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BRACH RELAY 
ONLY 99e 

List price, $4.50 

,`onnect relay's cable plug to 
105 -125 volt AC line. Connect 
It eliminator cable plug to re- 
lay socket so marked; connect 
trickle or other charger's plug 
to relay socket so marked; con- 
nect one side of A battery to 
binding post, other side to A 
set. Then turning on your 
set twins on B eliminator and 
turns off charger. turning off 
set turns on charger and turns 
off 13 eliminator. 

GUARANTY RADIO GOODS CO. 
143 W. 45th St., New York, N. Y. 

AMER -TRAN AUDIOS 
First stage, de lux, 

(illustrated), primary. 
in detector circuit, has 
200 henrys Inductance 
at 1 ma; turns ratio, 
1 -to -3. Cat. 13L -1. list 
price. $8.00 net $4.70. 

Push -pull I n p u t 
transformer. turns 
ratio, 1-to-21/2: single 
primary; two separate 
windings for secondary; 
Cat. 151, list price. 
$12; net, $7.05. 

[Remit w th order 
and we pay transporta- 
tion.] 

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

Hammarlund SFL 
ilammarlund'a precision .0005 mfd. 
condenser, with removable shaft; 
single hole panel mount. Excel- 
lent for calibrated radio fre- 
quency oscillators, short -wave 
converters and adapters and TRW 

or Superheterodyne broadcast re- 
ceivers. Lowest loss construction; 
rigidity; Hammarlund's perfection 
throughout. 

Order Cat. HAM -SFL. list price 
$2.50; net erice $3 

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

Horn Unit $2.25 
The Fidelity unit is pre- 
eminent for horn type 
speakers such as ex- 
ponential 
faint faintest word from 

Thea 

"whispering tenor" or 
the tumultuous shout of 
the crowd or highest 
crescendo of the band is 
brought out clearly. dis- 
tinctly. Stands up to 
450 volts without filtering. 

Works right out of 
your set's power tube, 
or tubes requiring no 
extra voltage source. 
Standard size nozzle and 

Fidelity Unit. Cat., FDU, thread. Works great from 
AC set, battery set or 
any other set. push -pull 

or otherwise. The casing 1s full nickel finish, highest 
polish. 

This unit can be used in a portable without any horn 

attached and will give loud reproduction. 
Order Cat. FDU, with 50 -inch tipped cord; weight, 2% 

Iba. ; sine, 2% -inch diameter. 2% -inch height. (This is 

the large else). Price 

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

prlee $2.25 

SOLDERING IRON 

F R EE: 
Works on 110 -120 volts, AC or DC; power, 
50 watts. A serviceable iron, with copper 
tip, 5 ft. cable and male plug. Send $1.50 

for 13 weeks' subscription for Radio World 
and get these free) Please state if you are 
renewing existing subscription. 

RADIO WORLD 
145 West 45th St. N. Y. City 

PHONOGRAPH $ 

PICK -UP Only 
.32 

t011Mf 

F_.- 
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The famous Phono -link, made by 
Allen- Hough, enables playing phono- 
graph records electrically, on your set. 
Volume control is built in. 

Adapter, free with each order, 
enables immediate connection to your 
set. Instruction sheet enclosed. Order 
Cat. PHL @ $3.32. 

RELIABLE RADiO COMPANY 
Room 504. at 1562 Broadway, N. Y. City 

( Between 46th and 47th Streets) 

DIAMOND PAIR, $1.20 
Antenna coil and three 
circuit tuner (single hole 
panel mount) for .0005 
mfd. tuning. Wound on 
bakelite. Official coils for 
all models of Diamond 
of the Air. Pair for 
.00035 mfd. - - - $1.28 

GUARANTY RADIO GOODS CO. 
New York, N. Y. 143 W. 45th St. 

RADIO WORLD'S BOOK SERVICE 
has been found of great value not only 
by radio fans, constructors, etc., but also 
by radio and other technical schools 
throughout the country. See the radio 
books advertisement in this issue. 

SHORT WAVES 

FOR $4.87 
AC Model, Cat. SUP -3A, including cabinet, 
5x6%" panel, dial, tuning condenser, coil, coil 
switch, binding posts, sockets, resistor, 
chokes, bypass condenser, etc., for Fig. 8 
circuit of Herman Bernard's article, page 8 
this week (less three 227 tubes, less filament 
supply) $4.87 
Battery Model, Cat. SUP -3B, Fig. 9 of 
Bernard's article, all parts, (less three 227 
tubes) $4.87 

Supertone Products Corporation 
Dept. W, 216 Wallabout Street 

Brooklyn, N. Y. 
[C.O.D. orders filled. Remit with order 

and we pay transportation.] 

MICROPHONE LIGHTERS -For cigars or cigar- 
ettes, with button switch at top. Press switch, 
and lighter acts instantaneously. $1.00. Model 
B lighter on tray, $1.50. Radio World. 145 W. 
45th St.. N. Y ( 

Fixed Condensers 

Dubiller Nikon fixed condensers, type 042, are 
available at following capacities and prices: 
.0001 mfd. 
.00025 mid. 
.0003 mfd. 
.00035 mid. 
.001 
.0015 
.002 

00 .006 20e 
Oe .00025 with clips 20s 
Oe All are guaranteed 
5e electrically perfect and 
7e money back If not 
74 s a t i s f i e d within five 
Be days. 

Order Cat. M ICON .0001 etc at prises stated. 

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

FOUR -GANG .00035 MFD. WITH TRIMMERS BUILT IN ! 

ro 't t m1u 
r 

1J :14 
This condenser, each of four sections .00035 
mfd., has aluminum plates that are re- 
movable and adjustable, Iso a %" di- 
ameter steel shaft that is removable. It is 
sturdy and is suitable for popular four - 
circuit screen grdl tuners. Trimming con- 
densers are built in. The condenser may 
se mounted on Its bottom or aide. Total 

overall length, including shaft. 
Q 3 

11 %." Overall width. 4 ". The 

ÿ 3.95 
4.G frame le steel Order Cat. 

(Between 48th and 47th Streets) 

RELIABLE RADIO COMPANY 
Roam 504. at 1562 Broadway, N. Y. City 

Subscribers : watch the date line on your wrapper 
If the expiration date line on your wrapper indicates that your subscription has 
expired or is about to expire, please send in renewal so that you will not miss any 
copies of the paper. Subscription Dept., Radio World, 145 W. 45th St., N. Y. 

Deepest Cut Prices! 
.00035 mfd. single Scovill variable condenser; brass plates; shaft extending front 

and rear. Built -In brackets permit eubpanel mounting. Order Cat. 3 -SIN ®....$0.30 
.00015 mfd. tuning condenser for short waves. Order Cat. SWC -15 @ .60 
.00025 mfd. tuning condenser for regeneration in short -wave circuits. Order 

Cat. SWC -25 R .60 
Flexible insulated coupler for uniting coil or condenser shafts of M inch diameter 

Provides option of insulated circuits on both sides. Order Cat. FL -C @ .26 
Brach relay, for making the switch In a set with battery -operated filaments turn 

on the trickle charger when set is turned off. and turn charger off when set is 
turned on; also will make set switch turn B eliminator off when net is turned 

off. Order Cat. BR -REL @ , _99 
Antenna coil for .0005 mfd. Order Cat. ANT -5 @ .45 
Three -circuit tuner for .0005 mfd. Order Cat. 3 -CT -5 @ .75 
Antenna coil for .00035 mfd. Order Cat. ANT -3 @ .47 
Three -circuit tuner for .1)0035 mfd. Order Cat. 3 -CT -3 @ .79 

Screen grid RP transformer, for .0005 mfd., to couple screen grid tube to 
next tube. Order Cat. SG -5 @ .45 

Screen grid RP' transformer, for .00035 mfd., to couple screen grid tube to next 
tube. Order Cat. SG -3 @ ,47 

AC electric motor and turntable. tor playing phonograph records. A synchronous 
motor, 80 cycles; 80 turntable revolutions per minute. Order Cat. SYN -M @ 4.45 

A battery switch (Benjamin). Order Cat. A -SW @ .13 
A eliminator or dynamic speaker transformer (Jefferson), 20 -volt secondary. 

Will pass 2% amps. Order Cat. 20-V-T @ .49 
30 -henry shielded choke for B supply filtration or filtered speaker output. Will 

stand 100 ma. Order Cat. OS -30HS @ 1.85 
nn -henry shielded center -tapped choke (30 each side of center) for B supply 

filtration or filtered output of push -pull tubes. Will stand 100 ma. Order 
Cat. OS- 601ICT @ 1.95 

GUARANTY RADIO GOODS CO. 
143 WEST 45TH STREET, NEW YORK, N. Y. 

(Just East of Broadway) 
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What's NEW 
in RADIO ?-'1 

How would you like to be posted on the new things 
and new developments in radio, just as soon as they come out? How would you like to 
receive mail from the country's leading radio manufacturers, wholesale radio mail order 
houses and publishers in the radio industry? How would you like to have access to the 
most complete radio data files ever compiled, containing all the important ¡acts in every 
phase of radio progress? How would you like to receive regularly, catalogs, folders, 
circulars, price lists, bulletins, samples galore, etc., keeping you in close touch with the 
happenings in the radio industry for an entire year? This is only part of our complete 
service to you. 

Would you like to locate a manufacturer of a 
certain product? Would you like to know the 
name of a jobber near you handling some par- 
ticular item you may be interested in? Let us 
solve these questions for you. 

This Handy Practical Portfolio 

Every subscriber to our service re- 
ceives one of these 10 by 12 inch 
accordion portfolios made of a 
durable material, in which to save 
the valuable data we send you. 

Just Pin Dollar 
Bill to this 
form, fill 1 

in and 1 

mail at 
once! 

NAME 

No live radio dealer, fan, amateur, experimenter 
or professional can afford to be without our com- 
prehensive service. 

Our business is the nerve 
center of the radio industry, 
reaching out everywhere. 
collecting data from every 
available source, maintain- 
ing t h e most complete 
of its kind in the world. 

all $ 

for 1 
You will realize that the 
amount we spend for post- 
age alone does not cover the charge for our service. 
The $1 subscription fee barely pays the necessary 
expenses entailed in mailing. 

A subscription to our service will actually save 
you many times the small cost of $1.00. 

If there is any additional in formation you may 
require before subscribing, write for further 
details. 

National Radio Trade Directory 
23rd Street and Fourth Avenue 

New York 

NATIONAL RADIO TRADE DIRECTORY, 
23rd St. and Fourth Avenue, New York. 
Gentlemen: 

Enclosed please find $1.00 for one year's subscription to your 
stool that you are to put my name on your stencil list to receive 
etc. I am also to receive free a 10 by 12 inch accordion portfolio. 

CITY 

Date 

"Big Mail" and "Radio" Information Service. It is under - 
mailings. including catalogs, bulletins, price lists, samples, 

4DDRESS 

STATE 
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Save Money on Tubes! 
Get a Guarantee Just the Same! 

QUALITY tubes at enormously reduced prices enable you to save 
money and obtain full satisfaction. Any tube will be replaced on 

request within thirty days of its sale! 
These tubes are made by a manufacturer of national reputation and are not 
"distress. merchandise." No tube is shipped until it is carefully checked on a 
Readrite No. 9 Radio Test Kit. Orders filled in 24 hours. 

List Your List Your 
Type Price Cost Type Price Cost Type 

List 
Price 

Your 
Cost 

201A $1.25 49c WD -12 $.3.00 59c 245 $2,00 59c 
226 1.75 49c 200A 4.00 59c 280 1.90 59c 
199 -UX 2.50 59e 171A 2.25 59c 224 3.30 59c 
199 -UV 2.75 54c 171AC 2.25 59c 222 4.50 59c 
120 3.00 59c 112A 2.25 59c 281 7.25 95c 
WD -11 3.00 59a 227 2.20 59c 250 11.00 95c 

[Remit with order for tubes and we pay postage] 

DIRECT RADIO CO. 
Room 504, at 1562 Broadway, New York, N. Y. 

(Between 46th and 47th Streets) 

Ansonia Gothic 
Speaker $3.95 

Magnetic speaker in genuine, beau- 
tiful walnut cabinet. Order Cat. 
AN -G at $3.95. 

Guaranty Radio Goods Co. 
143 West 45th St -, New York, N. Y. 

Official Parts 
for Popular Circuits 

Universal Short-Wave Converter, nain` three 
227 tubes; five de luxe precision short -wave air 
dielectric coila, condensers, chokes, 7 "x14" 
panel, cabinet, etc. Cat. UN -SWC $24.73 

GUARANTY RADIO GOODS CO. 
143 West 45th Street 

New York City 

Three 0.1 mfd. in One Case 

Cat. SUP -31 

Three Supertone 
non -inductive fixed 
condensers of 0.1 mfd. 
each, (250 v.) in 
steel case, provided 
with a 6/32 mounting 
screw, built in. The 
black lead is common 
to the three condens- 
ers, the three red 
leads are the other 
sides of the respective 

capacities. Size, 1W, square by 74" wide. Order 
Cat. SUP -31, list price, $1.00; net price, 57e. 

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

RADIO WORLD 
and "RADIO NEWS" 

BOTH FOR 
ONE YEAR ®. 7.00 

You can obtain the two leading radio technical magazine. 
that eater to experimenten, service men and students, 
the first and only national radio weekly and the leading 
monthly, for one year each, at saving of $1.50. The 
regular mail subscription rate for Radio World for one 
year, new and fascinating copy each week for 52 weeks. 
is $6.00. Send in 01.00 extra, get "Radio News" aloe 
for a year -a new Issue each month for twelve months. 
Total, 64 issues for $7.00. 
RADIO WORLD. 145 West 45th Street, New York. N. Y. 

SHIELDED LEAD - IN WIRE 
No. 18 solid wire, surrounded 
by a solid rubber insulation 
covering, and above that a 
covering of braided copper 
mesti wire. which braid is to 
be grounded, to privent stray 
pick- op. 

This wire to exceptionally 
good for antenna lead -in, to 
avoid pick -up of man made 1 

static, such as from electrical 
machines. 

Also used to ad- 
vantage ln the 
wiring of re- 
ceivers, as from 
antenna post of 
set to antenna 
coil, or for plate 

leads, or any 
leads. If long. 
Order Cat. SR- 
LW. Lust 9e. 
net, 5c per ft. 

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

THREE -GANG SCOVILL .0005 MFD. 

U% IRIS/ l l 
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WITH BRASS PLATES 
One of the beat thre-gang condenser' made. 
Plates, utterly rigid and expertly aligned, 
are of bran, the most expensive metal used 
for this purpose. Capacity of each section. 
.0005 mfd. Shaft, %' diameter, of genuine 
steel, protrudes at both anda. For 4' di- 
ameter dial use an extension shaft (Cat. 
XS -4 @ 12c extra). Trimming condensers 
not built In, hut mounting holes are pro- 
vided for them. Condenser should be mount 
ed on narrow side for drum dial operation. 
Rotor tendon adjuster' are built in. Frame 
is steel. Total shaft length 
overall 8% "I total frame width e 
overall, 4%". Order Cat. 3 -O $3.20 

RELIABLE RADiO COMPANY 
Room 504. at 1562 Broadway, N. Y. City 

(Between 46th and 47th Streets) 

AMER -TRAN'S NEW POWER 
AMPLIFIERS 

The American Transformer Company, makers of 
superb power amplifiers and components, has a new 
and marvelous line of push -pull power amplifie, 
'mown as the "Series 80." 
The six -tube power amplifier illustrated aboya is 
three -stage system, with 227 first and second audio, 
and 250 push -pull output. Two 281 rectifiera are 
used, full wave. The first stage is transformer 
coupled, the second impedance coupled and the third 
transformer coupled. It is not Intended this or 
any other "Series 80" power amplifier, supply any 
voltage to any other device, e.g., a tuner. The five 
binding posts are two each for Input and output 
and one for ground. The other poste are test lacks, 
'lue input or primary of the first transformer has 
an impedance of 500 ohms. for general usa, includ- 
ing microphone input. Input Impedance of 2,000 or 
1.0011 ohms can be furnished Instead, on request. 
The rinal output has an impedance of 15 ohms, for 
dynamic speaker voice coils, but 500 -ohm impedance 
for line transformers and 4,000 -ohm impedance for 
magnetic speakers can be furnished instead, on 
request. 
The three -otage 250 push -Dull Dower amplifier la 
Cat. PA -86 and ilote for $195, wired. less tuba. 
Net price, $114.66. 
The three -stage product, with 245 push -pull output. 
has the same general appearance, audio circuit and 
impedance factors at input and output, but five tube 
Instead of six. due to the use of a 280 rectifier 
This is Cat. PA -S4, list price, $160, wired, lee 
tubes; net price, $94.08. 
The five -tube two -stage amplifier with 250 push -pul 
utput, is Cat. PA -85, list price, $180, wired, leu 

tubes; net price, $105.84. 
The four -tube two -stage 245 PP output is Cat. 
PA -83. list price, $145, wired, leu tuba; net 
price, $85.26. 
These power amplifiera are highly suitable fo 
theatres, auditoriums, clubs, public address and 
home use. They are licensed by RCA and associates. 
Two types of power transformers by 
Amer -cran for those 
who want to build 
their own power 
amplifiers are Cat. 
PB - 250 for 250 
output, single or 
push -pull; and Cat. 
PB - 245 for 245 
output, single or 
push -pull. 
Cat- PB -250 
nishes power for 

fur- 

two 2810 and for 
two 250s. Two B 
supply chokes are 
built in. No fila- 
ment voltage for 
tuner is supplied. 
Cat. PB -250 lists @ $35; net, $20.58. 
Cat. PB -245 furnishes power for a 280 and two 
1.150, besides 21/2 volts AC for heaters of five tubes. 
Two B chokes are built in. List price, $32.50; 
not, $19.11. 

Amer -Tran AF Transformers 
First stage, de luxe, primary, in detector circuit, 
has 200 henrys inductance at 1 ma; turns ratio, 
1 -to -3, Cat. DL -1, list price, $8.00; net $4.70. 
Push -pull input transformer; turns ratio, 1 -to -'2 Yn ; 

single primary; two separate windings for secondary; 
Cat. 151, list price $12; net, $7,05. 

National Co. Velvetone Power Amplifier 

A 245 push -pull power amplifier especially suitable 
for powering AC tuners is the new model Velvetone. 
Uses one 280, one 227 and two 245- Furnishes 21 volts AC for up to five other tubes, also plat* 
voltages for tuner - Two stages of transformer 
coupling with output transformer. Cat. PPPA, list 
price, wired, $97.50. less tubes; net, $57.33. 

(Celvetone is licensed by RCA and associates.] 

Guaranty Radio Goods Co. 
143 West 45th St., N. Y. City 
Enclosed please find $ for which ship 

Cat. PA -86 @ 0114.66 Q Cat. PB -245 @ $19.11 
Cat. PA -84 @ 94.08 8 Cat. DL -1 I 4.70 
Cat. PA -85 @ 105.84 Cat. DL -2 4.70 
Cat. P 4.83 @ 85.28 Cat. 151 O 7.0$ 
Cat. PB -250 ® 20.58 Cat. PP PA @ 57.33 

Name 

Address 

City State 
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A De Luxe Converter 
By Brunsten Brunn 

IN order to get strong signals with a short -wave converter it 
is necessary to give the short waves a chance to come 
through. A converter is supposed to work in conjunction 

with any broadcast receiver, but the antennas used with such 
receivers are far from ideal for short -wave reception. Indeed, 
in many instances they are quite hopeless even if they are good 
enough to receive signals of broadcast frequencies. In such 
cases it is either necessary to erect a good short -wave antenna 
or else to make the converter more sensitive. 

It is also desirable to provide at least one tuned circuit for the 
short -waves. Not only does this increase the sensitivity of the 
circuit but also its selectivity. One might think that for short- 
wave reception a high order of selectivity is not needed, but that 
is not so, for the short -wave bands are crowded more closely 
than the broadcast band. 

In designing short -wave converters there is also the problem 
of coupling it efficiently to the broadcast receiver without mak- 
ing the receiver into an uncontrollable oscillator. While oscilla- 
tion in the broadcast receiver is desirable for receiving continu- 
ous wave signals, the oscillation must be controllable so that it 
may be stopped when it is desired to receive other signals, such 
as spark and modulated signals. Therefore it seems desirable to 
add a stage of amplification which may be tuned to the inter- 
mediate frequency to be used. 

Design of Four -Tube Converter 

These points were kept in mind when the four -tube short- 
wave converter diagrammed in Fig. 1 was designed. It starts 
with an untuned radio frequency amplifier utilizing a screen grid 
tube. The purpose of this stage is to boost the signals to a 
receivable level despite the difficulties they have in getting 
through. Then follows a grid bias, screen -grid modulator with 
the coupling between the first tube and the modulator tuned to 
the incoming signal frequency. 

The local oscillation is provided by a 227 tube oscillator coupled 
loosely to the modulator through the screen circuit of that tube. 
Loose coupling is essential because if the coupling is close the 
frequency changing oscillator will overload the modulator and 
there will be nothing but squealing and squawking in the set, 
especially when the two tuned circuits are set so as to receive a 
given signal most efficiently, and also when they are set in 
resonance with the same frequency. While the latter condition 
would not interfere with reception a raucous noise is not very 
pleasant. Moreover, when the coupling is close the squawking 
area may be so wide that it is impossible to receive clearly when 
the RF tuner is within 100,000 to a million cycles of the frequency 
of the oscillator. Loose coupling between the oscillator and the 
modulator is therefore essential. The pick -up coil in some 
instances has to be used for the purpose of bucking the stray 
coupling so as to leave the right amount. 

Following the modulator tube is a circuit tuned to the inter- 
mediate frequency generated by the beating of the signal and 
the local oscillation. The condenser is connected from the 
plate to ground to provide a by -pass for the high frequencies 
at the same time it acts as a tuning condenser for the IF 
circuit. This tuned circuit is made variable so that different 
broadcast frequencies may be used as required. It is not neces- 
sary to make the tuning range of the coupling circuit equal to 
that of the broadcast receiver, but only wide enough to allow 
changes in the IF to avoid interference that may occur, such 
as image interference with another short -wave station or with 
a broadcast station that forces itself through. 

FIG. 1 

THE CIRCUIT DIAGRAM OF A FOUR -TUBE SHORT- 
WAVE CONVERTER WITH ONE SCREEN GRID TUBE 
RF STAGE, ONE SCREEN GRID TUBE MODULATOR, ONE 
227 OSCILLATOR AND ONE 227 INTERMEDIATE FRE- 

QUENCY STAGE. 

Design of Coils 

The coupling coil LI is a specially made choke coil and con- 
sists of enough No. 32 double silk covered wire on a bakelite rod 
1/8 inches in diameter to make a two -inch winding. This means 
approximately 166 turns. Other sizes of wire can be used pro- 
vided not much heavier wire is used. The idea of this coil is to 
get an inductance with as little distributed capacity as possible, 
and it is for this reason that the coil is made long in comparison 
with its diameter. 

Ti represents one of a set of coils of different number of 
turns wound on tube bases of the four -prong type. In winding 
the following connections should be observed : G on the coil 
socket should go to P on the tube socket ahead; P on the coil 
socket should go to G on the tube socket that follows; F plus 
on the coil socket should go to ground; and F minus on the coil 

LIST OF PARTS 
LI -One small choke as specified 
L2 -One RF choke from 50 to 85 millihenries 
T1 One set of plug -in RF coils as described 
T2 -One set of plug -in oscillator coils as described 
T3 -One one -to -one RF transformer as described 
T4-One Polo 2.5 volt filament transformer with center - tapped 

secondary 
CI C2, C3, CS, C8, C9, Cll, C12- -Eight Supertone .1 mfd. con- 

densers 
C4, C6-Two Hammarlund .000125 mfd. short-wave condensers 
C7 -One Supertone 100 mmfd. trimmer condenser 
C10 -One .001 mfd. condenser 
Five UY sockets (four for tubes and one for oscillator coil) 
One UX socket (for RF coil) 
R1-One 300 ohm grid bias resistor 
R2, R3 -Two 1,000 -ohm grid bias resistors 
P -One 30,000 -ohm potentiometer with knob 
Two dials 
Six binding posts 
Two grid clips 
Two bakelite or hard rubber panels 7x12 inches 
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Sensitivity on Short Waves 

FIG. 2 
A VIEW OF THE FOUR -TUBE SHORT -WAVE CON- 

VERTER SHOWING THE LAYOUT 

socket should go to B plus. This order of connection is recom- 
mended in order to make leads short. 

T2 represents one of a set of coils of different number of 
turns wound on a tube base of the five -prong type. In winding 
these coils the following order is recommended : G on the coil 
socket goes to G on the oscillator socket; P on the coil socket 
to P on the oscillator socket ; K on the coil socket to ground ; 

HP on the coil socket to B plus, this prong picking up the 
terminals of two windings of the coil ; HK on the coil socket 
should go to the screen, that is, to the G on the modulator tube. 
The use of the same voltages on the plate of the oscillator and 
the screen of the modulator makes it possible to use a five -prong 
tube base for the three winding coil. 

T3 is an ordinary radio frequency tuning coil as used in broad- 
cast receiver. For example, a coil wound on a 1.75 inch form 
with No. 28 wire should have about 80 turns for the primary 
and the same number for the secondary. 

L2 is a radio frequency choke coil such as are used in broad- 
cast receivers. It may have 50, 65 or 85 millihenries. All these 
are obtainable. 

Turns for Plug -in Coils 

The plug -in coils used in this converter for the oscillator and 
the modulator were identical with respect to the tuned windings. 
All were wound with No. 22 double cotton covered wire. The 
smallest had seven turns, the next eleven turns and the largest 
16 turns. The primary of the RF coil and the tickler on the 
oscillator were also the same as to number of turns and wire. 
All were wound with No. 32 double silk covered wire. The 
smallest had six turns, the next nine turns and the largest twelve 
turns. The pick -up windings on the oscillator form were also of 
No. 32 double silk. Many coils were tried and the following 
worked satisfactorily : One turn for the smallest coil, three turns 
for the middle coil and six turns for the largest. To make the 
coupling loose few turns should be used and they should be 

placed as far as practicable from the tuned winding. Of course, 
there is no particular number or no degree of coupling which 
gives optimum results. 

Correct phasing of the grid and plate coils of the oscillator is 

necessary. If the two windings are put on in the same direction, 
say in the direction of a left- handed screw, the plate and grid 
leads should be the extremes and the cathodes and the B plus 

leads toward each other. It is well to observe this rule, for it 

often saves reversing the leads in case oscillation does not result. 
If the leads are connected as specified above the phasing is right 
and if there is no oscillation it must be because the tube is not 

a good oscillator, because the tickler turns are not right, because 
the voltages are not high enough, or because there is too much 

loss from eddy currents. The most important condition for 

oscillation, correct phasing, can be determined by inspection, and 

it is just as well to dispose of this first so that in case of trouble 

attention may be given to other probable causes. 

LIST OF PARTS 
Bosch Model 60 Receiver 

Diagram published in Oct. 25th issue 

Ll -Ist RF Coil 
L2 -1st RF Coil 
L3 -2nd RF Coil (untuned) 
L4-3rd RF Coil 
L5-3rd RF Coil 
L6- Detector Coil 
L7- Detector Plat Choke 
L8 -Power Pack Filter Choke 
L9- Speaker Field Coil . 

L10- Speaker Voice Coil 
T1 -Main Power Transformer 
T2 -Audio Input Transformer 
T3 -Audio Output Transformer 
Cl- Antenna Trimmer Condenser 
CZ -1st RF Tuning Condenser 
C3 -1st RF Tuning Condenser 
C4 -1st RF Alignment Condenser 
C5-3rd RF Tuning Condenser 
C6-3rd RF Alignment Condenser 
C7 -3rd RF Tuning Condenser 
C8-3rd RF Alignment Condenser 
C9- Detector Tuning Condenser 
C10- Detector Alignment Condenser 
C11 -1st RF Coupling Condenser.04 mfd. 
C12 -2nd RF Grid Return Condenser .5 mfd. 
C13 -1st and 2nd RF Screen Condenser .25 mfd. 
C14 -1st and 2nd RF Plate Condenser .25 mfd. 
C15 -3rd RF Coupling Condenser .04 mfd. 
C16 -3rd RF Cathode Condenser .5 mfd. 
C17 -3rd RF Screen Condenser .5 mfd. 
Clé -3rd RF Plate Condenser .5 mfd. 
C19- Detector Grid Return Condenser .04 mfd. 
C20- Detector Cathode Condenser 1. mfd. 
C21- Detector Screen Condenser .5 mfd. 
C22- Detector Plate By -pass Condenser .0001 mfd. 
C23- Detector Plate By -pass Condenser .0001 mfd. 
C24 -Audio Coupling Condenser .006 mfd. 
C25 -AVC Plate By -pass Condenser .006 mfd. 
C26- Buffer Condenser .1 mfd. 
C27 -Power Pack Filter Condenser 2. mfd. 
C28 -Power Pack Filter Condenser 2. mfd. 
C29 -Power Pack Filter Condenser 4. mfd. 
C30 -Power Pack Filter Condenser 2. mfd. 
C31- Filter Choke Tuning Condenser .075 mfd. 
C32 -Tone Control Condenser .006 mfd. 
C33-By -pass Condenser 2. mfd. 
R1- Antenna Resistance 500 ohms 
R2 -1st RF de- coupling Resistor 1000 ohms 
R3- Untuned Coil Resistor 50,000 ohms 
R4 -1st and 2nd RF Grid Resistor .5 meg. 
R5 -1st and 2nd RF Screen Resistor 20,000 ohms 
R6-3rd RF de- coupling Resistor 1,000 ohms 
R7 -3rd RF Bias Resistor 1,000 ohms 
R8- Detector Grid Resistor 1,000 ohms 
R9- Detector Bias Resistor 50,000 ohms 
Rie- Detector Plate Resistor .5 meg. 
R11- Volume Control .5 meg. 
R12 -1st and 2nd RF Center Tap Resistor 
R13- Center Tap Resistor 
R14 -1st and 2nd RF Screen Resistor 20,000 ohms 
R15- Resistor 10,000 ohms 
R16 -AVC Resistor .5 megohms 
R17- Resistor 900 ohms 
R18 -3rd RF Screen Resistor 5,000 ohms 
R19 -AVC and Detector Screen Resistor 25,000 ohms 
R20- Resistor 5,000 ohms 
R21 -1st AF Bias Resistor 2,000 ohms 
R22 -AVC Bias Resistor 2,000 ohms 
R23- Voltage Divider Resistor 1,300 ohms 
R24- Voltage Divider Resistor 2,380 ohms 
R25- Voltage Divider Resistor 160 ohms 
R26 -2nd Audio Bias Resistor 950 ohms 
R27 -Tone Selector Resistor .5 megohm 
R28 -2nd Audio Center Tap Resistor 

NEW DRAKE'S ENCYCLOPEDIA 

1,68$ Alphabetical Headings from A- 
battery to Zero Beat; 1,025 Illustrations, 
020 Pages, 240 Combinations for Receiver 
Layouts. Price, $6.00. Radio World, 145 

W. 45th St., N. Y C 

ERLA- DYNAMIC CHASSIS, WEST- 
INGHOUSE RECTIFIER. Sensitive and 
efficient dynamic speaker chassis. List 
price, $25; our net price, $12.50. Guaranty 
Radio Goods Co., 143 W. 45th St., New 
York. 

MICROPHONE LIGHTERS 
For cigars or cigarettes, with button 

switch at top. Press switch, and lighter 
acts instantaneously. New. Model B 
lighter on tray, $1.58. Radio World, 145 
W. 45th St., N. Y. C. 
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Switching in Short Waves 

FIG. 1 

Circuit using a 
245 tube as oscil- 
lator, and provid- 
ing a simple 
switching arrange- 
ment for bringing 
in short waves, 
besides broadcasts 
directly. This 
switching arrange- 
ment may be 
worked into other 
Superheterodynes. 
The two AF chokes 
potentiometer i n 
the detector plate 
circuit are the net- 
work of a good tone 
control. 

By Edward Torrey 

© 245 'MfDN 

) w 

BMED. 

TTT 
PrWO points of especial interest are contained in the diagram 

of a Superheterodyne published herewith. One is the 
switching arrangement so that short waves may be received, 

the other is the use of a 245 tube as oscillator. 
The switching arrangement is very simple and requires only 

a single pole single throw switch and a single pole double throw 
switch. It is possible to obtain button and other panel type 
switches that will include both operations, or rather, all three. 
When the switch is off, broadcast reception is enjoyed. When 
the antenna arm is thrown to "on" position, the coil- condenser 
series circuit in the antenna system is paralleled with the modu- 
lator grid, and at the same time the oscillator grid winding is 
shorted sufficiently (at tap 2) to bring in stations starting at 
below 200 meters. Then when the switch in the oscillator grid 
coil is thrown to tap 1, the other switch, in the aerial circuit, is 
undisturbed. 

Small Antenna Winding 

The values chosen for the antenna circuit must be such as to 
render operation of the system practical. The antenna winding 
must be small. As the receiver will be very sensitive, this is all 
right. An idea of what is meant by a small coil may be gained 
from the fact that if the diameter is 2 inches the number of turns 
should not exceed five. This is about one -fifteenth of the num- 
ber of turns on the secondary for .0005 mfd. tuning. 

By the way, the coils in the modulator and oscillator circuits 
need not be shielded, except as a preventive of radiation that 
might be strong. If one coil is shielded the other must be 
shielded, for no other reason than to make uniform tuning pos- 
sible with a three -gang condenser. The condenser has three 
sections, one section being used as a series condenser from the 
antenna winding to ground. 

The use of the 245 tube as an oscillator in broadcast receivers 
and especially in short -wave receivers is novel. The power 
developed is great, and there would be danger of overloading 
the modulator even with a fraction of the oscillator's power, 
were leak- condenser detection used, hence the diagram shows 
negative bias detection, which will arise from 3 volts negative 
on the screen grid tube with 180 plate volts and 50 screen volts. 
This same 50 volts, turned about, is the negative bias on the 
245s, the one in the oscillator socket, the other in the first and 
last audio stage (for there is only one stage of audio). 

Works Loudspeaker 

Enough volume will be obtained from this system to enable 
speaker reproduction with only one stage of impedance- resistance 
audio, provided the intermediate channel is high -gain. This 
channel is built to function at around 450 kc, and the coils may 
be any coils intended for broadcast tuning with screen grid 
tubes, which means a large number of primary turns, say a ratio 
of 1 to 2, primary to secondary. To attain 450 kc., use coils 
intended for .00035 mfd. tuning and put across their secondaries 
fixed condensers of .00035 mfd. capacity (not shown), and across 
in parallel, equalizing condensers E of 20 -100 mmfd. capacity 
range. You can use the intermediate channel to tune in directly 
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the lowest broadcast frequency, 550 kc. (545 meters), and set the 
condensers for resonance at this frequency by equalizer adjust- 
ment. Then when the circuit is completed and you are ready to 
work the Superheterodyne, turn the equalizers almost all the 
way down (full capacity), the correct position for each being 
determined by loudest response when a high frequency broad- 
casting station is tuned in, anything from 1,500 to 1,000 kc. 

The same resistor that biases the oscillator must bias the 
output tube, due to the common filament winding. It would be 
possible to use a lower bias or higher bias on either by return- 
ing the grid of one or the other to higher than ground potential. 
However, if any difference is desired it is more readily obtainable 
in the plate circuit, so if the 245 oscillates too much (which it 
will do, rather than too little), you may reduce the plate voltage, 
which is shown as maximum, 250 volts for both. The oscillator 
plate voltage may be reduced even to 180 volts, by connecting 
the oscillator plate return to the same return as for the screen 
grid amplifier tubes and the detector. 

Automatic Volume Control 

The single resistor, or combination of resistances, is made to 
serve multiple biasing purposes : oscillator and output tube, 
intermediate frequency amplifiers and detector. The total 
resistance should be about 600 ohms, the tap for the intermedi- 
ates being at 20 ohms and that for the detector at 200 ohms, leav- 
ing the remaining part, 380 ohms, or a 400 -ohm commercial value 
is O. K. 

Automatic volume control results from this system of biasing, 
as increased carrier intensity increases the plate current through 
the combination biasing resistor and thus increases the bias and 
reduces the effective amplification. 

As for coil data, the modulator input uses a standard type of 
coupler with primary reduced to five turns. To wind your own 
on 1Y inch diameter bakelite tubing, using No. 25, 24 or 22 size 
of single silk- covered wire, five turns and 70 turns would be 
right for .0005 mfd. tuning. The oscillator coil would consist of 
the following, assuming the same diameter and wire: PB, 12 
turns ; G to tap Ti, 6 turns; tap Ti to tap T2, 6 turns; tap T2 
to F (ground), 58 turns; F to K, four turns. The short wave 
spectrum will be for tap Ti, about 28 to 65 meters, tap 2, about 
55 to 120 meters, the principal reason for the large overlap being 
that strong signals may be tuned in at twD places on the dial, 
900 kc. apart (equal to twice the intermediate frequency). 

Reason for Small Antenna Coil 

The voltage divider ratio is approximately 2 -to -1 between high 
voltage and 180 -volt tap (1), and between 180 -volt tap and ground 
(2). The tap for the detector screen grip about one -third the 
way up on the lower section. The total voltage divider resis- 
tance must exceed 15,000 ohms to keep the bleeder current from 
being too large. Around 20,000 ohms was assumed. A multi -tap 
voltage divider, 17,100 ohms, will serve the purpose nicely. The 
voltage points may be determined with the aid of a voltmeter 
of 1,000 ohms per volt resistance. 
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FIG. 8 
BE BUILT THE AC TAT 

FOR LESS O THAN $5, VNOTE NCLUDINGNFILAMENT 
TRANSFORMER AND THREE 227 TUBES. 

[In last week's issue, dated November 8th, the first instalment of 

this article was published. The text set forth the theory and prac- 

tice of short -wave adapters that simply plug into the detector socket, 

stressing the possibility of non -operation being too great, due to 

differences ho receiver detector plate load and voltages. Four adap- 

ter diagrams were printed. Then the short -wave converter, which 

makes a Superheterodyne of any broadcast receiver, was expounded. 

Six diagrams of these were printed, for AC or battery operation, 

emphasis being placed on one model for each type of operation, con- 

sisting of parts costing less than $5. Details of constructing these 

are given this week. -EDITOR. 

There are three unusual features of the converters shown in 

Figs. 8 and 9. 
One is the use of a radio frequency choke coil of extremely low 

inductance in the plate circuit of the RF amplifier. It is gen- 

erally considered proper to use a choke coil of around 5 or 10 

millihenries, or thereabouts. 
Taking a 10 millihenry choke coil has the example, in a cir- 

cuit like the one shown, the natural period was computed to be 

slightly in excess of 400 meters. Now, that is a frequency we 

are not at all interested in, at present, and moreover the con- 

verter is robbed of its birthright of sensitivity by the introduc- 
tion of such a high distributed capacity which acts as a shunt 
to ground for to very frequencies desired to be received. 

The inductance value of the choke coil should be small, and 

one -quarter millihenry is suggested, although other values in 

that region are satisfactory, provided the distributed capacity is 

kept low. Since the distributed capacity is greater approximately 
in proportion to the diameter, a choke coil wound on a slender 
form would serve the purpose best. Such a choke is referred to 
as the pencil type, since the form has the shape of a short pencil. 

Output Choke 

A form of Ys" diameter bakelite tubing may be used, and wire 
wound thereon so that the axial length is about 1 inch. The wire 
may be as fine as No. 40. Inductance depends on the number 
of turns of wire, so if larger wire is used, for the same wind- 
ing space, the inductance will be less than if smaller wire is 

used. If you have No. 38, 36, 34, 32, or 30 wire you may use that. 
No. 40 enamelled wire winds 278 turns to the inch with an in- 

ductance of 234 microhenries for h -inch diameter. The impe- 
dance is 4,225 ohms at 100 meters. 

In the output circuit a regular radio frequency choke coil, as 
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FIG. 9 
THE BATTERY MODEL CONVERTER. 

By Herman 

FIG. 11 
LAYOUT OF PRINCIPAL PARTS FOR FIGS. 8 AND 9. 

made for broadcast frequencies, may be used, say, 50, 65 or 75 
millihenries, since here the frequency to be transferred is a 
radio frequency of broadcast proportions, and not the enor- 
mously higher frequencies of short waves. 

The second unusual feature is copper shielding of the out- 
put choke coil. This serves to reduce the effective strays the 
detector, since it is desirable to have the strays here at minimum. 

The third unusual point is the method of coupling modulator 
and oscillator. The cathode lead of the modulator is interrupted 
on its way to ground by one of the windings of the oscillator 
coil. The modulator plate current flowing through this pickup 
coil sets up a magnetic field, and thus the interlink is estab- 
lished with the oscillator secondary, to which the pickup winding 
is in close inductive relationship. 

Non -Critical Coupling 

The coupling is not critical, and even the same degree of 
coupling may be used for the whole short -wave spectrum, say, 
15 to 200 meters, although a little more sensitivity results when 
the coupling is made looser for the higher frequencies, or waves 
from 15 to 40 metres or thereabouts. Hence a movable coil, 
permanently placed in the converter and readily accessible, 
although not necessarily from the front panel, may be used. 

Plug -in coils, is used, which go in turn in the same receptacle, 
need have only four prongs instead of five. If tube base type 
coils are used, the five -prong bases should be employed. Since 
two of the windings go to ground, use of the special six -prong 
base and special socket therefore is avoided. 

In the simplified circuit recommended for use the plug -in 
feature is avoided, by the switching arrangement, and coverage 
from about 20 to 110 meters is obtained, which is a good work- 
ing range, particularly in a device the parts for which cost $5 
or less. Also, the coupling is fixed, between modulator and 
oscillator, at 2 turns. This worked well. The coupling is unity, 
anyway, as the modulator is not tuned. 

Grid Leak Values 

Nor is the value of the grid leak critical. The circuit diagram 
shows a grid condenser, intended to be of the type with the 
clips on it, so that a grid leak may be inserted between the 
clips. The values given are from 2 to 5 meg. Also, a 2 meg. 
leak may be substituted, from grid, condenser to ground and 
as the two leaks are in series, their resistance values add up. 
Hence the leak value actually used will be 2 meg. plus whatever 
value is inserted between the clips. Good volume and sensi- 
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Short -Wave Converter 
Bernard 

tivity are provided by 2 meg., although usually a few megohms 
more increase the volume. It is not possible to omit the leak 
between clips altogether, in this circuit, for then the grid would 
not be returned to grounded DC potential, the grid condenser 
serving to interrupt this return. This might not stop reception 
entirely, but certainly would impair it. 

Panel Arrangement 
The top panel for the converters discussed in connection 

with Figs. 8 and 9 last week, issue of November 8th, is 5 inches 
wide by 6% inches long. The three sockets are arranged at 
top. You may provide four binding posts for the connections 
to aerial, B plus, antenna post of set and ground post of set, or, 
instead a four -lead cable may be used, for the AC model (six 
leads, if heater connections are cabled). For the battery model, 
instead of four binding posts, a six -lead cable is optional, also. 

How most of the parts are arranged is shown in Fig. 11 
herewith. The small radio frequency choke coils are placed 
as far from the top panel as possible. This places them about 
on the same plane as the rear frame of the tuning condenser. 
The object, of course, is to keep "hot" potentials away from 
the hand when tuning. A model was made with these chokes 
near the dial, and no body capacity was experienced except 
at wavelengths below 49 meters. However, it is just as easy 
to avoid body capacity down to the lowest wave that you can 
tune in. 

Must Use Small Chokes 

To be able to tune down lower than 40 meters it is impera- 
tive that small choke coils be used, except in the output. Hence 
there are three such small chokes, one in the antenna -ground 
lead, one in the plate circuit of the radio frequency amplifier 
and one in the grid circuit of the modulator. Two of these 
chokes for space reasons may be on the same form, adding a 
little inductive coupling to capacity coupling between the radio 
frequency amplifier and the modulator. 

Considering the AC model converter, Fig. 8 of last week, 
reprinted herewith, the three small chokes are marked "Y4 milli- 
henry," and may be wound as specified. They need not be 
shielded. But the choke used in the output circuit has an 
inductance of 50 millihenries, since the intermediate frequency 
is involved here, and this choke has a shield, which shield 
should be grounded. 

Be careful to connect ground wherever shown. The first 
precaution is to run a lead from the ground post of the con- 
verter to the frame or rotor connection of the tuning con- 
denser, and this should be of heavy -gauge wire, no less than 
No. 18 solid, or its stranded equivalent. 

Coil Data 
One coil is used in the converter, and it is put in place per- 

manently. Instead of plugging in two coils, a switching arrange- 
ment is used. When the switch is "in," the switch circuit is 
open, and the tuned secondary consists of eight turns. When 
the switch is pulled "out" the switch circuit is closed, and two 
of the eight turns are shorted out, leaving six turns effective, 
enabling tuning down to a little more than 20 meters. As 
stated previously, there will be no response at the lower wave- 
lengths unless the three choke coils marked "% millihenry" 
have an inductance something in that neighborhood. 

The coupling of the modulator and oscillator is effectuated by 
means of a two -turn winding. Thus when the oscillator coil is 
wound it will consist of a tickler, that provides oscillation; a tuned 
secondary with tap for switch to be cut in, and a pickup wind- 
ing, which is a continuation of the winding that constituted the 
tuned secondary. Assuming the use of a 134-inch diameter 
bakelite tubing, 1 3/16 inches high, wind eight turns of No. 25 
single silk covered wire for the tickler; leave inch space or 
less, and in the same direction wind two turns of the same 
kind of wire; tap, wind two more turns; tap, and then wind 
the final six turns. Viewing the coil from top to bottom, the 
connections are, first to plate of the oscillator, next to be B 
plus, next to cathode of the modulator, next to ground and one 
side of the switch, next to switch tap and other side of switch; 
next to oscillator grid. Fig. 12 exemplifies the coil winding. If you haven't No. 25 single silk covered wire you may use 
No. 24 single silk or single cotton covered. The oscillation 
intensity is strong enough to support the use of any small 
diameter wire down to No. 28. 

Coverage in Wavelengths 
With a tuning condenser of .00035 mfd. capacity, the circuit 

will tune from about 110 meters to 20 meters. The range is 
much larger than would be expected, due to the high inter- 
mediate frequency recommended. This will be around 1,500, 
1,600 or 1,700 kc., depending on the highest frequency to which 
your broadcast receiver will tune. 
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FIG. 12 
ILLUSTRATED FACTS ON COIL WINDING. THE 
DIAMETER IS 13 INCHES. CONNECT SWITCH AS 

SHOWN IN FIGS. 8 AND 9. 

The oscillator will bring in strong stations and some weak 
ones at two points on the dial. This fact enables wider wave 
coverage. The extension arises from the difference in the two 
settings of the oscillator being twice the intermediate frequency. 
Assuming 1,500 kc. intermediate, then W9XAA, the short- 
wave transmitter of WCFL, Chicago Federation of Labor, 
operating on 6,080 kc., or about 49% meters, came in at 2 on the 
dial and again at 18. Hence 2 on the dial represented the 
higher oscillator frequency, using the oscillator frequency (F1) 
minus the incoming frequency. Fl = 1,500 + 6,080, or 7,580 
kc., about 40 meters. The intermediate frequency was devel- 
oped by subtracting the incoming frequency, 6,080, from the 
oscillator frequency, 7,580. 

The lower frequency setting of the oscillator (F2) was 
established, using the incoming frequency less the intermediate 
frequency. Therefore the F2 was 6,080 - 1,500, or 4,580 kc., 
about 67 meters. The two are 37 meters apart. 

It can be realized therefore that there will be a response 
when the oscillator frequency is subtracted from the modulator 
frequency or when the modulator frequency is subtracted from 
the oscillator frequency, and this double situation gives rise to 
the two repeat points. 

Calibrating Set 

Also, if you know the intermediate frequency, you are aided 
greatly in calibrating the only tuning dial used. The two re- 
peat tuning points are separated from each other by twice the 
intermediate frequency, and since it is easy to find and use 
1,500 kc., you know that the two points, 2 and 18 on the dial, 
constitute a difference of twice the intermediate frequency, or 
3,000 kc. If you know the frequency of one point on the dial 
you can therefore tune in the station at the other point, and 
establish that frequency for calibration. 

Not all stations can be brought in at two points, for the 
only point may be that where the oscillator setting is higher 
in frequency than the signal frequency, and near the zero end 
of the dial, and it is not possible to tune sufficiently higher. 

There is more volume at one or the other of two oscillator 
settings, usually when the oscillator is tuned to the higher 
frequency (lower capacity of the tuning condenser, lower nu- 
merical reading of the dial). Hence you will tune for a station 
at the same dial setting all the time, unless interference de- 
velops, which may not show up on the other though weaker 
settings. Always use the same intermediate frequency so that 
the same dial settings of the converter will be applicable to 
the same short wavelengths. 

No vernier dial is needed, since you can tune in a station 
on the converter dial, and for closer tuning use the dial of the 
broadcast receiver. The broadcast set's dial need be just 
barely touched to bring the converter and the set to resonance 
at the intermediate frequency. This slight vernier adjustment 
need not be considered as changing the intermediate frequency, 
as the change is so trivial, represented by perhaps one- eighth 
of a division of the broadcast set's dial. 

Beat Results on Full Coil 

With the switch !'out," the full eight turns used on the tuned 
secondary, most stations will be received, as most persons 

(Continued on next page) 
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DETAIL SHOWING HOW TO REWIND MAGNET COILS 
FOR REPAIR OF COMMERCIAL INDUCTOR SPEAKERS. 

SERVICE MEN'S GUIDE 

T HERE are many who have a loudspeaker of the Farrand 
inductor dynamic type which has given excellent service, 
but of late may have lost volume, or developed some kind 

of defect that makes the quality of reproduction seem tinged 
with a rasp or rattling sound that was not there at first. The 
same general directions apply to magnetic speakers. 

Strange as it may seem, the source of ill performance of either 
the magnetic or the inductor dynamic unit is frequently the 
presence of plain ,ordinary dirt, which usually lodges in the small 
spaces in the unit interior, in between the coils, or between the 
coils and casing, and sooner or later some of this gets in between 
the space in which the armature oscillates. If enough dirt 
accumulates the operation of the armature is seriously inter- 
fered with, and since the dust particles usually contain some 
magnetically constituted matter it is not hard to see why the 
dirt gets wedged in. It is only natural that the removal of these 
impediments to armature motion is imperative, but their presence 
might not be suspected, and usually is not. 

Taking the Unit Apart 

The only way out is to take the unit apart, an operation that 
is not difficult for anyone who has mechanical ability. The 
principal requirement is that you be careful in all that you do. 

The first step is carefully to unsolder the phone cord termi- 
nals, which are usually differently colored, noting at the same 
time the posts to which they are attached, so that correct re- 
placement is assured. Next unsolder the coil terminal wires. You 
will find that one of them is longer than the other, hence identi- 
fication is easy. Finally, the connecting wires that join the two 
coils are to be separated, care being taken not to use too much 
heat, and not to subject the coil leads to excess mechanical 
strain. 

Remove the magnets, which are usually held in place with one 
long screw, with a clamp nut to hold them tightly. In some 
units this is supplemented with hardened ti pset screws. Magne- 
tized particles held in place by the flux will fall away when the 
magnets are removed. Some of them will cling to the magnet 
poles, and are to be removed with forceful wiping with a dry 
cloth free of lint. 

The remaining assembly, consisting of the pole shoes, arma- 
ture and frame, is usually taken apart by loosening the arma- 
ture clamp screws, removing them if necessary, and sliding out 
the pole shoes, which are in most models clamped by the same 
screw that holds the magnets in place. 

The pole shoes are to be wiped with a dry cloth as before, and 
and magnetized particles adhering are to be picked off one by 
one if not removable by any other means. 

Remove Rust 

As the surface of the armature that fronts on the pole faces is 
likely to collect a coating of rust, especially if it is not coated 
with lamination varnish ,this coat of rust is to be removed with 
a fine flat file. Care must be taken not to file any of the arma- 
ture metal. Merely remove the rust. If you have or can obtain 
some amyl acetate clear lacquer, you should coat the clean sur- 
face with a thin layer of this, which will prevent the formation 
of further rust. This pertains to the faces of the pole shoes, too, 
should they be similarly affected. 

As a general precaution the frame of the unit may be cleaned 
off, and if any liquid cleaning fluid is used it is suggested that it 
be carbon tetrachloride (Carbona), as this substance is devoid 
of any deposit after it has evaporated. 

The coils are usually free of stuff that clings, but they may 
be dusted with a camel's hair brush, preparatory to reassembly 
of the unit. 

This operation is the reverse of the former, in most details, 

Repair of 
By Wadsworth 

except that the necessity of cleanliness is paramount, and no 
vagrant iron chips are to be tolerated. 

First loosely assemble the coils and armature and slip the 
pole shoes over them. Then place the whole on the frame. 

Obtain some .005 inch bond paper that is smooth, and cut out 
four spacers that each just fit the width of the pole shoe. They 
are to project down over the pole shoe face. The purpose is to 
space the airgaps in which the armature oscillates. With four 
of these spacers the gaps will be all alike. If separate pole shoe 
clampscrews are provided, these are to be tightened, with the 
armature held tightly in position between the pole shoes by 
means of finger pressure. 

Next the magnets are to be assembled to the unit frame, and 
the coil lead connections are to be resoldered. The phone cords 
are attached and lastly, the paper spacers are removed. The unit 
is ready to be tried out. 

Unit Operation Improved 

Some improvement will be found in the operation of the unit, 
but if the volume should be low, some further work will be 
necessary, and fortunately it is not difficult. The fruit of your 
work is immediate. 

Permanent magnets suffer from a malady that is called fatigue 
and it is generally worse with a poor magnet than with a good 
one, a seemingly logical conclusion, but it is also dependent upon 
the air gap distance, a factor that introduces some leakage loss 
into the case. Since we have to have an air gap so that the unit 
will work, this form of leakage loss is always with us. 

How to offset it, and what benefits accrue from the remagne- 
tization of the magnets, is the subject of the following. 

Re- magnetization Boosts the Volume 

The inductor dynamic unit in mind is one that is equipped with 
two permanent magnets, which provides four legs on which 
exciter coils may be wound. These are to be left in place perma- 
nently, as the removal of the magnets after treatment merely 
will precipitate them to the same condition in which they for- 
merly were. 

The problem now is to decide what coils to wind, and what the 
exciting current shall be. 

The first serious limitation that we run into is that there is 
not very much room in which to wind an exciting coil, and the 

Coil Performance 
On Short Wave 

(Conti,wed from preceding page) 

will listen at night, when wavelengths of 35 to 120 meters come 
in strong. Below 35 meters there is little to be heard at night, 
and around 20 meters next to nothing, due to the peculiar 
behavior of the lower wavelengths at night. During daylight, 
however, stations on the lower wavelengths should be received. 

Bear in mind the poor reception of the low wavelengths at 
night when testing to determine whether your converter func- 
tions at all on these wavelengths. Do not reach a negative 
conclusion until after several hours of testing during daylight. 

The same coil winding data apply both to the AC and the 
battery model converters. Series connection of the heaters 
for battery operation enable the use of a 6 -volt storage battery, 
giving each tube 2 volts, which is sufficient. The bias arrange- 
ment is taken care of by connecting the grid returns as shown 
in the diagram, Fig. 9. 

Either the AC model, which will work on any set, battery- 
operated or otherwise, or the battery model, which likewise 
will work on any set, can be built of parts costing less than 
$5, which is a real invitation to get into the short -wave swing. 
In the one case a 2% -volt filament transformer, the secondary 
of which need not be center -tapped, is required, and in the 
other instance a 6-volt storage battery. 

The $5 converter will give good performance. Foreign coun- 
tries are better than the United States for short -wave reception. 
Caribbean Islands, Central and South America are particularly 
good, no converters will work to the Queen's taste. France, 
Britain, Germany are fertile fields. Canada is about on a par 
with the United States. The North America continent can be 
covered splendidly, television included in the reception. Once 
in a while a voice from Europe may be expected. But the most 
favored nations should hear regularly from Europe. 
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next tern is that it is a toss -up as to whether we shall consider 
making four exciting coils of medium size or two larger ones, 
mounting one on each magnet leg. This question revolves around 
the room taken by the minimum number of turns necessary to 
create additional flux in the air gap, and one of the unknown 
factors in an equation that can help us to find out the number 
of turns required is the permeability of the steel of which the 
magnet is made. 

Distances Defined 
The distance between the two magnets of the inductor dynamic 

unit that is under consideration is 1 1/10 inches, and the maxi- 
mum overall length of the coil can not exceed 1/ inches. If the 
end insulation is 1/32 inch this leaves 1 1/32 inch, and if one 
wrap of insulation 1/32 inch thick is used the thickness of the 
insulating tube will be 1/16 inch on one side. The end pieces 
are made of 1/32 fibre stock and are 1 11/16 inch square. 

Then there is the center cutout, dimensions obtainable from 
the foregoing, but the method of the cutout is to lay out the 
rectangle, in pencil, then draw cross lines from the corners so 
that they intersect at the center. Then cut out along these lines, 
and bend the resulting four flaps at right angles to the first sur- 
face. These flaps are to be glued to the fibre tubing that you 
form when you bend the flat 1/32 stock around the magnet leg. 
The result of this work is fibre spool, for which you make a 
little wooden form the same size of square as the magnet, but 
with 2 -inch square end pieces, one of which is removable, and 
the other fixed so that you can slip the finished coil off when it's 
wound. 

An additional prerequisite to a self- supporting coil is that you 
glue a piece of thin cotton tape on each side of the fibre tubing, 
leaving loose flaps on each end which you place in the turns of 
the coil during the winding process, in such a way that the 
effect is that of the tape being woven through the coil for self - 
support. 

The finished coil is to be dipped in thin shellac and allowed to 
dry. Its use does not hamper the assembly of the unit in any 
way. 

Two Coils Versus Four Coils 
The extent of the stray field of the coils is what really influ- 

ences the choice between two coils and four coils because when 
it is desired to increase the magnetic field of a permanent 
magnet, the two poles must be magnetized oppositely. The stray 
fields tend to neutralize each other to the extent that the various 

FIG. 13 
ONE DIAL TUNES THE $5 CONVERTER. 

stray fields are coupled, and this depends ou the proximity of 
the adjacent turns of the coils to each other. 

In the case under consideration calculation or experiment will 
show that there are very definite limits to the radius of a coil 
that will provide the greatest magnetizing power, and it is not 
difficult to show that four coils provide less net magnetization 
due to the influence of the stray fields than do two, and as the 
space available for the windings is a not inconsiderable function 
of the separation of the poles of the magnet, it follows that 
here is another source of leakage. It need not be enhanced by 
a greater loss due to poor coil design. 

Making the Coils 
The magnet is one of the U- shaped kind, and is 3 15/16 inch 

long. The poles are 3d -inch square. The center to center dis- 
tance is 2/ inches, and the available room for the magnetizing 
coil is 1 11/16 inch along the pole leg. Of course there is room 
for two coils on the legs of each magnet, of which there are 
two used in this unit, though we will use only one on each 
magnet. 

From the foregoing it is understood that you are to make up 
a coil winding form of 1/32 fibre sheet. Indeed, it has been 
found that end pieces 1/16 inch each may be used, and they will 
help out because of the added support they provide. 

The wire size selected is No. 30 D.S.C., whose mean outside 
diameter is .013 inch, and as the overall length of a layer is 1/ inches, there are 115.3 turns, but you will not wind so close, 
hence 115 will be about right, and the overall thickness of the 
coil is 7/16 of an inch. As 1/16 inch equals 62/ thousandths, 
the total thickness of the coil, per side, is 438 thousandths 
exclusive of the insulation tube, and therefore the total number 
of layers is 31, and the total number of turns is 115 times 31, 
or 3,465. 

The resistance of the wire pet foot is about .1 ohm, and the 
finished coil is around 20 ohms and therefore if the exciting 
yoltage is 12 volts, the current per coil is .6 ampere, and the . 
ampere turns are 3,465 times .6 or 2,079, and as two coils are 
used the current is cut in half, but the turns are multiplied by 
two, so the ampere turns are the same. 

Connect the Coils Correctly 
Since you are going to use a not inconsiderable power, care 

must be taken to assure the proper direction of flow of the 
magnetizing current. 

The best way to do this is to make a simple test with a dry 
cell, holding a piece of lamination so that it is attracted by the 
magnet pole, and then close the coil -dry cell circuit. 

If the polarity of the coil is correct there will be a slight 
attractive force felt, which indicates correct polarity, and the 
coil lead connections to the dry cell are to be noted and the 
positive lead of one of the coils is to be connected to the 
negative lead of the other, leaving a positive and a negative 
lead, which may be led to a terminal board, for subsequent con- 
nection to the exciting source. 

If the lamination strip is repelled the polarity is wrong. 
The two coils are to be placed diagonally opposite poles, that 

is to say, one on the north leg of the left hand magnet and the 
other one on the south leg of the right -hand one. 

If you have a single magnet type of unit, it will be correct to 
use two coils and the dimensions may be the same if the magnet - 

steel is of the same dimension as these just presented, but if the 
separation between the pole lgs is less by say / inch, the coils 
will have to be changed, and if the pole legs are less than an 
inch apart, and the overall length of the magnet is such that ypu 
cannot use more than an inch of the leg on which to wind a coil, 
the practical advantages of the use of a magnetization coil do 
not warrant its construction. 

The coils previously described will increase the volume of all inductor dynamics considerably and if you have aligned the unit, . 
and particularly the armature that drives the ' cone, taking care 
to see that it is parallel to the poleshoe faces, and also level with 
them, top and bottom, the reconstructed units' performance will repay you for your trouble. 

Ordinary Magnetic Units 
The foregoing instructions are for the inductor type of loud- 

speaker unit, but they also apply to the case of the plain 
magnetic unit, since the two are after all not so very different 
essentially. 

The inductor has a two part armature that is made up so that the top and bottom bars are level with the upper faces 
of the poleshoe assembly whereas the plain magnetic units armature is one solid piece in most cases. 

There was a tendency for the designers of these units to 
ignore the presence of Coucault currents in the armature structure and it is now known that this low potential, but high 
density current had a detrimental effect on the quality of re- 
production, and the solution of the difficulty was to separate 
the armature into two parts, i.e., arrange it so that the flux 
reactions of the upper two poles would be quite distinct from 
each other. 

This was accomplished in the design of the inductor unit. 
But to return to our story, if you have a magnetic unit that 

is not providing the volume it once used to, you can rehabilitate 
it in much the same manner that the foregoing instructions 
provide, the only variations that you will find in practice are 
the length of the magnet poles, and the cross section of threat. 
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FIG. 1 

THE VARIABLE LOW -PRESSURE DISCHARGE TUBE BY 
WHICH MEANS THE BEHAVIOR OF A GASEOUS DIS- 
CHARGE CAN BE STUDIED. A U- SHAPED PERMANENT 
MAGNET SLIPPED OVER THE TUBE DEFLECTS THE 
DISCHARGE AT RIGHT ANGLES TO THE POLAR AXIS. 

THE progress of the various arts that contributed to 
telegraphic and radio communications systems is seen as a 
kind of shared responsibility that the various scientists 

assumed. 
We have also seen that the outstanding contribution to the 

development of radio communication has been made by those 
who concentrated on the subject of radiation for a number of 
years, with the ultimate result that the foundations of all modern 
theory and practice were laid, and from this has sprung the 
diversified matrix of modern communications science. 

The vacuum tube is a tool of forms and uses now believed to 
be limitless in application, and though the physicists of the years 
to come will achieve epochal distinction due to their labors in 
this field, the labors of those who laid the foundation should 
remain enshrined. 

A resume of the last thirty years of the commercial develop- 
ment in radio transmission yields but a very small fraction of 
the history of the underlying principles of the art, largely, no 
doubt, because attention to the vast mass of detail would entail 
the publishing of a volume of stupendous size. 

Radiation Is of Intense Interest 

Ever since the laws of radiation weer successfully expounded 
and applied by Huygens, and later by Young, interest in the 
nature of the radiations of the heavenly bodies was stimulated, 
and when the time came when it was possible to duplicate the 
sun spectra by artificial means, still further impetus was added 
to the development of that subject which up to the present day 
remains one of the principal keys by which physics unlocks new 
realms of knowledge not only for the radio art, but other arts 
as well. 

Radiation and Electrons 

The reader has heard of electrons, but the subject of radiation 
is likely to be foreign, and on this account some explanation will 
be in order. 

Mostly all substances, when at a temperature that we know as 
the absolute zero, i. e., minus 273 deg. Centigrade, are in a state 
of molecular quiescence, but at all other degrees of temperature 
above this one there is molecular activity that depends upon the 
chemical activity of the substance. The activity of various sub- 
stances varies widely at temperatures not far removed from 
absolute zero. 

This statement is relatively true of any comparison made 
between two substances in air, versus the same comparison in 
vacuo, though a comparison of the degrees of activity of the 
given two cases, one in air and the other in vacuo, would not 
necessarily provide the same conclusion. 

Higher Temperature Increases Activity 

But in general the activity of a substance increases as the 
temperature increases above the absolute zero, so that some 
substances at, say, normal temperature, are very unstable, an 
example of which is the metal sodium, which exists naturally 
only in combination with some other substance, but the most 
common form of which is sodium hydroxide. 

Metallic sodium is usually prepared, and will keep only when 
submerged in gasoline or kerosene, hence you can gain some 
idea of its activity. 

There are some other metallic substances that display the 
activity which, though not as great as that of sodium, is con- 
trollable, and hence available for our study in connection with 
the vacuum tube. 

Molecular activity at room temperature also means that the 
components of molecules are also subject to motion, and, in 
fact, are in a state of transit, as is proved in the case of metallic 
substances that readily conduct a current of electricity under 
these conditions. Molecular activity is now regarded as a wave 
motion. 

With suitable detecting means ,then, it is possible to detect, 
as the temperature goes up, the presence of some of these com- 
ponents of colecular activity about the exterior of the sample, 
which may be a wire. 

And in accordance with the foregoing, the type of activity 

The Birth 
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around the wire is dependent upon some chemical constants. 
But to find out where radiation fits into the vacuum tube story, 

we will have to consider a wire we are slowly heating. We find 
that as the temperature is increased a point is reached where 
the effect of this increase is registered suddenly on the detecting 
device, and the nature of the registration is such that whatever 
produced the effect is a negative charge, a fact of fundamental 
importance. Scientists first tried to obtain the opposite effect, 
of positive charge, with the result that nothing happened, and 
it was afterward proved that the positive charges did exist, but 
were outnumbered by the negative ones which neutralized them, 
and hence the positive charges did not get far enough away. 

Why Vacuum Was Used 

In other words, there was a dense cloud of negative charges 
through which the positive charges could not penetrate, so the 
positive ones fell back upon the surface whence they came, and 
the net observable effect was zero. All of the above was carried 
on in air initially, and the experiments had to be made at 
voltages low enough to forestall atmospheric breakdown, and 
the magnitude of the effects was of a low order, so it was con- 
sidered as a next step to use a part vacuum. 

When it was found that the electrical constitution of matter 
was the combination of a definite arrangement of electrical 
charges, which had mass, and had a velocity that depended 
upon the acceleration imparted to them, it was realized that the 
distance through which these charges travelled in air was limited. 
Before the charge had travelled very far it would meet an air 
molecule and thus would be stopped, this distance being of the 
order of perhaps a hundredth of a millimeter. 

This meant that the mean free path of a charge in transit very 
likely would be considerably less, and, in fact, the previous 
experiments made in air were now known to be erroneous, due 
to this, hence it was decided to make use of a glass envelope 
that would enable the visual observation of interelectrode phe- 
nomena, as well as to form an insulating support for the two 
electrodes that projected into the envelope interior. So a long 
tube was made that looked somewhat similar to the one of 
Fig. 1. It consisted of just what you see, plus an appendix 
through which air was withdrawn by the vacuum pump to the 
desired pressure. 

The Low Pressure Discharge Tube 

If we can imagine the tube void of any visual discharge effect, 
and with an operative voltage of say 2,000 volts applied between 
the electrodes, with the polarity as shown, and the tube full of 
air, we are ready to start. 

We start the vacuum pump exhausting at a slow rate, and 
observe the tube in a darkened room, and as the pressure re- 
duces to a certain value, suddenly the tube interior becomes 
suffused with an almost uniform blue glow. 

If we examine a series milliameter in the tube exciter cir- 
cuit we find that the reading of this meter coincides with the 
appearance of the blue glow. As the pressure is still further 
reduced the uniformity of the glow begins to alter. At the same 
time striations which form tend to crowd over to the positive end 
of the tube, producing what is known as a positive column. 

But near the negative end of the tube there appears a space 
in which there is no glow at all. As the pressure is reduced the 
width of this negative dark space increases, coincidentally with 
the shortening of the positive column. The intensity of the 
glow around the positive electrode increases. All the while the 
current indication of the milliammeter has increased. The 
appearance of a glow ring around the negative electrode, the 
cathode glow, as it is called, also increases in intensity as the 
length of the dark space increases. 

Path of Charged Particle 

To understand the formation of the glow in the first instance 
let us trace the path of a charged particle through the tube, 
which may consist of a particle that has a negative charge, and 
an associated positive one also, this combination of charges being 
called an atom. There are many hundreds of them in the tube 
even at the reduced pressure at which we are working. 

The negative charge under the attractive force of the positive 
electrode is pulled from the surface of the negative plate at 
incredible speed, and after traveling a certain distance collides 
with another atom with sufficient force to knock the second atom 
apart. This impact produces light, and also a certain amount 
of heat, but the charges of the impacted atom, now being sepa- 
rated, tend to move in opposite directions. The positive charges 
move to the negative end of the tube and the negative charges, 
still under the influence of the positive electrode, are again 
accelerated after impact, and a short distance further on, an- 
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other impact of these negative charges produces a second light 
emanation, and the second atomic split -up has occurred. As 
this process builds up at almost instantaneous rate the tube is 

not long in lighting up. 
Therefore when the positive column extended to the negative 

electrode it was made up of ionized gas particles, and as the 
pressure was lowed the mean free path of the negative charges 
grew longer and these negative charges bombarded the positive 
neuclei with greater energy, driving them back to the positive 
end of the tube, and with still further lowering of the pressure 
the negative- charge stream increased in length, until it extended 
practically the whole length of the tube. 

Glow Discharges Observed 

Various glow discharges peculiar to the cathode and the anode 
were first observed by Faraday, and other effects observed by 
Crookes, and so paradoxically the places where there is no 
glow at all have been selected in honor to the physicist whose 
work on that region of the discharge is historic. Thus we have 
the comparatively long space in front of the cathode, devoid 
of visual emanation, called the Crookes dark space, while there 
is a dark space between the cathode glow and the electrode 
that is called the Faraday dark space. 

From the foregoing then we can easily surmise that there are 
two energy streams in this tube and they are oppositely directed, 
and it is also possible that if they are properly directed that they 
can be segregated or otherwise individualized in some form of 
tube so that the two different kinds of rays can be studied. 

Sir William Crookes studied the properties of light waves in 
addition to the foregoing and made some very interesting ex- 
periments which at the same time were conclusive. The result 
of them was among other things the radiometer, a form of 
which is diagrammed herewith, not because of its direct con- 
nection to the radio vacuum tube but rather because its opera- 
tive principles were the subject of proponents of two schools 
of thought, represented by Dr. Oswald Reynolds, on the one 
hand, and Sir William Crookes on the other. 

The Radiometer 

The controversy concerned the method by which the radio- 
meter operated, and the view of Dr. Reynolds was that imping- 
ing heat rays drove the vanes in much the same way that a 
stream of water drives a water motor, that is, the effect was 
due to the repulsion of the vanes, and that the straight con- 
duction of heat through the wall of the tube was involved. 
Dr. Crookes was able to prove that this mechanism disregarded 
the effect obtained when the tube interior was pumped out to 
a low pressure, of say I millimeter of mercury, when alternate 
heating and cooling of the gaseous contents no longer could be 
effective in driving the vanes. 

The Crookes theory of atomic bombardment proved to be 
more in line with the observed effects, and its application to 
the radiometer is of interest. 

If white light falls upon the radiometer, and the pressure 
within the enevelope is reduced, thereby increasing the mean 
free path of the gaseous particles within the tube, a condition 
is prepared whereby the inpinging radiation is absorbed by the 
side of the vane that appears as a large clear surface. This 
surface is in reality coated with lampblack, while the shaded 
side of the vane is a smaller but polished reflecting surface. 
When the aforesaid absorption takes place the temperature of 
the absorbing surface is increased and an atom is shot off. 

The recoil drives the vane in the opposite direction and as 
the same thing happens at the surface of the other vanes, the 
cumulative effect is rotation of the four arms. 

Polished Surface Offers Little Resistance 

Since the other sides of the vanes are polished, any atoms 
that impinge here are reflected without sensible absorption. 
Consequently there is no work done against the vane on this 
side, in opposition to what is being done on the other side. 
The vanes rotate counter clockwise, as arranged in the sketch, 
and the rotational effect is seen to be the result of a reaction 
between the vanes and the atoms that are displaced from the 
surface of the absorption surface. 

Rotation of the vanes can be accelerated if the light falls on 
the vanes in such way that one of them is in the shadow of the 
others for a brief period, this plan permits the displaced atoms 
to realign themselves faster near the blackened surface of the 
shaded vane. 

The vane arms are made of a bit of straw. and the vanes are 
of polished aluminum foil, coated on one side. 

Since light waves can do mechanical work it should follow 
that the reverse is true. ; The low pressure tube experiment 
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mechanical impact of 
producing light. 

The Practical Adoption of Negative Radiation 

The largest single contributor to the fund of intelligence re- 
garding the nature of radiation from hot surfaces, particularly 
that from hot wires, is Dr. O. W. Richardson, whose treatise 
on "Radiation from Hot Bodies" contains expositions of prin- 
ciples and laws that are a standard reference. In this connec- 
tion it will be remembered that it was Dr. Richardson who made 
the first investigations of radiations from hot platinum, which 
were proved to be negative charges, and subsequently these 
were named electrons, and the associated positive charge was 
the proton. 

Dr. Thomas Alva Edison, of Orange, N. J., who at the time 
was interested in the development of the incandescent lamp, 
also noticed that the outer surface of an illuminated lamp as- 
sumed a negative charge. The phenomenon of this radiation 
was called the Edison effect. Shortly afterward the same ex- 
periment in different form was performed by Dr. Fleming, who 
suspected the unilateral conductive property of the negative 
radiation stream. But it was not until he had performed his 
classic experiment that he was able to verify the theoretical 
conclusions that ultimately led to the invention of the Fleming 
valve, a sketch of which appears next week. The means em- 
ployed to prove the existence of the unilateral effect are shown. 

Fleming'& Valve 

The first true electron emitter of a form that began to ap- 
proach the kind of tube we use today was this valve of Fleming, 
and though the tubes that you now see are all sealed off, the 
first tube was operated while still connected to the exhaustion 
pump, so that the effect of the gradually reducing pressure 
might be noted. The anode potential was kept constant, while 
the hot cathode also was kept under constant potential, though 
an increase of temperature was noted as the pressure was re- 
duced, due to the observation of the increase in brightness of 
the cathode electrode. As the pressure reduced the indicating 
instrument at the left deflected. 

In the first experiment the attempt was made to find the re- 
lationship between the anode current and the pressure. The 
anode potential was kept constant and the current increase noted 
as the pressure was reduced. This test was repated with suc- 
cessive increases of anode potential with the final result that it 
was found for the various potentials used the knee of the cur- 
rent- pressure curve occurred at practically the same pressure, 
which means that the maximum anode current flow occurred 
at the same pressure. 

The second experiment related to the unilateral conducting 
property of the hot cahode radiation, determined by reversing 
the terminals of the anode battery at their point of connection. 
It was suspected that there would be an anode current of some 
consequence, but on closing, this circuit there was a slowly de- 
creasing deflection, which soon reduced to zero, and the appli- 
cation of higher potentials yielded negative results, so the 
unilateral conductivity of the negative radiation was established. 
Incidentally the answer to several questions regarding the be- 
havior of the ionization stream in the low pressure tube was 
given. - (Continued Next Week) 
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FIG. 1 

THE COMPLETE CIRCUIT DIAGRAM OF THE STROMBERG- CARLSON MODELS 12 AND 14 RECEIVERS IN WHICH PROVISION IS MADE FOR TWO PHONOGRAPH PICK -UP UNITS, AND IN WHICH AN AUTOMATIC VOL- 
UME CONTROL IS INCORPORATED. A SPECIAL ARRANGEMENT WITH SEPARATE FILTER IS USED FOR THE CURRENT SUPPLY FOR THE FIELD WINDING OF THE LOUDSPEAKER. 

IN the October 25th issue we published information on the 
Stromberg- Carlson Models 12 and 14, giving a simplified 
diagram of the automatic volume control and a curves show- 

ing the effectiveness of this control, and in the Nov. 1st issue 
we gave a simplified diagram of the B supply part of the re- 

ceiver. Herewith we reproduce a complete diagram of the re- 
ceiver, which shows in detail the design of the receiver. 

The method of manual volume control is of interest. The first 
adjustable feature is a range control switch by means of which 
a .015 mfd. condenser is cut in across the first tuned circuit. 
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FIG. 2 
ONE OF THE 1930 MODEL FADA RECEIVERS INCORPORATING THREE SCREEN GRID TUBES, RESISTANCE 
COUPLING AND PUSH -PULL AMPLIFICATION. NOTE THE SPECIAL DUAL VOLUME CONTROL COMPRISING 
A 10,000 -OHM POTENTIOMETER IN THE ANTENNA CIRCUIT AND A 25,000 -OHM POTENTIOMETER IN THE 

SCREEN CIRCUITS. 
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FIG. 3 

THE CIRCUIT OF ANOTHER 1930 MODEL FADA RECEIVERS IN WHICH THERE ARE TWO STAGES OF 
RESISTANCE COUPLED AUDIO IN FRONT OF THE PUSH -PULL POWER AMPLIFIER. NOTE THE SPECIAL 

COUPLING ARRANGEMENT BETWEEN THE DETECTOR AND THE FIRST AUDIO AMPLIFIER. 

This, of course, by- passes to ground the greater part of the 
signal so that this control should be used only when receiving 
local, high -power signals. When receiving weak signals the 
condenser circuit should be open. 

The next feature is the provision for adapting the circuit 
to either long or short antennas. By means of a "Long- Short" 
switch the antenna may be connected to the first tuned circuit 
either through a small or a large condenser. These condensers 
are proportioned so that the "Short" position of the switch 
should be used for antennas having capacities up to 75 or 100 
mmfd. and the "Long" position should be used for antennas 
having higher capacities. Since the capacity of any antenna 
cannot be known without measurement and, further, since there 
are so many conditions that the capacity cannot be approximated 
by the antenna length, a practical method for selecting the bet- 
ter position is needed. A simple method is to tune in a very 
weak station at the high frequency end of the range and then 
testing with both positions of the switch. The one giving the 
stronger signals should be retained. 

The controls in the antenna circuit govern the volume in steps 
which may be too large to suit most conditions. For this reason 
a 250,000 ohm potentiometer is connected across the secondary 
of the first audio frequency transformer, by means of which 
the volume may be varied in minute steps or continuously, that 
is, without any appreciable steps. 

The tuners in the receiver are of the bi- resonator type. That 
is, each tuner is made up of two tuned circuits coupled together 
so as to form a band pass filter of suitable width. There are 
two of these, one between the antenna and the first tube and 
the other between the second and third tubes. The first tuned 
circuit contains coil Ll, condenser C4, and condenser C6. The 
second contains inductance L2 and condensers C5 and C6. Thus 
condenser C6, which has a capacity of .04 mfd., is common to 
the two circuits and provides the coupling between them. There 
is an additional bond between the two circuits in C7, which is 
a capacity of the order of one micro -microfarad. 

The coupling between the two circuits is closer the lower the 
frequency because as the frequency decreases the impedance 
of the coupling condenser increases. This automatically de- 
creases the selectivity as the frequency decreases, thus keeping 
the effective selectivity constant on a percentage basis. In other 
words, the change in the coupling with frequency keeps the 
sideband admission at the same level throughout the tuning 
scale. An inductance coupling in the position of C6 would work 

in the opposite direction. 
The function of C7 is to increase the coupling between the 

two circuits at high frequencies to a value slightly higher than 
that afforded by C6 alone. 

The resistance R1 associated with the bi- resonator serves two 
purposes. It broadens the peak of the tuning characteristic at 
the low frequencies and serves as a filter in the grid bias lead. 

There are two 280 rectifier tubes in the circuit, one to supply 
the plate current for the receiver proper and the other for 
supplying the field current for the loudspeaker. There is only 
one high voltage winding for the two rectifiers, but there are 
two filament windings. One is used for the positive of the 
supply for the receiver and the other for the positive for the 
field current. 

There are also two filter circuits. The one for the field cur- 
rent contains one choke, L20, and two 1 mfd. condensers. Since 
the field winding itself is a choke, the filtering of the field cur- 
rent is adequate. 

One of the 1930 model Fada receivers consists of three stages 
of tuned radio frequency amplification, utilizing 224 screen grid 
tubes, a high signal detector using a 227 tube, one stage of 
resistance coupled audio, also using a 227, and one stage of 
push -pull using two 245 tubes. 

A 125,000 -ohm alter resistor is used in series with the 250,000 - 
ohm coupling resistor to eliminate motorboating, and this filter 
resistor is by- passed to ground with a .25 mfd. condenser. The 
grid leak is a 0.5 resistance and the stopping condenser has a 
value of .01 mfd. From the grid to ground are connected an- 
other .01 mfd. condenser and a 1.0 megohm variable resistance, 
in series. This series circuit across the line serves as a tone 
control. When the entire 1.0 megohm resistance is used there 
is practically no by- passing of the high audio frequencies while 
when the resistance is set at minimum there is a strong by- 
pass effect. Since the resistance may be set at any value less 
than 1.0 megohm, a wide range of tone is available to the listener. 

The volume is controlled manually by means of a 25,000 -ohm 
potentiometer which varies the screen potential applied to the 
first two screen grid tubes. There is another potentiometer, one 
of 10,00 ohms, in the antenna circuit for making volume adjust- 
ments. This is connected across the primary of the input trans- 
former and is arranged so that the entire resistance is across 
the primary all the time, thus leaving the damping constant, 
but so that various proportions of the voltage in the antenna 
circuit may be impressed on the primary. 
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Data on the 280 Tube 
By J. E. Anderson 

FIG. 1 

A TYPICAL CIRCUIT DIAGRAM OF A FULL -WAVE 
RECTIFIER UTILIZING THE 280 TUBE. THE FILTER 
CONSISTS OF TWO SECTIONS OF TWO 30 -HENRY 
CHOKES AND THREE BY -PASS CONDENSERS. THE 
VOLTAGE DIVIDER IS ARRANGED TO GIVE BOTH 

PLATE AND GRID BIAS VOLTAGES. 

T HE 280 is a full -wave rectifier tube for use with receivers 
requiring a maximum rectified voltage of 350 volts or less 
and a current of 125 milliamperes or less, or a maximum 

rectified voltage of 400 volts with a maximum current of 110 
milliamperes. It has a five -volt filament winding requiring a 
current of two amperes. 

CHARACTERISTICS OF THE 280 RECTIFIER 
Filament voltage 5.0 
Filament current, amperes 2.0 
AC voltage per plate (RMS) 350.0 
Max. load milliamperes for 350 volts on plates 125.0 
AC voltage per plate (RMS) 400.0 
Max. load milliamperes for 400 volts on plates 110.0 
Maximum overall length, 5 5/8 inches. 
Maximum diameter, 2 3/16 inches. 
Socket, standard UX. 

The power transformer used with this tube should have two 
secondary windings, one of high voltage for the plates and one 
of low voltage for the filament. The high voltage winding should 
be accurately center -tapped so that both plates get the same 
voltage. The filament winding need not be center- tapped but a 
center -tap is desirable if the tube is to deliver a high current. If 
the load current is taken off on one side of the filament that side 
will be operated at a higher temperature because more of the 
rectified current will flow through this side. When a center -tap 
is used the load current is divided equally between the two legs 
of the filament and the heating will be uniform. 

Line Voltage Variations . 

The primary should be wound for 115 volts but should prefer- 
ably have taps for 107.5, 115 and 122.5 volts so that compensation 
may be made for line voltage fluctuations. If the primary is not 
tapped, it should be wound for about 115 volts and a variable 
resistance should be put in the primary circuit to cut the voltage 
down to that required in case the line voltage should rise above 
115 volts. 

The actual effective voltage across the high voltage secondary 
depends on the DC voltage desired, and may vary from 220 to 
400 across each half of the winding, that is, from 440 to 800 volts 
across the entire winding. 

In Fig. 1 is shown a typical rectifier circuit incorporating the 
280 tube, together with the filter circuit and the voltage divider. 
The average output characteristics of such a circuit are shown 
in Fig. 2. These curves show the variation in the DC output 
voltage with changes in the load current for different values of 
RMS input voltage per plate of the rectifier tubes. The output 
voltage is as measured at V in Fig. 1. The full lines are for 
condenser input to the filter and the dotted lines for choke 
input. The difference between these inputs is indicated on the 
diagram in Fig. 1. 

These curves may be used to estimate the maximum output 
voltage when the current drain and the input voltage are known. 
Suppose, for example, the effective AC voltage per plate is 350 
volts and we wish to draw a current of 100 milliamperes. The 
350 -volt curves, tell us that the voltage is 345 volts at V, with 
condenser input, and that it is only 250 volts with choke input. 
The curves do not take account of the drop in the choke coils 
so that the useful voltage will be less. Suppose the total resis- 
tance of the two chokes is 400 ohms. If the current is 100 
milliamperes the drop will then be 40 volts. This leaves 305 

volts for the case of condenser input and only 210 volts for 
choke input. 

Condenser Requirements 
As indicated in the rectifier circuit, the capacity of the first 

condenser is 4 mfd. If the capacity of this condenser is 
increased, the voltage will be slightly greater, and if the capacity 
is less the voltage will be less, but changes in voltage with the 
condensers ordinarily used are so small that they may be 
neglected. 

The capacities and resistances associated with the voltage 
divider are not specified because they would depend on the cir- 
cuit with which the rectifier is to be used. This is especially 
true of the resistances. It may always be stated that the 
capacities of the condensers should be as high as practicable and 
that not less than one microfarad should be used in any position. 

In selecting condensers it should be remembered that the 
voltage may rise to the peak of the voltage applied to each plate 
of the rectifier tubes and that the condensers must stand this 
voltage for brief periods. The peak voltage is 1.41 times the 
RMS voltage, so that if the applied voltage per plate is 400 volts, 
the voltage across the condensers might rise to 564 volts. This 
would occur when the load is removed without turning off the 
power to the transformer. Even when there is a bleeder current 
which remains when the load is removed, the voltage will rise, 
although not to the same value. This rise in voltage is indicated 
on the curves in Fig. 2. At 10 milliamperes, for example, the 
voltage across the first condenser, when the voltage per plate is 
400 volts, RMS is 510 volts. Only the first three condensers will 
be subjected to the maximum voltages. 

Surges 
This voltage rise does not take surges into account, but only 

the rise due to regulation. When there are surges the voltage 
may rise to much higher values instantaneously, and surges will 
occur when there is a sudden change in the current. For these 
reasons the voltage rating of the condensers should be at least 
twice as high as the highest steady operating voltage. Moreover, 
care should be taken that the power is always turned off before 
any change is made in the circuit, such as removing a tube or 
changing the position of some lead on the voltage divider. 

It would seem that the condenser next to the rectifier tube 
would be subject to the greatest stress, but in most instances it 
is the third condenser that breaks down first, if the three con- 
densers across the entire line are of the same rating. This rup- 
ture, no doubt, is due to high voltages generated in the amplifier 
due to static crashes and other disturbances of a similar nature, 
and is superinduced by the heating of the condenser by the con- 
stant flow of normal signal current through it. 

While it is customary to put the two filter chokes in the posi- 
tive side of the line, as is done in Fig. 1, they could also be placed 
in the negative side. This is sometimes done in commercial sets. 
Or one could be placed in each side of the line, and this method, 
too, has been adopted by some manufacturers. 

When the load current is high it is common practice, especially 
when push -pull amplification is used, to tap the current for the 
power tubes from the junction of the two chokes. This diverts 
the larger part of the load from the second choke so that it 
becomes more effective in filtering the remaining current. 

(Continued next week) 
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Dial Requirements 
By Goodirow Burroughs 

T HERE are dials that read counter -clockwise and others 
which read clockwise. There are also tuning condensers 
that increase in capacity when turned clockwise and others 

that increase when turned counter- clockwise. Should a dial and 
a condenser which run in the same direction be used together 
or should a clockwise of one be used with a counter -clockwise 
of the other ? Some will answer this question one way and 
others in another way, and both are right. But both may be 
wrong. 

There is another factor entering into the problem which has 
not yet been mentioned, and that is whether the dial moves 
over a fixed index or the index moves over a fixed dial. 

If the index remains fixed and the dial moves with the con- 
denser, the dial and the condenser should be of opposite sense, 
but if the dial remains fixed and the index, or pointer, moves 
with the condenser, the dial and the condenser should be of 
the same sense. These facts can easily be verified by looking 
at the dial scale reproduced herewith and imagining that a 
variable condenser is back of it. 

Calibrating Dials 

The dial in Fig. 1 is laid out on a linear scale, that is, so that 
all the divisions are equal. If the condenser back of it is of 
the straight line frequency type, stations in the broadcast band 
will always appear on the dial on a linear scale, or they will 
appear at distances proportional to the frequency separation 
between them. If the condenser is of the straight line wave- 
length type, stations will be crowded at the low end but stations 
differing by the same number of meters will appear at equal 
distances apart. If the condenser is of the straight line capacity 
type, the stations will be crowded together at the short -wave 
end and they will be spread out at other. 

Practically no condenser is strictly of any one of these types, 
most of them being a compromise between straight line fre- 
quency and straight line wavelength. Hence a linear scale will 
read neither wavelengths nor kilocycles and it becomes necessary 
to calibrate the scale in terms of one or the other, or both. This 
is done very easily if a few stations can be tuned in and a list 
of frequencies and stations is available. 

Suppose WEAF comes in at 80 on the dial. Its frequency is 
660 kc and therefore an arrow is drawn pointing to 80 with 660 
written at the end of the arrow. A similar arrow with WEAF 
at the end may be drawn on the opposite side of the scale. The 
same is done for all other stations that can be tuned in and 
identified as to call letters and frequency. 

The number of kilocycles is written in, instead of call letters, 
because there may be two or more stations operating on the 
same frequency. These would all come in at the same point, 
and in some instances there may be so many on one setting 
that all the call letters could not be written. The call letters of 
only the popular stations should be written to avoid clutter- 
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FIG. 1 

A TYPICAL CLOCKWISE, LINEAR DIAL SCALE WHICH 
SHOULD BE USED WITH A COUNTER- CLOCKWISE 
CONDENSER IF THE SCALE IS ATTACHED TO THE 
CONDENSER AND WITH A CLOCKWISE CONDENSER 
IF THE INDEX IS ATTACHED TO THE CONDENSER. 

ing up the dial. Call letters may change from one position 
of the dial to another, for the Radio Commission may make 
changes any time, but the frequencies will always remain, pro- 
vided that the set is not changed. 

Auxiliary Dial 

The dial in the receiver may not be accessible for calibration. 
In that event a dial like that shown herewith may be used as 
a calibration chart. All the desired call letters and all the fre- 
quencies obtained on the receiver are entered on this dial in 
the manner mentioned above, and then it is used as a handy 
key to the tuning of the receiver. 

In some instances it may be possible to mount the dial on 
top of the dial in the set and then calibrate it. This can be 
done without in any way mutilating the set. 

The dial in the picture extends through an angle of 216 de- 
grees, or through 120 divisions, from minus 10 to plus 110. It 
is extended beyond the usual 180- degree range in order to make 
readings easier at the two extreme positions of the 180- degree 
condenser. 

Right or Wrong ? 
QUESTIONS 

(1) -If the chokes in a B supply unit are placed in the nega- 
tive side of the line, there is no filtering action because the 
chokes are on the grounded side of the circuit. 

(2) -A two -tube short -wave converter that acts as a volume 
booster for broadcast signals but does not receive any short- 
wave signals can be made to do so by treating the oscillator 
circuit so that it oscillates at the high frequencies. 

(3)- Scratchy noises in a receiver are often due to dust be- 
tween the armature and the pole pieces. This applies to all 
common types of loudspeakers. 

(4) -A short -wave adapter built on a metal sub -panel in such 
a manner that the oscillator coil is close to the metal does not 
work because no oscillation can be induced in the circuit. 

(5) -A tone control is a device for making the quality worse 
than it normally is. 

(6)- Electric waves travel on a wire at the speed of light. (7)- Electric current travels in the same direction in every 
portion of an electrical transmission line at every instant. 

ANSWERS 
(1)- Wrong. It makes little difference in which side the 

chokes are placed provided they are placed so that the rectified 
current flows through them. Some B supply units have the 
chokes in the negative line. because under certain conditions 
less hum results from the arrangement. 

(2)- Right. When the circuit acts as a volume booster it 

simply means that the modulator tube acts as an amplifier of 
the frequency to which the broadcast receiver is tuned, or to 
all frequency in the broadcast band. It will also act as a de- 
tector or modulator and the only condition for short -wave re- 
ception is that the oscillator function, which it will do if the 
coils are connected correctly and if the voltages are high enough. (3)- Right. Even if ordinary dust gets between the armature 
and the pole pieces, scratchy noises are likely to appear, and if 
tiny particles of iron get between there is likely to be much 
noise. The magnets attract iron filings and hold them. Usu- 
ally when iron filings have lodged between the armature and 
the pole pieces it is necessary to remove the armature and 
remove the dust by force. 

(4)- Right. At least it is correct in most instances. If the 
sub -panel is of metal the oscillating coil should be raised above 
it so that the windings are at least one inch from the metal. (5)- Right. The way sets are designed the quality at normal 
is usually as good as engineering can make it, with the material 
at hand. A tone control in most instances makes it worse, al- 
though in many instances it may make the quality more pleasing 
to the listener who wants plenty of bass. 

(6)- Wrong. It travels with a speed considerably slower than 
the velocity of light. Just how much more slowly it travels de- 
pends on the distributed inductance and capacity of the wire, 
or on the inductance and capacity per unit length of the wire. (7)- Wrong. Current may travel in opposite directions at 
the same time and does so at distances equal to half a wave- 
length. 
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Use of Plate Filtering 
WOULD you recommend the use of a filter in each plate 

circuit for the purpose of keeping the DC plate current 
out of the primary of the transformer windings? I have 

first rate transformers but it seems that I am not getting the 
quality out of the amplifier that I should. If the trouble is due 
to saturation of the cores I should like to try the filter scheme 
to remedy the condition. Can you suggest chokes and conden- 
sers to use ? -G.W.F. 

With the best transformers it is necessary to use the filter 
scheme, for the direct current through the winding would satu- 
rate the core so that the transformer would degenerate into one 
which could be obtained for a small fraction of the price of the 
good one. You might use a 245 Polo choke in the plate lead 
and a 2 mfd. condenser in series with the primary to stop the 
DC current. The opposite side of the primary may then be 
grounded or it may be connected directly to the cathode of the 
tube preceding. 

e * * 

Shielding of Live Leads 
IN a short -wave receiver is it advisable to use shielded wire 

for the grid and plate leads to prevent coupling between the 
stages? If not, what are the objections to it ?- H.A.W. 

It is not advisable to shield the live leads because the capacity 
between the, leads and ground would be very high, for short 
waves. One effect would be a high minimum capacity in the 
tuned circuits and another would be the shunting of the signals 
to ground and thus decreasing the sensitivity of the circuit. The 
low potential leads should be wound with shielded wire to pre- 
vent coupling, for here the capacity to ground that is added is 
beneficial. 

* * * 

Grounding of the Loudspeaker 
IHAVE noted in several circuits that the loudspeaker is 

grounded. That is, the secondary of the output transformer 
has one side connected to ground, which also connects one 

side of the speaker to ground. How is it that this does not kill 
the signals ? -D.B.C. 

One point in any circuit can be grounded without affecting 
adversely the operating properties of that circuit. In fact, one 
point should be grounded to stabilize the circuit. Hum is often 
due to induction between live conductors or parts and the 
speaker hanging in the air, so to speak. Grounding one side of 
the speaker often eliminates this entirely. 

* * 

Loading Coil in Antenna Circuit 

W OULD is be of any advantage to use a loading coil in the 
antenna circuit for short -wave converters? I recall that 
in the early days loading coils were used in broadcast 

receivers when the antenna was too short. -L.B.W. 
Whether or not any advantage could be gained by using a 

loading coil would depend on the length of the antenna and on 
the frequency to be received. The object of the loading coil 
would be to add to the self- inductance of the antenna until the 
total inductance and the capacity of the antenna would resonate 
with the frequency to be received. To gain any advantage both 
the capacity and the inductance would have to be adjustable. It 
would hardly be practical. For some waves in the short -wave 
range the loading coil would have to be used and for others a 
series condenser. 

Capacity and Inductance of Antenna 
ABOUT what is the capacity and the inductance of an 

antenna 150 feet long, of which 50 feet are vertical and 
100 feet horizontal? What would be its natural wave - 

length?-H.C. 
The capacity varies with the position of the antenna with 

respect to other objects, especially metal objects. For the 
inductance 17 microhenries is an average and for the capacity 
approximately .0003 mfd. These constants would make the 
natural wavelength of the antenna 135 meters. If we add to the 
inductance a 20 microhenry primary the total antenna inductance 
would be 37 microhenries, and this would make the natural 
wavelength 198.5 meters. 

* * 

Short -Wave RF Does Not Tune 
IHAVE built a short -wave converter using two tuners, one for 

the oscillator and another for the radio frequency amplifier. 
The oscillator tunes all right but the radio frequency tuner 

does not seem to behave right. For some stations L get loudest 

signals when the RF tuning condenser is set at zero and the 
oscillator about midway, and for other stations I get loudest 
signals when both are set about the same. What is the cause of 
this variation in the radio frequency tuner ? -W. A. C. 

This apparent trouble is due to the fact that any given fre- 
quency comes in at two points on the oscillator dial. Suppose 
the intermediate frequency is 1,500 kc. The two points are then 
located 3,000 kc. apart on the oscillator dial. One may lie in the 
middle of the dial and if it is the higher frequency setting the 
RF tuner may not reach it and hence it has to be set at zero 
for loudest signals. Another station less by 3,000 kc. than the 
first may also lie close to the point on the oscillator dial where 
the first came in and this station may come in on the RF tuner 
dial near the middle. When you tune circuit set the RF tuner 
at zero and then tune with the oscillator. Having brought it in 
with the oscillator as loud as possible, tune the RF condenser. 
If the signal does not become very much louder at some setting 
away from zero plug in a smaller coil in the RF socket and try 
again. 

* * 

Receiving on Harmonics with Converters 
WITH a short -wave converter which I have built I am able 

to tune in certain short -wave stations at several points on 
the dial of the oscillator. I understand why it should get 

each station at two points, since the circuit is a superheterodyne, 
but I don't understand why I should get some of them at more 
settings. Please explain.- J.C.F. 

As we have explained in RADIO WORLD several times, any sta- 
tion of given frequency can be received on an infinite number of 
points on the oscillator dial, theoretically at least. This recep- 
tion is possible because of harmonics generated in the radio 
frequency tube and in the oscillator. At all but a few points the 
signals are so weak that it cannot be received audibly, but in 
many instances four or eight are strong enough to be heard. 
Possibly you are receiving on the second harmonics as well as 
on the fundamentals. For example, you may be able to set the 
oscillator so that its frequency is about one -half of the frequency 
of the signal. This will account for two extra points where a 
signal comes in. 

* * * 

Tuning to Light Waves 
IF light waves and radio waves are of the same nature, it 

should be possible to construct a tuner by means of which 
certain light waves could be brought in. Can you suggest 

such a tuner ? -E.L.B. 
Such a tuner would have to be of atomic or electronic dimen- 

sions. We cannot suggest how you might construct one. Selec- 
tive transmission of colors through certain substances may be 
a resonance effect in the material. For example, a piece of red 
glass, which transmits red light only, may be resonant to the red 
wavelengths. That is to say, the atomic structure may be such 
that the atoms vibrate only when subjected to red light. This 
would be equivalent to a large number of series tuned circuits. 
There is also selective absorption in certain substances. Such 
materials transmit all but one wavelength of light. This would 
be equivalent to parallel resonance. Thus it may not be possible 
to construct a tuner for certain light waves but you might hunt 
around until you find one in nature already constructed for you. 
Investigate color filters. 

* * 

Condenser for Short -Wave Set 
WRICH is better, to use a large condenser and one or two 

coils or a small condenser with many coils in a short- 
wave set ? Will you kindly discuss the relative merits of 

the two systems ? -G.W.K. 
When a small condenser is used the band covered by that con- 

denser and a given coil is small and the stations in that band are 
spread out over the entire 180, or 270 degrees of the dial. This 
in a way converts the tuner into a vernier or fine adjustment 
tuner. This is a great advantage when the circuit is very selec- 
tive. Moreover, when a small coil and several coils are used, 
each coil may be designed to work efficiently in that narrow 
band. When a large condenser and a small coil are used to 
cover a wide band, the coil can be designed to work efficiently 
only over a portion of the band covered by the combination. 

* * 

Requirements of Short -Wave Oscillator Coils 
IN a short -wave converter must the oscillator be wound with 

heavy wire in order to obtain satisfactory selectivity just as 
the RF tuner must be wound with heavy wire ? -K.L.W. 

The only requirement of the oscillator coil is that it will 
(Continued on next page) 
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oscillate. Its design has nothing to do with the selectivity 
because in the converter the greater part of the selectivity is 
obtained in the broadcast receiver and none at all in the oscil- 
lator. A coil wound with fine wire may not oscillate so readily 
as one wound with heavy wire. In one case two coils were 
wound with No. 32 double silk and No. 22 double cotton and 
when used in the same circuit there was no difference in the 
result. Both coils oscillated when 67.5 volts were applied to the 
plate of the tube and neither when only 45 were used. If it 
required more voltage for the fine wire coil the difference was 
less than 22.5 volts. 

* * * 

A Squawking Set Silenced 
IBUILT one of the short -wave converters which you described 

a while ago, a two -tube circuit with an RF stage in it. When 
I tune in there is a loud squawking noise which entirely 

drowns out the signals. Sometimes this occurs all over the 
oscillator dial and at other times only in certain regions. The 
noise also depends on the position of the other tuning condenser 
and on the coils I use. Can you suggest the cause of this 
trouble and the remedy ? -W.H.J. 

Such squawking is usually due to overloading of some kind, 
and should occur when the oscillator and the RF circuits are set 
at the same frequency, or nearly the same. The first thing to 
suspect is an open grid lead in the RF stage or lack of sufficient 
leakage in either grid circuit. Another thing that sometimes 
causes it is the grid bias resistor. It acts as a grid leak even 
though it is not directly in the grid lead. However, this does 
not happen very often. In one circuit which squawked in this 
manner the cause was found to be due to insufficient current on 
the heaters of the tubes. The filament transformer did not have 
sufficiently good regulation so that when the load was put on 
the current fell. This in turn reduced the cathode emission so 
that the tubes overloaded very quickly. As soon as a good fila- 
ment transformer was substituted the circuit behaved normally 
on all settings of the condensers, even when the two -tuned cir- 
cuits were exactly in tune. 

* * * 

Three Taps for Phonograph Pick -up 
IN my receiver there are two tip jacks for a pick -up unit on an 

insulated mounting and there is another, apparently not 
insulated, which is marked "Common Phono." The two 

insulated jacks are marked "Low impedance" and "High 
Impedance." Will you kindly explain why three terminals are 
provided and which two to use when the phonograph pick -up is 
connected to the set ? -G.A.P. 

One side of the pick -up unit should always be connected to 
the "common" terminal. If this is not insulated it must be 
grounded so that the pick -up unit is always connected to ground. 
One of the other two is for the live side of the pick -up unit, the 
one to use depending on the impedance of the pick -up unit, 
which may be either high or low. Presumably there is a match- 
ing transformer back of the three terminals and the "low impe- 
dance" terminal goes to a tap on the primary of this transformer. 

* * * 

Getting Europe 
WHAT is the chance of getting the European short -wave 

stations with a good short -wave converter and a modern 
radio receiver? Do the European stations fade as badly 

as the American ? -A.L.F. 
The chance is very good, provided that you listen at the proper 

time of the day. The proper time is in the afternoon. 
* * * 

Link Circuits Cause Coupling 
WHICH is better, to use a metal sub -panel in a short -wave 

set or converter or a heavy wire ground running around 
the set? Will you kindly point out some advantages of 

both as well as disadvantages ? -J.C.F. 
A metal sub -panel is probably better because the ground is 

available wherever needed, and it would be a good ground. A 

disadvantage of it is that there might be serious losses due to 
eddy currents. However, the losses could be minimized by 
keeping the coils away from the metal as far as practicable. A 
ground made of a heavy wire is all right provided that it is not 
made into a link circuit, for this link would cause undesired 
coupling. Moreover, this form of ground is not as effective or 
as convenient as the chassis ground. If the coils are kept away 
from the metal and if no loops are formed of the wire ground, 
there is little difference between the two and the choice would 
be determined on availability of sub -panel material. 

* * * 

Screen Grid Tube Amplification 
WILL you kindly tell what the conditions of operation 

should be when the 224 tube is used as an audio frequency 
amplifier in a resistance coupled circuit? That is, I wish 

to know the voltages and the resistance values in the circuit. - 
C.B.F. 

There are many combinations of voltages that may be used 
but the following may be considered as average and satisfactory. 
Grid bias, 1.5 volts negative ; screen voltage, 22.5 volts positive 
plate voltage, not less than 180 volts and preferably 225 volts. 
The plate coupling resistor should be 250,000 ohms, the coupling 

Name 

Street 

City and State 

or stopping condenser, .01 mfd., and the grid leak about one 
megohm. 

* * * 

Comment on Rectifier Design 
IN some rectifiers the positive lead is taken at the center of 

the filament winding of the rectifier tube, while in others it 
is taken on one side of the 5 -volt winding. Is there a disad- 

vantage in using one side? I like this because it makes the 
transformer simpler and also the wiring of the rectifier circuit. 
Is there any reason why I should not ? -L.C.W. 

There is no important reason why you should not use the 
simpler connection. When the lead is connected to one side of 
the filament more rectified current will flow in one side than in 
the other, but this is so small in comparison with the total fila- 
ment that no ill effects result. 

* * * 

Connection of Plate Returns 
N the Nov. 1st issue you published a double push -pull ampli- 
fier utilizing two 245 tubes in the output stage. The plate 

.return of the power stage goes to the top of the voltage 
divider, which makes the total plate current flow through the 
second choke. Is there any reason why the plate return of the 
output tubes should not be connected to the junction of the two 
chokes and then use a choke of less current capacity and higher 
inductance in the second position ? -F.C. 

There is no reason why this should be done. Indeed, it would 
be all right to connect the plate return of the two 227 tubes there 
too and use the second choke for only the detector and the 
radio frequency amplifier, if one is powered from this circuit. 

* * * 

Loftin -White Amplifier 
IF the voltage drop in the plate coupling resistor between the 

two tubes is greater than the bias needed for the power tube, 
is there any way of arranging the circuit so that the high DC 

drop in the coupling resistor may be retained and still permit the 
proper bias to be applied on the power tube ? -A.C. 

There is a very simple way. Just connect the plate return 
of the voltage amplifier to a point on the voltage amplifier higher 
than the point to which the filament center tap of the power 
tube is connected. By connecting the return at a point of suit- 
able voltage any desired bias can be given to the power tube. 
The resistance between the connection of the power tube fila- 
ment and the plate return of the other tube should be by- passed 
with a large condenser, for if it is not the signal input voltage 
will be reduced to the same extent as the bias on the power 
tube. 

1/4.. 

Join 

Radio World's 

INVERSITY CLUB 
And Get Free Question and Answer Service for the Coming 

52 Weeks. This Service for University Subscribers Only 

Subscribe for RADIO WORLD for one year (S2 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 also 
put 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 please 

paragraph and number them. Write on one side of sheet only. 
Always give your University Club Number.] 

RADIO WORLD, 145 West 45th Street, New York City. 
Enclosed find $6.00 for RADIO WORLD for one year (52 nos.) 
and also enter my name on the list of members of RADIO 
WORLD'S UNIVERSITY CLUB, which gives me free answers 
to radio queries for 52 ensuing weeks, and send me my number 
indicating membership. 
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Orders-Inquiries 
Can be 
ecured 

S+d' ,,1 ,. '' by 
'AIL 

RADIO WORLD 

Slightly Used 

Amer -tran Transformers 

POLK' 'REFERENCE BOOK 
and Mailing List Catalog 
Gives counts and prices on over 8.000 
different. lines of business. No matter what your business, In this book you will find the number of your prospec- tive customers listed. 
Valuable information Is also given as to 
how you can use the mails to secure 
orders and inquiries for your products 
or services. . 

' w'rire for Your FREE Cony 
R. L. POLK & CO., Detroit, Mich. 

.Largest City Directory Publishers In the World 
Mailing List Compilers- Business Statistics 

' Producers of Direct Mall Adveetlsioe 

DEALERS AND 
SERVICE MEN 

STANDARDIZE ON 

METALLIZED S 1 ' A-,11( - 

RESISTORS 
For Permanent Replacement 

Accurate - Guaranteed 
Write for descriptive catalogue "W" 

LYNCH MFG. CO., INC., 1775 Broadway, N. Y. 

Songwriters Service Co. 
6719 Hollywood Boulevard, Dept. R. W. 

Hollywood, California 
Talking Pictures offer new opportunities. Your 
songs personally submitted to Picture Studios, 
revised for publication by Hit Writers. Words, 
Music. Arranging, everything pertaining to songs. 

We have on hand some Amer - 
tran audio transformers, both 
first stage de luxe and push - 
pull input No. 151, which have 
been used by us only in experi- 
mental work. They are slightly 
tired, therefore. but are in 
first -class condition. Five -day 
money -back guarantee. There 
is not a mark rr :cratrh on the 
rase or anywhere else except on 
the terminal lugs. These lugs 
have a trace of solder on them. 
showing where we removed the 
connection made to the test 
circuit, and this +older trace is 

the only difference between our stock and brand -new 
merchandise. We have even put the transformers back 
In their original boxes. 
First stage de luxe, list (when new) $8.00; 

slightly used @ $3.90 
Push -pull input, list (when new) $12.00; 

slightly used @ $5.90 

RELIABLE RADIO COMPANY 
Room 504. at 1562 Broadway, N. Y. City 

(Between 46th and 47th Streets) 

5 -DAY MONEY BACK GUARANTEE! 

"A" BATTERY SWITCH 
A push -pull switch 
for battery- operated 
sets. Slade by Benj- 
amin. Firm, sure 
contact, extremely 
long life. Special 
price, only l'Ic 

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

OFFICIAL SERVICE STATION 
for all Radio World circuits, including Diamond 
of the Air, HB 44, HB 33, HB Compact, short- 
wave adapters and converters, etc. Indorsed by 
Radio World. We carry replacement parts in 
stock. Parts for all Radio World hookups. All 
prices very reasonable. 

AIR KING PRODUCTS CORP. 
216 Wallabout Street, Brooklyn, N. Y. 

Telephone, WILliamsburg 3872 

Multi-Tap Voltage Divider 
3,000 3.000 2,000 2,000 800 700 

0 50 50 50 100 200 400 450 500 550 600 650 

The resistance values between the twenty taps of the new Multi -Tap 
Voltage Divider are given above. The total is 17,100 ohms and affords 
nineteen different voltages. 

The Multi -Tap Voltage Divider is useful in all circuits. including push -pull and single- 
sided ones, in which the current rating of 100 milliamperes is not seriously exceeded and 
the maximum voltage is not more than 400 volts. Higher voltages may be used at lesser 
drain. Conservative rating. 40 watts. 

GUARANTY RADIO GOODS CO. 
143 W. 45TH ST., NEW YORK, N. Y. 

The expertness of de- 
sign and construction 
will be appreciated by 
those whose knowledge 
teaches them to appre- 
ciate parts finely made. 

When the Multi -Tap 
Voltage Divider is 
placed across the fllt- 
ered output of B 
supply which serves a 
receiver. the voltages 
are in proportion to 
the current Bowing 
through the various 
resistances. By making 
connection of grid re- 
turns to ground. the 
lower voltages may be 
used for negative bias 
by 1..tuiecting filament 
center, or, in 227 and 
224 tubes, cathode to a 
higher voltage. 

If push -pull is used. 
the current in the 
biasing section in al- 
most doubled, so the 
midtan of the power 
tubes' filament wind- 
ing would go to lug 
about half way down 
on the lower bank. 

Order Cat. MTVD, 

list price $3.25 $8.50, 
net price.. 
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For Your Power Pack 

TRUVOLT 
All-Wire Resistors 

They're Adjustable 
You can adjust TRUVOLTS to 
any desired value within their full 
range easily -quickly -accurately; can 
add taps -take them off. This con- 
venience, found only with TRU- 
VOLTS-couplied with superior air - 
cooled performance - explains their 
great popularity among experimenters, 
custom builders, repairmen. 
Write Dept. RW -1115 for circular 
173 Varlck SL.'New York. N.Y. 

EZE.Tir7e.M+ ItAD 
Set of SOCKET 
WRENCHES FREE 

FOR turning nuts down or 
up there is nothing as effi- 
cient and handy as a socket 

wrench. Here is a set of three 
wrenches for hexagonal nuts, 
enabling use with 5/32, 6/32, 8/32 
and 10/32 nuts. Fit the nut into 
the proper socket and turn down 
or up. The three different size 
sockets, one size on each 
wrench, enables use of three 
different outside diameters of 
nuts, but at least ten different 
sizes of threads. Send $1.06 
for eight weeks subscription for 
RADIO WORLD and get this 
set of three wrenches FREE! 

RADIO WORLD, 145 W. 45th St., New York, N.Y. 
Enclosed $1.00 for 8 weeks. Send wrenches. 

Name 

Address 

City State 

Cross here if extending existing subscription. 

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

RF Choke 
in Copper Shield 

A 50- millihenry radio ire. 
quency choke coil, in a copper 
shield, with mounting screw 
and bracket attached. This 
choke is excellent for the 
plate lead of a detector, placed 
in series with the plate and 
the load impedance, for keep- 
ing RF out of the audio chan- 
nel, broadcast receivers. Also 
excellent for RF plate lead, 
between the end of the plate 
load and B plus, and for 
screen grid leads, between 
screen grid and B plus, for thorough filtering 
and stabilizing. This choke will pass 25 ma. 
In all cases ground the shield. Order Cat. 57C SH -RFC. List price, $1.00; your price.... 
For short waves, an unshielded RF Choke, r/4 

millihenry. with mounting lugs. Order 47c Cat. SW -CH, list price 80c; your price.... 
GUARANTY RADIO GOODS CO. 

143 West 45th St., New York, N. Y. 

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

7 cents a word -$1.00 minimum -Cash with Order 
MAJESTIC, RADIOLA, etc. Drum Dial Cable 
by foot or mile. Blan, the Radio Man, Inc., 89 

Cortlandt St., New York. 

PERMACHARGE: New permanent battery 
charger for motor cars. Easily installed on any 
car. Will keep your battery up under all weather 
conditions by simply plugging into light socket. 
A real help to automobile radio. For particulars 
write. Permacharge, Inc., 4394 Pearl Road, 
Cleveland, Ohio. 

"A B C OF TELEVISION" by Yates -A compre- 
hensive book on the subject that is attracting 
attention of radioists and scientists all over the 
world. $3.00, postpaid. Radio World, 145 West 
45th St., N. Y. City. 

MEN WANTED 
Earn $22 to $30 a week while learning Electric and 
Acetylene Welding in all branches and $10 to $14 
a day after short period of training. This is the 
best and fastest growing trade in America. Big 
demand for trained men. Learn this big pay trade 
in the finest equipped shops in America. Union 
card when finished. Act now! Write Mr. Flint, 
Superintendent of Shop. 

ILLINOIS WELDING WORKS 
514 N. La Salle St. Chicago, Ill. 

EXPERIENCED RADIO SERVICE MAN wants 
positron. Write Thomas E. Martin. Keota, Iowa. 

HORN UNIT, $2.25 -This is the Fidelity Unit and 
has stood the test of time. Guaranty Radio Goods 
Co.. 143 W. 45th St.. New York. 

NEW TUBES 50e, 226 -227 -224- 245 -280. For par- 
ticulars write, R. B. Jolley, Valdosta, Georgia. 

EQUIPMENT- MACHINERY OR TOOLS 
BATTERY CHARGERS for Service Stations. 
Prices lowered. Direct from factory. Write for 
bulletin. 20 Adams -Barre. Columbus, Ohio. 

GOOD VOLUME, 4 tube, loop Auto Radio blue 
print 50e; parts cost $12 complete. Write me. 
C. C. Burge (Radio Engineer). 301 E. Park Blvd., 
Villa Park, Ill. 
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Parts for the 
Best Circuits 

NEW NATIONAL DE LUXE MB -30 SCREEN GRID 
TUNER -This Is one of the most sensitive tuners ever 
developed, averaging 1 microvolt per meter. and at some 
frequencies attaining V. microvolt per meter. Its selec- 
tivity is most remarkable, and without material sideband 
cutting, due to use of Vreeland band pass filter and pre - 
selector circuits. Six tuned circuits, perfectly aligned 
and tested with laboratory equipment that cost more 
than $1,000. The circuit, which is for AC only, uses 
four 224 and one 227 tubes and requires a power ampli- 
fier that will power the heaters as well. All parts 
mounted on chassis. ready for wiring. Steel chassis, 
213f.x10%nl'4, ". Order Cat. 111B -30 -P, list price $85 
lees tubes ; net price $48.97 

WIRED MODEL, Cat. MB -30 -W, list price 395 leis 
tubes; net Price $54.88 

MB -29 -A TUNER, a smaller version of the MB -30, 
using four instead of eta tuned circuits. but including 
also the pre -selector and band pass filter circuits. Uses 
three 224 and one 227. Aluminum chassis 15 %z10%al% ". 
Order Cat. MB- 29 -AP, list price $69.50 less tubee; net 
price $40.80 

WIRED MODEL, Cat. MB- 29 -AW, list price $79.50, 
less tubes ; net price $46.74 

NATIONAL VELVETONE Push -Pull Power Amplifier, 
using one 227. two 215's and one 280 ; two stages of 
transformer coupling, with output transformer; heater 
voltage for five extra tubes; plate voltage for tuner. A 
matched unit for the 5111 -30 or 5113-29 -A. Phonograph 
jack built in. Velvetone cornea completely wired. 
Licensed by RCA. Order Cat. PI'PA, list price $97.50, 
ess tube;; net Price $57.33 

HAMMARLUND HI -Q -31 -The latest development in 
custom -set building, a 9 -tube circuit, using a 3 -stage 
band -pass filter pre -selector, three stages of 224 RF, 224 
power detector, 227 first audio, two 245's for push -pull 
output. and a voltage regulator tube. Chassis is 23%s 
12% ". Order Cat. AC -31 -R. list price of complete parts, 
$159.80, less tubes; net price $91.08 

WIRED MODEL HI -Q -31 -Order Cat. AC- 31 -RW, list 
price, $184.80, lees tubes; net price 3111.05 

HI -Q AC TUNER WITH POWER SUPPLY (leas 
audio) -Order Cat. AC- 3I -TPS, list price $148.55. less 
tubes ; net price $82.78 

HI -Q -AC TUNER ONLY (for use with external power 
supply) -Order Cat. AC-31 -T, list price, $107.20. less 
tubes; net price $61.09 

HI.Q -31 FOR BATTERY OPERATION -Order Cat. 
BAT -31 -R, list price, $119.55, less tubes; net 
price $68.14 

HI -Q -31 TUNER FOR BATTERY OPERATION (less 
audio) -Order Cat. BAT -31 -T, list price $102.95, less 
tubes ; net price $58.69 

Short Waves 

NATIONAL 5 -TUBE THRILL BOX -A remarkably 
sensitive short -wave outfit. noted for reception of foreign 
stations. Uses 229 RP, 224 detector, 227 first audio, 227 
push -pull second audio. A separate A and B supply is 
required. See below. Standard set of four pairs of colis 
included (21.2 to 2.61 megacycles). Humiess operation. 
even on earphones. Single tuning control. No grunting. 
no backlash, no hand capacity. Order Cat. AC -SW -5, 
list price, less tubes, less B supply, $79.50 ; net 
price $46.74 

NATIONAL SW POWER UNIT -Furnishes heater 
voltage and B voltage for the AC Thrill Box. Uses 280 
rectifier. Comes in wired form only. Licensed under 
RCA patents. Order Cat. 5880, list price, less tube, 
$34.50; net price $20.29 

BATTERY MODEL THRILL BOX -This uses the new 
2 -volt tubes ; two 232 screen grid. three 230 and one 
231, in same general circuit. Order Cat. DC -SW -5, 
list price $75 ; net price $44.10 

WIRED MODEL AC THRILL BOX -Order Cat. 
AC- SW -5 -W. List price, $89.50, less tubes, less power 
unit; net price $52.62 

WIRED MODEL BATTERY THRILL BOX -Order 
Cat. DC- SW -5 -W. List price, $85, less tubes ; net 
price $49.98 

HAMMARLUND SW HAWK -For one stage of RP 
and detector ; battery operation; uses two 230 tubes or 
any other pair of battery- operated general purpose tubes. 
Coils rover 15 to 105 meters. Order Cat. SWR -22. list 
price $36, less tubes; net price $21.15 

Guaranty Radio Goods Co. 
143 West 45th Street, 

New York, N. Y. 

The New Jiffy Tester 
Chromium -Plated Case and Accurate Meters 

ANEW and improved 
Jiffy Tester, improved 
in both performance 

and appearance, is Model 
JT -N. The meters are of 
the moving iron type. 
Tested on precise batteries, 
they show errors not ex- 
ceeding 2%. As for appear- 
ance, the case is first cop- 
per plated, then nickel 
plate d, then chromium 
plated, giving a lustrous, 
permanent, n o n - peeling 
non -rusting finish. It is the 
same finish found on hard- 
ware in fine automobiles. 
The handle and lock strap 
are genuine leather. 

Jiffy Tester, Model JT -N, con- 
sists of three double- reading 
meters, with cable plug, 4 -prong 
adapter, test cords and screen 
grid cable, enabling simultaneous 
reading of plate voltage, plate 
current and filament or heater 
voltage (DC or AC), when 
plugged into the socket of any 
set. The ranges are filament, 
heater or other AC or DC: 0 -10 
v, 0 -140 v; plate current: 0 -20, 0 -100 ma; plate voltage: 0 -60, 
0 -300 v. It makes all tests former models made. Each meter 
is also independently accessible for each range. The entire 
device is built in a chromium -plated case with chromium - 
plated slip- cover. Instruction sheet will be found inside. 
Order Cat. JT -N, list price $25; net price, $14.70. 

[Remit $14.70 with 
order for JT -N 
and we will pay 
transportation] 

GUARANTY RADIO GOODS CO. 
143 WEST 45th STREET (Just East of Broadway) NEW YORK, N. Y. 

NATIONAL 
Velvet B Eliminator 

180 Volts (280 Tube Free) $16.13 
Latest Model National Velvet -B, Type 3530, in 
handsome crackle finish black metal casing, for use 
with sets up to and including six tubes. Input 
105 -120 volts AC, 50 to 60 cycles. Output, 180 
volts maximum at 35 milliamperes. Three variable 
output intermediate vojtages. (Det.. 11F, AF). 
1911minator has excellent filter system to eliminate 
burn, including 80 henry choke and 12 mfd. 
Mershon condenser. No motorboatingl 
usliwinator Licensed under patents of the Radio 
Corporation of America and associated companies.) 

Guaranty Radio Goods Co. 
143 W. 45TH STREET 
(lust East of Broadway) 

NEW YORK CITY 

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. 

Experimental Model 
4 -tube screen -grid set. battery operated requiring 
sutdosr antenna. Ideal where econom ical operation 
is desired, sensitive and selective, but not in 
cabinet. 

Price, $20.50 
GUARANTY RADIO COMPANY 

143 West 45th Street, New York City 

DOUBLE RANGE POTENTIOMETER; 
made by Centralab, designed for volume 
control. 10,000 and 20,000 ohms. Price, 
$1.05. Guaranty Radio Goods Co., 143 W. 
45th St., New York. 

ERLA- DYNAMIC CHASSIS, WEST- 
INGHOUSE RECTIFIER. Sensitive and 
efficient dynamic speaker chassis. List 
price, $25; our net price, $1250. Guaranty 
Radio Goods Co., 143 W. 45th St., New 
York. 

Two pr ce of One 
Get a FREE ono -year subscription for any ONE of tiles. magazines, 

D CITIZENS RADIO CALL BOOK AND SCIENTIFIC DIGEST (quarterly, four issues). 
D RADIO (monthly, 12 Issues; exclusively trade magazine). 
D RADIO ENGINEERING (monthly, 12 'saves; technical and trade magazine). 
Q RADIO INDEX ((monthly, 12 issues) Stations, programs, etc. 

SCIENCE & INVENTION (monthly, 12 issues; scientific magazine, witk some radia technical 
articles). 
AMERICAN BOY -YOUTH'S COMPANION (monthly, 12 ferres; popular magazine). 
BOYS' LIFE (monthly, 12 issues; popular magazine). 

select any one of these magazine* and get it FREE for an entire year by sending in a year's sub- 
scription for RADIO WORLD at the regular price, $6.00. Cash in now on this opportunity to get 
RADIO WORLD WEEKLY, 52 weeks. at the standard price for such subscription, plus a full year's 
subscription for any ONE of the other enumerated magazines FREEI Put a cross in the square next 
:o the magazine of your choice. is the above list, fill out the coupon below, and mail $6 check, 
none. order or stamps to RADIO WORLD, 145 West 45tk Street, New York. N. Y. (Just East of 
Broadway). 

Your Name 

Your Street Address 

'ttv 
If renewing an existing 
at beginning of this sent 

Q If renewing an existing 
at the beginning of this 

RADIO WORLD, 145 

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

or expiring subscription for RADIO WORLD, please put cross in square 
ease. 
or expiring subscription for other magazine, please put a cross in square sentence. 
West 45th Street, New York. N. Y. (Just East of Broadway) 

DOUBLE 

VALUE! 
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A Complete Line of Radio Books! 
SERVICE MANUAL RAMSAY HAAN RADIO MANUAL ANDERSON and BERNARD 

Official 
Radio Service 

Manual 

RADIO 
TROUBLE SHOOTING 

ENNO R HAAN EE 

Complete Directory 
u 

Commercial Wiring Diagrams 

"Official service 
Manual," by Gern,- 
bath and Fitch, 1,000 
illustrations, dia- 
grams of commercial 
receivers and power 
amplifiers; 352 pages; 
Includes course on 
servicing. Weight. 
234 lbs. Complete 
5 -page Index. Flex- 
ible leatherette cover, 
loose -leaf binding. 
Order Cat. ORSJI 
@ $3.50 

The index to the commercial wiring Ma- 
crame takes up five pages alone, The 
index is an alphabetical array of the manu- 
facturers' names, with model names and 
numbers stated. 

"Radio Trouble 
Shooting," by E. 
R. Haan, passes 
over theory, tells 
what to do to cure 
troubles. 300 il- 
lustrations, flexible 
binding 361 Page, 
0x9 ". Order Cat. 
HAAN... @ $3.00 

"Experimental 
Radio by R. R. 
Ramsey, PhD., 
Prof. Physics. In- 
diana University. 
255 pages, 168 il- 
lustrations. Cloth 
cover. Order Cat. 
REX @ $2.75 

"Fundamentals of 
Radio." by Ram- 
sey. 374 pages, 
402 illustrations. 
Order Cat. RFM 
@ $3.50 

BOOKS BY JOHN F. RIDER 

The new edition of "The Radio 
Manual" answers questions about 
the principles, methods, or ap- 
paratus of radio transmitting and 
receiving. A complete course In 
radio operation to a single volume. 

20 big chapters include: Ele- 
mentary Electricity and Mag- 
netism; Motors and Generators; 
Storage Batteries and Charging 
Circuits; The Vacuum Tube; Cir- 
cuits Employed In Vacuum Tube 
Transmitters; Modulating Systems 
and 100% Modulation ; Wave - 
metere; Piezo- Electric Oscillators; 
Wave Trapa. Nearly 900 pages. 

369 Illustrations; flexible fabrikoid 
cover. Order Cat. MAN @ $6.00 

Two new books by Rider are: 
(1)- "Practical Radio Repairing Hints," a handbook for 

the radio worker. Replete with facts and figures. hints and 
kinks. No Theory. No Formulae. In it you will find ex- 
planations of the modern radio systems, automatic volume 
control circuits, new forms of voltage distribution . auo . 

mobile radio sets, public address systems, etc. Order Cat. 
PRRH @ $2.00 (2)- "Practical Testing Systems," the first complete collec- 
tion of accurate and practical testing circuits of interest to 
the service man, professional se builder and experimenter. 

Among the many testing systems described in this book are 
tube testers, capacity measuring systems. signal generaors, 
radio frequency oscillators, audio oscillators. vacuum tube 
voltmeters, resistance teeters, continuity testers, etc. Material 
for the man who wants a simple test uni or desires a labors- 
01V arrangement. Order Cat. PTS @ $1.00 

Other books by Rider are: 
"Trouble Shooter's Manual," the first comprehensive volume 

devoted exclusively to the topic. It is not only a treatise for 
service men, telling them how to overcome their most serious 
problems. and diagramming the solutions, but It is a course 
in how to become a service man. It gives details of servicing 
and includes more than 100 actual factory -drawn diagrams 
of commercial receivers. 240 pages. 8 x 11." 200 illustrations. 
Order Cat. TSM @ $3.50 

"Supplement No. 1," containing 115 diagrams of commercial receivers, supplementing the diagrams in "Trouble 
Shooter's Manual." but not duplicating any. These 115 diagrams are supplied loose. They are a necessary adjunct 
to those In "Trouble Shooter's Manual." Order Cat. SUPP -1 @ $1.20 

Mathematics of Radio," by Rider, 128 pages, 8% x 11 ", 119 illustrations, bridges the gap between the novice 
and the college professor. It gives a theoretical background so necessary for a proper understanding of radio and audio 
circuits and their servicing. Formulas for capacity. inductance. impedance, resistance, etc., are explained. Flexible cover. 
Order Cat. MOR @ $2.00 

TWO MASTERPIECES BY PROF. MORECROFT 
"Principles of Radio Communication," by Prof. John 

H. Morecroft, second edition. Prof. Morecroft, of the 
Electrical Engineering Department of Columbia University 
and past president of the Institute of Radio Engineers, 
Is a noted authority. Prior electrical and mathematical 
knowledge required. 1,001 pages and 831 illustrations. 

Cloth -bound. Order Cat. M -PRIN. @ $7.50 

"Elements of Radio Communication," written In plain 
language, requiring little foundation knowledge of radio, la 
another fine Morecroft book. The book is a complete 
course on the eelments of radio, containing much material 
never before published. 226 pages, 170 illustrations and 
a complete index. Cloth bound. This is one book you 
must have in your library. Order Cat. M -ELEM. @ $3.00 

THREE BOOKS BY MOYER AND WOSTREL 
The need for an up-to -date book on radio tubes that answers all the important questions has been filed by lames 

A. Moyer, Director of University Extension, and John F. Wostrel, instructor in radio engineering. Division of 
University Extension, Massachusetts Oepartment of Education. This book is a complete discussion of tube prin- 
ciples, functions and uses. 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 costruction, 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. NEWT. @ $2.50 

"Practical Radio," including the testing of radio receiving sets. 378 pages, 223 Illustrations. Cloth hound. 
Order Cat. MWP. @ $2.50 

"Practical Radio Construction and Repairing" 319 pages, a companion volume to the above. New ed 

price. Order Cat. MWC. @ $2.50 

Radio World, 145 West 45th Street, New York. N. Y. 

Enclosed please find 5 for which please 
send at once, postpaid. books indicated by my crosses 

Cat. ORSM @ $3.50 Cat. PRRH @ $2.00 
Cat. HAAN @ 3.00 Cat. PTS @ 1.00 

Cat. RFM @ 3.50 171 Cat SUP -1 @ 1.20 

OCat. APAM @ 3.50 Cat. M -PRIM @ 7.50 
Cat. FOR @ 1.00 Cat. M -ELEM @ 3.00 
Cat. ABSH @ 1.50 Cat. MWT @ 2.50 
Cat. TEL @ 3.00 Cat. MWP @ 2.50 
Cat. DRA @ 6.00 Cat. MWC @ 2.50 

Cat. PRK @ 5.50 Cat. RTT @ 7.50 

Name 

Address 

City State 
Check here if C. O. D. is desired. 

Remit 

An under- 
standing of 
audio amplifi- 
ers of all 
types. and of 
the use of 
tubes in audio 
channels. is 

prerequisite to- 
day. when 
audio amplifi- 
cation is to the 
fore In radio, 
in public ad- 
dress systems 
and in the 
talkies. 'Audi 
Power Ampli- 
fiers" Is the 
first and only 

book on the im- 
portant subject. 

The authors are J. 
E. Anderson, M.A., 

former instructor in 
physics, University of 

Wisconsin, former Western 
Electric engineer, and for 

the last three years technical 
editor of "Radio World "; Her- 

man Bernard, LL.B., managing 
editor of "Radio World." 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 proceeds to a well - 
considered exposition of circuit laws, In- 

cluding 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 amplifiera most gen- 
erously, due to the superior importance of such 
power 

ables aandtfiocurvess profusely Tincluded. Cloth 
cover, 193 pages. Order Cat. APAM .... @ $3.50 

The SUPERHETERODYNE 
This is a new volume by Anderson and Bernard 

dealing with the principles and practice of the 
Superheterodyne method of receiving. It explains 
the function of the oscillator, the modulator, the 
pre- modulaor selector,' and the intermediate fre- 
quency amplifier. It explains the cause of repeat 
pointa and gives methods for avoiding them or 
minimizing their effect. It expounds the relative 
advantages and disadvantages of high and low 
intermediate frequencies, and shows the effect of 
selectivity on the quality. 

It illustrates varioda forms of oscillators and 
tells of the advantages of each Different types 
of modulators and pick -up systems are explained 
and their advantages stated. Different methods 
of coupling In the intermediate frequency amplifier 
are shown. 

Image inerference is discussed in detall and 
methods given by which it may be reduced. 

A special method of ganging the oscillator to 
the radio frequency condensers is explained, a 
method which allows either the high or the low 
oscillator setting to be selected by means of 
varlometer in the oscillator circuit. 

One section is given over to coil design for 
the radio frequency tuners, the oscillator, and 
the intermediate frequency filter. 

Audio amplifiers suitable for Superheterodyne 
are also described. These include transformer. 
resistance, and push -pull amplifiers both for AC 
and DC.. 

While the book is primarily intended to ex- 
pound the principles of the Superheterodyne, the 
preen eel phase has not been neglected. Detailed 
deecriptions of AC and DC Superheterodyynes, de- 
signed in conformity with best practice and sound 
applications of the principles, have been included 
in the book. These descriptions are well Illus- 
trated. Order Cat. ABSH @ $1.30 

FOOTHOLD ON RADIO 
In simple English that any one can understand, 

the technical side of radio is presented by 
Anderson and Bernard in their book, "Foothold on 
Radio." Any one who can read English can 
understand this book. It is intended for the 
sheer novice. The treatment is non-mathematical. 
The origin of he broadcast wave. its radiation, 
reception, amplification are net forth in clear 
language. Side bands are explained simply. The 
types of receiving circuits are illustrated, de- 
scribed and contrasted. A chanter is devoted to 
loudspeakers, explaining the different kinds and the 
principles of their operation. Performance is com- 
pared. Audio coupling is fully explained, also the 
action of the vacuum tube, with a special analysis 
of plate current and Its behavior. Those who have 
been thirsting for a book that readily reveals the 
marvels of the radio science will appreciate this 
little volume. Paper cover 60 pages, fully illus- 
trated Order Cat. For @ $1.00 

i4A B C OF TELEVISION" 
"A B C of Television, or, Seeing by Radio," by Raymond Francis Yates, editor of "Television," formerly editor 

of "Popular Radio." 210 pages (5% x 8% "). 100 illustrations. Cloth bound. This book is not a dull, technical 
treatise. Rather, it is a popular, easily understood and practical book containing descriptions of television system". 
and also detailed information concerning many fascinating television experiments that may easily he conducted with modest 
equipment. It is not a book for engineetng "high-brows" nor is it a superficial treatise written merely to entertain and 
amaze the novice. It is an intensely prectical volume written for those who want to do things. It stresses the "hod' 
of the art as well as the "why." In its essence, It is an academic treatise brought down to the level of the lay mind. 
Engaging in its simplicity, penetrating and wide in its scope, it stands as the first popular American book devoted 
to television and telephotography. The book contains two hundred fifty pages profusely illustrated. The reading matter 
is arranged to simple stepping stones dealing with the problems of scanning, amplification of light modulated signals. 
photo - electric cells and neon lamps. The book has been written especially for those who wish to build and use television 
receivers and transmitters for entertainment and research purposes. It is written for amateurs and experimenters who 

crave action and results rather than high -sounding theory. Order Cat. TEL @ $3.00 

"Drake's Encyclopedia." new edition, 234" thick, weighs 8% lbs., 920 pages, 1,025 illustrations. Order 
Cat. DRA. @ $0.00 

"Principles of Radio." by Keith Hennes% M.A., former director, laboratory, Radio Broadcast. 477 pa ®s.5 305 

illustrations. Order Cat. PRK 
"Radio Telegraphy and Telephony," by Rudolph L. Duncan and Charles E. Drew, of Radio Institute of America. 

OrderCat. RTT @ $7.50 

with Order for Books and We Pay Postage 
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