage at start
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Insert 131-V coil (with greatest number
of enamelled wire turns) in socket on top
of cabinet and turn rheostat knob so that
arrow points straight up. Examine tuning
curve and note that Station KDKA on (i{i
meters should be found at about 20 to 25
on the left dial. 'Turn right dial up from
zero until a dull “plunk” is heard in
speaker and then rotate left dial about its
setting until a sharp squeal is heard,
Continue to adjust left dial, with right
dial turned up above point at which
plunk is heard, until a continuous
sharp _squeal, indieating a broacast sta-
tion, is heard. Adjust left dial to obtain
lowest pitech of squeal, and turn right
dial down until squeal just disappears and
program is heard. The adjustment of
both dials for best signal will be fouud
critieal, and to facilitate tuning, the dial
reduction ratios may be increased by turn-
ing to the right the small nickel buttons
just above the tuning dial knobs, which
will cause the indiecator dials to revolve
very slowly for a given knob inovement.
Volume may be reduced by turning down
the right dial. To tune in other stations.
adjust dials as above. plugging in proper
coil for station wavelength desired and
varying left dial about setting at which

desired wavelength should be heard as
indieated by::chart. The chart is only
approximate, -and - ‘as stations are heard,

an accurate set of tuning curves should be
made by correcting the original curves.
Remember that to find a station. the right
dial must be .turned above the *“plunk”
point so that ithe station squeal may Dbe

easily found. and left dial rotated, with

proper coil in place. to final squeal. Once

a squeal is found, the right dial should be

retarded, bearing in mind that broadeast

programs will be loudest when it is just
below the point where the squeal dis

appears, whereas code will be the loudest
when the right dial is just above the point

disappears. The small
knob, once set. should not be used in
tuning, and need only be used to turn the
set on and off and to adjust detector tube
of operation.

Wiring

All wiring is clearly depicted in the
schematie diagram. All “A” and “B” cir-
cnit wiring is done with the S-M flexible
insulated hook-up wire. It is best to put
in all flexible “A” and “B* circuit wiring
at first, cntting and fitting each wire to
proper size. All grid and plate leads must

UX201-A
or UXH2Z-A UxXiz-A
202,
3
- + < - + TSmkvr
2

g

| £anrrect 60000 obm
MHere, Qrly If lmcl:)L‘

2
Ohmsi|

Complete schematlc diagram of the «uRound the World Four'” and,

Jﬁ'rsln s
1 i
4 \
i(‘onnu To +45 Or
-~ 36 Whi chever Works
~— |Dest. |
! 1
L Sev.
© @ G
A-B- A+ BH45 B+90 C-44 -9
C+ % /35
at the left, details of the adapter.
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be put in using straight lengths of bus-
bar, hent at .mgles where necessary and
covered with spaghetti. It is important
that all grid and plate leads be short and
direet. and that they be kept at least half
an ineh away from each other and from
other wiring. The wire leads of the 60.000
ohm resistor. which is connected from post
3 to 4 of the No. 256 transformer. are
soldered directly to these posts, and stiff
enough to support it away from the metal
cases. A four-inch length of insulated
liook-up wire with the phosphor-hronze
clip soldered to one end, and the other to
the “Antenna” end of the left No. 277 R. F.
choke, serves to make contact with the
top cap of the 222 screen-grid R. F. ampli-
fier tnbe. The d-megohim grid leak is held
in its clips. All wiring should be very
carefully checked for possible error which
might canse tube burn-outs or damage in
first tests.

LI1ST OF PARTS REQUIRED

M 321 00014 mfd. tuning condenser,

M 320-R 00035 mfd, tickler condenser.
131-T, 131-W, 131-V, and 131-W

J-prong socket.
R. F. chokes,

coils
1—8-M 512
2—8-M 277

aluminum slnel(hng cabinet
with terminal strip.
5-M 255 first stage A. F. transformer.

[ 256 second staze A. F. transformer.

3—8-M 511 tube sockets.

1—Yaxley 20-ohm midget rheostat.
1—Yaxlev rheostat switeh attachment.
2—Yaxley insulated tip-jacks.

1—Nhald 481KS spring socket for detector.
1—Polymet .00015 mfd. condenser.
1—Polymet .002 infd. condenser.
1—DPolymet 005 mfd. condenser.
1—Polymet grid leak mount.

1—Polymet 5-megohm grid leak.
1—Durham G0,000-ohm resistor.
1—Sprague % mfd. midget condenser.

2—Carter M-10, 10-ohm resistors.

1—Carter II-2. 2-0hun resistor.

8—linding posts consisting of 8/32 screves,
nut and insulated top.

Puage 37

Interior view of the “Round the World Four’.
Regeneration is controlled by the large variable condenser.

parts.

—National type-B vernier dials.
1—S8et hardware.

For those who wish to bunild the “Round
the World Four” as an Adapter to their
present radio set, it is only necessary to
use a discarded UX tube base plucged
into the detector socket, and the plare
terminal of the detector socket conncered
through ‘the tube bhase to point Y™ of
the eirenit, thus eliminating the andio end
of the “Round the World Feur” recciver.

For those who wish to wind their
coils. the following data is available.

own

Note the neat tayout of the

All secondaries start (top) at “G.” and
{bottom) at *“F2". and have turns spaced
over full lengrh «f winding form. All
ticklers are wound in the slot at bottom

of form in same direction so secondaries,

start at “IF I” and eud at “I".
Secondary Tickler

Coil o No. of . No. o*
number Wire size turns  Wiresize  turne
131-T ... No. 22 6)2 No.34 54
131-U_.. Plain 1314 Double 51
131-V... Enamel 2514 Cotton 915
131-W... No. 24 doible cot~ 494 Covered 15%¢

ton covered

The Screen-Grid Find-All Four

RROM the srandpoint of simplicity of

construcrion and efliciency of apers-

tion. the ideal radio receiver would

require only one tube and would be
eapible of bringing in distant broadeasting
with_ loud speaker volume, It would have
nearly perfeet tone quality and stil have
suflicient selectivity,

The screen-grid tube has brought us a
step closer to this ideal. By applying this
tube corvectly. it is now possible to make
a four tube set do the work of a six or a
seven tuhe one.

The screen-grid tube was
the

introduced to

By H. G. Cisin, M.E.

sibilities of the new tube, but apparently
were in a position to furnish fans with
accurite data and cirenit eonstants which
would permit set builders to use the tube
properly and thus take advantage of its
potentialities.
Shortly after
sereen-grid tube.

the introduetion of the
numerous €ircuits were
devised, which utilized the new tube with
varyving degZrees of etliciency. Practieally
all "of these cireuits were experimental in
nature. The screen-grid tube was tried
onut as an R. . amplifier, as a detector.
and in andio amplifier. It was used

radio public about a vear ago. The as i straight sereen-grid amplifier and as a
tube manufacturers were aware of the pos- space charge amplifier. Most ot the cire
27 28
)

21 22 24 25

SCHEMATIC DIAGRAM
OF SCREEN-GRID /A
FIND-ALL FOUR

L 45v  DET

Regeneration

is controlled by a variable resistance

A-B- A+
180V 45V 40v.  C+ |

= S|

135V

in this circuit. The

control grid of the screen-grid tube is automatically biased, by means of
the filament resistor 7.
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cuits called for more than one screen-grid
tnbe. In general, results were mediocre.
Very often tuning was found to be ex-
tremely broad and in most cases the de-
tector was overloaded as soon as any
attempt was made to use the screen-grid

iubes at anything like their normal
efliciency.
Simplified Design
The writer designed and constructed a

large number of sets, using screeu-grid
tuhbes in every conceivable part ot the
radio eircuit. 1le also experimented with
fhe tube in numerous types of ecircuits,

such as regenerative, non-regenerative,
tuned radio frequency, superheterodyne,
ete. After considerable research and ex-

perimentation. he found it possible to at-
tain remarkable results, using only one
sereen-grid tube in a_eireuit, provided this
tube was used in the proper place. and
also provided that the tube and certain
other portions of the circnit were cor-
rectly shielded, that the screen-grid tube
stage was coupled in the right manner
to the suncceeding stage and that correct
voltages were used. «

This brought about the development of
the Sereen-Grid Find-All Four, utilizing a
sereen-grid tube in the R. I stage. The
remainder of the circuit consists of a
regenerative detector and two_stages of
audio frequency amplification. In this cir-
cuit, the screen-grid tube is nsed so effec-
tively that it enables this little four tube
tuned R. I'. set to bring in stations hard
to get with a stamndard seven tube super-
heterodyne. On local broadeasting, the
volume is extraordinary. Even stations 1000
miles distant ave brought in very
with the volume of locals. Thus,
Sereen-Grid Iind-All Four approaches the
ideal set forth in the beginning of this
artiele. It uses less tubes and less ap-
paratus, but gives more volume and greater
sensitivity. It has less wiring and is easler
to assemble than the ordinary tuned radio
frequency receiver. Furthermore, it uses
standard parts throughout.
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The Screen-Grid Find-All Four is a re-
ceiver of unusual merit capable of bring-
ing in stations from coast-to-coast and be-
cause of its unique performance it should
become one of the outstanding receivers of
the 1929 radio season. In addition to the
advantages mentioned above, this receiver
has beautiful tone quality and can Dbe
built for approximately $30.

Details of Receiver

The radio frequency stage of the Screen-
Grid TFind-All Four is tuned by a .0000
mid. Hammarlund eondenser. A similar
condenser tunes the (etector. The antenna
coupler is a standard Aero coil. Coupling
between the sereen-grid tuhe and the re-
generitive detector is accomplished hy
means of an Aero coil designed for the
222-1yvpe  tube, An Aero 3-circuit tuner
may he qnbstitute(l in place of the sereen-
grid_coil, but in either case, the secondary
must he tapped, in 'lccom.mce with direc-
tions to be given later.

Each Aero coil, together with its tuning
condenser, is shielded by means of a Silver-
Marshall “aluminum _shield. The screen-
grid tube is shielded separately by means
of a Carter tube shield. 'The counection
from the stator of condenser (3) to the
cap (control grid) of the screen-grid tube
is also shielded. This connection should
be made as short and direct as possible
and should be isolated from other wiring.
In some instances, it may also be found
desirable to shield the lead from the plate
of the sereen-grid tube to the tapped Aero
coil (11).

Due to the internal shielding
screen (onter) grid, no nentraliz
Mate to grid capacity is necessa
operation of the reeeiver
by extreme stability.

A Yaxley T7i-ahm rheostat across the
primary of the antenna coupler acts as
a volume control. This may be supple-
mented, if desired. by an Eleetrad "Tona-
trol, conmected across the secondary of the
first stage 'Thordarson andio transformer.
Regeneration is ntrolled by means of a
Royalty type rheostat, connected in
shunt across the tickler coil: Tt is de-
sirahle {o have the point of wmaximum
regeneriation occur when rhe rheostat is
adjusted so that almost all the resistance
is in use. This may be accomplished hy
adjusting the detectol plate voltage to the
necessary value. Sinece the tickler coil is
rotable. this provides an additional method
of controlling regeneration.

A Durham metallized resistor
is used with a .00023 mfd.
condenser. The circuit design calls for
three  Silver-Marshall radio  frequency
chokes, lociated hown at (8), (13), and
(20). Polyiner tixed condensers nre used
to by-pass  these chokes.

The audio portion of the circuit utilizes
two Thordarson 1#-300 transformers. Those
who have tried out these transformers, do
not have to he told of the splendid t1one
quality resulting from their use, IPour
Eby socketx are required, and the Amplion
loud speaker is connected by meauns of the
new Yixley insulated tip jacks. .Amperites
are used 1o regulate the fllament current
10 the detector and the two audio tubes.
Eby binding posts are used for aerial and
ground and a Yaxley cable connector pro-
vides a_convenient connection hetween "I
and “C” supply and the receiver. Since
ihe screen-grid tube filmmment requires only
3.3 volts while the other tubes used are
3-volt tubes, it is necessary to reduce the

hy the
tion of
. The
is charaeterized

zrid leak
Tolymet grid
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i TOP VIEW OF SCREEN-GRID FIND-ALL FOUR

Detailed constructional layout for the

receiver described. Note that the R.F.

and detector circuits are enclosed in aluminum shields.

likunent voltage on the screen-grid tube
by menns of a Carter tapped resistor. The
control grid bias is obtained by the use
of rhe voltage drop in this resistor. Ifila-
ment current is turned ‘*‘on” or “afi™ by
means of a Carter battery switeh.

The B- and C-Power Unit

The Sereen-Grid Find-All Four works
perfectly in connection with a properly
designed “DB” and -‘C” eliminator. An
“A” eliminator may also be used, if this
is available.

The “B” and “C” eliminator designed for
the Screen-Grid Itind-All Fonr uses a Thor-
darson R-280 power compact. A Polvmet
block condenser and three small Polymet
condensers provide the necessary filters.
In order that variable “B” and "C" volt-
ages may be readily obtainahle, an Elec-
trad Truvolt Divider is used. This permits

the voltages to he varied at will, by sim-
ply turning the convenient knobs. A Gold
Neal full-wave rectifier is used. A Yaxley

oll automatic power control adds gle(ltl\
to the utility of the complete outfit, cspeci-
ally where a storage battery is hised i
connection with a trvickle eharger. for the
“A” supply., Seven Eby binding posts pro-
vide connection terminals for the Yaxley
cable. These posts may be monnted on
a hinding post strip of hard rnbber ov they
may be mounted directly on the wood base.

LIST OF PAKTS REQUIRED

1—Aero Universal Antenna Coupler, type
U-96 (3).

1—Aero Universal Coil for 222 tube, type
-2, with rotable prin v used as
tickler or 1-—Aero 3-circuit tuner,
tvpe U-55, with fixed tickler unused

and with rotable primary used as
tickler
—.0005 mfd. IIamm'u'lun(l

**Mid-Line”
variable Condensers (5, 12).
4—Eby Sockets, new style,
i6, 22, 25

UX type (G,

TO YAXLEY AUTOMATIC
POWER CONTROL

17

B+ B+ B+ B+ C- C-
BO- 45V 90V 135V 7180V 45V. 40V.
o

38 _‘J"" I 40

DIAGRAM OF

“B" AND "C" ELIMINATOR FOR
SCREEN-GRID FIND-ALL FOUR

The B and C power unit, which employs a 80-type full-wave rectifier.
Note the compact, variable voltage dlvider.
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1—Electrad Royalty Resistance, tvpe “I'"

).
1—Electrad Tonatrol type “S” (optional)

across secondary of 1st audio trans-
former.

1—2 me«. Durham Metallized Resistor
Grid Leak, with Durham vertical
single mouutmg

1—.00025 mfd. Polymet bakelite fixed mica
condenser (14).

——Tllm(lmio)n Trzmsl‘urmers. type R-300

R——Amperltceic No. 1-A, with Mt'gs (18,
23
lver-Marshall R. F. Chokes, type 276
(8. 13. 20).

2—1% wfd. Polymer “‘Hi Volt” filter Cou-
densers, type C-903 (9. 10).

1—.001 mrfd. Polymmet bakelite mica Con-
denser 1‘))

1—Carter J 023 tapped Resistor (7).

1—Carter "Imp Battery Switeh (29).

1—Cartev Tube Shield. No. 322: Connector
Cap, No. 342: with Shielded Wire.
?Ién.A‘i-')Z; Adaptor Ring, No. 332

2—Ehy Enmraved Binding Posts (1. 4).

2—8il \m-]\1 ll;ll'l]] Shields, type G31-A° (3,
A

1—Yaxley 75-ohm Junior Rheostat (2).

—Y'l\(l;\ ane)ul'nod Tip Jacks, Na, 422

1—Yaxley 12-Condunctor Cable. No. 8627,
conmiplete  with Plug & Mtg Plate

1—-Can Kester Radio Solder (Rosin Core).
By the Chicago Solder Co.

1—Roll Corwico Rraidite, stranded core
Hook-up wire.

1—IIard Rubber Panel. with “Sunburst”
finish, 7"x217x3/16",

1—“Radion” or ce'’ Hfml Rubher sub-
panel. 10”x20''x3/16’

2—Prackets, 1”7 lhigh.

1—~Gold  Seal Screen-Grid Tube, type
G8X222 (6).

2—Gold Seal Tubes, GSX 201-A (16, 22).

1—Gold_Seal Power Tube, type GSX 171-A

(25).
2—Vernier

Dials.

LIST OF PARTS REQUIRED FOR
THE B- AND C-POWER UNIT
1—Thordarson R-280 Power Compact (31).
1—Dolvmet Block Condenser, type F.1000
(33-2 mfds.)  (34-2  nfds.)  (33-8

mfds.) (36-1 mfd) (37-1 mfd. )

1—TRlectrad Truvelt Divider (41).
1—Eby Socket. new style UX tyvpe (32).
7—Eby Engraved Binding Posts.

3—1 infd, Tolymet “Hi Volt”’ “B» Tilter
Condensers, tvpe C-924 (3 40).

1—Gold Seal Full-Wave Rectifier “Tube,
fvpe GSX 280 (32).

1—Roll Corwien Braidite, stranded core
Hook-up Wire

1—Yaxler Full Automatie Power Control,

No. 440
1—Wond Rase.

NOTE: Numbers in parentheses after
each part, refer to corresponding nwmbers
used to mark parts on diagrams, Construc-
tional prints, reprints of this article and
additional information regarding the Screen-
@Grid Find-All Fowr and Eliminator, may be
obtained from the Allied Enginecring Insti-
tute, Suite 429, 30 Church Street, New
York, N. Y.
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YEAR’S BUSINESS TO EXCEED

$512,000,000

Total radio sales for the year will ex-
ceed  $512,000.000.

This is revealed by an analysis of the
radio statisties for the third guarter of
1928, released by the Department of Com-
merce. These are compiled in cooperation
with the Radio Division eof the 1tional
Electrical Manufacturers’ Association.

Ifigures compiled for the third quarter
represent returns from 6 radlio deulers
or 21.4 per cent of the 31,573 queried, ant
show a tolal Lusiness of $20,508.666. This
is an increase of 3.6 per cent over replies
received for the July 1 quarter. It fol-
lows that 100 per cent of the dealers did
a total business of ¥97,834,887 during the
quarter.

An estimate of the relative value of each
quarter has been prepared by the McGraw-
Hill Publishing Company. It shows that
the months of July. August and Septem-
Dher equal 18.5 per eceunt of the total radio
sales made cach year. Since the Octoler

1 figures are the first to eontain total
siles, the quarterly business of $95.834.887,
on the hasis of 18.5 p cent, results in
total year's sales of & 21.010. estab-

lishing a necw reeord. IMurthernmore, the
full force of the season’s increasing sales
is not adequitely rellected in the summer
months of June, July and Angnst and a
greater momentum of increase in the last
quarterr is expeeted to swell the total
somewhat above that indicated.

SURVEY OF RADIO DEALERS’
STOCKS

That 6.766 radio dealers in the United
States did $20.508.666 worth of bLusiness.
or approximately 030 apiece, during the
third quarter of thi , appears to be
indicatedd by a stndy just made of replies
to qnestionnaires sent out by the Llec-
trical Liquipment Division of the Depart-
ment of Coemmerce.

‘I'his_survey of stocks in the hands of
radio dealers. and of the volume of bhusi-
ness done by them during the three-month
period. is made at the e¢nd of each quar-
ter by the Commerce Department. with
the cooperation of the Radio Division of
the National Blectrieal Manufacturers’
Association, to provide the radio industry
in the United States with these statisties.

The 6.766 dealers to reply to the Com-
merce Department's queries on this occea-
sion represented 21.4 per eent of the 31,573
queried. or an increase of 3.6 per cent in
those answering as compared with the
preceding quarter when 5737 out of
32,216 ¢ sed, or 17.8 per cent, replied.
1g to these returned questionnaires,
6,766 dealers sold 23599 hattery sets,
almost 100,000 A.C. sets during the
menthx of Julv, August and September.

Of battery sets in the hands of these
766 denlers on October 1 there were
224, and of A.C. (electrie) sets. §8.262,

as compared with 0=
spectively. in the 5,737
dealers on July 1.

On October 1, these returned question-
naires also show. Lhere were on hand with
these dealers 53.180 loud speakers of the
magnetic type and 14083 of the dynamie
tvpe. as compared with 39.675 and 2.483.
respectively, in the hands of 5,737 dealers
on July 1.

The nmunmher of tnhes (reeeiving) of the
A.C. tyne in  dealers’ hands October 1.

205,448, or mo than double the
12 on hand Tuly 1, Other questions
replied to pertained to batteries, socket
power units, and reetifying tubes on hand.

28311 and 24,566,
possession of

R. C. A. BOARD OF DIRECTORS

The board of directors of the Radio
Corporation of America. at its annual
meeting, made the following promotions:

Vice-president and General Manager
David Sarnoff to bhe executive vice-pres-
ident: Joseph T.. Ray to be vice-president
and general sales manager; Dr. Alfred N.

Goldsmith to he vice-president and chief
broadeast engineer, and Colonel Manton

Davis to be viee-president and general
attorney.

In the RCA Photophone Company
Elmer 1. Bucher was promoted to Dbe

excentive vice-president.

The RCA board also took action to
create a separate subsidinry eompany lor
its communications bhusiness, the plan
being to transfer to such company all ifs
communications assets.

RADIO AND MUSIC GROUPS
AGREE ON SHOW PLANS

Preliminary plans for the annual con-
ventions and trade shows of the radio and
musie industries, both meeting in Chicago
June 8 next, have heen agreed npon hy
heads of the respective industries, repre-
sented Dy the Radio Manufacturers' Asso-
ciation, (he Music Industries Chamber of
Commerce. the National Association of
Mnsie Merchants, and allied musie trade
organizations. ‘The concurrent radio and
music industry attractions undoubtedly
will draw the largest industrial assem-
blage of the United States to Chicago
next June. the Radie Manufacturers’ Asso-
ciation meeting at the Stevens IHotel aund
the Musie Indnstry at the Drake.
Measures of mntual advantage in coordi-

niating the indnstrinl meetings, bauguets
and shows. aveiding conflicts, were out-
lined at a conference here recently

hetween officials of both industries.

A joint open meeting of the tweo indus-
tries is planned on ‘Tuesday 1morning,
June 4. at the Drake Ilotel, the RMA
accepting the invitation from the music
trades to join in this meeting. Other
branches of the radio industry will he
invited to participate.

Separate hanqnets of the two industries
will he held. the annual banquet of the
RMA Dbeing scheduled for Wednesday
evening. June 5. and that of the Natio
Association of Musie Merchants on Thurs-
day evening, June 6. Participation by
the musie trades in the all-star hroadeast
program of the RMA bauguet planned
alse was arranged.

WALTER A. SCHILLING NOW
PUBLIC RELATIONS
COUNSELLOR

Walter A. Schilling, for the past six
years managing editor of The Radin Dealer
and a nationally known figure in the radie
industry. has annonneced his rvesignation
in order to establish his ewn offices at 10
Iast 30th Street, New York, where he will
serve as public relations counsellor to 2
number of leading organizations in radio,
electrieal and other industrial fields.

On teehnieal work, Mr. Schilling has
annonnced his intention of collaborating
with Anstin C. Lesecarboura.

F. R. T. A. ANNUAL CONVENTION

The next annnal convention of the
Federated Radio Trade Association will
he held in Buffalo. N. Y.. February 18-19,
1929, These dates are for a two day con-
vention only and the former three day
convention which was scheduled is no
longer in effect. At this couvention the
F. R. T. A. plans on having at least 500
registrants of the most prominent radio
tradesmen in the United States. An invita-
tion has been extended ro Canada_ and
according to recent advices there will be
a large number of Canadian tradesmen in
attendance.

The Statler ITotel in Buffalo
engaged for the eonvention.

has heen
This will he

the first Federated Convention at which
time there will be individual sectional

meetings of the varions divisions of the
radio trade. The association will provide
for qenrly a day and a half of individual
meetings to the devotion of individual
problems.
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The Manufacturers Representatives Sec-
tion is composed of over 50 of the lead-
ing mannfacturers representatives, who
will further complete their plans for their
organization and will meet to diseuss their
joint problems. The section is headed by
George Riebeth of the Irench Dattery
Company.

The Radio Retnilers’ Association, a na-
tional organization of radio dealers
headed by Jullan Sampson of St. Louis,
Mo., will further complete their organiza-
tiou and will place eommittees in opera-
tion to increase the value of the assoeia-
tion to the radio dealers. Prominent
radio rctailers will address their separate
ineeting on radie selling and merchandis-
ing. Information will be given the visit-
ing dealers as to how they may Dbetter
condnet their enterprises to make it more
profitable. Prominent retailers from coast
to eoast have signified their intentions of
being at this meeting and will do every-
thing pessible to increase the prestige of
the retailer and to further organize this
association. .

The Kadio Wholesalers' Association with
Peter Sampson. of the Sampson Klectrie
Company, as president will hold its own
individual meetings at which time several
prominent members of the radio industry
will address the meeting on wholesaler
prohlemns, Committee reports will he
made showing the activities of the asso-
ciation during the past vear. Recom-
mendations  will be made concerning
merehandising of radio apparatus.

Special eonsideration will he given to
the committces on the following subjects:

1. Dealer Deferred Payment DPlan.
This committee, headed hy James Aitken
of the Aitken Radio Corp.. Toledo.
Ohio, has made an exhaustive study of
finanee plans now in operation for
dealer sales. They will have a complete
report and finance plan ready for adop-
tion hy members of fthe association.

2. Report of Insurance Plan Commit-
tee. Mr. Levy, of the Sampson Electric
Co.. Chicago, ehairman of this commit-
tee. is now working on arrangements
with insurance organizations to provide
2 suitable econnection for members of
the Radio Wholesalers' Association to
secure better insurance, This commit-
tee report will he met with considerahle
enthusinsm on the part of the members.

3. Report of Credit and Collection
Committee will he given with a view in
mind te provide credit and ecollection
service for members of the assoeiation.
At the present time this important sub-
ject is  heing investizated very thor-
oughly by a committee eomposed of
eredit managers of various firm members
of the board of directors. .

Other business will be given eonsid-
erable thought and many policies deter-
mined unpon.

The meeting of the TFederated Radio
Trade Association. composed of all four
eroups, will be addressed by President
IIarold J. Wrape. who will review the
activities of the organization since the

past convention and will present the
plans for the further operation of the
association. Elmer C. Metzger. president

of the Buffalo Radio Trade Association.
will weleome the guests to Puffalo. There
are several important speakers schednled
to address the meeting, among them
heing Tlerhert TI. Frost. president, Radio

Manufacturers’ Association: Win. Hedges.
president. National .Association of FRroad-
casters: Judge Van Allen, legal counsel-

lov of the Radie Manufacturers’ Associa-
tion. and Hon. Frank D. Scott of Wash-
ington. D. C.

The convention will terminate with the
election of the board of directors, wlho
will govern the activities of this trade
organizaiton for the coming year. New
officers will alse be chosen to direct the
sectional activities and gnide the course
of these branches.

President Farold J. Wrape is very
optimistic concerning the coming conven-
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tion and expresses himself by saying that
it will be the greatest the Iederated has
ever held. The Rochester Radio Trade
Association and the Buffalo Radio Trade
Association have combined to form a wel-

coming committee and with the Joint
convention committee they will surely
provide a suitable background for the

activities of the group.

MARTIN COHN WITH BOTTLAND
CORP.

Martin Cohn, formerly chief engineer
and production manager of the Mayolian
Corp.. New York, is now connected with
the Bottland Manufacturing Corporation,
370 Gerard Ave, New York City, as
president and chief engineer.

NEW FEDERAL WHOLESALERS

Two new Federal Ortho-sonic radio
wholesalers have just been announced by
the Federal R’adio Corporation of Buffalo,
N. Y, and_ Bridgeburg, Ont. They are
the Swank Hardware Co., Jounstown, Pa.,
and the Standard Drug Co. of Hlizabeth
City, North Carolina.

POLYMET INCREASES CAPITALI-
ZATION

Stockholders of the Polymet Manufae-
turing Company have authorized an in-
crease in the company’s no par value
eapital stoek from 30.000 to 60,000 shares.
Of this inecrease, 15,000 shares are to be
issued to stockholders to whom rights
will be given to subserihe in the ratio of
one share of new stock for each two
shares of the old stock held, at $20 a
share.

N. C. Greene. vice-president in eharge
of sales, tolil stockholders that the com-
pany during Aungust. September and Octo-
ber, the first three months of its current
fiscal year, returned earnings of about
23 a share on the old capitalization and
that the outlook for continued satisfac-
tory earnings is indicated by the volume
of orders on hand. The rate on the new
stock will be $1.50 a share. the same as
that paid on the old shares.

RAYTHEON ANNOUNCES SALES
PERSONNEL

In keeping with the expanded mer-
chandising efforts of the Raytheon Manu-
facturing Company, which has now en-
tered the production and distribution of
a line of improved filament and A.C.
heater tubes. an .enlarged sales personnel
is announced at this time by Fred D.
Williams, vice-president in charge of sales.

The sales representatives of the Ray-
theon organization cover the entire coun-
try. and are as follows:

, Paul C. Smalley, 126 Liberty St., New
York; Tiarry O’Connell. Raytheon Mfg.
Co., Cambridze: John J. Downey. THotel
Lorraine, Philadelphia; Granville H

Kratsch, 2085 Cornell Road, Cleve]nnd;‘

and L. G. Darling, 411
Savings DBank Bldg., Atlanta;
Harry Merrithew, 713 South Ervay St
Dallas; M. J. Friel. 171 Second S$t.. San
Francisco; H. Cal. Caldwell and William
II. Nolan, 2007 Stout St., Denver. Export
sales are handled by Ad. Auriema, Inc,
116 Broad St., New York.

W, N.
Georgia

Nervins

SYNTHANE CORP. FORMED

The Synthane Corporation, incorporated
in September, 1928, under the laws of
Delaware, is_completing the building of
its plant at Oaks, near Philadelphia, Pa..
and eoxpects to commence production of
é,nmiuuted Bakelite products in the early

ring.

pR. R. Titus, formerly vice-president and
general manager of the Diamond State
Fibre Company and the Celoron Company
of Bridgeport, Pa., heads the corporation
as president. with J. B. Rittenhouse as
vice-president and George J. Lincoln,
secretary and treasurer.

KELLOGG APPOINTS NEW
DISTRIBUTORS

Appointment of the following distributors
for the line of Kellogg A-C receivers was
announced recently at the Chicrgo office of
the Kellogg Switchboard and Supply Com-
pany.

Motor Power Equipment Company, Ford
road and River Dboulevard. Saint Panl,
Minnesota, entire states of Minnesotu,
North Dakota, South Dakota, and
Montana : York Auto Supply Company, 309
West Market Street, York, Pennsylvania.
south central Pennsylvania: 8. A. Blewett.
Santa Fe building number two. Dallas,
Texas, entire State of Texns, except the
western section; Ed. S. Hughes Company,
Abilene, Texas, western Texas; Henkle
and Joyce Hardware Company. Lincoln,
Nebraska, all of Nebraska, castern Wyoming
and northeastern Colorado; Stewart Sales
Company, 114 East Olio Street, Indian-
apolis, ndiana. southern and_central
Indiana ; M. A, Hartley Company. Staunton,
Virginia, western Virginia, Williamsport
Auto Parts Company, 249 Third Street,
Williamsport, Pennsylvaunia, north central
Pennsylvania : Harvey Motor. Incorporated,
1201 Sixth Avenue. Huntington, West
Virginia, entire State of West Virginia,
exception of north central section and
for eastern _section of Ientucky and
southeastern Ohio: Corlaer Radio Corporn-
155 Lafavette Street. Schenectady.
New York, northeastern and east central
New York State; Pittsburgh, Pennsylvania:
western Pennsylvania: Rupert Electric
Company, Rupert, Idaho, central and
southern Idaho: United States Radio Cor-
poration, 328 Dwight Street, Springfield,
Massachusetts. western Massachusetts.

Newly appeointed in charge of central
station sales for the Kellogg Switchboard
and Supply Company is Mr. R. W,
Mounteer, former special representative of
the Radio Sales Division of the same com-
pany. Mr. Mounteer will devote his time to
promoting the sale of the popular line 'ot’
Kelloge A-C receivers among public utilities
throughout the country.

Company Nov.2 Dee.3 Jan.3
Acoustie Produets. . .. .. 203 24 1814
All-Am. Mobawk 303 40 354
American Bosch . 3455 4154 42
Bruns - Balke Collen

(Com).... = & 52 54l 52%
L alTn 68 604
63 87lg 117
Davega. . 38 38% 36
De Forest. . LSO 21 2234 2514
Dubilier............... 3 10 9
Brlas s $e ol B 2444 2 1434
Fansteel. ... ... .. 15%% 15% 124
Formiea......... 248 24 30
Freed-Eisemann . .. 43 5% 5
Freshman. . [ 5 1234 13% 1%
General Elee. (Coin)... 167 197 2454
Gold Seal........... . 10 19% 25
Grigsby-Grunow (new).. 111 143 14874
Hazeltine. ............. 21% 50 48

RADIO AND ASSOCIATED STOCK QUOTATIONS

Company Nov.2 Dee.3 Jan.
Kellogg................ 7% 199 174
Kodel“A". ... .. 0 20 24% 17
Kolater....... o 83 91y 754
Magnavex. . ... .. ool 15Y4 15 114
Polymet. . . 52 s
Radie (Com.}. ... 2284 407 39434
Raytheon. ... X 5314 69 59
Sangamo. ..... 34 35 3Ty
Sonatren..... . ... 127 15744 .
Sparks-Withington 160 170 180
Stromberg Carlson 26 30 31
Stewart-Warner 10546  116'4 12334
Utah....... 59t 56 46
Tower . L 3% 9 8%
Union Carbide (Com.).. 191 1993 20874
Vietor (Com.). 12134 1381% 15214
Westinghouse . . . 13% 135 143 H
Weston (Com.) - 2234 2l 2214
Zenith(new)........... 193 n.57 54
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NEW CHICAGO-JEFFERSON CATA-
LOGUE

The Chicago-Jefferson IFuse & Electric
Company, of 1500 South Laflin Street,
Chicago, Illinois, has just published its
new catalog No. 33R-1. which illustrates
and describes their .entire line of radio
transformers, accessories and fuses for the
coming season,

A copy of this catalog may be had by
addressing the above company.

WILLIAM J. BARKLEY JOINS DE
FOREST ORGANIZATION

William J. Barkley, one of the best
known pioneers in the radio industry, has
joined the DeForest Radio Company, of
Jersey City, N, J.. in the capacity of Assist-
ant to the President, according to the
announcement of James W. Garside, Presi-
deut of that company,

“Mr. Barkley has been actively engaged
in radio decvelopments since 1912, states
Mr. Garside, *‘when he became associated
with the Wireless Specialty Apparatus Com-
pany. In 1914 he was elected president
of the Wireless Specialty Apparatus Com-
pany, and continned in that capacity until
1918, when a combination was formed be-
tween the United Ifruit Company, which
controlled the Wireless Specialty Apparatus
Company. and the General Ileetric Com-
pany. BMr. Barkley was retained in 2 con-
sulting capacity after his resignation. Sub-
sequently, he engaged in the production of
mica condensers, followed by his entry into
the field of manufacturers’ representative.
handling various electrical products in the
New Eungland territory.”

SPLITDORF APPOINTS SPRAGUE
ELECTRICAL

An appointment and  the buying out of
another company by the appointee, give
Splitdorf Radio Corporation two distribut-
ing points in Connecticut and thorough
coverage of the State for its produects, Hal
P. Shearer, gencral sales manager of Split-
dorf has just made public the appointment
of the Sprague Electrie Co., of Waterbury,
Comn,, as Splitdorf distributors. At the
same time the latter outfit announced the
purchase of the Park City Electric Company
at Bridgeport. possession of this business
having been taken on November 10.

The head of the Sprague business is
W. G. Spragne, a well known figure in
Connecticut electrical circles. The com-
pany travels seven men and cover all of the
State except the following counties: Tol-
land, Windham, and New London. Sprague
Electrical has had _ considerable experience
in the quality radio field, having repre-
Stromberg, Carlson and Steward-
Warner.

FIELD TESTS ON TROPICAL RADIO
EQUIPMENT

Final field tests of the special low-wave
portable radio apparatus to go with the
All-American Mohawk Malaysian Expedi-
tion to Borneo next month were witnessed
this week by a group including newspaper-
men, radio engincers and officials of the
company sponsoring the expedition.

Under the direction of William J.
Schnell, director of foreign research at the
All-American Mohawk Corporation labora-
tories, the special short-wave transmitter
and receiving outtit were set up in the for-
est preserve near Chicago and subjected to
rigid tests. All the apparatus, which is
battery operated and specially adapted for
service in a tropical climate functioned
perfectly, Schinell reported.

A portable hand-driven field generator
will be inclnded in the radio equipment of
the expedition, he said. This will be used
after the party reaches the headwaters of
the Barito river in Dutch Borneo and push
on into the unexplored regions beyond.
An attempt will be made to maintain con-
stant radio communication with the expe-
dition’s proposed base and headquarters
at Bandjermasin, capital of the colonial
Duteh government. To pick up long dis-
tance hroadcasts and time signals from
the radio station at Manilla, P. 1., a stand-
ard Lyric receiver will be used.

The expedition. according to Theodor~
Seelmmann. Chicago mariner and amatenr
explorer, will investigate tropical and espe
cially equatorial radio problems ax wel) as
matters of interest to geographic bodies.
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THORDARSON
EQUIPPED

Do You Realize the Importance
of this Endorsement?

Each successive vear that we use
Thordarson trausformers strength-
ens our faith iu your organisation.
Both our laboratory lests and our
experience have proven conclusively
that Thordarson transformers are
in perfect accord with the high
standards maintained throughout
in Zenith Receivers.

XMt

President
Zenith Radie Corporalion

e G e an i te il e

VICRe

N the last analysis, there is no test for the merits

of any product that is more conclusive than an
investigation of the customer clientel of its manufac-
turer. Among the users of Thordarson Radio Trans-
formers you will find the aristocracy of radio . . .
leading radio set manufacturers whose receivers are
universally hailed as musical instruments of undis-
puted superiority.

Such an endorsement of performance means much
to any purchaser of radio apparatus. It means that
Thordarson radio transformers have passed success-
fully the most exacting tests under the eagle eye of
the laboratory.

£ NITH RADIO
.. AUTOMATIC

It means, also, that any receiver equipped with
Thordarson power supply and audio transformers can
be relied upon for a dpependability of service and a
fidelity of reproduction that represents the acme of
engineering development.

Whether you are buying a complete receiver or
building your own instrument . . . if you are seeking
the ultimate in radio performance insist on Thor-
darson Transformers.

Thordarson Electric Manufacturing Co.
Transformer Specialists Since 1895
Huron, Kingsbury and Larrabee Sts., Chicago

THORDARSON

TRANSFORMERS

SUPREME IN

MUSICAL

PERFORMANCE

o

=
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RAYTHEON ANNOUNCES LINE OF
FOTO CELLS

For television and other applications
calling for photo-electric or light-seusitive
cells, the Itaytheon Manutacturing Con-
pany of Cambridge, Mass., now announces
a comprehensive line of Raytheon IFoto
Cells. These cells are nade in the hard
vacuum and the gas-filled types, as well
as in bulb and tubular shapes.

[i T

Two types of
the new Ray-
theon spherical
and tubular
photo - cells,
T h e spherical
type shown will
fit a standard
vacuum tube
socket and is
particu-
larly adapt-
able to tele-
vision work.

LRI T

Raytheon Toto Cell
Thias the chavacteristics of instantaneous
response—no  lag: respounse directly pro
portional to illumination; maximum photo-
active surface: permaneunt characteristics:
no leakage or “dark current.” The gas-
filledd Raytheon Ifoto Cell has the char-
acteris of super-sensitivity: instan-
taneous response—no lag; response directly
proportional to illumination; no damaging
effect from ionization: low operating
voltage:; no leakage or ‘‘dark current,”
The Raviheon Foto Cells are available in
two spherical Dbulb types anid three
tubunlar types, to meet a wide variety of
uses in flelevision, daylight recording,
photometer. tire alarm system, laboratory,
experimental and other applications.

The hard-vacuum

DE FOREST AUDION LINE

Five Del’orest Audions have been added
to the Deborest line during the past month.
which, in addition to the 426. 427, 471-A and
480, complete the line of standard types.
The additiona! tubes are: .

DeForest 401-A: A égoneml utility tuhe
for radio-frequency, audio-frquency, and de-
tector functions. Provided with new fila-
ment of the oxide-coated kind, capable of
high emission at the nsual 5-volt rating, and
ample emission on the filament voltages as
low as 8.5. Mica spacer to insure positive

DEVELOPMEN
THE MONTE

characteristies and complete elimination of
microphonic noises.

DeForest 410: A power amplifier for
socket-sets and amplitiers.  Highly evacu-
ated, with active getter counstantly present
to insure a hard tube for high plate volt-
ages and quiet operation. Speciul filament

for maximum emission and long life.
Oxide-coated filament. .
Delforest 112-A: Detector, amplifier and

power amplifier. Highly evacnated with ae-
tive getter to maintain high vaeuum.
Oxide-coated filament. 2Mica spacer.
DeForest 450: Super-power auplitier.
Itighly evacuated with active getter always

present. Special ribbon filament with oxide
coating for high emission and long life.

Mica spacer.

DeForest 481:  IIalf-wave,
rectifier of 110-milliampere, 42
Special Delorest ribbon type
heavy oxide coating.
tained throughout life.

heavy-duty
olt output.
ament, with
Iligh vacnum main-

RAYTHEON ANNOUNCES NEW
LINE OF TUBES

Although the Raytheon name has been
closely identified with gaseous rectifiers
which made the opular  B-eliminator
possible, the Raytheon Manufacturing
Company, of Cambridge, Mass., now an-
nounces a new line of improved wvacuum
tubes for the usual A.C. broadeast receiver.

I'our tubes are announced at this time
as the forerunners of what promises to
Le a complete line of standard A.C. aud
battery type tubes, as well as power tubes
aud reetifiers. $peecial types to mect new
viadio requirements are under development.
Tnhe prescut types offered at this time
arve the Ray X-226, Ray 227, Ray X-171-A,

and Ray .

The outstanding feature of Raytheon
vacuum tubes is the unique four-post
construction, which reinforces the tube
eleluents in_all directions instead of in a
single straight live as with the usnal
design. The elements arce carefully
positioned and welded during assembly,
and remain permanently fixed irrespeetive
of shipping and rough handling. The
characteristics are precisely set during
production and remain precisely the same.
In addition. special filaments made in the
Raytheon laboratory, are employed. Im-
proved pumping and flashing methoids, as
well as accurate seal-off, insure a higher
and more permanent vacuum for noiscless
operation.

EXTRA SUPPORTS
i igidi
PR
in place
S
Ilustration of FILAMENT

the new Ray-
theon heater extra heavy

built to iast

type vacuum

tube. Note the

rigid construc-

tion. T he

heater element OXIDE-COATED (ATHODE
differs in de- new process
Sighs fom _jthi] P )

usual form.

LT GHIRTH ]
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NEW ARCTURUS *71-TYPE HEATER
TUBE

It is eclaimed that the solution to_the
life problem of the *“71" type medium
power tube has heen found in the design
of a heater tube having the same amplify-
ing characteristies as the filament tube.
The average life of a well designed heater

New
'71-type
tube.

Arcturus
heater

tube is well in excess of two thousand
hours, necording to reports issued by the
Iaboratory of the Arcturus Radio Com-
pany where thousands of heater tubes
have been subjected to intermittent life
tests and where a heater '71 tube, known
as the Arciurus 071H, has been developed.

The emission characteristics of the
heater tube reminin ceonstant throughout
the life of the filnment, due to the rela-
tively large cathode area. There is no
decline  in efficieney necessitating re-
activation. as is eharacteristic of many
filament type tubes.

The 071H has an amptifieation coustant
of 3. a mutual conductance of 1500, plate
resistance of 2000 ohms and operates from
a five volt direet current or A.C. source.
It is merely substituted for the '71 tube
without making any changes in wiring
or_voltage,

In addition to the life factor, the hum-
less operation of the henter (ype tube is
an_added recommendalion for the 071II in
A.C. receivers amd other sets in which the
nower tube is heated from a transformer.

MICA TOP

anchors and sgaccs
elements
Microphonic Notses Impassible

INSULATION CENTERS
accurately centers
heater filament

FOUR. PILLAR.
CONSTRUCTION
anchoes elements
top and betwom
ingures uniform tubes
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Back Again!

Due to a large number of
requests from schools, col-
leges, laboratories, etc., we

are again making available
the Group Subscription
Rate.

(on Groups of 4 or more)

$1 00

yearly

Will you not cooper-
ate with us by classify-
ing subscriptions sent in
as follows:

(M) Manufacturer
(E) Engineer

(D) Dealer or Distributor
(S) Service Man

(P) Professional Builder
(T) Technician.
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KODEL DRY “B” REPLACEMENT
UNIT

The Kodel Dry “B” Replacement Unit for
replacing the acid or liquid jars in Philco,
Balkite, ~ Willard, Exide and other wet
“B” Bliminators and Combination Power
Units has just Dbeen anonunced. This.
uaturally, eliminates further attention or
watering and the unit is easily attached in
a few minutes withont the need of tools

and requires only four simple counections.

Kodel dry ‘“B” replacement unit.

The Kodel Dry “Ii Replacement Unit is
metal-encased and is so small and compact

as to be mounted on the inside of the
eliminator case. Naturaliy. this celiminates
further watering and the usual attention

required in the operation of clectrolytie
rectifiers and maintains rhe same perform-
ance, without loss of power or the dis-
tortion or hum of the original recrifier.

Other than the tube. this unit contains
nothing that can wear out and will last
as long as the eliminator itself. Manu-
factur: I one standard size for elimin-
ators and combination eliminators. with
maximum eutpnt not exceediug 130 vods.
List Price, without tube—$6.00.

“THERM-A-TROL” VOLTAGE
CONTROL

The Therm-a-trol Mfg. Co., of Springfield.
Mass,, has put on the market a new volt-
age control for electric sets.

This new voltage control comhbines eom-
pactness with attractive appearance being
finished in polished br: and black bake-
lite. Due to the utj tion of one set of
contacts for two different voltages, coni-
Pactness is made possible, diameter of the

TRERMATROL MFG. CQ

“Therm-a-Trol”
control.

The voltage

face carrying the econnections being only
2 inches. It has also a very short hody
extending only a minimum distance from
the wall, eliminating chance of aceidental
disconnection by movable objects such as
carpet cleaners, ete. Heavy contact pins
are used which hold it firmly in the re-
ceptacle.

There are no moving parts and no ad-
justments are necessary so that voltage
cannot be accidentally changed after adjust-
ment. The prongs are offset obviating in-
terference with other plugs in double or
rriple recentacles, The econstruerion is
rugged, high grade bakelite and sheet mica

{)rotecting all the current carrying parts,
hus, insuring permanency of service with
nothing to wear out.

An important feature is the multiple
voltage outlets providing for the proper
voltage regulation whatever the line volt-
age may be. The priece complete ready to
install is only $1.75.

BENWOOD-LINZE TYPE “A” REC-
TIFYING REPLACEMENT UNIT

The Benwood-Linze Company, of 19th
and Washington Ave., St. Louis, Mo., have
introduced a new dry rectifier replacement
unit. This unit replaces the clectrolytic
rectifiers in trickle chargers, “A" power
deviees. etc., having a low transformer
secondary voltage approximating 0.5 volts
under load.

This full-wave rectifying unit has a
charging rate from % to 1 ampere depend-
ing upon the transformer secondary and
line voltages and the condition of the ‘A"
battery.

The list price is $4.50.

BENWOOD-LINZE C-110
FYING ELEMENT

The Benwood-Linze Company are also
manufacturing a small element for charvg-
ing devices to replace 214 ampere rectify-
ing bnlbs requiring a connector for a
I'ahnestock clip at the top of the unit. 1t
cannot be used in devices having a double
connector in the hase of the socket,

The Hst price is $4.00.

The type C-120 rectifving element is de-
signed exclusively for charging devices

RECTI-

A group of new Benwood-Linze
dry-type, half- and full-wave
rectifiers.

equipped with standard screw base with
double connector in the base of the socket
thus eliminating the connector at the top
of the unit. Both the C-110 and C-120 are
half-wave rectifiers.

The list price of the C-120 unit is $4.00.

A new type of full-wave rectifier element,
for use in connection with *A’” battery
chargers and “A” power units has also
been announced. The general type is illus-
trated in the accompanying photo. The
B-12 1ype will give a slightly higher charg-
ing rate than the B-16 with the same
secondary  voltage, whereas the B-18 is
better adapted to stand overloads due to
sudden increase in line voltages. The B-16
cian also be used in devices where the D, C.
back drain voltage is from 8 to 10 volts.

When properly used and not subjected
to ahuse or overload for a considerable
period, it is clalmed that these type B
units should operate the minimum of
1000 hours at the rate of 214 amperes rec-
tifier ontput; 3,000 hours when used at low
rare charge of less than one ampere recti-
fier output and 1.500 hours when used at
combined high and low rate charge, where
the rectitier output varies from 14 to 2%
amperes.

NEW ZIERICK CABLE SLITTER

The F. R. Zierick Machine Works, of
S Howard St., New York City. have in-
troduced a new type cable slitter. This
cable slitter is used for cutting the outer
braid on double cable wires,

The machine is operated hy foot pedal.
The eable is inserted, the foot (Yedal
pressed down and the cable removed.

The machine is rapid in action and very
easy to operate. ery little pressure is
required on the foot pedal.

www americanradiohistorv com
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NEW 34” HEAVY DUTY DRILL

In response to demands for a powerful,
low-speed, 3;-inch heavy duty drill for con-
tinuous. heavy duty service. The TUnited
States Eleetrical Tool Company. Cineinnati,
now has quantities in the hands of jobbers
and supply houses.

A universal motor. operating on alter-
niuting or direct current of sixty cycles or
less. pulls this drill at 850 revolutions per
minute. load 8pced. In all other respects,
it is typical of U. 8. Drills. SKF ball bear-
ings. Chrome nickel steel gears, hardened,

heavy duty

New U. 8. Tool Co.
drill.

moning in grease. Double silk insulated,
enameled, armature wire. One-piece,.
aluminmm body frame and commutator head.
tuick make, quick break, two-pole trigger
switeh. Three-jaw screw back chuck for
straight shank drill bLits, etc.

T'his new model weighs only 27 pounds,
and sells at $78.
GENERAL RADIO MUTUAL

CONDUCTANCE METER

Of the three fundamental dynamic con-
stants of the three element vacuum tube,
{plate impedance, amplitication factor, and
mutual conductance) the mutual conduct-
ance gives the most positive indication of
the tube Dbehavior. since it involves the
ratio of the other two constants. While
the mutual conductance is not a complete
indication of the compnrative merit of
tubes of differing types. it is a posintve
indication among tubes of the same type.
If a tube fails to mmeet the standard speein-
cations of its type, either through taulty
filament emission or an incorrect spacing’
of the elements, the mutual conductance
will always be lowered. Since the mutnal
conductance is very easily measured. th s
constant is the one most suned for use as
an acceptance standard for purchuasers,
and for use in factory, store or laboratory
for rapid checking of tubes against a
standard value. 'This device should not be-
confused with the . R. Type 3G1-B vacuumn
tube bridge which is a laboratory instru-
ment designed to give accurate measurement
of all three coustants.

The Type 443 Mutual Conductance Meter
is a null-point bridge instrument excited by
a self-contained microphone hummer and
battery. A standard UX type of socket 1s
provided as well as a socket for the five-
prong separate heater tubes. All tube bat-
teries are external. Any desired plate volt-
age may be applied to the tune as well as
any desired grid biasing voltage. The in-
strument is equipped with a voitmeter for
indicating the voltage across the filament.
By the use of one or the other of the
rheostats mounted on the panel it is pus-
sible to adjust the filament voltage to tne
correct value for any standard tube. A
pair of telepliones is used as a null in-
dicator. If the bridge is operated in a
noisy environment an external stage of
amplifieation will be found desirable.

Values of mutual conductance having a
precision of 1% to 29% are quickly made
by the manpipulation of a sinegle dlar to
give silence in the phones. This dial is
calibrated to read mutnal conductance
directly in miero-mhos fom O to 23500
micro-mhos, The dial spacing 1§ not nm-
form but is so graduated as to maintaim
an approximately equal precision of read-
mg over the entire scale.
this way a number of points may be ob-
tained, which, when plotted on cross-sec-
tion paper will result in a tuning curve.

When calibrating the short-wave coils
those who know how. may pick out the
harmonies of stations operating in the
hroadeast range and so obtain a number
of calibration points. Otherwise it is neec-
essary to identify short-wave stations on
a recelver and follow the same procedure
as stated above.
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Manufacturers p | ‘:E, Raytheon :i'

. LONG LIFE RADIO TUBES .

Engineers e o o9 «The Healthy Tubes”
<N

/

Top and Bottom—
give extreme

Mica Top—An-
chors and spaces
elements. Micro-
phonic noises
impossible

Fixed Supporls—?

You should investigate and
keep informed concerning
New Fields for your products!

rigidity. Hold ele- >

ments in place.

Doubly strengthen
grid and plate

Insulating Spacers
Hold heater
filament rigidly in
place without
touching

Oxide Coated
Cathode—
process gives high
emission at low
temperature

Note—The Aero-
nautical Industry
is thefastest grow-
ing industry in
the world today.

HeaterFilament—
I Extra Heavy.
| Insures long life

can’t move to
change tube

characteristics

This anatomical drawing
shows why these tubes are

HEALTHY!

THE unique inner-construction of
Raytheon means life-extension
for radio tubes. T'or it accomplishes,
among other advantages, the vital
requirementof permanentalignment
of the three tube-clements — fila-
ment, grid and plate.

Only a slight deviation in the relative
positions of the elements will give
rise to microphonic noises, affect
reception, and shorten the life of a
tube very materially.

Someof the articles in /
Aviwtion Engineeringare: B

Applications of Radio in the Aviation Field.
Fundamental Aerodynamics (in installments).

Welded Joints for Aircraft (Findings of the
Bureau of Standards).

Airplane Propeller Thrust.
Aeronautic Standards (5. A. E.).
Roller Bearings in Aircraft.
Dynamometer Engine Tests.

A Radio Altimeter—(by E. F. W. Alexan-

Raytheon 4-pillar construction,
derson).

cross-anchored top and bottom,
positively maintains the clements in
fixed relation. The result—greatly
lengthened life, the elimination of
microphonic noises, and healthy,
consistent tube performance.

RAYTHEON MANUFACTURING CO.

Cambridge, Mass.

4-Pillar
Construction

Aviation Engineering
IS NOT
Sold on Newsstands

Bryan Davis Publishing Co.
52 Vaunderbilt Ave., N. Y. City

Enter my subscription to Aviation Engineering for |
31 yr. at $2.00

2 yrs. at $3.00

NG cpw £ e 2170 W00 4 ) T Dt e T 7 7 romiciraeet S SO
SO I o g 4004 n 4 P o 0 i Py w0 4 sl K & b
CILY e . (03 o Jemdain nid 5 s ) e ks SMles s imiindivaa, |

Please check classification: I A Bclie
[J Engineer [J Manufacturer EaymRests L Feetime
[J Technician [J Airport Cross-Anchored

Top.~ Bottom
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NEW ARCTURUS LOW VOLTAGE
A.C. TUBES

The Arcturus Radio Company announces
the addition to their line of heater tubes
of the 126H tyvpe for use in the conven-
tional amplifying circunits employing the
“2¢" type of tube.

The electrical characteristics of the new
tube are deseribed as follows:

TFilament voltage...... 1.5 volts
TFilament current. . 1.05 amperes
Amplification constant. 8.1

Mutual conductance 890
Plate resistance... 9.200 ohms
This tube c¢an be plugged into the

standard four prong socket wired in the
conventional manner for A.C. operation.
No circuit changes are required to take
advantage of the improved chavacteristics
of thesc heater tubes.

The Arcturus laboratory has also passed
for production the 126 tube having the
same characteristics as the 126H hut em-
ploying an emitting filament. This tube
is claimed to have a life in excess of the
usunal 26 rating and is being manufactured
temporarily to meet the requirements of
the enthusiast who does not care to
assume the added expense of the heater
tvpe tube.

The 126H is a companion tube to the
popular Arcturus 127, seven second heat-
ing, detector.

“SUPERIOR
ETERS”

Adding to their popular and well- l\no“n
line of “Superior Condensers.,” A
Flechtheim & Co.. Inc., of 136 Liberty St.,
New York City, have hrought out a hl;:h
grade line of high resistance voltmeters
suitable for testing “B" batteries and “B”
eliminators.

FLECHTHEIM VOLT.
M

The Flechtheim Type C-J.600

Voltmeter.

The meters are furnished in finely nick-
eled cases and are equipped with polarity
colored flexable cords and tms making a
very excellent and useful outfi

There are several tvpes—o0- 300 for D.C.
and another with a scale reading of 0-500

D.C. An entirely new type of instrument
is the tvpe CV-600. for A.C. and D.C., read-
ing to 600 volts. (List pnce $1" 50.) This
meter should prove a hoon to service men
and custom-set bhuilders.

A copy of the Flechtheim catalog will be
gladly sent on request by the Flechtheim
Company. Address all requests to them.

NEW JENSEN AUDITORIUM
DYNAMIC SPEAKER

Peter L. Jensen of the Jensen Radio
Manufacturing Co., of Chieago, Ill.. and
kland, Cal, has_ announced the new
Jensen A\mlumlum Speaker employing the
dynamie prineciple as a means of repro-
duetion. In this newest development by
Mrv. Jensen are incorporated a number of
improvements in design and eonstruction.

In the model intended for operation with
110 volt A.C. there is a distinet departure
over previous design in that a full-wave
rectifying tube is used in place of a
mechanical rectifier. The sensitivity of
the new Jensen Auditorium Speaker has
also been materially increased, yet at the
same time it is capable of hand]mg far
greater volume than possible heretofore.
The speaker responds faithfully to the
output of an amplifying system employ-

ing only omne type 171 tube or, on the
other hand, will handle the full output of
the most powerfnl type of amplifier em-
ploying type 250 tubes in push-pull.

The power required for field excitation
of the three new units is approximately
18 watts. The new Jensen Auditorium
Speaker units which have becn designed
and are in produection at the present
time. with delivery being made to the
trade, are as follows: DA 4. for 110 volt

D.C. operation; DA 5. for 220 volt D.C.
onemtlon DAAC, for 110 volt A.C. opera-
tion. Ll\t Drices of the uuits vary from
$55 to £70.

VALLEY B POWER UNIT

The Valley B Power Unit, Model 828 is
designed for all
to_ten tube sets.

It is finished in
green,

radio receiving sets up
a handsome Berkshire

The name plate is of brush brass,

LT ITHIB TR

The new Valley
B.Power Unit.
The maximum
voltage is 180.
There are two
C bias taps, 9
and 40 volts.
The detector B
voltage is vari-
able.

LI ETTAH D

blick background, with a dash of red.

This unit employs the Rayvtheon recti-
fving tube Dbecause of its long life and
proven performance.

The essential elements are the oversize
transforiner, special designed chokes and
high voltage condenser.

Convenient terminals are provided for
the negative. detector, intermediate. ampli-
fler and power voltages. The Allen-Brad-
ley high resistance control is in the de-
tector circuit and may he adjusted to meet
the requirements of cvery set.

This unit has two “C” battery taps: A
9-volt tap for use with the 112-A power
tube, and a 40-volt tap for the 171 power
tube.

All termiuals, voltage taps, and controls
are mounted under the cover of the unkt.
It is designed to give 135 to 180 volts of
continuous power. Retails at  $35.00.
Manufactured by Valley Electric Company,
4221 Forest Park Blvd, St. Louis, Mo.

CENTRAL SCIENTIFIC VACUUM
rumr

The Central Scientific Company. 460 E.
Ohio St.. Chicago. Ill.. is now offering a
very eflicient, rapid and dependable

vacuum pump to the radio tube manufac-
turers. This pump is known as the Cenco
Megavae Pump,

The Cenco Megavac Pump has a free
apacity of 57 liters per minute at the
ing speed of 600 R.P.M. It does not
require a preliminary or backing pump
and  will preduce a vacuum of .001 mm
or 1 micron of mercury in a 6 liter con-
tainer in 24 minutes. The manufaetur-
ers guarantee it to produce a vacuum of
.00t mm. bhut the records of the lahora-
tory, in which all pumbs are tested. show

Pump.

The Cenco ‘‘Megavac”
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that the average vacuum prodnced by all
the pumps made up to the present time
is 0005 mm or 0.5 micron.

The Cenco Megavae Pump can be
obtained in single' units with direct motor
drive for hand station exhausting or in

sets of three units with direet motor
drive for use with automatic exhausting
machines.

NO. 8D VERTICAL MILLING &
ROUTING MACHINE

The No. §-D Vertical Milling & Routmg
Machine recentiy announced by the Geo.
Gorton Machine Co., Racine, Wis., is the
latest addition to then line of Dxe -sinking
& Engraving \I.lchmes

The machine is  specially adapted for
handling economically, electrical die and
tool work, and smul:u milling and routing
in  brass, steel and cast iron. It is
designed to run small cutters at high
speeds, for the class of work now com-
monly performed on large plain milling
machines with high speed attachments.

A feature of this machine is the sliding
head. This unit carries the spindle and
drive complete. With hend close to column,
the gap between spindle and eolumn is 15%,
With head fully extended, gap is 307, mak-
ing the area ‘covered Iw table movement
15" x 22”; all at one sefting of work. The

machine will also swing a plate 607 dia-
meter x 4 thick, or a cylinder 227 dia-

meter x 15” high.

fo table 157 Maximum-—spindle nose
0 table &

" minimum 0”. Height overall
6877, “elght 1600 1bs. Although built
prmnrilv for precision work, this is a
rugged tool, and will operate a half inch
diameter high speed stecl cutter to the

limit.

Direct drive with rubber V belt from
% H.P. standard ball Dbearing vertical
motor. Ten spindle speeds (479 to 3000
R.P.M.) are obtainable without back gears
or changing pulleys. Higher speeds up te
6000 are available for brass routing and
use with diamond tools. For brass routing

Gorton milling and

chine

routing ma-

this machine is equipped with foot treadle,
chip blower integral with motor, aud a
forming attachment for cutting curved sur-
faces.

A spindle pulley brake fucilitates cutter
changes. It is possible to stop machine at
any speed and change cutters. all in ten
seconds, without jar or chatter.

All feed serews arve covered and ways are

shielded, ! wing parts are dynamieally
balanced. Large dinmeter graduated dials
permit aeccurate adjustment of all feed

screws to fractions of a thousandth.

Spindle is complerely enclosed. ball bear-
ing, running in oil. It is machined from a
solid bar of chrome manganese alloy steel
hardened and gzround inside and ont, with
splined drive. Spindle is mounted in a
high carbon steel sleeve, hardened and
ground inside and out. and sliding in a
hardened, ground steel bushing. The serv-
ice '\rrnngememq provide for quick replace-
ment of these Lwo parts, so that regardless.
of age, the spindle assembly will always.
retain its’ original aceuracy.
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ANNOUNCEMENT

OUR NEW PLANT IS
NOW COMPLETE IN
EVERY DETAIL. EN-
TIRELY AUTOMATIC
MACHINERY, THE
FINEST OF ITS KIND,
IS AT YOUR SERYV-
ICE. TO THOSE WHO
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Rola Model D-M

RADIO
MANUFACTURERS!

An electro - dynamic
loudspeaker of out -
standing performance is

electric phonographs.

LIVERIES IN QUAN-

TITY WE OFFER OUR
FACILITIES.

DURING the past season the Rola ‘““Dynamic”
created a sensation among radio dealers and
users for its brilliant performance.

This performance is founded on correct. enlight-
ened engineering and upon careful fabrication
from quality materials.

Rola now offers its stripped electro-dynamic
head to the manufacturing industry as the com-
plete answer to the loudspeaker problems of
quality set and phonograph makers.

This unit will be found of extraordinary effi-
ciency and response range and can be wired in
for excitation from any modern power pack.
The exciting energy is from three to eight watts.

The field coil can be wound to meet anvy voltage-
current ratio. Mounting of the unit is simpli-
fied by welded construction permitting bolting
direct to baffle board.

Inquiries for details, blueprints and prices from
responsible manufacturers are solicited.

The unit illustrated above is the
Rola D-M electro-dynamic repro-
ducer head, and is one of fifteen
models of dynamic and magnetic
loudspeakers manufactured by the
Rola Company.

CONDENSER CORPORATION
OF AMERICA

THE RoLA COMPANY

OAKLAND, CALIFORNIA: 45th and Hollis Sts.

259-271 Cornelison Ave., Jersey City, N. J.
CLEVELAND, OHIO: 2570 East Superior Ave.
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L. M. C. Silver Welded Resistors

(Patents pending)

e g—

1.— Bare Refrac-

tory Tube

2.— Copper Term-

inals with welded @ @ @

connections shown From the metallurgical laboratories of Lautz again comes a

3—LM.C. Special meritorious contribution to the radio production field

Resistance Wire The new silver welded L.M.C. resistor makes a permanent, solid
: contact — practically does away with terminal joint trouble — has
4—L.M.C. Special . s
Heave E A a much lower operating temperature coefficient — and absolutely
SERYS RIS establishes and maintains an average increased working life of
over 100%. They cost no more than the average resistor.

Sample inquiries and specifications invited from manufacturers

LAUTZ MANUFACTURING COMPANY, INC.

Electrical Alloy Products—Controlling Devices

245 N. J. R. R. Ave. Newark, N. J.

e Iu ~-AMSsco Individual—Independent

——— Speaker Volume Control
“BATHTUB”

CONDENSERS

Have been adopted by the
largest manufacturers of sets
and kits and are specified in
all leading circuits. Mount-
ting holes on all sides of
the frame permit mount-
ing of the condenser in
any position necessary
for drum dials or reg-
ular panel dials. The
tuning curve affords
a uniform distribu-
tion of all sta-
tions. De Jur-
Amsco “Bath-
tub’® Con-

The Centralab Constant
Impedance Volume Con-
trol is the only unit that
allows a number of
speakers operated from
the same amplifier to "
be controlled individually
without affecting the other
speakers in the circuit.
It is a dual resistance unit
with one resistance shunt-
ing the speaker for volume
control and the other re-
sistance in series with the
line.

ener Nl Constant Input Adjusting the knob varies
double, Resistance both resistances so that
ac:;’ru’p”l‘: List Price— while one short circuits the
combina- $3.00 speaker to control volume,
tions in all / the other resistance is
22{’:,&‘!;;2‘? - added to the line maintaining a constant impedance.

Easy to install, smooth and efficient in operation.
Send for interesting booklet of picture and wiring
diagrams, “Voltage and Volume Controls—Their

ally cali-

brated and
perfectly
matched.

Write for
Catalog

DeJur-Amsco CorpPorATION
Broome and Lafayette Sts., New York City 22 Keefe Avenue, Milwaukee, Wisconsin
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A New EBY Idea

No Insulating Washers—No Nuts

Here's something worth designing around—a pair of tip jacks moulded as inserts
in a _brown bakelite strip—available engraved “Speaker” or ‘‘Phonograph””. No
insulating washers—no nuts—improved appearance — positive contact — worth-
while economies in assembly. Samples and quotations on request.

The H. H. EBY @ Mfg. Co., Inc.

©

4710 Stenton Ave. @9 Philadelphia

A Promise for COILS | «um
1929 Radio and

During 1928 Hardwick, Field, Inc. built the best resistors G l U

brains and materials could produce. enera se |
If money can buy a better resistor in 1929, Hardwick, Field,
Inc. promise to produce it.

That is why so many leading manufacturers are buying the
Har-Field Resistor in ever-increasing quantities. They recog- R ME R s

niz¢ in its unusual dependability, a constant endeavor to
build the perfect resistor.

R d.
Light

and

|

A

Some of the more prominent concerns now using Har-Field
Resistors are listed below:

Western  Union Telegraph Stromberg-Carlson Tel
Company Manufacturing Company
lensen Radlo mfg. Co. Kolster Radio CorPoration
Splitdorf Electric Co. American Transformer Co.
Colonial Radio Corp. Fansteel Products Co.
SamsoblgElectricliCo, Zenith Radio Corporation

hiladelphia st L3
’ Baatt‘z-r[; I(;om[mnyo b Crosley Radia Corporation

Tell us about the resistor you want. If we can't
:uplgly you from our standard range of sizes, we
&

shall be glad to make up samples for you with prices.

Write to

HARDWICK, FIELD, INC.

v I lv
Sales Office: AR- FI El Factory:
122 G - 215 Emmet .
wich Strre:ent ! /. Street, Let Us Quote On Your Requirements
New York WIRE-WOUND Newark,

City. N.J. GARDNER ELECTRIC MANUFACTURING €0.
RESISTORS EMERYVILLE, CALIFORNIA

Power
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for
Television

Reception

This lamp is made in numerous types and styles,
which provide suitable light sources and light-sensi-
tive relays for all systems.

List Price, 57.50

for
Television

Sending

This is an extra-sensitive broadcasting tube, supplied
in either hard vacuum or gas-filled types, and in twe
sizes of each.

Information and prices on applieatinn

g Raytheon BH%

LONG LIFE RECTIFYING TUBE

for
“B” Power

Eliminators

Over a hundred different makes of “B” Eliminators
require this tube, and take ne other. There are mil-
lions of them in daily, satisfaction-giving use.

List Price, 54"70

Write for further information on any of this equipment

RAYTHEON MFG. COMPANY
CAMBRIDGE, MASS.

ARMOR
Radio Tubes

Manufacturers of a full line
of radio tubes, including the
new A.C. types, 226 and 227.

Armor tubes are fully guaranteed

("]

Armstrong

Electric & Mfg. Co., Inc.

187-193 Sylvan Avenue
Newark, New Jersey

e

y. . -

T 4 . € i G - G &

vee? $2.50

P CC L T

NATIONAL

VELVET VERNIER DIALS

NATIONAL CO. INC., w & READY. PRESIDENT MALDEN, MASS.

For Every Rad;)—Use— N

e

- cede e
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de Forest

N producing De Forest Audions the best
Imelhoda and  materials are invariably

sought to insure tubes of excess life. They
are not made to a cost basis nor to meet coni-
petitive prices.

Whenever possible, molvbdenum, rather
than the far cheaper nickel, is emploved since
the former is less “spongy” and therefore in-
sures a better vacuum.

De Forest Audions are pumped for 300
seconds (as against the usual 72 seconds) an
initial vacuum of 15 microns is obtained (as
agains! the usual 90 microns). When com-
pleted the vacuum is reduced to 1 micron
which is an exceptional vaewum.

Even under abuse De Forest Audions will
outlast the ordinary vacuwn tube.

Write for technical data.

DE FOREST RADIO CO.

Jersey City ta

New Jersey

N the

sea of uncertain-

| perfect A-C radio

ty, many would-be

tubes are marketed.

How vastly different
from Arcturus “labor-
atory-production”
procedure. To retain
the laboratory’s fine
thought and painstak-
ing craftsmanship in
production are the
problems that make
for tube perfection. ¢

| Arcturus accom-

plishes this! Arcturus
’A-C Long Life Tubes
are recognized for these
laudable qualities.

Page 51

The QOUEST

for PERFECT A-C TUBLES
~~~ ends here

No other radie
tubes have so
many advantages:

The elimination of
ceramic between the
heater and cathode

Efficienicy unimpaired
by line surge &

Exclusive, thorough
evacuation of each
and every tube

Larger, active emitting
area—and average
life over 2,000 hours

Greater, undistorted
amplification v

Standardized by 26
independent set
manufacturers «

The quest for perfect
A-C tubes ends here.

I ENGINEERING FACTS HAVE A UTILITY SIGNIFICANCE o)
1 TO THE BROADCAST LISTENER &

wwwW americanradiohistorvy com
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ARCTURU

A-C onc LIFE TUDBES

NEWARK, N.J.
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Type 446

General Radio yoLTAGE

Price—$2.75

The Type 446 Voltage Divider has been espe-
cially designed for use as an output potentiometer
device for 300-volt rectifying systems. It is wound
in two sections, one of 15,000 ohms for the plate
supply and a 1500-0hm section for obtaining ‘the
bias voltage for a power tube. It is equipped with
four ad}ustable sliders, suitably engraved, by means
of which any combination of voltage may be ob-
tained from the plate-supply unit. This unit will
dissipate 60 watts. If intended for use with a 500-
volt rectifying system two voltage dividers should
be connected in series.

GENERAL RADIO CO.

Bulletin No. 931 on Request
30 State St. Cambridge, Mass.
274 Brannan St. San Francisco, Calif.

HOTEL MAJ ESTIC

CENTRAL PARK WEST
72nd STREET

Situated in New York's finest residential dis-
trict, facing beautiful Central Park. Only 5
minutes from the smart shops, theatres, rail.
road terminals.

Service and (uisine of Traditional Fame
The Majestic has always been the residence of
many distinguished visitors to this continent.

uul\\N\

Special weekly, menthly, seasonal
and yearly rates,

, “,.“.mmlﬂi “ mm“

ALhAMBRA

CONE SPEAKER PAPER

ALHAMBRA
PAPER gives AB-
SOLUTELY UNI-
FORM RESO-
NANCE. It has no
resonance point of
its own. Just as

the cone speaker {8
supreme in radio re-
production, 8o also
i8 ALHAMBRA
supreme in fmpart-
ing the utmost in
tone quality.

The small clock and interior cabinet cone do pot equal in soft, natural
toni the separate cone made of ALHAMBRA which Is used by high class
ma.

Cona speaker manufacturers are invited to communicate with us concern-
{ng thelr requirements for the coming season. I{BRA Is fumlshed
in sheets suitable for cone speakers of 13 inches to 38 inches diamete
special sizes to order. Prompt shibment RuAranteed.

The SEYMOUR CO., 323 W. 16th St., New York City

PHOTO-ELECTRIC CELLS
THE BURT CELL

Without FaﬁTue—Highly Sensitive
Absolutely Reproducib i

The BURT-CELL is made by a new melhod and should
not be confused with any other photo-electric ceil. By a
epecial process of electrolysis, the photo-electric metal is
introduced into a highly evacuated bulb directly through
the glass wall of the bulb, giving photo.electric material
of absolute purity. The aupenorlty of the BURT-CELL is
due to these features, making possible results never before
obtainable. Descnhed in Bulletin No. 271.

als: manufacture _the STABILIZED
OSCILIOSCOPE—the only VISUAL OSCILLO-
GRAPH having a linear time axis and no
inertla—glving nn accurate picture of high fre-
quency wave form:
Wme ‘for Bulletin 282.

DR. ROBERT C. BURT

Manufacturing and Consulting Physicist

CORE LAMINATIONS

for Audio & Power Transformers —

Chokes

A large variety of standard shapes carried in stock.
Special designs stamped to your order.

QOur BOOKLET on LAMINATIONS (sent on re-
quest) gives specifications of Stock Standard Shapes,
and contains much data of value to the designer—
and buyer.

Lamination Stamping Company
764 Windsor Street, Hartford, Conn.

327 S. Michigan Ave., Pasadena, Calif.
ALL KINDS

GEAR SMALL

¥ The most accurate made and prices reasonable.

We carry a complete line of gears in stock for

immediate shipment. Can also quote on special

gears of all kinds. Send us your inquiries.
Write for Catalogue 200

CHICAGO STOCK GEAR WORKS
105 South Jefferson Street, Chicago

“SWEDMAG?”
COLD-FINISHED MAGNETIC IRON
99.80% Pure
Made from Swedish Magnetic Ore for Radio Pole-pieces, Cores,
etc., Electrical Instruments, Solenoids, Switches, Laminations.

etc. Write for descriptive literature.
DAVID REID, Jr., Co., Inc., 85-89 Adams St., Brooklyn, N. Y.

www americanradiohistorv com
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Polymet Manufacturing Corp.
601 Broadway, New York City

Page 53

HEAVY DUTY

/, Hi-Watt Rheostat
by Carter

Will not break down or
hurn out under heavy loads.
It withstands the heavy
duty in “A” Eliminators
and in primary controls of
“B” Eliminators as well as
for use in receivers.

The resistance is wound on
asbestos, which cannot bhurn out or
Warp.,

Made in both Rheostat and
Potentiometer Type from 15 to
50,000 ohms. Dissipates 50 to 150
watts. Can he used to control
fractional horsepower motors.

N Send us your specifications. Ve

_T'h_e ,  will be glad to submit sample for
Majority’s your approval.

Choice.”
Carter Radio Co.,Chicago, Ill.

&E’@@E‘ THE NAME GUARANTEES
1. > THE PRODUCT

OIlL

OF ALL KINDS

Aluminum
Composition
Lead
Tin

Zinc

REYNOLDS
METALS CO., INC.

LOUISVILLE, KENTUCKY

wwWw americanradiohistorvy com
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1. 10 K.C. Selec-

tivity
2. Absolute Ilat-
T o p_ Syuare

Cut-off Tuning

Great Features |-
Tell You Why |,

5. Coucealed Wir-
ing

G. Simplified Op-
cration

6 () O O 7. Natural Repro-

RADIO-TRICIANS
Are Offering These 4 New
Hi-Q RECEIVERS

Custom-built to Any Pocketbook !

N() man can use the title “ RADIO-TRICIAN”

Sereen-Grid
Tubes

Stage-Shielded
Steel Chassis

8. Coast-to-Coast
Reception

unless he can qualify as a radio expert. So
when we tell you that 6000 authorized
“RADIO-TRICIANS” throughout the country are
building the new Hi-Q 29 Receivers you must agree
that these receivers MUST have outshmdmg qua]mes.

The biggest advance of the year in radio design
is the “Band Pass Filter”—a system which effects
absolute FLAT TOP square cut-off TUNING with
positive 10 K. C. selectivity. This is the hig feature
of Master Hi-Q 29 Receivers. No other set in the
world has it 1o our knowledge. It eliminates “cross
tali” even in crowded areas which have many powerful
stations and gives a Super-sensitivity and Super-selec-
tivity which assures coast-to-coast reception. Further
than this, it produces a quality of tone which we have
never heard equalled in any veceiver!

There are FOUR Hi-Q Receivers for 1929—the
Junior Hi-Q 29 at $54.35; the Junior A.C. Hi-Q 29 at
$101.50; the Master Hi-Q 29 at $99.50 and the Master
A.C. HiQ 29 a1 $151.50 — four wonderful receivers
which meet practically every range ol pocket- -book.
All these instruments are the joint creation of
Ameriea’s ten leading parts manufacturers. All are
stage-shielded, Duilt on steel chassis from the finest
parts availuble in the industry.

If You Want Real Radio Value,
Write for our New 80-Page Book

The new 80-page Construetion Manual is the biggest and most com-
plete book of its kind ever published. Tells how to build all 4 new
1i-Q Leceivers. Photos and diagrams illustrate every detail. Covers
power amplifiers, tube and IJJIIL‘I\ combinations. antennae. installa-
tion, short-wave adapters, house wiring and a wealth ol other data
on custom-built radio. Price 25c,

HAMMARLUND-ROBERTS, 1182-G Broadway, New York

,l/l/ammarlund
Roberts
C’uéfom:jutl O

Radio

Associate Manufacturers
Sangaine Electric Co.

Acme Wire Co. (Parvolt) Benjamin Elee. Mfg. Co.

International Reslstance ordarson Elec. \fo Co. Arcturus Radio Co.
Co. (Durham Resistors) Hammarlund Mfg. Electrad, Ine. (Truvolt)
Radial Co. {Amperite) Yaxley Mfg. Co. Westinghouse Micarta

|

RESISTOVOLT ANTENNAVOLT |

Combination Resistovolt
and Socket Antenna I

Voltage Controller
Automatic—Air-Cooled

The advantages
of a light socket
antenna have
long been known
but were obtain-
able only through
great inconven-
ience. ANTEN-
NAVOLT gives
sharper tuning,
less static,
greater  volume,
completely enhanced reception
—all the benefits of a light

Automatically
checks all line
voltage in excess
of 110 volts, pro-
tecting your
tubes from slow
burn-out or line
surges. Protects
tubes and set
wiring in case of
short circuit by acting as a
fuse. Banishes line noises
caused by the use of elec-

| tric appliances, switches,etc.,

in the home. This new De- p 3
Luxe model is completely socket antenna without tying
Air-Cooled regardless of up the socket for set current

PLUS giving RESISTOVOLT
VOLTAGE CONTROLLING
PROTECTION! $2 25

Consumes no current.

overload. All metal, entirely

$l 7 automatic, uncondi-
. tionally guaranteed.

Consumes no current.

Complete Television Kits

Model B-1 — Without amplifier or Television Tube.. $37.50

Model 45 Same as B:1 with improved motor.... 45.00

| Model 52 Same as 45 with four-stage amplifier... 52.00

Model 63 Same as 52 with Television Tube...... 65.00
Model A-1 — Model 65 completely built up on metal ‘

STANd s - o s A B R Ly g - $100.00

Also All Parts tubes, motors, discs,
amplifier, etc. Write for catalog.

Your dealer can supply, if not
remit cost to manufacturers: l

INSULINE CORP. OF AMERICA
78-80 Cortlandt St. New York City, N. Y. |

= a

]
YEARS Ahead!

Radio condensers come and go—but
the Hammarlund “Midline” keeps
ahead.
Built with watch-like precision and
embodying every feature demanded
of a modern tuning instrument, the
Hammarlund  *“Midline” Condenser
has won world-wide renown.
Your choice of a manufacturers’
model, *“Battleship” multiple, or the
standard riodel in all canacities—
single, dual, triple and quadruple, at
interesting prices.

co.,

HAMMARLUND MFG.
424-438 W. 33rd St.,, New York

Let us Jor Batton Radic
Cooperate ammgr[und
With You PRODUCTS

WIRE=—-=

STRAND—Antennae (plain or enameled)—Dou-
ble Galvanized.

WIRE—Antennae (plain or enameled). Connect-
mx and Ground (Rubber covered, braided or

n).
BLFS BAR—Lilzendraht-Locp.
MAGNET (Cotton or Silk).

John A. Roebling’s Sons Co., Trenton, N. J.

|
!
!

P e e ]

CONDENSER SPECIALISTS

We make ane thing and
impregnated paper condensers in medjum and
large capacities. We make no set hardware, no
eliminators, no transformers, no parts, Do 8ets.
Qur entire concentrated effort is on one product
. Such specialization assures highest quality.
economical production and dependable service,
Millions of Fast Condensers now in use in lead-
ing sets and eliminators. Send ul your

wecuﬁcatlonl

JounERer&@ Txi %l

one thing only—wax
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CONDENSERS AND RESISTORS

Without A Doubt
The Most Complete Line of
Condensers & Resistors

Short-Wave Set
You Can Rely On

All sorts of excitement and
adventure are to be found now-

Filter Blocks Pyrohm Heavy Duty d L o

Buffer Blocks Edison Base Pyrohms »duysonathe shdffrsverbands

Socket Power Tapped Pyrohms —"below 200.” But if you use

High Voltage Wire Wound Units one of the hastily designed sets

gransmitting Grid Suppreszlors which give good reception on
ypass Center-Tapped Units - T

“A” Power Non-Inductive Lavite som: \\mehlen(_ths andilrliot .so

Bakelite Moulded Mica Grid Leaks goociopiothierso=you Jul | ouiss
Condenser Resistoformer Kits a lot of fun,

Interference Filters Resistor Mountings | S-M “Round-the-World”

Four sets cover the entire band from 17 to 200 meters—with 4

A ith i i d tailed
A Complete Catalog Zlv;:crip::lou:;rz:l:;‘sbe aoltainjfi afll_ee! quick-action plug-in coils. The aluminum cabinet gives per-

of charge on request. fect shielding, and entire freedom from hand capacity effects.
The Aerovox Research Worker You can build up an S-M 730 in 3 hours time; you will have

is a free monthly publication thatl a really reliable short-wave set—and the cost will be no higher.

will keep you abreast of the latest|

developments in radio. Your name| COMPLETE KIT

will be put on the mailing list free| Everything necessary to build the complete four-tuhce r.f. regencrative
(non-radiating) short-wave set, including aluminum cabinet and two S-M

ot charge on request. Clough audio transformers.
- 730 Complete Kito.oooovv o $51.00 730 Set, Wired. oo $66.00

ADAPTER KIT

Complete with aluminum cabinet. less the two audio stages. Used with an
adapter plug, it converts any broadcast receiver for short-wave use. Ideal
for Television.

731 Adapter Kitoovvoinann.. $36.00 731 Adapter, Wired.......$46.00
ESSENTIAL KIT

Contains the two tuning and tickler condensers, four wound plug-in
= coils, coil socket, and three r.f. chokes, with full instructions for builcling
: a l, 2, 3 or 4-1ube set.

= — - 732 Essential Kit. .. .iuuieieiiiiiessceistirecessertisessennss $16.50

U N l T E D S C l E N T l F l C LA B | . S-M 5-Prong Midget Plug-In Coils
Type UXB Three Gang Condenser | — = The new S-M coils for short and

L ety m— "

broadcast waves. Wound on forms of
threaded moulded bakelite.

You can use your Round-the-World
Four on broadcast bands with these
new coils—131X for 190-350 meters,
$1.25; 131Y for 360-650 meters, $1.50.

Unwound coil forms, 130P plain or
130T with 98 threads, 65¢. each.

'l;lgiTlﬁxlm jol)l. \vh'ilg]h is smalll and con{})cht;, i(s:oesylveciall_v suited folr NewS-M324PowerTransformer
shielded work. e popular type UD ndensers are used. =

They can be had in B her 000SMF or .00035MF Capacitics, | g Scven hundred and fifty volis D. C.—per-

| ectly rectified and filtered, free from hum and

f % suitable for plate supply for trunsmission or for

reception—is madc available at low cost by the

’ new S-M 324 power transformer. A big, husky

sixteen-pound transformer. Two 750-volt, 150-

illi; daries (s -t d 1500-
m Let Us Quote m Z | Vol windingd, used with twe 281 type rectifier
= tubes, will supply up to 150 milliamperes at
on Your over 700 volts. Price, $25.00.
% 1929 30 % Use the Coupon
i amped m Specifications m SILVER-MARSHALL, INC.
g Type UXB Brass 854 W. JACKSON BLVD., CHICAGO, U.S. A.
| Condenser (Note Re- % J =
movable Shaft) E
. . . = |
United Scientific Laboratories, Inc. Silver-Marshall, Inc.,
117 Fourth Avenue, New York City | 854 W. Jackson Blvd., Chicago, U. S. A,

. D Send your 24-page catalog.

BRA For 10c enclosed, send S sample Data Sheets, including
CRANCH GRANCHE = LI Shore Wave Circuits and 6760 Amplifier. o/ link those on
St. Louis i s e = [] Send Radiobuilder No. 7 describing 750-volt D. C. circuits.
Chicago B Los Angeles I

Boston Tl:D SCIENBB Philadelphia =S |

Minneapolis e San Francisco = | | cecccceccstetianatit ittt iiiatiiitie ittt etansoaensoasennn Name

Canadian Offices: London, Ontario

IR
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TIMMONS POWER AMPLIFIER

i g P — LAST MlNUTE SPECIALS Each
Dynamic B BXE Thordarson Audio Transformers, 2—1. 3%—1 wire leads; shielded........ §1.25
Speaker Less Tubes Filter  Condensers. 3¥%-mfd. —btmmhem C G00 D.C. Working Voltage 1.50

Filter  Condensers, 7 wfd.—Dnbllier 600 D.C. Working Voltake 2.75
And Special at Filter  Condensers, 2 mfd.—R.C.A. 250 D.C. Working Voltage .35
Phonograph By-Pass Condensers, 1 mfd.—Poiymel...........cc.ouivnuieninien..n .25
T $11.50 each Westinghouse Voltimeter—Double Range—0-5. 1-150 (Pin Jack Type)....... 1.75

ick-Up

Six for $63.00 W. K. Skidmore & Co., 233 Broadway, N. Y. City

O e o B PH. DUBILIER

= Manufacturers’ Representative

‘(l.‘(‘llrl; 3:“‘“)'1“(&‘ : Territory covers New England, New York and Pennsylvania
]!‘anyt‘acturet-s Ei(pf_vrt Managérs ¢ 40-42 West 17th St., New York, N. Y.

. 11§ Broa i Streety Neweork: 7, &P
sc.g..e.fc..n, equlpptd to. iy &

) @nom catly export d’en %

()p.um' kd Ifammnym.

e e

Py
“\’V,.« XY <5 e C\ February Design

WP J fuedinog et Wmopoouo) y »f; I ;
- ssue

NEW SHIELDED == The February issue of

GROUND-ANTENNA = = Radio Engineering will
Gets Clearer Reception — ..o i
A wonclerful  thing has happened in :: deal ‘V]'tll deSIgll tl.e]lds
adio!  New couvenience. Less statie
intermciont | Semer, " ione™ P for 1929-30.

the
amazing, tested. apvroved Earth Anlonnn

TEST IT FREE You don't have to

take our word how-
ever, or that of engineers. for the value of
the Earth Antenna. Just write today for the
thrildng  details of this Important radio

= Advertising Forms
development and ocur FREE TRIAL OFFER. 4
MODERN ANTENNA CO.. Dept. 6054-A, St. Ciair Bldg., Close Janllal'y 28th

Cor. St. Clair and Erie Sts., Chicago. IlI.

| EARTH ANTENNA

WANTED Custom Work in Super Hets a Specialty
- H. & F. RADIO LABORATORIES, Inc.

Engineer and Factory Manager Radio Engineers
A radio engineer thoroughly conversant with the latest 72 Cortlandt St., New York City

improvements in modern broadcast receiver construc- Consulting Experts to Manufacturers
tion, has an unusual opportunity to connect with a sub-
stantial Chicago company, whose present financial
standing assures future srowth. This position offers

a real opportunity for an able man. The ability to
direct a factory producing several hundred chassis LARGE PRINT OF SCREEN GRID
daily would be desirable, but not necessary. FIND- ALL FOUR —_50c¢

Write fully in confidence, covering education, experi-

el (el (et absy. G [l S Complete Constructional Directions — $1
t, etc.

ment, etc ALLIED ENGINEERING INSTITUTE
Address A.O.H. c¢/o RADIO ENGINEERING 30 Church St., Suite 429 New York, N. Y.

TESTING OF RADIO APPARATUS

Permeability and Hysteresis Curves of iron samples. H
Condensers tested for life, voltage breakdown, leakage, etc. -
Input and output curves of socket power devices—Oscillograms.

80th St. at East End Ave. ELECTRICAL TESTING LABORATORIES New York City, N. Y.

wwWw americanradiohistorvy com
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=
BENJAMIN FRANKLIN

Chestnut at Ninth Street
PHILADELPHIA

The traveller or permanent
guest is assured of attentive serv-
iee, enjoyable environment and
the highest refinements of good
living at The Benjamin Franklin,
Here you will find, combined in
an unusual manner, the tradition-
a) hospitality of
wmore leisurely
times with the
most modern
hotel appoint-
ments,

Twelve huaadred rooms,
each with bath

Rates commence
at $1.00

\;,l, Il ;"l Hxﬂﬂﬁﬁi l MIIFF—?
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FERRANTI

Audio Frequency Transformers
and Radio Products

receive preference by engineers
who KNOW!

Real audio transformers with flat curves.
Special output transformers for all speakers
and tubes. High grade iron core chokes for
“B” Eliminators. Three range portable meters.
1,000 ohms per volt. 10/50/250 scale. Three
range portable meters. 200 ohms per volt.
150/7% volt and 15 Mill. scale with switch.
By-pass Condensers-2MF-400 volt and 200
volt. Circulars sent on request.

Write for details of the new Ferranti Push-
Pull Licensed Power Amplifiers for 171-210
and 250 tubes.

Send 15¢ in coin for copy of 1929 Ferranti
Year Book.

FERRANTI, Ltd.
Hollinwood,

FERRANTI, Inc.
130 West 42nd St.

FERRANTI ELEC-
TRIC, LIMITED

.‘_- i

A C. Lme
Voltage Control

For Radio Set Manufacturers

A remarkably convenient and!
atticient device which auto-

matienly handles A. C. line
fluctuation over a broad
nlafeers range.
Cost surprisingly low.
For mformatwn
Write Dept.
RADIALL CO - 5 “‘ ==

50 Franklin St.,
New York, N. Y.

Fhe"SELF Amw

S ———————=

AERO GREEN BOOK
Now Ready---Send for it!

The Big Green Book gives the very latest details on Aero Coils and Kits,
Short Wave Radlo, newest hroadcast radio receivers, short wave converters,
telephuzlbe transmitters, coil kits, adapiers and a host of new wrinkles

24 Different New Iits Shown for |9
The kits evervone is tn]l\lnu about are lul‘l)\ de\cnbed in tl}\e new 1929

Aero Green -29, 6-29. Chr etropoliran.
'l‘r'l?i ]In!eumtlonnl Slundnrd R1dlophone—ln Shleld Grid, A.C. and D.C.
models.

Be sure to send for your copy of this 25c Big Green Bool\—-wqrth $25.00
anyone who wants to keep up with the latest radio wrinkle:
\Inil coupon for your copy today—now!
AERO PRODUCTS, Inc.
4611 E. Ravenswood Ave. Dept. 798
MAIL THIS COUPON NOW
Aero Products. Ine. 4611 E. Ravenswood Ave., Dent. 211. Chicago. 1Ml
Send me Your Riz Aero Groen Mook, 25c. giving the latest information

Chicago, IlI.

on what’s new in radie. short wave. etc.
Name

England New York, N. Y. Toronto, Canada
‘m R 31 Yeal:
of Service S t B .ld
To the Trade e ul ers

Our new
Appliance Catalog is now ready.
your copy now—it’s free.

Every kit that is worth its salt is carried in l
stock—ready for immediate delivery.
Practically every nationally known manu-
facturers’ products are in stock. |

100 page Radio and Electrical
Send for

Qur service is distinctively different! When
you want real service, see ROYAL-
EASTERN.

31 Years of Service to the Trade

This is our record — For more than 31 years we have
rendered real honest-to-goodness service to our clien- |
tele.

Tie up with a house that is well financed — and i
firmly established.

Royal-Eastern always furnishes that which is ordered

— We never substirute — There is no substitute for
Royal-Eastern Service —

Our stock is one of the largest East of the Mississippi
River.

Don’t delay — Send for your copy of the compre-
hensive buying guide! No obligation will be incurred.

Royal-EasternElectrical Supply Co. 31 Years |
’ of Service
24 West 22nd St.,, New York City To the Trade l
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Buyers Directory of Equipment and Apparatus

Readers interested in products not listed in these columns are invited to tell us of

their wants, and we will inform the proper manufacturers.

Information Bureau.
Addresses of companies listed below, can be found in their advertisements—see
index on page 62.

ADAPTERS:
Carter Radio Co.

ALUMINUM:
4lzminum Co. of America

ALUMINUM FOIL:
Aluminum_Co. of America
Reynolds Metals Co., Inc.

AMMETERS:
General Radio Co.
Jewell Elec. Inst. Co.
Westinghouse Elee. & Mteg. Co.
Weston Elec. Instrument Corp-
ANTENNAE, LAMP SOCKET:
Dubilier Condenser Mfx. Co.

ARRESTERS, LIGHTNING:
.{e“en ll‘leci Ir;st Co.
Muter, Leslie
Westinglhouse flecc. &. Mfg.

BASES, VACUUM TUBE:
Formiea Insulation Co.
National Vuleanized IFibre

BINDING POSTs:

Eby. II. II. Co
General RRadio Co.

BRACKETS, ANGLE:

Scovill Mfg. Co.

BRASS:
Copper
Agsn.
Scovill Mfg. Co.
BROADCAST STATION
EQUIP'T:
Cardwell, Allen D.,
General Radio Co.
Radio Engincering Laboratories
BUTTS:
Scovill Mfg. Co.

CABINETS, METAL:

Aluminum Co. of America.
Copper and Brass Research

Co.

and Brass Research

Mtg. Co.

Assn, .
Radio Engineering Laboratories

CELLS, PHOTOELECTRIC:

Burt, Robert C.
Raytheon Mfg. Co.

CERIUM:
Independent Labs.

CHARGERS:

Benwood-Linze Co.
Elkon Co.

CHASSES
Aluminum Co. of America.
Copper and Brass Research

Assn.
Unllted Scientific Laboratories,
ne.

CHOKES, AUDIO FREQUENCY:
American Transformer Co.
Genera! Radio Co.
Siiver-Marshal\, Ine.
Thordarson Elec. Mfg. Co.

CHOKES, RADIO FREQUENCY:
Cardwell. Allen D., Mfg. Co.
General Radio Co.

Radio Engincering Laboratories
Silver-Marshall, Inc.

CHOKES, B ELIMINATOR:
American Transformer Co.
Dongan Elec. Mfg. Co.
General Radio Co.
Silver-Marshall, Inc.

CLAMPS, GROUND:

Mnuter, Leslie F., Co.
Secovill Mfg. Co.

CLIPS, SPRING:
Scovill Mfg. Co.

COIL FORMS:

General Radio_ Co.
Silver-Marshall, Inc.

COILS, CHOKE:

Dnils Mtg. Co.
Westinghouse Elec. & Mfg. Co.

COILS, IMPEDANCE:
Dudlo Mfg. Co.

COILS, INDUCTANCE:
Aero Products Corp.
Cardwell, Allen, D., Mfg. Co.
General itadio Co.
Hammarlund Mtz Co.
Radio Engineering Laboratories
Silver-Marshall. Inec.

COTLS. MAGNET:
Dudlo Mfg. o,

COILS, RETARD:
Hammarlund MIx. Co.

COILS, SHORT WAVE:
Aero Products Corp.
General Radio Co.
Hammarlund Mfg. Co.
1tadio Engineering Laboratories
Silver-Marshall, Inc.

COILS, TRANSFORMER:
Dudlo Mfg. Co.

CONDENSER PARTS:

Aluminum Co. of America
Scovill Mfg. Co.

CONDENSERS, BY-PASS:
Aerovox Wireless Corpn.
Allen-Bradley Co.

Brown & Caine, Inc.

Carter Radjo Co.

Condenser Corp. of America.
Dongan Electric Mfg.
Dubilier Condenser Mfg. Co.
Fast, John E. & Co.
Muter, Leslie Co,,
I’olymet Megz. Co.
Sangamo Elec. Co.

Inc.

CONDENSERS, FILTER:

Aerovox Wireless Corpn.
Allen-Bradley Co,

Brown & Caine. Inec.

Carter Radio Co.

Condenser Corp. of America.
Dongan Electric Mfg. Co.
Dubiller Condenser Mfg. Co.
I"ast, John E. & Co.
Muter, Leslle Co.,
Pol.vmpt Mfg. b
Radio Engineering Laboratories.
Sangamo Elec. Co.

Ine.

CONDENSERS, FIXED:

Aerovox Wireless Corpn.
Allen-Bradley Co.

Brown & Caine. Inec.

Carter Radio Co.

Condenser Corp. of Amerlcn
Dongan Electric Mfg.
Dubilier Condenser l\lfg "Co.
Fast, John E.,

\luter. Leslie Co., Inc
Polymet Mfg. Co.

Radio Engineering Laboratories
Sangamo Elec. Co.

CONDENSERS, MIDGET:
Cardwell, Allen D, Mfg. Co.
Genera) Radio Co.
Hammerlund Mfg. Co.

Scovill Mfg. Co.
Silver-Marshall, Inc.
United Scientific Laboratories

CONDENSERS, MULTIPLE:

Cardwell, Allen D. Mfg. Co.
Hammarinnd Mfg. Co.
Scovill Mfg. Co.

Unfted Scientific Laboratories.

CONDENSERS, NEUTRALIZ-
ING:

Muter, Leslie F., Co.

CONDENSERS, VARIABLE
TRANSMITTING:
Cardwell, Allen D. Mfe. Co.
General Radio Co.
Hammarlund Mfg. Co
Radio Engineering Laboratories

CONDENSERS, VARIABLE:

Cardwell. Allen D, Mfg. Co.
DeJur-Amseo Co.

Guneral Radio Co.
Huammarhind Mfg, Co.

Radio Encineering l.aboratories.
Scovil) Mfg, Ca.
Nilver-Marshall. Ine.

Cnited Secientific T.zhoratorles

CONNECTORS:

Carter Radio Co.
Scovill Mfg. Co.

CONTROLS. TLLUMINATED:
Hammarlnnd Mfg. Co.
Silver-Marshall. Inec.

CONTROLS, VOLUME:
Carter Radio Co.

Central Radio Laboratories
Clarostat Co.

CONVERTERS:

Cardwell. Allen D., Co.
Electric Specialty Co.

CONVERTERS, ROTARY:

Electric Specialty Co.

COPPER:
Copper & Brass

Assn,
Scovill Mfg. Co.
CURRENT CONTROLS, AUTO-

MATIC:
Radiall Co.

DIALS:

Hammarlund Mfg. Co.
Scovill Mfg. Co.
Silver-Marshall, In
United Scientific Laborutoﬂes

DIALS. DRUM:
Hamwmarlund Mfyz. Co.
Sllver-Marshall. Inc.
United Sclentific Laboratories

DYNAMOTORS:
Electric Specilalty Co.

ESCUTCHEONS:
Seovill Mfg. Co.

EXPORT:
Ad. Auriema, Ine.

FILAMENTS:

Cohn, Sigmund.
Gilby Wire Co.

Research
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Address Readers’

FILAMENT, OXIDE COATED:
Independent Laboratories, Ine.
FILAMENT CONTROLS, AUTO-
MATIC:
Radiall Co.

FOIL:
Aluminum Co. of America
Reynolds Metals Co., Inc.
GALVANOMETERS:
Gemneral Radio Co.
Jewell Elec. Inst. Co.
Westinghouse Elec.
Co.
GEARS:
Chicago Stock Gear Wks.
GENERATORS:
Electric Specialty Co.

GETTER MATERIAL:
Independent Laboratories, Ine.

GRID LEAKS:

Aerovox Wireless Corpn.
Allen-Bradley Co.
DeJur-Amsco Co.

Hardwlck, Fleld. Ine.
International Resistance Co.
Lautz Mfg. Co.

Polymet Mfg. Co.

HARNESSES, A-C.:
Carter Radio Co.

HEADPHONES:
Awplior Co. of Amer.

& Mfg.

HINGIS
Scovill Mfg. Co.

HORNS:
Amplion Corp.
Racon lilec. o, Inec.
HORNS, MOLLED:
Racon Elec. Co., Inec.

INDUCTANCES, TRANSMIT-
TING:

Aero Products, Inc.

General Radio Co.

Radlo Engineering Laboratories.
Siiver-Marshall, Inec.

INSTRUMENTS, ELECTRICAL:

Jewell Elec. Inst. Co.
Westinghouse Elee. & Mtg. Co.

INSULATION LAMINATED
Formiea lusnlation Co.
National Vulceanized Fibre Co.

INSULATION, MOULDED:

Bakelite Corp.

Formica Insulation Co.
General Plastics Co.

National Vuleanized Fibre Co.
Westinghouse Elec. Mfg. Co.

IRON, MAGNETIC:
Reid, David, Jr.

JACKS:

Carter Radio Co.
Eby, H. Co.
General Radio Co.

JACKS, TIP:

Carter Radio Co.
Eby, II. H., Co.

KITS, SHORT WAVE:
Aero Products, Inc.
Radio Engineering Labs.
Silver-Marshall, Ine.
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HE Condenser that must be depended
upon to resist the tremendous energy
Iteld in leash in a powerful transmitter
might be likened to a great dam impound-

ing a reservoir of water and resisting
mighty forces tending to disintegrate it.

In the same manner as sound and
proven engineering principles must be ap-
plied 1o the designing and building of a
dam, if disaster is to he avoided, so must
condensers for high powered transmitters
be designed and fabricated according to
definite and well grounded rules. To use
a second rate condenser is to court failure
and disappointment.

CARDWELL TRANSMITTING CON-
DENSERS are preferred by the giants of
the Radio Industry. Can you better afford
to gamble than they?

L J
CARDWELL CONDENSERS
VARIABLE —
FIXED —-
TRANSMITTING —

RECEIVING
“THE STANDARD OF COMPARISON?”
L 4
LITERATURE UPON REQUEST
4

The Allen D. Cardwell Mfg. Corp.
81 PROSPECT ST. BROOKLYN, N. Y.

Page 59

The Ql'enaen

AUDITORIUM
SPEAKER

DYNAMIC, OF COURSE!

In 1927 Peter L. Jensen perfected the first success-

ful dynamic cone for use with conventional radio
sets—and thus set the stage for the great radio year

of 1928.

i And now new standards are established for 1929 by

the Jensen Auditorium Speaker. This new repro-
ducer is indeed a master stroke of creative genius,
a new perfecied type of the famous original
dynamic speaker, of which Peter L. Jensen is the
co-inventor.

Briefly, the Jensen duditorium Speaker assures ex-
treme volume of reproduction; with greater sensi-
tivity and a degree of fine tonal quality never pos-
sible before.

This new all-purpose speaker, ideal for theatres
and auditoriums and for out-of-doors, will be espe-
cially appreciated in the home, where its wide range
of ability meels every individual requirement.

Units for operation with 110 volts D.C., 220 volts
D.C. and 110 volts A.C. are ready for delivery now.
All models require approximately 18 watts for field
excitation.

JENSEN RADIO MFG. COMPANY
338 N. Kedzie Ave., CHICAGO, ILL.
212 Ninth Street, OAKLAND, CAL.

Jensen Patents Allowed and Pending-—Licensed under
Lektophone and Magnavox Patents

lensen

AUDITORIUM SPEAKER
=r
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Resistors
jor all Radio Circuits

50.000 2.

ADIO manufacturers, set builders and

experimenters demand reliable resistors for

grid leaks and plate coupling resistors. For such

applications Bradleyunit-B has demonstrated its
superiority under all tests, because:

1 —Resistance values are constant irre-
spective of voltage drop across resistors.
Distortion is thus avoided

2 — Absolutely noiseless

3 — No aging after long use
4— Adequate current capacity
§—Rugged,
6—Edasily soldered

solid - molded construction

Use the Bradleyunit-B in your Radio Circuits

J
Fixed and Adjustable N

Bradleyunit-B I

Radiostat

This remarkable graphite compression rheostat,
and other types of Allen-Bradley graphite disc
rheostats provide stepless, velvet-smooth control
for transmitters, scanning disc motors and other
apparatus requiring a variable resistance.

Laboratory Rheostat

Type E-2910 — for general laboratory service.
Capacnty 200 watts, Maximum current 40 am-
peres, A handy rheostat for any laboratory.

Write for Bulletins!

ALLEN-BRADLEY Co,,

279 Greenfield Ave., Milwaukee, Wi,

\\@@\-Bm@ Resistors 7

Radio Engineering, January, 1929

KITS, TELEVISION:

Insuline Co.
KITS, TESTING:

General Radie Co.

Jewell Elec. Inst. Co.
KITS, TRANSMITTING:

Aero Products, Inc.

Radio Engineering Labs.
LACQUERS:

Zapon Co.. The
LABORATORIES:

Electrical Testingz Labs.
LAMINATIONS:

Lamination Stamping Co.
LEAD-INS:

Muter, Leslie F.. Co.
LOCK WASHERS:

Shakeproof Lock Washer Co.
LUGS:

Muter, ILeslie F., Co.

Scovill Mfg. Co,

Shakeproof Lock Washer Co.
MAGNESIUM:

Aluminum Co.
MAGNETS:

Reid, David, Jr.

Thomas and Skinner

Products Co.

METERS:

Jewell Elec. Inst. Co,

Westinghouse Elec. & Mfg. Co.
MICROPHONES:

Amplion Co. of Ameriea

Westinghouse Elec. & Mfg. Co.
MOLDING MATERIALS

Bakelite Corp.

I'ormica _Insulation Co.

General Plastics Co,

National Vuleanized Fihre Co,

Westinghouse Klee. & Mfg. Co.
MOTORS:

Electrie Specialty Co.
MOTORS. ELECTRIC PHONO-

GRAPH:

Gordon, L. S.. Co.
MOTOR-GENERATORS:

Illectrie Specialty Co.
MOUNTINGS, RESISTANCE:

DeJur-Amsco Co.
NAMEPLATES:;

Scovill Mfg. Co.
NICKEL:

Colin, Sigmund
NUTS:

Shakeproof Lock Washer Co.
OSCILLOGRAPH:

Burt, Dr. Rob’t C,

General Radio Co.
OSCILLOSCOPE:

Burt. Dr. Rob't C.

Westinghouse Elec. & Mfg. Co.
PANELS, COMI’OSITION:

Formica Insulation Co.

Westinghouse Elec. & Mfg. Co
PANELS, METAL:

Aluminum Co. of Amerlea

Seovill Mfg. Co.
PAPER, CONDENSER:

Dexter, C. H. & Sons, Ine.

PAPER, CONE SPEAKER:
Seymour Co.

PHONOGRAPH MOTORS:
(See Motors)

PHOTOELECTRIC CELLS:
(See Cells)
PICK-UPS:
Buckingham Radio Corp'n
PLATES, OUTLET:
Carter Radio Co.
PLATENUM:
Cohn, Sigmund
PLUGS:
Carter Radlo Co.

General_Radio_Co.
Muter, Leslie F., Co.

POWER UNITS, A-:
Kodel Elec. & Mfg. Co.

of America,

Steel

www americanradiohistorv com

POWER UNITS, B-:
Dongan Elec, Mfg. Co.
General Radio Co.
Muter. Leslie Co.. Inc.
Silver-Marshall, Ine.
Thordarson Electrie Mfg. Co.

POWER UNITS, A-B-C:
Dongan Elec. Mfg Co.
General Radio Co.
Muter, Leslie Co.. Inec.
Silver-Marshall, Ine.
Thordarson Electric Mfg Co.

POWER UNITS, PARTS FOR:
American Transformer Co.
Dongan Elec. Mfg. Co.
General Radio Co.

Muter, Leslie Co., In
Thordarson Electrie Mfg Co.

YOTENTIOMETERS:
Allen-Bradley Co.
Carter Radto Co.
Central Radlo Laboratories
DeJur-Amsco Co.
General Radio Co.
United Scientific Laboratories

RECEIVERS, ELECTRIC:
United Scientific Laboratories.

RECTIFIERS, DRY:

Benwood-Linze, Inc.
Elkon, Ine,

REGULATORS, VOLTAGE:
Dedur-Amsco Co.
Muter, Leslie Co..
Radiall Co.

Ine.

RELAYS:

Cardwell, Allen D., Mfg. Co.

RESISTANCES, FIXED:
Aerovox Wireless Corp.
Allen-Bradley Co.

Carter Radio Cg.

Central Radio laboratories,
DeJur-Amsco Co.
Hardwick, Fietd. Ine.
International Reslstance Co.
Lautz Mfg. Co.

Muter, Leslie I‘ Co.
Pol)met Mfg. Co.

RESISTANCES, VARIABLE:
Allen-Bradley Co,
American Mechanical Labs.
Carter Radio Co.
Central Radio Laboratorles.
Hardwick, Fleld,
International Reslstnnce Co.
Muter, Leslie I*, Co.
Polymet Mfg. Co.

RHEOSTATS:
Carter Radio Co.
Central Radio Laboratories.
DeJur-Amsco Co.
General_Radio Co.
Muter, Leslie F., Co.
I'nited Scientifie Lahoratories.
Westinghouse Elec. & Mfg. Co

SCHOOLS, RADIO:

National Radio Institute.
Radlo Institute of Amerlea

SCREW MACHINE PRODUCTS:

Aluminum_Co. of Amerlea
Natioual Vulcanized Fibre Co.
Scoviil Mfg. Co

SHIELDING, METAL:

Aluminum Co. of America.
Copper and Brass HResearch
Assn,

SBHIELDS, TUBE:
Carter Radlo Co.

S8HORT WAVE APPARATUS:

Cardwell, Allen D., Co.
General Radio Co.

Radio FEmgineering Labora-

tories.
Silver-Marshall, Inc.

SOCKETS, TUBE:
Eby, H. H., Co.
ueneral Radto Co.
Silver-Marshall. Inec.
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SOLDER:
Westinghouse Elec. & Mfg. Co.

S8OUND CHAMBERS:

Jensen Radio Mfg. Co.
Rola Co.. The

SPEAKERS:
Jensen Radio Mfg. Co.
Muter. Leslie F. Co.
Rola Co., The

STAMPINGS, METAL:

Aluminum Co. of America
8covill Mfg. Co.

STEEL, MAGNETIC:
See (Iron Magnetic.)

SUBPANELS:

Formica Ins. Co.
Westinghouse Elec. & Mfg. Co.

BSWITCHES:
Carter Radio Co.
General Radio Co.
Muter, Leslie F., Co.
National Vuleanized Fibre Co.
Westinghouse Elec. & Mfg..Co.

TAPPERS
Bastern Tube and Tool Co.

TELEVISION PARTS:
Allen-Bradley Co.
Clarostat Co., Inc.
Insuline Co.

‘TESTERS, B-ELIMINATOR:
General Radio Co.
Jewell Electrical Inst. Co.

TESTERS, TUBE:

General Radio Co.
Jewell Elec. Inst. Co.

TESTING INSTRUMENTS:
General Radio Co.
Jewell Elec. Inst. Co.
Westinghouse Elec. & Mfg. Co.
Weston Elec. Instrument Corp.

TESTING KITS:
Jewell Elec. Inst. Co.

TESTING LABORATORIES:
Electrical Testing Labs.

TINFOIL:
Reynolds Metals Co., Inc.

TOOLS:
Kastern Tube and Tool Co.

TRANSFORMERS, AUDIO:
Amertcan Transformer Co.
Dongan Elee. Mfg. Co.
Ferranti, Ltd.

Gardner Elee. Mtg. Co.
General Radio Co.

Muter. Leslie. Co., Inc.
Sangamo lilee. Co.
Sitver-Marghall, Ine.
Thordarson Eleetric Mfg. Co.
Transformer Co. of America.

TRANSFORMERS.

B-POWER UNIT:
American Transformer Co.
Dongan Elec. Mfg. Co.
Ferranti, Ltd,

Gardner Flec. Mfg. Co.
General Radio Co.

Muter, Leslie, Co.. Ine.
Sangamo Elee. Co.
Silver-Marshall, Ine.
Thordarson Electric Mfg. Co.
Transformer Co. of America.

TRANSFORMEKS, FILAMENT
HEATING:
Dongan Elec. Mfg. Co.
General Radio Co.
Silver-Marshall, Ine.
Thordarson Ejectric Mfg. Co.
Transformer Corp. of America,

‘TRANSFORMERS., OUTPUT:
American Transformer Co.
Dongan Elec. Mfg. Co.
Ferranti, Ltd.

Guardner Elee. Mftg. Co.
Geperal Radio Co.

Muter. Leslie. Co., Inec.
Sangamo Elec. Co.
Stiver-Marshall, Inc.
Thordarson KElectric Mfg. Co.
Transformer Corp. of America.

TRANSFORMERS, POWER:
American Transformer Co.

Dongan Elec. Mfg. Co.
Ferranti, Ltd.

General Radio Co.

Muter, Leslie, Co., Inc.
Silver-Marshall, Inc.
Thordarson Electric Mfg. Co.
Transformer Co. of America.
Westinghouse Elec. & Mfg. Co.

TRANSFORMERS, R. F.,
UNED:

Cardwell. Allen D. Mfg. Co.
Silver-Marshall, Inc.

TUBES, A. C.:
Areturus Radio Co.
Armstrong Elee. Co.
Ceco Mfg. Co.
Cunningham. E. T.. Co.
De IForest Radio Co.
Gold Seal Elec. Co., Inc.

TUBES, RECTIFIER:
Arcturus Radio Co.
Armstrong Elee. Co.
Ceco Mfg. Co.
Cunningham. E. T., Co.
Gold Seal Elec. Co., Inec.
Raytheon Mfg. Co.

TUBES, TELEVISION
See (Cells, Photoelectric.)

TUBES, VACUUM:
Arcturus Radio Co.
Armstrong Elec. Co.
Ceco Mfg. Co.
Cunningham, E. T. Co.
Gold Seal Elee. Co., Inec.
De Forest Radio Co.
Raytheon Mfg. Co.

UNITS. SPEAKER:
Amplion Corp.

VOLTMETERS, A. C.:
General Radio Co.
Jewell Elec. Inst. Co.
Westinghouse Elec. & Mfg. Co.
Weston Elec. Instrument Corp.

VOLTMETERS, D. C.:

General Radio Co.

Jewell Elec. Inst. Co.
Westinghouse Elec. & Mfg. Co.
Weston Elec. Instrument Corp.

WASHERS:
Aluminum Co. of America

Seovill Mffg. Co.
Shakeproof Lock Washer Co.

WIRE, ANTENNA:

Cornish Wire Co.

Dudlo Mfg. Carp.

National Vuleanized Fibre Co.
Roebling, J. A., Sons, Co.

WIRE, BARE COPPER:

Cornish Wire Co.
Dudlo Mfg. Corp.
Roebling, J. A., Sons, Co.

WIRE, COTTON COVERED:

Cornisli_ Wire Co.
Dudle Mfg. Corp.
Roebling, J, A., Sons Co.

WIRE, ENAMELED COPPER:
Cornish_Wire Co.
Dudle Mfg. Corp.
Roebling, J. A, Sons Co.
WIRE, FILAMENT:
Cohn. Sigmund
Cornish Wire Co.
Gilhy Wire Co.
WIRE., LITZENDRAHT:
Cornish_ \Wire Co.
Dudio Mfg. Corp.
Roebling, J. A., Sons Co.
WIRE, PIGTAIL:

Cornish_Wire Co.
Dudlo Mfg. Corp.
Roebling, J. A, Sons Co.

WIRE. RESISTANCE
Gilby Wire Co.
WIRE. SILK COVERED:
Cornish Wire Co.
Dudlo Mfg. Corp.
Roebling. J. A., Sons Co.
WIRE. TINNED COPPER:
Cornish_Wire Co.
Dudlo Mfg. Corp
Roebting. J. A.. Sons, Co.
ZINC, FOIL:
Reynolds Metals Co., Inc.

Page 61

meveen

RV A

Clear Silver

Tones—from the
microphone to you

XPERT

sign

testing of all materials are responsible
for the great popularity of CeCo tubes.

You’ll

longer,

more genuine enjoyment from your set.

There

and they cost no more.
best engineered tnbe in the industry.
Sold everywhere.

Listen in oa the CeCo Couriers with
a sparkling

every

ern  time (7:30 Central time) over
the entire

Chatin

CeCo

workmanship, correct de-
and the careful selection and

find a CeCo tube will last
perform better and give yom

is a CeCo tube for every need

They are the

program  on  the air
ing at 8:30 East-

N

ev

Columbia
of 20 cities.

Broadeasting

Manufacturing Co., Inc.
PROVIDENCE, R. I.
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Dynamotor with Filter for Radio Receivers ‘

MACHINES for OPERATING 60.CYCLE A. C. RADIO
RECEIVERS, LOUD SPEAKERS and PHONOGRAPHS
from DIRECT CURRENT LIGHTING SOCKETS
WITHOUT OBJECTIONABLE NOISES OF
ANY KIND

The dynamotors and motor generators are suitable for radio
receivers and for combination instruments containing phono-
graphs and receivers. Filters are usually required. The dyna-
motors and motor generators with filters give as good or better
results than are obtained from ordinary 60-cycle lighting sockets.
They are furnished completely assembled and connected and are
very easily installed.

These machines are furnished with wool-packed bearings
which require very little attention, and are very quiet running.

ELECTRIC SPECIALTY COMPANY ‘

TRADE “ESC(Q’> MARK
411 South Street Stamford, Conn. |

SPECIAL DEALER OFFER

Send us the name and address of your jobber
and we will send you two packages of Braidite
free. One solid and one Stranded. We do this

CORNITH WIRE
wrv vorn wx

e /25 Feet Stranded....
R | 25 Feet Solid
- Red, Green. Yellow, Blue,

Radio Enginecring, January, 1929

G P |

2

HOOK-UP WIRE

"THE BRAID SLIDES BACKS )

LGNNI AN

because we want you
to get acquainted with
Braidite and prove to
yourself its many ex-
clusive features and its
possibilities fo r sales
and profits in your
store,

‘ List Prices

NN

lac

CornisH WIRE Co
30 Church Stfeet .
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NO Radio set is any better than its
weakest link, and the weakest link is
very often a filter Condenser. No Con-
denser is any better than the thin strips
of Insulating Tissue which separate the
layers of metal foil. A pinhole or a speck
of metal in the Condenser Tissue means
a breakdown of the Condenser, with the
entire set put out of commission.

DEXSTAR Condenser Paper is regarded
by Radio experts as being the highest
grade Insulating Tissue ever made—the
freest from defects, the most uniform in
quality, the most lasting under exacting
and unusual requirements. DEXSTAR
Condenser Tissue is the specialized prod-
uct of a paper mill which has excelled
in Tissue Paper production for three
generations,

RADIO designers and builders should
have the assurance that Condensers which
they use are made with DEXSTAR Con-
denser Tissues. It is insurance against
many radio troubles. The leading Con-
denser manufacturers are now using
DEXSTAR Condenser Tissues exclusively.

C. H. DEXTER & SONS, INC.
Makers of Highest Grade Thin Papers
WINDSOR LOCKS, CONN.

withthe Jewell

{

| 199 AC-DC
Set Analyzer

The Jewell Pattern 199 Set Analyzer, in conjunction with
the Jewell Radio Set Analyzer Charts, is establishing new
high standards in service work. In the Jewell method of
set testing the service man systematically tests each tube,
both in and out of the receiver. An accurate record is kept
of every test—nothing is left to guesswork.

The analysis when complete shows every phase of set
operation. It is a sure way to eliminate all the trouble in
the shortest possible time.

It will pay you to investigate the remarkable possibilities of
the Jewell 199 Set Analyzer. .Every set should be tested
before installation. The Jewell System makes it easy to test
each set and keep a record of the test.

Ask your jobber’s salesman or write us for complete informa-
| tion about the Jewell Pattern 199 A. C. — D. C. Set Analyzer.

Jewell Electrical Instrument Co.
1650 Walnut St., Chicago, Illinois

| 29 Years Making Good Instruments
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IndiVidual Instmction Card S *You Can Forget the Condensers, If They Are DUBILIER’S”

for Testing
Factory-Built Radio Sets

1 mfd. con-
SERVICING DATA denser $5.00

o Recrivers
V3 Rado S Tewter

or Crosley
Wit Beton Madel 83

2 mfd. con-
denser $8.00

Dubilier

| TRANSMITTING CONDENSERS

UBILIER type 686 condensers
have the usual Dubilier high
safety factors for use in transmitter
filter net works. 1000 volt DC rating.

An Added Service of the
WESTON MODEL 537
A. C. and D. C. Radio Set Tester

HESE Instruction Cards, by covering the

spec1ﬁc testing requirements of individual
receivers, make the Model 537 a still more
useful test set for the service man.
They save the service man’s time by giving a
complete outline of procedure for testing the
principal makes of factory-built sets and, in
addition, give the socket voltages and tube
plate current for every stage throughout the
set, as well as the comparative grid test on the
various tubes.

The Model 537 is designed to meet the service

receiver. Its use, however, is reduced to still
greater simplicity when testing any particular
make of set in conjunction with its individual
instruction card,

{ Write to us and we will be pleased to acquaint
you with full particulars. Or, better still,
address your inquiry to your radio jobber,
supply house or our nearest representative-—
and ask for a demonstration.

WESTON ELECTRICAL INSTRUMENT CORPORATION
612 Frelinghuysen Ave., Newark, N. J.

PIONEERS
SINCE 1888

requirements of every type and kind of radio.

Mady be connected in series where the
working voltage exceeds 1000.
Through series parallel connections
practically any working voltage and
capacity can be obtained.

DC voltage must not exceed 1000; or
in A.C. supply filter circuits the trans-
former voltage must not exceed 750
volts per rectifier plate.

Ask about Dubilier paper condensers
also,—the standard of the leading
manufacturers.

Dubilier Light
Socket Aerial

*A Moulded Bakelite Product™

A simple device plugged into
any light socket—docs away
with aerials and lightning
arrestors. Will work on any
set. No current consumed.
If your dcaler ean’t supply
you, write to us direct, Price
$1.50.

Address Dept. 73 for free catalog

Dublher

CONDENSER CORPORATION

&5

10 E. 43rd
Street

Reg. U.S.Pat.Off.

WiLrrams Press, INC.,, NEW YORK—ALBANY
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For Power
Amplification

Select from
Successiul
Parts of the
1928-'29 Season

It is so easy now to re-build your set for
power amplification that there is little excuse
for anyone not having the full-throated, in-
spiring natural tones and volume of up-to-
the-minute radio. The Approved Dongan
Power Amplifier Parts listed here are the
choice offerings of the current season—are
in use now in tens of thousands of sets
throughout America.

For use with UX 250 Tubes

No. 7568—Transformer for full wave recti-
fication using 2 UX 281 tubes
to supply B and C power to re-
ceiver and power for 2 UX 250
0035 ocooooo000000000000000000G $13.50

No. 8529—Transformer similar to No. 7568
with the addition of 2 low volt-
age windings, one for 226 tubes
and the other for 227 tubes so
that you can build a power am-
plifier for either radio receiver

or phonograph pick-up........ $16.50
No. 6551—Double Choke, for use with above
transformers .................. $15.00

D- 600 —Power Amplifier Condenser Unit.$16.50

D- 2307 —A Condenser Block, used in con-
nection with D-600............ $10.00

No. 1177—Straight Power Amplifier Output
ransformer ............0..0... $12.00

No. 1176—Same as No. 1177 but of Push
Pull type .......... oot $12.00

Check items you are inter-
ested in and return with cou-
pon — complete information
sent to you at once, You can
secure immediate delivery of
any item by enclosing check
or money order.

Custom Set Builders

Your trade will get the best from sets built
up with these Parts. Discounts quoted on
request.

DONGAN ELECTRIC MANUFACTURING COMPANY
2995-3001 Franklin St.,
DETROIT, MICHIGAN

for FIFTEEN YEARS /74
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THE MATERIAL OF

Madison-Moore Dynamic Speaker, and Bakelite Molded Spool used in it

Insulating with Bakelite Materials

THE slightest movement of voice
coil wire ruins the efficiency of
a Dynamic Speaker. One manufac-
turer has discovered an effective
way to prevent this movement. The
wire is wound on a Bakelite Molded
spool and during the winding opera-
tion the wire is coated with Bake-
lite Cement.

After winding, the coil is baked and
perfect adhesion of the wire to the
spool is secured. There is no move-
ment of the wire to consume energy
designed to move the cone.

The variety of Bakelite Insulating
Materials, which includes molded,
laminated, varnish and cement

increases efficiency of Dynamic Speaker

forms, meets practically every insu-
lation requirement encountered by
manufacturers of radio equipment.
Their time proven dependability
and uniformity have made them the
standard of the radio industry.
Write for Booklet 38, “Bakelite in
Radio.”

Bakelite Engineering Service

Intimate knowledge of thousands
of varied applications of Bakelite
Materials combined with eighteen
years’ experience in the develop-
ment of phenol resinoids for radio
uses provides a valuable background
for the cooperation offered by our
engineers and research laboratories.

BAKELITE CORPORATION

247 Park Avenue, New York, N. Y,

Chicago Office: 635 W. 22nd Street

BAKELITE CORP. OF CANADA, LTD., 163 Dufferin St., Toronto, Ontario, Cenads

BAKELITE

REGISTERED

AT. OFF,

*The registered Trade Mark and Symbol shown above may be used only on products made from materials

smanufaciured by Bakelite Corporation. Under the capual “B'

** 18 the numerical sign for Infinity. or unlimited

quantity. It symbelizes the infinite number of present and future us~s of Bakelite Corporation’s producte.”
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Madison-Moore Radio Corp., Denver, Colo., Manufacturers.

A THOUSAND USES
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