


more than
tfwenty years
—Faradon

Today, as two decades ago, experts consider Faradon
Capacitors essential to reliable radio transmission
and reception.

Then in the “wireless sets” and now in the most
luxurious consoles, Faradon Capacitors are accepted
as the standard of electrostatic condenser depen-
dability.

We are always ready to assist in the solution of

your capacitor problems.

WIRELESS SPECIALTY APPARATUS CO.

Jamaica Plain Boston, Mass., U. S. A.
Established 1907

ELECTROSTATIC CONDENSERS FOR ALL PURPOSES
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“How I Laughed Myself
Into Success in Radio”

“I’m sitting on top of the
world! My bank account
is growing fatter every day
... my home is all paid
for .. . Pve just ordered a
new car . .. and my wife
and I can at last enjoy life
in real style. It sure feels
great to be earning big
money. And to think how
it all came about!”

» > B

T happened on a rainy Mon-
day night. I was reading a
magazine while Mary was clear-
ing away the supper dishes. Sud-
denly a funny cartoon caught my
eye . .. and I laughed out loud.

“Jim, you make me sick!” she
cried. “How can you laugh'while
I’'m nearly dying of weariness!”

“But Mary dear—"
“Don’t dear me, you idiot!”

I was alarmed. “Great heavens, what’s
wrong?!”

“Wrong?” she screamed,“here ldrudge
all day, do my own housework, wash
all the clothes, take care of the baby,
and worry about your meals. I never
get a moment of freedom ... and
haven’t a decent thing to wear'even to
church...yet you never seem to care!”

I was ashamed!

A feeling of shame swept over me. So
that was why she seemed so “moody”
the last few days! Like a good sport
she had suffered in silence until she
couldn’tkeep it in anylonger.Poor kid!

For hours after Mary had gone to bed
that night 1 kept staring into space.
What a mess I had made of our lives
. . . What a slave 1 had made of her.

Listlessly 1 kept thumbing the pages of
the magazine . . . thinking . . . think-
ing. Was there no way out of it?

Then suddenly ... as if by some kind
act of Providence . ... I stopped be-
fore a story. It told of a fellow who
had made quite a fortune in an un-
crowded profession. Fascinated, I read
on. It told of the brilliant opportu-
nities in the radio industry...of the
big incomes fellows like myself were
earning . ..and of the ease with which
expert radio training could be acquired.
But what impressed me most was the

by Howard Clark,

fact that success was practically assured
by means of a new home-study lab-
oratory method sponsored by three of
America’s great corporations.

With gigantic enterprises like these
behind a school I needed no greater
guarantee .. .. so without a second’s
further hesitation I tore the coupon
and mailed it

A lucky event that changed
my life

It sure was my lucky day, when the
first lessons came in. I never dreamed
that learning radio was so easy. Ididn’t
know the first thing about it when 1
started. Yet before many months were
over 1 was able to solve many of the
problems which command big pay.

Each subject was explained in simple
word and picture form. It carried me
alonglikeanovel. From magnetismand
electricity the lessons took me step by
step through trouble-finding and repair-
ing—through shipand shoreandbroad-
casting apparatus operation and con-
struction —through photoradiograms,
television and beam transmission.

I didn’t have to give up my regular job.
I stayed right at home and learned

during my spate tiihe. I sctually
learned by doing. With the les-
sonsIreceived acomplete,expen-
sivestorehouse of apparatuswith
which I was able to build radio
circuits and sets of almost every
description. Yet it cost me ab-
solutely nothing extra.

Asaresult of this practical, tech-
nical working out of big radio
problems with a fine home-
laboratory, 1 was able to earn
good money even before 1 had
completed my course! And it
wasn’t long before T was able to
quit my regular work entirely. ..
and branch out for myself in
big paying radio jobs.

Today, I have .more work than
I can take care of. And I often
make more money in a day than
T used to earn in a week.

Read this thrilling
Free Book

Howard Clark’s story is typical
. of the success which scores of
other men have achieved . .. through
the “big-league” training given by the
home-study course of the Radio
Institute of America ... the only school
in America sponsored by RCA, General
Electric and Westinghouse.

Radio needs you. Manufacturers,
dealers, broadcasting stations, ships
. .. all need trained radio experts.
The pay is big. The opportunities are
limitless . . . The work is thrilling!
Find out all about it. The Institute
has prepared an interesting, illustrated
booklet telling you all you want to
know about this vast industry and
about the remarkable home-study
course that can fit you for a brilliant
radio career. Just mail the coupon be-
low . . . the booklet is abso-
lutely free. Radio Institute
of America, 326 Broad-
way, New York.

Muail this

coupon

Radio Institute of America
Dept.RB1,326 Broadway, New York

ratory-method of radio instruction at home.

Gentlemen: Please send me your big FREE
50-page book which tells about the great oppor-
tunities in Radio and about your famous labo-
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142 Liberty St.

Heartily Recommends

and Can Ship from Stock

710 Sargent-Rayment Seven

Designed by two famous engineers to
give the very extreme of results now pos-
sible in broadcast reception, irrespective
of cost, the SSM 710 Sargent-Rayment
Seven sets an entirely new standard. Ex-
hausting the tremendous distance possi-
bilities of 4-screen-grid R.F. stages—bring-
ing in a station on every 10-kilocycle
channel right around its single~ontrol
dial (with five auxiliary vernier knobs)—
equipped with the unequalled S-M Clough
system audio amplifier—yet the 710 is
only $175 custom-built complete, or $130
for kit including aluminum cabinet.

720 Screen Grid Six

The new S-M 720 embodies in the most
perfect form the revolution that screen-
grid tubes have brought about in long-
distance reception. Three of these tubes
in the R.F. stages, with shielded S-M coils,
bring in distant stations on the next 10 kc.
channel to powerful locals! The new S-M
255 and 256 transformers set a far higher
standard of tone quality than ever known
before. Custom-built complete in 700
cabinet, $102.00; complete kit, with
pierced metal chassis and antique brass
escutcheon but without cabinet, $72.50.

706 Shielding Cabinet

Beautiful two-tone brown moire finish,
with walnut finish wood base, $9.25.

740 Coast-to-Coast Four

A time-tested and famous circuit—one
R.F. stage, regenerative detector (non-
radiating) and two A.F. stages—combined
with immeasurably finer coils, the high
efficiency of the screen-grid tube, all the
gain of smooth-working regeneration, and
new S-M Clough-system audios, make the
740 the greatest value in the fifty-dollar
class. WIRED in 700 cabinet: 740 (for
D.C. tubes) $75; 740AC (A.C. tubes) $78.
Kit less cabinet: 740, $51; 740AC, $53.

680 Series Unipacs

Perfect reproduction and hum-free
light-socket operation have made S-M
Unipacs famous. There are four types:
two single-stage, and two two-stage models,
using 210 or 250 tubes singly and in
push-pull. Unipacs are available in kit
or wired form— some supplying ABC
power to receiver—at $81.50 to $117.
Also 685 Public-Address—WIRED, $160;
KIT, $125.

Headquarters for S-M Parts and Kits

E are one of Silver-Marshall’s largest jobbers,

and can fill promptly your mail orders
S-M, as well as for other high quality merchan-
dise. Send coupon for our new catalog. Best discounts
to dealers.

Graymore Radio Corporation

New York, N. Y.

Round ~the~
World Shoxrt
Wave Sets

--and that means exactly
what it says. As for
instance:

RADIO STATION
CFBO
SAINT JOHN, N. B.
CANADA .

Silver-Marshall Inc., Chicago, Iil
Dear Sirs:—

About two months ago I purchased one of your Round the World
Four Short Wave Kits . . .

The first day I had it was on a Sunday and from 12 Noon our time
until 12 Midnight I never was without music. This set brought in
KDKA, WGY, 58W Chelmsford Engiand and PCCJ Holland all
with Loud Speaker Volume and good modulation.

Since then I have used same in St. John here for rebroadcasting
thru our station CFBO.

As I am writing this only to-day I have been able to bring the
first two Worlds Series Baseball games and rebroadcast them com-
plete from start to finish.

Please remember that we do not get any daylight reception here
at all from either U.S. or Canadian Stations on the B.C.L. band,
200 to 600 Meters.

In closing I can only say that I built over twelve different short
wave sets and yet to find the equal of the Round the World Four.

5S8W comes in every evening and 509, of the time with loud
speaker volume.

Yours very truly
F. D. Thorne
Supt. CFB O

S-M ‘“‘Round-the-World’’ Sets Are
Available as Follows

COMPLETE KIT

Everything necessary to build the complete four tube r.f. regen-
erative (non-radiating) short-wave set, including aluminum
cabinet and two 8-M Clough audio transformers.

730 Complete Kit.....$51.00 730 Set, Wired.-vocveves $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 Kit...... $36.00

ESSENTIAL KIT
Contains the two tuning and tickler condensers, four wound
plug-in coils, coil socket, and three r.f. chokes, with full instruc-

tions for building a 1, 2, 3, or 4 tube set.
732 Essential Kit. o ovinieniiiinniniiiivnivsnoonones $16.50

731 Adapter, Wired..... $46.00

Prompt shipments on all
items of the S-M line, in-
cluding the new 678PD
Phonograph Amplifier and
power supplies and trans-

for formers of all types.

This Is the Type of Kit that

GRAYMORE

GRAYMORE RADIO CORP.
142 Libertvat., New York, N. Y.

quality radio parts and kits.

Please send your big new catalog of highest- }

]

RBL .
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AMONG OTHER THINGS. . .

THE next—the February—issue of Rapio Broapcast will
appear figuratively in new clothes. A famous designer is
at work on an attractive new cover which will make Rapro
Broapcast more easily recognizable when you try to pick it
out of the mass of others on the newsstands. The text will be
set in a type which is easier to read and which presents a more
attractive appearance than the type we now use. For those who
are interested in such things, the present type face is Cadmus
and the new Rapio Broapcasr will be set in Bodoni. Bodoni
is a decorative type also notable because it is “‘easy on the
eyes.” The contents is in for some improving at the same time
and we shall ask you to await the February issue for a com-
plete announcement of that.

TELEVISION occupies a good part of radio discussion
these days and we want to be sure that our attitude on
the subject is clear. “Television,” unfortunately, means one
thing to one man and something altogether different to the next.
Television, like radio broadcasting, may be considered experi-
mentally or in respect to its entertainment value-—something
the general public will find satisfactory. Television of entertain-
ment value is certainly not here and is not in prospect for some
little time. Articles in this magazine have outlined the difficulties
to be overcome before “‘program television™ can be attained.
On the other hand, experimental television is here. What most
people mean when they say the word now is merely experimen-
tal television. We do not intend to fill this magazine with arti-
cles on the subject when there isn't much to say, but we shall
not fail to give those who are interested in experimenting with
it as much useful information as we can. We certainly do not
discourage experimenting, but in television it should be made
perfectly clear that such it now is, and that on a limited scale.

O NEW feature we have added to Rapio Broapcasr in

the six years of its history has created anything like the
favorable response that the special pages for the radio service
man have produced. Many interesting manuscripts have been
received and we hope that others who also have ideas which
should be set down on paper and sent on for our consideration
will become suddenly ambitious and send us their contributions.

TH_E present issue contains a wide selection of articles of
interest: Boyd Phelps on “Unscrambling Television,”
Joseph Morgan on dynamic speakers, K. W. Jarvis on receiver
performance, the Laboratory Staff on an ac. operated tube
tester, “"The Service Man’s Corner,” Car} Dreher on “Sound
Motion Pictures,” and “Photograplic Data for Broadcasters,”
Kruse on short-wave topics, the push-pull a.c. P. A. amplifier,
are some of the most important. We are proud to offer these
articles for they are all exclusive, interesting, and accurate tc
the last degree.

EBRUARY Rapio Broancast will contain, among other
things, an article by Dr. L. M. Hull on “Overall Measure-
ments on Broadcast Receivers,” a striking story by Boyd Phelps
on how amateur television has been accomplished, a remarkable
story by the Labaratory on the value of filtering in audio am-
plifiers, several valuable experimental articles on short-wave

work and—a host of other features.

—WirLis Kinasiey WiNG.
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String Dpjce Reductions

Buy Now! On EVBI',V'I' hlng
' In RADIO

Alliedhascutprices
to the bone—your
big profits in radio
can now be bigger
-noneed to wait
anylonger. This
new low level
of prices places
before you
the season’s
outstanding
values.

Brand New Catalog
for 1929

A pre-inventory sale that is featuring some of the

- most drastic price reductions known to radio.
Everything in our tremendous stock is offered in
this sale-—and this large new catalog has been
prepared to bring before you this tremendous
array of radio values.

Every branch of the radio industry is represented
—appealing to set builders interested in partsand
kits—to dealers interested in the new sets and
modern accessories—as well as agents who are
interested in tieing up with one of the season’s
most successful lines of A.C. and D.C. receivers.

Wholesale Prices

Selling as we do on an exclusively wholesale
basis, the prices we now offer you are establish-
ing new standards in radio values—~new A.C. sets
as low as $32.95—attractively designed consoles
for as low as $16.25. Corresponding values are
offered in kits, parts and accessories in nation-
ally-advertised, quality merchandise—the prod-
ucts of the country’s foremost radio manufacturers.

The Catalog is Free
Send for Your Copy Now

Allied/Radio

CORPORATION
711 W.LAKEST.  Dept.A4  CHICAGO

Knight Receivers
forA.C.andD.C.
operation have
established an en-
viable record for
performance. See
them in this new
large catalog.
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limited to frequencies below 5000 cycles
is, in the writer’s opinion, far from hope-
less. It is far easier to ruin a picture
with improper adjustments of the amp-
lifiers at the transmitter or receiver.

THE PROBLEM

NOW we come to the problem of figur-
ing out what kind of a disc the
transmitting station is using by listening
to it, and the writer has had some exper-
iences along this line that may be of in-
terest to recount. This form of “radio
sleuthing” originated early in March, 1928,
when an attempt was made to unscram-
ble the signals sent by the Baird Labora-
tories in London to the Beremgaria in
mid-Atlantic. The details of this adven-
ture were in the newspapers at the time
and included such features as banging
the characteristic notes on a piano and
sending them over a telephone line to a
piano tuner who was called out of bed to
sound his tuning forks on the other end of
the line to determine the absolute scan
frequency. Wz2Buo, who assisted in this
escapade, procured a fairly flat square
brass disc of power-house flywheel pro-
portions. In the haste to get the apparatus
operating before the next nightly schedule, the
corners were not even cut off. No further signals
were transmitted, however, so it was never
learned how accurately the number of holes and
revolutions were calculated. A phonograph rec-
ord was made of the signals as it is possible to
preserve moving pictures this way.

Recently a near-by station was secretly send-
ing short television schedules that have been
shrouded in a similar deep mystery. Trial on all
discs and speeds produced nothing intelligible,
yet the sounds apparently were genuine and had
the characteristic variations of a person moving
around or the scene shifting. The characteristic
scan frequency was quickly found to be B above
middle C on the piano, which, according to
international pitch scale, would be 488 cycles.
The pitch of the piano in question is according to
standards that pianos assume that have not been
tuned since radio became popular—usually
lower. However wrNY ‘“‘tuned in” on G above
middle C and their scan frequency is close to
360 cycles.(The keys now look like a log of Who's
Who in Television.) Dust was blown off the old
college physics book and the ratio of the two
notes was found to be 4 to 5. The two musical
notes on the piano still being good chords, both
having lowered the same amount, the ratio was
applied and a scan frequency of 450 determined.

Now, as the scan frequency is the product of
the number of holes and the speed of rotation per
second, and neither of these factors were known,
the problem was still quite a way from complete
solution. Some slide-rule computations reduced
the unlimited possibilities to the following proba-
bilities: 6o holes at 73 r. p.s., 50 holesatgr. p.s.,
45 holes at 10 1. p. s. or 30 holes at 15 r. p. s.
Any of these cases would give the characteristic
450-cycle scan-frequency note. It was assumed
that even speeds were used with no “fractional”
holes or trick arrangement of holes.

A NOVEL FREQUENCY COUNTER

THE next step was to measure the picture
frequency which is strong in cases where an
unmodulated series of scan lines exist, as for
example, the margin above the head of anindi-
vidual being scanned, or other irregularities
appearing once in each complete picture. In the
case of the unknown signals in question they were
too fast to count—one can count to almost 12 in
a second—so a device was invented for the pur-

RADIO BROADCAST

REAR VIEW OF TELEVISOR

"

ON E of the most ingentous experimenters
in radio lo-day is Boyd Phelps. His
work represents in our mind a proper exam-
ple of genuine “amatenur” experimenting.
This article, describing experiments in sorting
out television signals in which every factor but
transmission frequency was unknown, will be
Sfound worthy of the reader’s attention—not
only because the work represents an extraor-
dinarily ingenious procedure but because 1t
indicates very definilely the difficulties of
achieving results of any account at all in
television experimenting.
—THEe Epitor.

"2

pose. The device consisted of a hand drill, a
saucer and a bent nail. The gear ratio of the hand
drill was such that the bent nail in the chuck
made four taps on the saucer for every turn of
the handle. The handle was turned at such speed
as to have the taps on the saucer in step with the
picture frequency, and the counting of the handle
turns was easy. Thus, in a ten-second run a
count of handle turns of 223, 25 or 37} would
establish whether the picture frequency was o,
1o or 15 per second or if not it would probably be
a near-by value.

The second time the signals were heard this
was tried and every trial turned out very close
to 37} so it was a safe enough assumption that
the transmitter was using 30 holes in a disc
running 15 r. p. s. (9oo r. p. m.) A vibrating
reed was used, and a variable-speed 48-hole disc
produced stationary specs of the image at 15 r. p.
s.; all checked the bent nail observation closely.

Much has been written concerning the design
of television discs so only the final data will be
given here. A spiral inside an existing 48-hole
spiral was laid out. In a 30-hole disc 2 maximum
radius of slightly over 7'/ gives an image 13"’ wide
at the top. A picture height of 13" was con-
venient as this gave exactly 20 scan lines per
inch, These scan lines, while 0.05”” wide in theory,
were made with a round drill of larger size calcu-
lated on circle overlap such that inscribed
squares would be edge to edge. The sides of the
theoretical square being 0.05”/, the diagonal
(also circle diameter) figured 0.0706"" and the
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nearest drill size was No. 50 having a
diameter of 0.0700.”

THE RESULTS

lT WAS the morning of the third day
when the disc was tried out and the
interesting pictures watched with a thrill
of one eavesdropping in on something un-
usual—like watching the antics of a com-
edian practicing in supposed solitude. This
key-holing being absolutely a one-way
affair added to the charm, due to secur-
ity from detection. The question now
arises, if | describe what 1 saw would 1
be violating my oath of secrecy sworn
to on the back of my operater’s license
and the law not to divulge or publish the
contents of any message not addressed to
me or which I am not the authorized
agent to forward? It was quite obviously
not broadcast for public consumption,
has had no advertising or publicity, and
was preceded by a weak announcement,
“Station 2x? conducting a test.”” The
days of only a code operator being able
to receive and divulge a radio message are
over. Perhaps the oath of secrecy should
be administered to the whole public and
thereafter to all infants within go days of birth.

The pictures on these pages show the ap-
paratus used in the experiments described
in this article. The front view of the televisor
reveals that the container was once a phonograph
cabinet—pioneering now in television as it did
in broadcasting at ¢ zT, when the writer sent its
music to Minneapolis amateurs in 1921. Below
the speed-control knob and shaft may be seen
the bias resistor for the power tube. This resistor,
which is common to the plate supply and the
grid returns, is employed to regulate the bril-
liancy of the picture on the neon tube which is
connected directly in series with the plate circuit
of the 210-type power tube. The double-throw
switch behind the bias resistor makes possible
a change from ear to eye “entertainment.”

An interesting feature of the televisor is the
flivver speedometer which is mounted on the
front panel, This instrument, having been taken
apart and calibrated in r. p. m., is employed as a
tachometer.

The second picture shows the mechanical
arrangement of the scanning disc assembly. A
synchronous motor providing uniform speed is
belt connected to a countershaft having friction
drive to the back face of the scanning disc.
The knob to the left turns a threaded brass rod
that moves the countershaft assembly radially
to frame accurately the picture and compensate
differences in scanning speeds of various trans-
mitters. The pulleys have additional small
flanges (not shown) which quickly take a shorter
belt for slower speeds. The neon tube is shown
opposite the 3o0-hole spiral described in this
article, but ‘it can be raised easily to the level
of the 48-hole spiral. Many methods of speed
control have been tried but this system has
provided the best results.
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FIG. 1

How Television Signals “‘tune-in”
on the writer’s piano
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Response - Frequeney Characteristics to know the value of this imped-
420 of Dynamic Loud Speakers used without Filters ance, its alteration with change in
15 N voice frequency, and the relative
= J values of its resistance and react-
gﬂo @ ance components. The ideal loud
g+5 (-VA\ \ speaker would have a constant im-
2 o A pedance of pure resistance. This
g_s,—\ r ) %deal, while not realized in pr_actice,
¥ is more closely approached in the
-10 dynamic type of loud speaker than
in any other. The impedance in-
creases with the higher frequencies,
15 ] thus reducing the electrical input at
@ \ these frequencies. Individual makes
e A N utilize voice coils having from one to
&+s f A as many as several thousand turns.
g’ o /“"J U\‘\ I‘\l\ / ® In American practice the impedance
2_5 / ( of the moving coil, which usually is
= l wound with 100 to 200 turns of fine
wire, is of the order of magnitude
410 of 10 ohms in the lower frequency
2 : )
£ N AA range. There is on the ‘market at
z / \ A r./ ~ \\._ Iegst one Igud spea!(er with a voice
20 \J/ coil consisting of a single turn of thin
2_5 '/ \ © copper ribbon, having an imped-
g L~ \ ance of less than o.0o1 ohm.
10
\ TRANSFORMER NEEDED
e 100 FREQUE?&_CEV'%?_ES Pzéosoe%ono 3000 5000 10060 HE very low impedance of these
FiG. | voice coils necessitates the use of

shape of the diaphragm which acts as a horn for
these higher frequencies.

The conical shape is chosen because it gives a
maximum of rigidity with a minimum of weight.
The angle of the cone varies in different instru-
ments from approximately 75 degrees to 150

a step-down transformer to feed

into the voice coil, in order that
the ratio of last-stage plate-circuit impedance
to voice coil impedance shall be maintained at
the proper value, usually 1:2. These transformers
are usually built right into the loud-speaker
housing, although there are obtainable on the
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market to-day specially constructed transformers
to be used in place of those built into the loud
speaker [See table on page 194 of this issue.—
Editor]. Under certain conditions more efficient
results can be obtained by the use of these special
transformers.

In the case of the dynamic loud speaker, the
method of mounting is very important, with
respect to the reproduction of the lower frequen-
cies. An entirely unmounted dynamic loud
speaker radiates very little energy below 300
or 400 cycles. Therefore, in order to take ad-
vantage of the excellent low-frequency character-
istic of this device, it is necessary to mount the
loud speaker either in a suitable cabinet or baffle-
board. If it is desired to reproduce frequencies
down to about 100 cycles per second, the speaker
may be mounted in a small inclosed cabinet with
vent holes at the back. Sometimes annoying
resonances are set up in these cabinets which
cause the loud speaker to chatter at certain
frequencies. Proper arrangement of the vent
holes together with sound-absorbing padding
inside of the cabinet will usually correct this
trouble. However, if full advantage is to be taken
of the low-frequency characteristic of the loud
speaker it should be mounted in a large baffle-
board or in a wall. In order successfully to radiate
low tones, the distance from the front edge of the
cone to the back edge by the shortest mechanical
path through the air around the baffle should be
at least one quarter the wavelength of the lowest
note to be reproduced; 32 inches for 100 cycles,
110 inches for 30 cycles. An ideal method of
mounting this type of loud speaker is to set it in
a large wall above the level of the listener’s head.
Such a wall is in effect, an infinite baffle and will

permit the speaker to radiate the

degrees. The maximum rigidity is obtained with Rovpomec Frequinos Characieriotios lowest tones which it is capable of
a go-degree angle at the apex. If the angle is in- 0 of Dynamic Loud Speakers used with Filters generating. )
creased beyond go degrees, less rigidity is ob- % N The tendency towards excessive
tained but a somewhat better frequency-response  ='% A AVAN n response in the frequency range
characteristic results. It is a difficult problem to % 0 MRS from 13000 to 5000 cycles has bgen
obtain the best compromise. H 5/\ ey W/ \ mentioned before. In the reception
The material and tension of the annular sup- % N U L of radio signals where the side bands
ports are very important. The ring must be stiff ™10 are somewhat suppressed, due to
enough to hold the outer edge of the cone con- too great selectivity, this excess
centrically and to prevent the edge of the cone actually improves the overall repro-
from whipping. At the same time it must not £ N f duction but in those cases in which
interfere with free axial motion. S+s A A~ \ there is no such cutting of the side
The cone itself is usually made of stiff paper 2, \' J\/\ r/ bands, it is necessary for the best
to obtain maximum strength with minimum £ v \ (B results to find some means of at-
weight. The paper must be carefully chosen so 2 e \ tenuating this excess high-frequency
that it will not alter in texture, shape, or size Fi0 \ response.
with changes in atmospheric conditions such as For this purpose some manufac-
temperature and humidity. In some makes of n turers employ an equalizer-filter
loud speakers, corrugated cones are used. It is @10 }‘V_\_'_\ which tends to suppress this excess-
claimed by some manufacturers of these loud 3.5 fl . ive response. This filter is usually
speakers that a more even frequency-response & / \ Fal ~ o connected across the input of the
characteristic results. However, after a number g o7 \ A—/—“k tube-to-coil transformer. They are
of tests, the writer has been unable to verify this g5 T W called “band-suppresslion filters.” In
statement. 3 Fig. 1 are shown the frequency~
A very important factor which influences the 5550 100 300 500 1000 3000 6000 10,000 response curves of three typical
e - FREQUENCY - CYCLES PER SECOND . .
frequency characteristic of any loud speaker is dynamic loud speakers without
the impedance of the voice coil. It is important FIG. 2 filters, designated as A, B, and
+20 j +15
*+15 ® i +10 ~ Resonant Frequency A /‘
2 A 2. fof Rear' Drurt Support \1\ 4 \\
4 4 v
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previously referred to must be made light and
flexible so as to expend a minimum of energy in
the flexure of these springs.

The ohmic resistance of the voice coil should be
kept low in order to reduce the heat loss in the
copper to a minimum, for a given voice-coil
current.

LOAD CAPACITY

HE third item is the load capacity of the loud

speaker. This is limited by several factors.
First, the tendency of the paper cone to buckle
and rattle at the higher frequencies if too much
energy is supplied to the speaker. Second, the
tendency of the loud speaker to be thrown into
violent motion at its low resonant-frequency
point. The third limitation is that due to what is
called ““non-linear distortion.” This means the
introduction of frequencies into the sound
radiated which were not present in the electrical
input to the loud speaker. This may be due to a
number of causes and this type of distortion dis-
tinctly limits the load capacity of the speaker,
since such distortion increases greatly with the
quantity of sound energy radiated. The major
cause of this distortion is due to the inequality
between the propelling and restraining forces act-
ing on the moving structure. A well-constructed
dynamic loud speaker, however, is capable of
fairly large sound output without such distortion
becoming apparent to the ear, and the writer
has found that with most of the dynamic loud
speakers on the market, the sound output
capacity is limited by paper and spring rattles at
the higher frequencies. The fourth limitation,
which is seldom reached in the ordinary dynamic
loud speaker, is that of the production of heat in
the moving coil. In other words, if all three of the
previous capacity limiting factors were absent,
the capacity of the loud speaker would still be
limited by the amount of heat which can be
safely radiated from the voice coil.

In order to obtain a maximum of energy in a
minimum of space with the greatest allowable
temperature rise, one manufacturer uses a single-
turn voice coil which permits a very small ratio
of insulation to conductor thereby increasing the
capacity of the loud speaker.

RADIO BROADCAST

It will be seen from the above description
that the design, construction, and application
of the dynamic loud speaker is a problem involv-
ing many factors, consequently a great variation
in the products of different manufacturers is to be
expected. The writer has found this to be true,
and has examined some which were excellent,
some which were fair, and some which were very
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Method of mounting six dy-
namic units on a large baffle
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poor. 1t is not sufficient to have a good theoreti-
cal principle. The design, construction, and
application based upon this principle determine
the quality of the actual product.

Many of the manufacturers issue complete
specifications together with frequency-response
curves, and much can be learned from these data.
The reader is warned against believing that a
loud speaker must be good because it is a dynam-
ic loud speaker. It is also important to remind
him that a loud speaker cannot be judged unless
it is used in the proper manner, and with ade-
quate associated apparatus. The larger the
capacity of the amplifier, up to a reasonable
limit, which feeds the loud speaker, the better
will be the quality of the reproduction with a
good loud speaker. If it is possible to use a weli-
designed amplifier with two 250-type tubes in
push-pull in the last stage, an excellent resuit
may be obtained. It is undoubtedly true that a
sacrifice will be made if a smaller output is em-
ployed. This is particularly undesirable for the
production of low tones which are so necessary
for natural reproduction of speech and music.

MULTIPLE LOUD SPEAKERS

HERE feasible, splendid results may be

obtained by using two or more dynamic
loud speakersin the same baffleboard. In one such
design, built by the writer, six dynamic loud
speakers of well-known make were placed in a
single baffleboard as shown dimensionally in
Fig. 7. These six loud speakers had their voice
coils connected in series and were supplied by a
special Amertran transformer feeding from two.
250-type tubes in push-puill. At least four worth-
while advantages are obtained by the use of
multiple loud speakers. First, the inequalities of
the individual frequency-response curves are
smoothed out. Second, for a given sound energy
radiated, each loud speaker supplies less load:
and therefore distorts less. Third, the sound
comes from a Jarge area instead of from a small
one. This last factor greatly improves the-
naturalness and the sense of three dimension--
ality. Fourth, the radiation of the low-frequency
and the high-frequency tones are markedly im~
proved and a better tonal balance is obtained.

PracTicaL Rapio. By James A. Moyer and
John F. Wostrel, Third Edition, 1928,
McGraw-Hill Book Co., New York, 378
pages, $2.50.

James A. Moyer, S. B., A. M., one of the au-
thors of Practical Radio, bears after his name
on the title page the following list of affiliations:
Director of University Extension, Massachusetts
Department of Education, Fellow of the American
Association  for the Advancement of Science;
Fellow of the Royal Society of Arts; Mitglied des
Vereines Deutscher Ingenieure; Membre Titulaire
Association Internationale du Froid; Member of
the Franklin Institute; American Society of Me-
chanical Engineers; Society of Automotive Engi-
neers; Institute of Electrical Engineers, elc.

Nevertheless, the book is not without merit.

Practical Radio was first issued in 1924
and has been kept abreast of developments in
subsequent editions. It is one of those non-
mathematical, copiously illustrated and charted
expositions written for experimenters, service
men, boy scientists in the more advanced grades,
and other fauna produced in quantities by the
spread of broadcasting. All the emphasis, as one
would expect, is on broadcast technology, es-
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pecially in reception. This bias the authors reveal
on page 2 with the bald statement: “The most
important use of radio is for broadcasting the
human voice.” | certainly do not wish Messrs.
Moyer and Wostrel any hard luck, but if they
are ever on a vessel which catches fire 1000
miles from-land I shall seize the opportunity to
debate this opinion with them at greater length.
After a preliminary discussion on “What is
Radio?” the book contains chapters on an-
tennas, “radio electricity,” crystal receiving sets
and telephone receivers, vacuum-tube receivers,
power sources for tubes, audio- and radio-fre-
quency amplification, the selection, operation,
and care of receiving apparatus {(Chapter X),
and radio transmission by telegraph and tele-
phone. The inclusion of material is often hap-
hazard; in Chapter X, for example, there is a
discussion of the vagaries of distribution of field
strength in cities, fading, etc. Following Chapter
XI1, on construction and testing of receiving in-
struments, the trend of the discussions is highly
practical; the reader is told about machinists’
drill gauges, panel templets, the testing of neu-
trodynes, and the characteristics of various types
of battery eliminators. Chapter XV is devoted
to “Common Troubles and their Remedies.”

Clarity is a prime requisite in beoks of this:
type and Practical Radio succeeds in explain--
ing lucidly, to the degree required by semi--
technical readers, the numerous points which the
development of broadcasting has raised. There-
are some loose statements, as when we are told,
on page 51, that “The operation of the vacuum.
tube as used in radio sets was discovered by Edi--
son,” without any mention of Fleming and de-
Forest, and on page 195 where it is categorically
set forth that in the Heising system of modula--
tion ‘“‘the two vacuum tubes (oscillator and
modulator) should be the same type and as.
nearly electrically identical as possible.” On the
contrary, the modulator should be larger and of”
lower impedance. In practice this is accom--
plished by using a higher-powered tube as the
modulator, or paralleling a rumber of tubes.
of the type used for the oscillator. Other such
deviations from accuracy can be found-in Prac--
tical Radio without the use of a microscope,
in spite of the senior author’s international feats.
in joinery, but to the students. for whom this.
book has been written such details are inconse--
quential and the knowledge they want is cer--
tainly to be found within its covers.

Cart DREHER..



WGY’s Attack on the Allocation Plan

‘ x VHEN an irresponsible citizen of the
broadcasting world sets his private in-
terests above those of the listening
public and takes legal measures threatening
the security of our new broadcasting struc-
ture, the product of years of patient effort, we
condemn the error of his ways and hope for his
ignominious defeat at the hands of the courts.
But, when so respected a citizen of the radio
fraternity as woy takes the first step which is
likely to restore ether chaos, we lose hope that
broadcasting will ever be sufficiently stabilized
to get along without frequent reallocations, le-
gal proceedings, and political pussyfooting.

Way’s cause is a just one. No station is bet-
ter entitled to a clear channel because it serves
a large audience and is the principal program re-
liance over an extended rural area. But it went
about securing justice in a manner which was
exactly 1oo per cent. wrong, because it en-
dangers the entire system of allocation based on
engineering principles. Way did not hesitate to
enlist the aid of grotesque exaggeration of the
facts, the ever-ready services of the halo-
seeking politician, and even shamelessly sought
to fix upon the Commission the obloquy of re-
stricting service to the, sick and injured in the
hospitals. The consequences of its course por-
tend such destruction that the propriety of
WGY’s claim to a cleared night and day channel
has become a matter of minor importance.

At this writing, it is too early to determine
whether the injunction will have as far-reaching
and destructive an effect as that obtained by
wjaz two years ago, which brought chaos to
broadcasting and stagnation to the radio in-
dustry. But it appears that only good fortune
can prevent the complete upset of the allocation
plan as a result of wGY’s injunction, which con-
verts a Fifth Zone cleared channel into one
shared by the First and Fifth Zones, thereby
upsetting the principle of cleared channels.

FACTS OF THE CASE

HE case is one of such importance that its
history is worthy of repetition. The Federal
Radio Commission, under the Davis Amend-
ment, is compelled to divide the channels of each
character equally among the five zones. It de-
cided to clear forty channels for high-power,
night operation, allowing eight per zone. It is
further required by the Davis Amendment that
the facilities be divided among the states in
each zone in proportion to their population. The
eight cleared channels of the First Zone were,
therefore, divided among the ten states in the
Zone according to their respective populations.
The New York stations selected for clear chan-
nels were WEaF, wjz, waBC and wHaM. Thus,
three of the channels were assigned to the key
stations of the three eastern networks, while
the fourth was properly assigned to the western
part of the state. The Commission’s judgment
in deciding upon wWeaF, wjz and wasc, each the
key station of a different network, for three of
New York’s four channels can hardly be ques-
tioned. WGy might have challenged wham, but
that station has excellent claims to a cleared
channel. It is in an area somewhat more remote
from New York than Schenectady and, there-
fore, less easily served by the three key stations

in that city. Furthermore, Rochester is a source
of musical talent of the highest grade.

Way was assigned for daytime operation to a
clear channel belonging to the Fifth (Western)
Zone, occupied by kGo, which is operated, like
way, by the General Electric Company. The
Commission further gave special permission
to WGy to operate in the East at night during

MR. J. W. HORTON

After a twelve-year association with the Bell Tele-

phone Laboratories, Mr. Horton has joined the

General Radio staff in the capacity of Chief
Engineer.

any silent period on KGo's schedule. Because of
a three-hour time difference, the earliest woy
is required to sign off, if no time concessions
are made by kco, is 8:17 .M. and the latest
10:32 p.M. If KGo relinquishes all broadcasting
between sunset and 7 P.M., this permits WGy
to operate until 10 p.M. nightly. During four
months of the year, this involves no sacrifice of
time on the part of kKGo because the sun sets
after 7 p.M. on the coast during the months of
May, June, July and August. For three months
of the year, KGo’s sacrifice is one hour or less
in the early evening, for two months between
one and one and a half hours, and for three
months between one and a half and two hours,
a part of which are afternoon silent periods.
Operation until ten p.M. gives the maximum
of service to the majority of way’s listeners
including hospital inmates and rural listeners.
After ten P. M. also, late listeners may, except
in midsummer, receive their programs from one
or more of the 50,000~ 30,000- and 15,000-watt
stations within 150 miles of way, not to mention
the numerous less powerful stations, some of
which have chain affiliations. Furthermore, in
summer, when local service is the only reliance
of the listener, way could ultimately have ob-
tained the permission of the Commission to
continue still later operation simultaneously with
KGO at night because, due to summer attenua-
tion, heterodyning is unlikely at that season.
WY has not been singled out as the only high-
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power station to operate on limited time.
Three 50,000-watt stations, WFAA, WTIC and
WBAP, are operating, or will operate, on half
time only. WENR, the only 50,000-watt sta-
tion in the Chicago area, is limited to two-
sevenths time. These are assignments imposed
by the limitations of the Davis Amendment and
do not represent unfair discrimination by the
Commission. Thirty-nine stations of 5000 watts
power or more have been assigned part time.

IMPORTANCE OF WGY’S SERVICE

NO ONE can fairly deny the magnificent serv-
ice which wey has rendered and its im-
portance as a broadcasting station. Certainly
it was entitled to go before the Commission and
request one of the clear channels assigned to
New York State. It did not, however, elect to
take the orderly course, but went after a chan-
nel assigned to another zone, thus striking at the
very heart of the principle of allocation. Any-
one, not closely acquainted with the technicali-
ties of allocation, would have gained the impres-
sion from press reports that wGy had been shut
down entirely. Certainly, the letters from hos-
pital inmates, copiously distributed to the press
by way’s publicity department, gave the im-
pression that these sufferers believed they would
hear no more of way after November 11. In
pleading for the injunction which converted a
clear Fifth-Zone channel into one heterodyned
by a First-Zone station, Attorney General
Jeremy R. Waldron of New Hampshire asked
the Court of Appeals to grant the injunction ““so
that waGy listeners in our state will not be de-~
prived of service after November 11.”

Way declined to comply with the Commis-
sion’s procedure of challenging another station
assigned a New York State channel on the
ground that it had no quarrel with such sta~
tions. What way should have done, if it did not
elect this course, would have been to strengthen
the allocation plan, rather than to aim at its
fundamental principles, by demanding addi-
tional clear channel for each zone. For example,
were there fifty clear channels, allowing ten per
zone, as recommended by the engineers’ plan,
the Commission automatically would have rec-
ognized woy. The weight of its evidence could
have been thrown in support of clearing more
channels and giving better service.

Whether additional applications for injunction:
by other stations will follow the precedent es-
tablished by wey cannot be determined at this
writing, but certainly the way has been paved
for such action. We hope that, ultimately, wcy
will secure its clear channel and that, in the
process, the principle of allocations based on
engineering considerations will not be even tem-
porarily destroyed.

Commissioner Robinson Stands
Firm

OMMISSIONER Ira E. Robinson has
C been consistently out of sympathy with
the other members of the Commission.

He has firmly opposed the allocation plan, fa-
voring a policy of delay in taking active steps
to relieve the broadcasting situation. He inclines.
to the view that the listener is best served by
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many, low-power stations and fails to appre-
ciate the improved service obtained by a more
powerful signal. He has frequently expressed
the belief that Congress expected the Commis-
sion to take several years to investigate the
problems of broadcasting, which indeed it has
already done, before it begins to function.

The progressive members of the Commission,
however, over-ruled Commissioner Robinson’s
obstructive tactics and put through the alloca-
tion plan, after some compromise, in spite of
him. When hearings over the plan began, Robin-
son issued a statement: “Having opposed and
voted against the plan and the allocations made
thereunder, I deem it unethical and improper to
take part in the hearings of complaints against
the same or the hearings for the modification of
the same.” He did not have the strength of con-
viction to resign from the Commission, but is
evidently relying upon Congress to support hi m.

ANOTHER ROW

ANOTHER row with Commissioner Robin-
son was precipitated over the ruling re-
garding television and still pictures. He stated,
after the ruling restricting still picture and tele-
vision broadcasting to one hour a day and pro-
hibiting it between six and eleven p.M. was
adopted, that * the forwardness of manufacturers
could well be curbed for the present. One in-
duced by the order of the Commission to buy a
television receiving set is likely to be so disap-
pointed that he will not only damn the Com-
mission but, at the same time, junk his new-
fangled contrivance for which he has paid the
advertised price.”

The radio industry is indeed fortunate that
Commissioner Robinson was not in power at the
time that broadcasting began in 1921 because
broadcast receivers of that day were certainly
worthy of the same condemnation. As a matter
of fact, the crude results obtained with present-
day television are well known and it is entirely
unlikely that anyone will damn the Commission
for the pioneering character of the art. The
Commission has taken into full consideration
the importance of protecting the listener from
intrusion during entertainment hours by pro-
hibiting picture transmissions between six and
eleven P.M.

Conservatism is considered a characteris tic
of the English people, particularly of the Gov-
ernment itself. The' British Broadcasting Cor-
poration, however, which collects its income
through the Government and takes no impor-
tant action without its approval, has been pro-
gressive enough to inaugurate regular picture
broadcasting.

It is no wonder that rumors of Commissioner
Robinson’s impending resignation frequently are
heard from Washington. We believe, however,
that these rumors are rather an expression of the
hope of progressively minded people.

It is always desirable to have conservative
influences present in any regulatory board or
commission but, when the cause of conservatism
is lack of knowledge of the subject, it is not
always a helpful influence. Commissioner Rob-
inson is thoroughly sincere and has the courage
of his convictions in the face of preponderant
opposition. His unfortunate situation demon-
strates the hampering result of appointing nov-
ices to a job requiring experts.

The Regenerative Decision

HE Supreme Court of the United States
has ruled that Dr. Lee deForest, and
not Edwin H. Armstrong, is the original

inventor of the oscillating vacuum-tube circuit.
Considering that the Armstrong and Fessenden
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patents were the foundation of the Westinghouse
Electric and Manuafcturing Company’s member-
ship in the five-power patent pool, it would ap-
pear that its present exalted position in the radio
field is insecurely based. Anyone who examines
the evidence placed before the Supreme Court,
however, would discover a curious thing. They
would find that Armstrong claimed to be the
first to produce the device which we call the
feed-back oscillator and was using it for receiving
signals over thousands of miles as early as Jan-
uary, 1923. They would discover that deForest
never claimed to have set up such a radio cir-
cuituntil April, 1913, when he claimed he received
signals over a distance of twenty miles. Never-
theless, by a technical Jegal process, he has been
declared the inventor. The decision is based upon
a strictly technical interpretation of the term
“inventor” as the first to observe and record
the invention or discovery. Apparently, Dr. de
Forest stumbled accidentally upon the phenome-
non of self-oscillations generated by the vac-
uum tube in the summer of 1912 while work-
ing on a wire telephone repeater. With the soft
tube, with which he worked, it is indeed difficult
to prevent the audio-frequency howling which
he observed. Armstrong, at a later date, with
the deliberate mental processes of a research
engineer who knows what he is doing, evolved
the theory and carried out the practice of build-
ing the first deliberately designed, radio-
frequency oscillator. That he did his work Ilater
than deForest’s accidental discovery is no dis-
credit upon him and, despite the decision of the
courts, he will always remain, in the minds of
most engineers, the real contributor. For a tech-
nical legal reason, the court could not disting-
uish between audio-frequency and radio-fre-
quency oscillation and, had this been possible,
there seems little doubt that the decision would
have proved favorable to Edwin H. Armstrong.

It must not be forgotten that this is: only
one of many discoveries which have been

RADIO PICTURES TRANSMITTED IN
THREE MINUTES
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credited to Armstrong. Among these are the
super-heterodyne circuit, the regenerative sys-
tem, and the almost forgotten super-regenerative
circuit. 1t is by no means proved that this
latter will not ultimately be widely used in
radio reception and we hope that Mr, Armstrong
will devote himself again to his brilliant re-
searches, vather than to fruitless patent liti-
gation.

The decision in favor of deForest has no prac-
tical effect upon the licensing situation inasmuch
as both deForest and Armstrong patents are
covered by RCA licenses, although certain
shop rights acquired by the Kolster Radio Cor-
poration appear to be affirmed.

With the Broadcasiing Stations

T HERE is considerable speculation as to the
effect the election of Herbert Hoover will
have upon the future status of radio regula-
tion. According to the law, the Commission is
automatically disbanded March 15 and there-
after becomes an appellate body with regulation
residing directly in the hands of the Department
of Commerce. Presumably, before that event
takes place, the allocation plan will be fully
established and the number of hearings will
have fallen off. On the other hand, with Con-
gress coming into session, such political pres-
sure may be brought to bear upon the Commis-
sion that many of the stations will renew their
protests and force the Commission back into
its present routine of almost continuous ses-
sions and hearings.

Mr. Hoover is thought to be sympathetic
with Department of Commerce regulation, par-
ticularly after the work of the Commission has
become effective, but there are so many political
angles and aspects to the situation that anything
may be expected. The terms of the Commis-
sioners automatically end on March 15 and it
may be hoped that thereafter the entire member-
ship of the Commission will consist of radio
men of the calibre of Caldwell and Lafount.
Lawyers are necessary to the work of the Com-
mission, but they are constituted by nature to
bind themselves with the obstruction of red tape;
energetic and effective tackling of problems in
face of their inherent character is almost impos-
sible. We owe whatever progress has been made
by the Commission in its two-year tenure of
office principally to the two members who are
thoroughly acquainted with the radio phases
of the problem and their ability to persuade
the rest of the Commission to carry out al-
locations based on engineering rather than po-
litical considerations.

A CONFIDENTIAL survey of the effective-
ness of commercial broadcasting has been
prepared for the National Broadcasting Com-~
pany. Most of the statistics released by stations
show general census figures for the prosperity
and business of their alleged service areas.
Others, like the N. B. C. survey, go further and
look into listener preferences as to the hours
and frequency with which they use their radio
receivers and the character of programs which
they prefer. The great fundamental question,
however, which interests the advertiser, is not
the potential audience which he may have,
but the actual sales or goodwill influence of his
program. Surveys should consider the competi-
tive situation which exists for the listener’s at-
tention. We are accustomed to thinking of audi-
ences of millions for a particular program, but
calculations, which take into account all the rea-
sons why listeners may ol be listening to a
particular program, prove that audiences are
considerably smaller than is generally estimated.









UPTO-DATE RADIO TESTING EQUIPMENT

Measuring a Receiver’s Performance

N ALMOST any Sunday newspaper radio
] supplement you may find something like
the following: ““Buy Now—a Guaranteed
Jumpidyne—Coast to Coast Reception—Won-
derful Tone Quality—Hair-Spiitting Selectivity
—Loud-Speaker Volume—and so on for about
two columns of variegated adjectives. On
the next page you may read about another
make, also “The Finest Receiver on
Earth” with remarkable distance-getting
ability and marvelous reproduction.
These picturesque descriptions are un-
doubtedly works of genius on the part of
hard-struggling advertising managers, but
do they help persuade a wavering prospect
that his only hope of radio blessedness is
to buy a Jumpidyne? It is rather doubt-
ful. At best these masterpieces of word
structure do nothing more than attract at-
tention. True, attention is the first step in
making a sale, but it’s a long way to the
dotted line.
Are such statements logical and proper
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By KENNETH W. JARVIS

set with nothing but adjectives to sell it. Measur-
ing equipment is available. The Standardization
Committee of the Institute of Radio Engineers
have practically completed their work in the
specification of Standard Tests. And the public
is being educated by such articles as this. All of

OW to measure the performance of a radio recciver

has always been a subject of primary intevest. Those
inexperienc d in the field bave never been able fo see why
sonme simple standards for recetver performance could not
be set up to give information as definite and useful as that
to be bad from wakers of automobiles. Radio engincers
themselves—awho ought fo know—have been slow to agree
on what the measurements should be and how thev should
be made. The author of this article, Mr. Jarvis, who is a
member of the engineering staff of the Croslex Radio Cor-
poration, discusses the problems of receiver measurement
and iells something about how they are being solved.
—THE EDITOR.

in merchandising a radio product? Must o
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the technical rating of our receivers be
measured by the ingeniousness of the
writers in coining new superlatives” Any radio
engineer will answer these questions with a
most emphatic “No,” and will gladly repeat
his answer if occasion demands. While not easy,
performance characteristics of our receivers can
be obtained and definitely expressed in numbers.
Curves will be shown later illustrating this point.

There are several good reasons why the “per-
formance characteristics” of radio receivers have
not been used much to date. Such measurements
are hard to take. Engineers could not agree as to
what measurements were necessary nor how to
make them. And, if made and published, the
radio buying public would not know what it
was all about. All of these objections are rapidly
being answered; this prophesies the end of the

copy

which is sufficient reason why our radio receivers
should be sold to the public on their own merits.

SENSITIVITY MEASUREMENTS

PROBABLY the most important character-
istic of a radio receiver is its sensitivity.
This is the “mysterious” element that is respon-
sible for distant reception. It’s the influence that
has made radio what it is to-day. Even the old
timers still experience a thrill when tuning in a
faint signal from across the Atlantic or Pacific.
The sensitivity of a receiver is sort of a magic
Arabian rug that takes you, via ear at least, to
wherever you want to go. There is only one differ-
ence. The magic rug could go anywhere—the
radio receiver will take you to the distance de-
termined by its sensitivity.
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How is this sensitivity measured? Engineers
have agreed that the sensitivity of a set shall be
determined by the amount of signal necessary
to produce a standard output. (This “standard
output™ is arbitrarily agreed upon as a power of
5o milliwatts, which corresponds roughly to fair
loud-speaker volume.) It is about half the
output that can be obtained from a 112-
type tube without distortion. The set to
be measured is, therefore, connected to its
proper A, B, and C voltages and an r.f.
signal of certain characteristics (400
cycles at 30 per cent. modulation) im-
pressed in the antenna circuit. The in-
put voltage is varied until the standard
output is reached, and then the input
voltage is measured. Obviously, the more
sensitive a receiver is, the less will be the
voltage input. Thus, a set having a sensi-
tivity of 40 microvolts per meter would
be twice as sensitive as one having a sen-
sitivity rating of 8o microvolts per meter.
In reading the curves this point smast be
remembered. The bighest curve is the least
sensitive.

In Fig. 1 are shown three curves taken on three
different receivers. These are marked A, B and
C. Notice that the horizontal scale (frequency in
kilocycles) is uniform while the vertical scale
(sensitivity in microvolts per meter) is logarith-
mic. [The term “ microvolts per meter” is deter-
mined in this manner: If one has a vertical
antenna with an effective height of 10 meters
—a meter is a little over three feet—and a dis-
tant transmitting station impresses a Vvoltage
across this antenna of 100 microvolts, the “field
strength’ at this point is said to be 10 microvolts
per meter.—The Editor.] Obviously C is the best
receiver throughout the entire broadcast band,
while the curves of A and B cross and recross,
giving A more sensitivity in the middle of the
range with B having greater sensitivity at the












A Loop-Operated Browning-Drake

By J. H. GOCKEL

ANY set-builders are anxious to con-
M struct a receiver which is not bound by
antenna and ground wires to one cer-
tain place in the home or in a room thereof. The
place where such wires are available is often the
wrong place for the receiver as a piece of furni-
ture. Or the home or apartment may not provide
asuitable location for an outside antenna. These
fans require a loop-operated super-heterodyne,
but the people we have in mind are not prepared
for the outlay in funds which such a receiver
requires. They are interested chiefly in good tone
quality, and would rather spend what money
they have on the audio transformers, the power
pack, and the reproducer. Still, they have an
occasional desire to satisfy their wanderlust by
listening to stations several hundred miles away.
Consequently, the receiver they need must be
selective enough to cut through locals, and sensi-
tive enough to reach out a thousand miles or
more under favorable conditions. To sum up:
the receiver required must be loop-operated,
vet not an expensive multi-tube set; at the same
time it must be selective, sensitive, and deliver
good tone quality.

The writer believes that the receiver illus-
trated in the accompanying pictures and diagram
fills this peculiar and seemingly self-contradictory
order. An examination of the pictures reveals but
a single coil, and even this one coil is minus its
primary winding. Yet this receiver, located
within five miles of kpxa with its 50,000-watt
signals, is capable of bringing in WHT, separated
by only 30 kc. from kpka, with only a whisper of
KDKA’s signals audible. Or it can receive the
“Slumber Hour” from wjz, 10 kc. from a s00-
watt local station, without a trace of the latter’s
signals. Broadcasting stations in Texas, Florida,
Nebraska and Canada were brought in with
good volume during the early part of May. The
quality of its detector output is such as to de-
serve the best of audio amplifiers. In short, it
compares quite favorably with an eight-tube
super-heterodyne which was used in making com-
parative tests. It did not possess the same de-
gree of sensitivity, of course, but it also lacked
two other things quite noticeably; namely, the
noise that the eight tubes of a super-heterodyne
can make on their own account, and the “repeat
points”” which KDka scatters so generously over
the dials of a super-heterodyne.

FRONT VIEW OF THE AUTHOR'S RECEIVER

NOT A FREAK CIRCUIT

HIS receiver is not a freak. The idea for it

was obtained from Mr. Browning’s article
in May, 1928, Rapio BroaDCAST, under the title:
“A Two-Tube Screen-Grid Tuner.” After apply-
ing his suggestions to an old Browning-Drake
receiver which had done remarkably well in
Arkansas, but which kbka had forced into retire-
ment in Pittsburgh, the thought came, ““Since
the screen-grid tube is such an efficient amplifier,
why not operate the receiver with a loop?” To
make this experiment an old-fashioned “barrel
loop” was obtained at a mere fraction of its
former list price, and rebuilt into more modern
form by using two curved pieces and two straight
pieces of its frame, plus four triangular pieces of
hard rubber notched to receive the wire.

The loop having been reconstructed, the
antenna and ground wires were disconnected,
and the antenna coupler removed from the
receiver. The loop connections were then made
as shown in the diagram. Kpbka was tuned-in,
and then tuned-out almost completely by care-
fully turning the loop to a ninety-degree angle
to the direction of the station. Three points down
the dials wut was found, then kKMox, wsms, and
others which had been drowned out before. [t

C_=""0
HERE 1s a story by a reader who applied a

screen-grid r.f. stage to a Browmning-
Drake circutt which he was constructing for
bis own use. The result was a set which could
deliver satisfactory signals wilh a loop an-
teuna. The many readers who are wusing
Browning-Drake sets of early vinlage may
find i this experience article just the informa-
tion they want to help them in converting
their set to one with greater gain and some-
what increased selectivity.—THE EDITOR.
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is the loop, of course, which accounts for the
selectivity of the receiver, and the use of the
screen-grid tube explains its sensitivity.

When the receiver is operated near a powerful
broadcasting ' station, such as xbpKa, it is ad-
visable to enclose the entire set in a sheet-
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copper box, made by a tin-smith. The shield used
by the writer was made just large enough to fit
snugly around the base, so that the base panel
would lend rigidity to the copper shield. Further
shielding was given the shield-grid tube by using
a Tyrman socket, which is supplied with a shield
made especially for this tube. When a shield is
placed about the entire receiver, the wiring is
arranged as shown in the diagram.

The usual method of mounting the grid leak,
Ry, directly across the grid condenser, Cs, by
means of clips cannot be employed, as this con-
nection would not permit the tuning condenser,
C,, to be mounted directly on the metal shield,
as the rotor of this condenser, as well as the grid
return of L,, would have to connect with the F-
plus wire, unless a 200a-type tube were used. In
this connection it might also be mentioned that
neither shielding nor the turning of the loop will
avail much in keeping out unwanted signals from
a powerful local station if a ground wire is
attached to any portion of the receiver. Fortu-
nately, at least in our case, the removal of the
ground wire from the power pack caused no
increase in hum from the loud speaker.

OBTAINING BIAS

AT FIRST a 15-ohm fixed resistance witha 10-
ohm tap was used in the negative filament
lead of the screen-grid tube, not only to reduce
the filament voltage to the required amount, but
also to supply the necessary grid bias. But 15
ohms seemed to give too much bias, and 10 ohms
did not provide quite enough. Therefore, a 13-
ohm rheostat, Ry, was converted into a potentio-
meter, and the grid return of the loop antenna
was connected to the contact arm. After the
proper adjustment of the potentiometer has
once been determined by experimenting, the
knob hardly need be touched again, and so this
potentiometer may be placed on the base panel.
However, in the set illustrated, R; is mounted on
the front panel and is used as a volume control
on strong local signals, rather than burn the
filament of the screen-grid tube too low by re-
ducing Ra. Either our ear or our imagination told
us that the tone quality was better with this
form of volume control forlocal stations. Further-
more, we have learned that burning the filament
of a tube too far below its rated voltage does not
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FIG. 1.

RECEIVER CIRCUIT

The above is the complete schematic diagram of the r.f. and deteclor stages of the author’'s loop-operated
Browning-Drake receiver. The set is operated in connection with the external a.f. amplifier and power

wnit described in Fig. 2.

increase the length of its useful life, and we want
our rather-expensive screen-grid tube to live
to a ripe old age.

If the source of plate voltage is equipped with
variable resistors, it will be found well worth
while to adjust carefully the voltage for the
screen grid and the plate of the screen-grid
tube. The efficiency will be maximum, however,
when both potentials are in the neighborhood
of the figures mentioned on the diagram, so that
those using dry batteries are also assured of good
results.

Mr. Browning's suggestions regarding neutral-
izing could not be followed, as the coil used is an
old one, not having the special winding for neu-
tralizing. 1t will be noted on the pictures that the
position of this coil has been reversed, not only
to bring the tickler knob into the center of the
panel for appearance sake, but chiefly to shorten
the plate lead. This position of the coil is, of
course, made possible by the removal of the
antenna coupler from the receiver.

Other deviations from the list of parts sug-
gested in Mr. Browning’s article, such as Cs and
C4, do not necessarily indicate improvements.
but that these parts happened to be on hand—
and happened to work.

If a ten-inch base panel is used, sufficient room
will be found on it to add the audio stages, but

- . LIST
we have found it more desirable to place both

the cable are then used as follows: A-plus, AB-
minus, Detector plate, B-plus 43-volt, B-plus
oo-volt, F-minus for first audio tube, and F-plus
for first audio tube. The F-minus connection on
the plug must, of course, be carried to a point on

the proper side of the receiver switch, so that this
switch will also control the first a.f. tube.

PARTS

audio stages in the power pack, even though the T HE apparatus used by the writerin the con-

power transformer does not supply filament volt-
age for the first audio tube. The seven wires of
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FIG. 2. CIRCUIT OF POWER UNIT

A two-stage transformer-coupled amplifier 1s incorporated in the power unit
desigued by the writer for use with bis loop-operated Browning-Drake.
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struction of his loop-operated Browning-
Drake receiver are given below. In some cases

the various items were
not selected especially
for this receiver, but
were employed because
they happened to be on
hand. Of course, electri-
cally equivalent parts
may be substituted if
desired.

The
follows:

complete  list

C: One National Equi-
tune condenser,
0.0005~-mfd. (Substi-
tute a 0.00035-mfd.
condenser if this size
is required by the
loop antenna  se-
lected);

C, One National Equi-
tune condenser,
0.000235-mfd.;

TOP VIEW OF RECEIVER
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C;3, C Two Sangamo fixed condensers, 0.001-mfd.;

C4 One Sangamo fixed condenser, 0.00025-mfd.;

Cs; One Dubilier by-pass condenser, o.3-mfd.;

R; One potentiometer, 15-ohm (The writer used
a Buffalo rheostat after converting it into a
potentiometer);

R: One Carter midget rheostat, 30-ohm;

R; One Carter midget rheostat, 20-ohm:

R4 One Durham grid leak, 2-megohm:

One front panel, 7 x 18-inch;

One base panel, 7 x 17-inch (Use a 10 x 17-inch
base panel if the amplifier is to be mounted on
the base panel);

One Tyrman shielded socket, screen-grid type;

One Benjamin Cle-ra-tone socket, ux-type;

One Yaxley cable and connector plug, 7-wire;

Two Carter tip jacks (for loop-antenna connec-
tions);

One loop antenna, 0.0005-mfd. or 0.00035-mfd.

type;

Two National vernier dials, type-c:

One Carter “Imp”” battery switch.

The following accessories are required to place
the receiver in operation:
One screen-grid tube, 222-type;
One detector tube, 201a-type;
One storage battery, 6-volt;
One B-supply unit;
One a.f. amplifier, with tubes;
One loud speaker.

POWER UNIT

HE circuit diagram of the power unit used

by the writer in connection with his loop-
operated Browning-Drake receiver is given in
Fig. 2. It will be noticed that the power cir-
cuit also includes a two-stage a.f. amplifier.
The parts employed in the construction of the
unit follow:

C; C; Two Acme “Parvolt”
2-mfd., 400-volr;

C3 One Acme ““ Parvolt” filter condenser, 8-mfd.,
400-volt;

Cy, Cs Two Acme “Parvolt” by-pass condensers,
1-mfd.

R; One Electrad fixed resistor, 10,000-0hm, type
B-100;

R» One Electrad " Truvolt” variable resistor,
5000-ohm, type T-50;

R; One Electrad fixed resistor, 2000-chm, tvpe
B-20;

R4 One Amperite (Radiall Co.), type 1-y;

T1 One AmerTran audio transformer, first-stage;

T, One AmerTran audio transformer, second-
stage;

Tz One Thordarson output transtormer, type
R-76;

One Thordarson power compact, type R-171;

Three tube sockets, ux-type;

One vacuum tube, 201a-type;

One power tube, 171a-type;

One gaseous rectifier tube, BH-type.

filter condensers,






The Isotone Screen-Grid “Super”

few different types of radio

receivers, and of these the
super-heterodyne is unique in that
it is the only one in which the num-
ber of circuits which must be tuned
to the frequency of the received sig-
nal is not made greater with an in-
crease of amplification. In an ordi-
nary tuned radio-frequency receiver,
if we wish to obtain more gain, we
have to provide additional tubes and
tuned circuits, and in operating the
receiver it is necessary that these
circuits always be adjusted to reso-

ESSENTIALLY, there are very

By DUDLEY WALFORD

frequency amplifier, and the control
box. The wiring and testing of these
four units is done at the factory;
each piece of each individual unit
undergoes several tests and then the
entire unit is tested.

One of the main features of the
receiver which is not apparent from
the schematic diagram is the oper-
ating frequency of the intermediate-
frequency amplifier which is 475
kilocycles. Most set-constructors are
by this time aware of the fact that
such a frequency allows the receiver
to be tuned as a “one-spot”’ instru-

nance with the wavelength of the par-
ticular station we desire to receive.
in a super-heterodyne most of the
amplification takes place in the
intermediate-frequency amplifier
which always operates at the same
frequency and therefore, does not have to be
adjusted when receiving signals of different fre-
quencies. This is one of the major advantages
of the super-heterodyne receiver, and one of the
most important parts in such a receiver is the
intermediate-frequency amplifier, for upon its
characteristics depend the sensitivity and selec-
tivity of the set.

Accurate matching during manufacture of the
transformers inan intermediate-frequency ampli-
fier is not very difficult if the intermediate-
frequency is low, say 30 to 60 kc. On the other
hand, the disadvantage of using a low inter-
mediate frequency in an ordinary super-hetero-
dyne is due to the phenomenon of so-cailed
“repeat points”’ by which it becomes possible
1o tune in most local stations at many points on
the dial. A super-heterodyne can be made es-
sentially “one spot’ by the use of a high inter-
mediate frequency, but at such frequencies the
effect of tube capacities, etc., becomes important
and accurate matching of the intermediate-
frequency transformers during manufacture is
not always possible. When using a high inter-
mediate frequency it is of advantage, therefore,
to so arrange the transformers that they may
be manually adjusted to the point of maximum
sensitivity after the receiver has been completely
constructed. Such transformers are used in the
H. F.L. [sotone receiver described in this article.
The following paragraphs will discuss in more
detail the technical characteristics of this set.

Fundamentally, the [sotone is a standard

THE ISOTONE IN A PHONOGRAPH-RADIO CABINET
This recefver was designed for use either as a radio set or a phonograph ampli-
fier, and, when installed in a cabinet of the type illustrated, full advantage is
taken of its dual entertaimment value

screen-grid super-heterodyne utilizing nine tubes.
There is an additional tube which is used
when the instrument is employed for phono-
graph reproduction. The ten tubes of the set are
distributed in the following manner: one 2014-
type first-detector tube, one 201A-type oscillator
tube, three 222-type intermediate-f[requency
tubes, one 1124a-type second-detector tube, one
t12a-type phonograph-amplifier tube, one 112a-
type first-stage a.f. tube, and two 171a-type
push-pull a.f. tubes.

The set itself is composed of four main units,
namely, the front tuning unit, the screen-grid
intermediate-frequency amplifier, the audio-
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HE H. F. L. [sotone described in this

arlicle 1s very different from the standard
design of super-heterodyne kit. Whereas the
usual sel of this type requires many long
tedious howurs for its construction, the ten-tube
Isolone may be completely assembled and
placed 1n operation 11 less than one howr! This
is made possible by the use of wired units
which the set-builder fastens lo the chassis
and wires tnto the circuit. The design of the
sel is such that it is almost impossible to make
a mustake, and the necessary circuit adjusi-
wments are easily accomplished. The [sotone
1s also efficient when used as a phonograph
amplifier.

—THE EpiToOR.
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ment and does away with many of
the annoying repeat points on the
dial. When such a high frequency is
used, it is absolutely necessary, as
mentioned previously, that the
intermediate-frequency transformers
be furnished with a means of compensating
the various tube capacities and the capacities
of the wiring in the receiver.

The tuning of each transformer in this ser is
accomplished by two condensers—one of these,
a small mica condenser, Cy, having a fixed value
of 0.0001 mfd., is connected permanently across
the secondary of each intermediate-transformer,
Ty, To, T3 and Ty, and the other, a small variable
condenser, C,, having a variable capacity of
0.000025 mfd., is connected in shunt with the
fixed condenser, Ci. This system of manually
tuning the four transformers allows one to ad-
just the intermediate-frequency amplifier easily
to the point of maximum sensitivity and selec-
tivity.

In theshield compartments of the intermediate-
frequency amplifier are the four transformers,
their associate tubes, sockets, resistors, tuning
condensers and twelve o.5-mfd. by-pass con-
densers. The twelve by-pass condensers are of
extreme importance in the proper operation of
the amplifier. While their use increases the cost,
the results seem to justify the expenditure, for
the operation of the amplifier is perfectly stable,
and oscillations cannot be produced under any
normal operating condition.

Immediately to the right of the screen-grid
amplifier we see the completely shielded audio
section of the Isotone. This consists of four trans-
formers, four sockets, a by-pass condenser, d
series resistor and the necessary input and output
tip jacks. The first transformer, T;, in the ampli-
























)
S

Sound Motion Pictures

Volume Control in the “Talkies”

ing asked in a locality noted for repeated

industrial warfare what he thought of law
and order, answered to the effect that he thought
it would be alil right, but he had never seen any.
Exaggeration ofien points the way to truth. The
truth about volume control in the sound-movie
field 1s that in most theatres there isn’t any. This
is probably the most serious defect in the tech-
nique of audible photoplay reproduction at the
present time. The theatres, in this matter of gain
adjustment, are now at the stage in which broad-
casting was in 1923, but the effect is worse, be-
cause the combination of sound reproduction
with pictorial action presents morc difficult prob-
lems than sound reproduction alone.

The principal faults may be summarized as
jollows:

(1) General level of speech reproduction too
high.

(2) Failure of volume to follow the action or
to maintain a natural proportionality.

(3) Abrupt jumps from one musical selection
to another as scenes change.

(4) Inability to adapt sound reproduction to
audience reaction in special cases.

Under the first count of the indictment, I may
say that I attend a good many sound-picture
showings in various cities and different sizes of
theatres, and very rarely encounter inadequate
volume of either speech or musical accompani-
ment. Excessive loudness of synchronized musi-
cal accompaniment { hear sometimes, but not
often enough to write an article about it. Un-
naturally loud speech reproduction, however, is
rampant. This generally excessive level of speech
reproduction is caused by failure on the part of
the recording experts, projectionists, theatre
managers, and other functionaries to appreciate
the simple fact that speech is usually not as loud
as music. So, in changing from orchestral ac-
companiment to speech, during a picture, they
ought to drop the level, perhaps 10 Tu. Bur in
most pictures which have talking portions alter-
nating with music nobody does anything about
‘this. The result is that even in the top gallery
the speech is absurdly loud. The setting should
be such that in this location conversational
speech from the sound movie machine is loud
enough to be comfortably understandable. In a
house with good acoustics this will not be much
louder than speech of the same sort from an
actor on the stage. Even when this rule is fol-
Jowed the speech may be too Joud in the front of
the orchestra, but it will not be as bad as when
the level is excessive up above.

SOME years ago an eminent progressive, be-

TOO MUCH VOLUME

HIS chronic tendency to oversupply volume

leads to a number of corollary defects. One is
a distortional change in voices. An actor playing
a love scene, for example, and talking to a girl
at close range, naturally speaks in a low voice.
His low voice is not the same, in distribution
of overtones, fundamental pitch, and other
characteristics as if he were talking loudly. The
recording operator, perhaps, brings up the gain
control to get above the noise level of his equip-

ment. Then in the theatre some more amplifi-
cation is piled on, and the voice issues from the
projectors a few million times louder than at
the beginning. The ear recognizes the fact that
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TH]S is the first of a series of articles
dealing with sound molion pictures.
Rap10 BROADCAST was first and alone in its
field to provide intelligent and authoritative
articles on the engineering aspects of broad-
casting and we are bappy to be first now with
authoritative articles on sound movies. The
latter field is so close to broadcast engineering
that 1t is proving of absorbing interest fo
almost  everyone in radio. Pages in this
magarine will regularly be devoted to this
subject. —THE EpiToR.
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something adventitious has happened to the

man’s voice. Quiet speech sounds natural only
when it is reproduced at a relatively low in-
tensity. Furthermore, dramatic contrast is Jost
when even moderately loud sounds are repro-
duced heavily. If you deafen the audience with
the amorous murmuring of the lovers, what
more can you do when they begin to shout at
each other, or when the hero pulls a machine
gun out of his trousers and shoots one of his
fellow gangsters? If you are working at plus
1o for sounds of low volume, and you emit 100
times as much energy for a louder sound, the
effect on the ear goes up to plus 30, an increase
of 200 per cent, as far as the ear is concerned.
But if you are already working at plus 40 the
same ratio of increase only brings you up to plus
6o, an increase of 50 per cent. to the ear. The
audiences, even though they don’t know much
about logarithms, have ears which act log-
arithmically.

Part of what has been said also has a bearing
on the second point listed above. Fundament-
ally, the failure to correlate volume with the
action of the play is a fault in recording. Skillful
gain variation in the theatre can make up for
defects in recording, but what we frequently get
is mediocre recording to begin with, aggravated
by bungling in reproduction. One of the faults
frequently mentioned by critics of talking pic-
tures is that when characters go backstage
after a close-up there is no corresponding dimi-
nution in the level of their speech. This is some-
thing which should be taken care of in recording,
but usually isn’t. The close-up is one shot and
the movement backstage very likely another. By
the time the recording engineers are taking the
latter they have forgotten the initial volume, but
the audience, getting the two close together,
notices the incongruity. The remedy lies in
recognition of such defects, more utilization of
instruments, and standardization of technique.
Similarly when an actor turns away from the
audience there is not the change in his voice
which one would expect. The reason usually is
that a second microphone was used to pick him
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up when he turned away, and the recording
expert neglected to bring down the gain control
somewhat on his transmitter to take care of its
direction with respect to the future audience.

Some of the troubles discussed above involve
refinements in technique and training of skilled
personnel, which cannot be accomplished over-
night, but such scandalous defects'as abrupt
changes in musical selections are inexcusable. As
long as audiences tolerate such barbarities it
seems there will be producers and exhibitors
foolish enough to perpetrate them. In the mean-
time other producers will refine their technique
and sell the product to the more far-sighted
theatre proprietors, and when the public becomes
critical the latter will get the business and the
former will be left wondering why their seats are
empty. As yet, unfortunately, the public has
not become discriminating, and one sees audi-
ences sitting through synchronized pictures in
which, as the scenes change,- one musical selec-
tion js abruptly broken off and another starts
with full volume in the middle of a bar. These
are the subtle operations of the cutting rooms on
sound film. As originally scored, the picture has
appropriate musical selections fitted to the
various scenes, with suitable transitions and
pauses as scenes change. Further changes being
decided on, pieces are chopped out of the reel.
This may improve the picture (sometimes the
more that is cut out the better the picture be-
comes) but unfortunately the sound track goes
with the picture, and with it the artistic tran-
sitions arranged by the musical director. Of
course these portions might be re-orchestrated,
but the productions have to appear on schedule,
and some of the producers are willing to send
the stuff out as Jong as they think there is a
chance that the audiences will not get up, throw
the chairs at the screen, and lynch the house
manager

AUDIENCE REACTIONS

ANOTH ER difficulty, for which the producers
cannot be held responsible, lies in the un-
certainty of audience reactions. In one instance
which | witnessed the victim was the illustrious
Martinelli, singing ¥a Prononcer Ma Mort, from
La Juive, one of Vitaphone’s operatic shorts.
The tenor appeared in street clothes on the screen
after being divested of his costume and Hittite
nose. A small audience on a warm Sunday after-
noon applauded only moderately and when the
shade of Martinelli implacably offered two or
three bows and synchronized smirks after they
were silent, naturally they laughed. In this case
the projectionist was caught flat-footed. He
should have doused the grateful artist as soon
as the audience indicated that it could bear to
let him go back to the rewinder. Too few bows
are always better than too many. A much harder
problem is encountered in connection with loud
laughter from audiences during comedies. In a
stage comedy when the audience laughs loud
enough to drown out the succeeding dialogue the
actors pause and wait for the roars to die down.
In vaudeville they can laugh with the audience.
(Concluded on Page 200)












GENERAL VIEW OF HOME-MADE AUDIO OSCILLATOR

An Inexpensive Audio Oscillator

NE of the greatest problems that con-
O fronts the average experimenter is the
lack of adequate apparatus for conduct-
ing the tests that are so vitally important to the
final outcome of the experiment. {n nearly alil
cases the cost of the apparatus involved in mak-
ing an experiment which leads to an authoritative
answer places it beyond the reach of the in-
dividual. It was with the idea of solving this
problem that the writer spent considerable time
in designing the inexpensive audio-frequency os-
cillator presented in this article.

The various experiments and measurements to
which an oscillator of this type may be put to
use are not only quite varied, but at the same
time quite useful. In connection with measuring
the frequency characteristics of audio-frequency
amplifiers, this oscillator has proved itself in-
dispensable. Amateur or commercial radio sta-
tions may use it in place of the usual buzzer to
modulate the carrier. In the broadcasting field,
the oscillator may be used for lining up telephone
circuits which connect the broadcasting sta-
tion with remote apparatus. Many other uses
may suggest themselves to the experimenter,
such as determining the frequency characteristic
of an audio-frequency transformer, filter coil,
loud speaker, etc.

THE CONSTRUCTION OF THE UNIT

HE oscillator which is described here is made

up of two component parts, the oscillator
proper and the one-stage amplifier. For practical
purposes it is desirable to have this stage of am-
plification built in the same housing, and com-
bined with the oscillator to make one complete
unit.

By EDWARD STANKO

In constructing this oscillator, it is first neces-
sary to obtain a Ford ignition coil {or some sim-
ilar spark coil), such as used on the model T car.
A photograph of this unit is shown at the left in
Fig. 1. The wooden housing, which the ignition
unit is molded in, is carefully removed with a
screwdriver. While the process of dismantling
the unit is in progress, an electric soldering iron
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HE oscillator which Mr. Stanko de-

scribes uses apparatus that nearly every
experimenter has, or can obtain. It will gen-
erate audio frequencies from about 6o fo
5000 cycles, which is sufhicient range fo con-
duct awy and all tests on present-day audio
apparatus. In the Laboratory, a similar
osctllator has been in use Jor several years;
we used a push-pull output transformer
instead of a Ford coil, but the results are the
same. The values of capacily indicated as
Cy 11 the circuit diagram wust be determined
experimentally. The larger the capacity the
lower the generated frequency. The Laboratory
Staff will be glad 1o learn of other apparatus
of similar nature that experimenters have
developed.

—TrE EpiToRr.
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should be kept handy for unsoldering all of the
connections on the inside of the housing. When
the entire housing has been removed, place the
ignition unit in a moderately warm oven. After
it has been given a thorough warming, remove
the unit from the oven and cut off with a knife
all of the surplus insulating compound in which
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the coils and condenser are imbedded. Remove
the paper condenser and lay aside. It will be
used later. Dig around in the insulating com-
pound until the primary winding of the coil is
located. The primary winding can be easily dis-
tinguished from the secondary by noting the size
of the wire. The primary is larger in diameter
than the secondary. When this winding is found,
the wire is pulled out endwise until all of the wire
is removed from the iron core. Care should be
taken not to damage the secondary winding
while the primary is being removed.

When the ignition. unit is completely dis-
mantled, as shown in the center in Fig. 1, it
will be necessary to locate the secondary leads.
The two outside leads will not be hard to find
as they are at the extreme ends of the two second-
ary coils. The difficult problem is to locate the
connection that connects the two secondary coils
in serics. This connection is usually found be-
tween the secondary coils imbedded in the in-
sulating compound. Progress at this stage must
be very slow, as considerable pains should be
taken not to damage any of the windings or
leads. When this connection is located, cut the
connection at the center. Flexible wires are now
soldered to all of the leads that extend from the
two coils.

The unit is now ready for reassembly. The sim~
plest and easiest way of assembling these parts
is to get a tin can that will accommodate the two
secondary coils and the iron core. Place the coils
in the can, one on top of another, slip in the iron
core and center it with respect to the secondaries
with small wooden wedges. Pour the can full of
hot paraffin and let it cool. When the paraffin
has hardened, warm the can over a gas flame or
immerse it in a bucket of hot water. After
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warming the can for a few minutes, turn it upside
down and the unit will slide out in the shape of
the mold. A simple and effective mounting can
be made by getting a copper or brass strip, one
inch wide and six inches long, and bend to shape
as shown in Fig. 3. Twenty or twenty-two
gauge strip will do nicely. As a safeguard it might
be well to mention that if the copper strip is
wrapped with rubber or friction tape the chances
of short-circuiting any of the oscillator connec-
tions will be greatly reduced. The assembly
should look like the right-hand view in Fig. 1. at
this stage of the construction.

When using the oscillator for making certain
measurements, the input to the system under
test must be maintained at some constant value.
As the output of the oscillator varies with the
frequency generated, it is obvious that there
must be some means for controlling the power
output of the oscillator. Not only must we have
some means of controlling the gain of the oscilia-
tor, but the gain control must be of a type that
will permit the output of the oscillator to be
varied without changing its frequency.

After experimenting with several types of gain
controls, the constant-impedance type was
chosen. This control, Ry in Fig. 4. is composed
of two 6oo-ohm Federal potentiometers mounted
back to back on a piece of thin bakelite. The
method of mounting them is shown on Fig. 2
A single shaft is used to rotate both of the po-
tentiometers. if the wiring diagram of the con-
stant-impedance control is traced out, it will be
found that as the resistance is increased in one of
the potentiometers, the resistance is decreased
in the other, thereby keeping the impedance,
which is the sum of these resistances, at the same

by " Bakelite or
; Hard Rubber

Por.
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Knob - | Copper Strip i
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FIG. 2 FIG. 3

value at any position of the control. Two grid
condensers, Cs, are employed in this circuit, a
o.005-mfd. capacity for frequencies below 500
cycles per second, and a 0.00025-mfd. capacity
for frequencies above 500 cycles. A grid leak of
two megohms seems to be about right. The paper
condenser from the Ford coil. C;, is used in the
primary circuit of the audio transformer to keep
d.c. out of it.
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This is the complete circuil diagram of the bome-made aundio oscillator described in this
article. Note that the two Goo-obm potentiometers, Ra, are mounied on the same shajt

PRELIMINARY TESTS

HEN the oscillator and amplifier have been

wired up as shown in Fig. 4, the unit should
be given a preliminary test. Connect batteries,
light tubes, place a loud speaker or pair of head-
phones across the output, then move, switch,
Swi, so that the o.00025-mfd. condenser is con-
nected in the grid circuit. Set switch Sws on an
open point, that is, so there is no capacity across
Li;. The oscillator should immediately go into
oscillation, generating a frequency around five-
or six-thousand cycles per second. If the oscillator
fails to work, check up on the wiring, particularly
at the coil connections. If one of the coils is re-
versed, the oscillator will refuse to work and one
or the other of the coils must have its connection
reversed. When the oscillator is working properly
a frequency of about 1000 cycles can be tried.
To do this leave the grid condenser on the
0.00025-mfd. tap. Move switch Sw» so that the
o.0oo1-mfd. fixed condenser is shunted across
Ly. If everything is working properly with this
arrangement, a frequency around 1ooo cycles
should now be heard. Throw switch Swy so the

o.005-mfd. condenser is connected in the grid
circuit. Move switch Swz so that the o.171-mfd.
condenser is across Ly. The oscillator should be
now generating a low-pitched frequency around
100 cycles, If the oscillator refuses to work at
this low frequency, use a larger grid condenser.
However, it has been found that if the grid con-
denser was kept at the smallest possible capacity
that would keep the circuit oscillating, the har-
monics were considerably reduced. No attempt
is made to give the exact numerical figures for the
fixed condensers used across Ly, as the condensers
manufactured by some concerns vary to such a
degree that it would be entirely out of the ques-
tion to attempt to build an oscillator from direc-
tions given that would be accurate enough for
calibration purposes without first comparing
the generated frequency with some known
standard. However, capacities for several fre-
quencies are mentioned.

The oscillator will generate audio frequencies
from 6o cycles up to six-or seven-thousand cycles
per second, depending upon the capacity of the

(Concluded on page 200)

FIG. I.

METHOD OF REBUILDING FORD SPARK COIL FOR USE

IN AN AUDIO OSCILLATOR

The picture on the left shows ihe spark coil in its original case, the picture in the center shows the secondary coils and core which have
been remored from the spark coil, and the illustration on the right shows the secondary coils and core mounted for use in the oscillator



A Chart for Making DX Measurements

UE to the use of short waves for broad-
D casting purposes it is possible for the

broadcast listener to hear stations from
distant continents as well as from the far corners
of his own continent. In many such cases the DX
enthusiast wishes to know the distance to the
station which he has heard. This distance cannot
be obtained directly from a map when the sending
and receiving stations are widely separated, but
can be computed by one of the formulas of
spherical trigonometry when the latitudes and
longitudes of the two stations are known. The
computation is somewhat long and tedious, how-
ever, and the result obtained may be seriously
in error unless the work is carefully done. For this
reason the chart which accompanies this article
has been prepared for the purpose of making the
computation graphically. The use of this chart
requires no knowledge of trigonometry, and the
result is obtained in very much less time than is
required to compute the distance.

The chart is for determining the distance be-
tween any two stations of known Jatitude and
longitude. Hence, the first step in the use of the
chart is to find the latitude and longitude of each
station. This may be taken from a map with
sutlicient accuracy. Then find the algebraic sum
and difference of the latitudes, remembering that

By JAMES B. FRIAUF, Ph. D.

for the difference in longitude, and a series of
straight lines radiating from a point at the left of
the chart for the difference of the Iatitudes of the
two stations. Find the line corresponding to the
difference of the latitudes. These lines are marked
at 10° intervals on their extensions into the space
between the distance scale and the scale for the
sum of the latitudes, and are marked “ Differ-
ence of latitudes”. The same line is to be used
whether the algebraic sign of the difference of
latitude is plus or minus. Follow this line to its
intersection with the vertical line corresponding
1o the difference of longitude. From the intersec-
tion of these two lines, pass a straight line to the
sum of the latitudes on the scale marked ‘%
Sum of latitudes,” and here again the algebraic
sign is immaterial. This straight line intersects
the scale marked “Distance” at the distance, in
land miles, between the two stations. It is ad-
visable not to draw the straight line with a pencil
since this would confuse the chart for future use,
hut to use a stretched thread or a piece of trans-
parent celluloid with a straight line scratched on
it

A dew examples will help to make this clear.

Suppose that it is desired to find the distance
from New York, Lat. 40° 40’ North, Long.
74° West, to Melbourne, Australia, Lat. 37°
50’ South, Long. 145° East. The sum of the la-
titudes is 40° 40’ + (-37° 50’) = 2° 50'; the
difference of the latitudes is 40° 40’ — (-37°
50") = 78° 30’. Since one longitude is East and
the other West, the sum of the two should be
taken, and since this sum, 219°, exceeds 180°
it should be subtracted from 360° to give 141°.
This is the difference in longitude between New
York and Melbourne measured the short way
around. The line for a difference of latitude of
78° 30" is not drawn on the chart but would be
one quarter of the way from the 78° line to the 80°
line. Follow this to its intersection with the line
for a difference of longitude of 141° which would
be half way between the lines for 140° and 142°.
From this point pass a straight line to the sum
of the latitudes, 2° 50/, which is close to the
lower end of the scale for the sum of the latitudes.
This line cuts the distance scale at 10,350 miles
which is the distance from New York to Mel-
bourne. The distance computed from the formula
1s 10,360 miles.

A second example is furnished by the distance
from Cape Town, South Africa, Lat. 34° South,
Long. 18° 30’ East, to Pernambuco, Brazil, Lat.
8°South, Long. 34° 50° West. Here the sum of the

North latitude is pius and South minus, and that & - . o .
a4+ (b)) =a—banda— (-b) = a + b. If . latitudes is —42° and the difference is —26°. The
. ; oot e
both longitudes are East or West, the diflerence _ dlﬁ.erer_lce of longitude is 53 20 Since the alg§-
of the two gives the difference in longitude; while s, braic sign of the Jum and.dxﬁ'erence of the lati-
if one Tongitude is East and the other West, the tudes is immaterial, the fine for a difference of
sum of the two gives the difference in longitude. - fatitude of 26° is followed to its intersection with
This sum should be subiracted from 360° if it g, the vertical line for a difference of longitude of
. _.0 ’ : . . R
exceeds 180° in order to find the least difference 53 20. A straight fine drawn from th,ls point to
in longitude. . 42" on the scale for the sum o_f thg ]atltudes cuts
Now refer to the chart shown on this page. the distance scale at 3830 miles. The computed
This has a series of vertical straight lines distance is 3827 miles.
]
o, T
420 71 JIT
27 2L T
7/ I TTT 1
s L i !
{
=_4 77 INE RN =
By //4 /I8 1 ) T B
L A R N )
Y/ /ARSI IS ERES NRERE RARI 11 |l\\\\\\‘\‘\\L\\‘\‘\\\\\\\\\\\\\\\\\\\\\ — \\\\\
oL L 7 7 I I I T I ITT NS SEESEINERE RRTLR LM AR M BN\ 4
o L7777 I I I I I T T T I 1 TTy I E SN SRR R LRLLR LR AN ©
c Ul I IS/ NSNS EENEEEREEEEEN IS LERENENEEE LR ELL FELUL VA A Y . Z
Y/ A A I T 11 SN ARG LGS REARELARRLY AW AR\ e K
@ I;III II IIIIIIIIIIIIIIIIIIIIIIIIIl’l’l’l’lll‘l‘l'l'l' 1 I EESINEEGANEE SRR AU UATA RN AN\
DIFFERENCE U7 I/[/IIIIIIIIII-IIIIIlllll' {Il‘l‘l‘l‘\‘l‘\‘\‘\‘\\\‘\\\‘\\\‘-‘\‘\\\‘\\\\‘\ \‘\\ AR\ -]
s S S S e e R e R PP OO DIFFERENCE
OF )t i i i S N Th R e wnewn tren e N OF
O NI TH A Y D W e I R L ——————
y JAFF T EESEoTorooToretheae e, 7
LONGITUDES W s e s e S s s S S o R R S SSsssssconrso e e N LONGITUDES
/ARSI AN AN RREND AN PR TR R AT VAN ©,
o ST i IHE RN \\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\Y\ s
S U I 2 I I I I AN EAE LR AR AT LR WA MR R
V/ 85 A SN S5 SES NSNS RN S . L e e L L L L LA Ty \N'
A A I T P T T T e e e R R R R R e
AW/ 00 A& Sy 7 A INSNEENEENR .
D e s,
L L L S LR RN AN AR R R AR R AR AR AR AR AR RN ARRS R RRSRAR TN I )
B = > ~ L3 n go
e © b4 g
t2 § £ § S § Datance § 3 § : 2
L L & 4 g = 4 = =
g8 & 3 s s, s, A & S 3 8 3 &, B gae
tDiHerence of laliludes
*Sum of [atitudes
= @ 8 H B & 3 3 3 32
5% % & 8§ 5, 3 g, 8 g 5, g, g 0§ & 73}
0 Bdwd b oo boe ool o Coec b Bondbves Do boen Boone e Brendbon Bnoec o Do o b bt O

138






190

overlaps that of the other tube. Diagram c of
Fig. 2 is an oscillogram of one tube operating for
a period of more than one-half cycle.

PUSH—-PULL FEATURES

THE outstanding feature of the push-pull
radio-frequency arrangement is less manifest
than that of the back-to-back device. European
writers consistently inform us that they are able
to produce oscillations of a higher frequency and
better stability with such circuits than with single
tubes. I am quite unable to find similar results in
either regard, nor do ! see any theoretical basis
for the belief. It is, of course, quite possible that
the use of series feed via a center-tap connection
may result in smoother tuning over a range of
frequencies, because one avoids the troublesome
natural frequencies and varying reactance of the
feed choke. However, this is beside the case since
the push-pull (or balanced) circuits have no
monopoly over this method of feeding. The push-
pull circuits can be shunt fed as suggested by
the dotted lines in diagram b of Fig. 1, and, on
the other hand, single-tube circuits can be fed
without chokes by using a neutral connection of
the tuning system as the feed point. For example,
in Fig. 3 we have the one-tube Hoffman version
of the Colpitts circuit in which one avoids both
plate chokes and grid-leak losses. Incidentally,
this circuit escapes the tiresome tendency of the
push-pull systems to generate two frequencies
near each other but unfortunately not quite the
same.

Short-wave Tumer and Adapier
Troubles

HERE appears to be considerable confus-
ion and uncertainty among the purchasers
of short-wave tuners and “adapters” for
short-wave reception. On the one hand perfectly
excellent apparatus is being accused unfairly,
while on the other hand good results are vainly
being sought with equipment that is quite in-
capable of decent work and which is unfairly
giving the short waves a bad name. Perhaps
it will be well to go over the possibilities and
difficulties.
First of all, what has one a right to expect?
Assuming that one has a well-made set in good
order, there is still no certainty as to the results
which will be obtained. While the reception be-
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tween 200 and 550 meters changes greatly between
day and night this change is as nothing com-
pared to the corresponding change on some of the
short waves. Very roughly, wavelengths between
13 and 55 meters may be thought of as the “day-
light waves” which work better by day than by
night, but always over rather long distances.
At shorter ranges they are rather unreliable and
often very weak. The waves above 55 meters
have the more normal ability to go further by
night than by day, although between 30 and 6o
meters lie waves which not infrequently do good
daytime work. On dark days even 8o-meter
waves come through rather well. The summertime
shifts the best working wavelengths toward the
shorter end of the spectrum, simply because there
ismoredaylight. Inall cases one may expect rather
rapid changes during sunset or sunrise at either
transmitter or receiver.

With this rough set of rules as a guide one may
begin to listen. However, at this point a very dis-
tressing difficulty may develop, namely, a
“soupy” or “growly” audio quality that is en-
tirely worthless as entertainment and often quite
unintelligible. Such things happen in the 200-550
meter region at times, but not often or on all
stations. But on short wavelengths every availa-
ble station may be affected for an hour, a day, or
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a week, and in some locations the effect scems
permanent! If the latter is the case, and one is
sure that the tuner is not at fault, the short-wave
idea had best be dropped. Usually, however, the
effect is present only a portion of the time, and
even then is seldom as prohibitive as the strong
static which often mars reception on standard
wavelengths.

Assuming now that we have managed to find
signals and that they are decently free from the
“audio-frequency fading” just mentioned, we
may next proceed to determine the usefulness
of the various available signafs. On shori waves
it will be found that the strength of a signal has
even less relation to the station’s distance and
power than is the case between 200 and 3350
meters. Thus, at my own location the English
station 5sw is somewhat stronger than wGy's
various short-wave transmitters, though the
latter are but 1oo miles away and materially
more powerful. Also, the English station fades
far less. Usually it is the fading which determines
the usefulness of a short-wave signal; if it is very
bad one is subjected to such extreme changes of
volume that all the pleasure is eliminated,
especially as the effect usually carries with it the
so-called “selective fading” which produces
weird and unpleasant shifts of quality.

All this sounds as if the short-wave game
were a most unreliable one and of no real
value. This is by no means the case. {f one
will but accept its vagaries, and avoid them
intelligently, when that is possible, one may
hear quite an array of things with a short-wave
receiver that would otherwise not *‘come in” at
all. No inconsiderable part of this matter will
arrive in good order and with steadiness as is
shown by the occasional rebroadcasting of ma-
terial received from another continent on a short-
wave channel. Such work is usually done with a
powerful initial signal. While it is true that a
weak transmitter does occasionally put a strong
signal into a remote region one still must not
take seriously the claims of a broadcasting sta-
tion which ‘““broadcasts to the entire civilized
world” with a 50- or 250-watt set.

Having agreed that the short-wave game is
moreof asportand less of a utility than the stand-
ard waves, we arrive near the truth. Silver-
Marshall’s phrase, “The thrill bands’ is cor-
rect. There is no thrill in the routine reception of
a reliable station—but there is a possibility of a
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HIS depariment of Rapio Broapcast

is utilized each month for the presenta-
tion of miscellaneous short radio articles
which are recewed from readers. These ab-
breviated manuscripts describe *“ kinks,” radio
short cuts and economies that the experimenter
rins across from time to lime and that can
be made clear in a concise exposition. Al-
thongh some of these notes have been submit-
fed by engineers and professional writers,
the editors particularly solicit contributions
from ibe average reader. All wmalerial ac-
cepted, tncluding photographs, will be paid
Jor on publication al our wusual rales with
extra consideralion for particularly meritori-
ons ideas.

—THE EDITOR.

Caer™ D

A Simple Wave Trap

‘ X 7HEN wiw opened up with full fifty
kilowatts at Mason, about twenty miles
from Cincinnati, 1 experienced a bit of
interference from this station. Rummaging
around the collection of used parts generally
found in the enthusiast’s shop, 1 speedily assem-
bled the essentials of a simple wave-trap, and
had it operating satisfactorily an hour after
wLw came in the air.

While there is nothing new in the trap idea, or
in the design advocated by the writer, the econ-
omy of the arrangement will recommend itself to
many readers, particularly in these days of con-
sistently increasing power.

The essential parts are a variable condenser, a
standard r.f. coil to match the condenser (if
coverage of the full wavelength range is desired),
a panel, and a dial.

The primary and secondary connections to the
coil should be definitely located. The primary
winding generally can be identified by the initial-
ing P and B+, and the secondary by G and F.
If no stamping is apparent, as may be the case
on some r.f. transformers, the secondary winding
has more turns than the primary coil.

The condenser should be mounted on a small
panel, about five inches square, and the coil
mounted to the condenser frame. The secondary
winding is then connected across the variable
condenser. This completes the wave-trap, illus-
trated in Fig. 2.

The primary winding is connected in series
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The wave-trap civewat. The primary coil of the r. f.
transformer is connected in series with the antenna
lead.

with the antenna lead to the receiving set, the
connections being indicated in Fig. 1.
D. H. Bovp, Cincinnati, Ohio.

STAFF COMMENT

The method of operation is simple. First, the
receiver is tuned to the station it is desired io
climinate. The wave-trap is then adjusted until
this station is weakest. Leaving the wave-trap
at this setting. the desired station is now tuned
in—generally with little or no interference from

FIG. 2

A4 simple wave-trap made with a standard radio-
Sfrequency  transformer  and  cvariable  condenscr.

the first transmitter. If there is insufficient trap-~
ping action, five to ten additional turns of wire
should be wound on the primary coil, in the di-
rection of the original winding. Of course, the
extra turns should be included in the antenna
circuit.

A Source of Accurate Meters

VERY experimenter needs meters to deter-

mine accurately the values of the current and
voltage with which he is working. However, with
reliable meters costing from $7.00 10 $20.00
a piece, this important item is often necessarily
neglected.

Accurate d.c. meters may easily be made from
zero-center moving-coil ammeters readily ob-
tainable at any automobile junk yard for fifty
cents. Older models of high-priced cars were
equipped with moving-coil instruments, such as
Weston models 301 and 267. These meters have
a so-millivolt movement, and require from 10
to 20 milliamperes for full-scale deflection.

The shunt should first be removed from the
meter, and the needle swung to the extreme left
by moving both the zero adjuster and the corre-
sponding adjustment found at the under side of
the movement. The meter may then be cali-
brated as a low-reading milliammeter. By using
shunts of proper values, milliammeters or am-
meters of any range may be had.

The small operating current required by these
meters readily permits their use as voltmeters
having a sensitivity of from 50 to 100 ohms per
volt by merely connecting the proper resistance
in series.

Eart H. MiLLER, Bellefonte, Pa.
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R.F. Choke Coil

AN EFFICIENT radio-frequency choke coil
of the plug-in type may be made from a
burned-out filament ballast. The ballast tube
should be wound with about 250 turns of number
34 sitk-covered wire. The wire may be wound in
a haphazard fashion and the ends soldered to the
caps of the ballast plug.

This choke will be effective over the entire
broadcast range and down to about 100 meters.
For shorter wavelengths a 150-turn coil would
be better.

ALLaN Hamitton, Houston, Texas.

More Output Ideas

USH-PULL amplifiers generally are provided

with an output transformer to which the
loud speaker is connected. In some cases better
results may be obtained by connecting the loud
speaker directly to the primary through two
2-mfd. condensers, as suggested in the diagram
Fig. 3. Posts 1 and 4 are used for any single loud
speaker, while a very satisfactory combination of
cone and horn loud speakers can be effected by
connecting one reproducer to posts 1 and 2 and
the other to posts 3 and 4.

H. M. Tuomrson, Vancouver, B. C.

A Band Selector for ithe Universal
Receiver

l HAVE always been a booster of the Rabpio
BroapcasT Universal circuit, my only possible
criticism of the arrangement being the lack of
selectivity when operated in congested broadcast
localities.

However, by utilizing the familiar link circuit,
as suggested in Fig. 5, the selectivity was im-
proved to an entirely satisfactory degree with a
negligible loss of volume.

The following describes the coils indicated on
the diagram:

Coll A, 10 turns wire on a 22 inch diamerter
tube;

Coil B, 48 turns of wire spaced 4 inch from coil
A
Coils C and D each have 10 turns of wire on
2%-inch tubing;

Zmiil .

2
Sec
not
used

3

Ao

FIG. 3

An output arrangement that is occasionally

superior {o the transformer circuil, and which
prozvides for one or two loud speakers.






New Apparatus and Its Applications

Transformers Now Available for Linking Dynamic Loud Speakers With Push-Pull Amplifiers

GAIN this month a change 1s made in
the method of presenting new apparaius
i these pages. Parls submilted by different
manufaciurers usually are treated as separate
flems, bul in this issue several dvnaniic-
speaker outpul transformers of the push-pull
iype are described in ome article. In this
way it is possible lo give a more lengthy dis-
cusston of the applications of these devices,
as space 1s nol wasted in duplicating descrip-
tions. A second article under this heading
describes a dual push-pull public-address
amplifier. A complete list of parts is specified
i1 the lext, and much valuable data 1s given
on the design of amplifiers of this type.

[ )
r.I‘HE story is told of a man and woman who,

while riding through California,

this purpose is secondary in comparison with
that previousiv mentioned. Now, since the pur-
pose of the transformer is to match the tube to
the moving coil, it would seem to follow that
manufacturers would have to put into the mov-
ing-coil loud speaker a coupling transformer
that can only be used with a tube of a definite
plate resistance—unless it is possible to design
the transformer so that it will be satisfactory
for use with all types of tubes. Let us see if
we cannot answer this question very briefly.

It is not our purpose in this article to enter
into a discussion of transformer characteristics.
From such a discussion we would finally reach
the following conclusions: (a) that a properly
constructed coupling transformer designed to
work out of an impedance of 5000 ohms, cor-
responding 1o a ii2a- or 210-type tube, will
also work satisfactorily out of 2000 ohms, cor-
responding to a 171a- or 230-tvpe tube, and

Moving.
Coit

Coupling .,
Transformer
supplied with
Loud Speaker

‘Regular
Output
Transformer

FIG. 5

can either remove the transformer supplied with
the Joud speaker and substitute one designed for
use between the moving coil of such a loud
speaker and a push-pull stage, or we can just
connect fthe outpur terminals of the present
push-pull transformer in the set to the input

terminals of the coupling transformer

angle of the subject, the reason for the
use of a coupling transformer between
the moving coil of the loud speaker and
the plate circuit of the power tube.

The coupling transformer, T, in a
moving-coil loud speaker is connected
in the circuit as indicated in Fig. 1,
and it has one major purpose in life—to
“match” the impedance of the mov-
ing coil to the plate resistance of the
power tube. It is true that the trans-
former will also serve to keep the d.c. plate
current of the tube out of the moving coil, but

T

4
Magnet -

Leads from

N moving Coil*-...

*.. Leadsfrom
field winding

Power
Tube

FIG. 1

Spectal Couphng
Trznstormer

- FIG. 4
Center-tapped
Choke

FIG.3

(b) rhat a transformer designed to work out of
an impedance of 2000 ohms, corresponding to
a 1714~ or 2350-type tube, will not operate
satisfactorily out of a 112a- or 210-type tube,
because with such a transformer the two lat-
ter tvpes of tubes would operate with a load
impedance in their plate circuit of less than
twice the plate resistance of the tube and, for
this reason, the plate current-grid voltage char-
acteristic of the tube will be curved and
distortion will result.

expressed great curiosity regard- T T T | incorporated in the loud speaker. If we
ing some immense fields of French General Radio Transivrmer use the former arrangement the result-
artichokes, with which they were un- Tove it ant circuit will look like Fig. 4, and i
familiar. It was explained to them what ] : ! we use the latter arrangement the
these vegetables were, what a tooth- 3 ; circuit will look like Fig. s.

“some dish they provided, and the sug- 3‘6 Whether the arrangement of Fig. 4
gestion made that they try them. To 3 or Fig. 5 is used depends upon various
which the gentleman replied with ut- 2 circumstances which are listed below:
most finality, “Oh, no! We never eat -5 (a) If the present output push-pull
strange foods.” An antipathy towards transformer in the receiver is a good one
“strange foods” is fortunately not a designed for use with ordinary cones
characteristic of radio enthusiasts to 50 60 80 100 300 500 1000 3000 5000 10,000 with a nominal impedance of about
whom new things are a staff of life. FREQUENCY 2000 or 4000 ohms, then the circuit of

The newest “strange food " to which FIG. 2 CHARACTERISTICS OF GENERAL Fig. 5 may be used with satisfactory ve-
many of us have probably devoted RADIO TRANSFORMER sults. The power loss due to the use
considerable thought during the past of two transformers will only be about
few months is concerned with moving- 2 Tu—a negligible loss.
coil loud speakers—how good they are, (b) If the present push-pull output
how to operate them, and so forth. transformer in the set is thought to
This article is devoted to one particular Meag  have a poor frequency characteristic it

will be best to remove it and use the
circuit arrangement Fig. 4.

(c) If a choke output circuit, Fig. 3,
is used in the output of the push-pull
tube then the circuit of Fig. 5 may be
used (i.e. terminals 1 and 2 of Fig. 3 may
be connected to the leads from coupling
transformer supplied with the loud
speaker) if 1714 tubes are used in
the push-pull amplifier, provided thart
each of the choke coils have an in-

ductance of not less than 30 henries.

(d) If a choke output circuit is usedwith 210~
type tubes then the chokes and the coupling
transformer in the loud speaker should be re-
moved, and a special transformer substituted
and arranged in the circuit as per Fig. 4.

There are listed in the following table a number
of special transformers, designed to replace the
coupling transformer of a dynamic speaker:

Type tube for use with

Manufacturer Ty Singl Push-Pull
For these reasons we find that the ype ge bl
coupling transformers which always are Amertran Sales Co. 300 20 or 1124
built into a moving-coil loud speaker are  Dongan Electric 2112 171A
designed according to (a), and the trans- Company Hgg 250 171a or 210
former will, therefore, work satisfactorily 1183 250
T - - Ferranti, Inc. OP-2 1124 or 171a
out of a 112a-, 1714A-, 210-, OF 250-type P_iC Al types
tube. General Radio Co. 385:8 All types
ase eV ] ’ 241 Al types
In some C“LS’, how e,\ er, we may want Sangamo Electric GX-210 112a or 210
to operate a moving-coil loud speaker out Co. HX-171 1714 or 250
. 7 ie 1 Thordarson T-2902 1714 or 250
of a push-pull srage. When this is to be Electric Mfg. Co.  T-2903 1714 or 250
done, two possibilities are open to us—we - 9629 1124 or 210
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Sound Motion Pictures

; movies how is the director to

action is recorded, what the

ing to do? His spacing is a
matter ot guesswork. He can, of course, have an
audience present and try it on them, but, as
every actor knows, different audiences do differ-
ent things.

To return to volume control, however—what
is the remedy for some of these defects? My
answer is no better than that of anybody else,
but [ will venture a few suggestions. One con-
sists in disagreement with the dogma that
volume control is all taken care of in recording
and, after the initial gain setting is made in the
projection room, the faders should be left alone.
This is good theory, but it doesn’t always work
in the present state of the recording art.

Part of the trouble is that the recording
engineers, especially when they are working
with discs, always have to worry about the
ground noise. Their tendency is to bring up the

. gain on low portions and to iron out the record
to one level. When the changes are not too rapid
this could be fixed in projection. A wider range
in volume can be secured there without excessive
background disturbance, since lowering the
reproducing gain brings down the ground noise

(Continued from Page 182)

with the signal. And, in general, accurate con-
trol of volume in recording, particularly in rush
production, awaits future developments in
instruments and technique. In short, while the
best answer would be to record so well that pro-
jection could take place without any change in
gain, with the present technique of recording
skillful gain adjustment in the theatre could do
a lot of good.

The projectionist, clearly, cannot be relied
on for this. For one thing, he has too many other
things to do. Secondly, he is not listening in the
house, but in a more or less noisy and uncomfort-
able projection room. Thirdly, he is seldom
fitted by temperament for an audio monitoring
job.

A POSSIBLE SOLUTION

NE solution is to use automatic, electrical,

or mechanical means of some sort to vary
the amplification in the theatre within certain
limits. This adds to the complications, but it is
a possible future development.

In the meantime the best answer may be a
limited gain control manipulated from a point
in the house by someone who has nothing else to
watch. This man may be a theatre musician,

whose judgment is likely to be good on such
matters as proper volume of speech and music.
He will operate a remote gain control permitting
a latitude of, say, 15 or 20 Tu. The setting in
the booth will be such that the house gain con-
trol can be brought up to the maximum without
causing overloading or any such difficulties.
The operator of the house control will preview
the film several times with the house manager or
someone in authority. In this way he will be able
to arrange a cue sheet, which can readily be
memorized after the first few trials, enabling
him to turn out a much smoother performance
than under present conditions in most theatres.
For example, if there is an abrupt change in
selections, he will at least be able to fade down
to low volume during the shift. He will be able
to drop an appropriate number of units for dia~
logue, bring up the gain once more for heavy
musical accompaniments, tone down pianissimos
which have been recorded with too much ampli-
tude, and in general graduate the performance.
I suspect that such a man, judiciously chosen,
would more than earn his salary, and that his
presence would help, in some measure, to pre-
serve the life of the goose which is laying the
golden eggs.—CARL DREHER

An Inexpensive Audio Oscillator

condensers used in connection with the circuit.
The greater the capacity across L;, the lower the
frequency. It is suggested that the oscillator be
calibrated from either tuning forks or a reliable
frequency standard. If only the middle part of
the audio-frequency scale is desired, the oscilla-
tor can be calibrated from a piano keyboard by
striking a key that corresponds to the frequency
generated by the oscillator.

An audio-frequency transformer with a fairly
good characteristic between 60 and 6,000 cycles
should be used in connection with the oscillator,
otherwise the higher frequencies will be cut off or
will come through so weak that additional am-
plification will be necessary to step up the vol-
tage of the oscillator.

The question of harmonics will probably be
brought up by the readers of this article; it
is admitted that the percentage of harmonics
with this type of oscillator is rather high.
However, the results obtained with the oscil-

As

intensely practical problems as the frequent
conflict between optimum development for the
picture and optimum development for sound,
comparisons between different systems of record-
ing, and other problems which are being widely
discussed and some of which will be considered
in this department. The movie people, of course,
have the same difficulty in the other direction.

At present a lot of skillful bluffers from both
camps are getting by and drawing their imposing

(Continued from Page 187)

lator are sufficiently good for most experimental
purposes.

WHAT PARTS TO USE

THE picture of the oscillator on page 186
shows Western Electric tubes; any type of
tube may be used instead of the ones shown; a
power-type tube is suggested, such as the 112
or 171a, depending on how much power is de-
sired. The C bias of the amplifier tube should be
carefully adjusted so that no distortion may take
place in this part of the circuit. The normal bias
for the 171 with go volts on the plate is about
16.5 volts.

In the following list of parts, the writer has
indicated few trade names; the reason is that any
well-constructed apparatus will work as well as
any other. The only special part in the list below
is the Ford coil, and even here the name Ford
indicates nothing more than that such a coil may
be used—any similar spark coil will do as well.

the Broadcaster Sees

(Continued from Page 185)

salaries. This will not last. One dark morning the
deflation of experts will begin, and the ex-
property men and fourth-rate broadcast opera-
tors will be propelled back into the rear ranks.
As a practical criterion at the present juncture, |
should say that no one should be allowed to
qualify as an engineer in sound movie work who
cannot understand all the articles on broadcast
and audio-frequency technique in the Proceedings
of the Iustitute of Radio Engineers and the

The complete list of apparatus follows:

Cr—Several small fixed condensers of various
capacities.

Cy—Two fixed mica condensers, 0.00025— and
0.005—-mfd.;

Csy—One paper condenser from Ford unit (about
0.01 mfd.);

L, L,—One Ford ignition coil used on Model
T cars;

Ri—One grid leak, 2 megohms;

Rs—Two Federal potentiometers, 600-ohm;

Rs—One rheostat, 6-ohm;

Swi, Swe—Two small multipoint
(Carter, Frost, Yaxley, etc.)

T: One audio transformer of good character-
istics.

switches

To place this oscillator in operation, the fol-
lowing will be needed:
Two power tubes, 112a— or 171A— type;
One storage battery, 6-volt;
B batteries or equivalent power supply, go-volt:
One C battery , 16.5-volt.

It

Journal of the American Institute of Electrical
Engineers, as well as the papers on sound movies
in the Transactions of the Society of Motion Pic-
ture Engineers. That is a reasonable minimum;
of course if he can follow some of the optical
material in the latter publication, and the elec-
trical and radio-frequency discussions in the
former two, he is better qualified to hold the
position and is of much greater value to his
employers.
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Safeguard Your
A. C. Installation

ATISFACTORY and economs-
ical operation of A. C. receivers

is contingent upon maintaining close
regulation of operating voltages, by
means of suitable A. C. measuring
instruments. This is necessary be-
cause of the wide fluctuation in the
potential of secondary lines furnish-
ing current to house lighting circuits.

Set manufacturers, dealers and elec-
tric light and power companies
everywhere are cooperating to the
end that voltage regulation, both
on supply lines and in connection
with voltage control equipment of
the receivers themselves, may be
effected for the better operating ser-
vice of all set owners. For this
reason, as well as for other testing
requirements outlined in the follow-
ing, all purchasers of A. C. receivers
are urged to provide themselves
with an instrument such as is shown
in the illustration—known as the
Weston Model 528 A. C. Voltmeter,
range 150/8/4 volts.

When you find that there is an ex-
cessive in-put voltage, it follows
that there is too high a voltage on
the filament which shortens the
operating life of the rectifying tubes.
The Model 528 Voltmeter therefore
checks the line supply voltage at all
times and indicates when adjust-
ments should be made to manually
operated line voltage regulators
between the power supply and the
power transformer.

| This voltmeter also indicates when
the line voltage is over-rated, thus
enabling the operator to make an
adjustment in the set for the higher
line voltage so that normal life can
be obtained from his tubes.

The Model 528 is also made as Am-
meters which are especially useful
in checking the total load of the A.
C. Set—in conformity with set
manufacturers’ instructions. The
determination of A. C. filament flow
in A. C. tube filament circuits is
easily obtained by means of this
| instrument.

Write for your copy of Circular J
fully describing the Weston Radio
Line.
Weston Electrical Instrument
Corporation
604 Frelinghuysen Ave.,
Newark, N. J.

WESTON
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Moving-Coil Loud Speakers

DESIGN OF THE COUPLING TRANSFORMERS

WHEN an engineer designs a moving-coil loud
speaker, he aleo has to design the input trans-
former which is used to couple the loud speaker and
receiver. The impedance ratio of this transformer
will depend upon the impedance of the moving-coil
system and upon the plate resistance of the power
tube in the receiver. Since the engineer doesn’t
know what type of power tube the buyer of the loud
speaker is going to use, upon what facts does he
base his decision regarding the impedance ratio of
the transformer which is finally incorporated in the
loud speaker?

The fact has been mentioned many times in these
data sheets that the maximum undistorted output
is obtained from a tube when the load into which
it works is equal to twice the plate resistance of the
tube. A curve was also given on Laberatory Sheet
No. 237 showing how the power output changed with
variations in load impedance and this curve indi-
cated quite clearly that a large percentage of the
maximum amount of undistorted power was still
available in the load, even though the load resistance
was 5 or 6 times greater than the plate resistance
of the tube. Suppose the engineer designed the coup-
ling transformer so that looking into the prim-
ary the impedance is 4000 ohms. The plate
resistance of a 171Aa-type tube is 2000 ohms

and if this tube were used the maximum undis-
torted power output would be obtained (since
4000 ohms is twice the plate resistance of a 171A).
If, however, this loud speaker were to be used with
a 112a- or 210-type tube, both of which have a plate
resistance of about 5000 ohms, then only 40 per cent.
of the maximum available power would appear
across the loud-speaker circuit. Also, when a high
plate resistance tube is used with a low-impedance
load the tube characteristic is curved (see Labora-
tory Sheet No. 124) and this produces distortion.
Evidently then, if such a design were decided upon,
the power loss would be somewhat greater than half
when using a 112a- or 210-type tube and also dis-
tortion would be produced due to curvature of the
tube’s characteristic.

If the transformer were designed so that from the
primary the impedance was 10,000 ohms then the
maximum amount of undistorted power would be ob-
tained from a 112a- or 210-type tube, since they are
both 5000-ohm tubes. On the other hand, if a 1714-
type tube witha 2000-ohm plate resistance were used
with this transformer we still would obtain 70
per cent. of the maximum power, and, since the
plate load, 10,000 ohms, is much greater than the
tube resistance, 2000 ohms, distortion would not be
introduced due to curvature of the characteristic.
This design of the transformer is obviously the
correct one.

No. 252
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Audio Amplifiers

IMPORTANCE OF BY-PASS CONDENSERS

IN SKETCH A on this sheet we illustrate the cir-
cuit of a single-stage audio amplifier, Resistor
R, being connected in series with the cathode of the
tube, functions to supply C bias to the grid of the
tube. Should the resistance, R, be bypassed with a
condenser?

If this circuit were casually analyzed one would
be inclined to answer this question negatively, since
this resistance is in series with the primary of the
audio transformer, T, and the impedance of this
circuit is very high. Consequently the a.c.
currents around through the plate circuit and
through the resistance ought to be very small. If,
however, we draw out the equivalent circuit, as we
have done in sketch B, a different condition is seen
to exist. This equivalent circuit represents what the
tube and transformer look like

the grid of the tube. This voltage, Ec, should ob-
viously be only a d.c. voltage, but, since the circuit
is a series resonant one, considerable a.c. voltage will
be developed across the resistance and be impressed
back on the grid of the tube. This voltage impressed
back on the grid will be out of phase with the orig-
inal voltage and it will, therefore, reduce the am-
plification at high frequencies.

These facts were checked on an amplifier in the
Laboratory a short while ago and proved to be true.
The low-frequency response of the amplifier was
unaffected by the condenser across the C-bias re-
sistor. At high frequencies, however, there was a
very considerable loss in gain unless a by-pass con-
denser of 1 or 2 mfd. was placed across the resistance.
It is therefore recommended that home construct-
ors always make certain that all the C-bias resistors
are properly bypassed.

at high audio frequencies, La be-
ing the leakage inductance in the 0
transformer and C the distributed i
capacity reflected into the prim- i
ary. R 1s the grid resistor and Rp |
the plate resistance of the tube. H
At high frequencies this is a series
resonant circuit and the currents
are, therefore, quite large. For
this reason a comparatively
large voltage may be developed
across the resistor R which sup-
plies the C-bias voltage, Ec, to

No. 253
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Shielding

SUGGESTIONS REGARDING ITS USE

SHIELDING is used in radio receivers for two
purposes. First, it prevents direct pick-up, by
the coils in a receiver, of signals from powerful local
stations, for, when such pick-up exists, the receiver
is likely to be non-selective. Second, the use of
shielding prevents electrostatic and electromagnetic
coupling between the various parts of the circuit,
particularly the various inductance coils. Electro-
static coupling is readily prevented, thin sheets of
shielding material between the apparatus to be
shielded generally being sufficient. Electromagnetic
coupling is more difficult to prevent. The prevention
of such coupling necessitates the use of very com-
plete shielding, the joinls must be tight and a ma-
terial with a low electrical _resistance must be
used.

The shielding in a receiver should be used for
only one purpose—shielding. It should not be used
to conduct currents, for example, between a:coil
and a condenser. If this is done the usefulness of the
shielding frequently will be destroyed due to the

fact that these currents flowing through the shield-
ing material constitute circuits which can readily
produce coupling to adjacent conductors.

All the shielding in a receiver should be grounded
and connected also to negative-B, negative-A, and
plus-C wires. Except for the fact that the shield
may be used for the A-minus conductor, the wiring
of the set should be done as though the shielding
were not present. In other words, the fact that some
condenser, for example, one of the tuning condensers,
is connected to the shield should not cause us to
connect one end of a tuning coil to the shield and
thereby complete the circuit through the shielding
material.Instead a lead should be run from the tun-
ing coil to the tuning condenser so that the currents
in this circuit will pass through this iead and not
through the shielding.

The coils in a receiver should preferably be lo-
cated about central within the shielding compart-
ment, since in this position the increase in resistance
of the coil due to the shielding will be a minimum.
If these simple rules are followed in constructing a
shielded receiver, many difficulties will be prevented.
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On the Byrd Antarctie Expedition
Only DURHAMS are Used!? — ot vibute 1o

the DURHAM Metallized principle! — another tribute to the extreme care with which
DURHAM Resistors, Powerohms and Suppressors are made! — another tribute to DURHAM
accuracy and utter dependability! — read the above letter from Chief Radio Engineer Malcolm
P. Hanson of the Byrd 'Antarctic Expedition. In effect he says “We are using DURHAMS
exclusively because past experience has taught us that they can be relied upon for perfect
performance under even the most adverse conditions”. DURHAM Resistances are available
for every practical resistance purpose in radio and television work from 250 ohms to 100
Megohms and in ratings for all limited power purposes. Used in leading radio laboratories,
endorsed by leading engineers and sold by leading jobbers and dealers. Descriptive liter-
ature on the entire line of DURHAM products will be gladly sent upon request.

i
METALLIZED

i &
RESISTORS & POWEROHMS

INTERNATIONAL RESISTANCE CO., 2006 Chestnut Street, Philadelphia, Pa.
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carry you safely

RADIO /TUBES

page” events

With a new, wide-
awake Cunningham
Radio Tube in every
socket of your set you
are “among those
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A. C. Tubes

EFFECT OF FILAMENT VOLTAGE

IT IS becoming increasingly common to find manu-
facturers designing the filament windings on
power transformers to supply voltages somewbat
less than those rated for use with 226- and 227-type
a.c. tubes. One parts manufacturer is marketing a
filament transformer designed to supply 2.25 volts
to the filament of a 227-type tube, although the
rated voltage of this tube is 2.5 volts. A study of the
circuit diagrams of manufactured receivers pub-
lished in Rap10 BROADCAST will bring to light other
cases wherc a.c. tubes are supplied with somewhat
lower than rated voltage.

The life of a vacuum tube depends very much
upon the filament voltage with which it is supplied,
and frequently a very small increase in voltage
above the rated value will cause a considerable
shortening in the life of the tube. With a.c. tubes
this problem has assumed especial importance, for

extent. It is for this reason that manufacturers have
designed the power transformer to deliver somewhat
lower than rated voltage to the tubes so that even
if the line voltage rises above normal the tube fila-
ments will not be overloaded.

A.C. tubes, types 226 and 227, will give entirely
satisfactory operation at less than the rated voltage.
‘The table on this sheet, obtained from figures in the
Cunningham Tube Dala Book, gives the characteris-
tics of the 226-type tube with a filament voltage of
1.3 volts and 1.5 volts, the latter value being that
at which the tube is rated. The slight increase in
plate resistance and decrease in mutual conductance
which results when the tube is operated at 1.3 volts
is not sufficient toaffect its operating characteristics.
The 227-type tube saturates at about 1.9 volts on
the filament and, therefore, it also may be operated
at somewhat less than its rated voltage with satis-
factory results.

these tubes are subjected to variations in filament TUBE FILAMENT  PLATE MUTUAL ~ AMPLIFI-
voltage in accordance with any fluctuations of the VOLTAGE ~ IMPED-  CONDUC-  CATION
line voltage. If the line voltage becomes somewhat ANCE TANCE  FACTOR
higher than that value at which the set is designed

to operate, the various tubes receive excessive fila- 226 1.3 10,000 750 8.3
ment voltage and their life is shortened to a marked 226 1.5 9,000 830 8.3
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Band-Pass Circuits

WIDTH OF BAND

BAND-PASS filters, as used in radio receivers,
consist of an arrangement of coils and con-
densers which produce a resonance curve of a form

tuned circuits, each tuned to exactly the same fre-
quency and coupled. The coupling may be produced
by condensers, by a separate coil, or by simply
placing the coils of the tuned circuits in such rela-
tion that there is some coupling between them. One
of the most important character-
istics of a band-pass circuit is the w
distance between the two peaks |
in the curve, marked W1 and ;.
J. H. Morecroft in Principles of
Radio Communication gives some
formulas for coupled circuits. If
two circuits are coupled induc-
tively, then the width inkilocycles
of the band]between ®; and w:is
equal to the resonant frequency
of either circuit alone multiplied
by the percentage coefficient of
coupling, k, between them. For
example, we might take two

coils and two condensers, arrange them in the form

of two tuned circuits adjusted, say, to 1000 kilo-

cycles. When there is 1 per cent. coupling between

them then the width of the band will be equal to
band with=w; x k

(33 approximating that illustrated in the drawing on =1000 x 0.01
tO a F ro nt_ this sheet. It is possible to design a circuit to have =10 kc.
a band-pass characteristic by the use of two separate The width of the band is, therefore, 10 kilocycles.

It should be noted that the band width is directly a
function of 6 (or w; since they are both tuned to
the same frequency). Therefore, if the percentage
coupling remains constant then the width of the
band at 500 ke. is 5 kilocycles and at 1500 ke. is 15
kilocycles. The fact that the width
wz of the band varies over the broad-
cast band in a ratioof 3 to1 (5
ke. to 15 ke.) is a disadvantage, 1t
being desirable, of course, that the
width of the band should be con-
stant over the entire broadcast
range. If the circuits were capaci-
tatively coupled the characteristic
would be opposite to that whenin-
ductive coupling is used, i.e., at
1500 kc. the band width would be
5 kc., at 1000 kc. the width would
be 10 kc., and at 500 kc. the band
width would be 15 kc.

present”” whenever

and wherever things

happen. With these

faithful sentinels on No. 256

RaADIO BROADCAST Laboratory Information Sheet

January, 1929

duty, you are reli-

.. P Output
ably radio-informed. ower Tupd

gram

Look for the mono-

on the top

of each tube and in-

sist on them by name.

E. T. Cunningham, Inc.

NEW YORK - CHICAGO
SAN FRANCISCO

HOW MUCH IS REQUIRED?

HOW much available power in the output tube
of a'radio receiver does one need for ordina;

home reception when using a standard loud speaker?
This is a question about which one can find many
diverse opinions. In Laboratory Sheet No. 245 we
quoted George Crom to the effect that the usual
loud speaker requires an input of 1 to 1.5 watts for a
volume of reception slightly above normal. In the
Cunningham Tube Data Book (which costs $2.50
and which we recommend that you purchase, if
possible) we read, “For home reception, with a
speaker of average sensitivity, a tube capable of
supplying at least 100 milliwatts (0.1 watt) maxi-
mum undistorted power output is recommended.
The use of a tube giving lower output is almost
certain to result in distortion appreciable to the
listener. It is very desirable to have additional re-
serve power avallable, up to approximately 500

milliwatts, if the “B' power required can be con-
veniently supplied. Under such conditions the qual-
ity will not suffer if the volume is turned a little
above normal, as may be required in a large room
or for dancing, or if the loud speaker is somewhat
low in sensitivity.”

The average of George Crom’s figure is 1.25
watts and Cunningham recommends 0.500 watt.
The mean of these two is 875 milliwatts, 0.875 watt.
If the table of Laboratory Sheet No. 246 is referred
to it will be found that the smallest power tube giv-
ing approximately this output is the 171a which is
capable of supplying a maximum of 700 milliwatts
to the loud speaker.

It, therefore, seems fair to state that any installa-
tion using a power tube or combination of tubes in
the output such that the available power is about
0.7 watt, that this amount of power will be suffi-
cient to permit loud-speaker reproduction at fair
volume without overloading.
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= Custom

Set Builders
Jend for
FREE

Literature
on the

Operates on 105 to
120 volts, 50 to 60
cycles.

Custom-Bilt
Shield Gnd
Receivers

OU who know radio
will appreciate the
advanced engineering
principles and features
incorporated in this
new Tyrman series.
For battery or full
A-C operation using
A-C Shielded Grid
tubes.

Send for descriptive
literature and see
for yourself why
Dealers and Set
Builders are so
enthusiastic in
their praise of
Tyrman Custom
Built Receivers.

. ay

ie ge )f,
€

Woog 258 Bag, o, 2l Coye,,

The only “A” Power
Suitable for all Sets

— Irrespective of number of tubes — including
SuperHets, Short Wave and Television receivers

e mstead of

i

HE new Knapp“A”Power is designed for the most

exacting service — super-hets, short wave and
television receivers included. I knew that if it would
perform satisfactorily with these receivers that there
could be no question as to its efficiency on ordinary
broadcast signals. The three Elkon dry condensers,
the improved choke coils and the special Elkon dry
rectifier make the difference between ordinary and
Knapp performance.

No Change in Price

Even with these wonderful and costly
improvements, there has been no ad-
vance in price—due to the tremendous
volume going thru my plant. Remem-

ber that the Knapp is the fastest selling
TYRMAN ELECTRIC CORPORATION A
320 W. Superior Street A” Power on the market.
Chicago, Iilinois
Send me free literature describing new Tyrman KNAPP ELECTRIC, Inc.

Receivers. I am particularly interested in (0JA-C) —Division of P. R. Mallory & Co., Inc.—
{OD-C) operation. . 350 Madison Ave., New York City

See your dealer today

Go to your dealer today. Most of the
good ones carry the Knapp in stock.
Do not accept a substitute —because
only in the Knapp will you get full
satisfaction as typified by the famous
Knapp “A” Power, If your dealer
cannot supply you send the coupon.
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Here’s the
Answer

to every question about the
principles, methods, or
apparatus of radio trans-
mitting and receiving.

THE
RADIO
MANUAL

A Complete Course in
Radio Operation
In a Single Volume

A Handbook for
Students
Amateurs
Operators
Inspectors

For the first time an
entire course of train-
ing in one book—the
most complete and
up-to-datework on
radio. Developed
simply and clearly
from the elementary
stage right through
all phases of princi-
ples, practise, and ap-
paratus so that a be-
ginner with noknowl-
edge of electricity
may get all he needs either for
amateur operation or to qualify
for a government license as opera-
tor or inspector.

Prepared by Official

Examining Officer

The author, G, E. Sterling, is Radio Inspector
and Examining Officer, Radio Division, U. S. Dept.
of Commerce. The book has been edited in detail by
Robert 8. Kruse for five years Technical Editor
of QST., the Magazine of the Radio Relay League.
Many other experts assisted them.

« Elementary Electricity
16 Chapters Cover: Elmsgian Electriy
tors and Generators; Storage Batteries and Charging
Circuits; The Vacuum Tube; Circuits Employed in
Vacuum Tube Transmitters; Modulating Systems;
Wavemeters; Piezo-Electric Oscillators; Wave Traps;
Marine Vacuum Tube Transmi tters; Radio Broadcast-
ing Equipment; Arc Transmitt ers; Spark Transmitters;
Commercial Radio Receivers; Radio Beacons and Di-
rection Finders; Radio Laws and Regulations; Hand-
ling and Abstracting Traffic.

: never before available such
New Informatlon as a complete description
of the Western Electric § Kilowatt Broadcasting Trans-
mitter; description and circuit diagram of Western
Electric Superbeterodyne Radio Receiving Outfit type
6004-C; Navy Standard 2-Kilowatt Spark Transmitter;
etc., etc. Every detail up to the minute.

Free Examination

“The Radio Manual” has just been published.
Neatly 700 pages. Profuscly illustrated. Bound in
Flexible Fabrikoid. The coupon brings the volume
for free examination. If you do mot agree that it is
the best Radio book you have seen, return it and owe
nothing. If you keep it, send the price of $6.00 with-
in ten days.

Order on This Coupon

————— ——p— p— p— p— p——

D. Van Nostrand Co., Inc.,
8 Warren St.,, New York
Send me THE RADIO MANUAL for exam-
ination.  Within ten days after receipt I will
eit.her return the volume or send you $6.00, the
price in full.

(Radio Broadcast 1-29)

City and State.........

WHAT THE

The name “De Forest,”
embedded in the black
bakelite bases on the new
perfecled De Forest Audions is the
hall-mark of recognized vacuum tuhe
quality. It is your assurance of
matchless performance in clarity,
volume, sensitivity, and in more enter-
tainment hours.

Made in all popular types, both
for A. C. and D. C. Sold by dealers
everywhere.

ON THE AIR every Sunday be-
tween 10:00 and 10:30 P. M. (E.S.T.)
—The “De Forest Audions”—over the
22 stations of the Columbia Broad-
casting System.

DE FOREST RADIO CO. {
Jersey City, N. J. |

e e (N (e,

DEFDRIES T
AUDIDON S

The finest receiv-
er can be im-
proved with Tele-
vocal Quality
Tubes. All stand-
ard types. Ask
for them at your
dealers.

Televoca] Corporaﬁoﬂ
Televocal Building

Dept. B-6, 588 12th Street
West New York, N. J.

;

/1

Quality Tubes

Jenkins & Adair

Microphone Mixing Panel
TYPE 3-B

For Broadcasting, Electrical
Reeording, and
Power Speaker Systems

]‘HE 3-B Mixing Panel is designed to accom-
modate almost any combination of pickup
circuits up to a total of six. Any three of these
may be made to pass through the three Com-
pound Mixing Controls at the same time, and
instantaneous switching is available for the re-
maining ctreuits.

The incoming circuits may consist of conden-
ser (ransmitlers, carbon microphones, telephone
lines or low impedance phonograph pickup de-
vices, in practically any combination. hen a
single input circuit of extremely low level is en-
countered, the positions not in use may be cut
entirely out of the system, thus causing no loss
whatever to the weak incoming signal.

The panel is 5/16 black sanded Bakelite, 19
in. wide and 124 in. high. Detailed informa-
tion and cirenit is shown in bulletin No. 7,
which we will be glad to mail to you. The net
price in the A. and Canada is $275.00,
F. 0. B. Chicago.

J. E. JENKINS & S. E. ADAIR, Engineers
1500 N. Dearborn Parkway,
Chicago, U. S, A.

Send for our bulletins on Broadcasting
Equipment

Before Buying any

“A" Eliminator

Get my authorized Discount Card
and complete description of the
finest “A” Power Kit ever offered.
DAVID W, KNAPP, Pres.
Kna&p Electric, Inc.
Division of P. R. Mallory & Co., Inc.
Room 414A, 350 Madison Ave.,N.Y.C,

The newest radio wrinkles—A~C, grid tube,
short wave, tielevision, dynamic speakers,
newest tubes and circuits—anything and
everything in radio—are now ready for
you at Barawik’s, With elections, foot~
ball, National broadcasting, Rozy and
other big doings filling the air, thou~
sands of newcomers will take to
radio this year as never before. Busi—
ness will be good—Set builders will
make money. You can clean up big
by Buying from Barawik—the old-
est, biggest, most reliable radio
house in the world. Let us prove it.
Send now for the Biyp Book—all
ready for you—free. Get the latest
radio information and lowest prices.

BARAWIK CO.

122 CANAL STA.
CHICAGO, U. 5, A,

This Big Book Sent.
to You Free

Name....ccooanes beresessinnns ceseana veversecnes |

AQAresB.s.cvassreersrsscscasascnccrsssscenssssenr

...... Cedearastunseitssetesstseataseresinnas.
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Battery Service

Station in Your
Home, Garage or

Basement

Let me start you in this
Big Money business of your
own, First week’s profits pays
for all equipment. New amazing
service station charger saves 409
to 60% in electric current, yet °
handles 50% to 70% more bat-
teries. Get all the business in your town,

No Soliciting or Can~ 5108
vassing~Spare or WeER ESR
Full Time McDERMOTT

Customers come rtight to your “T have heen
door, Keep right on working at operating one of
your regular job if you want. your service sta-
Connect batteries in morning and tion chargers for
they are ready when you come 6 months.
home. Spare time brings $75 to profits now ave
$150 a week, Gillesrie made erage over $105
3450 in 5 weeks; Whalen $1,200 a week. I never
in 78 days, Welsh $97 in first 5 again would go
days. back to a job.””

FReEE BooK EXPLAINS ALL

OVER 100 ILLUSTRATIONS
1 want to send you my Free Book
“Big Profits.” Tells you how to
start your own business bring-
ing $5,000 a year or more for
for only $5 down. Don’t de-
lay. Clip coupon and mail at
once.

<. F. HOLMES, Clief Engineer,
INDEPENDENT ELECTRIC WORKS
Dept. R. B.
5116 Ravenswood Ave.
CHICAGO, ILL.

Send me your book ‘‘Big
Profits’’ at once,

Name.

Address,

Ro. 7868

$13.50

Dongan Electric Mfg. Co.

City. oo i ian

SEMEET oot it e

. State............

\((TRANSFORMERS of MERIT for FIFTEEN YEARS /]

.".gu

PRODUCTS

You, Too,
Can Have
Full-Toned
Reception

Two years ago few, except the ex-
perimental engineers, even dreamed
of radio reception as it is to-day. No
wonder Radio has come into its own
—that politics and sports now reach
millions of people here-to-fore but
little interested. The life-like reality
of reproduction would indeed be
startling had we not grown accus-
tomed to it gradually.

You, too, can possess that kind of
radic reception—at comparatively
slight cost. Power amplification is
the biggest reason for the marvelous
quality of radio to-day. One of the
greatest single successes of the 1928
season is the Dongan Power Am-
plifier Transformer, No. 7568, used
with 2 UX 281 Tubes to supply B
and C power to receiver and power
for two UX 250 Tubes. With this
Transformer use Dongan No, 6551
Double Choke,

You can secure information on Ap-
proved Parts—Transformers, Con-
denser Blocks and Units—for vari-
ous hook-ups by writing the Dongan
Laboratories.

Orders filled immediately on No. 7568
Transformer. Send check or money-order.
$13.

Custom Set Builders

can secure any of these items direct from
factory at trade discounts.

Set Manufacturers

are offered the full cooperation of Dongan
engineering department for their individual
requirements.

DONGAN ELECTRIC MFG. CO.

2991-3001 Franklin Street
Detroit

I

——

You will find a complete and fascinating history of

fifty years of American literature in

LIFE IN LETTERS

of WILLIAM DEAN HOWELLS

Edited by MILDRED HOWELLS

2 Vols., $10.00

Doubleday Doran
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CARBORUNDUM DETECIOR

REG VS, FAT.OFF.

TurN of the pressure screw gives you perfect tone balance.
Then, position is fixed by adjusting lock nut, so that pres-
sure remains permanently sensitive. ([Just another improve-
ment to further insure the Perfect Tone Quality you always get
with the Carborundum Detector—and tone quality is every-
thing. ((Recommended by noted radio-circuit designers.

DEALER OR DIRECT—$1.50 IN U. s. A.
Send for Free Book “Carborundum in Radio” D-2
The Carborundum Company, Niagara Falls, N. Y.
Canadian Carborundum Co., Ltd.,
( Carborundum is the Registered Trade Mark )

of The

Carborundum  Company for its
Silicon Carbide and is its exclusive proparty

O\

iagara Falls, Ont.

@

Write
for
this
Discount
Card
NOW!

It will enable you to purchase the
New and Improved

KNAPP ‘A" POWER KIT

ata liberal discount

The new Knapp “A” is the finest and most com-
plete kit ever offered. It is the only “A” Power
adaptable to Short Wave—Super Heterodyne
and Television reception.

Take advantage of the wonderful offer today—
write
David W, Knapp, Pres.

Knapp Electric, Inc,
Division of P. R. Mallory & Co., Inc.
Room 414A, 350 Madison Ave,, N. Y, City

WRITE
TODAY
Send for large, new, il-
lustrated Catalog “A-4,”
showing the latest of
everything in radio at
wholesale prices.

Allied/Radio
 CORPORATION
711 W. LAKE STREET, CHICAGO. .

+ALFALFA-SEED'S

Hardy Common Varieties, $3 40, $10.20 and $12.60 Bushel; Grimm|
Variety Alfalfs $18.00; Searified Sweet Clover §3.90 and $5.20; Alsike
or Red Clovers $15.00 Bags Frea Send for Samples and Catalogue.

KANSAS SEED €O. SALINA, KANSAS

Send.for WESTERN RADIO

1929 Catalo

DEALERS AND SET BUILDERS

The NEW 1929 catalog is crammed full of the
FINEST, NEWEST, Nationally known A. C.
sets, consoles, cabinets, dynamic speakers, kits,
at LOWEST
PRICES. Largest stock of radio parts, Prompt

eliminators and accessories

delivery. No delay.

Write for our FREE catalog
WESTERN RADIO MANUFACTURING CO.

128 W. Lake St. Dept. RB-2

%ieBig Friendly RadioHouse

=\

Cwesy
e R

Chicago

Lates t

ST

RADIO A0

THE BARAWIK CO. has, all these
years, been famous for its wariety of |
radio supplies, which it offers at money-
saving prices. Newest dynamic speakers,
“B” eliminators, socket power equip-
ment, A-C harness, fine cabinets and
furniture, amplifiers, latest amateur
equipment, tubes, batteries; in fact,
anything you can ask for is here, ready
to ship, at a saving in price. Quality
merchandise, selected goods by reliable
makers—just what you want—at big
discounts.

Your Savings are Tremendous

Ask any of the quarter million Barawik
customers why they trade here, and
they’ll tell you that, quality considered,
our prices can’t be beat. That’s some-
thing to think about! Quality comes
first—new, fresh, good reliable mer-

chandise, but the price always means
a tremendous saving, neverther
less, Get our catalog and prove
this to yourself. Don’t spend a
nickel until you see our offer-
ings first,

You need this great radio

bargain book as never be

fore—Mail the coupon now
—TODAT.

r
: Barawik Co. ¢ 122 B Canal Sta.

HICAGO, U. S. A,
Mail this coupon for FREE Bargain
Book.

Address,

HELP!

To help our Research Divi-
sion in an important survey
of the radio field, please
check below the classification
to which you belong, and
mail at your earliest con-
venience to

RADIO BROADCAST
Garden City, N. Y.

Check the classification to which you
belong with an X.

.....Manufacturer ..... Technician
..... Radio Dealer  .... Service Man
..... Engineer .....Set Builder
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Java or Brea]c ast

The Thrill Box.

= =
é\ o 'YOY\ 3 ; ?
Q RPN
*G f‘ '.“ 6\ “. Z

ez

T |

ON'T et the “static” that comes in over the
house lighting system from motors, street
cars, telephones and electrical appliances mar your
radio programs with blare, squeal, fry and scratch!
Plug in a Falck Claroceptor between wall
socket and set and have clearer A.C. reception. A
wonderful new improvement by a pioneer radio
equipment manufacturer. Grounds and thus blocks
out line interference noise and radio frequency
disturbances. Also improves selectivity and dis-
tance. Requires no changes in set. Measures just
3Vax5)4x2%s inches. Tested, proved. Praised by
thousands, Get one right away—at radio parts
dealers, Write for descriptive folder.

€‘<‘<<~K‘(~<~ﬁ‘<<*({<<<<‘<{<-ll

-
’_a" HAWALL

DAL & i
L NATIONALXE

USTRANT, —

: THRILL BOX &y
.mgsydneMLANb l i l (
NATIONAL Sl’xort W ave EqUiPment

enabled Mr:. Hinckley to hear Java
Lroadcasts I—Lalf way around tlle world.

$7.50 complete with
cord and plug

CLAROCEPTOR

Built by ADVANCE ELECTRIC CO.

1260 W. Second St. Los Angeles, Calif.
JOBBERS and DEALERS, GET OUR PROPOSITION

e e ﬂ‘ﬁ*ﬁﬂj;é({{«&ﬁ{'ﬁﬁ*@:{{'&«%

You are missing a Pac]c of t]trills l:f you Jon’t own a

NATIONAIL
THRILL BOX

Write us for our

NP AN NN

'O Hook-uP WIRE |
THE BrAID SLIDES BAck,

Complete Parts

Z

>< in factory—sealed Short Wave Bul- |
% Safe as insulated wire and as convenient as cartons,less tubes letin No. 121RB.

N,

bare wire. You cannot scorch or burn
Braidite with a soldering iron. Excellent
for all A-C work. Shove back the insula-
tion, make your connection and the insula-
tion slides right back into place. Quick and
easy to work with. Use Braidite in your

next set.
At All Dealers
25 Feet Stranded..... 3ISe
25 Feet Solid.........30c
Red - Green - Yellow - Blue - Black
FREE Send us the name and address
of your dealer and we will send
you a sample package of Braidite FREE.
Include 10c for Postage.

)

$36.00

Metal Calﬁnet,
black moire fin-
isll, extra 56.50

7

NATIONAL CO. INC
MALDEN, MASS.
W. A. Ready, Pres.

RN

NN
LN AN R NN N NN NS

N

Build it yourse]f in one short evening

il@'-%ﬁiﬂ%'(ﬁ'%ﬁ*ﬂ-@é&&(ﬁ&{{{~Kﬂ*&(’({{&‘ﬂ'ﬁ*@({*ﬁ{'ﬁ‘%ﬁé SR SR RS ED
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BROADCASTING Frow Trz INSIDE
VERY th in RADIO BROADCAST he di t:
Jo VAT ot in apio sroupoact sopes v semernens | QEFoOrANY Tube
the best known broadcast eapineers finfthe country. Alive with
D.C.orAC.

hwinor. news, apt and searching comment, Mr. Dreher’s writings
have become one of the most popular features of radio writing eny-

AMPERITE automatic filament
control increases tube efficiency

where. Areyou reading it? Subscribe by the year and make sure of
not missing a single issue. Mail your check for $4.00 to Subscrip-

and lengthens tube life. $1.10
Xg With mounting (in U. 8. A.)

tion Department, Doubleday, Doran & Co., Ine., Garden City, N. Y.
ARadiall Companyr
SO TRANKLIN

Before Buying [ Compary:

Any ‘A" Eliminators

NS 1

ANTENNA WIRES
Stranded, Braided, Solid, Plain,

Tinned, Enameled
COMPLETE ANTENNA KITS
From $1.75 1o $4.50

HOOK-UP WIRES . Write me about the discount card which en. 5 7 FREE New - dmperite
“Braidite” '‘Flexibus,”” Colored Rubber “ ablesyou to purchase the new and improved g Bl “;,E,"M%n‘{“ﬁfvg:

Knapp “A"” Power Kit higrams.
ataliberal discount. Write Dept.

The maost complete “A’’ Power Kitever
offered—Address for details of plan—
David W. Knapp, Pres.

A-C ADAPTER HARNESSES
Type R for RCA type tubes.........., $8.00
Type A for ARCTURUS type tubes.. 5.00

> CORNISHWIRECo
§‘ 30 Church Street NewYork(ity ‘>§

NN NN ESONLSLNINLNI NG o SOOI NN

Knapp Electrigc, Inc., Room q14A gh&:’SELFiKD‘:IilgTiNOE"RhfoJ'fﬂf

350 Madison Ave,, New York City
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1w Receive Broadcast
on Low Wave

sland
Every day

stralia —

on Thursdays

L1 ulldﬂd

on Fridavs
See letter below

Aero Gets
Everything
imn the Air
Long Wave
Short Wave
Broadcast

AERO INTERNATIONAL

“It may be of interest to you to know * * * that 58W (Chelmsford, Eng-
Jand) has been received every afternoon * * * since March 19th * * * PCJJ
at Eindhoven, Holland, comes in every Friday from 7 p. m. to 11 p.m, * * *
2NM at Caterham, England, on Sundays, Wednesdays and Fridays. * * *
PCLL at Kootjwik, Holland, about three days a week. Listened to 2FC
at Sidney, Australia, from 6:30 a. m. to 7 a. m. Thursday morning. * * *”

—Extract from letter in our files.

If you wish to purchase only the
Aero Coils for the Aero Interna-

The above unsolicited letter is from a satisfied user of a short wave set built around Aero Coils.

tional, order the L. W. T, 10 Kit.
‘The price is $10.50. These coils are
designed to be used with our founda-
tion unit,

The L.W.T. 11 Kit

If you prefer to furnish your own
foundation unit for the Aero Inter-
national, order the L. W. T. 11 Kit.
The coils are the same as in the
L. W. T. 10 Kit, but a mounting
strip is provided. The price is $11.50.

The LW.T. 12 Kit
«@ i\(\\m\w/%f(]p

Here are the newest Aero Coils.

This receiver was located in western Pennsylvania, and with two stages of audio, loud speaker re-
ception was obtained about three days a week. . .

‘While such results are not to be expected from every receiver, it is a fact that with a given-amount
of power, a broadcasting station can be heard at far greater distances when transmitting on short
waves than in the usual broadcast band. This fact has been responsible for the tremendously in-
creasing interest in short wave reception by radio fans. Static is much less objectionable on short
waves and their use has made possible, for the first time, summer reception in many parts of the
country where the seasonable decrease in signal strength and increase in atmospheric disturbances
has heretofore rendered the summer use of a radio receiver very unsatisfactory.

Most of the short wave receivers which have been made available to the public up to the present
time have been designed primarily for the reception of continuous wave code signals, and have been
more or less unsatisfactory for the reception of musical programs, and we believe that Aero short-
wave receivers are the first ever placed before the gene:al public which have been designed primar-
ily for the reception of broadcast programs on short waves. The Aero International will give you
real thrills. Price of Kit No. 8 complete, $55.30. .

Ask your dealer or jobber for a complete Kit of all parts for the Aero International. If he can’t
supply you, write us, giving his name.

Convert Your Present Set

Build one of the Aero Short Wave Converters and receive short wave programs on your present
set. The complete Kits include drilled Micarta panel and all parts. No extra tubes are needed
when you use the single tube converters. Simply remove detector tube from your set and insert
the plug attached to the Converter. Order Aero Kit No. 12 for D.C. Sets, and Kit No. 14 for
A.C. Sets. Each, $32.00. If you want to build the International as a two-tube converter for your
D.C. set, order Kit No. 9, $38.90, using one shield grid R.F. stage and regenerative detector.

e

AERO PRODUCTS, Ine,

Get the Big Green Book | 4611 £. Ravenswaod Ave., Dept. 221, Chicago, .

. . Please send me a copy of your 25¢ Aero
Mall thlS COuPOn NOW»—‘* I Green Book showing 64 lpages of newest

modern circuits for short wave and broad-

They are small in diameter, pro-
viding a much smaller external field,
a better shape factor and improved
efficiency. ';['he Kit consists of three cast receivers, transmitters, coils and kits.

y [ |
Aero Interchangeable coils and @ = [ .
base mounting with Primary Coil, A Nawn
Price, $12.50. l
) | |
'

\ INCOR PORATED St0 8 Novormsrrsans v s sssseessss s
Dept. 221, 4611 E. Ravenswood Ave., Chicago, Ill.




AC Electric
GEMBOX

The 8 tube AC Electric
SHOWBOX—$80

Genuine Neutrodyne circuit—push-
pull audio amplification with two
171 power tubes on last stage—
trouble proof Mershon condenser
supplying full 180 wvolts CON-
STANTLY — modern  illuminated
dial — (7 tubes, radio, detector,
audio stages, and [ rectifier, 8 in
all>—operating dynamic type power
speaker—unbeatable in performance

and value offered—$80.

Crosley Battery Type Sets
embody superior models of
new AC models
The 6 tube BANDBOX operates
the DYNACONE, new Crosley dy-

namic type speaker. Price $35.

The 5 tube BANDBOX Jr.. is a
dry cell set very easy on batteries
and operates loud speaker. Price $35.

CROSLEY
POWER

DYNACONE
E

-+91ves no condenser trouble

The higher the voltage the better the reception. Crosley has designed this set to stand maximum power sup-
plied CONTINUOUSLY. Celebrated Mershon Condensers used in the power supply section do NOT BREAK
down. If they should be punctured they are sclf-healing. Paper condensers constantly break down and the
only safeguard is to reduce power which reduces enjoyment of your radio.

~operates power speaker

The popular dynamic quality of radio reception is attained in the new power CROSLEY DYNACONE. This
speaker like its predecessor has created a tremendous demand because of its wonderful performance at so low
a price. The range of true notes on this new speaker has been greatly increased over accepted standards.

~uses famous Neutrodyne circuit

This well known and preferred radio circuit is introduced into this inexpensive radio that you may possess
the BEST possible apparatus for receiving radio programs. This with other Crosley features permits you a
degree of selectivity and sensitivity that many a radio at twice and three times the $65 price of this set will
never have.

.embodies latest radio improvements

Modern illuminated dial for dark corners—is easy to read especially these days of hunting about for station
reallocations. The rich gold highlighted brown case is both an attractive container and an efficient shield.
Everything about this amazing set is NEW, UP-TO-DATE! Enormous demand—mass production—straight
line assembly—enables Crosley to top the radio world with this unmatchable value this season!

THE CROSLEY RADIO CORPORATION

POWEL CROSLEY, JR., Pres.
Department 20 Cincinnati, Ohio

Prices quoted are without tubes.

Montana, Wyoming, Colorado, New Mexico and West,
prices slightly higher.

THERE WiTH A CROSMEY



AVVherl

barmen sings

the gay

Habaneraq

AIRBORPHONIE

ARISTISONNE
A. C. electric . . . .

7 tubes plus
rectifier tube . . . One dial

TABLE MODEL *750

wwithout tubes or speaker base

OR the devotees scated at the
Opera, and for you, lounging at
your fireside, the same inspired Cat-
men pours forth her soul in song. If
it is an Arborphone that brings you
the Habanera, you are as much under
the spell of the music and song as
they who sit in Carmen’s presence.
For Arborphone, the new, has been

THE COUNTRY LIFE PRESS, GARDEN CITY, NEW YORK

Arborphone Div., Consolidated Radio Corporation
206 East Washington Street, Ann Arbor, Michigan

ARBORPHONE

“All You Can Ask of a Radio”

perfected to entitely subordinate it-
self so that you can listen with pleas-
ure unalloyed, transported beyond
your fireside to the magical realm of
ecstacy. Thus, through the wizardry
of Arborphone’s new circuit, the true
goal of radio reception is achieved:
clear, undistorted and without the
least intrusion upon your reveries.
And it is that
which is doing
more to put
Arborphone
into fastidious
homes than any
loud shouting of
claims could do.
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