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How many
can you use !

A complete treatise, incorporating the
most advanced technical information
on the use and fabrication of lami-
nated bakelite . . . written especially
for engineers, production managers
and mechanics whose work requires
a thorough knowledge of insulating
materials. This Vest Pocket Manual
on Phenolite, laminated bakelite, is
just off the press, and free to those who
need it. How many can you use?
Write us today.

0(6)

-
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NATIONAL VULCANIZED FIBRE COMPANY

WILMINGTON, DELAWARE, U.S.A.
Offices in Principal Cities
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HAVE SERVED /br
SIXTEEN YEARS

PRACTICALLY since the beginning of
the industry Formica has been mak-

ing Laminated Phenolic materials for

American electrical organizations.

The names of many of the leaders have been on our
books almost from the beginning.

This continued confidence can only be due to good
and uniform materials promptly made and delivered.

We have steadily added to plant and equipment - - -
even now a new factory building which will house
new producing tools is under construction.

LY ollc) ¥

THE FORMICA INSULATION CO.
4626 Spring Grove Ave. Cincinnati, Ohio
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Instant] Heating versus Humlessness
In the Two-Twenty-Seven

A very little while ago Sylvania announced The Silent Sleeve
Cathode 227 — a tube singularly free from hum and crackle —
a tube also of considerably increased amplification.

This development Sylvania considers an important contribu-
tion to the Alternating Current Receiver by any comparison
with previous characteristics in 227 tubes—a development
vastly more significant than mere swift hearing ability.

Sylvania Engineers believe that manufacturers and service experts
will be content with a little less heating speed in a tube that
owns such exceptionally quiet performance.

Sylvania will produce a swifter heating 227 only when that
increased heating speed does not i1%ply objectionable hum.

There are bulletins available to all who may be interested in
the characteristics and advantages ¢~ the new 227 and other
Sylvania tubes.

SYLVANIA PRODUCTS COMPANY
Emporium Pennsylva

RADIO TUBES

Licensed Under RCA Patents

Glad to Send You Technical Details.
Please Use the Coupon.
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EDITORIAL

July

1929

THE TALKING PICTURES

N HE radio industry, in a large meas-
ure, is responsible for the institution
and the rapid growth of the talking
and sound pictures. This new form

of entertainment, which appears to have a
very bright future, was made possible through
the early efforts of the engineers divectly-asso-
ciated with the radio field. Aside from the
means of synchronization, the system is close
to being borrowed property.

The motion picture people continue to draw
heavily from the radio industry. The radio
industry is supplying the man power—the
Loincers, technicians, the servicemen——and
radio periodicals are closely scanned for
“radio” developments applicable to
b film technique. Thus, the film indus-
.0 the radio industry for its develop-
th.

icture is, obviously, the largest
ircial development” hitched to
agon; it is not only a new
't is also a new market—a

- possibilities for the
- sale of complete
ssories, for use in
vpared with the
wg pictures for
vehicle than
me talking

movie equipment, silent or otherwise, operate
under a handicap. Silent films for the home
have not taken hold of the public like radio
has. Home talkies have not fared much bet-
ter, due principally to the existing inertia
and partly for the reason that the films ob-
tainable are short, crude to a degree, and
more of a simple novelty than real entertain-
ment. With these points in mind, the public
cannot but class home talkies as a luxury.

It is within the power of the radio industry
to break down this present inertia by, first,
producing such combinations in quantity,
that they may be reasonable in price; second,
through the sale or rental of talking or sound
film through the medium of the huge network
of radio dealers in the country; third, by
selecting for these films, orchestras, singers
and so on, well known to the public through
their regular broadcasting. That this is effec-
tive has already been proven by the wide
popularity of such sound films, in theatre runs
as Rudy Vallee and his Connecticut Yankees.

Manufacturers of home movie equipment,
and films, cannot hope to break down the
present sales resistance alone. It is too much
like putting the wagon before the horse. We
believe, however, that cooperation between
the home movie and the radio manufacturers
—or the consummation of a few financial
mergers—will start a new sales sweep that
will not end until it has spread over the entire
country.

The general introduction of talking movies
into the home holds another important advan-
tage. If, when, and as television arrives, it
will be accepted with less resistance, being
literally a duplication of an existing form
of entertainment. Whether or not television
will sound the death of the talkie, we are in
no position to say—but we doubt it. The talkie
has too many good uses of its own.

M. L. MUHLEMAN, Editor.

e

L=

DA AR |

vv


www.americanradiohistory.com

Radio Engineering, July, 1929 Puge -5

OWE

’

=
\odur/

Both escutcheons shown on this page are coin
embossed.

A

We also produce a great variety of etched
escutcheons.  When comparatively small runs
are required, or when many changes in name
are necessary for jobbers or dealers, the use of
etched escutcheons is advised.  The die cost is
small. and we have many stock shapes with
window formings to fit any stock drum or
dial, which can be utilized with little or no
die cost.

Our Engineering Department
gives careful, personal attention
to the measurements and dimen-
sion details of every escutcheon
made by us. thus insuring win-
dows of correct depth and shape
and exact conformation to your
drums and dials.

Correspondence invited. Send
us sketch and we will submit
samples or suggestions.

b : i e «5’& =
CrowE NaAME PLATE & MANUFACTURING Co., .. 1750 GrAcCE STREET, CHICAGO
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As odd and out of K)\_/

place as a caboose on
an extra fare frain

odd it would be....

A beautiful radio set...capable as well as good
looking ... a sensible investment for any home.
Naturally the speaker should be in keeping with
the set...but how odd it would be not to have
the best speaker. As odd and out of place as
a caboose on an extra fare train.

For the speaker makes the receiver articulate
...interprets it to the world...makes the sale of
the set easy or hard.

Of all speakers Magnavox X-Core Dynamic
offers most:
—in realism, . .. rich “Stereoscopic” tones with
depth and definition.
—in freedom from rattle and AC speaker hum,
at any volume.
— in sturdy construction and sustained perform-
ance...”guaranteed for a lifetime.”

£t ‘ X it g 3 £33 T T Ao
Z

b td

g
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Don’'t compromise. Quality . ..
guarantee . . . tested policies. . .
patent protection ... depend-
able deliveries . . . less service
troubles... a high name.in radio
speakers. .. all these Magnavox
offers.

They appeal to the man who
values his own good name and
who builds for tomorrow.

THE M AGNAYOX (OMPANY

Factory and Pocific Sales Factory and Sales East of Rockies

OAKLAND, CALIF. CHICAGO, ILL.

Also the Carillon {table model) and the
Aristocrat {floor model) giving a com-
plete range of cabinets and prices.

B T ——
) A LR

% 4 x T SOy - g =

!i
1
*]
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"This New Elkon Rectifier Eliminates the Power

Transformer in Dynamic Speakers

This shows the size
of one of the reeti-
fier units. Two are
required on each
speaker,

“he rectifier units can
be easily repluced when
55 Decessary as may beseen
" here.

GAIN Elkon leads the field. The new Elkon D-30 Power
/ Supply is the outstanding development of the year in
| a rectifiers for dynamic speakers.

) This remarkable rectifier operates directly from the AC
power line eliminating the Power Transformer and reduc-
ing the cost of assembly. 3

Supplied complete, ready to install, or the rectifier units
f (two required on each speaker) can be sold separately.

e

Wonderfully efficient, quiet in operation. The units can
be replaced when necessary as easily as a tube is changed
. in a socket.

If you have not already sent us a sample
of your new speaker, do so at once. We
will equip it with the new Elkon recti-
fier and return it to you

N
rom g Sxe” P e
promptly RGOS
" P.R. Mallory & C S
- : Inc. et
The Elkon \ Y GG allory L ‘\:\"\‘o“\
D-30 Power \ ELKON DIVISION S 3 -
S &
T e L 3029 E. Washington St., 3
3 Indianapolis, Ind. ; &
il & bb‘
& ¥
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A chain of parts, if you please . . . transformers, tubes,
condensers, resistances and the like as links of the
chain. Unless each link performs to perfection the

whole receiver is tondemned and vour name with it.

A Tot of grief cait be traced to one little part . . . the
. .unevenness of

control develops . . . locals are hard to handle.

volume control. Noises are set up

You can save yourself plenty of trouble by seeing that
the name “Centralab” is stamped on the volume con-
trol. The Centralah exclusive rocking disc construction
prevents any change in the resistance or the develop-
ment of noise. Centralab controls give a perfect control

of all stations with an even, “velvety” smooth action.

<
LABORATORIES
Milwaukee, Wis.

CENTRAL RADIO
20 Keefe Ave.

www-americanradiohistorv com

This shows the exclusive
rocking (isc  construction
of Centralab volume con-
rrol. “R™ is the resistance.
Contaet disc D’

has only

accion on the
Pressure arm

a rocking
resistance.
"I tegether wich  shatt
and bushing is fully in-
snlated.

I'hisx ix rthe aetion of the

nsnal wire wonnd control

t hasx bheen in use
me time . . . like
dragging a xrick over a
cobblestone pavement,

The tailor uses the same
principle as Centralab. Ile
doex nar want to ruin rthe
garment . by plaeing  the
iron on 1t =0 he places a
cluth in between. Centralab
contrels e " ruin the
rexisrance ange  the
rocking dis in between
the pressure arm and (he
resistance.

Puge 9
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ROVED superior in the most criti-
cal scientific tests known to Amer-
ica’s leading radio laboratories the

k New Jensen Concert Dynamic
L Speaker won their immediate en-

" dorsement. Sixteen manufacturers
at the R. M. A. Show last month announced their new
radio receivers equipped with Jensen Electro-dynamic
Speakers.

Individually, they in co-operation with Peter L. Jensen
have adapted this speaker to their own specific re-
quirements. Collectively, they have established a new
era of better reproduction and Jensen has answered the
demand of an industry for finer tone quality and

greater dependability.

Equally as complimentary are the manufacturers of
phonographs, talking moving picture equipment and
other sound reproducing apparatus who find their
requirements answered with either the Jensen Standard,
Concert or Auditorium Speaker.

Jobbers and dealers will find new impetus to the
sale of dynamic speakers separately or in radio furniture.
And, of course, radio receivers Jensen equipped will
sell better.

An attractive schedule of net prices is available to
all members of the trade on this most complete line of
speakers offered with eight, ten and twelve inch cones.
List prices range from $25 to $55 on DC models and
from $32.50 to $70 on AC models. Cabinet models
range in price from $42.50 to $100.

LICENSE UNDER LEKTOPHONE PATENTS

_iensen

FLECTRO-DYNAMIC SPEAKERS

| 4

JENSEN RADIO MANUFACTURING CO. - 6601 S. Laramie Ave., Chicago, Ill. » 212 Ninth Sc., Oakland, Cal.
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Type B-12 B-L Rectifier
Dry...Compact. .. Rugged

-~
..:;'
»

Type C-110 B-L Rectifier - ! r b \ Type C-210 B-L Rectifier
Foruseincharging devices * o ?

For charging devices with

: S double connection in socket
T
Gy 7

LOW VOLTAGE RECTIFICATION

Whenever a rectified current of low voltage is required, it can be obtained
advantageously by the proper application of B-L Rectifier Units.

The B-L Electric Manufacturing Company maintain a complete engineer-
ing service, ready at all times to consult with you and advise on the right

rectifier or assembly to most adequately serve your purpose.

f Write for our comp|ete new ||
catalog about B-L Rectifiers. |+~

\e

The B-L Electrie Mfg. Co.

{(Formeriy Mfg. Div. of the Benwood-Linze Co.)
19th & Washington Aves. 7 7 S§t. Louis, Mo.

YB=-L"

RECTIFIERS

DRY--DURABLE--COMPACT--- COMPLETE--NOISELESS

www americanradiohistorv com
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WHY

POLYMET-EQUIPPED RADIOS

ARE

WORTH MORE

..RESERVOIR
OF RADIO

The
S taﬂ},ry

—
) [A\'m-: you don't understand
thie snvides of 2 rarlio . of peopl

1 those “ine
o, 10's the

meut it is.

Yeu gnay not boow, for instance, what 3.
power peck is. You wey neser havo
heatd of g comdenser o1 a esistance ele-
wnenl. Noverthuless, they aea theee, and

ar can tolk the diffecvnee in veyro-
on and toue, even though your
cering knowludge atope with Hie
g of Sosrels

Hut there are nies who do undvratand
— the Fada eorps of rudio
Betanve, vertain fantons
ets are incorpocated in

v? Fada engivecr- ans
e une Polytier Prodhicisbecause
& rpecialised partte needs] 19 compleie

quality of Fada set.”

POLYMET MANUFACTURING CORPORATION - -

+ The Quality -
. GOES'IN

be/ore the name

GOES ON ..

i
14

realize the impo
\ondensers used.in
nser defection ca
and even the d
ensive parts. A
nsed manulact

.

Ilere

are some of the adver-

tisements we have been run-

alymet Man
Londenser ma
modern pi
accurate r9

ning in the Saturday Evening

Post — interesting, instructive

messages, that aequaint the non-

l (Illl be |
390

technical public with the functions

of the condensers and resistances we

| ttallan e
Lentth model
of the worli-
(T i e
wac trivh and ceotevd, enmibng 1
the great baborinrics of the
rwent Mavnlacvrers of High
Reotie ™ b

v 3ot wtl] aboas fiond Pl anet Pestucts
1rady for incorgoratinn i Aewish Sets—
parts sl by speciallsis in elertrie et
coarntiula for high quality radine

L

manufacture, and,

at the same time,

. awalken a nation - wide consumer ucccpl-

ance of, and preferenee for, sets equipped

s cosisble repiation Las been
5 \hese very labursinries. Here
2 wiveers tost and try mud vest
a e abenlutely certain that Qual-
iy docs gn In befure e wame goes o,
When unbiased Zenfth scineen, of
Zenith cabrior. oy “ We nae Polymes
Prodicis baeanse they arcdefinitely

with well-known

Polymet Products.

That’s why these sets are worth more

io

radio manufacturer, jobber and dealer.

PRODUCTS

839-C East 134th St., New York City
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WRIGHT-DE COSTER REPRODUCER
Even Nore NWonderful

“The Speaker of the year

NO HUM

DID you hear this speaker at
the “R. M. A.” show? Clear,
distinct enunciation—no hum
— Soft Mellow Music. Write
Department R for descriptive

“E” Cabinet matter and address of nearest “D** Cabinet
Sl Covnile iodal district sales office. If you are Table Model
in a hurry for a sample speaker
order one at the same time.

WRIGHT DECOSTER, INC.

MAIN OFFICE AND FACTORIES
ST. PAUL, MINN.

www americanradiohistorv com
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. nation-wide popularity

««ssvon on quality alone/

HE demand for TRIAD is sweep-

ing along to tremendous propor-
tions—and TRIAD quality has done
it! Quality that eliminates all guess-
work from tube buying and selling;
quality backed by an actual bonafide
guarantee of six month’s perfect
service or a satisfactory adjustment.
Every dealer knows what that means
—reduced service calls, easier and
quicker sales, greater profits and

absolute satisfaction for him and his
customer. Here is the greatest
achievement in radio tube history—
accomplished by a group of nation-
ally-known pioneers in the industry.
The TRIAD Line is complete, includ-
ing even Television and Photo-Elec-
tric Cells. Don’t delay — send in
your stock order now. TRIAD
customers won’t accept substitutes.

Call your jobber or write us direct for complete Triad dealer information

TRIAD MANUFACTURING CO., Inc.
Triad Building

Blackstone, Middle and Fountain Sts.
Pawtucket, R. I.

“Ask for the
). tube in the
h. bianck and

www-americanradiohistorv com
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Type TOLA

Type T-Tel

Type T-50

Type T22:D.C.

|

Type T24-AC.

g

Type T-PEC-1
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P A PUTS WINGS ON
MUTED NOTES

instruments more than ever before —and thus lessen the power of

music to penetrate the distant corners of large ballrooms.

This difficulty has been overcome entirely at the Marigold Ballroom,
Minneapolis, Minnesota, where the orchestra music is picked up by a
microphone which delivers it through a PAM installation to loud speakers

placed in remote corners.
Thousands of ballrooms need PAM equipment today and wide-awake
dealers will see that they are supplied.

A new 16-page bulletin giving mechanical and electrical characteristics, repre-
sentative installations, and many new PAM amplifiers will be sent upon receipt
of 10c in stamps to cover postage. When writing ask for bulletin No. RE-2.

Main Office e Factories
Canton, Mass. 2 Canton and Watertown, Mass.

1 §{4-: :'.l.'.'.f.ﬁ.‘/.!”.

MARIGOLD WaRcow*

DANCING DANCJNG

serea-sasesnmsc

MARIGOLD BALLRO’OM',MINNEAPOLIS,'MINN-.,PAM EQUIPPED

WwWwWwW americanradiohistorv. com


www.americanradiohistory.com

Page 1t

A New

Ruadio Engineering. July, 1929

ectifier..

Lowets
Prodiction

&

..AgainSolvesYnurI{eclifier I’rolblém

Characteristics
of New
Low Price Kuprox

Catalogue No.. DS 225
AC Volts Input. R—
DC Amps e i 2
DC Volts ... 2.5
DC Watts. .. 5
Type of Assembly DS]J
Number of Discs. .8
Type of Discs. AA
Size of Discs. . 2" sq.
Type of Bracket. S Ite
Overall Length . 4%
Mounting Dimensions ...... 3]}

Rectifiers as standard equipment. With this enviable experience record, with a

full appreciation of the manufacturers’ requirements, and with the realization
of the need for a decrease in production costs, a new low price KUPROX unit has
been developed by Kodel Engineers. And again KUPROX scores as the favorite
Dynamic Speaker Rectifier.

This new dry copper oxide KUPROX Rectifier solves your Dynamic Speaker rec-
tifier problem, making possible the least expensive AC Dynamic Speaker obtainable.
The most popular rectifier manufactured—used by the majority, and by the most
prominent manufacturers—now available in a new unit to provide minimum overall
cost for field coil and field current supply.

The new KUPROX rectifier can be purchased at less than the manufacturer’s
cost of a rectifier tube. The transformer necessary to use with it needs only one second:
ary winding and that a 4 volt winding—a very inexpensive transformer.

The field coil may consist of a relatively few number of turns of wire, about 600
to 750 turns of No. 14 wire being used on the average pot. Heavy wire size, there-
fore low wire cost—few turns, therefore low winding cost—resulting in a much less
expensive field coil.

There are no sockets or terminals to be provided. The KUPROX Rectifier is
mounted directly on the speaker frame by two machine screws, and the loose leads
from the transformer and field coil are soldered directly to the insulated terminals on
the unit.

This new unit, known as KUPROX Rectifier Type DS225, has an output of 2
amperes at 2.5 volts and will produce from 1200 to 1500 ampere turns. Efficient
operation—proven reliability—consumer acceptance—and minimum cost. It is just
what you need for that new model speaker.

Write for complete data and samples, or better still let our laboratory apply this
new rectifier to your speaker without obligation or expense to you.

]-:ST season the large majority of Dynamic Speaker manufacturers used KUPROX

FREE ! Our new Booklet “KUPROX Rectifiers for Dynamic Speaker Use,” illustrating all the various
s KUPROX Units for such purpose and containing complete engineering data thereon,
will be sent gratis to any speaker manufacturer, engineer or designer writing us upon his firm’s letterhead.

The Kodel Electric & Mfg. Co., Cincinnati, O.

DRY COPPER OXIDE RECTIFIER

wWWWwW americanradiohistorv com
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Steinite

ELECTRIC RADIO

Page 17

3 e NTRC Rl T

MODFI. No. 102 a massive walnut cabinet equipped with auro-
matic phonograph and an improvedradio receiver. The touch of
an electric switch converts it from a radio into a phonograpk.

nly DURHAMS are gsood

enough for this Great Receiver!

DURHAM Metallized RESIS-
TORS and POWEROHMS are
available for every practical resis.
tance purpose in radio and televi-
sion circuits, 500 to 200,000 ochms
in power types: 1 to 100 Megohms
in resistor types; ratings for all
limited power requirements; stand-
ard, pigtail or spceial tips,

13 )
S@METALLIZED 5}\
o Ve ¥

RESISTORS & POWEROHMS
INTERNATIONAL RESISTANCE CO.
2006 Chestnut Street, Philadelphia, Pa.

NY manufacturer can cut his parts

costs, but it takes leadership to aim

at quality reception as a means of
winning a quality market, such as Steinite has
done in a few short years. Steinite operates
on the principle that you can get out of radio
only what you put into it. And so Steinite
means a quality circuit embracing every prac-
tical modern idea, not the least of which is
DURHAM Resistors and Powerohms — the
metallized resistances which are endorsed and
used by leaders in every division of the in-
dustry. Durhams may cost a trifle more than
average resistances,but experience has proved
that their slight additional cost is cheap in-
surance against imperfect performance and
against dissatisfied purchasers. Ask Steinite!
Weshallbeglad tosend engineering datasheets
and samples for testing upon request. Please
state ratings in which you are interested.

THE

LEADERS STANDARDIZE ON DURHAM

RESISTANCES

wwWw americanradiohistorv com
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QUALITY RAWA MATERIAL -/ ~UNIFO
ADVANCED LABORATORY ;,f’ % ‘;’* TY
\_MPROVE - PE FECTION +

ME NTS K/ f NER"- -

M@DERN - -
+ FAGTORY
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(formerly Cable Supply Co.)
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ASS ures

Dependable

Filaments

T-)E Filament must be dependable! Gilby
Wire, composed only of the finest ma-

terials that money can buy, is a veritable
synonym for dependability!

The continuing increase in orders from
leading tnbe manufacturers means that they
have found in Gilby a produet that is
PRECISE, UNIFORM, HIGHLY EFFICIENT!
Manufacturer’s requests for saumples will be
gladly and promptly answered.

GILBY BALLAST WIRE
GILBY RESISTANCE WIRE
PURE NICKEL WIRE
PURE NICKEL RIBBON

The large diameter aluminum spool is a
Gilby Feature!

GILBEY WIRE COMPANY

WILBUR B. DRIVER, President

NEWARK, NEW JERSEY
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Reconsider your Coils in the Light

of these New Standards

Whether you buy coils or wind your
own, it will be worth your while to find
out what the Rome Precision Process of
Winding means to you.

Rome is now producing a wide va-
riety of fine and heavy wire coils to
meet all requirements.

Of special interest is the Rome Proc-
ess of Winding heavy wire coils,—
which represents a distinct departure
from prevailing practice. It has sharp
influence on both costs and perform-
ance. It effects economies that reach
beyond the coils themselves and ex-

tend to parts of the device into which
the coils fit.

Rome Coil Engineers, in command
of the principles of this new process,
are anxious to demonstrate specifically
what it will do for you.

Bearing in mind the cumulative value
of economies projected into the years
ahead, you owe it to your cost figures
and performance records to investi-
gate Coils by Rome.

ROME WIRE COMPANY

Division of General Cable Corporation
R O M E, N E W Y ORK

ROME PRECISION colLs
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FROST-RADIO VOLUME CONTROLS ?
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ard units. please indi-
cale in your request for
samples any special di-
mensions. terminal po-
sitions, curve desired,
and watt load. and in
requesting tandem unit
samples state maximum
permissible mounting
depth. Please note that
bushings, threads per
inch. shaft lengths and
diametersillustrnled are
standard. Made in two
or three terminal type.

N | i The Largest Manufactarers in the World
“ER“ERT llo F“‘)ST9 Ine. -+ of High Grade Variable Resistors <
Main Offices and Factory: ELKHART. INDIANA 160 North La Salle Swreet. CIIICAGO
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What counts like
tone quality

’; \ In the last analysis the customer’s yard-
e stick is the one by which radio values will
be measured. In hisjudgment tone quality

comes first.

The audio end of the set controls the final
performance—so transformers and speakers
can make or mar a receiver.

T-C-A products meet their responsibility
squarely. They deliver the goods. In perfec-
tion of design and construction, they ful-

fill the most exacting demands of your de-

signing department.

Completely manufactured . . . rigidly in-
spected . . . carefully tested . . . and through
controlled volume production, offered at a

price no higher than you pay elsewhere.

A Dynamic of exceptional
sweetness and volume ...
substantial . . . beautiful
... possessing many exclus-

ive developments. Write

for details.

TRANSFORMER CORP. OF AMERICA, 2301-2319 South Keeler Avenue, CHICAGO
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Who User . ..

FANSTEEL RADIO METALS?

Page 2.

The list of manufacturers who employ Fansteel
Tantalum, Molybdenum and Alloys in the con-

struction of radio equipment constitutes

a regular

honor roll
of
the industry

HEY specify Fansteel metals because Fansieel Tantalum (uniformly 99.98% pure) and
Fanstee! Molybdenum (99.95%) are unsurpassed as material for fine vacuum tubes.
Without these metals, radio broadcast and reception could not be what they are today.
And without Fansteel research laboratory servicee. many now prosperous companies might
never have ‘‘arrived.” Fansteel's nationally known research staff not only exercises a rigid
laboratory control over every pound of metal produced, but also gladly cooperates in

experimental work with manufacturers who are seeking to improve their products through
the use of better metals.

The heart of the set is the tube, and the heart of the tube is the metal. Be sure you use the best.

FANSTEEL PRODUCTS CO., Inc.
North Chicago, Ill.

WHAT...
Are These Metals Used For?

For plates, heater Inherent character- complete story of  soon. One should
wire, grids and istics of Tantalum these metals is con-  be in every tech-
support members and Molybdenum tained in Fansteel's  nical man's library.
in almost all the make them ideal new book, ‘Rare  Copies reserved on
well known tubes. for radio use. The Metals’’ ready  request.
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» » KEEP AHEAD OF PROGRESS!

Make your present product, your new product, with

IT's A fast-moving one, this radio indus-
try. You're in it. You know. New in-
ventions are continually being perfected.
Improvements. Revision of old methods.
And with the development of new prod-
ucts, such as the five-prong tube, manu-
facturers are turning to more satisfactory
materials. . . . Which is one good reason
why Durez is rapidly replacing wood,
porcelain, metal, hard rubber, celluloid
and the like.

Durez fills all the requirements of other
materials, and has additional virtues of its
own! To begin with, Durez has remark-
able insulating strength. Then it is tough,
non-brittle. Hard as flint. Strong, yet light.
Resists heat. Resists acids, alkalines,
moisture, oils. And with all these quali-
ties, it is still beautiful! The wide range
of colors, in blended, plain, striated, or
mottled effects, adds much to the prod-
uct’s salability.

There’s another feature about Durez
that radio men like: The simplicity of

ILLI

p— -‘_\- ™ _ \ manufacture. It goes into the mold. It

comes out of the mold. One operation,
and there’s your product — complete!
Studs inserted, screw holes made, intri-
cate designing all cared for. No tooling,
burnishing, or polishing. Complete!

Perhaps you’re interested in some new
radio project. Or your present product
isn’t quite satisfactory. In either case,
investigate Durez! Prove for yourself—
or we'll gladly prove for you—how much
more efficient, durable, beautiful, salable,
Durez can make your product. Don’t let
tradition or custom hold you back. If
there’s better material than the one you're
using, you owe it to yourself to look into
it. We're sure Durez
is that material.

Tell us what you
make. We'll tell you
how to make it bet-
ter—with Durez.
General Plastics,
Inc., 75 Walck Road,
North Tonawanda,
N. Y. Also New
York, Chicago, San
Francisco. c

Write for this free booklet, Do
It With Durez.” Contains com-
plete information about Durez
—physical and dielectric proper-
ties, color ranges, and scores of
possible applications.
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A MARVELOUS NEW
IMPROVEMENT

IN RADIO TUBES

EVEREADY RAYTHEON TUBES

GIVE A SUPERLATIVE DEGREE
OF PERFORMANCE

INSTALL a set of new Ever-
eady Raytheon Tubes in your
radio receiver and note the un-
usually clear reception, greater
volume and sensitivity. Quick
heating and quick acting.

Showing the exclusive patented Eveready

Raytheon 4-Pillar construction.

and the rigid mica sheet at the top.

Note the
sturdy four-cornered glass stem throngh
which the four heavy wire supports pass,

Behind all this is a revolu-
tionary improvement in con-
struction. The elements in
each Eveready Raytheon Tube
are firmly supported by four
strong pillars, cross-anchored
top and bottom. They are ac-
curately spaced within one-
thousandth of an inch when
they are made. And so rigidly
braced that the spacing cannot
change with the knocks and
jolts of shipment and handling.

In tubes of the 280 type and
the 224 screen-grid type, which
have heavier elements, this
rugged Eveready Raytheon
4-Pillar construction is of par-
ticular importance.

Only with Eveready Ray-
theon Tubes can you have this
improved construction advan-
tage. It is exclusive and pat-
ented. Eveready Raytheon
Tubes come in every type, in-
cluding tubes for television
transmission and reception.

www americanradiohistorvy com

Eveready Raytheon Tubes
aresold by dealers everywhere.

NATIONAL CARBON CO.,, Inc.
New York, N. Y.

Unit of and Carbon
Union Carbide | Corporation

Eveready Raytheon ER 224 Screen Grid
Tube. The 4-Pillar construction perma-
nently holds the four heavy elements of
this super-sensitive tube in the perfect re-
lationwhich assureslaboratory performance.
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one

?CL at ran(]om any Dll(”o

Coil an(l test 1t 1n your lal)oratory. You wi“ f‘in(l tlmt tlle
same stamlard of accuracy Ims Leen a<”1ere({ to, regar(uess

of thematuze of the coil or the size of the eider.

Each coil order, no matter how intricate or involved, re-
ceives the same careful engineering and the same rigicl
inspection, based on Dudlo’s self impose(l standards of
l)erfectiou 1111({ uuiformity.

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA

Division of General Cuable Corporation

T H E coI1rvL’s T

I N R ADIGO
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Band-Pass Tuning

The Reduction of Sideband Cutting in Radio-Frequency Amplifiers

HE formidable task facing the
radio engineer at the present
time is to design a receiving
set which will reproduce with
fidelity the programs transmitted from
the broadcasting sfation, and at the
same time make the selection of pro-
grams without interference from other
stations.
Distortion or the lack of fidelity
may occur in any one of the four
component parts of a radio set,
namely, the radio-frequency amplifier,
which in the usual case is also that
part which determines the selectivity

of the set; the detector, the audio-
frequency amplifier, and the loud-
speaker,

The loudspeaker has undergone a
great evolution. In spite of this there
is considerable room for improvement,
especially in the matter of efliciency,
which, as is a well known fact, is
extremely low. DIrobably the simplest
method of obtaining a good frequency
response is by the use of equalizing
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FIG.{

The ideal form of resonance curve.
It can only be approximated in
practice.

‘

networks applied to the speaker, as is
done in telephone systems to balance
the different rates of alternation.

Reducing Distortion

Distortion in the audio-frequency
amplifier has been the subject of care-

*Aast. Professor of Electrical Engineering,
University of Idaho.

by the Use of Band-Pass Filters

By Clyde L. Farrar*

ful research, and at the present time
transformers have been developed
possessing excellent transmission char-
acteristics. The present trend, look-
ing toward reducing this distortion,
seems to be in the use of only one
stage of andio amplification in con-
junction with a power detector. This
system eliminates the inherent distor-
tion of the second stage of audio-fre-
quency amplification. This may not
prove a desirable feature unless the
radio-frequency amplification, which
is ndded to compensate for the loss in
volume, is obtained without distor-
tion. The power detector does not
introduce distortion of itself. Little is
usnally gained in the ordinary type of
tuned cirecuits, since adding tuned eir-
cuits will usually cut the sidebands.
Thix sideband cutting is especially
noticeable if regeneration is allowed
to occur in the radio-frequency anpli-
fier circuit.

Distortion may occur in the detector
circuit for several reasons; namely,
due to the fact that the response of a
detector varies with the square of the
voltage'.

This is an inherent characteristic of
all detectors that operate on a non-
linear voltage, current curve. There
are various methods of overcoming
this distortion”. Another form of dis-
tortion in a grid-leak, grid-condenser
detector is due to the variarion of the
grid-leak, grid-condenser impedarnce
at the varions audio frequencies®’. This
distortion, which discriminates against
the high frequencies, can be reduced by
a proper choice of grid condenser and
resistance values. The plate-circuit
detection system eliminates this form
of distortion as well as that caused
by the time lag distortion, which is
associated with the grid-leak, grid-
condenser method®.

The radio-frequency amplifier prob-
ably introduces the greatest amount
of distortion in the modern receiver.
This is 1rue since selectivity and
fidelity in the usual type of tuned
circuits cannot be obtained at the
same time, but one is obtained by
sacrificing the other’. The concept of
modulation is well established and
need not be discussed at great length.
Modulation, as most commonly used in
radio broadecasting, may be briefly

WWW_americanradiohistorv-com

described as the production of a band
of high frequencies on cach side of the
carrier frequency equal to the audio
frequencies to be transmitted. These
bands of high frequencies on each side
of the carrier are termed sidebands.
These sidebands are physically exist-
ent and must be transmitted. It is not

RESONANCE CURVES
A, SINGLE CIRCUIT
B, 2 CIRCUITS IN CASCADE
i

gtoo:g_ : F‘ 1 I | LJ’ L
2 o B8 i3
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a‘ZO_I 4/’ I I'_ I‘F:S

H
60 40 20 0O 20 40 60
KC. OFF RESONANCE

FIG. 2

Resonance curves of single and
cascade, tuned circuits.

necessary to transmit both carrier and
sidebands; one bhand is sufficient, al-
though practically all radio transmis-
sion is carried on by the two-sideband
carrier method.

In order that distortionless amplifi-
cation of the radio impulse take place
these sidebands must be transmitted
with no relative attenuation or phase
change. That is, each frequency shall
undergo the same change in level as
well as the same phase shift. Con-
sidering faithfulness of reproduction
or fidelity, a so-called square response
curve would be desired. Fig. 1 shows
the type of curve which would have
the desired transmission characteris-
tics. This form of curve would have
the desired selectivity if it transmitted
only the two sidebands, and excluded
all undesired frequencies. Such a
transmission curve could only be ob-
tained with an infinite number of
selective circuits, However, an ex-
cellent response curve can be ap-
proximated by a smaller number of
low resistance selective circuits. In
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Curves indicating the Iesistance
and reactance of a simple tuned
circuit in respect to frequency.

general it may be =aid (hat the more
complex rhe selective circuit rhe more
nearly fhe response curve will ap-
proach the ideal. 1t should bhe kept
in mind that the resistance must be
kept fo a low value in all complex
circuits in order that the ideal curve
may bhe approached. Iailure to keep
this rexistance to a low value will give
i poor response curve, and in general
explain the reason for the failure of
many  forms of so-called band-pass
filters,

In the majority of casesx, using the
usunal {ype of tuned circuits. fidelity
is obtained by increasing the effective
resistinee in the cireuit in order that
a broad wave be obtained. More will
he said later on the approximate selec-
tive circuits. which will approach the
ideal selective cirenit.

Tuned Circuits in Cascade

In a chain of tuned circuits the
current response falls off exponentially
through each stage or chain of the
tuned cirenits. This explains the
reason for two stages of rather broadly
tuned circuits responding to a rela-
tively narrow waveband, IHence. in
order to obtain good selectivity it is
only necessary fo infroeduce a large
number of tuned circuits in caseade.
It is with this nuse of cascade, tnuned
cirenits that distortion is introduced.
Consider Wig. 2. A typical 'single
tuned circuit is shown, together with
the frequency response of two such
circuits in eascade. A considerable
narrowing of the hand may he noted,
although the base of the wave is still
broad. If this is carried through four
or five stages it can be seen that con-
siderable sideband cutting will result’.
This sideband cutting is, of course, at
the expense of the higher frequencies.

It is a well known fact that the
sideband cutting becomes more serious
for the usunal type of radio-frequency
transformer, as the frequeney of the
carrier wave is decreased’. This does
not directly result from a study of
resonance cireuits. The decrement of
a tuned circuit, which is a measure of

its seleetivity—rthat is. the greater the
deerement the less the selectivity—is
equal ro

S=rRVe . (1)

L

where R equals the effective resistance
ot the ecircuit; and ¢ and I, are equal
to the capacity and inductance. From
an examination of equation (1) it
would appear thar decreasing ¢ would

decrease the decrement and hence
would improve the selectivity. Actu-
ally R inecreases at a greater rate

than e decreases. The effective ohmie
resistance of the tuned circuir and the
equivalent series resistance of the
tube increasex. In the usual type of
radio-frequency  fransformer the ap-
plied frequency is considerably less
than the resonant frequency of the
primary. This makes the effective
reactance of the primary inductive,
Ax  the operating point nears the
resonant frequency of rhe primary the
effective resixtance of the circuit in-

creises and hence this inereases the
The introduct.on of regencration

has considerable bearing on the
shape and amplitude of the reso-
nance curve.

widrh of the resonance curve which re-
duces the selectivity. The signal in-
tensity is reduced at the same time.
although in the usual case, due to the
induetive reactance of the cireuit, the
capacity feed-back through the tube
arid-plate capacitance is in such a
direction as to increase the signal
through regeneration. These char-
acteristies are shown by Fig. 3.

1f, instead of operating at point A,
the primary inductance is increased
until the normal operating point B is
ahove the natural resonant frequency
of the primary. the conditions men-
tioned above will be reversed and the
circuit should tune sharply at the
higher frequencies and broadly at the
lower frequencies’. Due to the fact
that the circuit has a capacity react-
ance at this operating point the energy
fed from the plate to the grid through
the grid-plate capacitance will tend
to rednce the signal strength in place
of increasing it, as was the case pre-
viously. In this case energy must be
fed from the plate to the grid in such
a direction as to cause regeneration.
Regeneration must not be earried too
far or the decrement of the ecircuit may
be reduced to a lower value than de-
sired; this will, of course, introduce
distortions and if carried far enough
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will result in oscillation. This may be
tdone by any of the usual methods of
applying a reversed phased voltage to
the grid. Ifig. 4 shows a method which
proves suceessful.  KFig. § shows a set
of eurves obtained for sueh a trans-
former. No attempt was made to obh-
rain the optimum constants of the cir-
enit for the broadeast range. but was
tor the purpose of checking the theory.
It will be noted that the inductance
and capacitance of the primary was
such rhat it was nearly resonant at the
low frequency under which conditions
it. approached a band-pass filter.
Considerable work must us yet be
done on this transformer before its
consrants are properly determined. It
18 felt that a great deal of work can
he done profitably on this transformer,
as it seems to offer a solution of
proper selectivity at the higher fre-
quency. In general, this transformer
will not prove as selective in tle
higher Dband, as will a low primary
inductance transformer at the lower
frequencies, due ro its higher resist-
ance, Ilowever, careful design should
overcome this difficulty, since two or
fhree stages of low primary inductance
transformers will, if properly de-
signed, give good selectivity at the
lower frequencies. Several stages of
high primary inductance transformers
could be well applied to such an ampli-
fier to ohlain high seusitivily and at
the same time climinate the sideband
cutting, which occurs at the lower fre-
queneies, with three or four stages of
amplification using low induetance
transformers®. This sideband cutting
becomes lirge in some of the sharply
tuned super-heterodyne, intermediate-
frequency amplifiers due to the low
frequency at which they operate. It
is believed by the writer that there is
no excuse for the simple tuned ecirenit
in the superheterodyne receiver. A
band-pass filter can be applied to this
circuit. As a matter of faect, since
the frequency band is fixed and in
gener:il the frequency heing low, band-

Dass filters are relatively simple to
construct.
CURVE A IS THE
RESPONSE AT 1350 KC.
CURVE B IS THE
RESPONSE AT 560 KC.
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Frequency curves obtained
the circuit of Fig. 4

from
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Combined Selective Circuits

There arc several methods of com-
bining selective circuits to obtain an
approximate ideal response curve’.
The simplest of these nelworks is
shown by Fig. 6. This consists of a
transformer with, for the usual case,
equal primary and secondary induct-
ances. The primary and secondary are
each tuned by means of a coundenser.
Some of the more complex cirenits
are shown in other publications®.

It was mentioned bhefore that the
efliciency of a band-pass filter is
greater the less rhe vesistance (by
efliciency is meant the ratio of the
aren under an ideal curve to the area
nnder the uctual curve for the same
band spread at maximum value). This
fact makes the band-pass filters best
adapted to the lower frequencies. It
cannot he tuo strongly emphasized that
the resistance of the baund-pass filter
must be kept low, otherwise its trans-
mission characteristics will be poor.
For tuned circuits in radio-frequency
amplifiers there are several methods
of ohtaining so ealled band-pass filters.
The one under discussion is shown in
Fig. 6. Namely, a method that has
been known for a long time, but only
recently has it become of interest. If
the resistance of each circuit and the
capacity coupling hetween the circuits
are neglected it can bhe shown that tho

frequency response of the cireuit ix
given by the following expressions:
f
fi=—(2)

vV 1+k

and by
£
f,=—"—(3)
V 1-k

where f, and f, are the two frequencies
which make the reactance of the cir-
cuit zero, f being the frequency which
makes the reactance of one circuit
zero when alone, or it is the natural
frequency of one circuit when not in-
fluenced by the other. k is the coefli-
cient of coupling and is equal to

RESONANCE CURVE AT 520 KC.
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FIG.7

Resonance curve of band selector
circuit, taken at 520 KC.

40 60

ok iy

FiG.6

Simple form of band selector clr-
cuit, having a tuned primary and
secondary.

M
i =——(4)
V Li L.
where M is the mutual inductance be-

tween the coils, L, and I.. the self in-
dnetances of each coil. and in our case

L =1.=1L, hence the formula re-
duces to
M
k= — (5)
L

If the resistance is not neglected it
can be shown that the maximum ecur-
rent in the secondary is given by
equation (7) when the following rela-
tion holds true:

M*W'< LR, R, (G)

MWE

(7

R:R: + M°W*

where M is equal {o the mutual indue-
tance, W is equal to 27f; R, and R,
are the primary and secondary resist-
anece respectively. Equation (7) gives
the value of current in the secondary
for the usual cireuit condition. If the
cireuits are so closely coupled that

MEWIS TR,

the maximum
viven by

value of current is

E
e =

— (8)
2 VR R

E in both ecasex being the signal volt-
age input. If the current flowing in
the circuit is knrown the voltage ap-
plied to the grid is equal to 1.x., where
X. is the reactance of the tuning con-
denser.

In the usual case equation (7) holds
for the radio circuit and E is nearly
equal to kEg. where k is the amplifica-
tion constant of the tube, and Eg is the
voltage applied to the grid. It is
readily seen that by the proper choice

of k it is possible to have f, and f:
peak within any given frequency
range. One obvious disadvantage of

this circuit results from an inspection
of equations (1) and (2), that is, if a
band selection of 10-ke. is desired at
350 ke. a considerable wider band is
obtained at 1200 ke. This is a general
characteristic of all usual forms of
tuning. This characteristic could be
overcome hy varying M at the same
time that f is varied.

Consider that a band width of 10-ke.
is desired at 550 ke. The substitution
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of these values in equations (1) and
(2), results in a coefficient coupling of
approximately .02. This coefficient of
coupling results in a band selection ot
approximately 24 ke, at 1200 ke.
Using a coupling coeflicient .07, this
will be a band of approximately 31 ke.
in width at a frequency of 550 ke. and
a width of approximately 72 ke. at
1200 ke. TItig. 7 shows a test curve
taken at 520 ke. and Fig. 8 the same
transformer at 1200 ke. It is noted
that the band is approximately half
the calculated width ; this is due to the
faect that the capacity coupling be-
tween the {wo coils, which had been
neglected in the ealculation, acts to
reduce the effective coupling between
the cireuits, Fig. 9 shows a family of
curves for various values of coupling
obtained at a frequeney of 925 ke.

It was mentioned hefore in a chain
cireuit the current in each succeeding
circuit is equal to ie-*, where x is the
number of sections, hence, this type of
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FIG.8

Resonance curve of band selector
circuit, taken at 1010 KC.

cireuit ¢an be unsed in a greater num-
ber of stages than the simple trans-
formers without sideband attenuation.
It should be mentioned that it is not
possible to sharpen the tuning in this
band-pass filter at the higher frequen-
cies, as was done for the untuned
primary transformer (except that the
coetlicient of coupling be reduced as
the frequency ix increased).

Three Practical Selective Systems

It is felt that the following conclu-
sions are warranted from the above
review of this guestioun. If the trend
of the radio engineers is in the direc-
tion of perfection of each component
part of the radio receiver then a dif-
ferent system of tuning must be se-
lected than that in general use at the
present time. There are in general
three systems that can be used. TFirst,
a combination of high primary induct-
ance transformers, secondaries tuned,
and low primary inductance with a
hroadly tuned response characteristie,
Second. a combination of band-pass
filter cireuits. This system will prove
to be quite complicated if it is to ac-
complish Dband-pass selection over a
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wide frequency spectrum, if the same
band at the peak is to be transmitted.
When used with high primary induec-
tance transformers it will give high
class transmission characteristics,
since in this combination good selec-
tivity can be obtained at Loth ends of
the frequency spectruni. Those com-
panies that cannot use the superhete-
rodyne principle can, by proper en-
gineering, obtain a greatly improved
frequency response. The third system
makes use of the double detection or
superheterodyne system. This system
obtains its primary selectivity from a
fixed frequency selective circuit and
usually at a relative low frequency.

The superheterodyne lends itself
very well to the use of band-pass
filters. since the selectivity of a bhand-
pass filter can be maintained to much
closer limits at the low frequencies due
to the higher value of WL

R

The frequency response of a detector
is drooping with respect to frequency
(which by careful design can be kept
quite low) and since the audio-fre-
quency response can be changed quite
easily it is perhaps better to treat the
detector and audio amplifier as a unit
and thus obtain a uniform frequency
response,

At the present time it is probably
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A family of resonance curves, taken
at 925 KC., for various values of
circult coupling.

true that the audio-frequency end of
the receiver is much nearer perfect
than the radio-frequency end and for
this reason considerable work remains
to be done in the r-f. channels. It
seems that the low-frequency response
of some of the radio receivers has heen
overdone. Some of the receivers over-
emphasize the lower notes, as some of
the older sets did the high notes. The
use of the high-amplification econstant
tubes will aid in this work, as it will
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reduce the required number of tubes
thus enabling the designer to use more
complex selective circuits. It would
then prove feasible to use a band-pass
filter, in which the coupling is varied
for the different frequencies. It would
seem that the radio set should be
engineered as a unit and that equal-
izing networks should be applied, as
needed, in order to obtain a good fre-
quency response—and as a part is im-
proved, the network could be reduced
with the resultant improvement in
efficiency.
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W hat Constitutes a Good Loudspeaker?'

Dealing With the Response Measurement of Typical Speakers

HAT constitutes a good
loudspeiker? To answer this
question there is needed a
more precise method of ascer-
taining the capabilities of a loud-
speaker than is provided through a
mere listening test. While the ear is,
of course, the final judge of the merits
of a loudspeaker, it is quite unsatis-
factory as a means of analysis. One
loudspeaker may sound befter or
worse than another with which it is

7 Couriesy of Bell Laboratories Record.

* Itesearch Dept., Bell Telephone Labora-
tories.

Under Average Conditions

By L. G. Bostwick *

directly compared, but to describe or
specify in a definite manner the pe-
culinr characteristics whieh distin-
enish one from the other is usually
extremely difficult unless the two are
widely diffevent. Furthermore, a
direct comparison between two de-
vices is necessary, and the magnitude
of the difference is always a matter
of opinion in comparisons of this sort.

On the other hand, acoustic meas-
urements on loudspeakers are compli-
cated by a wide variety of acoustic
factors which must be properly con-
sidered in order that such measure-
ments be indieative of the capabilities
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of these loudspeakers. Such factors
as peculiarities in the distribution of
the sound energy by the loudspeaker,
and sound reflection, absorption and
interference effects due to the measur-
ing room enclosure, may cause large
vitriations in the results obtained.
When these factors are not taken into
consideration, acoustic measurements
may give entirely misleading informa-
tion. The measurements and discus-
sion which follow illustrate the mag-
nitude and character of some of the
more important acoustic considera-
tions involved in determining what
coustitutes a good loudspeaker.

Response Measuring System

The system used in making these
measurements is shown diagrammat-
ically in Fig. 1. The available power-
output of the oscillator is kept con-
stant at all frequencies by means of a
vacnum tube voltmeter. With the
oscillator connected to a loudspeaker,
through the transformer, the gain of
the amplifier associated with the
thermocouple is adjusted at different
frequencies until a mid-scale deflection
of the meter is obtained as a result
of the voltage generated by the con-
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denser transmitter. After each ad- than the axis curve of Fig. 2. These
justment, the oscillator is switched irregularities can be attributed to in-
from the loudspeaker to the input terference Dbetween sounds reaching
terminals of the attenuator, and the the condenser transmitter from dif-
attenuator is adjusted to give the
same meter deflection. Variations in ——
o

the attenuator settings with frequency
show the variations in the perform-
ance of the loudspeaker in decibels.

Performance curves ohtained for the
same loudspeaker by such a procedure
may differ widely, due primarily to
three ciauses. These are: variations
with frequency in the energy distribu-
tion of the sound field of the loud-
speaker; wave interference at the con-
denser-transmitter position due to
sound reflections from the walls of
the measuring room or to a difference
in distance from the transmitter to
different points on the radiating sur-
face; and variations with frequency in
the energy-ahsorbing power of the
measuring room.

The magnitnde of variations in the
sound field distribution ean be shown
from measurements obtained out-
doors in an open lield where the ef-
fects of any room enclosures are ab-
sent.  Such ameasurements appear in
Figs. 2, 3 and 4, for a 115 cyecle ent-
off exponential horn with a loud-
speaker receiver of the moving coil
trpe. Tig. 2 shows response curves
obtained when the condenser traus-
mitter is placed twelve feet from (he
center of the horn mouth and at qif-
ferent angles from the axis. As the
transmitter is m