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HOW ETHER MUSIC MAKER WORKS

INDUCTION EXPLAINED

PUSH-PULL DIAMOND,
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i The First and Only National Radio Weekly

396th Consecutive Issue—EIGHTH YEAR | RADIO THEORY FOR SCHOOLBOYS

'COMPARTMENT FOR CONDENSER AND DRIVE

A shield, such as ordinarily houses a coil, socket and tube, is used in this instance as a container for a
three-gang condenser, with drive mechanism as part of the assembly. See page 6.
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The most sensitive tuned radio frequency tuner so far developed, the
MB-29 is long on dlstant reception, and penetrates seeminglr unsur-
On the MB-29 the stations come in
The MB-29, designed by James Millen and
Iz the choice of the most diseriminating.
It is designed only for AC operation, uses four stages of screen grid
Use 135 to 180 wolts on the detector.
prove thic 1s the
Buy the parts and find fullest radio delight.
You will be sure nobody else ha: u tuner as good as yours,

mountable barriers to receptiun.
no matter where you are.
Prof Glen H. Browning,

BF and a2 power detector {227),
Testimonlals fromr radio's
circuit of circults.

hardest-boiled experts

GRID TUNER

Velvetone

The National Push-Pull
Power Amplifier (shown at right)
consists of an AC-operated filament-
late supply, with two stage trans-
ormer audio amplifier an output
transformer built in. Made only for
110-V., 50-60 cycles. Sold only in
completely wired form, licensed under
RCA patents.

The new Power Amplifier has been
developed and built to get the very
most out of the MB-29. It is a com-
bination power supply and audio ampli-
fier, using a 280 tube for a rectifier,
one stage of transformer audio with a
227 tube and a stage of push pull
amlification with two 245s. It furnishes
all power for itself and for the MB-29,
as wéll as _the audio channel. Order
catalog PPPA, list price, completely
wired and equipped
with phonograph

jack, (less tubes) $55,00

unless $97.50. Your price.

he too has an ME-2), Complete component parts for National Screen

Grid Tuner MB-2%, mounted on frosted
aluminum dhasgsls, imcluding rainbow modern-

istic drum dial HC. Order catulog No.
MB-29-K, list price, less tubes, $69.50.
OBENIDHICO, s « o/t mow et S sToe - o o frenees

PEERLESS

Super Dynamic

Console Speaker

Dynamic 127"
into a Sonera ronsole, with 2.000
mfd. fliter condenser to kill hum;

Peerless Super ACG-operated spoaker, buiit

$3°7.50

The famous Peerless AC dynamic speaker, with
Kuprox rectifier and 2,000 mifd_ hurﬂ-k}llmg con-
denser built-in, all housed in this 40"’ high Sonora
cabinet of fascimating dply-walnut. The _cabinet
is all opne piece—carved legs, marqueterie panel
and grille pillars. Sliding back is made of caned
steel, acoustically open to present boominess.
This imposing r model speaker, exactly as
illustrated, in original factory packing case,
shipping weight 100 lbs. Never in your life did
you hear of such an amazing bargain—highest
class, perfect, guaranteed merchandise at more
than 75% off list price! Look at that beautiful
console cabinet, its graceful legs, with archer’s
bow tiepicce; its rosetted side panels at front, its
shapely grille pillars, all in two-tone effect, with
higg-polish sutface of ply-walnut. The speaker
sets against a golden grille, with ample baffle
board concealed. Order catalog PSHB $37.50.
The console, which has removable back, is
high, 19’ wide, 16” front to back. .
Speaker only, with 2,000 mfd. and Kuprox rectifier,
all built ap at factory. Order Cat SO @ $23.50.
Cabinet only, Order Cat. CO @ $15.00.

oquipped with soezial rectifier

and switch Speaker hy United
Rep. Corp. List. $155.00. Your
price

’

$40.oo

Absolutely unexcelled tone gquality, with
amazing sensitivity, is assured when you
use Farrand Inductor Speaker and a fine
audio amplifier. The chassis is sold com-
pletely erected with unit and supporting
brace mounted. The unit, cone spider, and
ring are sturdily put together. Use a
baffle board or box of your own choice.

A. new principle is involved in the Induc-
tor Chassis. The armature moves up and
down, in a wide gap, instead of from side
to side in a tiny gap. Hence the armature
does not strike the pole pieces.

The chassis is offered at professional discounts,
the prices quoted being net. The outside diameters
of the two different sized models are 9 and 12”
respectively. The speaker should be selected, no
matter what size, that matches the impedance
of the output tube or tubes. See list below.
The larger size gives better low-note response.

For single 112, 112A or 210 output tube, 9”
diameter, order Cat. N9R @ $11.95.

For 171, 171A, 245 or 250 single output, or ANY
push-pull output where you have an output trans-
former or midtapped impedance, order Cat. NSG
@ $11.95.

Same as above, only 12" outside diameter, order
N12R for single 112, 112A, or 210 tube, @ $12.95.
For single 171, 171A, 245, 250, or for ANY push-
pull, order Cat. N12G for 12” size, @ $12.95.

Short Wave Circuit

National Thrlil Box, 4-tube short wave circult, 15 te 535
meters, battery-operation of filaments; B supply, elther
patterles or eliminator.

-29

Push-Pull Amplifier

View of National Velvetone Push-Pull Power Amplifier,
an expertiy made A. B and C supply and audlo amnplifier,
producing marveious tone quality.

Farrand Inductor

Farrand inductor Speaker (12’ size illustrated), list price,
$22.50. Your price $12.95.

Consult tnformaticn at left as to

for your output tube. The 127

have roem.

sultable type speaker
is preferable it you

Get a real kick out of listening to foreign stations
on a real short-wave circuit, the National Thrill
Box. Uses one 222 screen grid RF amplifier, one
200A detector, one 240 first audio and one 171A
or 112A output. Single control. Buy the parts
and build the circuit in two hours. Data sheet
shows dial settings where foreign stations come in.
Cat. SW4EF, all parts, including decorative brown
steel cabinet, all six plug-in coils, list price $51.90
(less tubes). Your price $31.00.

NO C. 0. D. ORDERS

Guaranty Radlo Goods Co.
143 West 45th Street, New York, N. Y.

Plense ship at once on 5-day money-back guaranty the

parts checked off below for which $.............. s
enclosed.

Cat. MB29K @ $40 net Cat. NI2R @ $11.95 net
Cat. PSHB @ $37.50 net Cat. PPPA @ $55 net
Cat. SO @ $23.50 net Cat. SWAEF @ $31 net
Cat. CO @ $15 net Cat. N9G @ $12.95 not
Cat. NSR @ $11:95 net Cat. NiI2G @ $12.95 net
NAME ..iiceecercnrcertotiocctocensnane eesrecessssaens
L0395, 8k 566300986860 656 066 6096006606080 9a0000 569800 E
CTEN Al . B2 a e Al ste's o | BTADE. g bihd e ol .
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Component Parts

for
PUSH-PULL
AC
DIAMOND

Check off parts you want. Each
part is sold separately.

O L1, L2—RF3, antenna coil..... seveeies ceeeec$ 80
O L3, L4, L5—SGT3, screen grid, 3-circuit

(ol - ST s I, W =00 000 g .. 1930
0 C1, C2—two .00035 mfd.,, extended shafts;

brackets " wiewgans . b 100100005000 0305090000050 2.06
O CT—80 mmid. equalizer ...........c....... 35
3 C3—Grid condenser with ¢lips........c.u.n 2
0O C4 C5—Two .01 mfd. .evvvvvveeveeerannnnn 70
CJRI-OME 0.1 MeZ.eevueerrnerennenneeeeeranans .30
[JR2, R&Two 50 mMeZ. .....cvvuerernnarennn .60
O R3—Potentiometer, 25,000 obms or more;

NOD" MY T - cligere YT, LR LT . 550
O T1—Push-.pull input transformer . 3.41
[ PPOC—Special push-pull output choke.., 3.41
[ Ant., gnd., Sp. (—), Sp. (+)—4 posts.... .40
[J Polo 245 power transformer, 110 v. 50-60c. 10.00
[0 C5—Filter condenser 2 mfd., 550 v. AC.. 2.94
acs, Cs, C10—Mershon Q 2-8, 2-18,

|2 7 JET SN TP S 5.75
0 C10, C11, C12—Three 1 mfd. 200 v. DC.... 150
O RS, R6, R7, R8, RY, R10—Voltage divider,

13,850 ohms, 50 watts, 14 taps, bracket.... 3.95
[ F—1 amp. fuse with L2630 500000200p00 el 50
0O SW—Through pendant switch AC. .40

CO—One convenience outlet ........ . 20
O CD—12 ft. AC cable, male plug. ver 170
[] Socketed, drilled metal subpanel........ .. 3.8
[1 National type HC new modernistic rainbow

dial, pilot bracket, 2.5 v. AC lamp........ 3.13
{0 7x21” drilled front Ranell Pl elcsimm el .. 195
] Two flexible links, insulating 14’ shaft.. .76
[] Knob for tickler..........ccooviiiivnnniennns .18
[ Screen grid clip ........ e e L5 .06
OO AL Parts .ooveiiieeeiiieieeeriereernnenanens $48.86
[0 Kelly tubes, one 224, one 228, one 227,

one 280, two 245 ............. « T » TEETTE 3 13.25

Guaranty Radio Goods Co.,
143 W. 45th St., N. Y. City
(Just East of Broadway)

Enclosed please find $........ ceveone. for which
please express at once the parts for the Push-
Pull AC Diamond of the Air as checked off
above.

O If ordering C. O. D. put check mark here.

Address

State....... b&a0a00 o I

Component Parts
for

PUSH-PULL
BATTERY
DIAMOND

[Check off parts you want.
part is sold separately.]

Each

O LiL2—Antenna coil RF3 @ ......
O L3L4L5—3-circuit SG coil SGT3 @.

O L6—Push-pull output impedance.......... 2.83
[0 T1—Push-pull input transformer ......... 3.41
O CT—80 mfd. equalizer .............. RS

0O C1, C2—Two .00035 mfd. ext. shafts @ 98¢ 1.9
O C3, C5~Two .01 mfd. mica condensers.... .70
[J R—One 6.5 ohm filament resistor......... 25

O R1, Sw—Omne 75 ohm switched rheostat.. .80
O R2, C4—2 meg. Lynch leak, grid clip con-

denser ..iieiiiiiiieieien. 00b.6550600006 06004 .5
O R3—One .25 meg. .30
[0 R4One 50 meg. ..ocoevvvvennnnnn. 50005p0f | U
O R5—One 1.3 ohm filament resistor........ .20
[1 Ant., Gind, Sp. (+) (Sp. (—=)—Four posts

@ .10 ....eo..e.... e e aeaaas i G . 40
[0 One drilled front panel 7x18” ........... . 185
[0 One socketed, self-bracketing metal sub-

panel, all holes drilled........

{J One National new modernistic drum dial
with color wheel, pilot bracket, 6v. lamp,
hardware, knob .............. 006000 boooo0 Al ]

a é"wolsmatched knobs for rheo. and tickler

.35

[0 Five vari-colored cable leads @ .07......

[J Flexible link and insulated shaft....... .58
[ One sereen grid Clip.ossmesssiedsnsdsnonmsn .06
B} NI RSN g ottt g T 0000 Lt oo T T o T $23.91

GUARANTY RADIO GOODS Cco.,
(lust East of Broadway)
Enclosed please find $............... for which please

mall at once the parts for ‘the Push-Pull Battery Model
Dismond of the Afr as checked off above.

143 W. 45th St., N.Y.C.

0 It ordering C.0.D. put check mark here.

———. RADIO WORLD
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Start with This Issue!

SEYIEMBER

and“RADIO NEWS”
Both for ° $7 =0_9

One Year at

RADIO WORLD alone for one year,
52 issues, one each week, is $6. Send
$7.00 and receive both RADIO WORLD
for one year (52 numbers) and
“Radio News” for one year, 12 issues,
one each month, total 64 issues. Send
in your order mow and get the Sep-
tember issue of ‘“Radio News” and
next week’s issue of “Radio World.”

This is_a great bargain and oppor-
tunity. Keep abreast of latest radio
news and circuits by subscribing for
the two leaders! |

You can thus obtain the two leading
radio technical magazines that cater
to experimenters, service men and
students, the first and only national
radio weekly and the leading monthly
foroone year, each, at a saving o
1,50,

If renewing RADIO WORLD

subscription, put eross in square.

RADIO WORLD

145 West 45th Street,
(Just East of Broadway)

New York, N. Y.

0-600v, AC & DC

High Resistance Meter

ACCURATE TO 1%!

0-800 AC and DC Voltmeter—ssme meter reads botd
—with 32" long flexible cords built in, and equipped
with hsnger. Extreme diameter (less hanger) 3%'’.

MOST USEFUL!

Here is a meter that serves an abundance of uses,
becauss It has a wids voltage rangs, 0 to 800 volts, and
measures voltage of alternating current and direct current,
and 18 accurata t¢ 1%. In a meter it’s accuracy that
counts.

You can measure pot only the DC voltages of B
eliminators, power packs and B batterles, with easlly
legible readings of 20 volts per divislon of the scale,
with wide divisions between 100 and 400 volts, so thab
you can easily see to within & volts, but you can also
measure the AC voltage across high-voltage power trans-
former eecondaries. If full-wave rectification {is used,
you measure each of the two sections of the transformer
secondary snd add the voltages. Thus up to 1,200 total
volts across the secondary may be read. For half-wave
rectification, a gecondary up to 800 volts is read acress
the total winding. You find out at once whether tnis
winding is open or shorted, since no readlng then weuld
be obtalned, or find out_whether the voltage is right,
or too high or too low. 1In all instances the AC voitage
across the sccondary should read higher than the de-
slrad DC output, due to the voltage drop in the tube
and to the current In the entire voltage divider and fta
geéctlons. The norma! deduction from the AC voltage, te
obtain the DC voltage, 1s at least 10%.

A REQUISITE FOR SERVICING!

Often service men, exper and musy
know mot only the transformer high voltags, but alse
whether the AC line voltage is the rated 110 volts or nut.
Thits meter tells you. Connect it across the 110-velt line,
By reading this voitage and the voltage of the high-voltage
secondary you can alse determine the step-up ratlo, by
dividing the smaller reading into the larger.

Because this {s a high-reslstance moter you can reiy
on the accuracy of the readings.

Only a high-resistance meter can accurately measure
the DC voltage of a B ellminstor. Other meters draw s
much current that the reading may be 50 volts less
than what 1t should be, or stlll more inaccurate, and
you could almost guess the voltage more accurately than
8 low-resistance meter would read.

MONEY-BACK GUARANTY!

This meter 1s sold on a 5-day money-back gusranty,
Buy one, try it, test It thoroughly, compare it with other
meters in performance and appesrance, It not fully
satlsfled, send 1t back and your money will be sremplly

refunded,
The meter 1s full nickel plated, highest possible
polish, has green cords, with red {positive) and bleck

(negative) moulded bakelite tip-holders, and stur tips.
The positive and negative Indicatlons are for DC n‘::nul?o-
ments. For AC *he meter may be connected at random.

This meter, which 1s of the moving vane t. 1
made in Germsﬂy and represents finest workmnmhlp.m" 2

Cat. M600 AC-DC ...... 009000002005 56 o8ba e 56.00
SEND NO MONEY!

GUARANTY RADIO GOODS COMPANY,
143 West 45th Street, New York, N. Y

(Just East sf Broadway),

Please ship at once C.0.D. one 0-600 voltmete -
Ing both AC and DC, on 5-day money-gaxe c:;nrr:;fy.

Thls meter must be exactly as advertised in Radio 1d
Cat. M600, price .......... 09000590 L - Bog w 65,08

5-DAY MONEY-BACK GUARANTY
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MORECROFT

New second edition of “Principles of
Radic Communication,” by Prof. John H
Morecroft, of the Electrical Engineering
Department of Columbia University and

ast president of the Institute of Electrical

ngineers. This is an outstanding and
authoritative book on the subject.

This large book on radio principles and
practice is_something that you must not be
without. Every set builder, every designer,
every engineer, every service man, simply
must have this book. Ready reference to
all intricate problems makes this volume
invaluable. Set builders, experimenters, dis-
tributors, dealers, salesmen and teachers.
students and operators, all find Morecroft
their standby, and riow the new second
edition awaits you. 1,001 pages and 8
illustrations in this cloth-hound volum-

Price ........c.u....... $7.50
RADIO WORLD

145 West 45th Street
New York City
(Just East of Broadway)

NEW Morecroft

“Elements of Radlo Communication,”” by Prof. John
H. Moreeroft, of the Engineering Depsriment of
Columbia University, is the latest book on radio
by this outstanding suthority.

This book is entirely new snd contalns matter which
never bhefors has been published. It {s written {o
plain language so that everv radio novice can under-
stand it. vet it is & complete course in the elements
of radlo.

It contains 266 pages, 170 illustrations and
a complete index. Price

RADIO WORLD
145 West 45th 8t, New York, N. Y,

for year’s
Radio World
Subscription
And Obtain
Unit FREE!

Radio World for one vear
(52 numbers, one each week)
will keep vou abreast of
latest circuite and news.
Act now. Offer revocable
without notice.

[ Tf renewal put cross here.

Radio World. 145 West 45th St..
N. Y. City,

Enclosed nlease find $6 for one

year’s suhscrintion  for  Radia

Whorld (52 numbers). Send your

“superb unit’’ free.

Name .....c...... 5060000000 0600000
Address ........... ©000008660006 600
City ..oovvvrieennnnnns State......

Multi-Tap
Voltage Divider

WO rugged, expertly engineered
wire-wound, enamelled resistors,
mounted in series, one atop the other,

with fourteen useful lugs, providing all
necessary choice of wvoltages without the
uncertainty of adjustable variable resistance.
The Multi-Tap Voltage Divider has a total re-
sistarice value of 13.850 ohms, in the following
steps: 3,000, 4,500, 2,000, 800, 700, 600, 550, 500,
450, 400, 200. 100 and 50 ohms. With the zero
voltage lug the total number of useful lugs is
fourteen. The resistances stated are those between

respective lugs and are to be added together to
constitute 13.850 ohms total.

Rated at 50 Watts

A conservative rating of the Multi-Tap Voltage
Divider is 50 watts, continuous use. e unit is
serviceable in all installations where the total cur-
rent drain does not exceed 125 milliamperes.

Extreme care has been exercised in the manu-
facture of the Multi-Tap Voltage Divider. It is
mounted on brackets insulated from the resistance
wire and that afford horizontal mounting of the
unit en baseboards and subpanels. e

There long has been a need for obtaining any
necessary intermediate voltage, including all bias-
ing voltages. from a Muiti-Tap Voltage Divider,
but each lug has to be put on individually by
hand, and soldered, so that manufacturing diffi-
culties have left the market barren of such a
device until now.

The Multi-Tap Voltage Divider is useful in all
circuits, including push-pull and single-sided one,
where the current rating of 125 milliamperes is
not seriously exceeded and the maximum voitage
is not more than 300 volts. If good ventilation
is provided, this rating may be exceeded 15 per
cent.

The expertness of design and construction will
be appreciated by those whose knowledge teaches
them to appreciate parts finely made.

When the Multi-Tap Voltage Divider is placed
across the filtered output of a B supply which
serves a receiver, the voltages are in proportion
to the current flowing through the various resist-
ances. If a B supply feeds a receiver with two-«
stage audio amplifier, the last stage a single-sided
245, then the voltages would be 250 maximum for
the power tube, 180, 135, 75, 50, 40, 35, 30, 25, 16,
10, 6, 3, 1, and 0.5. By suitable connection of grid
returns the lower voltages may be used for nega-
tive bias or even for positive voltage on the plates.
Even 0.5 volt is provided for negative bias of a
space charge detector (224 tube) in resistance-
coupled audio.

¥f push-pull is used, the current in the biasing
section is almost doubled. so the midtap of the
power tubes’ filament winding would go to a lug
about half way down.

You do not need to calculate the voltage from
current and resistance values, but can measure
the voltage with a high resistance voltmeter, so
you will know just which tap to use, or simply
use the taps that give best results as determined
by ear test.

Order Cat. MTVD at $3.75
Polo Engineering Laboratories,

143 W. 45th St.. N. Y. City.

Gentlemen: Enclosed please find $3.75 for which
please send at once one Multi-Tap Voltage
Divider, 13,850 ohms, 14 taps. mounted on brackets,
50 watt rating; Cat. MTVD.

Name ....coue.. TN (PR e == Y AR A

Address .........

City Dimengwabd@iall. . State

A BRILLIANT
MODERN DIAL

“The fetching satin-finish escutcheon is an
eye appeal all to itself, but when one adds
to that the fascinating rainbow feature,
whereby colors flood the scale, one at a
time, as the dial is turned, the thrill of the
irresistible almost overpowers one’s senses.”

So says one admirer of this brilliant
modern National Velvet Vernier Dial.
Dial illuminator throws brightly colored
image of scale on opalescent pearl screen
so that scale reads same from every posi-
tion. - Rainbow colors change automatically
as knob is turned.

Puts the final touch of modernism on your
radio.

Ask your dealer to show you the

NATIONAL

VELVET-VERNIER

PROJECTOR-DIAL

NATIONAL CO. INC., MALDEN, MASS.
Est. 1914 <$> W. A. Ready, Pres.

AGENTS WANTED

CARTER WINDOW WASHER. C(leans, dries,
polishes—one operation. 10 sales daily nets you
$420.00 monthly. Good territory open. Write
today. Carter Products Corp., 985% Front Street,
| Cleveland, Ohio.

Two

for the

price of

One

Get a FREE one-year subscription for any ONE of these magazines:
O] CITIZENS RADIO CALL BOOK AND SCIENTIFIC DIGEST (quarterly, four issues).

O RADIO (monthly, 12 issues; exclusively trade magazine).
{0 RADIO ENGINEERING (monthly, 12 issues; technical and trade magazine).
{0 SCIENCE & INVENTION (monthly, 12 issues; scientific magazine, with some radio technical

articles).

[J YOUTH'S COMPANION (monthly, 12 issues; popular magazine).

[0 BOYS’ LIFE (montbly, 12 issues; popular magazine).

Select any one of these magazines and get it FREE for an entire year by sending in a year's sub-
scription for RADIO WORLD at the regular price, $6.00. Cash in now on this opportunity to get
RADIO WORLD WEEKLY, 52 weeks, at the standard price for such subscription, plus a full year’s
subscription for any ONE of the other enumerated magazines FREE! Put a cross in the square next

to the magazine of your choice, in t
money order or stamps to RADIO WORLD, 145
Broadway).

Your Name ..o.ouvieeeenesaraeiiinaciases Moo o0oBhoo
Your Street Address .....ceveiiiieiriiiiioriieienien
(€§57™ 500005 50000006040, PO 050000 A00EAG0 3000 5A0BA0 A0

he above list, fill out the cou

below, and mail $ check.
West 45th Street, New York, N. Y. (Just East of

Hies; DOUBLE

VALUE!

O If renewing an existing or expiring subscription for RADIO WORLD, please put a cross in square

at heginning of this sentence.

RADIO WORLD, 145 West 45th Street,

New York, N. Y. (Just East of Broadway)

-
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Technical Accuracy Second to None
Latest Circuits and News
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A Weekly Paper published by Hennessy
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First in Popularity

Push-Pull 245 Power Amplifier Leads the Rest
By Neal Fitzalan

STANDARD design for a power amplifier is shown in

Fig. 1, the only novelty being a multi-tap voltage divider,

which affords fourteen different voltages which may be
apportioned for bias and plate voltages, as needed.

The audio amplifier consists of one stage of resistance coup-
ling, worked out of the detector, and one stage of push-pull
transformer-coupled audio feeding a pair of 245 tubes.

Besides providing the filament, plate and biasing voltages
for the audio amplifier, the device furnishes filament voltages
for the 224, 227 or 228 tubes in an independent tuner as well
as grid and plate voltages for the radio frequency tubes and
the detector. The usual 227 detector may be retained, or the
228 may be used to somewhat better advantage, since the first
audio stage is resistance coupled, and the 228 is a high mu tube
for AC operation, having the same heater voltage and current
requirements as the 227.

Besides the 227 first audio tube, six other tubes may be
heated from the 12 ampere 2.5 volt winding.

PROVISION FOR PHONOGRAPH PICKUP

The power amplifier may be fed by a phonograph pickup in-
stead of by a radio receiver, a switch enabling one to change
from one to the other. This switch is in the grid circuit of the
first audio amplifier, and its purpose is to change the load from
the grid leak to pickup, while an extra switch, actuated by the
same operation, turns off the filament current and voltage sup-
plied to the tuner. Therefore it is impossible to hear both radio
and phonograph together.

The voltage divider has fourteen useful taps, a total of 13,850
ohms being used, so that the bleeder current is around 20 milli-
amperes, which tends to stablize the voltages.

The power tube bias is 50 volts, obtained through the drop
between one of the taps and ground. As the power tube fila-
ments are an independent circuit, the negative bias on the power
tubes ‘may be used as a positive plate voltage on any of the
other tubes, or on screen grids, especially valuable in radio
circuits where the standard 75 volts for the screen grids of 224
tubqs proves too high and causes squealing.

Biasing voltages for power detection are available, too, and,
depending on the plate voltage, they may be 16 or 25 or even
more.

10 VOLTS BIAS ON FIRST AUDIO

It will be noticed that the plate voltage on the first audio
tgbe 1S the limit for a 227, that is, 180 volts. Hence a negative
blas_of 10 volts is used. This permits the first audio tube to
receive the full load from a power detector handling an enor-
mously high signal amplitude, and without overloading the 227
first audio, or the push-pull pair, for the output has an undis-
torted maximum power of about 6,400 milliwatts.

The bias for heater type tubes—and all the tubes except the
280 rectifier and the push-pull 2455 are of that type—is the
voltage drop in that part of the divider between the cathode
connection and grid return. Usually grid return is made to
ground. So by “lifting” or “lowering” the cathode connection

In tuners that have independent biasing resistors for the
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FIG. 1.

A POWER AMPLIFIER AND ABC SUPPLY, WITH A 24>

PUSH-PULL OUTPUT, USING A MULTI-TAP VOLTAGE

DIVIDER THAT AFFORDS ALL NECESSARY VOLT-

AGES FOR BIASING, INCLUDING THE BIASING OF

POWER DETECTORS, AND ALL NECESSARY PLATE

AND SCREEN GRID VOLTAGES FOR TUNER AND
AMPLIFIER

tubes used, connection of cathodes to the voltage divider for
bias should not be made.

The B supply power transformer is fused and has a con-
venience outlet into which you may insert the AC cable of a
dynamic speaker, so the pendant follow-through switch that
governs the power amplifier and tuner also will act upon the
speafl;er at the same time. The same switch turns all three on
or off.

This is a standard hookup of a circuit enjoying great popu-
larity at present. It may be built on a cadmium-plated steel
subpanel, which has 2” flanges at right angles all around, serving
as a self-bracketing feature, and the voltage divider may be
fastened to one of these flanges on the inside, thus taking up no
room on top of subpanel.

Such a layout actually has been effected on such a steel sub-
panel that has sockets built in. }

Within two weeks these subpanels will be avaitable, but
meanwhile the preliminary details of the circuit and constants
are given herewith.

_The, intermediate plate voltages are indicative only, as
diagrammed, as the actual voltages may be obtained simply by
using a high resistance voltmeter.

(Continued on page 18)
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Experimental Circuits

How Faraday Laid the Foun

NEN

@\
FIG. 1

A SIMPLE ARRANGEMENT OF COILS FOR DEMON-
STRATING THE PROPERTIES OF INDUCED CURRENTS.

radio, and the subject cannot really be understood until

induction has been mastered. In order to gain a good under-
standing of how currents and voltages are induced in a circuit
it is necessary to repeat some of the simpler experiments of
Faraday, the English physicist who worked out the basic prin-
ciples of the subject. These experiments can be performed by
anyone who has the necessary simiple equipment.

Let us start experimenting by forming a circuit composed of
some kind of sensitive current meter in series with a coil ot
wire. The circuit is shown in Fig. 1, in which B is the coil,
which may be called the secondary, and M is the indicator.
The meter may be a sensitive galvanometer or any other sensi-
tive current meter so arranged that the pointer can move In
either direction from its position of rest. In case no such meter
is available, one can be improvised by using an ordinary pocket
compass and placing this inside another coil, the terminals of
which should be connected in series with the secondary coil.

Now let us form a primary circuit by connecting a battery E
across the terminals of a coil A. A steady current flows through
the primary coil, and this current makes the coil a magnet,
or more precisely, an electromagnet.

Grasp the primary coil and thrust it toward the secondary
coil with a quick movement. Note the behavior of the pointer
on the indicator M. It will be found that the pointer kicks in
one direction or the other, but quickly comes to rest at its old
position. Now jerk the primary coil away from the secondary
and watch the pointer. This time the pointer will kick in the
same way as before, but in the opposite direction. Again it will
quickly come to rest at its old position.

NO CURRENT, NO KICK

Repeat this experiment when there is no current flowing in
the primary coil, both when the terminals are open and when
they are joined together. The meter will not show any deflec-
tion either when the primary is thrust toward the secondary
or when it is jerked away. It is clear then that in some way
the needle kicked because there was current flowing in the
p;-imary circuit when the two rapid motions of the primary took
place.

Repeat the experiment once more with current flowing in
the primary, but this time move the primary coil up to the
secondary very slowly and also remove it very slowly. Observe
the pointer of the meter carefully. There is either no motion at
all observable, or it is very small. Hence it is clear that the

INDUCED currents and voltages play an important role in

B
& :

FIG. 2
A PERMANENT MAGNET CAN BE USED FOR INDUC-
ING CURRENTS IN A COIL IN THIS MANNER.

intensity of the kick of the pointer depends on the rapidity of
the motion with which the primary moves toward or away
from the secondary.

DEPENDS ON MOTION

Repeat the experiment once more, with current flowing in
the primary coil, but this time move the secondary coil toward
and away from the primary. If the motion is rapid it will be
found that the pointer kicks. This shows that it is the relative
motion between the two coils which counts. This can be verified
further by moving both coils at the same time, both toward
and away from each other, and also by moving the two coils in
the same direction, keeping the distance between them the same.
It is only when the relative motion is rapid that the effect
on the pointer is appreciable, and it is only when a current is
flowing in the primary that there is any effect at all. Moreover,
there 1s no effect at all except when there is relative motion
between the two coils.

The effect that takes place is due to induced voltage in the
secondary coil, and this voltage is induced because the mag-
netism from the first coil that flows through the second coil
changes. The magnetism itself has no effect, for if it did the
needle of the meter would not come to rest after the primary
coil has been brought up close to the secondary. It is the
change that is essential. From the facts that the pointer kicks
in one direction when the primary is brought up to the second-
ary and in the opposite direction when it is jerked away, 1t is
clear that the direction of the induced voltage depends on the
direction in which the magnetism changes, that is, whether it
is increasing or decreasing.

COIL HAS POLARITY

Note carefully in which direction the pointer kicks when the

primary is brought up and when it is jerked away. Now re-
verse the primary coil, that is, turn it end for end, and repeat
the experiment, with current, of course, flowing in the primary.
Note that the directions of the kicks also have reversed. Again
reverse the connection of the battery in the primary circuit
and repeat the experiment. This also reverses the directions of
the kicks. The primary coil evidently has polarity.

Now if the effect in the secondary circuit is due to changing
magnetism, it should be possible to substitute a permanent mag-
net for the primary circuit, as illustrated in Fig. 2. Grasp a
permanent bar magnet, SN, and thrust it suddenly into the
secondary coil: The needle kicks up just as it did when the
primary coil carrying current was brought up. Jerk the magnet
out of the secondary circuit with a quick movement. Again the
needle kicks, but this time in the opposite direction. Note that
the amount of kick depends on the rapidity with which the
magnet is moved away from or toward the secondary circuit, B.
Now, it is clear that the effect is due to changing magnetism,
since a permanent magnet acts the same way as a coil carrying
current,

To test further the similarity between the coil and the per-
manent magnet, turn this end for end and repeat the experi-
ment. The directions of the kicks have been reversed, just as
they were reversed by either turning the primary coil around,
or by reversing the battery connections.

The experiment might also be repeated with an unmagnetized
bar of iron. It will be found that there is no effect, just as
there was no effect when the primary carrying no current was
moved. There can be no doubt that the effect is due to chang-
ing magnetism in the secondary circuit and that the intensity of
the effect depends on the rate at which the magnetism changes.

In order to prove that the primary coil carrying current is
a magnet, a pocket compass or any magnetized needle might
he placed inside the coil. Place it so that when no current is
flowing in the circuit the needle points in a direction of about
45 degrees with the axis of the coil. Then turn the current on.
The needle turns. It acts about the same as when a permanent
magnet is brought near it.

CHANGING MAGNETISM INDUCES VOLTAGE

The changing magnetism through the secondary coil induces
a voltage, or emf, in the winding, and this emf forces a current
through the circuit. The indicator responds to the current. The
current due to induced emf is called induced current.

Instead of using a current indicator in these experiments a
voltage indicator can be used, and this shows directly that it
is voltage that is induced. The best voltage indicator is an
ordinary vacuum tube. The secondary terminals of the coil
are connected to the grid and the filament of the tube, and a
milliameter is connected in the plate circuit to act as indicator.
If the voitage on the grid changes the current in the plate
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circuit also changes. No current can flow in the secondary coil,
for there is no circuit. In other words, the coil is open. There-
fore any effect that is observed in the plate circuit is due to
a change in the voltage in the coil. If the experiments outlined
above are repeated it will be found that the needie of the
milliammeter in the plate circuit will kick just as the needle did
when the meter was connected directly in series with the coil.

It is not to be expected, however, that the magnitude of the
kicks will be the same in both instances. It may be much
greater in the second case, or it may be less. If the effect is
too small to be observed it is only necessary to increase the
number of turns on the coils involved, to increase the strength
of the magnet, or change the tube used as voltage indicator.
The magnitude of the effect largely depends on the mutual
conductance of the tube used, being proportional to it. Fig.
3 gives an idea how to perform the experiment with a vacuum
tube as voltage indicator.

If a really great effect is desired, let the secondary coil be
the secondary winding of an old audio transformer. For a
smaller effect, use the winding primary. Of course, in order to
be able to thrust the permanent magnet into the coil, the core
of the transformer should have been removed. By moving the
magnet back and forth at a regular rate, the voltage induced
will alternate, and this will be indicated by a swinging of the
pointer of the meter about its mean position. Whenever an
alternating voltage is induced in a coil it is due to a periodic
changing of the magnetism threading the turns of that coil
It may be due to a mechanical movement of a permanent
magnet, as in the case illustrated in Fig. 3, or to the movement
of an electromagnet, as in the case of certain alternators. Or
again, it may be due to the movement of another coil carrving
a steady current, as in the case of Fig. 1.

ANOTHER EXPERIMENT

Another simple experiment throwing light on the induction
of voltages can be performed easily. Suppose a battery be
connected in series with the primary of an audio transformer,
the secondary of which is connected as in Fig. 3, or as in
Fig. 1. Without moving either coil with respect to the other,
make and break the primary circuit. Whenever the circuit is
made, thus starting the current, there will be an indication
of induced voltage in one direction, and whenever the circuit
is broken, stopping the current, there will be an indication in
the opposite direction. The greater the current that is started
and stopped, the greater is the effect. The induced voltage
will be greater when the current is stopped, because the mag-
netism decreases much more rapidly when the circuit is opened
than it builds up when the circuit is made, and it will be
remembered that the effect depends on the rate at which the
magnetism through the secondary changes. This experiment is
best performed with an ordinary audio transformer without
removing its core, but it can also be performed with an air
core transformer.

It is not necessary to stop the primary current completely
in order to get an induced voltage in the secondary. Suppose
a resistance, say equal to the resistance of the primary winding,
be inserted in the primary circuit. Put a short circuit wire
across this resistor and arrange it so that one end of this wire
can be connected and disconnected quickly. Thus when the
wire is connected the resistance in the circuit is cqual to the
resistance of the primary winding, and when the connection
is removed the resistance is doubled. The current changes
accordingly. The needle of the indicating meter kicks both
when the connection is made and when it is broken, but in
opposite directions. Thus voltages are induced in the secondary
both when the current in the primary is increased and when
it is decreased.

HAS BEARING ON OPERATION

This has a direct bearing on the operation of a transformer
coupled amplifier, for in this case the current in the primary
rises and falls because the plate resistance of the tube varies.
The only difference between the two cases is that in one the
changes are sudden while in the other they are gradual.

Fig. 4 illustrates a circuit suitable for observing the effect on
the induced voltage in the secondary of changes in the current
in the primary. By means of key K1 the current can be
started and stopped completely. When this key is manipulated
the other key K2 should be closed. To study the effect of cut-
ting in and out of a resistance K1 should be closed and K2
should be manipulated. The voltages on the tube should be
adjusted so that the milliammeter will normally read about 20
milliamperes. The values given happen to be those required
in a special case, but ordinarily the bias should be greater than

for Studying Induction

dation of the Entire Subject

t
SECONDARY 4o
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{5V.  135V.
FIG. 3

WHEN NO SENSITIVE CURRENT INDICATOR IS
AVAILABLE A VACUUM TUBE CAN BE USED FOR
INDICATING THE PRESENCE OF INDUCED VOLT-

AGES.

15 volts. It is inadvisable to use a higher voltage in the pri-
mary than 4.5 volts, because the induced voltage in the second-
ary when the current is stopped may be so high as to break
down the insulation in the transformer.

INDUCTION BY ALTERNATING CURRENT

We have not yet mentioned specifically the most important
case of induced voltages, namely, that when alternating current
flows in the primary circuit. An alterating current is charac-
terized by the fact that it continually changes in magnitude
and in direction. It starts at zero and rises to a certain value,
called. the amplitude. Then it decreases to zero, reverses direc-
tion and increases to the maximum in the new direction. Then
it decreases again to zero, completing a cycle. The number ot
such cycles per second is the frequency of the current.

The magnetism associated with any coil is directly propor-

tional to the intensity of the current flowing at any instant.
Therefore when an alterating current is flowing through a coil
the intensity and direction of the associated magnetism changes.
The magnetism goes through maxima at the same time as the
current goes through maxima. Both also go through zero at
the same time and reverse in direction simultaneously. A coil
carrying alternating current, therefore, is a magnet the polarity
and intensity of which change continually. In fact such a coil
1s, as far as its effect at a given point is concerned, as if it were
a rotating permanent magnet.
. If, then, there is a second coil near the coil carrying alternat-
ing current, that coil will be subjected to a continually changing
magnetism and consequently an emf or voltage is induced in
the second coil.

CLOSENESS GOVERNS EFFECT

The secondary coil may surround the primary, or the pri-
mary may surround it, or again the two coils may be placed
(Continued on page 16)
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FIG. 4

CURRENTS CAN BE INDUCED IN A COIL BY START-
ING AND STOPPING A CURRENT IN A COIL COUPLED
TO IT, OR BY SIMPLY VARYING THE CURRENT IN

THE PRIMARY.
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The Push-Pull Diamond

Same Fundamental Circuit Used for Batteries and AC

H2 A 222 240 1Haa 12 A
{ST AF. 85 ES. @2/110. AI\:‘.@
R4
6.5 OHMS 75 OHMS.
R
> > —t
13
RS ZoHMS
SW.
@ A+
[ [ C)C]PL A-B—
@{Cc+
GND.

HOW THE FILAMENTS ARE WIRED IN THE BAT-
TERY MODEL PUSH-PULL DIAMOND OF THE AIR. A
MINUS, B MINUS, C PLUS AND GROUND ARE UNITED.
ONE RESISTOR DROPS THE BATTERY VOLTAGE TO
THE FILAMENT VOLTAGE FOR THREE TUBES, AND
TWO RESISTORS DO THE SAME FOR ONE TUBE, THE
222. THE TUBES ARE SHOWN IN THE PHYSICAL

ORDER OF ARRANGEMENT IN THE CIRCUIT.

[In the October 13th and 19th issues the Battery Model Push-Pull
Diamond of the Air was described. Herewith is the final instal-
ment. Next week the construction of the AC Model Push-Pull
Diamond will be discussed. A foreword on the AC subject is also
published in the accompanying article, and the schematic diagram
of the wiring appears on the opposite page.—Editor.]

HE physical arrangement of the tubes used in the Battery
Model Push-Pull Diamond of the Air is illustrated this week.
As the front panel faces you, this arrangement is: 112A first
audio tube at extreme left, 222 radio frequency amplifier in second
position; 240 high mu detector in third place, and the 112A push-pull
pair at right, one next to the other in the same line as the rest.
For assistance to novices the diagram shows also the filament
wiring. The 222 tube alone has two filament resistors, one 6.5
ohms, which serves a limiting object, so that prohibitive filament
voltage will not be applied to this tube from t%e storage battery,
the other, 75 ohms, a rheostat used as volume control. The switch
SW is built into this rheostat,

C5 IS 01 MFD. CAPACITY

The storage battery voltage is dropped to 4.7 volts through the
1.3 ohms resistor, R5, which will get a little hot, but is so con-
structed that nothing. can happen in consequence. This resistor is
placed underneath the subpanel, as was illustrated last week.

LIST OF PARTS

For the Battery Model

L1L2—Antenna coil RF3.

L3L4L5 Three circuit SG Coil, SGT3.

T1—Push-pull input transformer.

T2—Push-pull output device.

CE—Equalizing condenser 80 mmfd.

C3, C5—Two .01 mfd. condensers.

R—One 6.5 ohm filament resistor.

RI1ISW—75 ohm switch rheostat.

R2—One 0.25 meg. Lynch resistor.

R3—One 5.0 meg. Lynch resistor.

Cl1, C2—Two .00035 mfd. tuning condensers, extended shafts.

R4-—One 13 ohm filament resistor.

Ant., Gnd,, Sp. (+), Sp. (—)—Four posts.

One 7x18” drilled front panel.

One self-bracketing subpanel 7x1724”, sockets affixed; already
drilled, cut out in two places; hardware; insulating washers.

Two resistor mountings. .

One National type HC modernistic dial with color wheel, pilot
bracket, 6-volt lamp, hardware.

Two matched knobs.

Flexible link, insulating shaft.

One screen grid clip.

Five vari-colored cable leads.

Also under the subpanel are the 6.5 ohm filament resistor, the
audio resistors and their mountings, and the two .01 mfd. con-
densers, C3 and C5. In a previously published list of parts C5
was omitted inadvertently.

The lugs of the resistor mountings have fixtures that would come
in contact with the metal subpanel, hence cause short circuits, were
not the mountings elevated to prevent this. Flat type bakelite insu-
lators furnished with the official cadmium-plated steel subpanel are
used for this purpose. Three such washers are placed between
each mounting and the under part of the subpanel, so that when
the mounting screw is passed through the subpanel from the top,
and thence through the holes in the washers and the hole in the
mounting, and the nut tightened down, the lug hardware rides free
and clear of the subpanel, and is immune from any possibility of
shorting.

The recommended output tubes are. 112A because they will stand
enough input to satisfy any home requirements, but there is no
objection to using a pair of 171As as the output, leaving the first
audio tube a 112A. For the 171A push-pull pair the plate voltage
on these alone should be 180 volts, the negative bias 40.5 volts, but
the handier 45 volts obtained from a pair of batteries, or a single
battery, may be used for bias, if desired.

WATCH OUT FOR CURRENT DRAIN

The maximum plate voltage for the circuit, applied to the last
stage only, the push-pull pair, where 180 volts produces a drain of
nearly 40 milliamperes for the push-pull pair alone, which would
make the total drain of the circuit a little more than 50 milli-
amperes, or too much for economical operation if B batteries are
used. But a B eliminator, if it will handle 50 milliamperes without

(Continued on page 18)

LIST OF PARTS
For the AC Model

L1L2—One antenna coil, RF3, for .00035 mfd. tuning.

L3L4L5—One three-circuit screen grid coil, SGT3, for .00035
mfd.

Cl1, C2—Two .00035 mfd. tuning ccndensers, with shaft extend-
ing at both ends; two brackets.

CT—One 80 mmfd. equalizing condenser.

C3—One 00025 mfd. grid condenser with clips.

C4, C5—Two .01 mfd. mica condensers.

R1—One 0.1 meg. Lynch metallized resistor.

R2, R4—Two Lynch 5.0 meg. metallized grid leaks.

R3—One potentiometer, 25,000 ohms or more; knob.

T1—One push-pull input transformer.

PPOC—One push-pull output choke.

Ant., Gnd., Speaker (—), Speaker (+)—Four engraved bind-
ing posts.

One Polo 245 power supply transformer, primary, 110 v., 50-60
cycles, with secondaries: 2.5 volts, 12 amps., 2.5 volts, 3 amps.;
5 volts, 2 amps.; 724 volts; all secondaries center-tapped; twa
50 henry chokes bui't in; Cat. No. P245PS. (Note: for 40
cycles, 110 volts, use Cat. P245540; for 25 cycles, 110 volts, use
P245525.)

C5—One 2 mfd. 550 volt AC working voltage (rms.) filter
condenser.

C7, C8, C9, C10—On Four Mershon condensers: two of 8 mfd,,
two of 18 mfd,, all in one copper case; with bracket. Cat. Q 2.8,
2-18B.

C10, Cl11, C12—Three 1.0 mfd. bypass condensers, 200 volt DC
working voltage. .

RS, R6, R7, R8, R9, R10—One bracketed voltage divider, 13,850
ohms, 50-watt continuous duty rating; 14 taps, 7 taps not used
separately in this circuit.

F—One l-ampere fuse with base.

SW—One pendant through switch, AC type.

CO—One convenience outlet.

CP—One AC cable, 12 ft. long, with male p'ug.

One metal subpanel, with three five-prong (UY) and three
four-prong (UX) sockets built in, and holes dri“et'i for parts.
One National type HC drum dial with new modernistic escutch.
eon and rainbow feature; pilot bracket and 2.5 AC volt lamp, PL.

One 7x21” front panel.

Two flexible links, insu'ating %4” shaft.

One extra knob for tickler.
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High and Low Frequencies Comp
By Knollys
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FIG. 15 FIG. 14
TWO RESPONSE PEAKS ARE SOMETIMES OBSERVED
IN A SUPERHETERODYNE, P1, DUE TO THE FUNDA-
MENTALS AND P2 DUE TO THE SECOND HARMONICS.
THE DISTRIBUTION OF THE RESPONSES IN A SUPER-
HETERODYNE DUE TO THE PRESENCE OF HARMON-
ICS IN BOTH THE OSCILLATOR AND THE CARRIER.

[The following is one of the weekly instalments dealing with the
Superheterodyne circuit. The series was begun in the October 12th
issue, and there was an instalment last week, October 19th. An-
other will be published next week, November 2d.—Editor.]

NLY those repeat points due to the beating of harmonics for
O which m=n lie within the limits indicated in Fig. 15. Repeat

points due to other combinations of harmonics may be dis-
tributed throughout the dial range. There is one important combi-
nation, namely, when m=1 and #=2, The fundamental of the
signal frequency beats with the second harmonic of the oscillator.
A commercial receiver operating on this principle is called the
Second Harmonic Superheterodyne. In this receiver the oscillator
inductance was made so large that the second harmonic of the
generated frequency was of the same order of magnitude as the
signal so that when the oscillator was set to bring in a given
station the dial reading was approximately the same as that for
the radio frequency tuner.

Even in the ordinary Superheterodyne in which the oscillator
can be set independently of the radio frequency tuner many of the
high frequency broadcast channels can be tuned in on the second
harmonic. Let us illustrate by assigning values to our symbols.
In the first place m equals unity and » equals 2. Hence our
formulas become H=(S—f)/2 and H=(S+4f)/2, which give the
two settings for bringing in signal S. Now let the intermediate
frequency be 50,000 cycles per second and let the desired signal
have a frequericy of 1,200. Substituting these values in the above
formulas we obtain two values for H, namely, H==575 and
H—=625 kc. Both are within the tuning range of the oscillator
when this has the same inductance and capacity as the radio fre-
quency tuner. Frequencies much lower than 1,200 could not be
received on the second harmonic settings but all higher could.

LIMITED SECOND HARMONICS

When the intermediate frequency is higher and when the oscil-
lator has been designed to receive on only one setting not many
broadcast stations can be received on the second harmonic. For
example, if the intermediate frequency is 400 kc the lowest fre-
quency of the oscillator is 950 kc. If these values be substituted
in the formulas and we solve for S we get $=2,300 and $=1,500 kc.
One of these is above the tuning range of the oscillator and the
other is just on the edge. Hence the 1,500 kc frequency is the
only one that can be received on the second harmonic, and this on
only one of the possible settings. Thus it would appear that 400 kc
is a suitable intermediate frequency from this point of view.

I1f we make the intermediate frequency 200 kc the oscillator. range
should be from 750 to 1,700 kc. Putting 200 and 750 in the
formulas for f and H respectively and solving for S, we get 1,300
and 1.700 kc. Thus we can receive all stations above 1,300 k_c on
the second harmonic, provided that the oscillator can be tuned inde-
pendently of the radio frequency tuner. .

The second harmonic of the oscillator is not important enough
to exert any influence on the choice of the intermediate frequency.
The subject was brought up simply to explain the appearance of
certain repeat points. If the circuit has been designed properly
repeat points will not cause any interference even if a station could
be received with some intensity on the second harmonic.

SAME SIGNAL AT TWO CLOSE POINTS

Sometimes a certain signal can be rcceivpd at_two points close
together as illustrated in Fig. 14. The main point may be at P

and the other at P.. The height of Piis much exaggerated as
compared with that of Pi.. The second maximum, P is due to
the second harmonics of both the signal and the oscillator and cor-
responds with S—f/2 in Fig. 15, when S—f is the main setting.
S+4-f/2 gives another maximum corresponding to S-f, but this is
usually weaker because S4f is weaker.

These secondary maxima are sometimes confused with similar
responses due to close coupling between two tuned circuits in the
filter because when two tuned circuits are coupled very closely the
rsponse has exactly the shape of the curve in Fig. 14. In some cir-
cuits the lower maximum, as P», may be due to the combined effect
of the two.

If the intermediate frequency is high, the coupling between the
oscillator and the modulator loose, and the radio frequency tuner is
reasonably sharp, there is no reason for worrying about the multi-
plicity of repeat points indicated by the formulas just given. The
receiver can be arranged mechanically so that only one of the
normal settings of the oscillator is utilized without fear that the
many repeat points will cause interference.

IMAGE INTERFERENCE

The most perplexing problem that arises in connection with the
design of Superheterodynes is that of minimizing the so-called
image interference. This type of interference is peculiar to the
Superheterodyne and arises from the fact that a signal of any
given frequency comes in at two normal settings of the oscillator,
namely, that at which the oscillator frequency is greater than the
signal frequency by the amount of the intermediate frequency and
that at which the oscillator frequency is less than the signal fre-
quency by the same amount. For example, if the signal frequency
is § and the intermediate frequency is f, then if the oscillator is
set at either S4f or S—F, the signal comes through the filter,
because in either case the frequency f acceptable to the filter is
produced with the signal carrier S.

Now suppose there is another signal carrier of frequency S’
which has not been tuned out completely at the modulator. This
will likewise come through if the oscillator is set at either $'+f
or at §'—f, for again the frequency f acceptable to the filter is
produced in the modulator. Now if the two signal frequencies
are related so that S42f=$’, that is to say, so that
S+f=85"—f, the two signals S and §' will get through at the
same setting of the oscillator. Interference results unless one of the
carriers has been tuned out completely before it gets to the
modulator.

WHY WORD “IMAGE” IS USED

The use of the term image to describe the interference is due to
the fact that the two normal settings of the oscillator are sym-
metrically located in the frequency scale about the signal carrier
frequency, just as the image and object are symmetrically located
with respect to a plane mirror. For example, let S, Fig. 16A, be
a plane mirror and let some object be located at S+f. The image
of this object will appear to be located at S—f, the image and
object distances being equal. Now suppose there is another plane
mirror §’, paralle! to the first and located a distance 2f to the
right of S. Let there be another object at the point S'4-f to the
right of §’. Since the object distances are the same for the two
mirrors, and the mirrors are a distance 2f apart. it is clear that
the image in the second mirror appears to be in the same position
as the object in front of the first mirror. That is to say, the iinage
S’—f coincides with the object S$4f. Of course there is no real
coincidence for the image is virtual, not real.

In the electrical case, however. there is real coincidence, for real
beat frequencies are produced both with S and S’ when the oscilla-
tor is set half way between.

LACK OF EXACT COINCIDENCE

In most instances the intermediate frequency of the filter is such
that the image of one frequency does not exactly coincide with the
object of the other, for this can only happen when the intermediate
frequency is an integral multiple of the spacing of broadcast chan-
nels, which is usually 10 kilocycles. Even if the intermediate fre-
quency is nominally an integral multiple of this spacing, say 50
kilocycles. the frequency may actually be 49 kilocycles, for example.
Moreover, the broadcast stations are not separated by exactly 10
kilocycles, since a deviation of 500 cycles in either direction from
the assigned frequency is permitted. Hence, in general there is
never exact coincidence hetween the image and the obiect.

The case where there is only approximate coincidence is illustrated
in Fig. 16B. The two normal settings of the oscillator for hringing
in signal S are S—f and S4-f. Those for bringing in the signal §’
are S'—f and S’'+f. The oscillator, of course, can only be set at
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one point at a time. If the circuit is tuned exactly for bringing
in S the oscillator is set at S+f and if it is tuned for bringing in
S’ it is set at S'—f. If the oscillator is set at either point it will
beat with both S and S, and two different beat frequencies will
be produced, One of these will be that to which the intermediate
frequency flter has been tuned and the other will be slightly
different, depending on the separation between S+f and S'—f. Let
us call these two beat frequencies f and f'. These two frequencies
will beat in the second detector and produce a squeal, and it is this
squeal which is usually called image interference.

It is possible to detune the oscillator so that this squeal disappears,
which is done by setting it exactly half way between S and S’. The
receiver will then not be tuned to either signal but it may be that
one of them can be received with practically no interference,
especially if one of the signals has been suppressed considerably
before it reaches the modulator. However, since the station fre-
quencies .S and S’ and the local oscillator frequency all may vary,
it is usually not possible to hold this adjustment for more than
a second at a time. It is, therefore, impractical to employ this zero
beat method of reception, because no sooner has the proper adjust-
ment been made than one of the three frequencies involved will
change, thus restoring the squeal.

CAN NOT TUNE OUT SQUEAL

It should be emphasized that this squeal cannot be tuned out by
increasing the selectivity of the intermed-ate frequency filter. In
order to do this the selectivity would have to be so great as to
tune out the lowest audible tone, and that, of course, would tune
out all the desired signals as well as the interference.

The only practical method of minimizing image interference is to
tune out the carrier of the undesired signal before it reaches the
modulator. That means that the radio frequency tuner ahead of
the modulator must be very selective. Ordinarily, a single radio
frequency tuner is not sufficient to suppress the unwanted carrier
to the point where image interference is not a nuisance. The
higher the intermediate frequency the less need the pre-modulator
selectivity be for a given suppression of any signal which might
cause image interference.

The intensity of the squeal is proportional to the intensities of
the two suh-carriers f and f and these in turn are proportional
to the intensities of the two carriers S and S’ at the modulator. If
the radio frequency tuner ahead of the modulator is so sharp that
when it is set for the frequency S, the suppression of S’ is prac-
tically complete, the sub-carrier frequency f' will be so weak that
the audio beat between f and f will not be of audible intensity.
But if S’ is not thoroughly suppressed, f will have considerable
intensity. Yet the beat produced between f and f' may be so feehle
that it cannot he heard except during moments when the signal
carrier S is unmodulated. that is, when no sound impinges on the
microphone associated with S.

WHEN BOTH ARE EQUAL

If the heights of the vertical lines erected at S and S’ in Fig. 16
represent the intensities of the two signals at the modulator, the
case represented is that when both are equal. The radio frequency
tuner must suppress one of these, say S', so that its intensity could
be represented by only a dot above the horizontal line,

‘So far we have considered only the beats between the two sub-
carriers f and f. But each of these is associated with two side-
bands extending about 10,000 cycles above and below each sub-
carrier. It is clear that when the sub-carriers themselves are so
close together that they produce an audible beat the sidebands will
overlap. The frequencies in one groun would beat with those in
the other. These beats, however, would not be sustained like the
beats between the two sub-carriers, since any given note that im-
pinges on either microphone is not sustained. If one of these notes
were sustained for a moment, it is not likely that a sustained note
from the other microphone would be sounded at the same time.
But just the same, there is room for much clashing and momentary
beating.

It isgeasy to imagine what would occur if the two interfering sig-
nals were equal at the modulator and the oscillator were set so
that hoth came through. The result would be about the same as if
two orchestras were plaving different selections in the same room,
the one giving no attention to the other. Indeed, the result would
be much worse. for the heterodyne squeal and many other beat
frequencies would be present which would not be there if the
orchestras were playing in the same room.

Fig. 17 illustrates image interference and the clashing of side-
bands. S is the desired carrier and S’ that of the interfering signal.
The oscillator setting is represented by H. the value of which is
such that the beat f is that of the intermediate frequency filter. H
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FIG. 16
GRAPHICAL ILLUSTRATION OF THE MEANING OF
IMAGE INTERFERENCE

also produces a beat frequency f' with §’. These two beat frequen-
cies are placed lower down the frequency scale to the left in
approximately their proper relation. The squeal heard in the loud-
speaker is represented by the distance f—f. The short dotted lines
symmetrically placed about f* are the vutside limits of the sidebands
of f, and tne short solid lines about f are the outside limits of the
sidebands of f. The region of clashing of sidebands is ab.

For illustration let $'=1,000,000 and $=900,000 cycles per second.
Also let the intermediate frequency f be 47,500 cycles per secomd..
The H=S8+4f=S—f'=947,500. Since the difference between S”
and S is 100,000 cycles and f is 47,500, ' is 52,500 cycies. The squeal
between f and f' will be 5,000 cycles.

As the oscillator dial is turned, the point H moves and both:
f and f change in value, and so does the squeal produced by the:
beating between the two sub-carriers. The volume of sound from:
either signal also changes, the maximum occurring when a sub-
carrier is equal to the frequency to which the filter is tuned.

CHOICE OF INTERMEDIATE FREQUENCY

When the intermediate frequency is very low, for example, 30,000
cycles per second, the radio frequency tuner has to be exceptionally
selective in order that a signal carrier causing image interference
may be tuned out effectively. For example, suppose the two signals
are 1,500 and 1,440 kilocycles and the second of these is desired
without any interierence from the first. When the oscillator is set
at 1,470 kc both signals will come through the filter unless one of
them has been tuned out completely before it reaches the modulator.
If we wish to receive the 1,440 kc signal we tune the radio fre-
quency circuit to this frequency.

But the other signal is only 60 kc away, and therefore it requires
a high selectivity to cut it out. Even in many ordinary receivers the
1,500 ke signal would interfere considerably with the desired signal.

In a Superheterodyne the interference from the beating of the
two sub-carriers would be much more severe than the direct inter-
ference between the two signals in the ordinary receiver. Hence
the selectivity in the radio frequency level would have to be greater
in order to reduce the squeal to a value below audibility.

ARGUMENTS AGAINST LOW INTERMEDIATE
FREQUENCY

This is one reason for not using a low intermediate frequency.
Another reason we have already stated, namely, that if the IF
is low the selectivity of the filter is likely to be too great. There
are other reasons. For example, if the intermediate frequency is
low it is difficult to separate it from the audio frequencies in the
plate circuit of the detector by means of the usual by-pass con-
denser and radio frequency choke. If the intermediate carrier is
suppressed thoroughly by these devices, the higher audio frequencies
are also suppressed. The effect of this is the same as excessive
selectivity in the tuned filter, namely, absence of high notes and
excessive bass in the loudspeaker. Music would lack brilliancy,
speech would be muffled, and consonants would be indistinguish-
able. Still another reason for avoiding a low intermediate fre-
quency is the tendency of the oscillator frequency to be pulled
over to the natural frequency of the radio frequency tuner.
This effect was discussed under modulating circuits.

As the intermediate frequency is increased these difficulties be-
come less and less important. Suppose, for example, we use an
intermediate frequency of 200 kc. If now we want to receive a
signal on 1,440 kc the oscillator can be set at 1,640 or 1.240 kc.
The 1.500 kc signal will no longer interfere. There are two possible
signals which could interfere, namely, 1,840 and 1,040 “ilocycles,
Each one of these differs from the frequency of the desired signal
by 400 kc, twice the value of the intermediate frequency. 1t does
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not require a very selective circuit to tune out a signal differing
by such a high value.

It is also relatively simple to separate in the plate circuit of the
detector by means of RF chokes and by-pass condensers a fre-
quency of 200 kc from one of 10 ke without appreciably suppressing
the lower frequency. Also with a 200 kc difference between the
tuned circuits there will be no tendency for the two to “pull
together.” The sclectivity in the IF level need not be so great
that it would suppress the sidebands, because the RF selectivity is
effectively much greater.

It is possible to use a still higher intermediate frequency, and,
indeed, some circuits have been built with a frequency as high
as 400 kc.

BAD EFFECTS OF HIGH INTERMEDIATE FREQUENCY

There are, however, certain undesirable effects that enter when
the frequency is high. For example, it is not possible with a simple
tuner in the oscillator to cover the necessary frequency band to
bring in all the signals in the broadcast band on both the possible
settings of the oscillater. Suppose the intermediate frequency is
400 ke. To bring in 550 kc, the lowest channel in the broadcast
band, the oscillator could be set at either 150 or 950 kc. To bring
in the highest broadcast frequency, 1,500 kc, the oscillator could
be set at either 1,900 or 1,100 kc. In order, then, to bring in all
the broadcast frequencies on both the possible settings, the tuning
range of the oscillator would have to be from 150 to 1,900 ke. Such

and What Remedies Apply

a range is not practical, for it would require plug-in coils or an
equivalent arrangement for extending the range, such as taps
on the oscillating coil.

However, when the intermediate frequency is of this order of
magnitude, there is little need for covering this wide range, for
the only reason for doing so would be to provide an alternative
setting in case there is image interference on one of the normal
settings; and when the intermediate frequency is as high as that
assumed above, the radio frequency tuner is quite effective in
eliminating image interference. Therefore the oscillator may be
designed to receive on either the lower or the higher setting, but
not on both. There are two reasons why the higher setting is
ordinarily selected. First, the signals are louder on this setting;
second, oscillator need not cover as wide relative frequency range.

SOME AT BOTH SETTINGS

When the higher setting is used the oscillator is designed so
that the range is from 550-+f to 1,5004-f, in which f is the inter-
mediate frequency employed. Therefore if f equals 400 kc, the
frequency range of the oscillator is from 950 kc to 1,900 kc.
If the intermediate frequency is 200 kc, the range of the oscil-
lator should be 750 to 1,700 kc.

It is clear that if the oscillator can be adjusted independently of
the radio frequency tuner, some of the broadcast stations can be
received on both settings even when it has been designed to receive
on only one. For example, suppose the intermediate frequency is
400 kc. The lowest frequency of the oscillator is 950 kc, as we
found above. Since 1,350—400 equals 950 kc, it is clear that any
station having a frequency of 1,350 kc or higher can be received
on the lower setting as well as on the higher.

When a Superheterodyne is designed to receive on the higher
oscillator setting only, the tuning mechanism is usually arranged
so that only one setting is possible and so that the oscillator is
set at this automatically when the radio frequency tuner is set for
the signal carrier. A Superheterodyne so arranged is usually called
a “one-spot,” but as we have found above, a true “one-spot” is not
possible. Arranging the tuning mechanism in any way does not alter
the electrical features of the circuit; it merely makes it impossible
to select one of the points. If there should happen to be image
interference on the only available setting, that would be unfor-
tunate. But, as we have emphasized, when the intermediate fre-
quency is high and the pre-modulator tuner is selective, there is
little likelihood that the image interference will be of nuisance
intensity.

Thirteeﬁ Unlucky Causes of Hum

The following are thirteen causes of hum in power amplifiers:

(1)—Excessively large capacity in the B suppy filter next to
the rectifier tube. When an electrolytic condenser of large
capacity is used in this place the hum is frequently very great.
At other points in the filter large capacity is advantageous.

(2)—Saturated filter chokes. If the current drawn from the B
supply is greater than that for which they have been designed
hum results, because the inductance of the chokes is too low.
Sometimes chokes are rated so optimistically that even when
the current is less than rated value there is considerable hum
due to saturation.

(3)—Unbalance of the filament circuit of a three-element
tube heated with AC. The center tap of the fllament winding
may not be in the center or tapped resistor used in place of a
center tap on the winding may not be accurately center tapped.
The grid or plate return leads, or both, may be made to one
side of the filament winding.

(4)—No connection of the heater winding of a 227 tube and
the cathode or equivalent point. When the heater winding
midtap is left unconnected there is usually a pronounced hum.
This tap should be connected directly to the cathode or to a
positive or negative point on voltage divider, or equivalent
point. The connection of least hum in any particular case can
be found by trial in a few minutes.

(5)—Improper bias on an amplifier tube sometimes results
jn hum, especially when the grid goes positive.

(6)—In some instances hum results when the plate current
for any reason is lower than a certain value depending on the
tube.

(7)—An open grid circuit on the low potential side often
gives rise to hum. The open does not necessarily make the cir-
cuit inoperative.

(8)—Close proximity of a wire carrying alternating current
to a grid lead in an amplifier. The hum is carried over by
capacity coupling between the grid and the AC wire.

(9)—Sometimes hum results from lack of grounding cases
and cores of audio and power transformers.

(10)—Oscillation in the amplifier or in the radio portion of a
receiver. The oscillation may be at any frequency whatever.
For example, it may be a very high, parasitic radio frequency
oscillation, or an oscillation in the tuning range of the receiver.
Again, it may be an osciltation at audio frequency due to feed
back through the B supply. This oscillation may even be above
audibility, or again, below the audible limit. Regeneration is
also a possible source of hum since it is the same thing as
oscillation. If the regeneration or weak oscillation occurs near
the hum frequencies, that is to say, 60 or 120 cycles, the hum
is likely to be very severe.

(11)—Inadequate filtration of the field current in a dynamic
speaker. This is often a source of strong hum when the speaker
is exceptionally efficient on the low notes, as most dynamic
speakers are.

(12)—Overemphasis on the low notes in the receiving system.
This may be due to excessive selectivity, by-passing or choking
of the higher audio frequencies, intentional regeneration or
resonance effects at a low frequency, or to any effect which
accentuates the low notes in comparison with the high notes.
This is purely a relative effect. Since the hum frequencies are
low, whenever the bass is accentuated the hum is brought out
prominently.

(13)—Defective parts. In some instances the hum can be
traced to a defective part in the B supply or in the amplifier,
Su'clh as a punctured condenser, a burnt-out resistor or an open
coil.
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NIVERSITY

CONDENSER NEXT TO RECTIFIER
OMETIMES 1 see a 1 mfd. filter condenser specified for place-
ment next to the rectifier in a B supply, sometimes 2 mifd,,
once in a while 8 mfd. Which is correct?—G. F. U.

All are correct. The higher the capacity, the higher the effective
voltage at the output, due to the lower impedance of the higher
capacities. Also, the higher capacities reduce the hum more, up
to a certain capacity value, although they cause a heavier strain
on the rectifier tube’s filament due to high charging at starting.

x ok %

WHICH TUBES CAN BE REACTIVATED
HICH tubes can be reactivated?—F. J. V.
Those with thoriated tungsten filaments, not to those with
oxide coated filaments. Hence reactivation may be applied
to the 199, 120, 220A, 201A, 222, 240, 112, 171 and 210, but not to
the 11, 12, 112A, 171A, 200, 226, 227, 228,, 280 and 281. See the
issue of September 7th for data on reactivation.
X %k X%
ACTION OF LEAK AND CONDENSER

N using a grid leak-condenser detector, are electrons caused to

I accumulate on the grid, or do all of them flow away through
the grid leak?—V. O'T.

With positive grid return, and grid leak-condenser detection, the
grid voltage becomes positive in respect to the filament, and elec-
trons accumulate on the grid. The condenser prevents most of
the electrons from escaping the grid, so the grid leak is used. A
few tubes do not require the leak, e.g., the 200A, as there is leak-
age enough through the conducting path inside the tube. The value
of the grid leak is determined by the period of the audio frequency
variations, and usual values are from 2 to 10 meg., with a prefer-
ence for a medium value. This supposes the use of a .00025 mfd.
grid condenser. The capacity of the condenser affects the value
of leak resistance, as some of the electron charge on the grid can
leak off through the condenser.

¥ ® %
THE CIRCUIT HE WANTS

NE circuit I have a fancy for is a four tube design with
O shielded one stage of radio frequency amplification, shielded

detector input, and two stages of high-class audio. It seems to
me this circuit is abundantly useful, and sensitive and selective
enough, if properly designed. Has such a circuit been published
recently in your columns, and if not, why not?—T. F.

Such a circuit is attractive, and meets the requirements that you
set forth. It has not been published recently in these columns.
Design work is now under way on such a circuit, embodying the HB
compact, battery model, in shielded form, and also a four-tuned-
circuit screen grid radio frequency amplifier and detector. First the
four tube design will be published in a few weeks, then the other,

in about two months.
* ok k

USE OF AN ARRESTOR IS ADVISABLE
S it necessary to install a lightning arrestor in connection with
I a radio receiver? Is not the aerial itself a lightning arrestor ?—
D. W.
It is advisable to instal an approved lightning arrestor. This
means one approved by the National Board of Fire Underwriters,
which require it. An aerial does not serve as a lightning arrestor,

even if it is grounded.
* %k %

HE HAS HIS DOUBTS

HAVE assembled a receiver of the best parts that I could
I obtain, judging the quality by price, reputation and available

engineering data, as well as by the claims of the manufac-
turers. But judging by the sound the darn thing produces I
suspect that I attached too much importance to these factors.
It needs no acoustic expert or a skilled musician to tell that the
quality is rotten. May be you can suggest where the trouble
might be—E. L.

Not knowing what parts you did use, it is impossible for us
to sav whether you attached too much weight to the price, the
reputation of the parts, or the claims of the manufacturers. It
may be that you did not get the original engineering data but
only what was left after a commercial artist had retouched the
curves.

Then, again, it may be that every part you have is as good as
could he expected and that it is the combination of these parts
which is at fault. It is no trick at all to take the best parts and
make a terrible receiver out of them. You may not have attached
enough weight to warnings and suggestions to use by-pass con-
densers and filters in the p'ate -circuits. Possibly you used a
condenser here and one there and thought that one of 2 mfd.
would work as well as 50 mfd. If you skimped on the little
things after you had bought a good set of parts, you deserve all
the rotten quality you are getting. Fortunately, omissions of
this nature can be rectified without much trouble and expense.
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FIG. 802
WHEN SCREEN GRID TUBES ARE USED SHIELDING
SHOULD BE DONE TH%Ré)UGHLY AS ILLUSTRATED
RE.

RECEIVER STOPS PLAYING SUDDENLY

OST of the time my receiver, which is well rated, works
M satisfactorily, but once in a while it stops playing with a

a Fpl&}; or a click. Can you tell why it behaves that way?

There are many conditions in a receiver any one of which
might account for the stoppage of the signals. The most likely
condition is that of oscillation. The set plays all right until the
circuit breaks into oscillation, when the signals either stop en-
tirely or become weak. Too much feedback in the radio fre-
quency amplifier is the cause.

There is also the possibility of a defective part, such as a by-
pass condenser, choke or transformer. The insulation may be
all right when the set is cool, or when moderate signals are
being received, but it may not be able to withstand the stress
when the receiver has warmed up or when there is a sudden
burst of static or similar disiur&an:e.

TUBE FOR POWER DETECTION

HAVE an AC receiver equipped with a detector of the grid
I condenser and leak type and I want to change over to power

detection. What tube do you recommend for detector? I
understand that to make power detection successful it is neces-
sary to increase the radio frequency amplification. Is that
correct’—A. J. B.

The 227 type heater tube is about as good as any other. If
you use that type of tube now there is no reason for changing.
Just change the circuit to conform with the requirements of
power detection. Yes, you should increase the radio frequency
amplification considerably. "

* *

REPLACING CONDENSERS

HE by-pass condensers across the B supply leads in my
I receiver have been punctured. Is it safe to use condensers
designed for 600 volt DC service when the highest normal
voltage applied to the amplifier is 300 volts?—E. A. J.
A safety factor of 300 volts ought to be enough, especially in
view of the fact that the 600 vo!t condensers are rated with a
high safety factor in the ﬁ:st*plice.

SHIELDING STAGES IS ADVISABLE
AM contemplating building a sensitive radio frequency am-
I plifier and detector employing screen grid tubes. If I use
no more than two screen grid tubes ahead of the detector
do you think that shielding of the stages is necessary? If you
do, please show, or tell, how it should be done. Is it necessary
to shield each screen grid tube if it is inclosed inside a shielding
can containing the coil and the condenser?—E. B. W,

It is highly advisable to shield thoroughly, and a good way
of doing it is shown in Fig. 802. The dotted lines are the out-
lines of aluminum or steel boxes. These boxes should be con-
nected together and grounded. It is unnecessary to shield each
tube separately although it may be of some value to do it.

* * *

DOESN'T KNOW BATTERY POLARITY

DO not know offhand what the respective posts are on my

I storage battery, but one of them accumulates some corrosion.
Which one is this?—D. Z.

The corrosion usually is greater at the positive post. You can
determine the polarity of the battery with a DC voltmeter. When
the side of the meter marked (+) is connected to positive of the
battery the other meter lost to negative, you get a reading, Other-
wise the needle kicks back, that is, goes below zero. Be careful
not to leave the meter in circuit in reversed fashion or you might
injure the meter.
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Vi tUmninNG LN A dhLbBUiLvE, SHURTWAVE RE-
CEIVER LET THE HANDS REST ON SOMETHING FIRM,
LIKE THE TABLE TOP.

[This is the first instalment of the book, “Radio for Schoolboys,”
never before published. Read Rapio WORLD each week so that you
will not miss a single instalment of this interesting and important
contribution to radio literature—Editor.]

CHAPTER 1
The Origin of the Wave

ETWEEN the antenna of a broadcasting station and the
B receiving antenna of your home radio waves travel, and they

can be tuned in with your receiver. They do not travel this
distance on or through wires. They travel instead through air.
They go up as high as a negatively charged layer of atmosphere,
called the Kennelly-Heavyside layer, and penetrate to some extent
into the earth itself.

Something moves when these waves of high frequencies travel.
It is not the air, for the air at the sending point may never reach
the receiving point. It is not the ground, or otherwise there would
be miniature earthquakes as radio waves are sent out.

When a wave is radiated the surrounding medium, in this instance
air particularly, conducts the electrical agitation. You can imagine
a pipe conducting water. The water moves, the pipe is still. The
air, however, is not a confined conductor, but carries the wave in
all directions, as if some impulse were started from the center of a
circle and conducted away from its point of origin on an infinite
number of infinitely long radii of the circle. On the basis of this
idea of infinite radii the wave when transmitted is said to be
radiated.

SOUND WAVES AND RADIO WAVES

Sound waves are of lower frequencies than radio waves, but have
some points of similarity with radio waves. If a string of a violin
is plucked, a note will be heard, because the string has been set
into vibration, and the surrounding air is made to conduct this
vibration. You hear the note because the vibration has been com-
municated through the air to the diaphragm of your ear, which
vibrates at the same frequency, hence you hear the note.

There are many differences between sound waves and radio waves.

Sound waves travel at the rate of about 1,100 feet a second.
Radio waves travel at the speed of light waves, about 186,000 miles
a second. Hence radio waves travel about 900,000 times as fast as
sound waves and at a speed that would carry radio waves around
the 25,000 mile circumference of the earth about 7% times in one
second.

Sound waves are audible, but radio waves, because too high in
frequency to gain any response in the human ear, can not be heard.
Thus is the difference in frequencies made obvious.

A radio wave is produced electrically, by use of voltages and
currents. A sound wave is produced mechanically, as by striking
or otherwise vibrating something by impact. Sounds also may ‘be
produced electrically, as by uniting two inaudibly high frequencies
that differ from each other by some audible frequency. The audible
result is called a beat note.

Radio for

The Creation and Transmist

By J. E. Anderson and

A door bell, the armature of which is caused to strike against the
pell when current passes through a coil of wire, so that the armature
is attracted and repelled and causes the ringing, is an example of
physically produced sound. The blow of the armature or hammer-
ing rod against the bell produces the sound. The fact that elec-
tricity was used to cause the movement does not change the aspect
from mechanical to electrical.

WORK PERFORMED BY THE STATION

So, at the broadcasting studio, physical vibrations, produced by
air actuating vocal chords, saxophones or cornets, or by direct im-
pacts, as sticks beaten against drums, are created. These are
sounds.

The problem js to enable the possessor of a radio receiver t
hear a faithful copy of these sounds from his loudspeaker. :
To produce this result, the station performs the following tasks:

The station furnishes the program.

The station provides a microphone, or several microphones, at
the point of origin of the program, which is usually at the studio.
The microphones, sensitive to the sound, are charged with voltage,
and the variations in frequencies and intensities of the sounds
picked up by the microphone, cause corresponding variations in
current and voltage in the microphone circuit. These variations are
conducted by wire to a circuit, consisting of vacuum tubes, which
amplifies them. The circuit in which this magnification takes place
is known as an audio frequency amplifier because it amplifies fre-
quencies that are in the audible range. The volume of amplifica-
tion is controlled by an operator at the control board. The product
in its present state can not be heard, because of the conversion that
has taken place, whereby the sounds themselves, with the aid of the
voltage-operated microphone, have been transformed into corre-
sponding variations in electric current and voltage. But a repro-
ducing device connected in the circuit, such as earphones or loud-
speaker, would render them audible, in the same way as in a home
radio receiver.

The station operates also a radio frequency circuit, tuned to the
frequency officially assigned to it, and which has a corresponding
value of wavelength, This radio circuit is so arranged that a
vacuum tube is caused to generate a wave of the assigned frequency.
As a variation of more than 500 cycles from assigned frequency
limits is forbidden, a steadying device is used to maintain the
station’s frequency constant.

Elementary Fact

(Continued from page 9)

end-to-end or side by side. The closer the two coils are associ-
ated geometrically the greater the effect of the primary on the §
secondary because the more of the magnetism of the first will
thread the second. When much of the magnetism of the first
threads the second, the two coils are said to be coupled closely;
or tightly, and when little of the magnetism of the first threads
the second, they are said to be coupled loosely.

When the axis of one of the coils is at right angles to that
of the other the coupling is zero, even when one is inside the
other, because in this case there is as much magnetism thread-
ing the secondary in one direction as in the other, and the net
effect is zero. When one coil is outside the other there are
certain other positions, when the axes are not at right angles,
which give zero coupling because the magnetism threads the
secondary in such manner that the emf induced in some of the
turns cancels that induced in the other turns. The coils are
then said to be electrically at right angles.

The simplest alterating current is the simple harmonic, or
sinusoidal, illustrated in Fig. 5. The curve is called a sinusoid,
or simply a sine curve, and in this case it ilfustrates how an
alternating current of this type varies with time. The current
intensity at any given instant ¢ is given by i. The value of
1 varies from zero up to /o, the maximum in the positive direc-
tion, then it goes down to zero again, thus completing the
positive half of the cycle. The same sequence takes place in
the negative direction, attaining a maximum negative value of
Io. At T the cycle is completed and a new cycle starts.

INTENSITY PROPORTIONAL TO RATE OF CHANGE

The magnetism associated with the first coil in which ¢ is
flowing can be represented by the same curve as the current
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Schoolboys

'ion of the; Modulated Wave

Herman Bernard

The station unites the audio frequency pulsations, as received
from the microphone line, with the radio frequency generated by the
radio circuit. The tube that finally handles the audio frequencies is
called the modulator, and the tube that generates the radio frequency
is called the oscillator. The output of this combination—audio fre-
quencies of varying frequencies and strength, mixed with a radio
frequency of steady frequency and strength—is fed to the antenna,
and this combination is the radiated radio wave. It is always chang-
ing considerably in strength, and slightly in frequency, to the extent
determined by the modulator.

SILENCE UNDER THE ANTENNA

Just as two inaudible frequencies, differing from each other by a
frequency that is audible, may be united to produce a beat note,
so may an audio frequency be united with a radio frequency, but
the result will not be a note. It is possible to have a note only
when something can be heard. If a product of two frequencies is
still too high to be heard, it is in the region of radio frequencies.

Therefore if you stand under the antenna at a transmitting sta-
tion, you hear nothing, for nothing that can be heard is impressed
on the antenna. The fact that the station’s assigned frequency was
generated by the oscillator, and that the output of the modulator was
mixed wih this generated radio frequency, left the products still
inaudible.

The reason is apparent when you consider that the audio fre-
quencies picked up by the microphone range from about 25 cycles
to 5,000 cycles, while the radio frequencies used in broadcasting
range from 550,000 cycles to 1,500,000. So if the highest audio
frequency were added to or subtracted from the lowest broadcast

frequency, then
550,000—5,000=545,000
§50,00045,000=555,000
This is a total difference of 10,000 cycles, and is the frequency
width allowed to broadcasting stations, and is called a channel.
Different persons, as well as the same person at different ages
in his life, have different upper limits of hearing, but it is not to
be expected that anybody, except by special traming of the ear,
will hear a frequency as high as 20,000 cycles. Therefore 545,000
cycles is enormously beyond the range of hearing.

CARRIER AND SIDEBANDS
The mixing of the audio part, or component, with the radio part

About Induction

curve. But the emf in the secondary cannot. It will be recalled
that the insensity of the induced voltage is proportional to the
rate of change of the magnetism threading the secondary coil.
This rate of change is greatest when the current is zero, and
is zero when the current is maximum. Therefore the emf
curve starts with the maximum value Eo, and as the current
increases to Jo the emf decreases to zero. As the current
decreases to zero, the emf increases to Eo in the negative
direction, and so on.

The emf curve is also a sinusoid, but it is displaced one quar-
ter of a cycle with respect to the current curve, or what
amounts to the same thing, 90 electrical degrees. The simple
shape of the emf curve assumes that the transformer is air
core. When there is iron present a simple current curve does
not produce a simple emf curve.

The term emf is an abbreviation of electromotive force, which
means a force that drives current around a circuit whenever a
circuit is completed. When the circuit is open the emf can be
regarded simply as an electrical pressure. If emf is measured
in volts, as is usual, it can also be called voltage. Hence the
terms emf and voltage may be used interchangeably.

Whenever induced current flows work must be done on the
circuit. When one coil carrying current is brought up or
pulled away from the secondary, or when a permanent magnet
is moved similarly, the work is done by the person, or the
machine doing the moving. There is no exception to this state-
ment. The direction of the induced current is always such as
to oppose the motion producing it, and since the current is in
the same direction as the induced emf, the electromotive force
is also in the direction which tends to oppose the motion. This
is known as Lenz law, which is only the electrical phase of
Newton’s general law that “to every action there is an equal
and opposite reaction.”

therefore leaves only radio remaining. But this radiated wave is
not of one frequency or intensity. It is changing in frequency as
affected by the audible frequencies emanating from the modu-
lator tube.

If the frequency of the transmission wave is 1,000,000 cycles
(300 meters) and a 2,000 cycle note is played before the micro-
phone, the frequencies sent out are 1,000,000—2,000 or 998,000, and
1,000,0004-2,000, or 1,002,000 cycles. Besides these the originally
generated wave, the so-called carrier, is transmitted. Therefore
there are three frequencies, all of them radio frequencies:

(1) The carrier frequency. (2) The frequency equal to the sum
of the carrier and the modulation frequencies, called the upper
sideband. (3) The frequency equal to the difference between the
carrier and the modulation frequencies, called the lower sideband.

Besides there are other frequencies, resulting from complex com-
binations of the two resultant frequencies with the carrier and with
each other, but these are of very slight intensity, and means are
usually employed to prevent the radiation of unwanted combinations.

The result is referred to a wave and it is fed to an additional‘y
charged transmitting aerial. The wave travels back and forth
between antenna and ground as many times a second as the fre-
quency of the wave.

Thus the transmitting antenna is said to be oscillating, because
of these almost unbelievably rapid reversals of current and voltage
taking place in it. The surrounding media conduct this periodic
agitation. At many points along the infinite route receiving aerials
are charged by the same frequency of voltage and current. All the
stations on earth produce an effect upon all the aerials on earth,
but receivers to which these aerials are attached are only sensitive
enough to make something intelligible out of the strongest of the
impulses.

It has been said that the air conducts the radio waves, It is
true. But it has become popular to refer to the conducting medium
as the “ether,” although a scientific definition of what the “ether”
is has yet to be advanced. It is convenient to use the term, however,
as referring to the conducting medium, as then one need not con-
sider whether it be air, ground, rock, salt, water, or what-not. The
fact is that the air is not a selected agency but an inevitable one.

(Continued next week)

IS AN ANTENNA NEEDED?

HAVE AN MB-29 receiver and it is enormously sensitive.
I use no ground and for an antenna is used only a few feet
of wire. If I use my old outdoor antenna the signals are not
as good when I use only the few feet of wire. Does not this
prove that an antenna is not needed for radio reception?—H, C.
You may not have run a wire to a cold water pipe for a
ground but that does not say you are not using a ground, or its
equivalent, a counterpoise. The fact that you get better signals
with the short wire than with the long antenna simply proves
that the set is too sensitive for use with the outdoor antenna.
It does not prove that you don’t need an antenna, for you are

using one. That short wire is all the antenna vou need.
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INDUCING CURRENT AND THE INDUCED VOLTAGE.
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Right or Wrong?

They are based on material pub-
lished in last week’s issue of Rapio WoRLD. If you read that issue
carefully you should be able to answer the questions. Verify your
efforts by consulting the answers herewith. Next week’s questions
will be based on material published in this week’s article.—Editor.]

[Here are ten more questions.

QUESTIONS

(1)—A by-pass capacity is not necessary in the plate circuit
of a detector to secure good detection efficiency.

(2)—The squeal that once was the curse of radio is about
to be harnessed and put to use in a musical instrument.

(3)—In order to operate successfully a receiver on the power
detection principle it is necessary to increase the radio fre-
quency amplification considerably.

(4)—In every normal Superheterodyne there is at least two
settings of the oscillator at which any signal of given frequency
comes in.

(5)—In a Superheterodyne it is not possible to make use of
the harmonics of the oscillator frequency for receiving.

(6)—A vacuum tube voltmeter can be calibrated in terms of
effective AC voltages by means of an AC milliameter and a
known resistance.

(7)—The best oscillator for a Superheterodyne is one in
which neither side of the oscillator condenser can be grounded.

(8)—The best modulator, or first detector, in a Superhetero-
dyne is one in which the oscillator is coupled very closely to
the modulator, because this gives the greatest response.

(9—A given note on a musical instrument has always the
same frequency of vibration. For example, A always has a
frequency of 435 cycles per second.

(10)—A Superheterodyne will work even if the oscillator

stops.
ANSWERS

(1)—Wrong. If the capacity across the audio load in the
plate circuit were zero, there would be practically no detection.
This does not mean that good detection cannot be obtained
when no condenser is put in the circuit. There is usually
enough stray capacity, or plate to filament capacity, to make
the circuit operative.

(2)—Right. The Theremin ether music instrument is based
on this squeal and it is about to be placed on the market by a
large radio corporation.

(3)—Right. If a large radio signal voltage is not impressed
on the detector, it is not a power detector, simply a grid bias
detector.

(4)—Right. One setting is obtained when the oscillator fre-
quency is the difference between the signal frequency and the
intermediate frequency and the other when the oscillator fre-
quency is the sum of the signal frequency and the intermediate
frequency. These settings are twice the intermediate frequency
apart on the oscillator dial.

(5)—Worong. If the oscillator frequency is made low enough
the second, third or any other harmonic could be used for mix-
ing with the signal frequency. But it is not advisable because
the harmonics are weak compared with the fundamental Yet
one commercial Superheterodyne was made that employed the
second harmonic.

.(Q)—Right. That is how such a meter is calibrated. The
milliammeter gives the effective value of the current and when
this is multiplied by the known resistance, the effective voltage
drop in the resistance is known.

(7)—Wrong. The best oscillator is one in which one side of
the condenser, the rotor, can be grounded. The only reason
it 1s better is that grounding prevents body capacity.

(8)—Wrong. This is the worst kind of modulator because it
generates many repeat points. It is true that it is sensitive.

‘(9)—_-Wrong. The frequency of any note depends on what
pitch is used. The frequency of A varies from 400 cycles per
second to almost 500 cycles. In the international pitch the
frequency is 435 cycles per second.

. (10)—Wrong. When the osci'lator stops, the Superheterodyne
is dead, for it is the heart of the circuit. But it is only dead up
to the first detector. If a lead be run from the plate of that
tube to the plate of the second detector the receiver is an
ordinary receiver.

A THOUGHT FOR THE WEEK

ERHAPS you've been wondering why the names of
RCA and other big concerns have been linked up with
. those of music publishers. The explanation is simple.
Radio, motion picture and theatrical interests are paying vast
sums in royalties annually to the music publishers through the
American Society of Composers, Authors and Publishers. If
the R.C.A. or others interested cou'd control the royalty situa-
tion it woulq mean they would be paying large sums into their
own treasuries. A small matter of only a few millions of
dollars is involved.

Diamond Circuits

(Continued from page 11)

(l:)m('ixl'ent drain overload, may be used. Overloaded B supplies hum
adly.

The battery model is highly recommended to those persons who
have no alternating current supply in their homes, for it will give
abundant service, plenty of volume, an unusual wealth of distance
ézc‘:;eggon, and good tone. The sensitivity is high. The parts cost

The same fundamental circuit has been arranged for AC opera-
tion, only such changes being made as the A, B and C supply
demanded, except that the volume control is a potentiometer vary-
ing the voltage to the screen grid of the radio trequency amplifier.
This was done because it is objectionable to tamper with the heater
or filament voltages of AC tubes.

THE AC MODEL PUSH-PULL DIAMOND

On the opposite page is published the schematic diagram of the
AC model. The same coils and tuning condensers, the same front
panel appearance, including National modernistic drum dial with
color wheel, and the AC equivalent of the tubes used in the
battery model, are used, except for the push-pull output stage, where
two 245s are inserted. It is not practical to use the 245 with fila-
ment or plate batteries, because of the heavy drain, but in an AC
circuit they make an exceptionally fine push-pull output pair. They
provide a maximum undistorted power output considerably in excess
of any signal possibility in this receiver, but that is a precaution
taken wholesomely.

A special output choke for push-pull is required, one that will
pass 100 milliamperes without heating, and handle a heavy signal
without saturation of the core. The push-pull output device in the
battery model is designed for and used with a considerably
lighter load. G

Both the push-pull output impedance and the voltage divider were
specially designed for this circuit, although of course useful in
other circuits where heavy current flows. The coil and core are
as husky as you would expect for filtration in a B supply, which
shows that special pains were taken to assure an instrument that
would not yield under the strain.

MULTI-TAP VOLTAGE DIVIDER

The voltage divider has fourteen taps over a total resistance of
13,850 ohms. The 180-volt tap is 1}4” away from the high end,
the 135-volt tap is 214” away from the 180-volt tap, while the
75-volt tap (not used in this circuit) is 134" away from its
predecessor.

The voltage divider consists of two separate resistors, one atop
the other, mounted on a bracket and joined together by a wire
connecting two lugs, so there are fifteen taps, only fourteen of them
effective, as two represent one voltage. This is normally the 50-volt
tap, in single-sided circuits, but for push-pull a tap lower down is
used, on the other resistor tubing that has ten taps on it, all about
equi-distant.

The object of a multi-tap resistor is to give the versatility of
a group of variable resistors, without the expense and uncertainties
of operation that might attach to an adjustable resistor that carries
so much current.

The voltage divider brackets are insulated from the resistance
wire. The divider is 73" long and 334" high.

[The article on the construction of the AC Model Push-Pull
Diamond of the Air will be begun next week, in the November 2nd
issue of Rapro WorLp.—Editor.]

Popular Power Amplifier
(Continued from page 5)

If the tuner uses grid leak and condenser detector, use 50 or
90 or 135 volts on the plate, which ever works best, and that
fact will be determined largely by the type of tube used. For
the 227 the plate voltage may be 50 or 90, but for the 228 it
should be 135. For power detection, meaning high plate voltage
and high negative bias without leak and condenser, the plate
vottage should be 135 to 180 and the negative bhias whatever
affords best detection. For the 227 tube, at 135 plate volts, the
16 volt negative bias often is superior, but if for any special
reason better results are obtained with 22 volts bias or 10
volts, use this.

The recommendations made herein are indicative only. Re-
sults themselves are the best ultimate guide. Experience will
show the way readily.

A push-pull input transformer is used to feed the power
tubes, a center-tapped output impedance to couple the speaker
to the push-pull pair. The connection diagrammed is corre
Signal current alone flows through the speaker, so no addi-
tional output device is needed for any type speaker. The direct
current flows through the two sections of the center-tapped
impedance coil.
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A FRIEND SPEAKS HIS MIND

OR some time I have been a sub-
F scriber for Rapro WorLD, and a
reader for considerably longer.

Probably I am representative of a large
class of readers interested in radio largely
for recreation, combined with an occa-
sional opportunity to turn a dollar or two
profit. In fact 1 believe that fully 90%
of your readers are in this category. En-
gineers are not likely to be much in-
terested and mere listeners are more like-
ly to buy a magazine devoting more space
to broadcast gossip. )

Why do you publish a complete list of
United States stations practically every
week, and ignore the Canadian stations,
many of which are regularly received over
broad territory in the United States?
Toronto stations are heard everywhere in
the Middle West, North of the Ohio River,
and give access to the excellent chain pro-
grams of the Trans-Canadian Broadcast-
ing Co. CKGW, of Toronto (now on 690
kc) and CFRB of Toronto (960 kc) are
powerful and have good local programs in
addition. .

Why do you publish the whole list every
week, anyway? We all have our logs.
We know where the stations have been.

What we want s the changes. Why not
publish a list of changes? P
Another thing I would like to see

changed is the arrangement of copy. Fre-
quently I want to save an article but find
that it is backed up by another article
which I also want to paste in my scrap-
book, but find myself faced by the ne-
cessity of scrapping either one article
or the other, as the issue is usually off
the stands before I get arpund to cutting
out the articles worth saving.

Cannot it be so arranged that the maga-
zine be so paged that a good article can
be segregated in this way? So that two
good articles can both be saved without
being mixed together?

I have greatly appreciated the series of
articles by Mr. Anderson and Mr. Ber-
nard on audio amplification, a subject in
which I am particularly interested.

Another interesting article was one en-
titled “The Curse of Zero Beat,” which
cleared up several points which had long
been troubling me. Also the various arti-
cles on push-pull resistance coupling have
been worth reading. One thing I have not
quite been able to understand is why you
‘have published, several times, resistance
coupled push-pull circuits, but explained
that none of them will work, as the cir-
cuit is bound to be one-sided, either one
side dead or else in similar phase. I can-
not see where the circuits suggested in
Mr. Anderson’s article of October 5th are
of any help, as the difficulty of balancing
the circuits would be virtually prohibitive,
apart from the complication of the circuit.

I should like to open up a field of dis-
cussion. Essentially, impedance coupled
amplifiers (ignoring problems of hy-
steresis and direct current supply) should
follow the same rules as resistance coup-
ling, and therefore, I should conclude that
an impedance-coupled push-pull amplifier
would be equally impossible. Am I right?
An article on this subject, repeating and
amplifying the theory of operation of
push-pull, would be interesting reading.

Granting that I am right about the im-
practicability of impedance couple push-
pull, then how about autoformer coupling
suggested by Kendall Clough? Silver-
Marshall have thought well enough of
this circuit to manufacture special trans-
formers (257 and 227) to make use of it.
I have myself built an amplifier using
these Clough push-pull units. The quality
is exceptional. But I cannot see how the
two circuits can possibly balance, though
no doubt they would be out of phase,
one being actuated by the primary while
the other was actuated by the secondary.
The claim is that both even and odd har-
monics introduced in the detector are
eliminated. The theory of this is not by
any means clear to me. Will you explain

Forum

that an engineer of Mr. Clough’s eni-
nence would commit himself in print un-
less he were sure of his ground, yet I
am from Missouri, and would like to be
shown. In any event the amplifier is a
peach.

Would your readers not like to have
the opportunity of learning Mr. Ander-
son’s or Mr. Bernard’s views on this in-
teresting circuit, about which you have
thus far published nothing, though you
gave considerable space to the Clough
system as applied to straight cascade
amplification,

Also would not a comparison of the
Clough autoformers with Remler’s similar
ones be in order?

Another subject for discussion profitably
could be the operation of loudspeaker di-
rectly from the detector plate circuit. I
myself have successfully operated a
Western Electric cone without audio
amplification, using a 240 tube as detector
with grid bias. The speaker was isolated
from the direct current plate circuit by
means of a large capacity condenser with
a Samson audio choke in the B lead. The
RF component was by-passed to ground
and choked out of the B circuit as usual.
Very satisfactory room volume was easily
obtained on local stations, and I rather
fancy that with plenty of RF amplification
some distance reception might be ex-
pectegl, though I did not attempt it. The
experiment was made with only two RF
stages ahead of the detector.

I like your paper, as it gives me a lot
of food for thought, even if I cannot
digest all of it.

PHILIP M. C. ARMSTRONG,
1444 Burns Ave., Detroit, Mich.

* % %

THE INSPECTOR’S REPORT
EEP up the good work. Your
magazine certainly deserves the
full support of every person in-

terested in radio. For the fans who make

radio a “hob})y" as well as those who
make it a business, you now have no rival

in the field.
FRANK J. BAIN,
Inspector, Bureau of Pensions, U. S
Department of the Interior.

* % %
A WHACK AT SLEEPYHEADS
HOW about something for us down

this way? You seem to steer clear

of more than one tube ahead of
the detector. Why? I refer particularly
to AC circuits.

I am building the HB Compact, AC
Model, but I am not touching my present
set—yet.

Another pet of yours is resistance coup-
ling. Why not develop something like the
factory sets? I get better tone on my
home-built sets than is produced on the
other sets, but I don’t get all the stations
some factory-made sets do, because we
never get dope on more than four tube
or five tube sets.

Wake up! I am not the only kicker.
See what you can do. Perhaps I shall
find the Compact equal to the big sets,
but it doesn’t seem reasonable.

A. W. YEAST, Halifax, N. S.

* k %
HOW HE IMPROVED COMPACT

HAVE missed very few copies of

your magazine for the last two years.

I find that the HB Compact is cer-

tainly the most efficient circuit I have
ever built.

It is also interesting to note the in-

creasing space you are devoting to the

“Forum,” as many interesting topics can
be discussed.

Perhaps my experience with the HB
Battery Model Compact would be of some
help to those not as lucky as others in
obtaining results.

Oscillation was present at the start. A
slight movement of the rheostat was
enough to throw the set out of balance.
Turning it back, nothing could be heard.
Bringing my hand near the long lead from
the coupler to plate of first screen grid
tube I noticed the frequency changed ac-
cordingly. Shortening this lead, I was sure
would improve results so I moved the first
screen grid tube forward midway between
the dynamic coils. This shortened the
plate lead nearly five inches, also pre-
venting any stray capacities between this
and other wires. The results were all
that you claimed.

More than average volume is obtained
and of course the quality is fine.

As a final suggestion anyone not getting
the results expected will do well to make
this simple change.

MAURICE BILL, Binghamton, N. Y.

x % %
BIG VOID TO FILL

HIS is meant to be “constructive.”

The trouble with a weekly paper is

partly due to the fact that it is run by
highly trained engineers. It is hard to look
at the problem from the ordinary fan’s view-
pont. I am an engineer myself, but not
electrical. I build about a dozen radios a
year for the “kick of it.” I have made a
number of power transformers and filter
chokes, also the DC Dynamic I am now
using.

Where will you find information on the
design? Not in Rapro WorLp. I had hard
work getting the dope, but I know now.
For the benefit of those who don’t, but
would like a try at it, I would be pleased
to make proper drawings for cuts if I thought
you would publish them, only I must know
the size of sheets you use, also if you want
black drawing ink on white paper.

Again what is in an RF choke, 85 milli
henries? What is in an audio frequency
choke? Is it any good on an AC set? I
never heard that subject discussed at all.

Again start a trouble series. State symp-
toms and where to look for cures. I have
a case on hand now. Listen to this. Trans-
former coupled audio AF3 Ferranti. First
audio will work with a 240 high mu tube,
but with some distortion. Take tube out and
replace with the tube meant for here, a
201A, and the music clears up, but the set
won't stop whistling (Everyman Four, bat-
tery model).

I have just built the Everyman Five AC,
with dynamic and 250 tube. That set is
worth a write up. The lack of interest
down here is in a measure due to the fact
that radio is not good early in the night and
when it is good nothing but jazz and cheap
talk. The good music seems to be early.
Sunday night I heard the vilest stuff that
I ever heard in my life either on radio or

otherwise.
W. A. WEST,
Dept. Works and Mines,
Halifax, N. S.
* * %
THEN WHERE'D THIS GO?
EFORE 1 forget it, kill that Forum
B column. You do not have to furnish
a playfield for so many chumps.
I am growing young on the mental food
I get from articles by Anderson and Ber-
nard. But you don’t need that Forum.
I have a lot of old trash about the
house that I am dumping into the garbage
barrel, stuff that the gyps got off on me.
That is not going to occur again.
Seattle, Wash. A. C., CLARK.

KENT DENIES MERGER RUMOR

Rumors that Atwater Kent, Crosley and
Majestic were to merge have been afloat
recently. A. Atwater Kent positively de-
nied he is contemplating a merger with
anyone.
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410,000,000 A
CENERAL MOTOR
RADIO COMBINE

Alfred P. Sloan, Jr., president of Gen-
eral Motors Corporation, and David Sar-
noff, executive vice-president of the Radio
Corporation of America, made the follow-
ing announcement today:

“As a result of negotiations during the
past few weeks, General Motors Corpo-
ration has just concluded an agreement
with the Radio Corporation of America,
General Electric Company and Westing-
house Electric & Mf{g. Co., under which it
proposes to enter the radio business in a
large way.

“A new corporation to be called Gen-
eral Motors Radio Corporation has heen
organized with a capital stock of $10,000,-
000 preferred and 1,000,000 common shares
of no par value. The Radio group is to
contribute $4.900.000 in cash and to grant
licenses under all their patents covering
radio sound and picture receiving and re-
producing sets for use in homes and auto-
motive vehicles. General Motors Corpo-
ration is to subscribe $5,100.000 in cash and
to assume the management of the new
enterprise.

G. M. TO OWN 51 PER CENT

“The Radio Group, consisting of Radio
Corporation of America, General Electric
Co. and Westinghouse Electric & Mig.
Co., will own 49 per cent and General
Motors 51 per cent of the total stock.

“Not only do we believe that there is
a great opportunitv for the development
of the radio husiness as an adjunct to the
automobile, but the radio field in general
is one that is closely related to the auto-
mobile and electric appliance business in
which the General Motors in engaged.

“The Radio Corporation of America will
continue independently, as heretofore,
both as to the manufacture and distribu-
tion of its products, and the General Mo-
tors Radio Corporation will develop its
business along separate lines. The Radio
Corporation and the General Motors Cor-
poration will cooperate to make the new
arrangement a success.”

CARS TO BE RADIO EQUIPPED

Speaking for the General Motors Cor-
poration, Mr. Sloan said:

“New Cadillac and LaSalle cars have
been designed for radio installation and
thousands of installations have already
been contracted for by dealers. As quick-
ly as possible the same facilities will he
available for other makes of General Mo-
tors cars.”

The Board of Directors of the General
Mators Radio Corporation follows: John
Thomas Smith. vice-president and general
counsel of General Motors Corporation,
chairman; R. J. Emmert, president, Gen-
eral Motors Radio Corporation; General
James G. Harbord, president, Radio Cor-
poration of America; John L. Pratt, vice-
president General Motors Corporation;
Andrew W. Robertson, chairman of the
board, Westinghouse Electric & Mfg. Co.;
David Sarnoff, executive vice-president
Radio Corporation of America; Alfred P.
Sloan, Jr., president General Motors Cor-
poration; Gerard Swope, president, Gen-
eral Electric Company; C. E. Wilson, vice-
president, General Motors Corporation.

KGO Wants Power
of 50,000 Watts

Washington.

An application for authority to employ
the maximum broadcasting power of 50,-
000 watts was filed with the Federal Radio
Commission by KGO, Oa.land, Calif. The
station, owned by the General Electric
Company but recently turned over to the
National Broadcasting Company for pro-
gram management, now employs 7,500
watts.

In its application, the station requested
authority to change its location from
Qakland to a point near Belmont, Calif.,
and to instail new equipment designed
to a 50,000-watt output.

KGO, under the reallocation of last No-
vember, was assigned the 790-kilocycle
channel on a cleared channel basis, but
by virtue of the decision of the Court
of Appeals of the District of Columbia,
WGY, also owned by the General Elec-
tric Company and located at Schenectady,
N. Y., was authorized to utilize this chan-
nel jointly with KGO during night hours.

NEW ALLIANCE
UNDER ATTACK

Washington.

In a telegram to Attorney General
Mitchell, Oswald F. Schutte, executive
secretary of the Radio Protective Associa-
tion of Chicago, attacked the association
of interests of the General Motors and
Radio Corporation of America as a viola-
tion of the Sherman anti-trust law and
demanded an investigation. General Mo-
tors is to sell sets, including automobile
receivers, of RCA design. His telegram
set forth:

“This _alliance of General Motors with
Radio Corporation, General Electric and
Westinghouse interests, emphasized by
interlocking directorates. violates Sherman
anti-trust law. It adds to $£5.000.000.000
radio trust more than $1.000,000,000 re-
sources of Du Pont General Motors in-
terest,

“When alliance of General Motors with
United States Steel Corporation was an-
nounced a year ago Congress demanded
investigation and that merger was
dropped. Present combination is far more
flagrant violation of anti-trust laws.

“Under reciprocal patent agreement
General Motors interests acquiesce in al-
teged validity of illegal patent pool of
Radio Corporation of America, General
Electric Company, Westinghouse Electric
and Manufacturing Company, United
Fruit Company and American Telephone
and Telegraph Company. thus eliminating
the one powerful technical organization
that would be in position to oppose patent
claims of Radio trust.”

The recent United States court decision
in the oil-cracking patent pool case de-
clared that such an organization violated
the Sherman law and held that parties to
it “purchased immunity from attack on
their patents,” according to the telegram.

“Eight years ago radio trust ‘obtained
letter of immunity from Attorney Gen-
eral Daugherty.” the telegram concluded.
“If General Motors-Radio Corporation
has asked Department of Justice for simi-
lar immunitv for newest merger, we de-
mand a public hearing and ask the right
to he heard.”

New Corporations

Silver King Radio Co., TInc., Ga]rﬁeld. N. J—

Atty, Trving Cohen. Passaic, N. J.
Arnel Radino, Rochester—Attys. Hubbell, Ta\;lor,
Goodwin, Nixon & Hargrave, Rochester, N. Y.

Wheland Radio Corp.—Atty. Teitelbaum & Jay,
165 Broadway. N. Y.

Ocean Radio Co.—Teitelbaum & Jay, 165 Broad-
way New York, N. Y.

BOARD CHANGES
STATION LIST;
TWO QUIT AR

Washington.
The following list of changes and cor-
rections to the broadcast station list were
announced by the Federal Radio Com-

nission

WCCO, Anoka, Minn.; studio, Minneapolis;
new owner, Northwestern Broadcasting, Inc.

WCKY, Villa Madonna, Ky.; studio, Coving-
ton; licensed to operate. Frequency, 1,480 ke.
Shares with WSOA, WJAZ and WORD; power,
5,000 watts.

WHAS, Jeffersontown, Ky., granted increased
power to 10,000 watts.

S, new transmitter location licensed, North
Fayette Township, Pa.

WEKRC, Cincinnati; new owner, J. S. Boyd.

WLBW, Oil City, Pa., new owner, Radio- Wired
Program Corp. of America.

WMC, Memphis, Tenn, construction permit is-
sued to move to Bartlett, Tenn.

WM BC, Detroit, Mich., construction permit is-
sued to increase power to 250 watts.

WNAT, Philadelphia, Pa., new; shares WFKD,
100 watts, 1,310 kc.

WRBL, Columbus, Ga., David Parmer, new
owner.

WTOC (iormerly WSGP), Savannah, Ga., 500
watts, 1,410 ke.

KFBB, Great Falls, Mont., new location.

KFjl, Astoria, Oreg., new owner, KFJI Broad-
casters, Inc.

KFPL, Dublin, Tex., permit issued to increase
power from 15 to 100 watts.

FQD, Anchorage, Alaska, Anchorage Radio
Club, 1,230 kc.; station deleted.

Ki“V\’M, Oa[dand, Calif,, permit issued to move
to Richmond, Calif., and increase power from 300
to 1,000 watts.

KFXM (formerly KFWC), Ontario, Calif; stu-
dio, Pomona; 1,200 kc.; permit issued to move to
San_ Bernardino, Calif,

A, Spokane, Wash,, Ralph A, Horr, receiver,
supplants Northwest Radio Service Co. as owner.,

KGCX, Wolf Point, Mont.; licensed to operate
at Woli Point.

KGDR, San Antonio, Tex., Milan Radio Co.,
Inc., new owner

KGHI, Little Rock, Ark., First Baptist Church
(0. A, éook, agent); 1,200 kc., new frequency.

KGU, Honolulu, Hawaii, permit to use 1,000
watts instead of 500.

KJR, Seattle, Wash., Ralph A. Horr, receiver,
replaces Northwest Radio Service Co.

{M]J, Fresno, Calif.,, 1,210 kc.. new frequency.

KNX, Los Angeles, Calif., permit issued to in-
crease power from 5,000 to 50,000 watts.

KOAC, Corvallis, Ore.,, 550 kc., new frequency..

KREG (formerly KWTC), Santa Ana, Calif.,
100 watts, 1,500 kc.

KTAB, Oakland, Calif., Associated Broadcasters,.
1,000 watts, 560 kc.:; new power, new frequency.

KWYO, Laramie, Wyo., 600 kc., station deleted.

KYA, San Francisco, Calif., F. C. Dahlquist,.
receiver, listed as new owner

Privy Council Upholds
Alexanderson Patent

A radiogram from London stated that
a decision had been handed down by the
Privy Council, the highest appellate tri-
bunal in the British Empire, upholding
the Alexanderson tuned radio frequency
patent as against the Schloemilch and von
Bronk patent.

The case went to the Privy Council in.

London on appeal from the decision of
the Supreme Court in Canada. In the
Canadian litigation, the Alexanderson pat-
ent was sustained by the lower court.
This decision was reversed by the Supreme
Court. of Canada after which. jurisdication
of the controversy was taken by the
Privy Councit.

The two patents had already been con-
sidered by two Federal District Courts
of the United States both of which had
decided in favor of the Alexanderson pat-
ent.

The validity of the Alexanderson patent

was the subject of testimony offered
before the Senate Interstate Commerce
Committee last May during its hearings
on the Couzens bill for the creation of a
Federal Communications Commission.
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BOARD STARTS
NEW POLICY OF
ROUTING WORK

Washington.

The “zone system” of radio administra-
tion, under which particular Commission-
ers cared for the primary regulation of
the geographical zones from which they
were appointed, has been abolished by the
Federal Radio Conimission.

On recommendation of the Bureau of
Efficiency, the Commission has adopted
a system of distributing the regulatory
work so that the Nation as a whole, rather
than the individual five radio zones, will
come under the jurisdiction of the par-
ticular Commissioner to whom is to be
delegated a specific regulatory function or
functions.

As in the past, however, it was stated,
final decision on all matters will be taken
by majority vote of the Commission mem-
bership.

Under the new procedure, it was pointed
out, an application from a broadcasting
station for modification of its license first
will go to the engineering division for
determination as to whether it will fit in
with the existing broadcasting set up.
Then the legal division will pass upon its
legal aspects, and the qualifications of the
applicant. [t then will be sent to the
Commissioner or Commissioners in charge
of engineering. and finally to the full Com-
mission for action.

Applications of atl kinds and all Com-
mission business, it was explained, first
will be handled by the expert or clerical
forces, and then routed through the par-
ticular Commissioner charged with the
jurisdiction of the specific type of busi-
ness, to the full Commission.

NO MORE ZONED WORK

Thus, it was pointed out, the Comniis-
sion will have the benefit of the studies
of its subordinates along with their recom-
mendations before it finally acts on an
application.

In the past the procedure has been for
all matters affecting a particutar radio
zone, whether broadcasting, short wave,
or general policy. to go directly to the
Commissioner representing the zone. He
would decide the course to be pursued
and supervise the investigation, and him-
self bring the matter before the Com-
mission with his own recommendation as
the Commiissioner of the zone in which
the particular applicant is located.

McMurdo Silver Hurt
As His Car Overturns

McMurdo Silver, president of Silver-
Marshall, Inc,, Chicago, was injured in an
accident when his car overturned, hut
soon was pronounced out of danger. The
youthful manufacturer’s mother, in con-
stant attendance at his bedside, was
assured there was no possibility of bad
after-effects, and that her son should be
able to leave the hospital in about three
weeks.

At Mr. Silver’s request his executive
duties were handled during his absence by
a committee of three, consisting of G. A.
Norton, H. C. Bodman and W. J. Frisbee.

New Ph:n;z Cabie_
Cuts QOut Static

A new telephone cable which is said
practically to eliminate static has been
perfected by the engineers of the Bell
Telephone Laboratories, said J. S. McCul-
loh, president of the New York Telephone
Company. and will be used in transatlantic
communication inside a year. Mr. McCul-
loh said:

“With the aid of these cables, which will
practically relegate static to the scrap-
heap the entire field of transatlantic cable
communication will be revolutionized. It
is no exaggeration to predict that within
a few years telephone communication with
every foreign country and intercommuni-
cation between these countries will be a
reality.

“Such wonders as telephone commmuni-
cation with ships at sea and with aircraft
is alreadv an estahlished fact. Only a
few days ago engineers of the Bell L.aho-
ratories established telephone communica-
tion between a plane at Whippany, N. J,,
and London. There can be little question
that communication by wire wilt link every
nation of the world before many years
have passed.”

STANDARD LINE
VOLTAGE ASKED

Chicago,

Many sections of the United States have
non-standard efectric current and voltages.
One of the major undertakings of the
Radio Manufacturers’ Association will be
a campaign to bring about uniform cur-
rent and voltage throughout the country.
The association held executive session
here.

The fact that the most up-to-date radio
receiving sets, which operate on 110 volts,
60 cycle alternating current, are useless
in those sections of the United States
which are served with other current and
voltages, spurred the association.

Two types of current are used in this
country, the announcement said: alter-
nating and direct, with the voltages rang-
ing from 100 volts to 225 volts. Twenty
different voltages are in use in as many
parts of the country.

New England, for instance, has 70.000
homes using 104 volt AC, and about 300,-
000 homes with 115 or 120 volt AC, accord-
ing to “Electrical World.” In New York
City there are almost 360,000 DC homes
to which the perfection of AC reception
is wholly denied.

In the Middle West also there are large
areas still using direct current with volt-
ages ranging from 110 to 220 and these,
too, are denied the benefits of modern
radio.

PEOPLE APPEAR
FULL LENGTH
TELEVISED RAY

Washington.

The Federal Radioc Commission heard
testimony from William S. Hedges, radio
editor of “The Chicago Daily News” and
president of the National Association of
Broadcasters, on that newspaper’s applica-
tions for a television experimental broad-
casting station and for a rebroadcasting
channel for international use. All apphca-
tions were taken under advisement by the
presiding Commissioner, E. O. Sykes.

Mr. Hedges said he regarded television
as being in the experimental stage. His
organization, he said, wishes to further
other experiments with visual broadcast-
ing.

FULL-LENGTH PICTURES

A new television system, which he called
the “microvisor,” would be used by the
new station, said Mr. Hedges. This sys-
tem, he declared, gives “full-length” pic-
tures, whereas the existing television ex-
perimenters have been transmitting only
“bust”™ pictures.

“The Chicago Daily News,” Mr. Hedges
declared, has operated WMAQ at Chicago
seven and one-half years.

Mr. Hedges also. testified in connection
with the application of “The Chicago
Daily News” for a rebroadcasting chan-
nel. He explained that such a chaunel
is sought primarily in connection with the
holding of the World’s Fair in Chicago
in 1933. for the international rebroadcast-
ing of the proceedings and other events.
In the meantime, however, he said, the
channel is sought for intermittent rebroad-
casting both of its own programs and
those of the Columbia Broadcasting Sys-
tem, with which it is affiliated.

WILL SEEK OTHER WAVE

It was brought out by Commission en-
gineers that the 5,900-kilocycle channel
asked by “The Chicago Daily News" for
rebroadcasting is assigned exclusively to
the Universal Wireless Communications
Co. for point-to-point communications.
Thomas L. Marshall, attorney for the
newspaper, asked leave to file an amended
application for a different frequencv and
to increase the power request from 5,000
watts to 10,000 watts.

LIGHT CONTROL FROM PLANE

A device connected up to a short wave
transmitter which will permit the contrnl-
ling of airport lights, landing lights, bea-
con lights and emergency lights from a
plane in flight has been invented by Wil-
liam Earte Stillwell, Jr., of Cincinnati.

Many European Programs Are Due

Impetus has been given to the plan to
exchange regularly radio programs of the
United States and England since the visit
of Premier Ramsay MacDonald to this
country, said Dr. Alfred N. Goldsmith,
chief consulting engineer of the National
Broadcasting Company.

The addresses of the Premier in New
York and Washington were carried to

British listeners on pre-arranged schedules
for the first time in broadcasting history.

“Reports from abroad show tremendous
interest in this new type of broadcasting
by short waves.” said Dr. Goldsmith. “As
a result the coming Winter will see a re-
markabte increase in the number of pro-
grams from Europe carried ove rour radio
chains.”
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ONE WAVE SOON
10 EACH CHAIN,
SAYS TERRELL

Washington.

Broadcasting stations transmitting a
particular chain program will be linked on
a single radio channel, synchronized by
wires between the stations, within the
next few years, William D. Terrell, chief
of the radio division of the Department
of Commerce, predicted.

Wire synchronization of broadcasting
stations on a limited scale, said Mr. Ter-
rell, already has been found feasible. By
controlling the signal emitted from the key
station through a parallel land wire, he
stated, it is technicaﬁ‘y possible for a group
of stations transmitting the same program
to operate on the same channel.

JUST QUESTION OF TIME

“To me,” he continued, “it is just a
question of time before the chains begin
using only a single frequency for their
entire network. It would solve the prob-
lem of duplication of chain programs,
since all the chain stations broadcasting
one program would be on the same chan-
nel.”

Mr. Terrell, who, before the Federal
Radio Commission came into being in
1927, was directly in charge of radio regu-
tation, declared that if the chains adopt
the wire synchronization plan, an entirely
new allocation of stations will be neces-
sary.

DIVERSIFICATION POSSIBLE

At present, he pointed out, stations sub-
scribing for chain programs broadcast on
individual frequencies assigned to them,
either on a cleared channel or time-shar-
ing basis. These stations, he said, could
have two transmitters, one broadcasting
the chain program, and the other operat-
ing as an “independent” station, offering
original programs, and diversifying the
program matter now available to listeners.

Engineers of the National Broadcasting
Co. and of the Westinghouse Electric &
Manufacturing Co. have been experiment-
ing with wire synchronization for some
time, said Mr. Terrell. The Westinghouse
company, he explained, for several years
has been maintaining such a system be-
tween WBZ at Springfield, Mass., and
WBZA at Boston, a distance of 60 miles.

The wires now used by the chains and
leased from the American Telephone
Telegraph Co., according to engineers,
may be employed in the wire synchroniza-
tion. These land lines now are employed
to transmit programs from the key sta-
tions to the subscribing stations on the
chain. There are two sets of wires of
the improved telephone type, adapted for
the control of the radio signals which are
transmitted by the key station, he told
“The United States Daily.” .

“We would have much more variety of
programs if the chains confined themselves
to a single frequency,” continued Mr. Ter-
rell. “The independent stations could
broadcast original material, and the listen-
er would not be bothered with picking up
the same program at a number of places
on his dial”

WCDA BACK IN CERVICE

The broadcasting station of the Italian
Educational Company, WCDA, in New
York City, was recently reopened. A
new transmitter has been installed and
the studio has been reconditioned. The
station is sponsored by the Italian His-
torical Society of America.

Heising Nominated
To Head Institute

Raymond A. Heising, engineer of the
Bell Telephone Laboratories in New
York, has been nominated for president
cljésghe Institute of Radio Engineers for

Mr. Heising has been prominently asso-
ciated with radio telephony since 1925,
when he took part in the epoch-making
experiments between Washington and
Honolulu. He has also been closely asso-
ciated with the IRE for a number of
years and invented the Heising system
of modulation.

Colonel A. G. Lee of the engineering
department, General Post Office, London,
has been named for vice-president of the
Institute.

For managers John V. L. Hogan and
Robert H. Marriott, both consulting radio
engineers of New York, have been desig-
nated. Both are past presidents of the
institute.

CURBING NOISE
TOLD IN BOOK

The elimination of unnecessary noises
that mar good radio reception has be-
come a serious problem, not only for radio
set owners and broadcasting stations, but
also for manufacturers of radio receivers.

The problem became particularly acute
for the radio manufacturing industry
when the public at large blamed the set
for giving audibility to all sorts of noises
that had no connection whatever with
entertainment.

The set itself is not responsible, and
it is to inform set owners that many of
these noises can be eliminated that the
Radio Manufacturers’ Association has
published its latest book on radio inter-
ferences—'‘Home-made Static and How to
Avoid It.”

There are two major types of inter-
ference, the baok relates: natural and
“man-made.” Natural static, caused by
lightning and other atmospheric disturb-
ances, cannot be entirely eliminated, al-
though it can be reduced.

“Man-made static,” however, being
caused by man, can be eliminated by man.
It usually comes from faulty electrical
appliances located in or near the home
that contains the noisy radio set.

To aid harassed set owners in finding
and eradicating interference, the Radio
Manufacturers’ Association enlisted the
aid of more than 200 leading radio and
electrical engineers. Under the super-
vision of H. B. Richmond, president of
the RMA, these engineers reported their
fullest knowledge and latest information
as to the causes of static and the pro-
cedure necessary to find and eradicate
them.

Copies of the manual may be obtained
from the Radio Manufacturers’ Associa-
tion, 32 West Randolph St., Chicago, IIl.

NEW TELEPHONE LINK

Radio telephone communication was
opened between Argentina and Spain on
Columbus Day. It is now possible for
any telephone user south of Brazil to call
up any telephone user in Europe by way
of the Buenos Aires-Seville radio tele-
phone link. Nearly alt countries in Europe
are also connected with the United States
by means of radio telephones. A service
between North and South America will be
opened next Spring.

GBS IS SEEKING
WAY T0 REACH
ALL THE WORLD

Washington.

The Columbia Broadcasting gystem
wants more short waves, so its entertain-
ment can be heard in “every part of the
civilized world.”

Paul M. Greene, chief engirieer of the
CBS, and Sam Pickard, vice-president,
made oral arguments before the Federal
Radio Commission.

Mr. Greene said his company desired
assignments on 11,800 and 15,290 kilocycle
channels, and renewal of its existing li-
cense on 6,120 kilocycles. The system now
is rebroadcasting over W2XE at New
York, but its coverage is limited because
of these conditions, he said.

Discussing the quality of Columbia pro-
grams, Mr. Greene said:

“Assuredly the international reception
of these programs would create a favor-
able impression of American broadcasting
standards. We believe that there is no
better way to create friendship and re-
spect for American culture than by pre-
senting programs such as these which
reflect that culture.

WOULD OVERCOME OBSTACLES

“In order to overcome skip-distances
and atmospheric conditions and to meet all
the varying conditions arising in Summer
and Winter, day and night, broadcasting
on short-wave frequencies, it is necessary
tolh'fxve several widely separated chan-
nels.’

Mr. Greene said that arrangements have
been made tentatively with European
broadcasting companies for the inter-
change of programs. Dr. Leon Levy, an
officer of the Columbia system, he said,
recently made a trip to Europe for this
express purpose. All negotiations already
have been completed with the agency at
Oslo, Norway, and others now are in
process with agencies in France and other
European countries, he said.

TALENT $3,750,000 YEARLY

“The Columbia,” continued Mr. Greene,
“is the largest independent broadcasting
company. The programs of Columbia are
on the air a minimum of 16 hours each
day and it is the intention of the applicant
to broadcast these programs over the
short-wave frequencies requested. The
yearly expenditure for talent charges on
Columbia programs is, conservatively, in
the neighborhood of $3,750,000.”

Paul D. P. Spearman, assistant general
counsel of the Commission, in cross-
examining Mr. Greene, brought out that
WCAU, at Philadelphia, is affiliated with
the Columbia system. This station, he
brought out, recently was awarded the
rebroadcasting channel of 9,590 kitocycles
for rebroadcasting Columbia programs in
part.

Plane in Bell Labs
For Full Radio Tests

The latest addition to the extensive
laboratory facilities of the Bell Telephone
Laboratories is a Ford tri-motored all-
metal airplane, fully equipped with instru-
ments to enable the development of radio
apparatus for aircraft communication
from the earliest experimental stages right
through to the final testing of the finished
apparatus under actual flying conditions.



October 26, 1929

RADIO WORLD

23

TIME-SHARING
KSTP, AND WLS
GET 30KW T00

Washington.

Construction permits authorizing the in-
stallation of transmitting systems employ-
ing the maximum allowable broadcasting
power of 50,000 watts have been issued to
stations WLS, Chicago, and KSTP, St.
Paul, Minn., the Federal Radio Commis-
sion announced.

In the case of the Chicago station,
owned by “The Prairie Farmer,” an agri-
cultural publication, the authorization was
without restriction. The station now uses
5,000 watts power and operates five-
seventh of full time on the 870 kilocycle
channel.

SIMULTANEOUS WITH WIJSV

KSTP is owned by the National Battery
Broadcasting Company. It operates on
the 1,460 kilocycle channel with 10,000
watts of power, broadcasting on the chan-
nel simultaneously with station W]JSV,
Mt. Vernon Hilts, Virginia.

In granting the construction permit to
WJSV, it was explained at the Commis-
sioner’s office that no commitment was
made to increase the power of the station
to 50,000 watts once the new equipment
has been installed.

KSTP FIRST EXCEPTION

At present, it was pointed out, those
stations authorized to use 50,000 watts
power operate on cleared channels. The
grant of a construction permit to KSTP
for thls maximum power is the first in-
stance in which a station not assigned to
an exclusive channel has been so author-
ized.

Literature Wanted
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B. Garner, Hergira, Ky.

WGY to See What
200,000 Watts Do

‘Washington.

The advantages of high power in broad-
casting will be determined in tests at 200,-
000 watts by the General Electric Co. of
Schenectady, N. Y., it was announced by
the Federal Radio Commission.

The Commission has renewed the ex-
perimental license held by the General
Electric Co. for the power tests. The
experimental station, with the call letters
W2XAG, operates on broadcast as well as
short-wave channels. The test station is
associated with WGY.

The license authorizes the tests between
midnight and morning, subject to condi-
tions which will prevent interference with
regular broadcasting and reception.

CANADIANS ASK
13,000,000

In a recent report made by the Royal
Commission of the Dominion Government,
consisting of John Aird, chairman of the
board of directors of the Canadian Bank of
Commerce, C. A. Bowman and A. P. Fri-
gon, to the Hon. J. A. Cardin, Minister of
Marine, the construction of seven national
stations, costing $13,000,000, strategically lo-
cated throughout the country, each with an
antenna input of 50,000 watts, was recom-
mended.

Chain broadcasting was also proposed.
The first step toward the successful opera-
tion of this plan, according to the report,
required that one private broadcasting sta-
tion be acquired until the new government
stations were ready, all other private sta-
tions to be closed in the meantime.

A recommendation for the increase of the
license fee from the present $1 to $3 also
was made.

Indirect advertising would be permitted
on the programs, the report also states.

New Big Clarostat
Handles Heavy Loads

The Super-power Clarostat, with a cur-
rent handling capacity of 250 watts, was
specially designed for real power application.
It is a variable resistance when it is neces-
sary to try different values, and a fixed
resistance when left at a given setting.

The Super-power Clarostat may be used
as a line voltage control for power ampli-
fiers and heavy drain receivers operating on
socket power for adjusting the primary
voltage to any desired value. It may be
used to control the filaments of a group of
moderate power transmitter tubes and as a
plate voltage control in transmitter circuits.
It also affords motor speed control, heat
control and electric plating control. Fur-
ther facts upon this invaluable accessory
may be had on application to the Clarostat
Manufacturing Co., Inc., 291 North Sixth
Street, Brooklyn, N. Y. Mention Rabpio
WorLbp.

OPERADIO APPOINTS FERNALD

P. R. Fernald of the H. & F. Radio La-
boratories, 72 Cortlandt Street, New
York City, has been appointed Eastern
Representative for the Operadio Mfg.
Co., St. Charles, Ill. The line includes
speakers, magnetic and dynamic, and
‘power equipment.

BOARD INVADED
BASIC LAW, SAY
TWO STATIONS

Washington.

Contending that the Federal Radio
Commission has deprived it of its property
without due process of law and in viola-
tion of the Fifth Amendment, the Great
Lakes Broadcasting Company (WENR),
presented its appeal from a decision of the
Commission.

Acting under the authority granted by
the Davis amendment, the Radio Com-
mission issued its reallocation order of
November 11th, 1928 whereby WENR re-
ceived two-sevenths of full time on a
frequency of 870 kilocycles.

On a hearing of an application by that
station for an increase of time, after the
order reducing time had gone into effect,
the application was refused by reason of
an evenly divided court. This decision
was in effect, counsel for the appellant
declared a decision without a hearing,
since by the divided court the Commission
held the reallocation order proper.

WENR’S SERVICE CLAIM

A further contention of station WENR
is that being a 50,000-watt station, it can
give wider service than a 5,000-watt sta-
tion (WLS) which shares four-sevenths
time on the 870 kilocycle frequency as
compared with the two-sevenths allowed
WENR.

Joined in this case before the Court of
Appeals, District of Columbia, also are
Wilbur Gtenn Voliva (WCBD), which
has one-seventh of the time, and the
Agricultural Broadcasting Co. (WLS),
which has four-sevenths.

An increase of time is sought for sta-
tion WCBD in that it was prior in time
to any of the other stations concerned
and hence had the prior right to the chan-
nel. Its counsel set up violation of the
Fifth Amendment as well as claiming that
the station had been discriminated against
because it is owned, operated by, and
broadcasts the programs of the religious
community at Zion City, Il

THE LAW OF THE LOUD VOICE

WLS denied the priority in time of
WENR over WLS and insisted that the
mere fact of greater power should not en-
title it to greater allotment of time over
WLS, insisting that such a proposition
would amount to saying that “the man
with the loudest voice had the paramount
right to talk.”

The Commission denied that there had
been any invasion of property rights with-
out due process of law, that the procedure
employed to effectuate the Davis amend-
ment was reasonable as a regulation of
interstate commerce, and that the appel-
lant’s privileges were not curtailed with-
out an adequate hearing.

The Commission’s counsel described the
chaos which existed in the field of broad-
casting and the subsequent order which
the Commission has been able to estab-
lish under General Order No. 40, reallocat-
ing, limiting, and otherwise regulating
broadcasting stations throughout the Na-
tion generally and in the Chicago area
in particular,

The Commission’s attitude, he explained,
in its reallocation under the Davis amend-
ment, has been to give the listening public
the best radio service possible without un-
reasonably invading the property rights of
the various station owners.



24

RADIO WORLD

October 26, 1929

SCHOOLBOYS

Can Build a !
Broadcast 28
Receiver
for Only

Using Component Parts
for the Schoolboy 1-Tube

DX Circuit
as described by Jack Tully

Bide view eof the Schoolboy’s One-Tube Beesiver

COMPONENT PARTS

[Check those you want.]

Price
L1, L2, L3—3 circuit .00035 tuner knob........ $1.30
Cl1—Tuning condenser, .00035 mfd........... . ]
C2—Grid condenser, .00025 with clips.......... 21
C3—Fixed condenser, .0005 mfd. ............ R |
R1—One 2-meg. leak ......cciviineeneinneenes 30
R2—One 30-ohm rheostat, knob............. oo 232
One 7 x 10” front panel........... LocB 8o ooch P
One 3 x 6” subpanel............. B0 0o 00000000 A
One dial with pointer.............. R .
Six supporting brackets at .04............. e 24
O Al parts «..eeevvcecennns o e s JETERE - .« 3 veees $4.28

GUARANTY RADIO GOODS CO.
143 West 45th Street
New York, N. Y.

RADIOS FOR SALE

RADIO FANS—Would you like to purchase the
latest electric Coast to Coast Screen Grid Radio
for less than the cost of a battery set? If so

Component Parts
for the

SCHOOLBOY'S

3-Tube Circuit
as described by Jack Tully

L1L32—One antenna ocoupler, BFS......cccc00ui0e.8
L3L4—Ome screen grid coupler, TP3....cccc0eveee. B8
C1C2—One_ double condenser, .00035 mfd. ea.......

CT—One Hammarlund 80 mfd. equalfzef..........
C8—One .00025 mfd. mica grid cond. elips..... .2

C4, C5—Two, .01 mfd. micas fixed econd (both). J0
C6—One 0025 mfd mica fived condenser....... .20
R1, R4, R7—Three 5.0 meg. grid leaks (all 1.08
R2, Sw—One 75-ohm rheostat with ewitch,. 40
R3—One 1.0 meg. metallized reststor....... ces 38
R5—One 6.5-obm flxed fllament resistor...........

R6—One 0.25 meg. metallized reststor............ 21
R8-One 1.3-ohm fixed fllament resistof........... .28
Ant,, Gnd.. Sp. — Sp, 4,—All § bindlng posts.. .40
1, 2, 3—Three UX sockets (all 3) 20

One seven-lead battery cable ..
Four resistor mountings (all
One disl .....cciev00enen beses
Hardware as prescribed by Jack Tully....

FAN L Tt e T POON 1. 1. 111 ce...$1110
Three Kelly tubes: one 222, 246, 112s............ $5.70

All prices are strictly net and represent
extreme discount already deducted.

Guaranty Radio Goods Co.
143 West 45th Street
New York City

(Just East of Broadway)

addEus Economy Sales Co., Pa. Ave. Sta.,, Wash..

Component Parts for

ScHooLBOY’S
2-Stage
Audio Amplifier

Two 3-to-1 audio  transformers,
$1.35" @ACTIY . roier- ok =1- ot mm o o - o oM cle o ole .. $2.50
One .00025 mfd. condenser ....... 21
Two UV sockets at .26 ...... . 0000000 +52
One binding post strip with 10 posts 1.50
Four brackets at .05 each ......... 20
One 2-ohm filament resistor ........ .30
$5.23
[Order what parts you want. Vou do mnot

need to order all of them.]

GUARANTY RADIO GOODS CO.
143 West 45th Street,
New York City
(Just East of Broadway)

Component Parts for

SCHOOLBOY'S
4-TuBE CIRCUIT

(Order what parts you want. Check
off items in squares at left.)

[0 Two RF3 RF transformers @ 0.80.........$ 1.60
{J Two .00035 mid. tuning cond. @ 0.30...... .60
[ One .00025 mfd. grid cond., clips... % 21
[J One .00025 mid. ..... 21
[J One 4 ohm filament resistor. 20
[J One switched rheostat 30 ohms .60
[0 One 5 meg. leak....covvevnnsn. .30
[J One 1.3 ohm filament resistor........ 20
{J Two 3-to-1 AF transformers @ $1.25 250
[ Four sockets @ 0.24............. K]
[J Speaker (+) (—) posts @ 0.10. .28
O Nine wires in cable (17/50 0000 boo MBu000 50 .63
O Two dials @ 033 ..... 03000 080d000 004000 J5 .66
07 x 14 front panel ...........ccce0ievunns .. 1.85
O One 8% x 131" baseboard ...... 0800000 0 L)
3 All parts ....o.evvveevnnnnn.. 0600000 eeneee . $1L72
Guaranty Radio Goods Co.
143 West 45th Street
New York, N. Y.
One Tube?
Two Tubes?
Three Tubes?
Four Tubes?
Cireuits for Schoolboys —Easy to Build, Very, Very
Tnexpensive!
A One Tube Recelver, parts costing $4.28!

A Two Tube Audio Amplifier, parts costing $5.23!

A Three Tube Speaker—Operating Clrcuit, parts cost-
ing $11.101
A Four Tube Speaker—Operating Circuit,
Ing $12.72%

The constructlon of these elrcuits,
dlagram as one of the illustrations,
Jdack Tully, himself a schoolboy,
See 1llst below.

[0 Sept. 2Ist and 28th issues,

parts cost

with a pictorial
was described by
in RADIO WORLD.

One-Tube DX Set, by

Jack Tully; two-pert article.

O Oct. 5th, Three-Tube Single Dial Speaker Sot, by
Jack Tully.

O Oct. 12th, Two Stage Transformer, Coupled Audie

Amplifier, by Jaek Tully.

Oct. 19th. Four-Tube DX Speaker Set, by Jack Tully.
13 iclertl‘%s a copy. Order at once while these copies are
available.

RADIO WORLD, 145 W. 45th St., New York

EVERY WEEK in Rapio WORLD appears a
feature article of intense interest to schoolboys.
Parents and other relatives will bring great de-
light to youngsters by sending $3 for a 6 months’
subscription for Rapio WoORLD (26 issues) in the
éoungster’s name.—RaDpIOC WoRLD, 145 West 45th

treet, New York City.

Quick Action Classified Ads

Radio World’s Speedy Medium for Enterprise and Sales

10 cents a word — 10 words minimum — Cash with Order

ARTISTS and Art Students are printing 250 signs
or pictures an hour without machinery. Sample

and particulars, 10c. Straco, 1014 Mulberry,
Springfield, Ohio.
BARBECUE, Broil, Grill all meats, fowl, fish

with electric table appliance size chafing dish.
Chrome finish $20, nickel, $15. Also bakes waffles
and cooks like stove. Cleveland Neaco Products,
2012 West 8rd St., Cleveland, O.

DIAMOND OF THE AIR, SCREEN GRID
MODEL, battery operation, four tubes described in
February 9th, 16th, 23d and March 2d issues, 1929

d 50c for these four copies. Blueprint free
with 8 weeks’ subscription to RADIO WORLD
at $1.

AC DIAMOND, screen grid, 4 tubes, published
in March 23d and 30th issues. Send 25c for these
two numbers. Blueprint free with 8 weeka aub
scription for RADIO WORLD at $1. Circuit to
be used with separate B eliminator.

If you are renewing a present

please so state.
RADIO WORLD, 145 W, 45t St, N. Y. City

subscription

RADIO TROUBLE FINDER—Explains and de-
scribes 102 possible radio ailments. Fully illus.
trated. Also list of Radio Broadcasting stations.
Our reduced price 50c_for a limited _time. An-
thony’s Book Shop, Box 2711 W. P. Station,
Cleveland. O.

RADIO

Sets or parts
ordered. Prompt
Inquiries invited

EVERYTHING IN
At attractive Prices

Orders shipped exactly as
service. Write for prices.
Send your address.

ALL RADIO CO. 417 North Clark St., Chicago

Import Your Own Goods

German Export Magazine published in English offers
numerous bargains latest articles, noveltles and
new inventions. Also opportunitlies for obtaining
profitable distributing agencles. Sample copy 60
cents postpaid (none free or on meme). Two monthly
coples $1.00. Subscription price $3.00 per year for
12 monthly coples with special privileges.

Square Deal Supply Co., R-248 Fifth Ave., N. Y.

DYNAMIC SPEAKER

Build your own with our castings. Set of ma-
chined castings, $8.00; not machined, $5.00. Full
set blue prints and instructions included. Prices
of complete parts on request.

IMPERIAL RADIO SPEAKER CO.
1453 East 174th St.,, Clovelaad, Ohis

TYPE 222 NATIONAL screen grid tuning unit,
never used. $10.00 post-paid. E. Miner,
Phillips, Wis.

BRAND NEW CROSLEY Tip-Top Musicone,
$37.50 list, your price, $3.90. Dandy magnetic
speaker on walnut pedestal. P. hen, Saite
1214, at 143 West 45th Street, N. Y. City.

AGENTS WANTED

CARTER WINDOW WASHER. Exclusive Dis.
tributor wanted. BIG PROFITS. Cleans, Dries,
Polishes, one operation. Territory closing fast.
Act quick. CARTER PRODUCTS, 9%5Y% Froat
Street, Cleveland, Ohio.

HAVE AN EXPERT PUT
YOUR SPEAKER IN SHAPE!

If your present speaker, no matter of what
kind, is not wiving proper results, send it to us,
prepaid. We will test it FREE and let you know
what's wrong. telling you cost of repairs. Ouw
charges are very reasonable. Six years’ experience
Loudspeakers and units repaired. Burnt-out coils
ceplaced. Jaynxon Laboratories, 57 Dey Street,
New York City.
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ARISTOCRAT
FLOOR SPEAKER

With Melded Wesd Hera of
tome travel

exponential U'G) '“" szo.oo
Extrasrdieary bargaln,

baflle and

The speaker cnbmet is walnut finish, 33" high.
UY”. wide,. 1 . deep,. with. carved. legs.
Golden cloth znie covers front opening. .Buil
imside 1s No. 595 molded wood horn with baffle
and No. 203 driving motor unit that stands 250
volts without filtration. Horn and motor re-
movable. Table alone is worth price asked
Remit with order and we pay cartage on Aristo-
crat Floor Speaker.

Acoustical Engineering Associates

143 WEST 45th STREET
NEW YORK CITY

(Just East of Broadway)

NATIONAL

Velvet B Eliminator $16.13

180 Volts (280 Tube Free)

Latest Model Natiora) Velver-i3, Type 8880, In
handsome crackle finish black metal casing, for use
with sets up to and Including six tubes. Input
105-120 volts AC, 50 to 60 cycles. Output. 180
volts maximum at 35 milllamperes. Three variable
output intermediste voltages. (Det.. RF, AF).
Eliminstor has excellent fliter system to eliminate
bum, ineluding 30 henry ehoke and 18 mfd
Mershun condenser. No motorboating!

(Hliminator Licensed under patents of the Radie
Corporatior of America and associated compsnies.)

Guaranty Radio Goods Co.

143 W. &TH STREET
(Just East of Broadway)
NEW YORK CITY

FREE RADIO GUIDE

SEND FOR IT

This book tells sbout newest
startling developments. How to
take advantage of the new
wrinkles in radio, !elmnon
short wave, etc. Pictures and
descriptiona of thousands of new
ideas. Shows new A-C Bereen
Grid tube and other sets, ki,
parts, accessories and supplies at wholesale prices. Bhows
you how to save money on these and many home Rneces-
sities besides. New edition now ready. Send tor it to-

214 miles of wire — pri-
mary inductance of 175
henries with 1 mill D. C.

Score 1

day—NOW BARAWIK CO., 139G Canal St., Chicage,
U. 8. A,

SCORE

Nor
FERRANTH

™

Flat Curve—25 to 8000 cycles

Qo=

no pronounced resonant peaks at any frequency

ERRANTI Coil Design is different from that used in
Ferranti Audio

any other andio transformers.

Transformers are built differenily, as well.

duced toanabsoluteminimum..

A. F. 5 Audio Traneformer
Terranti 0. P. M.

—C series Output Transformers .

There are 27 different Ferranti Tlansformers for

cvery audio need.

Write for correct type for your requirements

So Mag-
netic Leakage, and self and mutnal capacity are re-
.no compound is used.

Ask any unbiased, realiy informed engineer. He will
tellyon that Ferranti Audiotransformersareused when-
ever the finest attainable reproduction is demanded

Of course you want such transformers.
Then insist on FERRANTI from your
dealer. Write us if he will not supply you.

81 = e, N

~he ne.
130 W. 42nd St. Desk 210

New York, N. Y.

RESISTANCE -COUPLED KITS, £7C- - -

Write for_Boekiet.
Lynch. Mfe. Ce., Ine., 1776 Breadway, M. Y.

'RADIO TONIC

When it comes to making sick radios well,
good radios better, just remember—

CLAROSTAT

or

the name of a line of products dedicated to bet-

ter radio results.

Clarostat Mifg. Co., 291 N. 6th St.,

B'klyn, N. Y.

GUARANTY RADIO GOODS CO.
143 West 45th Street, New York, N. Y

SUBSCRIBE NOW!

Rapio Worep, 145 West 45th
York City.

St.,, New
Enclosed please find my remit-

tance for subscription for Rapro WORLD,

one copy each week for specified period:

[J $6 for one year, 52 issues.
[J $3 for six months, 26 1ssues
$1.50 for three months, 13 issues.

This is a renewal of an existing mail

subscription (Check off if true).
Your name
Address
City ...

This Makes a Good
Radio Set Better

With this aerial on a
Stewart-Warner Set these
stations are picked up
every evening, and why? __

The.magnetic ether-travels
over the outside or skin
effect. Qur screen has 440
square inches outside and
the same inside, totals 880
square inches in capacity.

WENR, Chicago
KWKH, Shreveport
CKLC, Canada
JOHK, Japan

It has proven 80% more
selective " than any other
aerial.

Sent by express im strong box
on receipt of price, P. O. money
order. None genuine without
Homeside stamp on pole. Send
for logging card free. Screen is
enameled copper on insulated
Blocks.

Price $6.00
HOMESIDE RADIO

233 Scott St. San Francisco, Calif.

uvarantee Against Lightning Damage

$100
Box

Enclosed in Each
Also dissipates accumulated static charges,
thus improving reception
At Your Dealer or Direct

Upon Receipt af Price.
CORNISH WIRE COMPANY
32 Church Street, New York City
Makers of Corwico BRAIDITE Hook-up Wire
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Rider Lifts a BIG Load Off

the Service Man’s

Chest!

In New Book Noted Radio Engineer Devotes 240 Pages to
Trouble Shooting in All Receivers and Gives the Wiring
Diagrams of Factory-Made Sets in 200 Illustrations—You

Can Carry This Book Around With You—No
Torture Tracing Out Circuits.

‘“Trouble Shooter’
By John F. Rider

Manual”
JUST OUT!

The first comprehensive volume devoted exclusively to the topic
uppermost in every service man’s mind is “Trouble Shooter’s Manual,”
just published. It is not only a treatise for service men, telling them
ow to overcome their most serious problems, and fully diagrammin,
the solutions, but it is a course in how to become a service man. Igt
gives all the details of servicing as they have never been given before.
Finding the right mode of attack, applying the remedy promptly and
obtaining the actual factory-drawn diagrams of receivers always have
been a load on the service man’s chest. But no more. Rider, expert
on trouble shooting, has produced the outstanding volume on servicing,
and has taken the load off the service man’s chest!

This book is worth hundreds of dollars to any one who shoots trouble
in receivers—whethey they be factory-made, custom-built or home-made
receivers. The home experimenter, the radio engimeer, the custom set-
buslder, the teacher, the student,—all will find this new book immensely
informative and absolutely authoritative.

Wiring Diagrams of

Besides 22 chapters covering thoroughly the fleld of trouble shooting, this volume
contains the wiring disgrams of models, as obtained direct from the factory, s wealth
of hitherto confidential wiring information relessed for the first time in the interest
of preducing better results from receivers. Yem these grams siooa well

More

S

RIDER
Institute of Radio Engineers

JOHN F.

Member,

All These Receivers!

worth the price of the book. The wiring diagrams are of new end old models, of
receivers and accessories and ss to some of the set manufacturers, sll the models
they ever produced are shown in wiring disgrams! Here is the lat of receivers, ete..
disgrams of which sre published in this most important snd valusble book:

R. C. A, ZENITH FADA STEWART-WARNER STROMBERG- COLONIAL
80, 63, 320, 84, 80 39, 39A, 393, 3924, 50/80A_ receivers. 460A 300, 303, 310, 315, CARLSON oo 26, 31 A.C., 8} D.O.
105, 51, 16. 82, 50, 0A,  35PX. 35APX, Fada 10, 11, 30, 31, 320, 315, 500. 520. 14,728, S0L, 503, 828, L opyaiTe
25 A.C., 28 A.C., 41, 352BX, S52APX, 874, 10z, 11%, 30z, 31Z. 525, 700, 05, 710, 524, 635, 3 ORI T sl 6 tibe
Receptor 8.P.U., 17, 5P, 33AP, 2P 18, ‘17, 33, ‘16Z, 32Z, 715, 720, 830, 385, power plant, 404 RA ahaiste .

. y A, 3 . &n units,

Fo0e B sories Slament 852A, 862, 81, 32, 333, R80A, 480A, and SF  GREBE L e 70, 7100, 7191 Dower
t. D: E :::1:: filament. 353A, power  supply 50/80A receivers. 460A MU1, MU2, synchro- soluﬁ a;ctr c, %sa unit.

t’ﬁ, D series fllament. ZEl7, Dpower supply recelver and R80 unit, phase 5, synchrophase A bl it
Model K. Model ’ ZE12. .C. receiver, 478 AcCs synchrophase i Oy .b62, ok SPARTON
e DA of CA and BF43- AC7, Deluxe 428. L0 OB A.C. A.C. 8.
. UA or CA, 30, 70, :

AI;:IBATE;‘ KZOENEO 35 MAJES;I.o'g 180, power 71, 72, C electric umit PRILCO DAY FAN MISCELLANEOUS
48, 82, 33, 49, 38, 38, pack TBP2, TP8, 7P3 for special and 7 A.C. Philco-electric, 82, 86. OEMT, 4 tube, 5-5 DeForest ~F5. D10,
37, 40 42, 62, 50, 44, {old _wiring) . 8P3 receivers, ABC 8 volt tube 1925 model, Da v iy 4enlth
43) 41 power units for 8P8, TBPS. ' tube supply, 86V and  KOLSTER Fan A'C.. " "power P
37, 38, 44, 43, 4l Saw. = EIS0Z - power 4-tube chasals used in supply _for 8 tube e B TG T

CROS MAN plant. L el g Luning AC., B power supply neutrodyne. Garod EA,

LEY FRESH chassis for 7 tube sets, 5524 and 5525. motor Ware 7  tub

XJ, Trirdyn 3R3, 601, Masterpiece. equaphase, power amplifier, 7 tube Zenerator and flter 6 . AT = ube, Ware
401, 401A, 608, 704, G, G-60-8 power sup-  FREED-EISEMANN Dower pack and ampli- tab 4 : yoe T. Federal 103
B and C' supply for Iy, L _snd LS, Q15 NRS5, FEIS, NR70 fler, 8 b ool gencrator special, Federal 59,
jou”osk, 10087 708, KO wfes sower g0 NRST WS ek andimplifr, Do Cwt"t e emmedy 230, Ovendio
08. supply. B 5 rectifier unit K23, volt D.C. set. Armad  inductrol. !
Here are the 22 chapter headings: Sorgeulllf txlzre Qgestions Settled in Book:

ecuring nformatioi
BERVICE PROCEDURE TROUSBLE SHOOTING 1N «B" wstam of "fopain. l‘:llrcll)lltllm?ndm:r);raacfllr:;r conithons;. & Ty ok, Prasfied! dtspt
pairs in the home, method of tion, -
PRA;SJ'A‘EILSI; RECICATION 9F SPEAKERS AND TYPES tlon, recognizing lymmoml.e onmgleso D%rfa ::act?g:lm I;l::lﬁcsitl'glr: D{Pnc:lsr:x °'.n$1%’i“z'{$;
AUDIO AMPLIFIERS tll‘ll‘hll"z. ele%rlml diaturbances; vacuum tube tests: neutralizing systems, filament
VACUUM TUBES circulta, grid eircuits, methods of securing grid bias, plate circults; long merials
TROUBLE SHOOTING IN AUDIO short merials, selectivity, tmperfect contact, directional 1t L eeped
OPERAFNG SYSTEMS AMPLIFIERS batieny ellglémtor types. deslgn, opersting Hmitations qrg(:ulr::ﬂom‘smul:g"par!ﬁl:t
AERIAL SYSTEMS TROUBLES IN DETECTOR SYSTEMS 9peration, eliminators, DC ellminators; **A’ elminator hum, ressons, voltage
ressons, nolse: full wave, Dhaif 3 ’ f ;
“A" BATTERY ELIMINATORS "I?:(I)Jl'}%L;RES%l:)EO’:‘r?:GAT:L:i?ERS gaseous re(]::lﬂler.ldry dlac’ rectifior, wiring, ";&?ﬁ'us’e‘é"‘"&:ﬁ‘f;k 5’.!;‘5:::‘ ,.':3?5‘3.’5:'
TROUBLES IN “A” ELIMINATORS operating Imitatlons, requirements for perfect operation, combination filament and
AMPLIFIERS plate voltage eliminators, AC and DC types: B batters e

wpn 2 pes attery eliminator tput

TRoElJﬁli‘Emir_:gaglNﬂ IN “A SERIES FILAMENT RECEIVERS ;]r:)tzorhvg:ﬁge. exce:slvoa huu:’. dead eliminator, poor desl;n. ?:ason:u&': ;:{o?t':f
“B" BATTERY ELIMINATORS TESTING. AND TESTING LEVICES  of flitor avsiem. C bias voltagos vorams diiose syioiag® fogulator tubes, fanstion
TROUBLES !N *B” BATTERY TROUBLES IN DC SETS condensers, voltages In the system; determining voltages in Beeufno?nut':)’r:"kc" 3,
ELIMINATORS TROUBLES IN AC SETS voltage drop, effect of shorted filter system, defective rectifiers, defective transformer.

defective chokes, defective by-pass condenser, design of flter -
age divider network, relation between hum and output voltaue,Eyfst:gliloger;fu:r%umela‘s.

external filters, noise fiters; cone, dynamic, exponential
RADIO WORLD, 145 west 45th St., New York, N. Y. i weak output, distorted output, rattle, con!lnultyputesung, Bg?:'éf;:;‘. ",:’,‘;I,'{l::,'i "‘}‘,‘;’:
(Just East of Broadway) quency flters, testing, chokes, condensers, hum ‘ellmination:! audio amplifier ‘types
Enclosed please find: ) transformer, resistance. impedance, auto-transformer, combinations, requirements for
3 $3.50 for which please send me postpald *‘Trouble Shooter's Manual,” by John 1 ‘,?3{{:“, °Dﬂ°l"“°'{' °pﬂ"u"gl ll]mlltatlom. tubes. forms of coupling, plate voltage, grid
F. Rider, ‘being Part II of *Service Man's Manusl” 240 pages, 8%xl1”, } [l QIapent roltsgs. omtihe condensers, voltags redueing resistances. nolses,
more than 200 1llustrations, including wiring dlagrams of commercial receivers ] ;B UGy G @liglmi
as advertised: Imitation leather cover, gold lettering. 6
L I O .
] $2.00 for which please send me postpald °"Mathematles of Radie,” by John F. ) h M th t f R ””
Rider. 128 pages. }‘,&xill". 119 illustrations, fiexible cover, this being Pari | e a ema lcs O a lo
I of *Service Man's Menusl ) John F. Rider wrots two compsnion books grouped under ths. titla *'Servl
| g{l::n. ‘Mal?unl.‘i. ’l'g;. ﬂnvl. wn; "Mll;‘lﬂmltlcl of Radin,”” the second *‘Trouble
506 77500990 90000LE 8000 0HBO0N0000BAA0 S B0 ABIN0A0. 0ad o er's Manusl ™ # valuo of one of th book
NAME P i e ponion. of the other, " = ose books Is more then deubled by the
‘“The Mathematics of Radio,” 128 peges. 8%x11’, 119 illustrat
ADDRESS  ..eiutiutinaitaiainienstatitiotoitioioiasnscteiiiiisiiioscenscnsease | KD between the novice and the college profassor. It gives a theorolfilzr'l'l I:):’cdk‘::ou":;
1 :2"{:':-;:'1.1117 for s proper understanding of radic and sudio eircuits and their
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A NEW IDEA IN COILS!

The Bernard Tuner Works Screen Grid Tubes Up to the Hilt!

Cat. Neo. BTSA—$2.50
FOR .0005 MFD. CONDENSERS

Bernard Tuner for sntenna coupling, the
primary being fixed and the secondary tuned.
This coil is used as input to the first screen
grid radlo frequency tube. The double-action
tuning method invented by Herman Bernard
1z employed. Adjust an equalizing econdenser
across the tuning condenser so that exactly
the ssme dlal settings prevail through all
circuits. Thls equalizer, 90 mmfd., once set,
13 left thus.

Cuat. No. BT3A for 00035 mfd.........$2.25

permits working the screen grid tube up to the enormous
amplification level that theory long promised but prac-
tice long denied.

The secret lies in tuning the plate circuit of the screen
grid tube, and still covering the entire broadcast band. Her-
man Bernard, noted radio engineer, invented the solution—
a tuned coil consisting of a fixed and a rotating winding in
series, the moving coil turned by the same dial that turns the
tuning condenser. An insulated link physically unites con-
denser shaft and moving coil. Thus when the condenser plates
are entirely in mesh the moving coil is set for maximum in-
ductance, that is, it aids the other part of the tuned winding.
As the condenser is turned to lower capacity setting the mov-
ing coil aids less and less, until at the middle of the dial it
acts as if fixed. From then om the moving coil bucks the
fixed winding, greatly reducing the total effective inductance,
and thus nullifying the effect of the high starting capacity.

The Bernard Tuner is a two-winding coil for interstage
coupling, working out of a screen grid tube, 222 or 224, and
into any type tube. The tuned primary has coupled to it a
still larger inductance, on separate inside form, for step-up,
thus greatly increasing an already enormous amplification!
This is Cat. No. BT5B for .0005 mfd.,, BT3B for .00035 mfd.
Use BTSA or BT3A for antenna coupler, tuning the secondary,
with an equalizing condenser across the antenna tuning con-
denser, so that the high minimum capacity of the tube’s
output will be duplicated at the input.

FOR the first time in radio a coil has been designed that

Cat. No. BTS5B--—32.80

FOR .0005 MFD. CONDENSERS

Bernard Tuner for working out of & screes
grid tube, consists of a rotary coll in series
with s fized eoll, the two constituting a tuned
primary, for tuning the combined rotary and
fixed windings to exceed the broadcast band
of wavelengths. The condenser shaft and ro-
tary coil shaft are physically coupled so obe
motion turne both. Develops the highest pos-
sible amplification from the screen grid tube.
Cat. BT3B for .00035 mfd.............. $2.55

The Diamond Pair

Since 1925 the Diamond of
the Air has been ain outstand-
ing circuit. It has under-
gone few changes. When
power tubes and screen grid
tubes appeared these were
included. When AC opera-

tion became practical, the

model was described for such
use. Whether battery-oper-
ated or AC-operated, the
Diamond of the Air is a de-
pendable and satisfactory cir-
cuit. It uses a screen grid RF
stage, tickled detector and

Cat. Neo. RF5-30.75 Cat. No. SGT5—$1.2%
two stages of transformer FOR .0008 MFD. CONDENSER FOR .0005 MFD. CONDENSER
Antenns coll for any standard Interstage 3-eircuit coll for any

hook -

The Diamond Pair of coils
for .0005 mid. tuning are Cat.
Nos. RF5 and SGTS. A circuit
of excelleut stability, extreme-
ly high celectivity and good
sensitivity, the Diamond of
the Air should be built with
coils that permit full capital-
ization of the virtues of the
circuit. Not only is the num-
ber of turns correct for this
circuit on each coil, but the
spacing between aperiodic
primary and tuned secondary
1s exactly right. Note that
the 3-circuit coil SGTS (or

coupled audio. The same coils
are used for both models, bat-
tery or AC. The secondaries
are tuned. They are matched

circuit, and one of the two coils

conatituting the Diamond Pair.

The secondsry s earefully wound

to match thnulnduchnoa of the
f coil's 3

up where an untuned primary s in the
plate circuit of s sereen grid tube. This
primary has a large impedanee (generous
number of turna), so as to afford good
smplification. Used in the Diamond of

SGT3) has a high impedance
primary. This means good
amplification from the screen
grid tube, obtained in a man-

with fine precision, to permit
ganged tuning.

ANTENNA COUPLER

Cat.

Cat. No, VA5—$1.10
FOR .0005 MFD. CONDENSER
Moving primary and flzed secondary,

Cat. No. VA3 for .00035 mfd..

Insulated Link

A flexible coupling device to unite two
independent %’* shafts for single dis}
operation of & tuning condenser and &
Bernard Tuner. If the condenser has shaft
protruding from the rear. then the con-
denser may be panei-mounted and the cofl
shaft coupled by the link to
either extension_ shaft of
the condenser. If the con-
denser has no shaft protrud-
ing at rear, mount the Ber-
nard  Tuner on the front
panel. It has shaft protrud-
ing at rear for coupling by
the link to the condenser's
front shaft, To make sure of
insulated protection do not
force the receDtacles of the
link together when mounting.

FLA4..$0.35

equslity of tuning prevalis,

for
antenna coupling, adjustable from a knob at
the front panel, thus providing volume contnL

the A

No. BFS (fer .00035...30.80 8GT3

SG TRANSFORMER

ir,
for .00038 mfd....coereenss.$1.30

ner that guarantees selectivity
attainment.

STANDARD TUNER

Cobfir LLLk—Th FOR .om5 MFD. CONDENSER
FOR .0005 MFD. CONDENSER Standard three-circuit tuner, for antenna
Interstage radio frequency transformer, to stage, or interstage coupling where primary
work out of a screen grid tube, where the is in the plate circuit of any tube eXcept
generous-sized primary 1s in the untuncd a screen grid. Provides abundant selectivity

plate eircuit.

Data on Construction

The ccils are wound by machine on s
bakelite form 3%°’ wide, and the tuned
windings have lidentical inductance for s
given capacity condenser, 1. e., .0005 mfd
or .00035 mfd. Full coverage of the wave
b:nd 1s sssured The wire s silk insul-
ate!

Al eolls with s moving cofl have single
hole panel mounting fixture. All others
have base mounting provision. The colls
should be wused with connection lugs at
bottom, to shorten leads.

Only the Bernard Tuners
extending from rear,

have s shaft
This feature is neces-
8ary 8o that physical couplinz to tuning
condenser shaft may be accomplished by
the insulated link.

[Note: Those desiring the 80 mmfd
equalizing condenser for use with the an-
tenna model Bernard Tuner, BTSA or
BT3A, should order EQS80 at $0.35.1

SCREEN GRID COIL COMPANY

143 West 45th Street,

New York City

Cat. No. BGS3 for .00035 mf{d........$0.80

and gives smooth tickler action.
Cat. T3 for .00035 mfd........... eee..$1.80

SCREEN GRID COIL COMPANY, 143 West 45th St.,, New Yerk, N. Y.
Just East of Broadway
Enclosed please find $

for which please ship at once,
parcel post prepaid, the following cofls: 2 2 3
¢

5.-DAY MONEY-BACK GUARANTEE!

|
g z 2 z % : ¢
3 B | 4 g
2 2 2 g 3 . g % :
S o B S e W I S
I 5§ & A g & & g & & a S
BT5A @$2.50 RF5@50.75 VAS@$1.10 :
| BT3A @3$2.55 Rhaotna0 Svasasins B ogsronT
BT5B@$2.50 8GT5@81.25 [ T5@31.25 [ FL1@%0.85
l BT3B@$2.55 SGT3@$1.30 (I T3@$1.38 O EQ80@$0.35
| NAMB  oevvinreninnnns e ondboek e 5 o ST o e o e
| ADDRESS ooooiiiniiiiiiiiiii e
| CITY..ovvuenrnnnns e ais T o s T ATR s g el ot
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New High Mu AC Tube

228 Provides Higher Amplification
and is an Excellent Power Detector

HEN signals are weak in an up-to-date AC receiver using

‘;‘/ 227 tube as detector or audio amplifier, replace the 227
with the new 228 high mu AC tube and be amazed at the
difference in volume.

The up-to-date receivers have high impedance primary in the
first audio transformer, or have a resistor in the plate circuit, so
the high mu tube is a boon indeed.

As a detector the 228 can be used with leak and condenser,
with grid returned to cathode, or as a negative
bias (power) detector. See table, lower left corner.

Since the 228 has the same base, same prongs 228
and same heater voltage as the 227, it can be used
for replacement and improvement, and without re- $ 50
quiring any wiring changes or any other changes. =
Simply insert the 228 in the socket from which
the 227 is removed. :

CHARACTERISTICS OF THE 228

Heater voltage 2.5 volts AC. Grid bias, detector —§ volts.
Heater current 1.75 amperes. Grid bias, amplifier —2.5 volts.
Amplification factor 45. Load resistance, 0.1 to 0.5 meg.

ll;/ll:tual cfnducu‘mce l.looo. Internal plate resistance 45,600
te voltage 180 wvolts. ohms.
th o"
Tubes . :m Ck ‘ q 5
High M¥ ¢ a5 b‘: scienet The plate current under normal operation is less than one
228 -Accogioﬂ ,““5,',‘ o . milliampere. Hence the 228 tube imposes minimum load on the B
emPlif it aboret! supply.

clusive by Kelly

224 at $3.00—245 at $2.25—227 at $1.50—226 at 95¢

The screen grid tubes have proved not only their capability but their depend-
ability, and in AC circuits the 224 AC screen grid tube is popularly used as am-
plifier and detector, with the 245 as output, singly or in push-pull. Safe and
satisfactory, Kelly 224 tubes are made with the same expertness and precision
that characterizes the entire line of Kelly tubes. Our products are used by labor-
atories, technicians, experimenters and general consumers because of proven
merit.

The Kelly 224 screen grid tube is not only excellent as a radio frequency ampli-
fier but as a detector, especially applicable as a space charge detector.

A suitable high impedance load should always be in the plate circuit of any
screen gride tube. For RF a large untuned primary, or a tuned primary, for de-
tection and AF a resistor of 50,000 ohms or higher, usually considerably higher,
or a high impedance inductance. You will find Kelly 224 fully meets your most
exacting requirements.

The 224 and 227 are 5-prong (UY) tubes, the 245 and 226 4-prong (UX) tubes.

Battery Type Screen Grid 222 at $3.50

The battery operation the 222 screen grid tube is an important contribution, be-

. cause enabling such high amplification that battery circuits are put on a par with

AC circuits in performance. The 222 is the most popular battery-operated tube

for up-to-date circuits and the Kelly model is made to produce clear reception
and have exceptionally long life.

5-Day Money Back Guarantee!

The 228 is not suitable as a radio frequency amplier,

You run no risk whatever when you purchase Kelly
tubes. Not only are they expertly made but they are sold
on a 5-day money-back guarantee. This exclusive form of
protection enables you to be the ultimate judge in your
own laboratory or your own home, with no appeal from
your decision on our part. If you are not delighted with
the performance of Kelly tubes, we are not even satisfied,

and will promptly refund your money on the foregoing 5-
day basis.

If at any time after the five days expire, after receipt of
tubes by you, there should develop any adverse condition
for which you deem the tube at fault, you may communi-
cate directly with us, and we will give the matter prompt
attention. Our aim is to render a real service and through
such efforts have we built up our volume of business.

Kelly Tube Company. 143 West 45th St.. N. Y. City
Enclosed please find $. . for which shi» at ence tubes marked below:

D 228 AC high mu, @.. 2:30 222 bHattery screen grid.. .$3.50
O 224 AC screes orid @ 3.00 240 battery high mu..... .$1.25
243 AC power tube @ 2.25 0 t12A battery powsr tube. .$0.95
226 AC amplifier @... 0.95 I71A battery power tube. .$0.95
227 AC det..amp. @... .$1.50 201 A battery tube....... .$0.65
171A AC power tube @. .so.gg 0O UX199 battery tube....... 1.25

O Mmatched pair of 2438 for pushe
pull (for both).............. $4.50

280 AC rectifier @ 0 O Matched palr (71As for AC

281 AC rectifier @........... $3.80 Push-Pull (for both)......... $1.90

ALL PRICES QUOTED ARE SELLING PRICES AND ARE NET

210 AC power tube @
250 AC power tube @...

Name ........... Eibiese m e M e 4 x e ¥ e e n e e e dWieae s st tetacenoeteteesteeencannns
Addrest  «........iiiciiiieenieenm tessene B

Gy, T Y T e T e PR sk e s BRI Stats.......ooiiinnnn.....
O Put cross here It C.0.D. shipment Is desired.

Types of Tubes and Their Voltages

—Amptifler— —Detector— Remarke
Ptlate Neg. Plate Neg.
Tube FII. Volt Volts Bias Voits Bias
228 2.5 AC 180 2.5 180 6 Heater type, B
prengs.
224 2.5 AC 180 [ ] 180 ] Heater typs: 8@
volts. 75
245 23 c 250 50.0 = ] —
228 1.5 AC 135 9.0 _— = a—
227 2.5 AC 180 9.5 180 18-25 Heater type
17tA  BACorDC 180 40.5 — -_— =
210 7.5 AC 350 27.0 — = ==
250 7.5 AC 450 84.0 = = -
280 5.0 AC 350AC - -_— -_— Full-wave
rectifier
281 7.5 AC 700AC -_— -_— -_— Half-wave
roctifier
222 3.3 DC 135180 4.7 8G voits, 45
240 5.0 DC 185.180 3.4.5 1.5.8 _
1124 5.0 DC 9.0 £35 Leak-cond. —_—
UXi%9 3.3 DC 90 4.0 90 Leak-cond. _—

{
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New J-245 Trouble-Shooting Jiffy Tester

Tests All Modern Circuits at Plate Voltages up to 300 Volts, Finds Shorts
and Opens, Judges Tube Performance —All in a Neat, Small Steel Case

with Crackle Finish in Brown

HE handiest, dandiest compact Jiffy Tester is

the J-245, especially designed to test up-to-date

receivers, particularly those using screen grid
tubes and 245 single or push-pull, testing out-of-date
receivers just as well. It has an extensive usefgl-
ness and brilliant eye appeal. It tests sets with
201A, 200A, UX199, UX120, 240, 171, 171A: 112,
112A, 245, 224, 222, 228, 280 and 281 tubes without
extra adapters. ) .
Into the case are built the following meters: one
reading 0-20 ma. and O-100 ma, for plate current,
change-over switch included; one reading O-60,
0-300 volts DC for plate voltages and DC house
line voltages; and one reading O-10, O-140 volts
AC and DC (though the meter is marked AC), thus
0-140 may be used for DC line voltage.
Two switches and nine tip jacks are on the panel. The jacks
are marked to receive the four-tipped leads which emerge
from the plugged cable conector. These leads are colored
red, blue, brown and white, and so are little rings around
the tip jacks that the leads connect to. All nine jacks are
marked besides.
The switches are for change-over on the milliammeter, and
for connecting and disconnecting the grid return to note a
tube’s “liveliness.” How this is noted is explained in the
instruction sheet accompanying the J-245.
Two sockets are on the panel, one 5-prong, the other 4-prong,
for holding the UX and UY tubes, including screen grid tubes,
both AC and battery types. To enable full test of screen
grid tubes, including 'AC 224 and DC 222, a screen grid cable
18 supplied.
The compact J-245 therefore tests all ﬁplatc voltages up to
300 volts, including B eliminators; all filament voltages, DC
or AC, up to 10 volts; all plate current up to 100 ma.
Besides, it provides close readings for plate current of 20 ma.
or less and for B voltages of 60 volts or less, and AC
voltage readings up to 140, including AC line voltage. Be-
sides, it reads screen grid voltage.
The base that contains the meters has four feet on it, is only
134” high, and snugly reccives the cover. Inside the cover
is a spring clip to hold the plugged cable, with a 4.prong
adapter, as well as the red and black separate test leads for
use of each meter independently, and the .screen grid cable.

Three meters built into a cass, 3% " | Note the fascinating appearance of the

You have three separate double-range meters independently % 3 ' | new J-215 Jiffy Tester, with conmector
accessible, in other words, six-meter service, besides the plug-in high, 4 ',"’“' to back, 84" long, ' pluzs and cable tucked beside the screen
a e q g 3 with slip-on  cover, both brown
feature for joint use of all meters in testing receivers, tubes, crackle-finished steel. Makes ali tests grid tube testing cable and the color-
continuity, shorts, opens, etc., as described in the instruction of fllament voltsges, AC or DC, identified palr of test leads for using
sheet. with AC voltage readings up to 140, z "“2 of :he :h":'leo fgfge::r ;"d"g::“l’zlc’t- “AI’
each meter Is ul . 8,
This outfit has a genuine lesther handle on the top for carrying, snd a Dot voltages up to 300, plate current o meter service from this splendid outfit.

to ] 4-
braided strap for keepinz the cover from coming off accidentally. 1t is g?mo“ ’?fb,ff‘u,e'fﬁ;‘,‘,‘,, ug:::: ,‘,‘;3 This is the most popular type of Jiffy

the very thing that the service man, experimenter, student and teacher
have been looking for. ﬁ'é'éi’ﬂaeﬁm leads and instruction sheet $l 1.76 g‘:ﬁ:t:rr:::e'ths most desirable in the low

Order Cat. J-245 and you will be surely joyed st the )

3( such a handy, gandy, trr':lltublg agd {]uued Jifty 'lll‘eswr. the ne;teut one

ou ever saw, and ome that abundantly answers the purposes of service

work. You don’t need to know in advance how to use it. The Inatrue- 1 1 !
tion sheet gives a simple but wmn:‘ 1 tion }lselllt]l:ll:ucl Remlt $ll‘76 WIth Order, and we pay cartage.
tube data sheet tells how to determine if tubes are 0.K.

Successful Servicing Is Impossible Without Meters

P you are a service man you are lost without meters. You ma .

carry individual meters around with you and still remain perplexed,’ T.EVER again need you be stumped for want of the necessary measur-

for lack of any means of obtaining access to the voltages or currents ing equipment. Suppose you want to know the AC line voltgge or
you desire to test. Therefore an analyzer like the J-245 is just the DC line voltage—the right ‘}}3"51, meter gives 1t to you. imply
thing, and it is much more neatly made than you could possibly make a plug the red test lead into the 140" tip jack, the black test lead l!tl)to
tester yourself, since, besides the engineering talent required to design the “+4’ tip jack. If you desire to read the plate current of one tube,
such a device, thousands on thousands of dollars must be invested insert the tube in the proper socket of the J-245, connect the plug (with
in dies. You reap the benefit of expert engineering design, quantity the aid of the 4-prong adapter, if necessary) into the emptied socket
production and careful instruction as to use when you buy a J-245. It of the receiver, switch the milliammeter to “0-20" reading, insert the
1s unqualifiedly recommended as superior to any tester that is anywhere four-colored cable leads into the corresponding marked and colored tip
near so low in price. You could pay twice as much and get hali as Jjacks and turn on the set. These are only some of the fifteen tests
much value! you can make.

Independent Access to All Three Meters Insures Versatility

ESTDES fetching appearance, sturdiness, compactness and low cost, the J-245 Cat. No. J-10: at 88¢ net, to increase scale to O-600 volts.
Bnﬂ‘ords versatility by rendering individual access to each meter. Use the red Likewise,a Kellogg tube adapter is avatlable, Cat. No. J-24 st 60c net. It OVig9
L ¥ and black test leads for this purpose. Suppose you want to know the total plate tubes are to be tested, a palr of adapters ls necessary, as these tubes have a unique
eurrent drain of all tubes of a recaiver. Use the milllammeter at its *'0-100"" base. The UXI189 tubes can be tested without adapters. For UV199 tubes order
setting, eonpect the tast leads to “’mitlllamps 4,—'’ and the other ands of the leads Cat. No. J-19 at #0c met, which changes the UV soeket of the receiver to accommo-

in the negative B line. date tha UX plug of the J-245, and Cat. No. J-20 at 36s net, to change the 4-prong
This aceessibility of each meter—six-meter service, remember—heightens the value socket of the J-245 to receive the UV199 tube.
of the J-245 more than 100%. and 1s a new feature. NET PRICES AT MORE THAN 40% OFF LIST PRICE!
QU are all set to go when you possess the J-245. The only limitatfons you will J-245, consisting of the complete outfit, less multiplier, UV sdspters -
Y oossibly encounter, and these are rare instances, apply to the testing of the B logg tube adapter. Net price......... P o BE aa00 Bo R om o dano Mo bo T ey sil.7e
voltages on 210 and 250 tubes, and to testing the Kellogg tubes, which have  J-108, resistor to be connected in serles with O-300 volimeter to incresss resd-
fillament emerging from a cap st top. ing to A00 volts. (Jack terminals optional. Bee coupon.) Net price
The plate voltage on a 210 s usually 350 volts while that on a 250 fs usually 450 J=T06 " ONLY | . Bim B - o B N6l e o(ole o lelolo ol o s o FNS] o < lavois sloto s olaloe - [STYe S ST RS oYe) 4
volts. and tha B voltmeter reads up to 300 volts. But s series rasistor will extend J-19 and J-20, pair of adapters for testing UV199 tubes. Net price for both.. .98
the range. This multiplier is an extra, and those deeming it necessary may order J--24, Adapter for testing, Kellogg and old Arcturus tubes. Net price...... .80

GUARANTY RADIO GOODS CO.

e T e L i e A Neat Carrying Case

tightened. The handle is genulne 9Strings to this guaranty!
leather.

143 West 45th Street, (Just East of Broadway), New York, N. Y. I Qrder a J-245 today. It
Gentlemen: Enclosed please find $............... ] L is sold on a 5-day money-
[0 One J-245 with instruction sheet, nef 76 . back guaranty, which
] One J-106 multipler, net price...... 3 ] nobody else offers. Try
) Jack Terminals_optionsl for J-106, ord i d it out for five days after
B One palr of UV adapters, J-19 and J-20, price of . .98 I receipt. If not fully sat-
(J’»nze4 udaer;te; for testing Kellogg and old type Arcturus tubes, | isfied for any ,easﬂn or
-24, n 00 | whl A et W A A PRSIV IY s AR A L e v v i o .60 >
All prices are net and represent extreme professional discount already deducted. l E?rb:gkre;ist%naaltealel; ;e;ic!
, ing for refund of the
Your name ........eie.iioies 000 5 008t W v ClHYa. o e rniime e eeaiionss FETIRE i mcfme‘)i' you paid. The
) How the J-245 looks when the cover refund —will be made
YOUP  BBGFESS  «ooneeeenrereeennenensanneeeeenanns Stat..ueueenrennnnns ST e o o o oo 1 Hom e 2o oy e’ heap "% promptly. There are no
i

5-DAY MONEY-BACK GUARANTY
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FLECHTHEIM

1,000 v. DC
500 v. AC(rms)

Filter Condensers at
Professional Discounts

Flecntheim
Superior

()

S
‘ VE
NON-INDUCTIVE
FILTER
Conoenser

capacity 1Mtd
woring Voltage |§

Filter Condenser, Actual Sizge

Result of Years
of Experimenting

NBELIEVABLY compact, light in
| l weight, made of tuec mghes. grade

materials, these condensers are the
result of many years of patient and con-
stant research., The marvelous achieve-
ment is exemplified and substantiated by
independent tests.

Types HV can be used to replace all
types of condensers having a continuous
wor king voltage up to 1,000 volts DC and
will gilve utmost satisfaction and de-
pendability for a rectiied AC voltage
up to and including 550 volts rms.
Hence, it is just the filter condenser you
want for 171A, 245 or 210 power packs,
single or push-pull.

Twelve Telling Points

(1) Rated comservatively at voltages up
to 1,000 volts DC (500 rms. AC.)
(2) Tested and re-tested at 1,500 volts DC.
(3) Breakdown voltage of 2,500 volts DC.
(4) Breakdown voltage, foil to case, 5,000

volts AC.
(5) f‘ower factor (voltage loss) less than

o
(6) Resistance over 600 megohms per mfd.
(7) Negligible dielectric losses.
(8) Capacity is non-inductive and is ac-
curate to within 5% of rating.
(9) Remarkably compact size; all capaci-
ties same height.
(10; Great saving in weight.
(11) Highly perfected terminal connectors
and insulators.
(12) Proved by fatigue tests to have
longer life.
THREE-IN-ONE
Type HV244 is a high-grade capacity
bank to operate at voltages up to and
including 750 rms AC. Just the unmit to
use for a B supply for the 250 tubes,
single or push.pull.  Consists of a bank
of condensers tapped 0-2-4-4 mfd. The 2
mfd. section is made to withstand the ter-
rific punishment of voltage surges, and
sudden transient line voltages.

— e — — — — e fmas s Smn s S

ACOUSTICAL ENGINEERING ASSOCIATES
143 West 45th Street. New York, N. cY. ¥

Please send at once the Flechthelm condensers
lgeclﬂed below. Quantity desired is marked i»
square.

0 Send C.0.D. ({check off).
O Remittance enclosed. (check off).

Capacity List Net
Type 1td. Size Pr1 Prlce ]
ORVS .05 2 x1%x % $1.76 gLed
O HY 10 10 2 xl%x & 2 118
0O HY 25 25 2 xl%x 8% 2.2% L33
O HY 50 50 2 xl%zx % 2.50 1.47
0O HY 100 1 2 xl%zx % 3.00 1.7¢
0O HY 200 2 2 xl%zly 5.00 2.84
0O HY 400 2 x1%432% % ]
0O HV 244 0-2-4-4 3734 x2%  25.00
0 6156.06 09050 56000 500 06 dABARBAGG  bos oo .
Address ... .eiieeiieiieieiiiiieiiiineeinona. .
(1L F19R0006 00860000000 G b LR O8E 56 00 (B0 6 0 8 o

MERSHON

Electrolytic Condensers
at Professional Discounts

l'-'..!l_!lllllillll-:

N |
||

Mershon Electrolytic Condensers for Fiitering Clreuits of
B supplies, rated at 400 volts D.C., or for by-pasi eon-
densers, give enormous capacities in compact form. We
offer, at attractive discount, genwine Mershons made by
the Amrad Corporation.

$4.67
Censlsts of four Condensers of 8 mid 4
oensh, all In one small copper case (less =T

Cat. No. Q 8
brackets). Llst Pries, $7.85.......... N

[Cat. Q 8B same as above, but includes mounting bracket.
No brackets sold separatel¥.............. cererees $4.87

Cat. Q 2-8, 2-18
Conslists of four Condensers, two of 8 .
mfd. each, and t|v|u of 18 mfd. .(.I:g; S}
atl I» one small eopper case

wraskets), List Prioe, $9.45..... e e NET
Cat. 2-8, 2-18B, same as above, but includes mounting
gu.ckee No brackets sold separately............ $5.78]

Mershon electrolytic condensers are instantly self-heating.
They will break down only under an_applied voltage In
excess of 415 volts D.C. (commercizl rating; 400 voits
D.C.) but even If they do break down because overvolt-
sged. mo damage to them will resuit, unless the ameunt
of leskage current snd consequent heating of the elec-
trodes and solution csuse the solution to boil  Voltages
22 high as 1,000 volts wiil cause no particular harm to
the condenser unless the current is high enough to cause
hesting, or the high voltage 1s applied constantly over
a long perlod.

High capacity 1s valuable especially for the last con-
‘anger of & fliter sectlon, and bypassing, from inter-
mediate B 4 to ground or C 4 to C—, for enabling
s good audio amplifier to deliver true reproduction of
fow notes. Sultably large capacities elso stop motor-
boating.

Recent Improvements in Mershons have reduced the
leskage current to only 1.5 to 2 mils total per 10 mfd
st 300 volts, and less at lower voltages. This indicates a
life of 20 years or more, barring heavy sbuse.

How to connect: The cobper csse (the cathode) slways
1s connected to negative. The lugs at top (anodes) are
connected to positive. Where there sre two different
eapacities the SMALLER espacity Is oloser to the eepper
ase,

Mershons of equsl ity may be d in series
for doubling the voltage rating, or in parallel (any eom-
bination) to Increase the capacity to the sum of the in-
dividual capacities, the rating remsining the same, 400
volts.

When ‘serles connection 1s used, the copper case of one
condengser the anode of which goes to the high voltage
should be connected to & lug or to lugs of the other
condenser, The copper case of the second condenser goes
to _the negative.

In B supplies Mershons are always used “’after’’ the
rectifier tube or tubes, hence where the current 1s direct
They cannot be used on slternating current

OTHER CAPACITIES OF MERSHONS

[**8** etands for single condenser, °‘D’° for double,
‘7 for triple and °’Q’’ for quadruple. First flgure be-
tween hyphens denotes quantity, second capacity per anede.]

Cat. No. 8-8, llst price $4.10; met. $2.41

Cat. No. 8-40, list price $5.40: net. 3$3.17
Cat. No. 8-72, list price $10.00: net. $5.88
-8, list price $5.25: net, $3.08
. D-9, tist price $8.75;: net, $3.38
Cat. No. D-18. list price. $6.15; not, $3.02
Cat. No. T-8 list price $8.30: aet, $3.70
Cat. No. T-9, list price $8.45: net. $3.79
Cat. No. T 1-8, 2-18, llst price $7.90; net. $4.85
Cat. No. t-18. 2-9, list price $7.80: net, $4.41
[Note: Add 20e to above prices if bracket 13 desired
No brsckets sold separately.]

No. C.O.D. orders on Mershon Condensers

GUARANTY RADIO GOODS CO.

143 West 45th Street, New York, N. Y.
(Just East of Broadway)
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Special
Courtesy
to all jo»

Radiotricians
Professionals
Engineers
Mechanics
Consultants
Designers
Service Men
Contractors
Manufacturers
Dealers
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In order to make it possible for all
Radio Technicians to read RADIO-
CRAFT regularly, each month, we
have put into effect a special sub-
scription price.

The regular price of RADIO-
CRAFT is $2.50 per year (12
issues). The newsstand rate is 25

cents a copy.

Any radio professional, sending in
a subscription on his letterhead,
showing that he is engaged in some
capacity in radio work will receive
as a special courtesy

Eight Issues of

Radio (raft

Professional-Serviceman Radiotrician

for One Dollar

Just pin a dollar bill to the coupon
below and forward it with your
letterhead or business card.

RADIO-CRAFT
98 Park Place,
New York, N. Y.

Enclosed find $1.00 for which please enter my
subscription to RADIO-CRAFT for eight months.

Name
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RADIO WORLD

HE screen grid tubes, both AC and battery types, 222

and 224, promised much. They could be used to pro-

vide actual amplification of 150 per stage, as compared

with 8 per stage for a general purpose tube. If only the

screen grid tube could be used at full practical amplifica-

tion! Then a few tubes would do the

S o 0 o work of many! At radio frequencies

enSItIVIty it was found that tuning the plate cir-

cuit put the mule kick into the set.

But the whole wave band could not be tuned in. So

Herman Bernard invented a coil—the Bernard dynamic

tuner—that accomplished the trick. Full amplification plus

full wave-band coverage! That's why his HB Compacts,

only four tubes (plus a 280 in the AC model) perform like
eight-tube sets! The sensitivity is incredibly high.

It would be far short of an accomplishment to hook
indifferent audio onto a grid leak-condenser detector. So
in both models he used a power de-
R al. tector, two resistance audio stages pro-
ealism ducing undistorted volume exceeding
that of any ordinary two-stage audio
amplifier, amplification sufficient to load up the power tube
in each instance. And in the case of the AC model HB
Compact it is a 245, with 1,600 milliwatts maximum undis-
torted power output, standing enough gaff for a small
hall! And what tone realism! Breath-taking! Nothing
in radio ever excelled this tone quality! Nothing! Abso-
lutely nothing!
As the prices quoted in the list of component parts
sltl)ow, dthese advar;tageshma;)y be
obtained economically. The battery
Econﬂmy model draws only 21 milliamperes of

plate current, .664 amperes of filament
current. Large B batteries would last a year at that rate,
for average use, and a small A battery require recharging
only every two months to ten weeks!

And this amazingly sensitive, most thrilling and utterly
economical circuit gives you all the selectivity you will
require, unless you live close to a powerful broadcasting
station. So you get a super-abundance of results, in an
unusual but thoroughly tried and tested, positively proven
circuit!

o o HB Compact, battery model, uses
Selectivity 2 2z R amplifier, a 240 (high mu)
power detector, a 222 first audio and
a 112A or 171A power tube. The RF tube’s plate circuit
is tuned by a new type coil that has a moving segment as
part of the tuned inductance, with step-up ratio to untuned
detector grid. The audio is resistance-coupled. A 7x14”
front panel may be used, with baseboard, but the HB Com-
pact Steel Cabinet, decorated brown, with satin aluminum
subpanel, sockets affixed, is recommended.

HB Compact, AC model, uses a 224 RF amplifier, a 224
space charge power detector, a 224 first audio and a 245
output tube, with 280 rectifier. Except for the space
charge feature, not suitable in the battery model, and the
larger power tube, not economically powered by batteries,
the two models are fundamentally the same. The AC model
is still more sensitive, however.

The same steel cabinet is recommended for the AC model,
while the aluminum subpanel has the five sockets affixed
and the type of each tube (except detector) printed on
each socket.
Order what individual parts you want.

Front viaw of tha AB Compsct. The view 1z the same for AC or battery
mwodel. For batteries the switch 1s bullt in the rheostat. For AC a pendant
switeh 1s used at rear. in the AC eabla.

Surpassing Results from HB Compact!

Screen Grid Circuit for AC or Batt ery Operation Is a Knockout!

View of the HB Compsct AC Model, the tubes being, left e right. 334 deteetor,
224 first AF, 245 power tube, 280 rectifier snd 224 RF. The subpsnel is enly
9%zx14%’’, yet everything save the speaker is in this small spacel

Component Parts for HB Compacts

AC MODEL
L1L2L3—Bernard Antenna Tuner BTSA....
LALSL6—Bernard Interstage Tuner BTSB .
CT—One 80 mmfd. equalizer ............... O
Cl, C2—Two .0005 Dustproof @ $2.50......cc000ieereciarennes ve.. 5,00
Q, C4 C5—Four 01 mid @ .35....... .... 140

....52.50
.. 2.50

—One 1 mfd. S0V AC ......ccovvvvnnnnes hd —
C8, 9, C10, Cll—Mershon Q2-8, 2-18B .... 5.75
Cl12, C13-Two 1 mfd. 200 V. DC @ .50........ccccevuvnnenn 1.00

ne 25,000 ohm wire-wound Pot........ceeivieninienens .. 1.50
R1, R2, R3, R4—.5, 1.0, .05 50 meg. @ .35.. ¢

T1—Polo 245 Power Supply Cat. P245PS.....
2500, 4400, 774, 50, 8 (20 watt) Voltage Divider
PL—Bracket and 2.5 v. AC lamp...............
OC, C6—Output choke, 2 mid. 500 v. AC cond.
SP—, SP4.—Two binding posts @ .10.........
Three National grid clips @ .06......
F—One 1 amp. cart. fuse with base
Aluminum socketed subpanel, 9x1414’,, 8 brackets......
Steel cabinet, crackled brown finish, 7x15x9%..c.cuiennrnnn.
3 Insulating washers @ .03
Two full-vision dials with pointers @ 75¢

¢ AC pendant switch, double opening
One 12 ft. length AC cable .....

Two rolls Corwico braidite @ 35 !

Two flexible couplers (links) @ b
85079-

Kelly tubes: Three 224 @ $3, one 245 @ $2.25, one 280 @ $1.75........ $13.00

{National Company’s coils, soon to be released Cat. BTSS, BTP5 @ $5
each, may be used instead of BT5A and BT5B listed above @ $2.50 each.
National Velvet Vernier full-vision dials, instead of plain dials listed
above, counterclockwise, @ $1.75 each.]
BATTERY MODEL
L1L21.3—One Bernard Tuner for antenna circuit, for .0005 mfd. tunin
(BTSA of Screen Grid Coil €0.) ....vvvivvviennreenereenennnen i 5y
L4LSL6—One Bernard Tuner for screen grid inte coup!
.0005 mfd. tuning (BTSB of Screen Grid Coil Co.)..........
Cl, C2—Two .0005 mfd. Dustproof tuning condensers @ $2.50..
C3,

CT—One Hammarlund 80 mmfd. equalizing condenser

, C4, C5—Three .01 mid. mica fixed condensers @ .35..,..

R1-One .25 meg. metallized resistors.........coevvvvunnenian.,

R2, R4—Two 5.0 meg. metallized resistors @ .30..

R3—One .075 meg. metallized resistor.........ccovvvvuneennn.,

RS, SW—One 75-ohm rheostat with switch attached..........

R6—Two resistors, one 1.3 ohms, the other 6.5 ohms (both).
Ant,, Gnd., Sp.—, Sp.4. Four binding posts (all)............

One drilled steel cabinet 77 high, 915" front to back, 157 wide..

Two dials with pointers (both).......ccvviviiiiiiiiaiiiiiennnns

One pilot light bracket with 6-velt DC lamp

One 9%x1414” satin finish aluminum subpanel with sockets affixed,
and supplied with insulated bushings, supporting brackets, and
resistor clips A

Two insulated links (flexib h) 70
One 7-lead battery cable B L 50
$23.75

Kelly tubes: Two 222, one 240, one 112A or 171A, total, $9.20.
[National Coils for the battery model, vernier comiensers, see mnote
under AC Model.]

[The HB Compacts were designed and built by Herman Bernard. The
battery model was described in the August 24th, 31st, September 7th
and 14th issues of Radio World.)

[The AC Model is now being described. See pages 12 and 13 of this issue.)

Please Use This
GUARANTY RADIO GOODS CO.
143 West 45th St.,, N. Y. City, Just E. of B’way.

Enclosed please find $, ........ for which please sand me component parts fs
the HB Compact as checked off above. SEEE A

Coupon
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Polo 245 Power Supply

Scientifically Engineered, It

HE Polo 245 Power Supply consists of a filament trans-

I former, a high-voltage (plate) winding and two separate

chokes, all built in a single cadmium-plated steel casing,
for powering 224, 227, 228 and 245 tubes. The output may be a
single 245 or two 24Ss in push-pull, because the chokes are large
enough and strong enough to handle 100 milliamperes, while the
power tube filament winding will easily take care of the two
245s. The entire supply is exceedingly compact and will fit in a
cabinet that has the usual 7” high front panel. The high-
voltage winding is of sufficiently high AC voltage to produce full
300 volts when the maximum direct current through any part
of a voltage-dividing resistor is 80 ma. Of the 300 volts 250 are
applied to the output tube’s plate and 50 to its grid for negative
bias.

All windings except the primary (110 volts, 50 to 60 cycles)
are center-tapped, including the 5-volt winding for the 280
rectifier tube. The impedance bridge method is used for estab-
lishing the electrical center. Taking the positive rectifier volt-
age from the center of the 5-volt winding, instead of from
either side of the filament, is a small extra advantage, but
shows an extra stroke of careful workmanship to insure superb
performance.

Another interesting point is that the hlgh-current winding
for all the 2.5-volt AC tubes to be used in a receiver or ampli-
fier is rated at 12 amperes. This means that six heater type
tubes may be worked well within the limits of the winding
(total of 10.5 amperes used), while seven tubes may be used
with the permissible excess of only .25 ampere over the rating
(total 1225 amperes). Of course the two or three other tubes
(280, 245) are additionally supplied, from their individual wind-
ings. Hence a total of ten tubes may be worked (including 245
push-pull and 280 rectifier).

This is no mere estimate, but a scientific fact. The wire used
on this 12-ampere winding is the equivalent of No. 9. Please
read our chief engineer’s report herewith.

The two chokes are 50 henries each, and each choke is on a
saparate core.

The 245 Power Supply weights 16 pounds. The shipping
weight is 17 pounds.

For 40-cycle current, 110 volts, a special supply 2” higher, is
made. Cat. P245, S40 (Code Cyclone). Price $13.50.

The 245 Power Supply, with chokes, is made also for 25 cycles, 110 volts.
Only this rarhcular combination is made for 25 cycles, although the filament.
plate supply (less chokee:i) and the filament supply (less chokes and high-
voltage winding) are made for 40 cycles.

For 25 cycles order Cat. No. P245 S 25 434" wide x 54" front to back x

914’ high. Shipping weight 25 Ibs. (Code Cypress) at............c.e.... $14.50

Insures Superb Performance

LI IH| I Z'-

: "HW "H'[JM -

Polo 245 Power Supply, including two chokes built in, size
454" wide x 534" front to back, 614” high. Cat. No. P245 PS

110 volts, 50-60 cycles (code Cyclops) .......... cereess.$10.00
Cat. No. P245, S40, for 40 cycles, 110 volts; size 454" wide x 5/§”
front to back, by 814” high (code Cyclone)............ $13

Chief Engineer’s Report on Polo 245 Power Supply

By Walter J. McCord, Chief Engineer

Every precaution has been taken to produce a 245 power supply of superb performance, and in proof thereof I
take pleasure in submitting for close study by engineering minds the specifications followed, with advice to novices.

(1)—Overall dimensions of the casmg, 4567 opening %" x 183;”/; .014” air gap. The lamina-

wide x 514" front to back x 6%” h

(8)—Casing is made of sheet steel and 1»

tions are stamped from high-grade Silicon sheet cadmium plated. Four 3,” mounting screws are

(2)—Filament and plate secondary wmdmgs as  steel having 1.92 watts loss per pound. The joints placed in the bottom, permitting the block to be
follows: 724 volts at 100 mils, center tapped at in the transformer are all overlapping, holding ~ mounted to the base, in a very small space, as no

362; 5 volts at 2 amperes, center tapped; 2.5 volts the magnetic leakage to a minimum.
(6)—Size of wire and resistance of each winding
as follows: Primary—No. 24 wn'e DC resistance, leads so that none of the secondaries is shorted.

at 3 amperes, center tapped; 2.5 volts at 12 am-
peres, center tapped.

space is required for mounting flanges.
(9)—Care should be taken in connecting the

(3)—Two 50-henry chokes, DC: resistance of 5.2 ohms. Plate Sec.—No. 30 wire, DC resistance, A shorted secondary, either a direct short or

each, 420 ohms.

(4)—Primary draw with all secondaries worked ohms. 2% v., 3 a.—No.

at maximum, 88 watts.

104.5 ohms. 5 v.—No. 18 wire, DC resistance, .102 through a defective condenser, soon will burn
18 wire, DC resistance, out a transformer. Care should be taken also in
.051 ohm. 2% wv., 12 a.— .059 x .180 rectangular connecting the primary to the proper current.

(5)—One transformer core with 1” x 13;” cross-  wire (equals approximately No. 9 wire), DC re- The primary should be connected to 110 v. 50-60

section; window opening 234” x %”. Two choke sistance, .008
cores with, %" x 1%” crosl section; window

NO C. O. D. ORDERS.

ohm
(7)—Total weight of block 16 Ibs,

| FILAMENT-PLATE SUPPLY
1

The Polo 245 Power Supply, less the two built-
in chokes, is available to those desiring to utilize

cycles AC, never to 220 volts, neither should it be
operated on a line voltage of 130 or over

" Polo Engineering Laboratories, 57 Dey St., N. Y.
ICity Enclosed please find $——, for which ship
at once the following:

P245 PS (code Cyclops)....... O - $10.00
P245 S40 (code Cyclone)...iveveenennennaennnnn. 13.50
P245 S25 (Code Cypress)....o.eoeeveereninen.. 14.50
PFT (code Cyclist)....eevvererneeesnecnrennane 4.25
P40 FT (code Cyanide)...civeeeneeinaiinnnnnn. 6.25
PFPS (code Cymbal).....coovvvinnniinnnnnnnn. 7.&
.......... 10.

)
IP40 FPS (code Cylinder)......

I In ordering by telegraph use code designations. l

I I B 290 8 S 0000060 00OTRO G000 000 l
| Address ....ceiiiiiiiiiiiiiiiiiiiiinaa. POBG00GAEa!

I (CIT3 LR T State...eiieiiinieninnses

l ALL PRICES ARE NET

l S-.DAY MONEY-BACK GUARANTEE!

chokes they now have, and who do not find the
compactness afforded by the consolidated unit
absolutely necessary.

The Filament-Plate Supply has the same volt-
ages on the secondaries, at the same ratings, as
does the unit that includes the chokes.

Polo Filament-Plate Supply, consisting of five
windings; primary 110 v., 50-60 cycles. Cat. No.
PFPS (code Cymbal), $7

Same as above, except for 40 cycles 110 v. AC.
and a little greater height. Cat. P40 FPS (code
Cylinder), $10.00.

FILAMENT SUPPLY
A filament transformer only, in a smaller con-
tainer than any of the others, but with the same
voltage and current ratings, provides 2.5 v. at 3
amperes, 2.5 v, at 12 amperes, 5 v. at 2 amperes.
The Polo Filament Transformer, cons:stmg of

four windings as described; primary
50-60 cycles. Cat. No. PFT (code Cychst) $4 25
Same as above, except for 40 cycle, 110 v. AC.

Cat. P40 FT (code Cyanide), $6

Polo 245 Filament Plate Supply (less
chokes) is 414"’ wide, 5 high, 4" front te
hack. Weight 9 lbs.



