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BROADWAY -HOLLYWOOD
World's moot intriguing place,. Where famous
neg., screen. radio stars live their lives. Intimate
stories of their stage and personal doings in

NEW STAR Notional Ith
Weekly

Edited by Roland Burke Hennessy. Clever writers
cover comedy, tragedy, fascination of professional
life. Portraits and unusual pictures of favorites.
lOc copy, $5 year (52 issues). SPECIAL: 11
issues $1 and experts answer your questions,FREE. STAR. 1582 Broadway, New York.

No matter what your resistance problem may be-
whether an unknown high resistance value for a
critical receiving circuit or a heavy duty low
resistance value for grid -biasing the largest audio
power tube or even transmitting tube-

enretiber- CIA ROSTATPuosethere's
foiliery

tp

Clarostat Mfg. Co., 291 N. 6th St., B'klyn, N. Y.

The Very
Meter

You Want
Most !

Take Your Choice
of 9 Instruments!
NJOU finish building a set

or power pack. You want
to test it for voltage and
current. You need some par-
ticular meter to make the
test complete. Always the
necessity for that meter, like
recurring hunger! W h a t
wouldn't you give to have
that meter here, NOW! No
more need to endure such
irritating deprivation. You
are hereby given your choice
of any one of nine different
meters free! Please use the
coupon.

CHOOSE ONE OF THESE NINE METERS!
00-6 Voltmeter D.C. No.326 j0-10 Amperes D.C. No. 338 00-100 Milliamp. D.C. No. 390
U0-50 Voltmeter D.C. No. 337 U0-25 Milliamp. D.C. No. 325 00-300 Milliamp. D.C. No. 399
06-Vt Chge Tester D.C. No. 23 00-50 Milliamp. D.C. No. 350 00-400 Milliamp. D.C. No. 394
Put a cross in the square next to the meter you desire, and fil out and return coupon below.

All meters except No. 23 are panel mount types; size, of hole, 2 5 /64"

WHAT RADIO COMPANIONSHIP DO YOU ENJOY?
AllEyou meeting weekly the best minds of radio? Do you keep abreast of all the new

circuits, the intimate details on perfecting existing sets, and get the inside track on
sensitivity, distance reception, tonal quality, and how to achieve them? Do you keep

fully abreast of the news of radio, technical and non -technical? If not, here is your
chance to enjoy the writings of Dr. Lee De Forest, McMurdo Silver, J. E. Anderson,
Herman Bernard and a host of other radio engineers who contribute their knowledge to
you through the medium of Radio World, the first and only illustrated national radio
weekly (eighth year!)
You will find Radio World specializes in most
Intimate revelations of the ins and outs of the

r MN,
best circuits, with technical accuracy second to
none. Enjoy the weekly companionship of f

Radio World's famous contributors, and glean
the news of radio, from the four quarters of ,
the earth.
Short waves? Radio World will tell you all
about them. Extremely sensitive broadcast re-
ceivers? Their construction and operation are I

fully discussed with confident regularity. Power
supplies-push-pull or otherwise? AC receivers?
Screen grid tubes? Large receivers that give a
super -abundance of performance-small, eco-
nomical receivers that give performance out of
all comparison to their size? Automatic vol-

Iume controls? Band-pass filters? New tubes?
Are you interested iu these? Then you're in-
terested In Radio World. Send $1 now for 8'
weeks subscription, one copy a week (regularly
$1.20) and meter you select will 'be sent FREE!
RADIO WORLD, 145 W. 45th St.,N. Y. C.
Published Weekly-All Newsstands -15c copy-
t1 (; mouths-VI n year.

RADIO WORLD
145 West 45th Street, New York City

Just East of Broadway
Enclosed please find $1 for which send
me Rattio World for eight weeks (one
copy each week), and also send me
FREE. at once, the one meter checked
below.

No. 326
No. 337
No. 23

Name

O No. 338 0 No. 390
O No. 325 0 No. 399
O No. 350 0 No. 394

Street Address

City State
5 -DAY MONEY -BACK GUARANTEE

FILL OUT AND MAIL NOW
SUBSCRIPT ION BLANK

RADIO WORLD
RADIO WORLD 145 West 45th Street, New York Cu)

Please send me RADIO WORLD for months, for which

SUBSCRIPTION RATES:
Single Copy $ .15
Three Months 1.50
Six Months 3.00
One Year, 52 Issues 6.00

Add 61.00 a Year for Foreign
Postage; 50c for Canadian Post
ire.

please find enclosed

Highest Grade
Key Tubes at

Defiant
Prices!

Screen Grid Tubes
224 at $1.43
222 at 1.88

Power Tubes
245 at
112A at
171A at

1.28
.78
.78

Other Tubes
227 at .90
226 at .68
280 at 1.13
201A at .53

The above constitute the nine most popu-
lar tubes used in radio today. Despite the
severely low prices the Key tubes are firsts
of the very first quality. Besides, there is
a five-day money -back guaranty! The
above tubes are manufactured under
licenses granted by the RCA and its
affiliated companies.
All prices are net and represent extreme
discount already deducted.

228 HIGH -GAIN DETECTOR
increase the sensitivity of modern AC -
operated circuits by substituting the new
228 AC high mu tube (large amplification),
for the 227 tube otherwise used as detector
in up - to - date circuits. The result
is immediately obvious in the greatly in-
creased volume. Then the weak, distant
stations come in stronger and tone quality
is improved. Simply substitute the 228for the 227 in the detector socket only.
No wiring change of any kind is required.
Price, $1.88.

GUARANTY RADIO GOODS CO.,45th St.. N. Y. City. (lust East of
Enclosed please find 2 forat once tubes marked below:

ID 228 AC high mu.
Cl 224 AC screen grid

R245 AC power tube 228 AC amplifier
D 227 A'3 det.-amp.
ID 280 AC rectifier
0 222 battery screen grid
 112A poser tube

171A power tube
O 201A battery tube
0 Matched pair of 245s for push-pull (forboth)
CI Matched pals 171As for AC push-pull (forboth) $1.80 Matched pair of 1 12Ae for push-pull (forboth)

Name

Aldress

City

149 West
Broadway).
which ship

'.88
.90

$1.13
$1..88

78
.78
.53

$2.58

$1.80

State

Put ems here if C. 0. D. shipment is de-sired.
Canadian remittance must be by postal or in.press money order.

5 -Day money -back guaranty
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BOOK SERVICE
As the first and only national radio weekly, now in its eighth year, RADIO WORLD publishes the most

timely, up-to-date news of radio circuits and events in the set -building and broadcasting fields. Tech-

nical accuracy second to none. Get a copy at your news-stand today, 15c. RADIO WORLD advises im-
partially on all radio topics, including what text books to buy, and helps you to read the books properly.

Every book advertised on this page is essential to your radio library.

Five New Volumes Offer Short - Cut to Knowledge.!
MORECROFT

"Elements of Radio Communication"
The latest book by Prof.

John H. Morecroft, of the
Engineering Department of
Columbia University, and past
president of the Institute of
Radio Engineers, is his "Ele-
ments of Radio Communica-
tion," a book for the novice
to enjoy. We regard this as
the best elementary book to
inform you authoritatively on
the technical phases of radio
in plain language, without
requirement of mathematical
knowledge. The book is a
complete course on the ele-
ments of radio, containing
much material never before
published. It has 226 pages,
170 illustrations and a com-
plete index. Just out, it is
the book of the year in radio.
Cloth bound. Order Cat. ME

, $3.00

By the same author: "Prin-
ciples of Radio Communica-
tion, second (new) . edition.
This hook is for advaaced
students. It is the standard
of excellence in its field. It

covers much the same ground as the later book, only much more
fully and more technically. Contains 1,001 pages, 831 illustra-
tions. Cloth bound. Order Cat. MP @ $7.50

MOYER and WOSTREL
"Radio Receiving Tubes"

The need for an elementary book on radio tubes that answers
all the important questions has been filled by James A. Moyer,
Director of University Extension, Massachusetts Department of
Education, and :John F. Wostrel, Instructor in Radio Engineer-
ing, Division of University Extension, Massachusetts Department
of Education.

This new book is a complete discussion of tube principles,
functions and uses, thoroughly up-to-date. In this book the
essential principles underlying the operation of vacuum tubes
are explained in as non -technical a manner as is consistent with
accuracy. The book covers the construction, action, reactivation,
testing and use of vacuum tubes as well as specifications for
vacuum tubes and applications for distant control of industrial
processes and precision measurements. 297 pages, cloth bound.
Order Cat. MWT @ $2.50
By the same authors:

"Practical Radio." including the testing of radio receiving
MW
sets,P 3R7g

@
pages, 223 illustrations. Cloth bound. Order $2.50Cat.

"Practical Radio Construction and Repairing," 319 pages, a
companion volume. Order Cat. MWPRC @ $2.00
[NoTE: The standard book on tubes for advanced students is
The Thertnionic Vacuum Tube," by Hendrik Van der Bill.

Order Cat. VDB @ $5 00]

2a 3o I

ILLIAMPERES

0 0.4 Voltmeter D.0 Cat. 326
0 0.50 Voltmeter D.0 Cat. 337
0 6 -Volt Charge Tester D.0 Cat. 23
0 0.10 Amperes D.0 Cat. 338
O 0.25 Milliamperes D.0 Cat. 325
0 0-50 Milliamperes D.0 Cat. 350
0 0-11)0 Milliamperes D.0 Cat. 390
0 0-300 Milliamperes D.0 Cat. 399
O 0.400 Milliamperes D.0 Cat. 394

ANDERSON and BERNARD
"Power Amplifiers"

Here is the first book to be published on the subject of "Power
Amplifiers." Now printing, it is certain to fill a void in radio
literature. The whole subject is fully covered in a- masterful
theoretical discussion of audio amplifiers and power supplies,
supplemented by constructional chapters, with complete wiring
diagrams and specification of parts. Learn while you build!
J. E. Anderson, M. A., technical editor of RADIO WORLD, and
Herman Bernard, LL. B. managing editor of RADIO WORLD,
both of the Institute of Radio Engineers, have explained fully the
phenomena of power amplifiers. Learn all about motorboating
and its cures, push-pull theory and practice, grid bias methods
and effects, vacuum tubes in audio circuits, AC and battery type
AF amplifiers, phase relationships, common impedance, filter
systems, by-pass condenser effects, necessities for tone quality.
values of coupling constants, and a host of other topics associated
with power amplification, including speech amplifiers and "talkie"
installations.

More than 200 pages and more than 100 illustrations are devoted
to an analysis of this outstanding radio subject. "Power Ampli-
fiers" is authoritative, original and comprehensive. It is free
from the traditional errors that have crept into this subject. The
theoretical part of the book can be understood by most novices,
while the constructional part, that capitalizes the previously im-
parted knowledge, is thoroughly understandable by anybody.
There is virtually no mathematics in the book. Cloth bound.
Order Cat. PAM @ 53.50

POWER AMPLIFIERS

RIDER
"Service Man's Manual"

Two new books by John F. Rider, R. E., Member. Institute of Radio Engineers, constitute the series
grouped by him tinder the heading "Service Man's Manual." Part I is "Mathematics of Radio."
Part II is "Trouble Shooter's Manual."

The value of one of these books is more than doubled by the possession of the other.
"The Mathematics of Radio," 128 pages; 8Vnx11", 119 illustrations, bridges the gap between the

novice and the college professor. It gives a theoretical background so necessary for a proper under-
standing of radio and audio circuits and their servicing. Flexible cover. Order Cat. MGR @ $2.00

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 how to overcome their most serious problems, and fully diagramming the solutions, but it is a
course in how to become a service man. It 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 big load on the service man's chest.
But no more. Rider, expert on trouble shooting, has producd 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-whether they be
factory -made, custom-built or home-made receivers. The home experimenter, the radio engineer, the
custom set -builder, the teacher, the student-all will find this new book immensely informative and
absolutely authoritative.

MORE THAN 100 WIRING DIAGRAMS OF RELEIVERS MADE BY MORE THAN FORTY
DIFFERENT SET MANUFACTURERS ARE PUBLISHED IN THIS BOOK, INCLUDING OLD
MODELS AND LATEST MODELS! RCA, ATWATER KENT, CROSLEY, MAJESTIC, ZENITH,
STROMBERG CARLSON, KOLSTER, FEDERAL, FADA, Etc. 240 pages, size g1/2x11"; 200 illus-
trations. Imitation leather cover. Order Cat. TSM @ $3.50

Read Radio World Every Week
RADIO WORLD will help you in your radio work, so you will be able to use meters most valuably. Keep

abreast of new circuits, intimate details on perfecting existing sets, get inside track on sensitivity, distance
reception, tonal quality, and news of radio, technical and non -technical. Enjoy the writings of McMurdo Silver.
J. E. Anderson, Herman Bernard, John F. Rider and a host of other radio engineers in RADIO WORLD.
You can find no magazine that better caters to your needs than RADIO WORLD. Short waves? RADIO
WORLD will tell you all about them. Extremely sensitive broadcast receivers? Their construction and
operation are fully discussed with confident regularity. Power supplies-push-pull or otherwise? AC re-
ceivers? Screen grid tubes? Large receivers that give a super -abundance of performance-small, economical
receivers that give performance out of all comparison to their size? Are you interested in these? Then you're
interestd in RADIO WORLD.

See the list of nine meters at left. Obtain one or more of these meters free, by sending in $1 for 8 -weeks'
subscription, entitling you to one meter; $2 for 16 weeks, entitling you to two meters; $3 for 26 weeks, en-
titling you to three meters; $4 for 35 weeks, entitling you to four meters; $5 for 44 weeks, entitling you to 5
meters; $6 for 52 weeks, entitling you to six meters.

Present RADIO WORLD mail subscribers may renew their subscription under this remarkably generous
offer. Put a cross in square. 0

RADIO WORLD
145 W. 45th St., N. Y. City-Published Weekly.

All Newsstands, 15c per copy-$3, six months-$6 a year

0 CAT. ME @ $3.00
O CAT. MP @ $7.50
0 CAT. PAM @ $3.50
0 CAT. MWT @..,,.. $2.50
O CAT. MWPR @.... $2.50
0 CAT. MWPRC @... $2.00
 CAT. MOR @......$2.00
0 CAT. TSM @...,,, $3.50
0 CAT. VDB @ $5.00

0
H
00
0

CAT 326 Name
CAT 217
CAT 23
QAT 338
CAT 325 Address
CAT 350
CAT 390
CAT 399
CAT 394 City

Gentlemen: Enclosed find $ for
which please send items checked on coupon..

(R, -10)

State

RADIO WORLD, a weekly paper published by Hennessy Radio Publications Corporation, from Publication Office, 145 West 45th Street, New York, N. Y.Vol. XVI, No. 20. Whole No, 410. February 1st, 1930. 15c per copy, $6.00 per year. [Entered as second-class matter, March, 1922, at the Post Officeat New York, N. Y., under act of March, 1879.] Roland Burke Hennessy, president and treasurer; M. B. Hennessy, vice-president; Herman Bernard,
business manager and managing editor; J. E. Anderson, technical editor.
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High Gain
at Low Cost

H844 w $45.59

The HB44, assembled, presents in romped form, en a 17Va x 111/2'. steel chassis.
a completely AC operated shielded receiver, using four 224 screen grid tubes, one 227.
two 245s in push-pull. and a 280 rectifier, eight tubes all told. Here it the circuit
that will bring 'em in from all over the country -and at a price YOU can afford -
545.59. This price includes EVERYTHING except speaker, cabinet and tubes.

It's the Real Thing!
Three stages of tuned R.F., using 224 screen grid tubes.
Tuned input to 224 power detector.
Audio, consisting of first stage resistance coupled, second stage 245s in push-pull.Four totally shielded R.F. coils.
A chassis all drilled for necessary parts.
A four gang condenser, guaranteed accurate, with equalizing condensers built In.
61 mid. of filter and bypass capacity.
Thirteen different fixed voltages available from the output.
Single dial control.

LIST OF PARTS FOR THE HB44
0 SL1, SLZ, SL3, SL4-Four stage individually shielded coil cascade

for .00035 mfd. (Four Cat. SH-3 of Screen Grid Coil Co.) $ 3.80O Cl, CZ, C3, C4 -One four gang .00035 mid. condenser withequalizers El, E2, E3, E4 built in 3.950 CS -One .01 mfd. mica condenser .35O C6, C7, C13, C14 -Four 1 mfd. 200 volt DC bypass condensers 2.00O C& -One 1 mfd. 550 volt AC filter condenser .850 C9, C10, C11, C12 -One Mershon, consisting of four condensers,
two of 8 mfd. and two of 18 mfd. with bracket (Cat. Q-2-8, 2-18-B). 5.15

0 RI -One Electrad 25,000 ohm potentiometer with knob and two
insulators 1.60Cl R2 -One 50,000 ohm Lynch metallized resistor (.05 meg.), withmounting .450 R3 -One Lynch 5.0 meg. metallized grid leak, with mounting .400 R4 -One 5,000 ohm resistor with mounting .500 VD -One Multi -Tap Voltage Divider, 13,850 ohms, 14 taps 3.950 TI -One push-pull input transformer 2.50OPC-One center -tapped output choke 2.50T2 -One Polo filament -plate supply (Cat. PFPS) 7.50 Ch -One double filter choke coil, 30 henrys each section, 100 ma 3.710 SW -One pendant AC switch with 12 ft. cable .800 PL -One 2.5 volt pilot lamp and bracket .700 Spitaker (-F), (-), Ant., Gnd.-Four binding posts with insulators. .480 One Clarostat Humdinger, 30 ohms .50

0 One subpanel 171/2" x 111/2", with five UY and three UX sockets 3.000 One vernier dial .500 Four National grid clips .240 Hardware .24

0 All parts (less cabinet, tubes and speaker) 645.590 Tubes: four 224, one 227, two 245, one 280 9.51

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

(Just East of Broadway.)
Please ship all parts for HB44 19 $45.59Eight tubes for HB44 9.51Please ship C.O.D.
Enclosed find 5 remittance.
(Canadian must be P. 0. or Express M. 0.)

NOTE: If only acme (not all) parts are desired, check off on list at left and
tear out and send In this entire page.

NAME

ADDRESS

CITY STATE

TELEVISION
FOR HOME

CONSTRUCTORS
Full explanation of
the theory and prac-
tice of television is
contained in the new
210 -page book (94
x 8%"), with 100
illustrations.

ABC of
Television

By Raymond Francis Yates,
Students and Experimenters alike will glory iw

the possession of this masterful volume.
Popularly written, easily understood.

TABLE OF CONTENTS
CHAPTER I -TELEVISION -THE NEW CONQUEST

OF SPACE
How the Principles of Television were Invented in 1884

and what the Future Holds for this Promising New Child
of Science -A Description. in Narrative Form, of the Tele-
vision of the Future.

CHAPTER II -TELEVISION SYSTEMS
Complete and Elementary Explanation of the Funda-

mental Principles of Television As They Are Applied
Today In Both Transmitting and Receiving -Methods
of Synchronization. Scanning and the Function of Photo-
electric Cells.

CHAPTER III -TELEGRAPHING PICTURES
An Outline of the Various Successful Methods Em-

ployed Today in the Transmission of Facsimile, and
Photographs by Wire and Wireless Systems -Practical
Description of Telephotographic Receivers for Home Use
With Practical Instruction Concerning Their Operation.

CHAPTER IV -PHOTOELECTRIC CELLS
How Photoelectric Cells Serve as "Light Microphones"

In Modulating Radio Waves With Light Impulses -Ele-
mentary Outline of the Theory of Photo electric Phenomena.

CHAPTER V -AMPLIFYING PICTURES
Theory and Practice of the Amplification of Picture

Signals Together With Data for the Construction of
Television Amplifiers That Will Function With
Minimum of Picture Distortion.

CHAPTER VI -THE AGILE NEON LAMP
Theory, Operation and Practical Application of Neon

Tubes in Television Reception -How the Neon Tube Fune-
tions as a "Light Loua Speaker" in Television Reception.

CHAPTER V11 -SELENIUM CELLS
Theory of Selenium Cells Together With a Description

of the Popular Types of Celle and Practical Data Concern-
ing Their Construction by Home Experimenters.

CHAPTER VIII -THE PROBLEM OF SCANNING
The Function of the Scanning Disc With Complete In-

structions for the Design and Construction of Different
Types of Scanning Devices Including Drums and Moving
Belts.

CHAPTER 1X -SYNCHRONIZING TELEVISION
An A B C Outline of the Synchronizing Methods Now

Employed by the Television Broadcasters of Today -Prob-
lems of Synchronizing Television Scanning Discs Treated
iu a Popular Way.

CHAPTER X -TRANSMITTING TELEVISION AT
HOME

How the Experimenter Can Construct and Operate Both
a Television Transmitter and Receiver for Home Use-ThisEquipment Makes Possible the Transmission of the Outlineof Simple Objects From One Room to Another.

CHAPTER XJ-HOW TO MAKE A TELEVISION
RECEIVER

Practical Application of the Principles of Television lathe Construction of a Television Receiver InvolvingSpecial, Highly Efficient Short -Wave Receiver.

RADIO WORLD, 145 West 45th Street, New Verb City(Just East of Broudway)
Enclosed please find $3.00 for which send at once atyour expense one copy of "A B C of Television. or. Seeingby Radio." by Raymond Francis Yates, as advertised.

NAMB

ADDRESS

CITY STATE

FULL EXPOSITION OF
HB COMPACT, BATTERY MODEL
Complete details on the theory and construction of theNB Compact were published In a four-part article InRadio World written by Herman Bernard, designer of thecircuit and inventor of the Bernard Dynamic Tuners used'n the eircult. Full details on bow to wind your own cells.full-sized pictorial diagram of the wiring. Order theAugust 24th. 81st. September 7th and lath Wink Ina -

RADIO WORLD. 145 West 45th Street. New York. If. Y.

MORECROFT wrote a great book when heturned out "Principles of Radio Communication."Second edition now ready. Price $7.50. RadioWorld, 145 W. 45th St., N. Y. City.
FIVE DAY MONEY -BACK GUARANTY "AERIAL NAVIGATION and METEOROLOGY."By Capt. Yancey. $4.00 postpaid. Radio World,145 W. 45th St., N. Y. City.
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Technical Accuracy Second to None
Latest Circuits and News

EIGHTH YEAR

A Weekly Paper published by Hennessy
Radio Publications Corporation, from
Publication Office 145 West 45th Street,

NewMork, N. Y.
(Just East of Broadway)

Telephone, BRYant 0558 and 0559
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J. E. Anderson, technical editor.

The First Complete Receiver Circuit with

Non -Reactive Audio
The Tone -Marvelous NR -4 Uses Only Four Tubes

By Roger T. Rawley
HERE is the first circuit offered to constructors, embodying

non -reactive audio frequency amplification and including
a tuner with radio frequency stage.

The potential across the divider, in excess of 300 volts, is
apportioned to the detector tube (the second 224) and the power
tube, a 245. This voltage is utilized in series in non -reactive
circuits, so that, in general, any voltage used for the detector is
taken away from the total, leaving the remainder for the power
tube plate potential. No deduction need be made for the bias
of the power tube, as this is voltage derived from the potential
drop in the plate resistor, R2.

However, in the radio frequency stage, the screen grid and
plate voltages are taken off the B supply in parallel, the more
familiar practice, with very slight diminution of the total availa-
ble potential for the non -reactive circuit.

HOW ABOUT 374 VOLTS ARE OBTAINED

The necessary higher voltage than 300 is obtained from a
power transformer that is rated at 300 volts at 80 milliamperes
when filter chokes totalling 800 ohms resistance are used. Here
the maximum drain, which is through only a part of the voltage
divider, is only about 50 milliamperes, so, due to the regulation
of the 280 rectifier, more than 300 volts are available. The excess
is made greater still by use of a single choke, Ch, with a direct
current resistance of about 400 ohms. As the current is only
50 milliamperes, the drop in the choke is 20 volts, instead of
64 volts in 800 ohms. Hence, 300+ 30 regulation + 44= 374
volts. The 280 tube will stand this voltage at 50 milliamperes.

The diagram has been arranged so as to make it easy to
distinguish the features of the newly popular non -reactive cir-
cuit and the radio frequency stage. With this in view, the posi-
tive of the B supply is shown below in Fig. 1, instead of on top.
Thus at a glance one can appreciate that the output potential
of the rectifier is dropped across the voltage divider R4, zero
potential being (1), and the higher potentials being (2), (3),
(4) and (5) respectively.

Let us take the detector tube as the first example.
The cathode is connected to grounded negative B through a

biasing resistor, R2, so that negative bias detection is used.
The screen grid is connected to the first elevated potential, (2).
The plate voltage is applied at point (4). So if 124 volts are
read between (1) and (4), then, if 374 constitute the total, 250
volts remain for the power tube. R3 should drop 50 volts under
those conditions, and can be of a chosen value to produce that
result. Then the power tube grid is negative 50 volts in respect
to its grid return. Note that the grid of the power tube and the
plate of the detector tube return to the same point. However,
the voltages for the power tube are reckoned in respect to the
midtap of its filament winding, which midtap (4) is positive 50
volts in respect to the grid. The rated bias for a 245 tube with
250 plate volts is 50 volts negative. The detector voltages are
reckoned in respect to its cathode.

WHERE PLATE VOLTAGE IS OBTAINED

The power tube plate voltage is the drop between (4) and (5),
between the power tube filament center and the plate connection

FIG. 1
A COMPLETE CIRCUIT, USING A STAGE OF SCREE:
GRID AF AHEAD OF A NON -REACTIVE AUDIO AM PI I -

FIER OF THE TYPE SO POPULAR AT PRESENT

to maximum of the B supply. The actual voltage effective oil
the plate will be less than 250, due to the drop in the loudspeaker
winding. No output filter is shown, since dynamic speakers are

LIST OF PARTS
L1L2, Cl-Bernard antenna tuner assembly, including link, coil,
condenser. Cat. BT -L -AC.

L3L4, C2-Bernard interstage tuner assembly, including link,
coil, condenser. Cat. BT -R -AC.

R-Volume control, 0-500,000 ohm Electrad Tonatrol potentio-
meter.

RI -800 ohm Electrad resistance strip.
R2-20,000 ohm resistor leak with mounting (1.02 meg.).
R3-0.5 meg. resistor leak with mounting.
R4-Multi-Tap Voltage Divider.
C3-.01 mfd. condenser.
C4, CS, C6, C7, C8, C11-Six 1 mfd. 200 volt. DC.
C9, CIO-Two 1 mfd. 1,000 volt DC.
RFC-Shielded RF choke, 65 millihenrys.
Tl-Polo filament -plate supply. Cat. PFPS.
Ch-Polo single choke. Cat. PSC.
Ant., Grid., Sp-, Sp+-Four binding posts, drilled metal sub -panel with sockets on.
SW-One pendant AC switch with 12 ft. AC cable.
Tubes-Two 224, one 245, one 280.
Subpanel and front panel insulators.
Two dials.
7x18" bakelite drilled front panel.
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FIG. 2
VIEW OF THE NR -4, WITH NON -REACTIVE AUDIO

AMPLIFIER .

used so widely, and have output devices built in, and also be-
cause the modern magnetic speakers, including the inductors,
will stand the 32 milliamperes without need of a filter.

245 AMPLE OUTPUT
The 245 power tube is ample for this circuit, since it has an

undistorted power output of 1,600 milliwatts maximum, under the
stated voltage conditions. This is in excess of any load that will
be placed upon it, as the audio amplification gain is about 372.
What the actual load on the power tube will be will depend onhow the radio frequency amplifier is worked, and the field
strength of the station tuned in. The RF tube may be worked
at enormous gain, by using high voltage or may be worked at a
lower level at lower voltages.

Enough volume is obtained for speaker operation either way,
and the tone quality is particularly good, in fact, about as goodas there is.

What the sensitivity is depends on the RF gain and the oper-
ating point of the detector. There should be no expectation of
covering enormous distances with this receiver, but the finest
kind of reproduction of those stations received certainly is to be
expected. For instance, in New York City, all the locals are
tuned in clearly, without interference, and there are some 25
stations rated as locals.

IMPROVED SELECTIVITY
Selectivity is better than one is accustomed to in a stage of

RF and a detector, due principally to the higher bias used on
the detector, which increases the detector input impedance and
incidentally reduces hum.

The circuit is arranged so that it is easy to follow the diagram,
and the parts chosen are such that no variable resistors are
introduced, except the volume control, an4 this control should
not interfere with the biasing, screen grid or plate voltage, as
the entire apportionment in the chain would be upset thereby.

The circuit, as diagrammed, is stable at audio frequencies.
There is an interdependence in the audio voltages and currents

so close in its intimate relationship as not to be found in circuits
of more familiar patterns. The principal factors are:

(1)-The plate voltage is applied to the power tube and cur-
rent is used for its voltage effects on the detector.

(2)-The resistance value of R3, in conjunction with the
voltage applied thereto, in part determines the bias on the last
tube and the voltage drop in the detector load.

(3)-The bias on the detector tube also determines in part the
drop in R3 and the bias on the last tube.

DEVIATION FROM RATED VALUES
In getting the circuit to work properly it may be necessary to

deviate slightly from the rated current at existing power tube
plate voltage. For instance, with 200 effective plate volts, the
circuit shown was made operative when 22 milliamperes were
flowing, under signal load, instead of 32 milliamperes, and thus
was the voltage 200, when R2 was .02 meg. (20,000 ohms) and
R3 was 0.5 meg. (500,000)_ ohms). The deviation is due mainly.
to the use of commercial values of fixed resistance for R2
and R3.

From the foregoing it is obvious that if too high a value is
chosen for R3 the voltage drop will be too great, or if the
detector plate voltage is too high, the same result is obtained,
while R2 works in the other direction, the lower its value the

greater the drop in R3. A mischievous combination would
result in full voltage on the plate, 374 or more, with no current
flowing whatsoever in the power tube plate circuit. This fact
of "all voltage and no current" will puzzle many, until they
realize that for any given plate voltage the negative bias may
be raised so high as to cut off the plate current.

So, for operating purposes, you may choose 0.5 meg. for R3
and select a value for R2 which will enable the power tube to
function, as when that functioning takes place the rest of the
circuit will give good results. R2 may be 20,000 ohms (.02 meg.)
for good .detection, or even .01 meg., because the sum of the
plate and screen currents is so exceedingly small.

WHICH TAPS WERE USED
There is a small problem at the detector. The bias required

for detection must be obtained. Then, with this bias, the rest
of the constants, including voltages, must be so chosen that the
drop in R3 is correct for a required plate voltage on the 245
and consequent power tube plate current. Except by alteration
of the point of connection (4), and, or by using another detector
screen voltage, this detecting point depends on R2. The higher
the screen grid voltage or plate voltage, the larger the current
through R2, excepting of course that the plate voltage always
must be higher than the screen grid voltage.

So many chances exist for going wrong with adjustable resis-
tors that this non -reactive amplifier is made wholly free of them,
in fact, so is the radio frequency amplifier, except alone for the
volume control.

The Multi -Tap Voltage Divider was used. This has fifteen
taps, but two are interconnected, as there are two resistors in
series, hence the junction is considered as one tap. On that
basis, the taps used were the lower extreme lug (1), negative
and ground; the second for the screen of the detector tube (2),
while counting from the other end, the fourth was used for RF
plate, and also for the power tube filament center tap (4).Under those conditions R2 was .02 meg., as diagrammed.

HOW TO BUILD AMPLIFIER
In constructing the receiver, follow the circuit diagram im-plicitly. Any changes should be on the basis of directions tobe given presently. Insert the resistance values as stated. Donot connect the speaker in circuit when you make the test atfirst. Put a choke coil in place of the speaker, or simply connect

plate to B plus, without any load, as the current difference will
not be substantial. Just as it is possible to get around 374 volts
on the last tube, and no current, so it is also possible to get 100
milliamperes and only a little voltage, and the high current wouldflow through the speaker winding under mistaken conditions.

(1)-In the Loftin -White amplifier the voltages to be applied
to the various elements are not critical.

(2)-In this circuit the grid bias on the power tube does not
depend in any way on the grid voltage, screen voltage and platevoltage on the first tube.

(3)-An inductance in an electrical circuit is like a weight ina moving body or like a flywheel in rotating machinery.
(4)-A condenser in an electrical circuit is like a spring in

a mechanism such as the hair spring in a watch.
(5)-Electricity behaves toward a condenser as air behavestoward a bottle.
(6)-Repeat tuning in a radio frequency amplifier receiver isdue to detection in the radio frequency tubes, especially in thefirst tube in the circuit.
(7)-Most of the repeat tuning can be eliminated by tuning

the input circuit of the receiver so that only the desired carried
is effective on the grid of the first tube.

(8)-When a phonograph is connected to an audio amplifier
it should be connected from the grid of the first amplifier tube
to the negative of the grid bias battery or resistor.

(9)-Resistance coupled amplifiers are the most stable be-cause there are no reactances to emphasize any one frequency.(10)-It makes no difference how long the filament leads arebetween the power transformer and the tubes. The voltageacross the tubes is independent of the length.
ANSWERS

(1)-Wrong. The voltages are very critical and if they are
not adjusted to the correct values the amplifier will not workat all.

(2)-Wrong. The bias on the grid of the last tube depends onthe current that flows in the coupling resistor just ahead of thetube and this current depends on all the voltages applied to thetube ahead of the power tube.
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Requires Careful Apportionment

So test the power tube for plate current and plate voltage. If
you have a Jiffy Tester simply plug into the power tube socket
and put the power tube in the tester socket. If the current is
from 20 to 35 milliamperes you may safely connect the speaker
and try out the set.

The plate current will decrease as a signal is tuned in, due to
the signal increasing the plate current flow through R3. The
circuit should be balanced for operation on a signal, that is,
around 20 milliamperes should flow when a strong station is
being received. Hence on weak stations, or no station being
tuned in, the current will be greater, possibly by 30 per cent.
However the values stated take that in account, and no other
requirement for balance actually should exist.

In actual operation the starting values are not the ones to
be reckoned with, as the detector tube is a heater tube, and the
values are not effective until the tube heats up and current flows
therein. So even if the current is considerably in excess of ex-
pectations, wait a few second or so and you will find the current
recedes and assumes a permanent no -signal value. This should
be in excess of the current present when a signal is to be tuned
in.

The high starting current in the last tube will not hurt the
speaker, as the current quickly recedes.

The radio frequency voltage may be as you desire. Medium
voltages are shown on the voltage divider illustration. The
screen grid voltage (3) may be moved to the left to get rid of
RF oscillation, if any, while if moved to the right, volume
will increase. Select which screen grid voltage best suits your
requirements. This applies to the RF tube.

COILS USED

The radio frequency coils used are Bernard tuners. These
come already assembled with condensers included, as Cat.
BT -L -AC for the antenna coil L1L2, and BT -R -AC for the
interstage coil, L3L4. These may be mounted on the chassis to
give clockwise or counterclockwise tuning, or half and half, so
that the hands are turned in opposite directions to make the two
circuits operate in the same electrical direction.

The condenser shafts are connected to the coil shafts and the
same motion turns both. You are assured of tuning in the
entire band of wavelengths, as a moving coil as part of the
secondary first bucks, then aids the fixed part of the secondary,
adding variometer tuning to the condenser tuning.

The only. trick is to get both moving coils operating in the
same direction, that is, both aiding when they should aid and
both bucking when they should buck.

As the circuits are independently tuned, it is easy to check up

Vrong?
(3)-Right. Inductance is what is known as electrical mass

and it responds to changes in current just as a mass responds
to changes in velocity.

(4)-Right. A condenser has the property of electrical re-
silience. The capacity is the reciprocal of this property. For
every formula involving a condenser there is a counterpart in
mechanics in which the compliance of a spring enters the same
way as the capacity of the condenser.

(5)-Right. A condenser might be considered equivalent to a
bottle. The leads to the condenser are the mouth and pipes
leading to the bottle. A bottle can be charged with air just
as a condenser can be charged with electricity. The back volt-
age in the condenser corresponds to the back pressure in the
bottle.

(6)-Right. The grid voltage plate current curves of tubes
are always bent more or less and the greater the curvature the
greater the detection. If the first tube detector doubles the
frequency of the carrier the other tubes amplify the double
frequency.

(7)-Right. If the first tube receives only the carrier fre-
quency any detection on this frequency cannot result in appre-
ciable interference.

(8)-Right. The first tube is to operate as an amplifier and
when the pick-up unit is connected as suggested the tube be-
comes an amplifier, or remains so.

(9)-Wrong. This stateme"t is, often made, but it is not based
on experimental evidence. The resistance coupled amplifier is
usually the most unstable, judging by experimental evidence,
instead of inadequate theoretical considerations.

(10)-Wrong. The filament leads should be as short as prac-
ticable because if there is considerable current flowing the volt-
age drop in the leads will be so high that the tubes will not get
enough. An alternative for short leads is to use heavy leads.

of Values

(5)
POWER TUBE
FILAMENT CENTER

(i)(2) I
(3)

FIG. 3
CONNECTIONS TO THE VOLTAGE DIVIDER, CORRES-
PONDING TO NUMERICAL DESIGNATIONS IN FIG. 1.

on this. Tune in a station on the highest receivable wavelength,
requiring the plates to be almost entirely enmeshed. Suppose
it is 526 meters and comes in around 95. It is obvious the highest
wavelength could not be tuned in, so reverse the moving coil,
simply by turning it alone around 180 degrees. This will require
retuning, and the station that came in at 95 will come in at 85
or thereabouts. Do the same with the other circuit, but remem-
ber that the dials will not track. Use an equalizing condenser
if you desire to bring the readings about the same. Put the
condenser across the tuning condenser in the circuit that now
calls for the engagement of greater capacity to attain resonance,
which on normal dials is the circuit that tunes numerically higher
than the other to the same resonant frequency. This is usually
the secondary in the antenna circuit.

The antenna coil is the one with two windings on the outside
form, a small one for the aerial -ground circuit, a large one con-
nected in series with the moving segment. The extremes of the
secondary are brought out to lugs at the factory, so there are
only the four usual connections, and it makes no difference
which end of secondary goes to grid.

Also on the other coil there are only four connections. In the
second coil the primary in the plate circuit is the combination
winding, while the secondary is the large fixed winding on a
separate form inside.

It is desirable to have the primary tuned and not the detector
grid in this instance as the 224 detector in the non -reactive audio
amplifier works better that way, but the rotor of the tuning
condenser then may not by grounded as it is when mounted on
the steel chassis, provided the chassis is ,connected to ground
and made B minus.

It is desirable to throttle radio frequencies at the detector
plate, especially as the audio channel is good RF amplifier, so
a shielded radio frequency choke coil is used. It is hard to
locate a condenser in this plate circuit so that the return will
not result in negative feedback, hence decreased amplification,
so an RF choke is preferable.

TROUBLE SHOOTING
The apportionment of voltages, in conjunction with the spe-

cified voltage divider, plate -grid resistor and two independent
biasing resistors is such that good results should obtain. The
actual milliampere reading on the last tube proved to be 22
ma and the effective (not applied) plate voltage 200.

The radio frequency side will work well under these condi-
tions, and without squealing. However, the RF side may be
made more selective, but less stable, by moving the power tube
filament center to the junction of the two resistors in the
voltage divider, connecting the RF plate return to the same
place, and the RF screen grid to the lug next further down.

' It is advisable to avoid regenerative effects because of reso-
nance hum. It will be noted that the circuit produces virtually
no hum. Turn the condensers to full capacity setting and try
to hear a hum. It' can be heard, but it is so faint as to be
wholly unobjectionable.

Now tune in a station. The circuit should not hum. If it does,
it is due to hum modulation impressed on an oscillatory RF or
detector tube.

All hum heard is present in the power tube. The filament
winding of this circuit is accurately center -tapped in the Polo
block. But if resonance hum is experienced it is necessary to
unbalance the filament of the last tube. Disconnect the red
center tap lead of the 2.5 volt 3 ampere winding, put a 20 -ohm
potentiometer across this winding, and use the center lug of
the potentiometer as the lead to replace the red one. Turn the
potentiometer knob until the hum disappears. Then cut off
the red lead or tape the end and coil it up for future use.
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FIG. 1
THE ARNOLD METHOD OF COUPLING TUBES WITH A
NON -REACTIVE RESISTANCE. SEPARATE PLATE AND
GRID BATTERIES ARE USED FOR THE TWO TUBES.

NON -REACTIVE amplifiers are nearly as old as the vacuum
tube amplifier itself. They had their origin in the pre-
broadcasting era and were then used for the purpose of

amplifying audio frequency currents whenever it was essential
to maintain the highest form of quality. From time to time
these circuits have been published but very little popular interest
in them has been aroused until recently.

It is the purpose of this article to review the development of
this type of circuit from the beginning to the present time.

In Figs. 1, 2 and 3 we have three different non -reactive, direct
coupled circuits given in Van der Bijl's book on the thermionic
vacuum tube and there credited to Dr. H. D. Arnold and R. V. L.
Hartley of the Western Electric Company, now the Bell Tele-
phone Laboratories. That book came out in 1920 and the circuits
had been patented at that time, so that they were not new ten
years ego. But the interest in them at this time is brand new
for heretofore the interest in such circuits have been limited
to laboratories.

THE ARNOLD CIRCUIT
In Fig. 1 we have the simple Arnold circuit in which the two

tubes are coupled by means of a resistance R. The various bat-
teries shown in the diagram are not a part of the coupling
scheme for they merely serve to give the grids and the plates
the proper voltages. Battery El serves to maintain the grid of
the first tube at a suitable negative voltage for amplification.
Its value depends on the intensity of the signal impressed on
the input terminals of the circuit, on the amplification constant
of the tube, and on the plate voltage applied to that tube by
battery E2. For a weak signal 1.5 volts would be sufficient re-
gardless of the voltages and the amplification constant but for
signals of considerable amplitude the bias should be higher.

An unusual feature of this circuit is the position in which the
plate battery of the first tube is placed, between the plate and
the top of the coupling resistor.

The steady current driven through the plate circuit of the first
tube by battery E2 makes the grid of the second tube negative
by the amount of voltage drop in the resistance R. If the
current and the resistance are high this bias is likely to be
excessive for amplification in the second tube. Of course, the
drop in R depends directly on the value of the voltage of bat-
tery E2. The higher the voltage the higher the current and
hence the higher the bias on the second tube.

In order to make the second tube operative it is necessary to
provide a battery E3 in the grid circuit of the second tube,
placed so that the voltage drop in R is counterbalanced in the
proper degree. It will be observed that this coupling arrange-
ment is similar to that now used in the Loftin -White circuits and
that the provision for obtaining the proper bias on the second
tube is also similar. Suppose that the necessary bias on the
second tube in Fig. 1 is 50 volts and that the drop in R is 100
volts. It is clear that the voltage of battery E3 must be 50 volts.
Note particularly that the positive terminal of battery E3 is
connected to the grid of the second tub t. Battery E4 serves to
provide the proper plate voltage on the second tube.

VACUUM TUBE- VOLTMETER

The circuit in Fig. 1 is frequently used as a vacuum tube volt-
meter in which the first tube acts as the rectifier of the voltage
to be measured and the second tube acts merely to amplify the
voltage. The circuit can be used for measuring both DC and
AC voltages. It is particularly suitable for measuring peak
voltages when the voltage of El is increased until the current
in the first plate circuit is zero. The amplifier serves to amplify
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FIG. 2
A VARIATION OF THE ARNOLD CIRCUIT IN WHICH A
COMMON PLATE BATTERY IS USED FOR THE TWO

TUBES, BUT SEPARATE GRID BATTERIES.

the extremely small voltage developed across R and thus to
make the voltmeter more sensitive.

However, we are not now interested in vacuum tube volt-
meters. It is as a distortionless amplifier that we are interested
in the circuit, an amplifier which amplifies DC as well as AC and
which does not offer any frequency discrimination in the audio
frequency range.

CIRCUIT NOT PRACTICAL
The circuit in Fig. 1 is not practical because of the necessity

of using four batteries. The circuit in Fig. 2 is a slight modifi-
cation of the circuit in Fig. 2. One battery has been eliminated
and for that reason it is a more practical circuit. The first gridbattery is as it was in the first circuit, but batteries E2 and
E4 have been combined into E3 and placed in the more cus-
tomary position below the coupling resistance R.

This change in the plate battery position necessitates a change
in the grid bias battery for the second tube. It has been labeledE2 in this case. Note that now the negative of the grid bias
battery is toward the grid. The way Fig. 2 is connected the
grid of the second tube would be positive by the amount of drop
in this internal resistance of the first tube, that Is to say, by
the voltage of E3 diminished by the voltage drop in R. Of
course, this positive voltage on the grid of the second tube
would render the tube inoperative as an amplifier. Hence it
is necessary to use E2 and to make its value such that it
exceeds the voltage of the drop in the first tube by the amount
of bias needed on the second tube. For example, suppose the
voltage of E3 is 150 volts and the drop in .R is 100 volts. The
drop in the tube would be 50 volts. Now suppose the voltage
on the grid of the second tube should be 40 volts negative. It
would then be necessary to make the voltage of E2, Fig. 2, equalto 90 volts.

Even three batteries in a two -tube circuit are too many and
the circuit is not particularly practical. Yet the circuit has its
applications and is capable of practically undistorted output. Aslong as both the tubes in the circuit are operated with filament
batteries there is no other simple way of obtaining negative
bias on the second tube except by the use of battery E2. Later
we shall see how a more complex arrangement, still non -reactive,
can be used with success.

THE HARTLEY REGENERATIVE CIRCUIT
It should be pointed out here that as far as quality is con-

cerned the circuit in Fig. 1 is superior to that in Fig. 2, and
with the same tube and voltages it will give a greater, amplifica-
tion, provided that the resistance in the Battery E3, Fig. 2, hasappreciable value. If a storage B battery be used there is
practically no difference between the circuits, but if a dry cell
battery be used there will be sufficient feed back through thatbattery to reduce the amplification by a considerable amount,
especially when the battery is old.

In Fig. 3 we have the Hartley, non -reactive, regenerative am-plifier. While this circuit follows the idea of that in Fig. 1, it
could also be arranged on the basis of Fig. 2. It would only
be necessary to make a slight change in the position of some
of the batteries, and the polarities of the grid batteries.

Let us analyze the circuit to see in what manner it is. regen-
erative. Suppose there is an increase in the bias of the firsttube. That is, a signal is impressed and we consider an instantwhen the impressed voltage is in the same direction as thegrid bias. We indicate the change in the actual voltage of the
grid by placing a minus sign next the grid. This change in
the grid voltage produces a decrease in the plate current of that
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FIG. 3
THE HARTLEY REGENERATIVE, NON -REACTIVE AM-
PLIFIER IN WHICH A PORTION OF THE OUTPUT
ENERGY OF THE THIRD TUBE IS IMPRESSED ON THE

INPUT OF THE SECOND

tube. We indicate this decrease by the symbol i1 and an arrow
pointing downward to emphasize the direction.

VOLTAGE ON SECOND GRID
When the current in R1 decreases the voltage on the second

grid increases, and this fact we indicate by placing a plus sign
next the second grid. This increase in the actual voltage on the
grid of the second tube causes an increase in the plate current
of that tube, and we indicate this increase by the symbol i2 and
an arrow pointing upward.

This increase in the current through R2 causes an increase
in the bias on the third tube, which fact we indicate by putting
a minus sign next the grid. The increase in the bias on the
third tube causes a decrease in the plate current of that tube,
that is, through the speaker or other load. We indicate this
decrease in the current by the symbol is and an arrow pointing
downward.

Due to the fact that each tube amplifies the change in the
plate current through R2 is much larger than the change in
the current through R1, and the change in the current through
the load is much larger than the change in the current through
R2. It follows that the change in the current through the load
is very much larger than the change in the current through Rl.

Now note that the return lead of the speaker or load is con-
nected to a point on R1 somewhat higher than the lower end.
Hence the plate current in the third tube flows through a por-
tion of resistance Rl. It will be observed that the change in
the plate current of the first tube is in the same direction as
the change in the third current through this common portion of
Rl. Hence the twice -amplified change is aids the change it in
increasing the voltage on the grid of the second tube. That is
to say, the change in the current in the first tube is in phase
with the change in the plate current of the third tube and both
tend to decrease the bias on the second tube. This amounts to
regeneration.

OSCILLATION POSSIBLE
The regeneration may be so great that sustained oscillation

will be maintained, which will happen if the plate current of
the third tube is returned to a point too far up resistance Rl.
In one typical case the coupling resistances were 100,000 ohms
and the required common portion for oscillation was only 370
ohms. The required resistance for oscillation is of the same
order of magnitude as in the common voltage supply to
start motorboating in a resistance coupled amplifier of. the
ordinary kind, provided the amplifier has three plate circuits.
Indeed, the resistance in the Hartley amplifier is less because
there is no bucking effect in the second resistor R2.

The advantage of this non -reactive, regenerative amplifier is
that almost any degree of amplification, without frequency dis-
tortion, can be obtained. It is assumed that the load does not
contain any reactance. If the load is a loudspeaker there will
be a certain reactance, which may make the circuit regener-
ate more at some frequencies than at others. There are many
applications of amplifiers in which the load is a pure resistance,
and in such cases the regenerative feature could be used to
advantage.

THE MORGAN AMPLIFIER
In Fig. 4 we have one version of the Morgan non -reactiveamplifier. This circuit is a comparatively recent addition to

resistance coupled circuits, having been published during theearly part of 1929. A close study of this amplifier will showthat it is based on the idea back of the circuit in Fig. 2. A
common plate battery is used for all the three tubes as well
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FIG. 4
THE MORGAN NON -REACTIVE AMPLIFIER IN WHICH.
COMMON PLATE AND GRID BATTERIES ARE USED,
THE GRID BATTERY VOLTAGE BEING ADJUSTED SO

THAT EACH TUBE GETS THE PROPER BIAS

as a common filament battery. A grid bias battery is used for
the first tube and another for the third tube. For the bias on
the second tube a portion of the battery for the third tube
is used. The .voltages of the common batteries are given on
the diagram. The voltage of El would depend on the signal
and the tube. In most cases of application to radio receivers El
should have a value of from 1.5 to 4.5 volts.

If this circuit is to function properly it is essential not only
that the applied voltage be as indicated but that the resistances
have the proper values. In a published circuit the resistors
had the following values: RO, .5 megohm; R1, .75 megohm, and
R2, one megoltn.

The Morgan amplifier shown above is operated with storage
batteries throughout, with the exception of El, which may be
a dry cell. Storage batteries are recommended because a three -
tube amplifier of this type would be unstable if there were
appreciable resistance in the common batteries for the same
reason that the Hartley circuit above is unstable. However,
the Morgan amplifier has been built successfully for operation
with B supply units, the condition being that the common im-
pedance be reduced to a negligible value by means of con-
densers across the voltage source. If the voltages are the same
the same values of resistors can be used in the coupler.

CHOICE OF TUBES
The first two tubes in the amplifier in Fig. 4 are supposed to

be 240 and the last tube a 171A. If other tubes are selected
changes in the voltages must be made. Even when the specified
tubes are used it may be necessary to make slight changes in
the voltages because not all tubes of the same type have the
same characteristics.

Those who have built the Morgan amplifier according to the
design in Fig. 4 claim that it is unexcelled in quality. There is
no reason why it should not be so, provided it is stabilized, for
it is non -reactive. The only reactances in the circuit are those
of the output choke coil Ch and the condenser C. If both the
inductance and the capacity are large these reactances should
have little effect on the quality. Then in some instances it is
possible to do away with them and connect the speaker directly
in the plate circuit of the power tube.

THE JOHNSTON CIRCUIT
In Fig. 5 we have what is known in Europe as the Johnston

circuit. This amplifier was thoroughly discussed in a long series
of articles in the Swedish magazine "Radio" during 1928. It
had previously appeared in a British publication, according to
the Swedish writer. Before this time it has received practically
no attention in America, but recently a slight variation of the
circuit has appeared under the name Loftin -White.

Why this potentially excellent circuit received little attention
in America is obvious. The high DC voltage required to operate
the circuit is available only in a few isolated places. In Europe,
on the other hand, DC voltages from 220 to 250 are quite com-
mon for lighting and power purposes. Hence the circuit found
favor in Europe while it received no attention here. Another
reason why the circuit did not become popular here is that
even a voltage of 250 volts distributed among several tubes does
not give any one tube a voltage that is considered essential
here. In Europe requirements have been more modest although
now there is much demand for more and more powerful sets.

PRINCIPLE OF JOHNSTON CIRCUIT
In view of the present interest in the Loftin -White circuit

let Lis analyze the Johnston circuit. The first requirement is a
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FIG. 5
THE JOHNSTON NON -REACTIVE AMPLIFIER IN WHICH
THE HIGH VOLTAGE SOURCE PROVIDES NOT ONLY
THE PLATE CURRENT BUT ALSO THE FILAMENT

CURRENT
1.:

high DC. voltage source which cannot. only supply the plate
current and voltage but also the filament current.

All the tubes must be alike as to filament current require-
ments, although they do not have to have the same filament
voltage rating. If the current requirements are different it is
possible to put suitable shunts across the filaments of those
tithes which draw less current than the tube which takes maxi-
ninth. Thus it is possible to combine .25 ampere tubes with .06
ampere tubes. As the circuit in Fig. 5 is drawn all the tubes
are supposed to draw the same filament current.

Grid bias' for the first tube is derived from the voltage drop
in Rl. Suppose the filament current is .25 ampere and the first
tube is a 240. Then the value of R1 should be 6 ohms to give
the grid a bias of 1.5 volts.

The plate voltage on the first tube is sum of the voltage drops
in the filaments of the first two tubes, the drop in R2, and the
drop in that portion of R3 which is to the left of the return of
R5 to the voltage divider. The point where this return is made
must be determined experimentally because it not only deter-
mines the voltage on the plate of the first tube but also the
bias on the second.

The bias on the grid of the second tube is the voltage drop
in R5 diminished by the voltage between the right end of R2
and the return point of R5. Now if the second tube is also a
240 its effective bias should be about 3 volts, assuming that
the plate voltage on that tube is sufficient to warrant such a
high bias. Let R5 have a value of 100,000 ohms. If we assume
a plate current of .2 milliamperes, th edrop in R5 will be 20
volts, 17 volts more than enough. Since there is a drop of
5 volts in the filament of the second tube, R5 must be returned
to a point 12 volts from the positive end of the second tube's
filament, and since the current is .25 ampere the resistance
between the return point on R3 and the positive end of the
filament should be 48 ohms.

DETERMINING THE VOLTAGE DISTRIBUTION

The voltage on the plate of the first tube should be about
90 volts. To get this voltage on the plate the drop in R2 should
be 78 volts, and therefore R2 should be 312 ohms.

Now let us skip to the power tube, assumed to be a 171A.
This tube should have 180 volts on the plate, and therefore the
drop in R4 should be 175 volts. Therefore the resistance of
R4 should be 700 ohms.

Let us assume that the value of R6 is 100,000 ohms and that
the plate current through it is .4 milliamperes. There will be
a drop in it of 40 volts. But the bias on the power tube should
be 40.5 volts. Therefore R6 must be returned to a point near
the negative end of the filament of the power tube, and not
to R4 as shown. If the drop in R6 turns out to be in excess of
45 volts the return of R6 should be made to the positive end
of the filament of the power tube, or to a point higher up as
shown. In order to get a plate current of .4 milliamperes through
R6 the applied voltage on the middle tube should be 180 volts.
That is to say, the voltage drop in R3 should be 175 volts. Hence
R3 should have a value of 700 ohms, the same as R4.

TOTAL VOLTAGE REQUIRED

Adding up all the voltage drops we find that the total voltage
required to operate the circuit is 444.5 volts. Since the current
flowing is at least .25 ampere the wattage required to operate
thiss three tube circuit would be close to 112 watts. This is
excessive unless a motor -generator is available for supplying
the high voltage. However, it is not necessary to use the high
voltages called for in the above tentative design. It would be
quite feasible to make the voltage' on the first tube 45, that. on
the middle tube 90 and that on the final tube 135 volts. This
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FIG. 6
THIS PUSH-PULL REACTIVE, DIRECT COUPLED AM-
PLIFIER WAS DEVELOPED BY MR. G. H. PARIS. STA-
BILITY AND EASE OF ADJUSTMENT ARE TWO OUT-

STANDING ADVANTAGES

could be done even if the total voltage were not greater than
220 volts by making use of a tube requiring a lower grid bias
than the 171A and by returning the second coupling resistor
as shown in Fig. 5.

The Johnston circuit is relatively stable because the current
in the voltage divider is large compared with any changes in
the plate current which may result from a signal. Notwith-
standing this oscillation may occur and much attention has been
given to securing operating stability. It is not necessary to
discuss this feature of the circuit, for the amplifier itself is not
practical in the form shown, in view of the fact that it can
be assembled with heater tubes in which the filament current
can be taken from separate transformer windings. When this
is done we arrive at a circuit like the Loftin -White amplifier,
for in principle the Johnston circuit is identical with this newer
version.

THE PARIS PUSH-PULL AMPLIFIER

In Fig. 6 is shown the diagram of a push-pull direct -coupled
amplifier developed by Mr. G. H. Paris of Duluth, Minn. This
circuit was applied in practice during 1928 and it gave excellent
results, although it is not a non -reactive amplifier. The coupling
choke coils are either equal single coils or center -tapped chokes.
The circuit can be assembled for either heater type tubes or
three -element tubes provided that the filaments of each stageare heated by a separate winding.

The essential feature of the Paris circuit is the same as that
in the Johnson or the Loftin -White. A high voltage is necessary
so that it can be divided up among the stages. For equal volt-
ages on the plates and grid the circuit requires a higher volt-
age source than a resistance coupled circuit of the same gen-
eral type, because no voltage can be saved by utilizing the
drops in the coupling impedances for bias on the succeeding
stages. The DC voltage drops in the chokes are not sufficient
to provide bias for some of the tubes, especially the power
tubes. Hence the coupling impedances must be returned to a
point on the voltage divider which is negative with respectto the filament or cathodes.

Suppose, for example, that the resistance in each choke is
500 ohms and that the plate current is 6 milliamperes. The drop
will then be 3 volts. If the tubes following the coupler requirea bias greater than this it is necessary to provide additional
bias by returning the couplers to suitable points. This addi-
tional bias is taken from the total available voltage.

STABILITY OF CIRCUIT

The stability of the Paris circuit is greater, perhaps, than
that of any other amplifier having the same number of stages.
In the first place it is balanced so that if there is any common
impedance between two stages there is practically no feedback
through that impedance. In the second place there is prac-
tically no common impedance. Moreover, the adjustment of one
stage is not greatly dependent on that of another since the DCvoltage drop in the coupling impedance plays a minor role. Thecircuit is not a DC amplifier and therefor there can be no
cumulative effect on the bias as there is in resistance coupledamplifiers.

It is clear that the Paris arrangement can be applied to
single side circuits as well as to push-pull.

The circuit developed by Mr. Paris was called to the writer's
attention in private correspondence about the same time thatthe articles on the Johnston circuit came out in the Swedish
magazine Radio. The Paris circuit was such a great departure
from circuits previously known that the writer undertook astudy of it, especially with resistance coupling between stages.
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ad How to Obtain Best Results Therefrom

FIG. 7
IN THIS SUGGESTED CIRCUIT THE RADIO FREQUEN-
CY AMPLIFIER AS WELL AS THE AUDIO IS DIRECT

COUPLED

This study led to the publication of a number of curves on
vacuum tubes as well as to a number of push-pull, direct coupled
amplifiers using resistances instead of choke coils. These cir-
cuits will be found in RADIO WORLD beginning September 15,
1928. The object of running curves on tubes was to get the
proper data on which to base the design of the push-pull resis-
tance coupled amplifiers without resorting to the cut and dried
methods.

One outstanding charateristic of non -reactive amplifiers,
whether single -sided or push-pull, is instability. Another is that,
once they have been adjusted, they are capable of unexcelled
quality.

DIRECT COUPLED RADIO CIRCUITS

It is possible to use direct coupling in the radio frequency
end of the receiver as well as in the audio end. Of course, there
is no particular advantage in doing so, but those who wish to
try it will find a suggested circuit in Fig. 7. Still another arrange-
ment is depicted in Fig. 8.

In Fig. 9 the heaters of the three tubes are connected in
series. It is possible to operate all three tubes on a six -volt
battery, or preferably an eight -volt battery, and also on a single
7.5 volt winding of a transformer.

Note that the plate circuits of the first two tubes are con-
nected in parallel in the usual manner. This is possible from
the fact that a radio frequency coupling transformer is used
between the RF amplifier and the detector. Different screen grid
voltages are required on the two tubes and for that reason
the screens are returned to different points on that voltage
divider. While the screen of the detector is returned to a higher
point than the screen of the radio frequency amplifier the
connection should be the reverse in practice, for the detector
takes a much lower screen voltage than the amplifier due to
the high coupling resistance used. If the return of the screen
of the amplifier is made to the slider of a potentiometer this
can be used as a volume control.

Grid bias for the RF amplifier and the detector tubes are
obtained independently. The bias resistor for the amplifier
should be 300 ohms, shunted by a .5 mfd. condenser. The bias
resistor for the detector depend sentirely on the value of the
resistor connected between the coupling resistor and the cathode.
If the coupling resistor has a value of 1,800 ohms and the vari-
able resistance 25,000 ohms, the proper bias for best operation
can be found by adjusting the variable resistqr. The con-
denser across the bias resistor should not be smallef than 2 mfd.

There is danger in connecting the heaters of the two final
tubes as in Fig. 9. It will be noted that the heaters of these
tubes are in close proximity to conductors which are high
potential difference. The danger, however, is minimized by the
fact that the heater circuit is not connected to any point of
the amplifier circuit.

PUSH-PULL NON -REACTIVE AMPLIFIER

The revived interest in non -reactive amplifiers has brought in
requests for push-pull circuits of the same type. Apparently
there are many fans who would like to experiment with the
circuit in its symmetrical form. To prdvide these experimenters
with a circuit to work on we include Fig. 10. Those who would
like to have additional circuits of this type are referred to the
series of articles in Radio World already referred to.

At the outset we wish td state that this circuit is not strictly
non -reactive because of the presence of the condensers Cl and

FIG. 8
ANOTHER CIRCUIT IN WHICH THE RADIO FREQUEN-
CY AMPLIFIER IS COUPLED DIRECTLY IN THE SAME
MANNER AS THE AUDIO FREQUENCY AMPLIFIER

C2. The purpose of these condensers will be explained fully in
a later article. For the present they may be omitted and the
input signal impressed across the two equal resistors R2 and R3.
The omission of the condensers renders resistance RI also
superfluous.

When the condensers are omitted it is necessary to impress
the signal on the circuit by means of a transformer, either of
the push-pull or ordinary variety, or else connect a phonograph
pick-up unit across the two equal resistances.

USE OF CRYSTAL DETECTOR
The reason why the push-pull circuit cannot be coupled to a

detector in the usual fashion has been explained many times and
is that if it is attempted only one side of the push-pull amplifier
will be active. The other side will be dead as if all the grids
were grounded.

It is, however, possible to use a crystal detector provided that
no part of the crystal circuit is grounded. When a crystal
rectifier is used the output of this detector may be connected
across the two equal resistances R2 and R3, or it may be can-
nected across the single resistance RI with the condensers in
the circuit as shown. This connection is slightly superior since
it eliminates any unbalancing effect that the direct current
component in the crystal circuit may have on the bias values
of the two screen grid amplifier tubes.

If each of the condensers Cl and C2 be made one microfarad
and the resistances that follow have values of one megohm, the
effect of the reactances will be so small that there will not be
the slightest appreciable depression of the amplification of the
bass notes as low as 30 cycles.

The tubes in the amplifier in Fig. 10 are suppo'sed to be 224
in the first stage, 245 in the power stage and a 280 in the
rectifier. While the heaters of both the 224 and the 245 require
2.5 volts it is not safe to use the same winding to supply the
power because of the high voltage that would exist between the
heaters and the cathodes of the 224 tubes. Hence two filament
windings of 2.5 volts have been provided by a separate filament
transfo'rmer. If the power transformer has two independent
filament windings not used for anything else they may be used
in place of the separate transformer. The insulation between
the windings in the transformer will be high enough,to with-
stand any voltage that may exist.

DESIGN OF VOLTAGE DIVIDER

The voltage divider in this circuit is extremely simple. R6
may be a 20 ohms rheostat or any other resistance of equal
value provided the resistor will carry abdut 75 milliamperes.
The actual current under proper adjustment of the circuit will
be approximately 74 milliamperes, but there may be considerable
variation from this due to variations in tubes and in the voltage
supply. If the current is 75 milliamperes and the bias resistor
R6 is 20 ohms the bias on the screen grid tubes will be 1.5
volts, the rated bias for these tubes. Small variations in this
bias can be compensated for as will be pointed out later, if it
becomes necessary to make any adjustments.

Now as is usual in discussing circuits of this type we skip
to the power tube to make the proper adjustments of voltages
on that tube. The plate voltage on that tube should be 250
volts, measured from the mid -tap df the output transformer or
push-pull speaker. This voltage is equal to the drop in the
potentiometer P2. Now we can select any resistance we choose
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FIG. 9
IN THIS CIRCUIT THE HEATERS ARE CONNECTED IN
SERIES. WHILE A SIX -VOLT BATTERY WILL OPERATE
THE THREE TUBES AN EIGHT -VOLT BATTERY WOULD
BE PREFERABLE. NOTE THAT IN THIS CIRCUIT THE
PLATE CIRCUITS OF THE RF AND THE DETECTOR

TUBES ARE IN PARALLEL

for this potentiometer. Our choice will depend on current
economy, availability of the potentiometer, and on the effect that
the current tapped from it will have on the total voltage drop.
We can select a potentiometer of 25,000 ohms because this is a
standard commercial value. Since the voltage across it is 250
volts the current through it will be 10 milliamperes. This is
not excessive in view cif the fact that the two power tubes take
a total of 64 milliamperes. It is also so large that any current
detoured from it by the tap will be negligible.

THE CRITICAL VOLTAGE ADJUSTMENTS

The next step in the development of this amplifier is to select
the values of the coupling resistors R4 and R5. If we choose
high values the amplification by the screen grid tubes will be
high, provided we can get high enough voltage on the plates
of these tubes. Let us choose tentatively values of .5 megohm.

Now the drop in one of these resistances less the drop in the
left portion of P2 will be the bias on the corresponding pdwer
tube. . This bias is to be 50 volts. It is not possible without
curves to tell just what the drop in either of the coupling resis-
tors will be. But it is reasonable to assume that it will be .2
milliamperes. If that is the cause the drop in either of the
coupling resistors will be 100 volts. Hence the slider on P2 is set
50 volts to the right of the center tap of the power tube filament
transformer, or one fifth of the way over.

In choosing the value of P1 we should be guided by the total
voltage available and by the current which will flow through this
resistance. Let us choose tentatively a value of 2,000 ohms.
The current through it will be close to 73 milliamperes. This
would make the voltage drop in it equal to 146 volts. Adding
to this the 50 wits from the drop in a fifth of P2 we get a total
applied voltage of 196 volts on the 224 tubes. We thus require
a total voltage of 397.5 volts to operate the circuit. That should
be the voltage across C10, for example. This does not preclude
successful operation of the circuit even if the total voltage is as
low as 350 volts. It is only necessary to readjust the positions
of the sliders of the two potentiottieters.

ADJUSTING SCREEN VOLTAGE

The most critical voltage, possibly, is the screen grid voltage
on the two screen grid tubes. That is to say, the position of the
slider on PI is the moist critical. It will be found that as the
slider is moved toward the negative end the current in the
plate circuits of the two 224 tubes will increase, and this increase
will manifest itself by a decrease in the current in the plates cir-
cuits of the two power tubes.

PRACTICAL ADJUSTMENT HINTS

As far as bias in the power tubes is concerned it can be
adjusted quite easily by moving the slider on P1, but this alone
does not adjust the circuit td the best amplying condition
because the proper setting of this slider for bias on the power
tubes may not coincide with the proper setting of the screen
grid voltage for amplification in the screen grid tubes. Hence
it is necessary not only to adjust the slider on P1 but also that
on P2. While proper adjustments could be effected by varying
the value of the grid bias resistor R6 it is best to leave this
fixed and to adjust the P1 and P2 sliders.

In adjusting the circuit it is recommended that a milliammeter

Mineral Rectifier or Phonograpi
having a range of 0-100 be used. Connect this in the circuit.
so that the current of one of the pdwer tubes flows through it.
A high resistance voltmeter is also a useful aid in adjusting
the circuit. With this the voltages in the various sections of
the voltage divider can be measured with sufficient accuracy,
although the voltages on the plates on the screen grid tubes
cannot be measured with it.

First set the slider on P2 at the extreme negative end and
then adjust the slider on P1 until the meter reads 32 milliam-
peres. The bias on the corresponding power tube is then cor-
rect, assuming that the voltage across P2 is 250 volts. It will
now be found that if the slider on P2 be moved toward the
pdsitive the plate current will decrease, indicating that the bias
is being increased, and this increase is due to an increase in the
plate current of the screen grid tube involved. But the current
can be brought back to the proper value by moving the slider
on P1 toward the positive.

If a signal is being received during the adjustments it is pos-
sible to find experimentally the best settings of both sliders. The
best adjustment is that which gives the greatest signal strength
while the steady reading current in the tube is kept at 32
milliamperes.

In case the total voltage available is less than that specified
above it may be best to use one megohm values of R4 and R5.
The drop will be slightly higher in them and a little more voltage
can be conserved by moving the slider of P2 toward the
positive.

BY-PASS CONDENSERS

We have not yet mentioned the by-pass condensers. As
always, the larger these are the better, but it may not be
necessary to use larger values than one microfarad in any posi-
tion. Push-pull requires less than single sided amplifiers. Note
that the condensers are connected so that the by-passing is done
td the cathodes, or to the center tap of the power tube filaments.
Exceptions are those which are strictly parts of the B supply,
which are connected in the usual manner. These condensers
also have the customary values, 2,2 and 4, for example.

There is one reason why the, by-pass condensers in a push-
pull amplifier should no't be large, and that is the self -balancing
tendency in case the signals are unequal in the two sides. But
the advantage of large by-passing far outweighs this effect.

DISADVANTAGES OF PUSH-PULL

The successful operation of an amplifier of the type shown in
Fig. 10 depends on the equality of the two tubes in a stage. If
they are not equal it is impossible to effect the proper adjust-
ment of the two sides at the same time. Suppose, for example,
that the upper screen grid tube passes more current than the
lower when the voltages are the same on all the elements. The
bias on the upper power tube will then be greater than that onthe lower. The balance will be entirely upset. If the upper
tube is adjusted for amplification the lo'wer may draw too much
current. If, on the other hand, the lower tube is adjusted for
amplification, the bias on the upper may be so large that the
plate current is entirely cut off.

There are various methods of remedying this condition. First,
the screen grid tubes may be selected because they have identicalcharacteristics. Second, the resistances R4 and R5 may, be made
unequal by the correct amount. Or if they are unequal to start
with and that is in part responsible for the unbalance the tubesmay be switched around.

However, it may be impossible to remedy the situation by
these simple changes. In that case it will be necessary to adjust
the different voltages on the two screen grid tubes indepen-
dently. We have three chances here of effecting equality asfar as the bias on the two power tubes are concerned. First,
we can make the bias voltages on the two screen grid tubes
unequal by returning R2 and R3 to different points on R6. Sec-
ond, we can return the screens to different points on P1, and
third, we can return R4 and R5 to' different points on P2.

ADVANTAGES OF PUSH-PULL

Symmetrical amplification has many advantages over singlesided amplification. First, there will be less distortion due to
overldading of tubes and to curvature of the tube characteristics.That is the. usual point in which push-pull is superior. Second,there will be less feedback through any common impedance
that may exist between two stages. If the circuit is truly sym-metrical there will not be any feedback at all. Third, there isless hum in the amplifier. One side of the circuit bucks out thehum in the other side. This effect is only complete when thesymmetry is complete, but even partial symmetry will effect a
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Ind Crystal Detectors
Pickup Feeds Symmetrical Audio Circuit

FIG. 10
A PUSH-PULL NON -REACTIVE AMPLIFIER WHICH
HAS MANY ADVANTAGES OVER A SINGLE SIDED
AMPLIFIER. SUCH AN AMPLIFIER IS ONLY AS GOOD
AS THE SYMMETRY AND THE VOLTAGE ADJUST-

MENTS.

great improvement. As a result of this hum -bucking the B
supply need not be so thoroughly filtered as that required in a
single sided amplifier.

Before passing to another subject let us emphasize the fact
that the push-pull amplifier in Fig. 10 cannot be connected after
an ordinary detector tube without the intervention of a trans-
former of some kind. To show this let us assume that the
upper terminal be connected to the plate df the detector and
the lower to B plus. Now as far as the signal is concerned the
lower terminal will be at ground potential. Therefore, since C2
is a condenser of very large capacity, the grid of the lower
screen grid tube will be at ground potential. But the cathode
df that tube will also he at ground potential. Hence there will
be no appreciable signal voltage drop in R3, and the lower side
of the circuit will be quite dead. Of course, the amplifier will
operate but it will not be a push-pull circuit. Only the upper
half will be effective.

The circuit can, however, be operated with a crystal detector,
as has been stated, provided that no part of the crystal circuit
is grounded. It can also be used for amplification of phonograph
pick-up signals. Another application would be to push-pull
microphones, either of the double -button carbon type or the
condenser type. When these are used the central point on the
microphone circuit should be grounded, either directly or through
a large condenser.

A high quality coupling transformer can be used between
the detector and the amplifier without killing one side, and
the secondary of this transformer may be connected either
across the input terminals shown or across the resistors R2
and R3.

A SUITABLE INPUT

In the first article on the non -reactive amplifier in the Jan.
18th issue we shdwed a double tuner as a possible tuner to
precede the two tube Loftin -White circuit. Some have tried this
tuner and reported fair success. Others have reported total
failure. Perhaps it will be recalled that this tuner was not put
forward with any assurance that it would be a signal success.
Indeed, doubt was cast upon it, and it was only published as a
report of a development by others.

There is no questidn at all that such a simple tuner will
suffice if the receiver is used close to a broadcasting station.
Likewise there is no doubt at all that the circuit will fail to
receive distant stations, and not so distant at that. After all,
there is no substitute for amplification. A tuner does not
amplify; it selects more dr less. Even a non -reactive circuit
of two tubes using one screen grid tube adjusted to do its
utmost will not amplify enough to put a super -heterodyne or a
neuterodyne in the shade. Let there be ample radio frequency
amplification ahead of the two tube audio circuit and there will
be ample signal strength. Whether or not the radio frequency

FIG. 11
A DUAL TUNER THAT HAS PEEN SUGGESTED AS
SUFFICIENT TO PRECEDE THE LOFTIN-WHITE TWO -
TUBE AMPLIFIER. A TUNER OF ANY KIND IS NOT

A SUBSTITUTE FOR AMPLIFICATION.
amplification is ample or not depends entirely on conditions
and on the place.

REGARDING COUPLING CONDENSER
We print the dual tuner suggested for the convenience of our

readers sd that we may have something definite to talk about.
It is found in Fig. 11.

There is a coupling condenser C3 between the two tuned cir-
cuits. This condenser should be very small. If it is large the
two tuned circuits might as well be connected together at the
top as well as at the bottom. And when that is done there
results only one tuned circuit consisting of two equal induc-
tances in parallel and two equal condensers, also in parallel.
It would be better to do away with C3 and the second tuner.

When C3 is very small there are two equal tuned circuits
loosely coupled together, and the two can be tuned indepen-
dently of the other. The mutual effect will be smaller, the
smaller the coupling condenser. Let this condenser be a midget.'
An electrolytic condenser of 52 mfd. will not work.

FIG. 12. A NON -REACTIVE AMPLIFIER SHOWING
WHERE TO CONNECT THE MILLIAM M ETERS WHILE

ADJUSTING THE VOLTAGES.
When adjusting non -reactive amplifiers milliammeters are

useful as an aid in determining when the grid bias is correct.
The meters should be placed as shown in this diagram. The
meter in the plate circuit of the first tube should be a micro -
ammeter having a range of 0-100 microamperes and the meter
in the plate circuit of the power tube should be a milliammeter
having a range of about 0-100 milliamperes.

This arrangement applies to a single sided amplifier but since
either side of a symmetrical amplifier is of the same type the
connection is the same for that type of circuit. Few fans will
have a microammeter sensitive enough to measure the current
flowing in the plate circuit of the first tube and ordinary milli-ammeters will not measure the small current with any useful
degree of accuracy. When no sensitive meter is available it isbest to rely on the final meter and adjust the circuit until theplate current in the power tube is correct and until theamplification is satisfactory.
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How Methods of Bias
Plate Voltage and Tube Structure Compel

By Herbert

FIG. 1
A resistance cou-
p 1 e d amplifier
using three -ele-
ment tubes in
which the grid
bias should be ad-
justed to fit the
applied plate

voltages.

SHOULD the grid bias on a tube be adjusted according to
the applied voltage in the plate circuit or to the effective
voltage on the plate of the tube? That question is fre-

quently asked. The answer is neither yes nor no, because it
depends On the kind of tube that is in question.

The voltages specified by the manufacturers are the actual
voltages on the plates of the tubes, and when the coupling devices
are transformers or chokes, either radio or audio, the actual
voltages on the plates are practically the same as the applied
voltages in the plate circuits, but when the couplings are
resistors the actual voltages on the plates may be totally different
from the applied voltages.

When the manufacturers of tubes give performance curves
it is understood that the voltages involved are those on the
plate and the output power and plate currents are based on
this supposition. There is usually a discrepancy between the
load conditions and the currents to be expected but very little
attention has been given to it. Perhaps it is this discrepancy
which accounts for the many questions that are asked concern-
ing grid bias and plate voltage.

DIFFERENT TUBES, DIFFERENT RULES
The same rules do not apply to screen grid tubes as to three -

element tubes and due to this fact many mistakes have been
made in designing resistance coupled amplifiers with screen grid
tubes.

Let us first discuss the three -element tube. For this tube
it is the voltage in the plate circuit that counts in determining
the grid bias td be used. This is true no matter what kind of
load is put on the tube, transformer, choke, or high resistance.

One might suppose that when a very high resistance is used
in the plate circuit the grid bias should be adjusted according
to the actual plate voltage since at first thought it looks reason-
able that a drop in the resistance, which may amount to 95 per
cent o'f the total voltage in the plate circuit, should be taken
into account when selecting the bias. But this is not the case.
It makes no difference whether the plate coupling resistance is
one ohm or ten million. The bias to be selected is the same
provided that the voltage in the plate circuit is the same.

When the coupling resistance is of the order of one mego'hm
the steady state current in the plate circuit may be of the order
of a few microamperes and where there is a very small resis-
tance it may be of the order of a few milliamperes. Whatever
the plate current may be the grid voltage has the same relative
effect on that current since the effect depends on the amplifi-
cation constant Of the tube, 'and this is practically independent
of the effective plate voltage, so long as this voltage is greater
than a few ohms.

DIFFERENT BIAS POSSIBLE
From this it is not to be supposed that for any given voltage

in the plate circuit only one particular bias must be used in the
grid circuit. Dierent bias values may be used, depending on the
signal voltage amplitude that is to be impressed on a given tube.
The bias must always be at least as great as the peak value
of the strongest signal that is to be applied to the tube. If
the signal is so great that the required bias would reduce the
plate current to zero, or to a point on the characteristic where
there is considerable curvature, the only alternative is to in-
crease the voltage on the plate circuit.

This do'es not necessarily mean that the effective voltage on
the plate should be increased. That would do little good, if,
for example, it were increased by reducing the value of the
coupling resistance. It would do harm to increase the effective
voltage in this manner. It would not only introduce a greater
percentage of distortion but it would also decrease the effective
voltage amplification. The only correct way of increasing the
effective voltage on the plate is to increase the voltage in the
plate circuit, leaving the plate coupling resistance at its original
value or else increasing it. The increase in the effective voltage

on the plate in this case is only incidental to increasing the
voltage in the plate circuit.

In dealing with three -element tubes the best thing to do is to
forget all about the effective voltage on the plate. It will take
care of itself. The only concern should be that the applied
voltage is high enough to support the signal which will be
applied in the grid circuit.

A WORKING RULE

A good working rule in selecting an applied plate voltage is
to multiply the grid bias that must be used by the amplification
factor of the particular tube used and then make the plate
voltage equal to or greater than the product thus obtained.
For example, suppose the grid bias must be 4.5 volts to prevent
the grid ever from going pOsitive and let the tube be one having
an amplification factor of 30. The product of 4.5 and 30 is 135,
which should be the least voltage to be applied in the plate
circuit. It would be better to make the voltage in this case
180 volts in order to prevent distortion when the grid swings
to 9 volts negative. But the 135 volts will work all right.

If the tube in this case is one having an amplification factor
of 8 the applied voltage would 45
for good measure. This, however, is not practical for a tube
that has an amplification of only 8 would have to be bias much
more than 4.5 in order to get a substantial signal voltage out
of it. Of course, it depends on the position of the tube in
the amplifier. If it is first 4.5, or even less, would be sufficient.
If, on the other hand, it is next to the power tube the bias may
have to be as high as 13.5 volts. This would call for a plate
voltage at least 108 volts. To eliminate distortion from curva-
ture when the grid voltage swings to 26 negative, the applied

Solution of Problems
At the recent Motorboat Show in New York City radio

receivers were shown installed on large and small craft.
Compactness seems to be the general trend. Craft sold

equipped with sets usually have the apparatus in an out-of-the-
way corner of the main cabin. In some of the larger boats
loud speakers are installed in several parts of the craft, per-
mitting the yachtsman to enjoy radio concerts from either thebridge or main cabin.

Problems of installing radio aboard the small pleasure boat,
while not as difficult, are comparable to those encountered in
the installation of sets on automobiles. The ignition system of
the gasoline engine has a tendency to cause interference. How-
ever, because of the additional room available on the boat, it
is possible to carry a separate storage battery for heating the
filaments of the tubes in the set, thereby eliminating the neces-
sity for elaborate shielding to prevent interference.

Radio sets designed for use on pleasure boats are not much
unlike in design to the standard receivers used in the home.
They differ, however, in method of obtaining power for opera-
tion. Because of the limited power facilities it is necessary to
obtain plate voltage for operating the set from drycell batteries,
rather than operate it from the lighting plant.

A number of radio set manufacturers are making battery
operated receivers especially for use aboard pleasure craft.These receivers are only slightly different from sets built for
home use, differing in power operation and the use of tubes
and associated apparatus for battery operation. Such sets areusually table models. Technically they contain three or four
stages of standard or screen -grid radio -frequency amplification.

All other tubes are of the -01A type, with the exception ofthe final stage of audio amplification. In the majority of re-ceivers of this type tubes of the -71A type are employed in
push-pull amplification for the final magnifier.

Loudspeakers preferably are of the magnetic type, although a
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Determination Differ
)ifferent Manner of Reaching Requirements
E. Hayden

voltage should be at least 180 volts. It is always better to use
a high voltage than one that is just- barely enough. There is
no need of worrying about the danger to the tube because it is
the plate current which will do the damage, not the voltage, and
the current through a high coupling resistor will be negligible
even if the voltage were twice as high as that specified by the
manufacturers, assuming that the plate coupling resistance is
at least equal to the internal plate resistance of the tube.

It is not until the actual voltage on the plate of the tube
exceeds that specified as the maximum safe voltage that the
tube is in danger. Here is one case where the actual voltage on
the plate has any significance. If the applied voltage in the
plate circuit is higher than that actually needed the amplification
will be slightly greater and the distortion will be less, as was
stated above.

AN EXAMPLE OF RESISTANCE COUPLING
In Fig. 1 is an example of a resistance coupled amplifier in

which the tubes are of the three -element type. In this circuit
the applied plate voltages are the same on all the tubes and
equal to that on the power tube. If that tube is a 245 the plate
voltage should be 250 volts, which is not too, high if the plate
coupling resistors are 100,000 ohms or higher. They could well
be as high as one megohm.

The grid bias posts have been left blank because different
bias values may be needed on all the tubes. The first tube
operates a bias detector, 'or pdwer detector since the plate
voltage is high, and therefore Cl should have a very high value,
best found experimenlally.

The bias on the second tube would depend on the amplification
constant of that tube and on the signal voltage delivered to it
by the detectdr. Suppose the tube is a 227 and the signal
voltage may be as high as 1.5 volts, which is' quite possible.
The bias should then be no less than 1.5 volts. But since the
plate voltage is very high there is no reason why the bias
should not be 3 or 4.5 volts. It is assumed that the coupling
resistor following the second tube is high enough to prevent
an excessive current flowing the circuit.

THIRD BIAS DETERMINED
The bias on the third tube depends on the amplification factor

of that tube and on the signal voltage delivered to its grid.
Suppose the tube as before is a 227 and that the signal voltage

of a Set on a Boat
number of small boats are equipped with battery operated
dynamic reproducers. This latter type of reproducer is operated
from the storage battery supplying the filament potential.

In installing the receiver aboard the pleasure boat, says the
N. Y. "Herald -Tribune," it is desirable to stow it away where it
is conveniently reached, but as far from the motor and the water
line as possible.

Keeping it away from the engine will lower the tendency
of ignition interference and permit the operation of the receiver
while traveling.

Salt water plays havoc with a radio set and for this reason
it should be located in a dry place where it is shielded from
spray and excessive dampness. As an additional precaution it
is desirable to locate the receiver in a cabinet which may be
closed tight when the set is not in operation.

Erection of an antenna aboard the small boat is riot near so
difficult a problem as in the case of the automobile.

While modern receivers require only a small aerial to give
satisfactory results, in the case of the smallest of cabin pleasure
craft it is possible to erect a pick-up system which will give
results comparable to those obtained at the home installation.

For an aerial, one or two wires may be strung from stem to
stern over the crossbar of the mast. This allows the use of
approximately thirty feet of wire at a minimum, and is ample
for the modern set, particularly those of the screen -grid variety.

Ground connection may be obtained by attaching a wire to
the propeller shaft housing. no'wever, if this should prove noisy,
either of two methods may be employed. Perhaps the simplest,
but the most inconvenient, is to trail twenty or thirty feet of
wire in the water and attach this to the ground post of the
receiver. The other method is td fasten copper wire or strip to
the hull of the boat below the water line. If the craft has a
metal keel this may be used quite well as the grounding
connection.

FIG. 2
A CIRCUIT CONTAINING A RESISTANCE COUPLED
SCREEN GRID TUBE IN WHICH THE BIAS MUST BE

-ADJUSTED TO FIT THE COUPLING RESISTANCE, THE
APPLIED PLATE VOLTAGE AND THE SCREEN

VOLTAGE.

is 1.5 times the amplification in the second tube. This may
well be 7 times, sd that the signal voltage that can be expected
at the grid of the third tube is 10.5 volts.

Thus the bias on the third tube should exceed 10.5 volts.
Suppose we make it 13.5 volts. The amplification in the third
tube may also be 7 so that the output voltage will be 73.5 volts.
Now the power tube will take a voltage of only 50 volts before
it overloads. Hence there is ample latitude and the power tube
will be the first one to overload. The bias on the power tube
will be determined automatically by the grid bias resistor
provided.

When we are dealing with screen grid tubes the situation is
entirely different. The effective voltage on the plate counts
and counts heavily. If we should attempt to ignore the voltage
drop in the plate coupling resistor and use the applied plate,
screen grid voltages as recommended we would not get any
amplification at all. It can be shown by curves taken on such
a tube  that the effective plate voltage should be at least twice
as great as the applied screen voltage at every part of the
grid voltage cycle if the tube is to amplify properly. If at any
time the screen grid voltage is higher than the effective plate
voltage the screen will take practically all the electrons from
the cathode or filament and there will not be any left for the
plate.

SCREEN GRID TUBE ADJUSTMENT

There is a way to offset the effect of the screen grid voltage
to some extent when it is higher than the effective plate voltage,
and that is by increasing the grid bias on the tube. For any
given combination of applied plate and applied screen voltage
there is one control grid voltage which will render the circuit
operative regardless of the value of the coupling resistance,
but the tube will not necessarily functidn well.

If we keep the control grid voltage, the applied plate voltage,
and the coupling resistance at fixed values there is also one
value of screen grid voltage which will render the circuit opera-
tive, and that screen voltage is usually only a small fraction of
the voltage recommended for the screen in a circuit in which
there is little drop in the plate circuit. This reduction will render
the circuit operable but it will not necessarily make it operate
well. If we wish to retain the high amplification' of which a
screen tube is capable there is no other way of doing it than
by increasing the applied plate voltage to very high values.
Indeed, the applied value should be so high that after the drop
in the load resistance has been discounted the net voltage on
the plate 'should be at least twice as high as the screen grid
voltage, and that when the control grid voltage has the maxi-
mum value, that is, when it is near zero. When this condition
is fulfilled the screen grid tube will amplify enormously and it
will amplify with no more distortion than a three -element tube.

The conclusion is that the grid bias for a three -element tube
must be adjusted according to the applied plate voltage and the
bias on a screen grid tube should be adjusted to the particular
combination of screen voltage, applied plate voltage, and the
value of coupling resistance used.
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SLEEP IS LOST,

THRILL GAINED

HEARING KING
BY REED M. ANTWEEP

The voice or King George IV of Eng-
land was heard 'round the world when
he addressed recently the London Naval
Arms Conference, in the Royal Gallery
of the House of Lords.

The reception in the United States
was particularly good. The program was
picked up by wire by 5SW, Chelmsford.
England, and sent out on short waves re-
ceived on this side of the Atlantic and
impressed on broadcast carried frequen-
cies by the National Broadcasting Com-
pany and Columbia Broadcasting Sta-
tion System chains, and the Canadian Na-
tional Railways chain.

When it was 11 A.M. in London it was
6 A.M. Eastern Standard Time, 5 A.M.
Central Time, 4 A.M. Mountain Time and
3 A.M. Pacific Time, in the United States,
so the percentage of listeners in respect
to the number of receivers in those time
belts was proportional to the lateness of
the hour. Mountain Time dwellers, or
in the case victims, found it hard indeed
to get up early enough to listen in, even
for a King.

The President of the United States, as
an E. S. T. early bird, not only managed
to hear the King, but preliminary remarks
as well, and had done a little exercising in
the basement of the Whte House prior
to that. President Hoover commented on
the clearness of the reception of the
King's voice, the absence of interference,
and the fact that so many spoke in Eng-
lish.

In the Pacific Time Zone all one had
to do to hear the King was to stay up
late, while in Eastern Standard Time one
had to get up early, and the difference
between a delight and ordeal made His
Majesty's voice more of a magnetic at-
traction in the Far West. What radio-
ists were interested in principally was
hearing the King's voice, rather than in
what he might have to say, since the
broadcasting was a real feat, and there
was a thrill of hearing a King across the
ocean and a continent.

More than 125 stations in the United
States and 13 stations in Canada attended
to the wholly satisfactory distribution of
the treat over the North American Con-
tinent. All one had to do, besides getting
up early enough, or staying up late
enough, was to tune in a local station
and hear His Majesty's voice in one's own
home for the first time in the history of
this or any other world.

The King was in good luck, because the
static bombardment at dawn was terrific,
and had engineers worried. The explo-
sions and rumbles, like distant cannon
combining their irritating fusillade with
the sound of breakers attacking a coast
of granite cliffs, threatened to furnish the
King's speech with punctuation he never
intended, and confound his words with
atmospherics that even nature should
avoid in deference to a King. But just
as His Majesty started to speak the air
cleared up, and things went along bril-
liantly.

Breaking of light on the intervening
waters, at points that had been subject
to interference, gave the short waves their
familiar opportunity to carry beter in
daylight than in darkness, a condition ex -

Engineer's Heroism
Saves King's Talk

The speech by King George went over
the Columbia Broadcasting System due
to the heroic completion of an open cir-
cuit through the body of Harold Vivian,
chief control operator.

Someone tripped over the generator
wire just before His Majesty was to
speak. Thousands of listeners were
eagerly awaiting the royal voice. Vivian
grabbed the several ends, one in each
hand. The shocks of the 250 -volt charge
and the leakage of current through his
body to the floor shook his arms with
spasms. But he held on until new wires
could be connected. By that time his
hands had been slightly burned and he
was feeling the effects of the ordeal. As
soon as the broadcast was finished he was
sent home to bed. But officials of the
company said last night that he was not
seriously hurt.

The King's speech lasted six minutes.
It was not preceded by any announce-
ment. His voice was heard clearly by the
audience here. But none of the thou-
sands of the Columbia's listeners was
aware that save for Vivian's presence of
mind and his pluck in clinging to the
frayed ends of the broken wires their
wait to hear the King would have been
in vain.

actly opposite to action on broadcast fre-
quencies.

There was some confusion in American
homes, as the King was late. His Ma-
jesty is noted for his orthodox prompt-
ness, but a white fog in London. one of
those truly rare occasions, since in Lon-
don the air gets a little thick at times but
you could not call it a fog-made it im-
possible for all the King's horse and
henchmen to ket him on time at the
House of Parliament.

In fact, outriders preceded the royal
carriage with lanterns. It was explained
by a bystander loyal to the traditions and
prestige of London that it is a quaiqt
custom to preced the King with lanterns
at 11 a.m. if he is to address an arms
was perfectly posible to see without lan-
terns through the -er- thick weather, if
one only new hokw.

The confusion, slight though it was,
arose from the eight -minute lateness of
the King, and the further fact, most
astonishing to Americans, that His Ma-
jesty went on the air without any intro-
duction whatsoever.

In this country listeners are used to
the most florid and grandiose introduc-
tions of nobodies, and to think that the
king of the greatest kingdom on earth
should take the air without so much as
a how -do -you -do nearly took the breath
away from those who were not asleep. All
persons not aslep or working the early
run on the railroads and street car lines
were deemed tq,,be listening in.

And at the end no announcer so much
as said, "Thank you, Your Majesty; youdid great."

Besides the King there were other
speakers, including Premier MacDonald ofGreat Britain, Premier Tardieu, ofFrance, Foreign Minister Grandi of Italy,M. Vakatsuki, of Japan, and Secretary
of State Stimson.

Copenhagen, Denmark; Geneva,Switchwerland. and topmost Alpinepoints, as well as Germany, heard the
program well, all of it, all tongues, all
speakers. The only thing that did notcome in were the remarks introducing
the King. and, as already hinted, thereweren't any such.

So another historic event in broadcast-ing pased into history, from which it isnot likely to emerge.

Columbia Expo
The stage has been reached when chain

Committee on Interstate Commerce learned 1
Broadcasting System, which expects to show

The Columbia System is owned SO-SO by
of individual stockholders, and owns its key, WI
Chicago, and WCCO, Minneapolis. The C. B. $
Prior to Jan. 1, 1928
From Jan. 1, 1928, to Dec. 31, 1928
From Jan. 1, 1929, to Dec. 31, 1929

Mr Paley said the Columbia network, sery
ent," and depends for its earnings solely on ai
brought competition and variety into chain pit
for the benefit of listeners, he declared.

"In a broad sense," he said, "the Columbia
that regulates and chooses the Congress-the

Discussing the legislation before the COMO
constructive legislation.

"The one thing 1 hope above all else is thy
vent us from continuing on a sound business be

Mr. Paley pointed out that approximately
devoted to service or "sustaining' or self-cas
or paid advertising programs.

Service programs are given to the network i

stations accept the first five hours of the spas
without compensation. After these initial five
stations $50 per hour, Mr. Paley said, but in is<

Of the sustaining or service programs offei
are popular music, 26 per cent. symphony, of
Live; 4 per cent. religious; 3 per cent. dramatic,

Frederic William Wile, who broadcasts weep
night," receives $175 per week, Mr. Paley said.

The "American School of the Air," planned 11
the Office of Education and of the Departms
be inaugurated, Mr. Paley said.

In a statement issued by Mr. Paley is the fol
"In conducting Columbia on what we consid

sarily keep uppermost in our minds the need
strue as the keystone of any successful busk!
to devote approximately 75 per cent. of our ti
sponsored programs.

"For instance, in the current week, only 22
were sponsored. It may properly be obsery
generally are acute and enlightened in mainta
ments with the dramatic or musical quality of

"Most sponsors have come to realize that th
is inserted. They now are voluntarily refining
announcement of sponsorship is prevalent am
ing advertisers.

"In addition to the improvement of advertis
larlv to each of our 71 associated stations well'

NBC Asks Flea
Sympathy with the resolve to regulate broad

too stiff to cope with changing conditions, w
dent of the National Broadcasting Company, be
merce, on the bill for a communications Comm

"I wish to state first of all that I have no ob
protect the public interest in radio broadcast]
feel sure that I am in complete accord with

"I shall therefore endeavor to lay before y
to you in dealing with a very young art that
radio broadcasting as we see it today would
problem would be much simplified from a 1egis

"Under those circumstances I should expect
measures in the form of legislation. But, sin
broadcasting change almost from day to day,
ures may have flexibility adequate to accommc
de nt ly expect.

"If we are to establish a communications c
I earnestly hope that the body will operate un
specific instructions that might handicap future

"To cite just one proof of the rapidity of ch
were endeavoring to exchange programs with
tion was good and sometimes very poor. We vi
program from across the Atlantic.

"By December we were able to state with r

Christmas orograms with England, Germany a
success. When developments of such import a
art itself must necessarily be regarded as quite

"Only three years ago broadcasting was sea
obstacles. Now programs are sent out with cer

"We still have before us the old problem pr
On the basis of the present status of radio bra
'cleared channels' may be obtained.
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;s 1929 profit
Washington.

can get "out of the red," the Senate
William S. Paley, president of the Columbia
it for 1929, for the first time in two years.
unt-Famous-Lasky Corporation and a group
Kew York City, also an interest in WBBM,
vs the following :

Loss, $205,424
Loss, $172,655
Slight profit

t affiliated stations, is "absolutely independ-
f time for sponsored programs. It has
s, and is constantly adding to its features

a is regulated by the same supreme power
le."
Mr. Paley said he did not oppose broad,

legislation will be enacted which will pre -
he declared.
er cent. of Columbia's time on the air is
tory programs, as contracted to "sponsored"

as free of charge, he said, and in turn these
advertising programs offered by Columbia

irs, Columbia pays the majority of its
cases pays stations up to $100 per hour.

y Columbia, Mr. Paley said, 29 per cent.
and chamber music; 14 per cent. instruc-
! per cent. civic.
['he Political Situation in Washington To-

e Columbia System with the approval of
if the Interior and Agriculture, will soon

tg:
be a sound business basis, we must neces-

mdering real public service, which I con-
mterprise. We have found ourselves able
m the air to service, as contrasted with

cent. of the programs over our system
ere that sponsors of network broadcasts
careful balance of advertising announce -
programs.

blic will tune out if too much advertising
presentations to a point where the briefest

the largest and most successful broadcast-
%

.rograms, we are now able to furnish regu-
ced programs."

)le Regulation
Washington.

ig, but hope that regulation will not be
:pressed by Merlin Hall Aylesworth, presi-
the Senate Committee on Interstate Com-
m. In a statement Mr. Aylesworth said:
n to governmental regulation designing to
3n fundamental principles and purposes I
Dmmit tee.
1 the facts I have that may be of assistance
veloping rapidly. If we could assume that
aM in status quo for even five years the
point of view.
committee to formulate specific regulatory

ie technical, engineering phases of radio
my earnest hope that the regulatory meas-
the technical advancement that we confi-

ssion that shall control radio broadcasting,
road powers and not be hampered by too
ress.
in radio broadcasting, last Summer we
and European stations. Sometimes recep-

unable to announce with certainty any

able certainty that we would exchange
[olland, and we did so with outstanding
king place within a six-month period the
hful and fluid.

because we could not combat weather
of reception every month of the year.

ed by the need for more 'cleared channels.'
ting it is not easy to determine how those

Wants Broadcasts
on Birth Control

At the annual meetng in New York
City of the American Birth Control
League, the National Broadcasting Com-
pany was called "narrow and unprogres-
sive" because of its refusal to broadcast
addresses delivered in November at the
National Birth Control Conference.

Forrest Bailey, director of the Aineri-
can Civil Liberties Union, making the
characterization, added that there is need
of a movement to impress upon commer-
cial radio broadcasting stations their ob-
ligation to their patrons of transmitting
subjects of vital importance, an advanced
position, he said, in regard to all contro-
versial subjects of great public interest.

Censorship is based on prejudice, Mr.
Bailey contended, adding that while com-
mercial broadcasting enterprises may well
use their prerogative, refusing to grant
the use of their facilities to broadcasts
which they consider obnoxious, irritating
or improper, it would be absurd, how-
ever, to adopt a medieval point of view
and regard all topics relating to sex as
improper and obscene.

Such attitude, he said, was rejected
long ago by science and human advance-
ment.

Radio Broadcasting, Mr. Bailey added,
became a monopoly under private owner-
ship, and to assure the freedom of the
air he advocated socialization of the in-
dustry.

TALK IS TUNED

IN AND NOT OUT
Villanova, Pa.

Radio colleges will be an established
influence in the educational life of America
within the next five years, the Rev. Dr.
James H. Griffin, president of Villanova
College, forecasts. The Rev. Dr. Griffin
is making a study of the efficacy of edu-
cational broadcasts. He said:

"Listeners no longer dial away from
every radio talk. They have learned that
special broadcasts, such as the one from
the American Philosophical Society in
which Dr. Elihu Thomson, the famous in-
ventor, and Dr. Harlow Shapley, Harvard
astronomer, took part, are entertaining
as well as informative.

"Broadcasting is entering a  new cycle.
It has passed the novelty stage and it is
putting behind it the days when listeners
demand only entertainment."

He regards educaton over the air not as
a competitor of the college but as an ad-
junct. He believes broadcasts may help
to solve the problem of continuing the
education of the graduate after he leaves
college.

"The success of educational broadcast-
ing depends upon making the program in-
teresting to the last minute, through
dramatization," he asserts. "The person
before the microphone must realize he
cannot depend upon his appearance and
gestures to hold the attention of the
listeners."

Educational broadcasts derive their
strength from the fact that the listeners
are in receptive mood, he believes. Hence,
the lecturer does not have to overcome
mental indifference or resistance in the
student.

HOOVER WANTS

$206,640 MORE

FOR THE BOARD
Washington.

The estimate of supplemental funds re-
quired for the Federal Radio Commission
for 1931 was submitted by President
Hoover to the House, calling for $206,-
640.

The Budget Bureau had written to thePresident:
"The budget fOr the fiscal year 1931

contains an estimate of $118,360 for all
authorized expenditures of the Federal
Radio Commission, except the pay of the
five Commissioners. That estimate was
predicated on the then existing law, which
provided that the Federal Radio Commis-
sion would function after December 5th,
1929, as an appellate body only.

"The act of December 18th, 1929, con-
tinues indefinitely all powers and author-
ity vested in the Commission to carryon duties not contemplated when the
budget for 1931 was submitted. This es-
timate, $206,640, is in addition to the esti-
mate contained in the budget, $118,360,
making the total of the estimates for all
authorized expenditures of the Commis-
sion, except the salaries of the five Com-
missioners, for the fiscal year 1931, $325,-
000."

Canada Heard Arms
Program Clearly

Montreal.
The broadcasting of the opening meet-ing of the Naval Arms Conference in

London, including the address of His
Majesty, the King, and of Secretary ofState Stimson, the United States dele-
gate, and Mr. Ralston, who spoke for
Canada, and others who took part in the
ceremony, was heard perfectly in all
parts of Canada by radio audiences,, ac-
cording to E. A. Weir, director of the
Canadian National Railways radio de-partment.

The department, with its thirteen sta-
tions, took all_ active part in the broad-
cast across Canada from Moncton to
Vancouver. Reports from CNR V, the
most western station, Vancouver, British
Columbia, indicated that reception at the
Pacific Coast was as satisfactory as inthe East.

The broadcast began at 6:08 a. m.
Eastern Standard Time, when the King
made his first public utterance since hisillness. Coming on such an important
occasion his remarks were heard with the
greatest interest.

"There was a little fading," commented
Mr. Weir, "but apart from this receptionwas perfect. As daylight increased the
speakers were heard more and more
definitely. Every word of Mr. Stimson
could be clearly distinguished. Thespeeches of the British Prime Ministerand of Mr. Tardieu also came through
without interruption."

New Corporations
Doyle's Mount Kisco Radio Shop,Mount Kisco-Attys. Doyle & Anderson,

Mount Kisco, N. Y.
Actual Radio Co.-Atty. L. W. Santas-

lere, 110 East 42nd St., New York, N. Y.
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MAJESTIC CRIES Pooling of Patents
Called Necessary

LICENSES HELD

MONOPOLY AND Washington.
A radio patent pool, similar to the au-

tomobile patent pool, should be created.

TURNS ON RCA
B. J. Grigsby, president of Grigsby-Gru-
now Company, makers of Majestic sets,
told the Senate Committee on Interstate
Commerce, to end monopoly. The corn- TO SET MAKERS
mittee hearing was on the Couzens bill

By B. J. GRIGSBY to create a Federal commission on com- we copied directly the 104A type of Ra-
munications. dio Corporation speaker.I am president of the Grigsby-Grunow He testified that the patent situation in When the Lektophone CompanyCompany, of Chicago, manufacturers of radio is fast becoming intolerable and charged us with intringement we tried toMajestic radio receiving sets. During that the patent pool was a necessary get some help from tue Radio Corpora -1929, we produced approximately 1,000,000 remedy. tion of America, but they refused to givesets at a retail selling price of $150,000,- Patents owned outside the RCA, said it to us because they had taken out a per -000, out of an estimated total of 3,900,000 Mr. Grigsby, are "more important than sonal license from the Lektophone Corn -sets produced in the United States, with those they have." He declared that the pany and had thus acknowledged the val-a value of $490,000,000. Our output of Lowell & Dunmore patent, for "plug-in" idity of its patents.sets was larger both in number and value sockets for receiving sets is one of the But the radio combine did not take outthan that of any other manufacturer in most important in radio, and that, al- a license to protect its licensees, and sothe United States, including the Radio though still in adjudication, it has been we had to pay additional royalties to theCorporation of America. decided by the lower courts against the Lektophone Company on the same speak -The Grigsby-Grunow Company was RCA. He said he did not believe that er which we, were making under the Ra-organized in 1921 to make automobile ac- the combination of RCA patents had con- dio Corporation of America patents.cessories. In 1924, we entered the radio tributed to the development of 'the in-

field, -manufacturing loudspeaketrs, and
radio battery eliminators. In 1927, our dustry. Anomalous Litigation

[He also read to the committee a state- Later, again on this same speaker, wecompany was the largest manufacturer of ment published in this page in full.- were threatened by the Magnavox Corn -such eliminators in the United States. Editor.] pany, who brought suit against us, but
not against the Radio Corporation, al -$5,302,879.15 Royalties though the construction of the speakers

We are licensees under the receiving set would have destroyed the economies of is identical.
patents of the Radio Corporation of our modern method of production. We have also a license under the

Lowell d Dunmore a, which hasAmerica, the General Electric Company. It was because we served notice on the recentlyan
pntents

been upheld i a suit againstthe Westinghouse Company, and the radio trust that unless it changed its the RCA. Further, to show that theAmerican Telephone & Telegraph Corn- policy, we would manufacture our cabi- members of the radio combine, individ-pany, sometimes known as the radio nets through a separate company, so that
trust, it would not be able to collect these roy- ually, or as a group, do not own pat-

In the year and a half in which we have alties, that the Radio Corporation of ents covering even standard types of
sets, we are also being sued at presentmade radio sets, we have paid that America changed its policy and aban- by the following, in addition to the Mag-monopoly $5,302,879.15 in royalties. If we doned the royalty on cabinets. navox suit mentioned: The Hazeltinehad not been compelled to add this royal- Even with this deduction, however, no
Corporation (two patents), La Tour Cor-ty to our manufacturing cost, the retail industry can long pay 7 1-2 per cent roy- poration (two patents), Federalpurchasers of Majestic sets would have alty to its competitor. The combine could graph Company (Kolster patent),

Tele-beenEdel-saved approximately $15,000,000. sell its products and make a profit of 7 1-2 man and De Forest. Besides this, weWe did not pay this royalty because per cent, at a price that would represent
have been threatened by at least a dozenwe considered these patents worth such a only our cost, and therefore eventually
owners of other patents.royalty. We did not believe we  needed bankrupt us. If there were merit in any

these patents, and none of them had been of the combine's patents, we would have Charges Monopoly Attempt
adjudicated. But the radio combine had no objection to dealing with the individu-

The distinction between the licensingso terrorized the industry and had so in- al companies that owned these patents, policy of the radio combine and that oftimidated the dealers and jobbers every- but we do protest that it is a violation the other patent owners is that the coin -where, that they were afraid to handle of the anti -monopoly laws to compel us bine is seeking to dominate the industrywhat they called "unlicensed" sets. to deal with all of them as one group, and create a monopoly, while the othersOur bankers said they would not finance and to take all of their patents, and to
are simply trying to collect revenue fromus unless we took out a license. They said pay a royalty, not on the merit of the their patents.they would not finance a patent fight patent, but solely on the power of the Until the Radio Corporation abandonedagainst such a monopoly and there was combination to destroy us unless we sur- the tube clause, we had to buy tubes fromnothing left for us to do but to sign the render. that corporation for the initial equip -license agreement. The merits of the pa - Saddled With Bankrupt's Debts ment of our sets. As a set is uselesstents were never examined by the bank- without tubes, this meant that our largesters. The merits of the patents had noth- When we took our license in 1928, the competitor could cripple us at will bying to do with the case. Radio Corporation of America compelled delivering tubes to our own dealers andus to buy the license of a bankrupt corn- failing to deliver them to us. Repeatedly,Cabinets Now Omitted From Fee pany, and we were compelled to assume we found that we could not get enoughthe obligations of that bankrupt com- tubes to equip our sets, while we wereOriginally, this license contract called pany,which protected the Radio Corpora- informed that dealers who sold Radiofor a royalty of 7 1-2 per cent of our tion against loss. Corporation sets had plenty of them.gross receipts, not only on the radio ap- The patent situation in the radio in-

paratus involved, but on the cabinets and dustry is becoming intolerable. Wheneven the packing cases in which we sold the Radio Corporation fixed its royalty WMBG Wants WJSVthem. Of course, the RCA had not pa- rate at 7 1-2 per cent it did so on the pre -tent on either cabinets or packing cases, tense that it had a complete monopoly Listed in Other Statebut it had the power to compel the pay- of the radio patent situation and that
ment of any royalties it pleased, and its patents covered every part of the Washington.therefore put the royalty on the manufac- radio receiving set. This is not true. An effort to have WJSV, operated byturers' price of the complete set. We are now paying royalties to three the Independent Publishing Company ofAs a result, some of the manufacturers other patent owners, and have been sued Mt. Vernon Hills, Va., accredited to thewere not putting their sets in cabinets. by five additional companies, claiming in- District of Columbia instead of to Vir-and thus were saving this royalty. We fringement of seven patents. In no case ginia, was made by WMBG, of Rich-built our huge sales on the economies has the Radio Corporation protected us mond, Va., at a hearing before the Fed -effected by our large mass production. against these patents or helped us in eral Radio Commission.One of these economies arose from the the suits which have been filed against us. WMBG had applied for an increase offact that our company was perfectly in - The patent licenses we were thus corn- power from 100 watts to 500 watts, un-tegrated, and that we made everything, yelled to take out include one under the limited time. WMBG said the programsincluding our own cabinets, in one plant. Patents of the Radio Frequencies Labora- which are broadcast from WTSV origin -We were the largest furniture manufac- tories on a circuit. We have also had to ate in Washington, D. C., and not at Mt.turers in the United States. take out a license under the Lektophone Vernon Hills, Va., and therefore.. underIf the royalty on cabinets had been patent. This is n patent on the loud the provisions of the Davis amendmentcontinued, it would have forced us out speaker cone. When we manufactured should be charged against the quota ofof the cabinet business, and therefore our loudspeaker under the RCA patents the District of Columbia.
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NO BLANKETING

BY HIGH POWER

ON NEW AERIAL
Washington.

Scientific progress being made by radio
engineers to relieve congestion in the
broadcast band, where more than 600 sta-
tions are operating on only 90 channels,
was outlined and discussed at a meeting
of leading engineers with the Federal
Radio Commission.

Synchronization, or the simultaneous op-
eration of two or more stations on the
same wavelength to conserve the limited
number of frequencies, was the primary
topic. Engineers of various radio re-
search organizations presented views of
its development, agreeing that notable
progress has been made, although perfect
results have not yet been attained.

Two methods designed to improve
broadcasting reception were preesnted by
representatives of the Westinghouse Elec-
tric and Manufacturing Company. One
related to synchronization, and the second
involved a new type of transmitting an-
tenna system for increasing strength of
local signals and at the same time minim-
izing distance signals, or the reverse.

Avoids Blanketing

Papers by Dr. Frank Conrad, assistant
chief engineer of Westinghouse Company,
and Walter C. Evans, superintendent of
the Westinghouse radio operations depart-
ments, were presented on these subjects.
Other engineers generally agreed that
synchronization, at least by wire control,
has bright prospects, but that the antenna
system did not appear feasible.

Mr. Evans said that the new antenna
system, now being used in short wave
transmission experimentally, will make it
possible for a cleared channel station to
broadcast with high power without blan-
keting the surrounding area. Conversely,
he said, the system also can be used so
that a local station can send out a strong
signal in its own territory without inter-
fering with distant stations.

Dr. Conrad said that synchronization
has the advantage of making it possible
to increase the service area of a program
furnished identically by two or more sta-
tions without utilizing more than one
channel and at the same time reducing
fading. He pointed out that Westing-
house has operated wire -synchronized
stations since 1926.

Remedies Sought
Opening the discussions, Commissioner

Charles McK. Saltzman, in charge of the
Commission's engineering division, said
the conference was called to ascertain
what remedies were in sight for broad-
casting. The Commission, he said, is
having difficulty because of the limited
number of channels and the constantly
growing number of requests for changes
in assignments.

Capt. Guy Hill, the Commission's act-
ing chief engineer, said the main pur-
pose was to attempt to work out means
of minimizing interference in the broad-
cast band. There is no hope of taking
care of more stations, he said.

Mr. Evans, in discussing the antenna
system developed by Westinghouse, said
the new system will be first installed at
Saxonburg, Pa., for KDKA, according to
'The United States Daily."

When it is desired to have a station
send out a strong local signal without
distance transmission the antenna is built

N. B. C. Progressing
On Synchronization

Washington.
Merlin H. Aylesworth, president of the

National Broadcasting Company, told tne
Senate Interstate Commerce Commission
his company is working on synchroniza-
tion, or putting two or more stations on
the same wave at the same time, without
interference, due .to identity of carrier
frequency (no heterodyne) and geographi-
cal separation. He said :

"While it may not be the best business
policy to say so at this time, our engi-
neers are now and for a long time have
been working toward synchronization in
the hope that the present traffic jam on
the air will eventually be relieved.

Last Summer I went to Europe with
engineers to see what was being done
there toward synchronization. I found
that our own engineers are far ahead of
any others with this task.

so that it radiates a powerful wave along
the ground but does not send one into the
air where it would be deflected to distant
areas, the engineer explained. If the sta-
tion is on a cleared channel it can be
made to send out a strong sky wave with
a small amount of ground wave, he said.

KDKA to Use Eight Aerials
At KDKA, it was explained further,

this effect will be achieved with eight
individual antennas set in 110 -foot poles
arranged in a circle 800 feet in diameter.

"The upward movement of the signals
is compared to the action of a lawn
sprinkler which sends its spray upward
and outward so that it is distributed at
a distance, but not immediately around
the source," Mr. Evans explained.

Dr. J. Hoyt Taylor, Director of the
Naval Research Laboratory, said there
might be a benefit within an area of 50
miles, but that he was skeptical about
long distance transmission.

Dr. J. H. Dellinger, chief of the radio
division of the Bureau of Standards, de-
clared the net gain of the system would
be to improve the service within the serv-
ice area of a particular station, but that
it was problematical as to the long dis-
tance reception results.

Signals Improve 40%
Edward L. Nelson, engineer of Bell

Laboratories, New York. said his com-
pany had experimented with new type an-
tennas. It has made tests with a small
balloon which raised a single wire an-
tenna to about 1,000 feet, he said. The re-
sults showed that as far as the signal in
the local area are concerned, it can be
improved some 40 per cent.

The method of synchronization sup-
ported by the Westinghouse group is that
of generating a frequency and supplvi-
it to one or more radio stations over
either wire facilities or to be multiplied
at the several stations sufficiently to he
put out on the air as a carrier wave. Dr.
Conrad said that methods which do not
depend upon a wire or radio connection
between the stations have not proved sat-
isfactory.

Committee Appointed
Following the meeting a committee of

five engineers was named by Commis-
sioner Saltzman to analyze the views that
had been expressed. The following wereoppointed:

C. W. Horn, general engineer, National
Broadcasting Co.; Dr. J. H. Dellinger.
chief of radio division, Bureau of Stand-
ards; L. E. Whittemore. American Tele-phone and Telegraph Co.: John V. L.
Hogan, consulting radio engineer of NewYork; and W. C. Evans, superintendent
of radio operations, Westinghouse Elec-tric and Manufacturing Co.

EQUALIZATION

ZONES UNFAIR,

SAY STATIONS
Washington

Establishment of a permanent commis-
sion with full control of radio regulation,
whether or not it may be vested with
authority over other forms of communi-
cation, and elimination of the present
"zone system" of distributing radio fa-
cilities were advocated by William S.
Hedges, president of the National Asso-
ciation of Broadcasters.

Mr. Hedges !laid before a Senate Com-
mittee resolutions adopted by his associa-
tion regarding proposed legislation. He
explained the association includes in its
membership 147 stations. Mr. Hedges is
director of WMAQ, Chicago, and radio
editor of "The Chicago Daily News,"
which operates the station.

Five Recommendations

Five specific legislative recommenda-
tions were made by the witness. In ad-
dition to those relating to the creation
of a permanent commission, and elimina-
tion of the "zone system," and Davis
amendment, Mr. Hedges urged that
broadcasting licenses be issued for a
minimum period of one year instead of
90 days as at present; that administra-
tive provisions of the existing law be
clarified; and that Congress act with the
least possible delay.

Unfairness Charged

In allocating radio facilities, Mr.
Hedges said, it is unfair to charge par-
ticular stations to a particular zone or
States, when they serve people in other
zones or States as well. By eliminating
the zone system "a more efficient use may
be made of the very limited number of
channels available for broadcasting."

It was urged by the witness that the
service to radio listeners be made the
sole basis for the distribution of radio
facilities.

Aeronautic Committee
on Radio Appointed

Washington.
Formation of a liaison committee on

aeronautic radio research, to survey gov-
ernmental and industrial research seeking
to overcome obstacles to safety and re-
liability in air transportation, was an-
nounced by the Assistant Secretary of
Commerce for Aeronautics, Clarence M.
Young. The committee:

Harry H. Blee (chairman), Aeronautics
Branch, Department of  Commerce; Dr.
J. H. Dellinger (secretary), Bureau of
Standards, Department of Commerce;
Lt. Comdr. D. B. Duncan, U. S. N., Bu-
reau of Aeronautics, Navy Department;
F. C. Hingsburg, airways division, Bu-
reau of Lighthouses, Department of Com-
merce, or H. J. Walls, alternate; Herbert
Hoover, Jr., Aeronautical Chamber of
Commerce of America, or H. C. Leuter-
itz, alternate; Dr. Lewis M. Hull, Radio
Manufacturers' Association; George W.
Lewis, National Advisory Committee forAeronautics; Capt. H. M. McClelland,
Air Corps, War Department; F. M. Ryan,
Institute of Radio Engineers; Wesley L.
Smith, American Air Transport Associa-
tion, and Ray Stearns, National Electrical
Manufacturers' Association.
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FORECASTS OF

STATIC NEWEST

LISTENER HELP
Washington.

Static, which spoils radio entertainment
so frequently, is to be forecast and made
known in the same manner as weather
forecasts are now desseminated. When
this service has been put into operation
it will be possible for radio fans to know

'what kind of radio reception they may
expect during a certain period.

This subject will be taken up at the
Stockholm meeting of the section of ter-
restrial magnetism and electricity of the
International Geodetic and Geophysical
Society to be held next August, and a
proposal will be made that daily reports
of magnetic disturbances, which cause
much static, be broadcast on short waves
along with the regular weather forecasts
and reports on seismic activities, accord-
ing to an announcement by Dr. D. L.
Hazard, assistant chief of the division of
terrestrial magnetism and seismology of
the United States Coast and Geodetic
Survey.

Investigations on the relationships be-
tween magnetic storms and reception of
radio waves have been made by Dr. G.
W. Pickard, Newton Center, Mass., re-
search associate in terrestrial magnetism
of the Carnegie Institute, the Bureau of
Standards, the Naval Research Labora-
tory, and the General Electric Company,
and the conclusion is that fairly accurate
forecasts of magnetic storms and their
effects on radio reception can be made.

RCA and A. T. & T.
Sue on Two Patents

Wilmington, Del.
Suit was begun against the Universal

Wireless and also against the Detroit
Radio Company by RCA and A. T. & T.
for alleged patent infringements.

The bill states that two De Forest pat-
ents obtained prior to 1914 were adjudi-
cated valid in the case of A. T. & T.
against the Westinghouse Company and
that the Radio Corporation has exclusive
rights under each of the patents.

The Radio Corporation asks for dam-
ages and an injunction prohibiting use of
the patents.

TRIAD LICENSED
Triad Mfg. Co., Pawtucket, R. I., tube

maker, announces it has been licensed by
R. C. A., G. E. and Westinghouse.

Italian Station
Europe's Strongest

Rome.
At Santa Palombia, the largest and

most powerful broadcasting station in
Europe has been opened. The plant was
installed by RCA, about 13 miles south
of Rome. It is rated at 50 -kw. output
power and will use 100 per cent modula-
tion, although there is provision for 200-
kw. output. The wave is 441.8 meters.

DILL FORESEES

WORLD TONGUE
By THOMAS F. DILL

United States Senator, State of Washington

The first basis of peace is acquaintance
and understanding. Radio will make that
possible as nothing else has ever done.
Radio has the power to make us feel
together, think together, and live to-
gether and act together. Radio trans-
forms a human personality into an elec-
trical force which penetrates water and
air, walls and mountains as easily as
light passes through glass. Today we
begin to use it as a means of helping
men and women all over the earth to
understand one another better and
thereby make all nations better friends.

When I think of Radio I think of the
spirit of youth. Whatever it desires, it
dares to try. This spirit of youth has
brought radio to its present state of
development and is already making it
serve mankind beyond even the imagina-
tions of the wisest radio engineers of a
few years ago. What it will yet do for
mankind nobody can foretell.

Radio binds together the inhabitants
of the far places of the earth. The
rancher on the plains, the working man
in the city, the miner in the hills, the
invalid on the sick bed, the mariner at
sea, the pilot in the clouds-all are a
part of the vast audience of radio in
every land.

Radio will do more than anything else
to give us a world language and it will
be the American -English language.
American broadcasting stations are the
most numerous and the most powerful.
American programs are the most inter-
esting and entertaining.

Through American and English sta-
tions all the world soon can listen in,
and all the civilized people of the world
will come to know one another better day
by day. As they know one another bet-
ter, they will be less likely to hate one
another.

Supper Hour Feature to Simulate Banquet
What's what, but not who's who, will

be set forth in the new series over
WEAF and chain, sponsored by the
American Radio Corporation, daily, ex-
cept Saturdays and Sundays, for a half
hour beginning 6:30 p. m. The company
becomes the biggest time buyer in the
United States -2% hours a week.

Termed as a "banquet for radio listen-
ers," the programs have been so planned
that they may be heard while listeners
are at the dinner table. Continuity and
music is so designed as to create the illu-
sion that the listener is at a banquet.

A feature of the half-hour programs

will be the "radio reincarnation" of noted
personalities on their birthdays. By means
of brief dramatic sketches listeners will
be taken into their imaginary homes. Vo-
cal and instrumental offerings also will be
woven into the programs.

A mystery will be injected into the
series by the utilization of an incognito
toastmaster. The names of the assisting
artists will also be withheld at first in
order to test the listeners' recognition of
radio entertainers.

The series is said to represent a com-
bination of radio features seldom at-
tempted before in one period on the air.

CASH LOW, BUT

KOESTER HOPES

TO 'COME BACK'
The Kolster Radio Corporation con-

sented to a receivership in Newark, N. J.,
and announced a reorganization is ex-
pected to put the corporation on a paying
basis.

Frederick J. Faulks, attorney, entered
the consent. He said he had been called
in only to advise the company in this
matter. He said the company's assets
were considerably in excess of liabilities,
but because of overproduction it had
been unable to raise cash to meet imme-
diate obligations. He said he hoped the
receivership would be of short duration
and believed\the company would soon be
reorganized and again be on a money-
making basis.

Three receivers were appointed : Harry
J. Hendricks, Newark real estate man;
Harry Meyers, president of the Lincoln
National Bank of Passaic, N. J.,and
Ellery W. Stone, president of the olster
corporation. A joint bond of $50,000 was
ordered by the court.

The receivership was ordered on the
petition of Morris H. Cohen on behalf of
Jacob Meyer, as holder of 100 shares of
stock. The contentions were that the
company had sustained a $916,233 loss,
that it was insolvent and that its assets
were $2,000,000, exclusive of patent rights
and accounts of doubtful value, while
liabilities were $18,000,000 including capi-
tal stock liability.

Albert Schwartz, a Paterson lawyer,
appearing as a stockholder, said that
"somebody had rigged the market" in
selling Kolster stock and masked that the
receivers check up this angle. The court
said he did not understand the term used,
but presumed the receivers would attend
to that feature.

China to Spend a Lot
on Message Stations

Washington.
Expenditures of $3,000,000 for the con-

struction of radio stations for the trans-
mission of messages between China and
America, and China and Europe, will be
included in the proposed $10,000,000 tele-
graph loan which will be floated shortly
by the Chinese government, according to
a report from Trade Commissioner Frank
S. Williams, made public by the Depart-
ment of Commerce.

In order that the ministry of communi-
cations may terminate the special privi-
leges hitherto granted to foreign com-
panies the government will devote $4,000,-
000 to settle outstanding obligations to
the Eastern Extension Telegraph Coin-
pany and the Great Northern Telegraph
Company, the report adds.

Radio Permit Asked
By Ford Motor Co.

Washington.
The Ford Motor Company, of Dear-

born, Mich., filed with the Federal Radio
Commission an application to establish
an aeronautical radio service.

In .its application, the company re-
quested construction permits for the ser-
vice, which would operate in the long
wave band ranging from 278 to 500 kilo-
cycles, with 1,000 watts power. The ap-
plication was taken under advisement.
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LATEST BOARD

COUNSEL UNDER

SENATE FIRE
Washington.

The rapid succession of counsel to the
Federal Radio Commission, due to resig-
nations, has started something among
Senators. A Iso, Senator Wheeler charges
that appointments to positions under the
Commission are for the fulfillment of po-
litical debts.

"The Commission," said Mr. Wheeler,
who hails from Montana, addressing the
Senate Commerce Committee, "has been
made a political football by the Adminis-
tration by use of appointive positions to
pay political debts. I have been informed
and believe they have appointed a man as
attorney who has not had any experience
in the Commission, and that now they
are taking a couple of negroes from Ohio
who have never had any experience in
radio work at all and propose to put them
on as assistant counsel simply for politi-
cal reasons."

The attorney to whom Senator Wheeler
referred is Colonel Thad H. Brown, re-
cently appointed general counsel of the
Commission.

Senator Dill, Democrat, of the State of
Washington, said:

"The situation with regard to the at-
torneys of the Radio Commission is very
bad. They have had three in a big case
going to the Supreme Court. One attor-
ney presented the matter to the District
Court of Appeals, and he got out. An-
other attorney prepared the briefs in the
case in the Supreme Court. Now he is
out and a new attorney is in."

Col. Brown later denied that the ap-
pointment of two negroes as assistant
counsel had been contemplated.

Both Senators Wheeling and Dill are
Democrats.

Patents "Hamper"
Police Radio Plans

Washington.
Even police departments of cities must

respect patent rights of R. C. A. and
associated companies, the Senate Com-
mittee on Interstate Commerce learned.

Lieut. Kenneth R. Cox, of the Chicago
police department, said efforts to install
a radio police system had been delayed
because the city's law department ad-
vised that use of non -licensed equipment
would render the city liable for damages.

Cox, a radio engineer, said he had
pioneerel in police radio and had installed
the system in Detroit. He said the RCA
had prevented the Chicago department
from building its own equipment on the
ground that it would infringe RCA
patents. Subsequently, he declared, con-
tracts for the three transmitters were
let to the Graybar Electric Company,
subsidiary of the Western Electric, and
for the receiving sets to be installed on
"cruising" cars, let to RCA, the entire
system to cost $117,500. "We could have
built a far superior one for $48,600," he
said.

Every large city in the country, and
many foreign cities, have awakened to
the benefits of police radio, Lieut. Cox
declared. In Detroit, the first city 'to in-
stall a stystem of short wave crime de-
tection. he said there has been a 54 per
cent. decrease in burglaries and a 45.8
per cent. increase in convictions, at-
tributable to radio. Both voice and code

Forum
More News-Yes? No?

IAGREE with Arthur Day, of Ken-
tucky, that your radio magazine is
one of the best of its kind in the coun-

try and also, as he says, that you are
making a mistake in not printing more
radio news.

The technicalities are for engineers, not
for those that have never made radio
technique a study.

I think that all of your writers are
good.

FRANK A. ROGERS, Detroit, Mich.
* * *

Error in Diagram
IWISH to call your attention to an

error in the pictorial diagram of
the HB-44 of the Jan. 28th issue.

You will note that no voltage is applied
to the shield -grid of the 224 detector;
that is, the "G" terminal of socket V4
goes straight to one side of C6. The
voltage lead going to the high side of
R1 crosses this lead, but should connect
to it. The accompanying schematic dia-
gram was correct in this point.

T. C. RAYNES, Braman, Okla.
* * *

Wants Technical Stuff Out
IAM a subscriber for your magazine.

As an operator of a broadcasting sta-
tion I am at all times seeking con-

structive criticism.
Here is what I will suggest for you :
Cut out the technical educational part

of your magazine. The time has passed
when the public is interested in HOW
TO BUILD A SET. The ready -built sets
are better than anything that can be built
by an amateur.

You have entirely too much advertis-
ing.

You don't have enough interesting read-
ing matter for the public.

This is enough.
JOSEPH HENKIN,

KSOO, Sioux Falls, S. D.

A THOUGHT FOR THE WEEK
'TAKE heart, radio dealers! It has been
A estimated five million sets will be sold
during 1930. Where is the solemn -faced in-
dividual who announced some months ago
that the radio market had reached the point
of saturation? He's not at all popular with
the optimists, who, Heaven bless them, are
still with us.

WGY'S VICTORY

FINAL ON LAST

COURT'S ACTION
Washington.

The victory of WGY, Schenectady,
N. Y., over the Federal Radio Commis-
sion, whereby WGY was given full tune
on 790 kc by court order, despite the
part time allotment under the realloca-
tion, is regarded as final now, as the
United States Supreme Court, after hear-
ing the commission's counsel on the
appeal, refused to hear counsel for WGY
and the State of New York. Such refusal
heretofore has, been followed by a decision
in favor of the party not required to be
heard.

The General Electric Company in its
briefs insisted that the court was with-
out jurisdiction since the decision of the
court of appeals was administrative and
not judicial.

In this view it was joined by the briefs
of the State of New York. The New
York briefs also insisted that the public
necessity, convenience and interest re-
quired that the former license of WGY
be renewed due to the large pupulation
which it catered to for radio entertain-
ment.

The position was also taken in the
WGY briefs that priority of time as
against any subsequent stations gave
WGY superiority of right to be free from
interference caused by subsequently es-
tablished stations and this, it was claimed,
is a vested property right, akin to a
trade mark. This particular contention
the lower court overruled.

The action of the Supreme Court in
declining to hear any arguments on the
merits or to hear counsel for respondents
is was stated at the Commission by its
acting general counsel, Paul D. P. Spear-
man, established the court of appeals as
the administrative agency, over the Com-
mission.

WMAK LOSES POINT
Washington.

The Court of Appeals of the District
of Columbia denied the petition of the
WMAK Broadcasting System of Buffalo,
N. Y., for a stay order to prevent the
Federal Radio Commission from remov-
ing WMAK from its present channel in
favor of the "Buffalo Evening News."

Squeals Put to Work;
Pittsburgh.

The heterodyne squeal familiar to all
owners of radio receivers has been put
to practical use in a new electrical organ,
which has been developed by R. C. Hitch-
cock of the research laboratories of the
Westinghouse Electric and Manufactur-
ing Company. A concert played on this
organ by Dr. Charles Heinroth went on
the air recently over station KDKA.

The electric organ, which is about one -
hundredth the size of a conventional pipe
organ, produces clear musical tones of
almost any quality desired. It is played
on a keyboard similar to that of a pipe
organ, and the keys control the pitch, or
frequency of the squeal thus producing
the tones.

The synthetic music produced in this
manner has several advantages over other
music. First, higher harmonics which

Produce Real Organ
may be disturbing to some ears may be
eliminated completely,' thus leaving the
pleasant harmonic combinations which
produce rich, deep, and resonant music.
Second, each harmonic can be tuned sep-
arately so that the harmonic content may
be of any desired composition of inten-
sity. Third, the volume level of the music
can be changed at will without changing
the relative timbre.

The range of the new electric organ
covers over three octaves, but it can be
extended to any desired limit.

One of the practical advantages is that
it can be built at a lower cost than any
pipe organ and another is that it requires
so little space that it can be put where
no conventional organ could be placed.
It is thought that it will find application
in broadcasting studios throughout the
world.
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A Question and Answer
Department conducted by
Radio World's Technical
Staff. Only Questions
sent in by University
Club Members are ans-
wered. The reply is
mailed to the member.
Join now!

RADIO L NIVE ?.SITY

Annual subscriptions are
accepted at $6 for 52
numbers, with the privil-
ege of obtaining answers
to radio questions for the
period of the subscrip-
tion, but not if any other
premium is obtained with
the subscription.
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FIG. 826
FOR THE RECEPTION OF LOCAL STATION A FIVE -TUBE RECEIVER OF THE KIND ILLUSTRATED HERE IS

EXCEPTIONALLY SUITABLE.

A FIVE -TUBE RECEIVER
PLEASE PUBLISH the diagram of a simple, regenerative

receiver using DC tubes throughout and one screen grid
tube in the first stage. A receiver capable of good quality

quality is desirable. It does not have to be very sensitive because
it is to be used for the reception of local stations only.-C. G. A.

Fig. 826 shows a circuit like that you request. If you tune
the two circuits independently you do not need the trimmer
condenser CT.

MODULATION HUM IN RECEIVER

WHENEVER I tune in a station there is a strong hum
in the loudspeaker. I have tried everything to stop this
hum, but have had no success at all. The hum is not very

objectionable while the music is on, but becomes very objec-
tionable during moments of silence in the station. What can
be done in stopping the hum?-K. W. S.

This hum is directly due to the residual ripple in the plate
current supplied to the radio frequency tubes. These tubes de-
tect or act as modulators and therefore mix the ripple with the
carrier frequency. Once the ripple has entered the carrier
frequency as a modulation it is tuned in and amplified just as
any other signal. Since the hum is due to the ripple and the
detecting characteristic of the tubes, the remedy would be either
to remove the ripple or to decrease the detecting efficiency of
the amplifier tubes. The ripple may be reduced by increasing
the filtering of the plate and screen currents supplied to the
amplifier tubes, using either choke coils or condensers, or both.
The detecting efficiency of the amplifier tubes may be reduced
by operating the tubes with the proper grid, screen, and plate
voltages. There is also a method of balancing out the hum, but
this is rather complex and depends on the degree of modulation.

DISCUSSION ON B SUPPLY UNITS

CAN YOU REFER me to a book containing a discussion
on B voltage supply units, including principles of rectifica-
tion, filtering and voltage distribution?-A. D. S.

There is a chapter devoted to this subject in Audio Power
Amplifiers by J. E. Anderson and Herman Bernard. There is no
complete book devoted exclusively to the subject.

SEEING 1N THE DARK

IHAVE SEEN references in radio papers to noctovision. I
understand that it has some relation to television, but I don't
know what. Will you please explain what it is and how it

works?-J. J. N.
Noctovision is the phase of television in which infra -red radia-

tion is used at the transmitting end instead of visual light. The
object to be transmitted is scanned in the usual way with a
beam of infra -red light, light which is just beyond the red end
of the visual spectrum. A photo -electric cell which is excep-
tionally sensitive to such radiation is used for picking up the
infra -red rays and converting them into electrical impulses. At
the receiving end the electrical vibrations are converted into
visual images in the usual way. Infra -red rays have the advan-
tage of penetrating fog and smoke where visual light rays would
be absorbed. At the transmitting end the object may be in
complete darkness as far as the human eye can tell, yet it may
be intensely illuminated as far as the photo -electric cell is
concerned. Television could also be conducted with ultra-
violet rays, rays just beyond the violet end of the visual spec-
trum. Most photo -electric cells are most sensitive at ultra -violet
waves, but ordinary lenses will not transmit them. When tele-
vision is conducted with these rays, lenses and the wall of the
photo -electric cells must be made of quartz.

USE OF POWER TRANSFORMER

IHAVE BECOME interested in the Loftin -White amplifier
and am wondering if the Polo transformer designed for full -
wave rectification can be used in a half -wave rectifier so as to

get the high voltage required for this amplifier.-B. L. 0.
It can be so used. The center tap on the high -voltage winding

is ignored and the two extreme terminals alone used. There
is no filament winding for the 281 tube on this transformer
so that if this tube is used a separate filament transformer giving
a voltage of 7.5 volts must be provided. However, it is possible
to use a 280 tube in a half -wave rectifier. The two plates are
tied together and connected to one of the high -voltage terminals
of the transformer, the other being connected to the filament
of the rectifier. While this tube is not intended for such high
voltage it will withstand it. unless it is slightly defective.

HEAVY LEADS NECESSARY

/N BUILDING a receiver in which there are many heater -
type tubes connected to the same transformer winding would
it be advisable to run a separate pair of leads from the

heater terminals of each tube to the transformer rather than
to use a common pair of leads? If there are any disadvantages
of this arrangement, kindly point them out.-M. C. A.

The arrangement is very good because there will be less volt-
age drops in the leads. Not only is it advisable to use separate
leads for each tube, but also to make each pair of heavy wire.
The wires should be cut off at a suitable length and then joined.
They can all be soldered to a pair of heavy terminal lugs. The
leads from the transformer can also be terminated in a pair of
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binding posts made of No. 8 screws and nuts, or heavier. Twist
or bunch the leads throughout and put the binding posts as
dose together as possible without short-circuiting.

HEAVY CURRENT IN POWER TUBE
IHAVE ASSEMBLED a Loftin -White amplifier and got it

to working fine. I had to use meters, however, to effect the
adjustment. During my testing I noticed that the current

in the power tube ran up abnormally high when I first turned
on the power, and then gradually settled down to the normal
value. During this initial instability the amplifier did not work.
Can you explain the phenomenon?-H. A. S.

The grid bias on the power tube is the direct current voltage
drop in the coupling resistor ahead of the tube. When no cur-
rent is flowing the bias on the power tube is positive and a
heavy current flows in the plate circuit. Now as the power is
first turned on the B supply and the power tube begin func-
tioning almost instantly while the heater tubes requires a con-
siderable time to heat up. During the heating -up period no
current flows through the coupling resistor and consequently
the bias on the power tube during this period is positive. Hence
the heavy current. There are two reasons why the amplifier
does not work during this period. The first is that the heater
tube does not work at all and the second is that the power tube
will not amplify while its grid is positive.

TUBES DE -AMPLIFY
IHAVE A MULTI -TUBE screen grid receiver with gang

control of the condensers. The volume is not good at all.
In fact, I can only get earphone detection. I have found that

if I connect the antenna to the grid of the detector I get good
reception. If I connect the antenna to the next preceding grid
I get less. The farther ahead I put the antenna the less the
volume and by the time the antenna is .on the post provided for
it I get only earphone volume on the loudest stations. Can
you suggest a remedy for this condition?-B. D. J.

It may be that the tubes are bad, in which case the receiver
would behave that way. But it is more likely that the trouble
is lack of matching of the tuned circuits. Adjust the trimmer
condensers on a low -wave station until the signal of this station
is the strongest possible. Adjust the number of turns on the
coils at a long -wave station until it comes in strongest. Possibly
the coil adjustment should be done first or else the trimmer
adjustment should be made both before and after the coil
adjustment.

WHEN TUBES BURN OUT
THE TUBES IN MY receiver do not last very long, but

burn out after a few days of operation. It is always the
filament which gives out, yet the voltage is not over the

rated value of 2.5 volts. What could cause this trouble?-
J. J. S.

Possibly there is a short between the heater and the cathode.
If there is a high voltage between these two elements, as there
frequently is, the tubes would not last long. The short cannot
be complete or the tube would burn out instantly. Test the tube
out of the circuit for a possible short between the two elements,
using a battery and a voltmeter. If the voltmeter shows a
reading it indicates a connection between the heater and the
cathode, which should not be. Use a voltage which is about
the same, or higher than the voltage which may be expected
across the elements in operation. If the test is carried out in
the circuit a reading will be obtained even if there is no short,
because the heater is usually connected somewhere so that there
is a complete circuit.

VOLTAGES IMPORTANT
WHAT ARE the most important elements in the non -

reactive circuits in which no stopping condensers are
used between the tubes?-K. K. 0.

All elements are of equal importance, for the circuits will
not work unless they are all there. We presume that you are
referring to the so-called Loftin -White circuits. However, cor-
rect co-ordination of the voltages is extremely important. Inadjusting these it is well to set the grid bias at a fixed valueand then use the highest plate voltage that is permissible inview of the bias that must be applied to the power tube. The
screen grid voltage should then be adjusted so that the first tubeamplifies properly. Usually, the screen -grid voltage should bevery much lower in a resistance coupled circuit than that ordi-narily recommended.

DOES A SUPERHETERODYNE RADIATE?
IHAVE A SUPERHETERODYNE which works very well,

but my neighbors complain that it oscillates and causes inter-ference with their sets. Is this possible? If so, how can I
prevent the radiation and still leave my set sensitive?-C. A. H.It is not only possible that your superheterodyne radiates and
interferes with your neighbor, but it is quite probable that itdoes. A superheterodyne must have an oscillator and any oscil-lator causes radiation. One way of preventing radiation from
the receiver is to shield the receiver completely. If you have aloop for picking up signals, and if there is feed -back, shielding
will not stop any of the radiation. Another way of preventingradiation is to put a stage of untuned radio frequency amplifica-tion ahead of the first tube.

FIG. 827
A simple diagram
of a speaking arc.
The voice current,
or the voice mod-
ulated current
from a radio re-
ceiver, is im-
pressed in series
with the arc cir-

cuit.

THE SPEAKING ARC
sOME TIME AGO you published something about a speak-

ing arc as a kind of loudspeaker. Will you kindly publish
a diagram of such a circuit now and suggest how it can be

used for reproducing sound from a radio receiver ?-H. A. B.
In Fig. 827 is the speaking arc circuit in its simplest form.

D is a direct -current generator which supplies the current for
the carbon arc A. L is a coupling inductance for impressing
the sound from the microphone or the radio receiver on the
arc circuit. Since the current required to maintain the arc is
of the order of 15 amperes it is clear that the coil L must be
wound with very heavy wire on a core large enough to prevent
saturation. If the output of a radio receiver is impressed, L may
be the secondary of a step-down transformer. The radio fre-
quency current may also be impressed on the arc circuit, making
the arc the detector. In that case L should be an air -core
transformer or choke coil.

HOW TO REMOVE SQUEALS FROM SUPER

I WISH YOU would publish something on the causes and
cures of repeat points and squealing in superheterodynes. I
have looked through every issue of RADIO WORLD for two

years back without finding a thing on the subject. It seems to
me that this is an important subject and that it edserves dis-
cussion.-W. A. D.

Sure it is an important topic and that is the reason we discuss
it periodically. We must have run articles at least twenty times
during the last two years and a half. It is less than six months
since a series of articles was run on the superheterodyne.

Join

Radio World's

UNIVERSITY CLUB
And Get Free Question and Answer Service for the Coming52 Weeks. This Service for University Subscribers Only
Subscribe for RADIO WORLD for one year (52 numbers)Use the coupon below. Your name will be entered on our sub-
scription and University Club lists by special number. When
sending questions, put this number on the outside of the for-
warding envelope (not the enclosed return envelope) and alsoput it at the head of your queries. If already a subscriber,send $6 for renewal from close of present subscription and
your name will be entered in Radio University.

NO OTHER PREMIUM GIVEN WITH THIS OFFER
[In sending in your queries to the University Department picas.paragraph and number them. Write on one side of sheet only.
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RADIO WORLD, 145 West 45th Street, New York City.
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THREE IMPORTANT BOOKS FOR SERVICE MEN!
"Trouble Shooter's Manual"
"Mathematics of Radio"

The most popular and fastest -selling book in radio today. Wiring dia-
grams of commercial receivers are contained in this outstanding book.

A sure route to a good grasp on radio technique. Radio theory outlined so that
anybody can understand it.

"Testing Units for Service Men", Circuits and Methods of Testing Equipment, particularly use of
individual meters and of meters united in combination testers.

These Three Books by John F. Rider Constitute an Outstanding Asset to All Possessors!

"Trouble Shooter's Manual"
is the first comprehensive volume devoted ex-
clusively to the topic. The 240 pages include
200 illustrations devoted to wiring diagrams of
factory -made receivers, besides other illustra-
tions, It is not only a treatise for service men,
telling them how to overcome their most serious
problems, and fully diagramming the solutions,
but is a course in how to become a service man.

This book is worth hundreds of dollars to
any one who shoots trouble in receivers -
whether they be factory -made, custom-built or
home-made receivers.

Besides 22 chapters covering thoroughly the
field of trouble shooting, this volume contains
the wiring diagrams of models, as obtained
dirrect from the factory, a wealth of hitherto
confidential wiring information released for the
first time in the interest of producing better
results from receivers. You will find these

diagrams alone well worth the price of the book. The wiring diagrams are of new
and old models, of receivers and accessories and as to some of the set manufacturers,
all the models they ever produced are shown in wiring diagrams! Here is the list
of receivers, etc., diagrams of which are published in this important and valuable
book:

Wiring Diagrams of All These Receivers
R. C. A.

60, 62, 20, 84. 30, 105, 51.
16, 32, 50. 25 A.C., 28 A.C..
41, Receptor &P.D., 17. 18,
33.

FEDERAL
Type E series filament. Type
E series filament, Type D
series filament. Model K.
Model H.

ATWATER-KENT
10B, 12. 20, 30, 35, 48, 32,
33, 40, 38, 36, 37, 40, 42,
52, 50, 44, 43, 41 power units
for 37. 38, 44, 43, 41.

CROSL EY
XJ, Trirdyn 3R3, 601, 401,
401A, 608, 709, B and C sup-
ply for 704, 704A. 704B, 705,
706.

STEWART-WA RNER
300, 305, 310, 315, 320. 925.
500, 520, 525, 700, 705. 710,
715 720, 530, 535, 750. 801.
802. 806.

GREBE
MM. 1S1U2, synchrophase 5,
synchrophase AC6. aynchrophase
ACT. Deluxe 428.

P H I LCO
Philco-electric, 82, 86.

K LS1 ER
4 -tube chassis used in 6 tube
sets, tuning chassis for 7 tube
sets, power amplifier, 7 tube
power pack and amplifier. G

tube power pack and amplifier.
8 tube power pack and ampli-
fier, rectifier unit K-23.

ZENITH
39, 89A, 392, 392A. 40A,
3SPX, 35APX, 952X. 852APX,
37A, 35P, 35AP, 352P. 352A.P.
31P, 342P, 33. 94, 95, 35A,
342, 952, 352A. 362. 31, 333,
353A, power supply ZE17,
power supply ZE12.

MAJESTIC
70, 70B, 180, power pack 7BPS.
7P6, 7P3 (old wiring) 8P3,
8P6.7BP6.

FRESHMAN
Masterpiece, equaphase, G.
0-60-S power supply, L and
LS. Q15, Q. K60 -S power
supply.

ST ROM BERG -CA R LSO N
1A, 2B, 501, 502. 523. 524.
635, 638, 403AA power plant.
404 RA power plant.

All -AMERICAN
8 tube electric, 8 tube 80, 83,
84. 85, 86, 88, 6 tube 60, 61.
62, 65, 66, u and 8 tube A.C.
power pack.

DAY FAN
0E517, 4 tube, 5-5 tube 1925
model, Day Fan 8 A.C.. power
supply for 6 tube A.C.. B
power supply 5524 and 5525,
motor generator end filetr, 6

tube motor generator set. 6

tube 110 volt D.C. set, 6 tube
32 volt D.C. set.

FA DA
50/80A receivers, 460A, Fade
10, 11, 30, 11, 10Z, 11Z. 30Z,
31Z, 16. 17. 32, 16Z, 32Z, is,
18, special, 192A-1925 and
192BS units, R80A, 490A, and
SF 50/80A receivers, 460A re-
ceiver and R60 unit, 7 A.C.
receiver, 475 UA or CA and
8F45-75 UA or CA, 50, 70,
71, 72, C electric unit for
special and 7 A.C. receivers,
ABC 6 volt tube supply, 86V
and 92W, 8180Z power plant
and E 420 power plant.

FREED EISEMANN
N113, FE18, NR70, 470. NR57.
457. NR11, NBSO D.C.

COLONIAL
26, 31 A.C., 31 D.C.

WORKRITE
8 tube chassis. 6 tube chassis.

AM RAD
70. 7100, 7191 power unit.

SPA RTO N
A.C. 89.

MISCELLANEOUS
DeForeat F5, D10, D17. Super
Zenith Magnavox dial, Thar-
miodyne. Grimes 4D1.. inverse
duplex. Garod neutrodyne,
Garod EA, Ware 7 tube, Ware
type T. Federal 102 special.
Federal 59. Kennedy 220.
Operadlo portable. Sleeper
RX1, Amrad inductrol.

HERE ARE THE 22 CHAPTER HEADINGS
Service Procedure
Practical Application of Analysis
Vacuum Tubes
Operating Systems
Aerial Systems
"A" Battery Eliminators
Troubles in "A" Eliminators
Trouble Shooting in "A" Eliminators
"B" Battery Eliminators
Troubles in "B" Battery Eliminators

Trouble Shooting in "B" Battery Eliminators
Speakers and Types
Audio Amplifiers
Trouble Shooting in Audio Amplifiers
Troubles in Detector Systems
Radio Frequency Amplifiers
Trouble Shooting in RF Amplifiers
Series Filament Receivers
Testing, and Testing Devices
Troubles in DC Sets
Troubles in AC Sets- - - - - - - - - - -

RADIO WORLD. 145 West 45th St., New York, N. Y.
(Just East of Broadway)

Enclosed please find:
O 83.50 for which please send me postpaid "Trouble Shooter's Manual" (Cat.

TSM I, by John F. Rider. 240 pages, 8 Vs x11", more than 200 illustrations,
including wiring diagrams of commercial receivers as advertised: imitation
leather cover, gold lettering.
82.00 for which please send me postpaid "Mathematics of Radio" (Cat. MORI
by John F. Rider. 128 pages. 8%111", 119 illustrations, flexible cover.

O 21.00 for which please send me postpaid "Treatise on Testing Units for Service
Men" (Cat. TU), by John F. Rider. 43 pages, 6%x9'4".O If ordering C.O.D., put cross in this square.

NAME

ADDRESS

CITY STATF
[Canadian remittances must be made by postal or express money order.]

TREATISE ON

TESTING UNITS

FOR. SERVICE MEN

"Mathematics of Radio"
TABLE OF CONTENTS:

OHM'S LAW.
RESISTANCES: Basis for resistance variation, atomic

structure, temperature coefficient, calculation of re-
sistance variation, expression of ampere, volt and
Ohm fractions, application of voltage drop, plate
circuits, filament circuits, filament resistances, grid
bias resistances.

DC FILAMENT CIRCUITS: Calculation of resistances.
AC FILAMENT CIRCUITS: Transformers, wattage

rating, distribution of output voltages, voltage re-
ducing resistances, line voltage reduction.

CAPACITIES: Calculation of capacity, dielectric con-
stant condensers in parallel, ondensers in series,
voltage of ondensers in parallel, In series, utility
of parallel condensers, series condensers.

VOLTAGE DIVIDER SYSTEMS FOR B ELIMI-
NATORS: Calculation of voltage divider resistances,
types of voltage dividers, selection of resistances,
wattage rating of resistances.

INDUCTANCES: Air core and iron core, types of air
core inductances, unit of inductances, calculation of
inductance.

INDUCTANCE REQUIRED IN RADIO CIRCUITS:
Relatior. of wavelength and product of inductance
and capacity, short wave coils, coils for broadcast
band, coupling and mutual Inductance, calculation
of mutual inductance and coupling.

REACTANCE AND IMPEDANCE: Capacity react-
ance, inductance reactance, impedance.

RESONANT CIRCUITS: Series resonance, parallel
resonance, coupled circuits, bandpasa filters for
radio frequemy circuits.

IRON CORE CHOKERS AND TRANSFORMERS:
Design of chokes, core, airgap, inductance, reactance,
impedance, transformers, half wave, full wave
windings.

VACUUM TUBES: Two element filament type, elee-
tronic emission, limitations, classifications of fila-
ments. etc ucture, two element rectifying tubes,
process of rectification, tungar bulb.

THREE ELEMENT TUBES: Structure of tube, de-
tector, grid bias, grid leak and condenser, amplifiers,
tube constants, voltage amplification, resistance
coupling, reactance coupling, transformer coupling.
variation of impedance of load with frequency, tuned
Plate circuit.

POWER AMPLIFICATION: Square law, effect of
load, calculation of output power, undistorted output
power, parallel tubes. push-pull systems, plate
resistance.

GRAPHS AND RESPONSE CURVES: Types of
paper, utility of curves, types of curves, significance
of curves, voltage amplification, power amplification.
power output, radio frequency amplification.

MULTIPLE STAGE AMPLIFIERS: Resistance coup-
ling, reactance coupling, tuned double impedance am-
plification, underlying principles, transformer coup-
ling, turns ratio, voltage ratio, tyes of cores. late
current limitation, grid current limitation.

ALTERNATING CURRENT TUBES: Temperature va-
riation hum, voltage variation hum, relation between
grid and filament, filament circuit center tap, types
of AC tubes.

SCREEN GRID TUBE: Structural design, application,
amplification. associated tuned circuits. radio fre-
quency amplification, audio frequency amplification.

"Testing Units for Service Men."
A 43 -page, liberally Illustrated book on testing
units and circuits. Tells what equipment a serv-
ice man should have and how to use it most
effectively and quickly. Rapidity of operation Is
one of the points stressed throughout this valu-able book, as a service man's time is his chief
stock in trade.

CONTENTS
Tube Reactivator and Voltages
Calibrated Vacuum Tube Bridge
General Utility Tube Tester
AC -DC Receiver Tester
Eliminator Testers
Signal Generator for Receiver Testing
Oscillators
Cathode Ray Oaclllogrsph
Ind leafing Systems
Tube Voltmeters
Measurement of Inductance, Impedance, Capasity, DC Resistance
M ulti- Range Meters
Service Station Test Bench
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NEW J -245-X TROUBLE -SHOOTING JIFFY TESTER
Illumination Continuity and Polarity

The three -meter assembly, in the crackle -
brown finish carrying case, with slip-on
cover in place. The handle is genuine
leather. The buckled strap holds the

cover on.

Illustration above
Is 2/3 scale.

Tester FREE with Each Outfit!

Your Price

$15.82
Complete

Iliumleatlen Tester, Vett
Pocket Size, Shows Shorts
and Opens Visually, slu
polarity of DC Iles. A

Nese lamp Is built Is.

1-111 Multiplier, upper left, with tip; below it, 1-106 Multiplier with tip: plugs, left to
right, 1-19, conforms UV socket to UX plug: 1.20, conform. UX tester sadist to

U V199 tube; J-24. to test Kellogg and ola style Arcturus tubes.

Makes All Necessary Tests in a Jiffy and Simplifies Service Work!
WHEN servicing a radio set, power amplifier, speech amplifier or sound

reproduction or recording equipment, the circuits and voltages are almost
inaccessible, unless a plug-in tester is used.

The Jiffy 245-X plugs in and does everything you want done. It consists of:
(1)-The encased three -meter assembly, with 4 -prong (UX) and 5 -prong

(UY) sockets built in; changeover switch built in, from 0-20 to 0-100 ma.;
ten vari-colored jacks, five of them to receive the vari-colored tipped ends of
the plug cable; grid push_button, that when pushed in connects grid direct
to the cathode for 224 and 227 tubes, to note change in plate current, and thus
shorts the signal input.

(2) -4 -prong adapter for 5 -prong plug of cable.
(3)-Screen grid cable for testing screen grid tubes.
(4)-Pair of Test Leads for individual use of meters.
(5)-J-106 Multiplier, to make 0-300 DC read 0-600.
(6)-J-111 Multiplier, to make 0-140 AC read 0-560.
(7)-Two jack tips to facilitate connection of multipliers to jacks in tester
(8), (9), (10)-Three adapters so UV199 and Kellogg tubes may be tested.
(11)-Illumination Tester.
The illumination tester will disclose continuities and opens and also the

polarity of DC hcuse mains. It is as handy as a pencil and fits in your vest
pocket. It works on voltages from 100 to 400. There are two electrodes in a
Neon lamp in the top of the instrument. On AC both electrodes light. On
DC only one lights, and that one is negative of the line, the light being on
the same side as the lead. Hence the illuminator shows whether tested source
is AC or DC, and if DC, which side is negative.

Even the output of the speaker cord will show a light.
Also. the device will test which fuses are blown in fused house lines, AC or

DC. Besides it tests ignition of spark plugs of automobiles, boats and airplanes,
also taulty or weak spark plugs.

Just flash on the illumination tester momentarily.
flashes.

THE new Jiffy Tester. J -245-X, is a complete servicing outfit. It
consists of a three -meter assembly in a metal case, with slip-on
cover and a cable plug. There are ten adapters. It is vital to

nnv e the complete outfit so you can meet any emergency.
With this outfit you plug the cable into  vacated socket of a receiver,paling the removed tube in the tester, and using the receiver's power

for making these tests: plat. current, up to 100 milliamperes; plate
voltage up to 300 volts; filament or heater voltage (AC or DC), up
to 10 volts.

h meter may be used independently. One of the adapters-a pair
test leads, one red, the other black, with tip jack terminals-serves

this purpose. Multiplier J-106 extends the range of the DC voltmeter
to 6o0 volts, but this reading must be obtained independently, as mustreadings on the 0-60 scale of the DC voltmeter. Independent readtngof the AC voltmeter for line of voltage is necessary; also to use 0-140
vale while Multiplier 3-111 extends the AC smile to 560 volts for reading
Dower transformer secondaries.

The other adapters permit the testing of special receiver tubes, so thattests may be made, in all, of 22 different tubes: 201A, 200A,1'X199, 1Tv199, 120. 240, 171, 171A, 112. 112A. 245, 224. 222, 228,280. 281, 227, 226, 210. 250, Kellogg tubes and old style Arcturus tubes.

I
I

I

I

It will last about 4,000

IMO OB Mi a NM MM. 4101"

GUARANTY RADIO GOODS CO.
143 West 45th Street. Just East of Broadway,
N. Y. Clb.
0 Please send me on 5 -day money -back guaranty your 3-245-X JiffyTester, complete, with all 10 adapters, and with illuminated TesterFREE with each order. Also send instruction sheet, tube data sheetand rectifier tube testing information.

Enclosed please find 215.82 remittance. Ship at your expense. [Canadianmust be P.O. or Express 51.0.1
CI Please ship C. 0. D. @ 215.82 plus cartage and P.O. fee.
NAME

ADDRESS

CITY STATE
S -DAY MONEY -BACK GUARANTY
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RADIO AND OTHER
TECHNICAL BOOKS

At a Glance
RADIO

"Audio Power Amplifiers," by Anderson and
Bernard $3.50

"Elements of Radio Communication," by
Morecroft 3.00

"Foothold on Radio, A," by Anderson and
Bernard 1.00
Mathematics of Radio," by Rider 2.00

"Practical Radio," by Moyer & Wostrel 2.50
"Practical Radio Construction and Repairing,"

by Moyer & Wostrel 2.00
"Principles of Radio Communication," by

Morecroft 7.50
"Radio Blueprint Library" -AC Hook-ups .35
"Radio Cyclopedia," by Drake 6.00
"Radio Receiving Tubes," by Moyer &

Wostrel 2.50
"Superheterodyne Construction and Operation,"

by Lacault .2.5

"Thermionic Vacuum Tube, The," by Van der
5.00

"Trouble Shooter's Manual," by Rider 3.50

TELEVISION
"A B C of Television," by Yates 3.00

AVIATION
"A B C of Aviation," by Maj. Page 1.01,
"Aerial Navigation and Meterology," by

Capt. Yancy 4.06
"Everybody's Aviation Guide," by Maj. Page 4.00
'Ford Model 'A' Car," Its Construction, Oper-

ation and Repair -by Maj. Page 2.00
"Modern Aircraft," by Maj. Page 5.00
"Modern Aviation Engines," by Maj. Page 9.00

RADIO WORLD
145 West 45th Street

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

NEW Morecroft
"Elements of Radio Communication," by Prof. John
H. Morecroft, of the Engineering Department of
Columbia University, to the latest book on radio
by this outstanding authority.
This book is entirely new and contains matter whiffs
never before has been published. It is written in
plain language ao that every radio novice can under-
stand it, yet it is a complete course in the elements
of radio.
It contains 266 pages, 170 illustrations and
a complete index. Price $3.00.

RADIO WORLD
145 writ 45th SL, New York, N. Y.

TELEVISION and all about it in "A B C of
Television," by Raymond Francis Yates. $3 post-
paid. Radio World, 145 W. 45th St., N. Y. City.

4 -GANG CONDENSER
With Trimmers
Built in $3.95

sumum:mxi:a
Capacity of each of the four sec-

tions is .00035 mfd. Overall length
11". Accurate capacity and precise
alignment. Used in HB33 and HB44.

GUARANTY RADIO GOODS CO
143 West 45th Street New York

[ Just East of Broadway]

New DRAKE'S
ENCYCLOPEDIA

A reference work that has subjects
classified in alphabetical order.

Each rule, fact, metnod
plan, layout and diagram
is instantly picked out and
separated from everything
else by placing all oubjects
in alphabetical order with
cross references for every
imaginable name under which
the information might be
classed.

This alphabetical arrange-
ment let, the experienced
worker refer directly to the
one thing in which he is
Interested at the moment
without hunting through non-
essentials. The needs of the
beginner are cared for.

The important articles deal
primarily with receivers and
reception. They do not stop
with the electrical end, but

BOOK IS 21/4" THICK. go also Into the mechanicscmitruction.

WEIGHS 3% LBS., 1,025
of

Every new thing in radioILLUSTRATIONS. is covered m detail.
1.680 Alphabetical Headings from A -battery to

Zero Beat
1,025 Illustrations, Diagrams, Layouts and Graphs

920 Pages, Each 6 by 9 inches
240 Combinations for Receiver Layouts

OF THE PRINCIPAL ARTICLES
159 Concern service men, 129 help the set builder.

182 help the experimenter, 155 Interest the student.
75 assist In sales work, 73 interest set owners.

PRICE, $6.00
Remit with order and we pay cartage. Canadian

remittance must be by postal or express money order
Order C. 0. D. and you pay cartage.

RADIO WORLD, 145 W. 45th St., N. Y. cif,

NATO o N
SCREEN GRID TUNER

The most sensitive tuned radio frequency tuner so far developed, the
MB -29 is long on distant reception, and penetrates seemingly unaur-
mountable barriers to reception. On the MB -29 the stations come In
no matter where you are. The MB -29, designed by James Millen and
Prof. Glen H. Browning, is the choice of the most discriminating.It is designed only for AC operation, uses four stages of screen grid
BF and a power detector (227). Use 135 to 180 volts on the detector.
Testimonials from radio's hardest -boiled experts prove this is thecircuit of circuits. Buy the parts and find fullest radio delight.You will be sure nobody else has a tuner as good as yours, unless
be too has an MB -29. Complete component parts for National Screen
Grid Tuner MB -29. mounted on frosted
aluminum chassis, Including rainbow modern-
istic drum dial HC. Order catalog No.
MB -29-K, list price, less tubes 169.50.
Tour price

MICROPHONE
LIGHTERS

for cigars or cigarettes, with button
switch at top. Press the switch and
light up,

Model A lighter, microphone de-
sign, with 5 -ft. AC cable and
plug. Works on 110 volts, AC
any frequency and on direct cur-
rent. Price $1.00

Model B lighter, microphone de-
sign, on tray, with 5 -ft AC cable
and plug. Works on 110 volt
AC, any frequency, and on direct
current. Exactly the same lighter
as the other, only tray is added.

Price $1.50

This lighter is Instantaneous. Hold button down
only long enough to light a cigar or cigarette.
The two models are furnished in attractive
sprayed finish. Both are very compact! For
Instance, the tray is only 4,/2" in diameter.
Use these lighters in your home and for
holiday gifts.
he heater element is renewable. Price 35 cents.

RA D 10 WORLD, 145 West 45th St., N. Y. City
Please send me Model A Microphone Lighter at $1.00

 Please send me Model B at $1.50.
0 Enclosed is remittance [Canadian must be P.O. or ex-

press money order.]
0 Ship C. 0. D.

N11029

Address

City State

B
The National Velvetone Push -Pull
Power Amplifier (shown at right)
consists of an AC -operated filament -
plate supply, with two stage trans-
former audio amplifier and 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 corn
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
amplification with two 245s. It furnishes
all power for itself and for the MB -29,
as well as the audio channel. Order
catalog PPPA, list price, completely
wired and equipped
with phonograph
jack, (less tubes)
$97.50. Your price.

WRITE FOR
WHOLESALE

PRICES 143 WEST

WRITE FOR
WHOLESALE

PRICES

29
Push -Pull Amplifier

View of National Velvetene Puss -Pull Power Amplifies,
an expertly made A, B and C supply and audio amplifier,

producing marvelous tone Quality.

GUARANTY RADIO GOODS CO.
45TH STREET NEW YORK CITY
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Your Choice of
These Nine Meters FREE!

54 Voltmeter D.0 Ne. 325
11-50 Voltmeter D.0 No. 537
5-VeIt Chars* Tester D.0 N.. 23
5.19 Ampere' D.0 Ns. 638
0-25 MIMomper"' D.0 Ns. 525
11-50 MIlliemeeres D.0 N. 55$
5-100 M I II la mperes D.0 No. 394
5.500 M I II lameerea D.0 No. 305
5-400 M III !amperes D.0 No. 394

Equip Yourself Now
With Necessary Meters!

To do your radio work properly you need meters. Haan is
yeur opportunity to get them at no extra cost. See Use list
of nine meters at left. Heretofore we hove offered the chola
of any one of these meters free with an 8 -weeks sabscriptios
for RADIO WORLD, at $1. the regular Price for a111
subscription. Now we extend thia offer. For the Scab time
you are permitted to obtain any one or more or all of the..
meters free, by sending in $1 for 8 -week's subscription, en-
titling you to one meter; $2 for 18 weeks, entitling you 10
two meters; $3 for 28 weeks, entitling YOU to three meters'
14 for 35 weeks, entitling you to four meters; $5 for 44 weeks
entitling you to 5 meters; $8 for 52 weeks, entitling you to
six meter,. Return this offer with remittance, and cheek off
desired meters in squares at left.

RADIO WORLD will help you in your radio work, me

you will be able to use the meters most valuably. Keep
abreast of all the new circuits, intimate details on perfecting
existing sets, and get inside track on sensitivity, distance
reception, tonal quality, and news of radio, technical and non-
tectmical. Enjoy the writings of Dr. Lee De Forest, McMurdo
Silver, 3 E. Anderson. Herman Bernard end a host of other
radio engineer, who contribute their knowledge to you through
the medium of RADIO WORLD, the first and only Illustrated
national ache weekly. You can find no magazine that better
caters to your needs than RADIO WORLD. Short waves?
RADIO WORLD will tell you all about them. Extremely
sensitive broadcast receivers? Their construction and operation
are fully discussed with confident regularity. Power suppile.
--Push-pull or otherwise? AC receivers? Screen grid tubes?
Large receivers that give a super -abundance of performance -
small, economical receivers that give performance out of all
comparison to their size? Are you interested in these? Then
you're interested in RADIO WORLD.

Present mail subscriber. may renew their subscription under
this remarkably generous offer. Put cross in square.

RADIO WORLD
145 W. 45th St., N. Y. City -Published Weekly.

All Newsstands. 15. Der solly-13, ,lx months -95 a year

LACAULT'S BOOK
G IVES YOU A FINE
U NDERSTANDING OF
the SUPER -HETERODYNE

RE. LACAULT, E.E.. I.R.E., who died recently, wa
. one of the outstanding authorities on the Super -

Heterodyne. He wrote a book. "Super -Heterodyne Con-
struction and Operation," that explains In a non -technical
manner the phenomena associated with a Super -Hetero-
dyne. More, it gives a clear outline of the way such
a receiver functions, and naturally gives the clue, to
solving virtually all the troubles that may arise in a
Super.

So thoroughly did Lacault do his wrok that he covered
associated topics, thus making his book a sidelight on
radio in general, including advice on trouble -shooting.

Therefore the service man, the home experimenter, the
custom set builder and the student will welcome this
book.

It consists cf 103 pages and includes 88 illustration,
It is bound in maroon buckram.

There are three valuable tables in the book, 11160. One
claasifies harmonics into groups, e.g., sound, radio, short
waves, heat, light, chemical rays, X-rays and "unknown."
Another is a trouble -shooting chart, classifying "trouble
experienced" and "causes" and referring to the text for
specific solutions. The third is a table for converting
broadcast frequencies to wavelengths (accurate to .1 of
a meter) or for converting the wavelength into frequency

rTHE book begins with a comparison of
alternating and direct current and pro-

ceeds to a discussion of the relation of wave-
length to frequency. Then tuning ie explained.

Condensers, coils, induction, vacuum tuba
operation and testing, earphones and speaker',
rectification, oscillation, grid condenser action,
modulation, grid bias detection, regeneration.
beat notes, frequency changing, audio ampli-
fication, batteries, aerials, loops, wiring,
sockets, and shielding are only some of the
other important topics covered.

Besides, there is an entire chapter on the
construction of a Super -Heterodyne receiver,
with list of parts, front, top and rear views
of set, front panel layout, shield dimensional
drawings, schematic diagram of wiring and
picture diagrams of the top and bottom views
of the eubpanel.

You Can Get This Book
At Once !

You will want this book not only for present reading
but also for future reference. It Is authoritative and
highly informative. Send for It nowl It's free with
each order for an eight weeks' subscription for RADIO
WORLD. Present subscribers may renew under this offer.
Their subscriptions will be extended eight weeks. Please
me coupon.

RADIO WORLD. 145 W. 45th St., N. Y. City
(Just East of Broadway)

Gentlemen: Enclosed find $1.00. Please enter my sub-
scription for RADIO WORLD for eight weeks at $1.00
and send me at once one copy of R. E. Lacault's "Super
Heterodyne Construction and Operation." FREBI

0 I am a subscriber at present. (Check cff if true.)

Name

Address

City State

5 -DAY MONEY -BACK GUARANTEE
1:1 If C. 0. D. desired, put erne km.

Component Parts
for

ONE -DIAL

PUSHPULL
BATTERY
DIAMOND

[Check off parts you want. Each
part is sold separately.]
 L1L2-Antenna coil RF3 @ $ .65
O L3L4L5-3-circuit SG coil SGT3 @ .90
0 Lb -Push-pull output transformer 2.50 TI -Push-pull input transformer 2.50
0 CT -80 mfd. equalizer .35
O Cl, C2 -Two .00035 mfd. ext. shafts @ 98c 1.96
0 C3, C5 -Two .01 mfd. mica condensers .70
 R -One 6.5 ohm filament resistor .25
 RI, Sw-One 75 ohm switched rheostat .80
0 R2, C4-2 meg. Lynch leak, grid clip con-

denser .51 R3 -One .25 meg. .300 R4 -One 5.0 meg. .30
0 R5 -One 1.3 ohm filament resistor .200 Ant., Gnd., Sp. (+) Sp. (-)-Four posts

@ .10 .40 One drilled front panel 7x18" 1.850 One socketed, self -bracketing metal sub
panel, all holes drilled 3.50 One National new modernistic drum dial
with color wheel, pilot bracket, 6v. lamp,
hardware, knob 3.130 Two matched knobs for rheo. and tickler@ .18 .36
Five vari-colored cable leads @ .07 .35 Metal link and insulated shaft .220 One screen grid clip .06

p All parts (including blueprint) $21.89
1=1, INEM 1 EMI& MEM IMEMI

GUARANTY RADIO GOODS CO., 143 W. 45th St., N.Y.C.
(Just East of Broadway)

Enclosed please find I for which pleasemail at once the parts for the Push -Pull Battery Model
Diamond of the Air as checked off above.

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

Name

Address

City State

TRIAL SUBSCRIPTION, 8 WEEKS,
$1.00. Send $1 and we will send you
Radio World for 8 weeks, postpaid.
RADIO WORLD, 145 West 45th St.,N. Y. City.

"MODERN AIRCRAFT," By Maj. Page. $5.postpaid; and "Everybody's Aviation Guide" ByMaj. Page, price $2. postpaid. Latest and bestup-to-date aviation books. Radio World, 145W. 45th St., N. Y. City.

Component Parts for
245 Push -Pull

Power Amplifier
(as described and specified by Herman Bernard)
Check off which parts you desire. All parts sold

separately.
Cl Cl-One .00025 mfd. mica condenser .21
0 C2 -One .01 raid. mica hued condenser .35
O C3 -One Flechtheirn 1 mfd. filter condenser, 1,000

volts DC continuous working voltage rating, 550
volts AC (root mean square) continuous voltage
rating 1.70
C4, C5. C6, C7 -Four Mershon condensers in one
copper casing, two of 8 mfd. and two of 18 mfd.
with low bracket. Cat, Q2-8. 2-18B 6.15
C8, C9, C10, Cll. Cll, C13, C14, 15, C16 -Nine
1 mfd. bypass condensers. 200 volts DC continu-
ous working voltage rating 4.50

 TI -One Polo Filament -Plate Supply transformer:
110 volt 50-80 cycle primary, 724 volt secondary .
center -tapped, 5 volt 2 amp secondary center -
tapped; 2.5 volt 3 ampere secondary center -tapped.
and 2.5 volt 12 ampere secondary center -tapped.
Cat. PEPS 7.50
FC, PPOC-Twa center -tapped chokes for high cur-
rent one used as filter choke, other as push-pull
output choke 7.42

 PPIT-One push -p ill input transformer 3.41
 SW -One AC pendant through -switch, with 12 -IL

AC cable and male plug 1.10
F -One 2 ampere fuse, with holder .50
CO--Onloeconvenience outlet (for dynamic speaker
AC .50

 P PJS-Phonograph Jack with automatic switch
andj. plug1.42
R1 -One resistor, 0.1 meg .30
R2 -One grid leak, 5.0 meg .30
R3 -One multi -tap voltage divider. 50 watt rat-
ing; fourteen taps affording thirteen different
voltages; 13.850 ohms 3.95

CI Two resistor mountings.
0 Roll of heavy insulated hookup wire for power

work.
0 Fifteen binding posts 1.50
O One 15x9 Ye" cadmium plated steel subpanel,

with self -bracketing flanges. one five -prong and
three four -prong sockets built in; sockets marked
to identify tubes that go in them; aubpanel drilled
and insulated where necessary; fiat insulating
washer.; hardware 4.00

0 All parts $43.57
Ferranti AF5CC push-pull input instead of above

Input transformer 9.60

(Note: For 40 cycles llov. order Polo P40 FPS at 510;
for 25 cycles 110y. order Polo P25 PPS at $1'

Guaranty Radio Goods Co.
143 West 45th Street

lust East of Broadway
NEW YORK CITY

Blueprint of the

New One -Dial

Push -Pull Battery Model

SG DIAMOND
Full-sized picture diagram of the wiring,
with list of parts. This 5 -tube receiver is
really superlative. It gives you screen
grid radio frequency amplification and
push-pull output, most economically.
Send $1.00 today for this blueprint or

order it shipped C. 0. D.

RADIO WORLD
145 West 45th Street

Just East of Broadway New York City

One Tube?
Two Tubes?

Three Tubes?
Four Tubes?

Circuits for Schoolboys -Easy to Build, Very, Very
Inexpensive!

A One Tube Receiver, parts costing $4.28,
A Two Tube Audio Amplifier, parts costing $5 231A Three Tube Speaker -Operating Circuit, part, foot-ing $11.10,

A Four Tube Speaker -Operating Circuit, parts emittog $12.72,
The construction of these circuits, with a pictorialdiagram as one of the illustrations, was described byJack Tully, himself a schoolboy, In RADIO WORLD.

See list below.
CI Sept. 21st and 28th issues. One -Tube DX Set, byJack Tully; two-part article. Oct. 5th. Three -Tube Single Dial Speaker Set, byJack Tully. Oct. 12th, Two Stage Transformer, Coupled AudioAmplifier, by Jack Tully.
O Oct. 19th, Four -Tube DX Speaker Set. by Jack Tully.
alviSaicleanbtles. a copy Order at once while these motel are

RADIO WORLD, 145 W. 13th St., New York
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0.1 MA, $5.95

Here is a 0-1 milliammeter, accurate
to plus or minus 1% clearly legible to
two -one hundredths of a milliampere
at any reading (20 microamperes).
This expertly made precision instru-
ment is offered at the lowest price so
far for a 0-1 ma. Order Cat. FO -1
at $5.95. C. 0. D. orders accepted.

Guaranty Radio Goods Co.
143 West 45th Street,

New York City

1/%01111001%~110.01%01%.1010%.

AERIAL TUNER
Improves Your Reception

Remove aerial lead from set. Connect aerial
instead to one of the binding posts of the Aeria:
Tuner. Connect the other binding post of the
Aerial Tuner to antenna post of your set. Then
move the lever of the Aerial Tuner until any weak
station comes in loudest. The lever need not be
moved for every different frequency tuned in
The Aerial Tuner acts as an antenna loading
coil and puts the antenna's frequency at any
frequency in the broadcast band that you desire
to build up. Price, 85c.

GUARANTY RADIO GOODS CO.
143 West 45th Street

New York City
(Just East of Broadway)

1011%"110%10.111110.1111"11.1%"110111%11

BRILLIANT, NEW

NATIONAL
MODERNISTIC PROJECTION DIAL

WITH RAINBOW FEATURE

Modernize the appearance of your receiver by installing
the brilliant new National dial. with color wheel built in,
so that as you turn the dial knob one color after another
floods the screen on which the dial numbers are read. On
this screen the numbers are projected, so that you get the
same dial reading from any position of the eye. This is
just what DX hunters want-laboratory precision of dial
reading.

The escutcheon le of modernistic design. The Velvet
Vernier mechanism drives the drum superbly.

Order today. Remit with order and we pay cartage.
Shipments day following recilpt of order.

GUARANTY RADIO GOODS CO..
143 W. 45th St., N. Y. City (Just E. of B'way)

Enclosed please find $3.13 for which please send me
dial marked below:
0 Cat. HC6, National modernistic drum dial, with color

wheel built in, pilot bracket, 6 -volt pilot lamp for
storage battery or A eliminator sets; hardware; instrue-
lions $3.13

0 Cat. HC254, same as above, but with 2% -volt
AC pilot lamp 3.15

0 Order C.O.D. and I pay cartage.

NAME

ADDRESS

CITY STATE

Hipst) 30
Wholesale

Prices'
Write or wire!

Guaranty Radio Goods Co.
143 West 45th St.,

New York City

NATIONAL
Velvet B Eliminator
us Volts (ZSII Tuba Fres) $16.13

Lash Model National Velvet -B, Typo 815$.
handsome crackle finish black metal casing, for siso
with sets up to and including six tubes. Input
106-120 volts AC, 60 to 60 cycles. Output_ 180
volts maximum at 96 milliamperes. Three variable
output Intermediate voltages. (Dot., 11F. Al).

has exeellent filter system to elinstaile
bum, including 30 henry shake and 1$ mfd.
Mershon condenser. No rootorboating I

Licenacid under patents of the Radii
Corporation of America and assoeiated companies.)

Guaranty Radio Goods Co.
143 W. 45TH STREET

Just East of Broadway)
NEW YORK CITY

New Junior Model

POLO UNIT $4
the famous twin magnet principle for
double sensitivity, large magnets for great
flux, permanently adjusted armature, all
are in the new junior model Polo Unit.
Weight, 24/4 lbs. Stands 150 volts unfil-
tered. Stands up to 250 push-pull filtered.
Works any output tube, power or other-
wise. Supplied with 10 -ft. cord. Order
'snit now. Five-day money -back guarantee
Shipped C. 0. D. if desired.

Acoustical Engineering
Associates

143 West 45th Street
New York City

(Just East of Broadway)

Blueprint FREE !
Get a free blueprint of either oircuit listed on
the coupon below, by sending $1.00 for eight
weeks' subscription for RADIO WORLD, or seed
S1.50 Co' 13 wanks' (quarter of a year) and sot
both blueprints free!
RADIO WORLD, 145 W. 45th St., N. Y. City

Enclosed please find:
0 $1 for which send RADIO WORLD for

8 weeks and tend free blueprint of the
battery model 4 -tube Screen Grid Diamond
of the A Ir.

0 SI for which send RADIO WORLD for
8 weeks and send free blueprint of the4 -tube AC Scree. Grid Diamond of theAle.

0 $1.50 for which send RADIO WORLD for
15 weeks and send both blueprints free.(If renewing a subseription put cross hero 1

NAME

ADDRESS

CITY STATE

Quick Action Classified Ads
Radio World's Speedy Medium for Enterprise and Sales

10 cents a word - 10 words minimum - Cash with Order
ARISTOCRAT FLOOR SPEAKER-With Mold-
ed Wood Horn and Horn Motor built in. Great
value. $14.00. Acoustical Engineering Associates,
143 \V. 45th St., N. Y. C.

POLO 245 POWER SUPPLY. Read all about
it on another page of this issue. Polo Engineering
Laboratories, 57 Dey St., N. Y. City.
"EVERYBODY'S AVIATION GUIDE." By Maj
Page. $2 postpaid. Also "Modern Aircraft" by
same author. $5. postpaid. Radio World, 145 W.
45th St.. N. V City

BE SURE TO READ the advertisement on
another page of this issue about the HB Compact.
Guaranty Radio Goods Co., 143 W. 45th St.
N. Y. City.

DISTON ELIMINATORS $6.95. Edison Batteries
$1.95. Audio Transformers 95c. Western Electric
Amplifier $14.00. Get our big bargain list sets
and parts. Quality Radio Shop, Richmond,
Indiana.

USED RADIO PARTS. Very low prices. Mack
Gamble, Hannibal, Ohio.

TWO FOR ONE. Radio World for 52 weeks and
Radio News twelve months at the combination
rate of $7. Radio World, 145 W. 45th St., N. Y.

OUTDOOR WORK-Get Outdoor Govt. Jobs;
$1,860 year. Patrol forests; protect game. Write
for details. Bradley Institute, All, Denver, Colo.

PATENTS
PATENTS pending sold to Mfrs. You pay for
results only. W. Nestle. 852 Belmont, Chicago.

EVERYTHING IN
At attractive Prices

Orders shipped exactly as
service. Write for prices.
Send your address.
ALL RADIO CO., 417 North

RADIO
Sets or parts

ordered. Prompt
Inquiries invited.

Clark St., Chicago

"MATHEMATICS OF RADIO."-A great help
to everybody interested in radio. $2 postpaid.
Radio World, 145 W. 45th St.. N. Y. City.

WORLD'S BEST AVIATION BOOKS: "A B C
of Aviation," $1.00; "Modern Aviation Engines,"
$9.00 postpaid. Both by Maj. Page. "Aerial
Navigation and Meteorology," By Capt. Yancey.
$4.00 postpaid. Radio World, 145 W. 45th St.,
N. Y. City.

"AUDIO POWER AMPLIFIERS," by J. E.
Anderson and Herman Bernard, the first and only
book on the subject. $3.50. Hennessy Radio Pub-
lications Corporation, 145 West 45th St., N. Y.City.
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Power Amplifier Equipment

Polo Filament Tran former Only,
four windings, cons! is of 50-60
cycles 110 v. winding, 2% v. at12 amps., 2% v. at 3 amps., 5 v.
at 2 amps. All windings. save Pri-
mary, are center -tapped (red). Size,
4%" high I 3%" wide x 3" front
to back. Weight, 6 lbs. OrderCat. PFT @ $4.25.

[For 25 cycles order PFT-25 @
$7.00; for 90 cycles order PFT-40
@ $6.251

By -pats Condensers
For by-passing Bi leads to

ground or C minus from 200 v.
post or less, where current is lessthan 10 m.a.. 1 mfd. paper dielec-
tric condensers are useful. Order
LV-1 @ $0.50 ea.

Filter Condensers
For high voltage filtration nextto the rectifier, use 1 or 2 mfd.

The 2 mfd. makes the output volt-age little higher.
Order Cat. HV-1 (1,000 v.

DC, 550 v. AC) $1.76
Order Cat. HV-2 (1,000 v

DC, 550 v. AC) $3.52

Filament -Plate -Choke Block
Sane as Filament -Plate Supply,

except that two 50 henry chokes are
built in. Six windings: primary,
110 v., 50-60 cycles; 2.5 v. at 12
amps.; 2.5 v. at 3 amps.; 5 v. at
2 amps.: 724 v. at 80 m.o.;
choke All AC windings center -
tapped (red), except primary. Con-
nect either end of a choke to one
end of other choke for midsection.
Order Cat. P-245-FPCH @..510.00

[For 40 cycles order P-246
FPCH-40 @ $13.50.]

[For 25 cycles order P-246
FPCH-25 @ $14.50.]

At left is illustrated a push-pull
power amplifier, using a first stage of
resistance coupled audio, 280 rectifier
and two 245s in push-pull, as described
in the November 2d issue of Radio
World. Abounding volume and faithful
tone reproduction are assured. The Polo
Filament -Plate Supply, two Polo cen-
ter -tapped audio chokes and a Multi -
Tap Voltage Divider are used, with a
Q 2-8, 2-18 Mershon condenser, an in-
put pushpull audio transformer and
auxiliary equipment. The total parts,
including cadmium -plated steel sub -
panel, come to $43.57 net, the best
power amplifier for that modest
amount. Provision is made for
phonograph pickup plug inser-
tion. Thirteen output voltages
are provided, including 300, 180,
75, 50 and an assortment of
nine different voltages under
50 available for bias. All A, B and C
voltages are provided for the power
amplifier and for a tuner to be used
with it employing 227, 224 or 223 tubes.
Order Cat. P0 -245 -PA 4a $43.37 net,,

for 50-60 cycles,
110 volts. [For
25 cycles order
PO -245 -PA -25 @
$48.57. For 40
cycles order PO-
245- PA - 40 @
546.07.7Sub panel
alone, cat. SPO

$3.50

Two rugged, expertly engineered ware-wouna enamelled
resistors, mounted in series, one atop the other, with four-
teen useful lugs, providing all necessary choice of voltages
without the uncertainty of adjustable variable resistance.

The Multi -lap Voltage Divider has a total resistance
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 (at lower left) the total number
of useful lugs is fourteen. The resistance stated are those
between respective lugs and ate to be added together to
constitute 13,850 ohms total.

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

Extreme care has been exercised in the manufacture at
the Multi -Tap Voltage Divider. It is mounted on brackets
insulated from the resistance wire that afford horizontalmounting of the unit on baseboards and subpanels.

There long has been a need for obtaining any necessary Interme-
diate voltage, including all biasing voltages, from a Multi -Tap Volt-
age Divider, but each lug has to be put on individually by hand,and soldered, so that manufacturing difficulties have left the marketbarren of such a device until now.

The Multi -Tap Voltage Divider is useful in all circuits, Including
Push -Pull and 'tingle -sided ones, where the current rating of 125milliamperes is net seriously exceeded and the maximum voltage isnot more than 400 volts. If good ventilation is provided, this rat-ing 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 filteredoutput of a B supply which serves a receiver, the voltages are toproportion to the current flowing through the various resistances.If a B supply feeds a receiver with two -stage audio amplifier, thelast stage a single -sided 245, then the voltages would be 250 maxi-mum for the power tube, 180, 135, 75, 50, 40, 35, 30, 25, 16, 10,6 and 3. By making suitable connection of grid returns the lower
voltages mry be used for negative bias or even for positive voltage
on the plates

If push-pull Is used, the current to the biasing section is almost
doubled, so the michap of the power tubes' filament winding would
go to lug about half way down.

Order Cat. MTVD at $3.95

The Mershon electrolytic condenser, 415 volts
DC, for filtering circuits of B supplies. Q 2-8,
2-18 has four capacities in one copper casing:
two of 8 mid. and two of 18 mfd. The coppercase is negative. The smaller capacities are
nearer the edge of the case. The vent cap
should not be disturbed, and the electrolyteneeds no refilling or replacement.
-Mershon electrolytic condensers are instantly

self -healing. Momentary voltages as high as
1,000 volts will cause no particular harm to
the condenser unless the current is high
enough to cause heating, or the high voltage
is applied constantly over a long period.

High capacity is valuable especially for the
last condenser of a filter section, and in by-
passing, from intermediate B+ to ground orC+ to C-, for enabling a good audio ampli-
fier to deliver true reproduction of low notes.Suitably large capacities also stop motor -boating.

Recent improvements in Mershons have re-duced the leakage current to only 1.5 to 2mils total per 10 mfd. at 300 volts, and less atlower voltages. This indicates a life of 20years or more, barring heavy abuse.
In B supplies Mershons are always used"after" the rectifier tube or tubes, hencewhere the current is direct. They cannot beused on alternating current. Rated 415 v. DC.

The Mershon comes supplied with
special mounting bracket. Order 15Q 2-8, 2-18 B @

  0
1.=701.11J3611.

was

Polo 246 Filament Plata Sup-
ra., (less chokes) has four wind-
ings, ail save primary center -
tapped (red), is 4%" wide, 5"
high. 4" front to back. Weight.
9 lbs. Filament windings, 2.5 v.
at 12 amps., 2.5 v. at 3 amps.
(for 245 filaments), 5 v. at 2
amps. for 280 rectifier, and 714
v. @ 80 m.a., center -tapped.
Order Cat. PFP51 @ $7.50.

(For 25 cycles order Cat.
PFPS-25 is $12.00.]

[For 40 cycles order Cat.
PFPS-40 @ $10.00.]

Center -tapped double choke, 125 m.o. rating, 30henrys in each section. Used for filtering B supply
or for a push-pull output impedance, where speaker
cords g0 directly to plates of tube.. Center tap is red.Order Cat. PDC @ $3.71.

Single 30 nenry 100 m.o. choke to filtered output(where condenser Is used additionally) or for addedfiltration of a B supply. Order Cat. PSC @ $2.50

ACOUSTICAL ENGINEERING ASSOCIATES.
143 West 45th St., N, Y. City.
(lust East of Broadway.)

Please ship at once the following:
Quan-
tity Cat. No.
O P0 -245 -PA
 PO -245 -PA -40
O PO -245 -PA -25
O PFPS
O PFPS-40
O PFPS-25
O PFT
O PFT-40

PFT-25
O P-245-FPCH
O P-245-FPCH-40
Cl P-245-FPCH-25
O PSC

MTVD PDC
Q2-8.2-18BJ

0 LV-1
O ITV -1
C AV -2
0 BPO

Product Price
P ewer amp. parts, 50-60 C. $43.571"Same, 40 cycles 46.07Same, 25 cycles 48.57Fil. 1

40 cycle,1t
supply.e 50-60 c. 7.50Same,10.00

Same. 25 cycles 12,00Fil. trans., 50-80 e. 4.25Same, 90 cycles 6.25Same, 25 cycle. 7.00
Power -filter block 10.00Same for 40 cycles 13.50Same for 25 cycles 14.50Single choke 2.50Multi -tap volt, div. 3.95Double c. -t. choke 3.71Mershon with bracket 5.15200 v., 1 mfd. by-pass cond. .5()1,000 v., 1 mfd. filter cond. 1.761.000 v., 2 mfd. filter cond. 3.52Subpanel 3.50

CI Enclosed please find check -money order -for theabove. [Note: Canadian remittance must be by postal orexpress money order.]

0 Please ship C.O.D.
NAME.

ADDRESS.
CITY. STATE

5 -DAY MONEY -BACK GUARANTEEI
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Efficient Coils
ANTENNA COUPLER

01

Cat. No. VA5--$0.85
FOR .0005 MFD. CONDENSER

Moving primary and fixed secondary, for
antenna coupling. Serves as volume control
Cat. No. VA3 for .00035 mfd. $0.90

SG TRANSFORMER

Cat. No. SGS5-S0.60
FOR .0005 MFD. CONDENSER

Interstage radio frequency transformer, to
work out of a screen grid tube, primary un-
tuned.
Cat. No. 8683 for .00035 mfd. 80.85

Screen Coll Company,
143 West 45th Street.
New York, N. Y. (Just East of Broadway.)
Enclosed please find $ for which
please send at once the following parts:
0 Cat. No. at $

0 Cat. No. at

O Cat. No. at
12Please ship C. 0. D.

Name

Addreu

City State

for Standard Circuits at Lowest

II

P".911 o

BERNARD TUNERS

1111111111

Cat. No. BT5A-51.35
FOR .0005 MFD. CONDENSERS

II

NI

It 0
I!

Cat. No. RF5-S0.60
FOR .0005 MFD. CONDENSER

FL4 $0.30Flexible in -
sulated coupler
for uniting coil

condenser
shafts
Order Cat FL4
at 80.30
Equalizing con-denser, 80
mmfd., for con -
section a c r o s a

I ganging is re -
denser w h e r e
any timing con-

'
equalizing hide -
sorted to, or for

Inde-
pendently tuned

let

circuits to make

Order Cat. EQ80
80.35

PhYsical coupling to tuning condenser shaft may
be accomplished by the insulated link.

Only the Bernard Tuners have a shaft extend -
dials track. Inc from rear. This feature is necesary so that

Bernard Tuner BT5A
for .0005 mfd. for
antenna coupling, the
primary being fixed
and the secondary
tuned. This coil is
used as input to thefirst screen grid
radio frequency tube.
Secondary has mov-
ing coiL
Cat. No. BT3A for
.00035 mfd. ..$1.35
Bernard Tuner BT5B
for .0005 mfd. for
working out of a
screen grid tube,
tuned primary, =-tuned secondary.
Primary has moving
coil.
Cat. B T 3 B for
.00035 mfd. .31.35

DIAMOND
PAIR

Cat. No. RF5--$0.80
FOR .0005 MFD. CONDEN-

SER
Antenna coil for  a y

standard circuit, and one of
the two coils constituting the
Diamond Pair.
Cat. No. RF3 for .00035.80.85

Cat. No. SGT5-$0.85
FOR .0005 MFD. CONDEN-

SER
Interstage 3 -circuit coil for

any hookup where an un-
tuned primary is in the plate
circuit of a screen grid tube.
SGT3 for .00035 mfd...$0.90

Order the Diamond Pair, Cat. DP5 for .0005
mfd. et $1.45

Order the Diamond Pair. Cat. DP3 for 00035
mfd. at $1.05
[Note: These tame coils are for AC or battery
anon.]

The standard three -circuit tuner is used with
primary in the plate circuit of any BF tube. AC
or battery type, excepting only screen grid tube.
For .0005 mfd order T5 at $0.85
For .00035 order Cat. T3 at $0.90
All coils have Ph" diameter, except the shielded
coil, which is wound on 114".

The coils are wound by machine on a bakelite
form, and the tuned windings have identical in-
ductance for a given capacity condenser, I. e..
.0005 mfd. or .000:15 mfd. Full coverage of the
vv,ve uand is assured.

All coils with a moving coil have single hole
panel mounting fixture. All others have base
mounting provision. The coils should be used
with connection lugs at bottom, to shorten leads.

Prices

1PW

Cat. No. BT5B-$1.35
FOR .0005 MFD. CONDENSER

II

Cat. No. SGTS-$0.85
FOR .0005 MFD. CONDENSER

STANDARD TUNER

f

NEWEST BOOK
ON VACUUM TUBES

"RADIO RECEIVING
TUBES," by James A.
Moyer and John F. Woe-
trel, first edition just off
the press. No radio serv-
ice man, experimenter or
student of radio should be
without this authoritative
book on the principles and
applications of vacuum
tubes. It answers all your
questions relating to re-
ceiving, amplifying and
rectifying tubes. It is a
complete discussion of tube
principles, functions and
uses, thoroughly up-to-
date.

In this book the essential
principles underlying the oper-
ation of vacuum tubes are ex-
plained in as non -technical e

manner as is consistent with
accuracy. The book covers the
construction, action, reactiva-
tion, testing and use of vacuum
tube" as well as specifications
for vacuum tube and applica-
tions for distant control of in.
iustrial protease' and precision
Illea.urementa

Price $2.50
RADIO WORLD

fall West 15th Street. New York Clb
(lust East of Broadway)

ARISTOCRAT FLOOR SPEAKER
With Molded Wood Horn and Horn

Motor built in. Good value. $12.00.
Acoustical Engineering Associates, 143 W.
45th St., N. Y. C.

PLEASE GIVE US TWO WEEKS
for changing your address, showing new
renewal expiration date, etc. Subscrip-
tion orders are arriving in such large
numbers that it takes two weeks t.
effectuate the change. RADIO WORLD,
f45 West 45th St., N. Y. City.

LOOK AT YOUR WRAPPER
You will see by the date thereon when
your subscription for Radio World ex-
pires. If the subscription is about to run
out, please send us renewal so that you
will not miss any copies. Subscription
Department, RADIO WORLD, 145 West
45th St., N. Y. City.

SUBSCRIBE NOW!
RADIO WORLD, 145 West 45th St., New

York City. Enclosed please find my remit-
tance for subscription for RADIO WORLD.
one copy each week for specified period:
El $6 for one year, 52 issues.
 $3 for six months, 26 issues.
El $1.50 for three months, 13 issues.
J This is a renewal of an existing mail

subscription (Check off if true).

Your name

Address

City

All Parts
for the

ABC Supply
as described by,Capt. Peter V. O'Rourke

in January 25th issue
Provides filament and heater voltages for
227, 224, 245 push-pull and 280, and four-
teen B voltages.

These parts are com-
plete less push-pull 3n
input transformer and
are already mounted U
on steel chassis at...

[Order C. 0. 13. or remit with order.]

Guaranty Radio Goods Co.
143 West 45th Street,

New York, N. Y.
Just East of Broadway

EVERY WEEK in RADIO WORLD appears afeature 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 RADIO WORLD (26 issues) in the
youngster's name. -RADIO WORLD, 145 West 45thstreet, Jew York City

LACAULT'S BOOK, "Superheterodyne Con-
struction and Operation." and Radio World for 8weeks for $1. Radio World. 145 W. 45th St..N. Y. City.
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Highest Grade Speakers at Lowest Prices!TEMPLE FARRAND

Temple AC Dynamic Model 10, in a beautiful cabinet.
The speaker chassis is one of the finest made. Thereare an output transformer and dry rectifier built in.
The cabinet has decorated walnut front and back, with carved
grille ornament. An AC switch is accessible underneath cabinet.
Rear is removable for adjustment of resistor knob to match
the impedance of your receiver's output tube. Connect pluggedAC cable to 110 volts AC, 50 to 60 cycles, and connect tipped
cords to speaker post of receiver. This remarkable speakerCat. TEM-10 at only

Rear view of the Rola chassis

$1534
R -O -L -A

Rola Model D-10 dynamic chas-
sis, less cabinet, for 110 volts 50-
60 cycles AC. Dry rectifier and
output transformer built in. The
fine workmanship of this chassis
is shown in the illustrations of the
front and rear views. Extreme
diameter of rim 9 inches but
baffles with cutouts down to 7
inches may be used.

This is the biggest dynamic
chassis bargain we have ever of-
fered and enables you at low
price to -obtain  one- of- the' best
chasses made. Tone is most ex-
cellent.

Order Cat. No. RO-10 at

The Temple, Rola and Farrand speakers are highly recommended by us
for true tone and high volume. They are extremely sensitive as well.
The chasses (Farrand and Rola) will work without a baffle, but it ispreferable to provide one. The Temple requires no extra baffle, asthe cabinet is itself a baffle box.
All three speakers are sold in factory -sealed cartons. Immediate de-livery.
Model 10 -G -PP Farrand may be used in push-pull without any outputdevice. Connect yellow lead to B+, tipped leads to power tube plates.May be used on single output by ignoring yellow lead.

1111101111t111111111111ili

111111111111111111111111111111111111111F

Farrand Inductor Chassis, consisting of the
unit, cone, spider, bracket, assembled, but
not in a cabinet.

Model 6-G, 10" extreme diameter of cone
front rim $8.00

Model 10-G, 12" extreme diameter of cone $10.00front rim

Model 10 -G -PP for connection to push-
pull, requiring no output device, because
unit is constructed as a center tapped
output impedance. Center tap is yellow
and goes to B+. Tipped cords go direct $11.00to plates. Outside diameter 12"

$6.50Brookfield cabinet, No. 10 or No. 6 for
those speakers,

Front view of the Rola chassis. Holes are
provided for attachment to your own baffle.
The rim is protected by a lining of felt. The
voice coil (center) is firmly mounted.

Acoustical Engineering Associates
143 West 45th Street, New York City. (lust East of Broadway)

Gentlemen: Enclosed please flnd 0 money order 0 thank
for 6 for which please send me at once

0 One Model 6-11 Farrand Inductor $8.000 One Model 10-0 Farrand Inductor 10.00
One Model 10 -G -PP Famnd Inductor 11.00
One Model 10 Brookfield cabinet 6.50One Model 6 Brookfield cabinet 6.50One TEM-10 Temple Dynamic in cabinet 15.34

0 One RO-10 Rola dynamic chassis 11.340 For C. 0. D. shipment put cross here
Name

Address

City State
[Prepaid orders shipped same day as received. Canadian re-

mittance must be by postal or express money order.)

1M11111111:1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
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"Audio Power Amplifiers,"
193 pages, 147 Illustrations;
Maroon Cloth Bound Cover,
Lettering in gold. Price,
$3.50.
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"AUDIO POWER AMPLIFIERS"
By J. E. ANDERSON and HERMAN BERNARD

The First and Only Book on This Important Subject JustOut
IN radio receivers, separate audio amplifiers, talking movies, public address systems and the like, the power

amplifier stands out as of predominating importance, therefore a full and authentic knowledge of these systems
is imperative to every technician. "Audio Power Amplifiers" is the book that presents this subject thoroughly.
The authors are

J. E. Anderson, M.A., former instructor in physics, University of Wisconsin, former Western Electric engi-
neer, and for the last three years technical editor of "Radio World."

Herman Bernard, LL.B., managing editor of "Radio World."
They have gathered together the far-flung branches of their chosen subject, treated them judiciously and

authoritatively, and produced a volume that will clear tip the mysteries that have perplexed many.
What are the essentials to the reproduction of true tone values?
What coupling media should be used? What tubes? How should voltages be adjusted?
These are only four out of 1,900 Questions raised and solved in "Audio Power Amplifiers."
The book begins with an elementary exposition of the historical development and circuit constitution of audio amplifiers and

sources of powering them. From this simple start it Quickly p roceeds to a well -considered exposition of circuit laws. including Ohm's
laws and Kirchhoff's laws. The determination of resistance values to produce required voltages is carefully expounded. All types
of power amplifiers are used as examples: AC. DC, battery operated and composite. But the book treats of AC power amplifiers
most generously, due to the superior importance of such power ampli Hers commercially.

Rectification theory and practice in all the applied branches, grid bias methods and effects, push-pull principles, power detection,
reproduction of recordings and methods of measurements and testing are set forth. And besides there is a chapter on the subject
of motorboating, with which one of the authors is probably better fa miller than any other textbook author. Then, too. there is
chapter on tubes, with essential curves and a full list of tables of tube data. Every tube that will be used in an audio amplifier
-therefore virtually all tubes-is clearly diagnosed, classified and tabulated! These data on tubes should be at every radio engin-eers hand.

"Audio Power Amplifiers" is a book for those who know someth ing about radio. It is not for novices-not by a mile. But
the engineers of manufacturers of radio receivers, power amp tillers, sound . Installations in theatres, public address systems and
Phonograph pickups will welcome this book. Engineers-even chief eng ineers-of the Bell Telephone Laboratoriee, Radio Corporation
of America, Westinghouse Electric & Mfg. Co.. Western Electric, Photophone. Vitaphone and the like needn't be afraid they won't
learn something from this little book.

The book consists of 193 pages in type the size used in printing these
words, known as 8 point, and therefore a great deal of text is contained in
these 193 pages, and the book is small enough to be carried conveniently
in the side pocket of a sack coat. It was purposely printed that way because
busy engineers and other experimenters will want to consult this precious
volume while riding in conveyances, as well as when in the laboratory, and
compactness was therefore desirable.

The edition is strictly limited to 1,000, and the publishers recognize that
the field of distribution is necessarily small, hence the price is $3.50. Those
to whom such a volume is of any value would not be without it at any price.

The device of presenting no more information or greater number of
illustrations, but of using larger type, and thicker and often cheaper paper,
to present a bulkier appearance, was purposely avoided. The paper is finest
super stock and the size of the page is 5 x 8".

Detailed Exposition of Chapter Contents
Chapter I. General Principles, analyzes the four types of power amplifiers, AC, DC,

battery -operated and composite, illustrates them in functional blocks and schematic diagrams,
and treats each branch in clear textual exposition. Audio coupling media are illustrated and
discussed as to form and performance: transformer, resistance -resistance, impedance -impedance,
impedance -resistance, resistance-autotransformer, autotransformer-resistance and non -reactive.
Push-pull forms are illustrated, also speaker coupling devices. Simple audio ampifiers are
illustrated and analyzed. Methods of connection for best results are stressed.

Chapter II. Circuit Laws, expounds and applies Ohm's laws and their special form
known as Kirchhoff's laws. Direction of current flow in tube circuits is revealed in connection
with the application of these laws to several circuits, including a DC 110 -volt A, B and C
supply, and series and parallel filaments in general. Special diagrams are published for
Ohm's and Kirchhoff's laws.

Chapter III. Principles of Rectification, expounds the vacuum tube, both filament and
gaseous types, electrolytic and contact rectifiers, and explains why and how they work.
Full -wave and half -wave rectification are treated, with current flow and voltage derivation
analysis. Regulation curves for the 280 tube are given. Voltage division, filtration and
stabilization are fully illustrated and dissected.

Chapter IV. Practical Voltage Adjustments, gives the experimental use of the theoretical
knowledge previously imparted. Determination of resistance values is carefully revealed.

Chapter V. Methods of Obtaining Grid Bias, enumerates, shows and compares them.
Chapter VI. Principles of Push -Pull Amplifier, defines the push-pull relationship, with

keys to the attainment of desired electrical symmetry.
Chapter VII, Oscillation in Audio Amplifiers, deals with motorboating and oscillation at

higher audio frequencies, explaining why it is present, stating remedies and giving
expressions for predetermination of regions of instability. The trouble is definitely assigned
to the feedback through common impedance of load reactors and B supply, and in some
special instances to the load's relationship to the C bias derivation as well. The feedbackis shown as negative or positive and the results stated.

What Is Not
As Well As

What Is
OMETIMES it is

more important to
expose a fallacy than

merely to state the fact.
A crop of technical weeds
has grown into the porde+,
of audio amplification,
and the authors have gone
to the pains of e.vposing
these.

The book "Audio Power
Amplifiers" is free from
traditional errors, except
in citing them as falla-
cious conclusions. Each
attack on a fallacy is
abundantly supported by
proof of the REAL facts.

As an example, take the
theory that motorboating
is due to grid blocking.
The authors say: "Many
explanations for this os-
cillatory condition (motor -
boating) have been made,
some of which are wholly
untenable. One of these
is that the oscillation is
due to blocking of the
grids of the amplifiers
. . . If blocking of the
grid were the cause of
the phenomenon, the wave
form of the oscillation
would be very irregular,
but an oscillograph shows
that it is very nearly of
a sinusoidal form."

Then follows an exposi-
tion of motorboating, and
oscillation at other fre-
quencies, with expressions
for predetermining the in-
stability or stability of
audio circuits.

Chapter VIII, Characteristics of Tubes, tells how to run curves on tubes, how to build and use a vacuum tubevoltmeter, discusses hum in tubes with AC on the filament or heater, and presents families of curves, plate voltage-plate current, for the 240, 220, 201A, 112A, 171A, 227 and 245, with load lines. Also, plate -screen current character-istics of the 224, at five different control grid biases, at platevoltages 0-250. Then Table I gives the Average Character.istics of Amplifier and Detector Tubes 220, 200A, 201A, 112A, 171A, 222, 240, 226, 227, 224, 245, 210 and 250, stating use,filament voltage, current, and resistance, Det. B volts, Amplifier B volts, grid bias for amplification and detector,plate current, plate AC resistance, mutual conductance, mu, maximum undistorted power output, physical size.There is a composite table (II) of characteristics of Rectifier and Voltage Regulator Tubes, and individual tables, givinggrid voltage, plate current characteristics over full useful voltage ranges for the 220, 201A, 112A, 171A, 222, 240, 227,245 and 224.

Chapter IX, Reproduction of Recordings, states coupling methods and shows circuits for best connections,
Chapter X, Power

Send in This Coupon Now !
Hennessy Radio Publication Corporation,
145 West 45th Street, New York, N. Y.
(Just East et Broadway).
0 Please send at once postpaid copies of

"Audio Power Amplifiers." by J. E. Anderson and
Herman Bernard. for which please find enclosed $3.50
per copy.

0 Please send apples C.O.D. I will pay
3340 plus Poet °Mee charges.

Ham

Address

I Star State

Detection, explains what it is, when it should be used, and how to use it. A rectifyingdetector, designed by one of the authors, is expounded also.
Chapter XI, Practical Power Amplifier, gives AC circuits and shows the design ofa sound reproduction system for theatres. A page is devoted to power amplifier symbols.Chapter XII, Measurements and Testing, discloses methods of qualitative andquantitative analysis of power amplifier performance. A scale illustrates the audiofrequencies in comparison with the ranges of voice and musical instruments. A beatnote oscillator is described. Thirteen causes of hum, with remedies, are stated, alsothe estimation of power required for output and preliminary tubes.
You may safely order "Audio Power Amplifiers," either enclosing yourremittance or ordering the book mailed C.O.D. Examine it for five days.If you are not completely satisfied with it for any reason, or for no reason,send it back in five days with a letter asking for a refund. A checkrefunding the purchase price will be sent to you immediately. We cannot send the book on approval, without payment before receipt, so pleasedo not ask us to do so.


