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Balkite Push -Pull Receiver 

The Solicits A -5 Neutrodyne. one of the most sensitive aommerclal 
receivers ever developed; 8 tubes, including 280 rectifier. Wholly AC 
operated, 105 -120 y. 50 -60 cycles; In a table model cabinet, genuine wal- 
nut, made by Berkey á Gay. 

Three stages of tuned BF, neutralized, o there's no squealing; easy 
tuning; operation on short piece of wire indoors perfectly satisfactory ; no 
repeat tuning points; no hum; phonograph pickup lack built in; excellent 
tone quality ; good selectivity. Two posts are accessible for connecting the 
field coil of a DC dynamic speaker. 

The parts of which this receiver is made are all ace -high and the 
wiring is done with extreme expertness, by (Millen. The power supple 
is exceptionally fine, the set being worked at 50% less than the rated 
capacity of the power trap dormer and chokes. souring long life. There 
is no hum. as filtration is remarkably good. 

The illuminated drum dial, at center, reads 0 -100 at left, and at right 
has blank space In which to write call letters. The little knob at left 
is the volume control, and the one at right is the AC switch. Each BF 
stage is filtered and bypassed individually, and the RF toile. tuning con- 
denser and power transformer are separately 
and totally shielded. The lead from antenna 
binding post to antenna winding of the first 
Boil to of ebielded wire that is grounded 
Ales, the receiver as a whole is totally 
shielded, with metal chassis and metal under- 
cover. e0 there is no stray pickup. Complete 
with walnut magnetic speaker and tubes $56.57 

Silver -Plated Coils 

New Multi -Tap Voltage Divider 
3,000 3.000 2.000 2.000 800 700 

t. ....eJe.+1 It:1'losiM NH1aE £4tl6t 

0 50 59 50 100 200 400 450 500 550 000 050 

The resistance values between the twenty tars of flu 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. 

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

When the Multi -Tap Voltage Divider is placed across the filtered output of B supply 
which serves a receiver, the voltages are in proportion to the current flowing through the 
various resistances. By making connection of grid returns to ground, 
the lower voltages may be used for negative biss by connecting 
filament center, or, in 227 and 224 tubes, cathode to a higher 
voltage. 

If push -pull L used, the current in the biasing section is almost 
doubled, so the midlap of the power tubes' filament winding would 
go to a lug about half way down on the lower bank. 

Order Cat. MTVD, list price i6.50, net price 

Wound with non - insulated wire plated with genuine 
silver, on grooved forms, these coils afford high efficiency 
because of the low resistance that silver has to radio 
frequencies. The grooves in the moulded Bakelite forma 
insure accurate space winding, thus reducing the dis- 
tributed capacity, and keep the number of turns and 
separation constant. Hence the secondary reactances are 
identical and ideal for gang tuning. 

The radio frequency transformer may be perpendicularly 
or horizontally mounted, and has braced holes for that 
purpose. It has a center -tapped primary, so that it may 
be used u antenna coil with half or all the primary in 
circuit. or as intentase coupler, with all the primary on 
a screen grid plate circuit, or half the primary for any 
other type tubes, including pentodes. The three -circuit 
tuner has a center -tapped primary, also. This tuner is of 
the single hole panel mount, but may be mounted on a 
chassis, if preferred. by using the braced holes. Pair 
consists of RF transformer and three -circuit tuner, both 
for .0005 mfd, only. Order Cat., O- RF -3CT, 

4OO 
$90 

list price $5.00 ; net price LL 

Shielded Lead -in Wire 

Fixed 

R -245 Set and Tube Tester 

.90 

With the R -245 Tube and Set Tester you plug the cable into a 
vacated socket of a receiver, putting the removed tube in the tester, 
and using the receiver's power for making these tests: Plate current. 
on 0 -20 or 0 -100 ma. scale, changed by throwing a built -in switch: 
0 -80, 0 -300 v. DC, changed by moving one of the tipped cables to 
another Jack; filament or heater voltage (AC or DC), up to 10 volts. or 
any other AC voltage source, measured independently, up to 190 volts, 
including AC line voltage. Also screen grid voltage and screen grid 
current may be read by following connections specified in the new 8 -page 
instruction sheet. 

Each meter may be used independently. The two test leads, one red, 
the other black, with tip Jack terminals, enable quick connections to 
meters for independent use. 

With this outfit you can shoot trouble in receivers and test circuits 
using the following tubes: 201A, 200A, (71(199, UX120, 210. 171, 171A, 
112, 112A, 295, 224, 222, 228, 227, and pentodes. 

When the B -245 is plugged into the vacated socket of a set and 
the removed tube is placed in the proper socket of the Tester, the 
receiver's power supplies all the voltages and currents. You see the vital 
tests made right before your eyes, all three meters registering imme- 
diately, all three reading at the same time. 

Here are some of the questions answered by the Tester when plugged into the receiver: 
What is the filament or heater voltage (no matter if DC or AC) ? 

What is the plate voltage at the plate itself? What is the plate 
current drawn by the tube? Is the tube in good condition or does 
it require replacement? What is the grid bias voltage? What is 
the cathode voltage? What is the screen grid voltage? Besides, when 
meters are used independently. you can answer these questions : What is 
the screen grid current? What is the line voltage (no mater If AC 
or DC ) ? Ie the circuit continuous or is It open ? What is the total 
plate current drawn in the receiver ? What are the respective B voltages 
at the B batteries or voltage divider? 
Order Cat. R -245. List price, 020; net price 

Condensers 

Dubiller Micosi fixed condensers, type 642, are 
available at following capacities and prices: 
.0001 mid. 10e .008 20e 
.00025 mfd. loe .00025 with clips. 20e 
.0003 mfd. 10e All are guaranteed 
.00035 mfd. 15e electrically perfect and 
.001 17e money back If not 
.0015 174 sat Isfied within five 
.002 18e days. 

Order Cat. MICON .0001 eta. at prises stated. 

No 18 solid wire, surrounded by a solid rubber insulation covering, and shove 

that a covering of braided copper mesh wire, which braid Is to be grounded, to 

prevent stray pick -up. This wire is exceptionally good for antenna lead -in, to avoid 
pick -up of man -made static, eueb as from electrical machines. Also used to 

advantage in the wiring of receivers, as from antenna post of set to antenna coil or 

for plate leads, or any leads, if long. This method of wiring a set improves 
selectivity and reduces hum. This wire is pee appearing on the general market 
for the first time although long used in the beet grade of commercial f,C 
receivers. Order Cat. SH -LW. List price 9c per ft. ; net price per foot 

II1 .1, 
Guaranty Radio Goode Co., 143 West 45th St.. New York, N. Y. 

(Just East of Broadway) 

Enclosed please find i (Canadian must be 

express or post office money order, for which please ship: 

Bal kite comp. $56.57 Ft. of 1311- LW 
p 

.600 
00 0 $4.95 

55 I 
MTVD ... 3.90 F -500 0 3.73 
G- RF -3CT ON 2.40 H -DOD e... $3.00 MICON.... 0 
le -245 d 11.40 SH -RFC 0... 50e MICON.... e ... 
If C.O.D. shipment Is desired out Bross here. 

Tour Name 

Address 

City State 

Double 
Drum Dial 

Hammarlund double drum dial, 
each section individually tunable. 

Order Cat. H -DDD. 
$áe08 List price 06.00; act 

price 

$11.40 

High -Voltage Meters 

0 -300 v., 200 ohms per volt. Cat. F -300 12.58 
0 -500 v.. 238 o.D.v. Cat. F -606 49 3.78 
0 -800 v., AC and DC (same meter reads 

both); 100 ohms p.c. Order Cat. M -600 4.90 

Shielded RF Choke 
Excellent ln detes- 
ter plats sirsult 
er I. B -plus RF 
leads of radie fre- 
ewill), tubes te 
purity signais. 

An elfielent radia 
frequency choke la 
a shielded sate. 
1nduetanee, 50 
millihenrlea. Useful 
for all RF shak- 
ing. 

Order Cat. SH -RFC. List prive. $1.00 : 

net price 
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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 is 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. 81x tuned circuits, perfes tly aligned 
apd tested with laboratory equipment that cost moro 
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, 
2135x10%x135 ". Order Cat. MB -30 -P, list price $95 
lesWIRED 

MODEL, Cat. MB -50 -W, list price $9548ess 
tubes; net price $54.86 

MB -29 -A TUNER, a smaller version of the MB -30, 
using four instead of six tuned circuits, but including 
also the pre - selector and band pass filter circuits. Uses 
three 224 and one 227. Aluminum chassis 15Yax10%xl35 ". 
Order Cat. MB- 29 -AP, list price $69.50 lees tubes; net 
price $40.88 

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 245'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 MB -30 or MB -29 -A. Phonograph 
lack built in. Velvetone comes completely wired. 
Licensed by RCA. Order Cat. PPPA, list price $97.50, 
.ess tubes; 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%x 
12$i ". Order Cat. AC -31 -R. list price of complete parts. 
$159.80, less tubes; net price $91.06 

WIRED MODEL HIQ -31 -Order Cat. AC- 31 -RW, list 
price, $184.80, less tubes; net price $111.05 

HI -Q AC TUNER WITH POWER SUPPLY (less 
audio) -Order Cat. AC- 31 -TPS, list price $148.55, less 
tubes; net price $82.78 

HI -QAC 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 224 RF, 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 coils 
included (21.2 to 2.61 megacycles). Humless operation, 
even on earphones. Single tuning control. No grunting, 
no backlash, no hand capacity. Order Cat. AC -SW -5. 
list price, lesa 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, leas tubo. 
$34.50; net price $20.28 

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, lesa tubes, less power 
unit; net price $52.62 

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

HAMMARLUND SW TUNER -For one stage of RF 
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 -2, list 
price $36, less tubes; net price $21.15 

Guaranty Radio Goods Co. 
143 West 45th Street, 

New York N. Y. 

RADIO WORLD 

Official 
Radio Service 

Manual 

Complete Directory 

Commercial Wiring Diagrams 

"OFFICIAL RADIO SERVICE MANUAL" 
recently published, contains more than ONE THOUSAND illus- 
trations, diagrams, etc., of commercial receivers, power amplifiers, 
tuners, and radio accessories. There are 352 PAGES in this loose - 
leaf, leatherette -covered book. The weight of the book is 2% LBS. 
Within its pages is a diagram of every commercial radio circuit. 
receiver or otherwise, available at the time of going to press. 
The loose -leaf feature permits adding 1931. diagrams when they 
are ready. It is intended to sell these later diagrams at a small 
extra cost. 

Prepared especially for the service man, this book is not poly 
an official directory of circuits, an encyclopedia of schematic and 
pictorial wiring diagrams, but it has 67 pages of instructions on 
servicing, well illustrated and authoritatively written. Eleven 

chapters constitute this course on servicing. 
The chapter titles are: Service Equipment, 
telling what's needed and how to use it 
General Service Procedure; Power Supply 
Systems; Vacuum Tubes, with table of 
characteristics ; Loudspeaker, with detailed 
construction drawings; The Antenna System; 
Radio Frequency Amplifiers; Detectors; 
Audio Frequency Amplifiers; Extraneous 
Noises and Their Origin ; Radio -Phonograph 
Combinations ; Short -Wave Sets and Auto- 
motive Installations; Standard Radio Sym- 
bola; Formulae for Resistance Values. 

The index to the commercial wiring dia- 
grams takes up five pages alone. The 
index is an alphabetical array of the manu- 
facturers' names, with model names and 
numbers stated. You can handle this 

book a great deal, roll 
it up. fold it back or 
bend it, without doing 
any damage to it. 
Order Cat. ORSM ® 
$3.50. 
(C.O.D. orders accepted for 
continental United States only.) 

RADIO WORLD 
145 West 45th Street 

(lust East of Broadway) New York. N. Y. 

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

and rear. Built -in brackets permit subpanel mounting. Order Cat. 3 -SIN ® $0.30 
.00035 mfd. double (two -gang) Scovill variable condenser; brass plates; shaft ex- 

tending at front only. Order Cat. 3 -DOU ® .60 
.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 ® .60 
Flexible insulated coupler for uniting coil or condenser shafts of r,4 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 
tamed on; also will make set switch turn B eliminator off when set is turned 
off. Order Cat. BR -REL ® .69 

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 .00035 mfd. Order Cat. 3 -CT -3 ® .79 
Screen grid RF transformer, for .0005 mfd., to couple screen grid tube to 

next tube. Order Cat. SG -5 ® .45 
Screen grid RF transformer, for .00035 mfd., to couple screen grid tube to next 

tube. Order Cat. SG -3 ® .47 
AC electric motor and turntable, for playing phonograph recorda. A synchronous 

motor, 60 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 80 ma. Order Cat. OS -30HS ® 1.65 
60 -henry shielded center -tapped choke (30 each aide of center) for B supply 

filtration or filtered output of push -pull tubes. Will stand 80 ma. Order 
Cat. OS -6OHCT ® 1.95 

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

(Just East of Broadway) 

THREE -GANG SCOVILL .0005 MFD. WITH BRASS PLATES 
One of the beet three -gang condensers made. 
Platea, utterly rigid and expertly aligned. 
are of brass, the moat expensive metal used 
for this purpose, Capacity of each section, 
.0005 mfd. Shaft, %" diameter, of genuine 
steel, protrudes at both ends. For j5" di- 
ameter dial use an extension shaft (Cat. 
X8 -4 ® 12e extra). Trimming condensera 
not built In, but mounting holes are pro- vided for them. Condenser should be mount- 
ed on narrow side for drum dial operation. 
Rotor tension adjusters are built in. Frame 
is steel. Total shaft length 
overall 8% ", total frame width f overall, 4W'. Order Cat. 3 -G $3.20 

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

(Between 46th and 47th Streets) 

SOLDERING IRON 

F R E E 
.....-. _...__..... \ 

531X,\\\=`- 

Works on 110 -120 volta, 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 

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 -1018 for circular 
175 Varick 8t.,'New York. N.Y. 

EZECTRAD 
¡sec... 

www.americanradiohistory.com

www.americanradiohistory.com


4 RADIO WORLD October 18, 1930 

RADIO AND OTHER 
TECHNICAL BOOKS 

At a Glance 
RADIO and TELEGRAPHY 

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

"Foothold on Radio," by Anderson and 
Bernard 1.00 

"The Superheterodyne," by Anderson and 
Bernard 1.50 

"Treatise on Testing Units," by Rider 1.00 
"Trouble Shooter's Manual," by Rider 3.50 
"115 Latest Commercial Set Diagrams," by 

Rider 2.50 
"Mathematics of Radio," by Rider 2.00 
"Drake's Radio Cyclopedia," by Manly 6.00 
"The Electric Word," by Shubert 2.50 
"Elements of Radio Communication," by 

Morecroft 3.00 
"Experimental Radio," by Ramsey 2.75 
"Fundamentals of Radio," by Ramsey 3.50 
"Practical Radio," by Moyer and Wostrel 2.50 
"Practical Radio Construction and Repairing," 

by Moyer and Wastrel (new edition, new 
price) 2.50 

"Principles of Radio," by Henney 3.50 
"Principles of Radio Communication," by 

Morecroft 730 
"Radio Blueprint Library " -AC Hook -ups .35 
"The Radio Manual," by Sterling 6.00 
"Radio Receiving for Beginners," by Snod- 

grass and Camp 1.00 
"Radio Receiving Tubes," by Moyer and 

Wostrel 2.50 
"Radio Telegraphy and Telephony," by Dun- 

can 7.50 
"Radio Trouble Shooting," by Haan 3.00 
"Storage Batteries," by Morse 2.00 
"Storage Batteries Simplified," by Page 2.00 
"Telegraphy Self-Taught," by Theodore A 

Edison 1.25 
"The Thermionic Vacuum Tube," by Van der 

Eiji 5.00 

TELEVISION 

"A B C of Television," by Yates 3.00 

AVIATION 

"A B C of Aviation," by Maj. Page 1.00 
"Aerial Navigation and Meteorology," by 

Capt. Yancy 4.00 
"Aviation from the Ground Up," by Manly 3.50 
"Everybody's Aviation Guide," by Maj. Page 4.00 
"Modern Aircraft," by Maj. Page 5.00 
"Modern Aviation Engines," by Maj. Page 9.00 

AUTOMOBILES 

"Auto and Radio Battery Care and Repair," 
by Manly 2.00 

"Automotive Repair," by Wright 3.75 
"Dyke's Automobile and Gasoline Engine 

Encyclopedia," by A. L. Dyke 6.00 
"Dyke's Carbureter Book," by A. L. Dyke 2.00 
"Ford Model 'A' Car" -Its Construction, Op- 

eration and Repair -by Maj. Page 2.00 
"Modern Gasoline Automobile," by Page 5.00 
"The Motor Cycle Handbook," by Manly 1.50 

ELECTRICAL 

"Absolute Measurements in Electricity and 
Magnetism," by Gray 14.50 

"Alternating Currents and AC Machinery," 
by D. C. and ), P. Jackson 6.00 

"Arithmetic of Electricity," by Sloane 1.50 
"Electrician's Handy Book," by Sloane 4.00 
"Essentials of Electricity," by Timbie 1.75 
"House Wiring," by Poppe 1.00 
"Industrial Electricity," by Timbie 3.50 
"Principles of Transmission in Telephony," 

by M. P. Weinbach 4.00 
"Rudiments of Electrical Engineering," by 

Kemp 2.00 
"Standard Electrical Dictionary," by Sloane 5.00 

BOOK DEPARTMENT 

RADIO WORLD 
145 West 45th Street 

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

Your Choice of NINE Meters! 
To do your radio work properly you need me- 

ters. Here is your opportunity to get them at no 
extra cost. See the list of nine meters below. 
Heretofore we have offered the choice of any one 
of these meters free with an 8 -weeks subscription 
for RADIO WORLD, at $1, the regular price for 
such subscription. Now we extend this offer. 
For the first time you are permitted to obtain 
any one or more or all of these meters free, by 
sending in $1 for 8- weeks' subscription, entitling 
you to one meter; $2 for 16 weeks, entitling you 
to two meters; $3 for 26 weeks, entitling you to 
three meters; $4 for 35 weeks, entitling you to 
four meters; $5 for 44 weeks, entitling you to 5 

meters; $6 for 52 weeks, entitling you to six 
meters. Return this offer with remittance, and 
check off desired meters in squares below. 

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

(lust East of Broadway) 
for weeks Enclosed please find E 

subscription for RADIO WORLD and please send as free 
premium the meters checked off below. 

I am a subscriber. Extend my subscription. (Check 
off if true. ) 

No. 328 0.6 Voltmeter D.0 
No. 337 0.50 Voltmeter D.0 

6 -Volt Charge Tester D.0 No. 23 
0 -IO Amperes D.0 No. 338 
0 -25 Milliamperes D.0 No. 325 
0 -50 Milliamperes D.C. No. 350 
0.100 Milliamperes D.0 No. 390 
0.300 Milliamperes D.0 No. 399 
0 -400 Milliamperes D.0 No. 394 

8 
ó 

NAME 

ADDRESS 

CITY . . STATE 

HAMMARLUND DOUBLE DRUM 
DIAL -Each section individually tunable. 
List price $6 -our price, $3. Guaranty 
Radio Goods Co., 143 W. 45th St.. New 
York. 

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. C. 

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. All prices very reasonable. 

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

Telephone, WILliamsburg 3872 

SUBSCRIBE NOW! 
RADIO WORLD, 145 West 45th St., New 

York City. Enclosed please find my remit- 
tance for subscription for RADIO WORLD, 
one copy each week for specified period: 

$10.00 for two years, 104 issues. 
$6 for one year, 52 issues. 
$3 for six months, 26 issues. 
$1.50 for three months, 13 issues. 
This is a renewal of an existing mail 
subscription (Check off if true). 

Your name 

Address 

I City 

NEW POLO 
POWER EQUIPMENT 

in Polished Aluminum Shield Cases 

245 POWER TRANSFORMER 
The 245 power transformer is for use with a 280 
rectifier tube, to deliver 300 volts DC at 100 
milliamperes, slightly higher voltage at lower 
drain, from a 110 -volt AC line, 50 -80 cycles. 
The primary is tapped at 82% volts in case a 
voltage regulator (Clarostat or Amperite) is used. 

The black primary lead is common. If no volt- 
age regulator is used the other primary lead is the 
green one, so tape the end of the red. If regula- 
tor is used, tape the end of the green and use 
the red with the black. The secondary voltages 
are all center tapped: 672 volts AC for 280 
plates, 2% v. 3 amps. for 245 output single or 
push-pull; 5 v. 2 amps. for 280 filament; 235 
volts 16 amps. for up to eight 224 or 227 tubes. 
Center taps are red and all leads are identified 
on name plate. The core is larger than formerly 
and won't saturate at 100 ma. Laminations hid- 
den except at bottom. Eight -inch leads emerge 
from the sides, but if preferred may be taken off 
through the bottom of the transformer by pushing 
them through the rubber grommets. Shipping 
weight, 12 lbs. Overall size, 5" from left to 
right as illustrated; 4'/ from bulging bell end to 
other bell end; 4Y<" high. 
Order Cat. 245 -PT (12 lbs.) @ E 9.50 
For 40 cycles order Cat. 245 -PT -40 

(14 lbs.) @ 10.50 
For 25 cycles order Cat. 245 -PT -25 

(16 lb.) @ 12.00 

250 POWER TRANSFORMER 
The 250 power transformer supplies voltages for 
two 281 rectifiers, to power 250 output, single or 
push -pull. The secondaries all center -tapped, are 
1,200 volts AC for 281 plates; 73¢ v. 3 amps. for 
two 2815; 73 v. 3 amps. for one or two 250s; 
and 238 volts, 16 amps. for up to eight 2245 and 
227x. 5" 1 51/2" x 41/a "; shipping weight, 16 
lbs. 
Order Cat. 250 -PT (16 Iba.) @ $12.50 
For 40 cycles, order Cat. 250 -PT -40 

(18 lbs.) @ 13.50 
For 25 cycles, order Cat. 250 -PT -25 

(20 lbs.) @ 15.00 

245 CHOKE COIL 
100 ma choke coil 
for B filtration 
in 245 push -pull 
or single 245 cir- 
cuits, 200 ohms 
DC resistance. in- 
ductance 30 
henrys, a contin- 
uous winding 
tapped in two 
places, giv- 
ing three sec- 
tions and four 
outleads, and per- 
mitting a "choke 
input" to filter. 

By this method rectifier tube life and filter 
condenser life are lengthened yet filtration is 
splendid. The black lead goes to the rectifier 
filament center, the red, green and yellow 
leads are next in order. Capacities suggested: 
black, none; red, 1 mid.; men, 8 mfd.; yellow, 
8 mfd. In shielded polished aluminum case. 
Shipping weight, 4 lbs. Order Cat. 245 -CH @ 

$4.00. 
[ We can supply the high voltage condensers 

as follows: 1 mfd., paper dielectric, @ $1.50 
each; 8 mfd. electrolytic @ $1.50 each.] 

250 CHOKE COIL 
A larger choke is used for the 250 type B supply. 
consisting of a continuous winding tapped. In- 
ductance, 40 henrys. DC resistance 150 ohms. 
Shipping weight, 5 lbs. Order Cat. 250 -CH @ 

$5.00. 
CENTER -TAPPED CHOKE 

30 henrys, 150 ohms DC resistance, 100 ma rat- 
ing, with two black leads emerging, and red 
center tap. For use in 245 or 250 push -pull out- 
put where a dynamic speaker that has its own 
output transformer is used. The impedances are 
thus satisfactorily matched. Connect the black 
leads to the plates of the push -pull tubes and the 
red to positive B. The tipped cords of the 
speaker (or primary of the output transformer 
built into the speaker) go to the plates also. 
Connection must not be made direct from plates 
to voice coil. This choke may also be used in- 
stead for filtration of B supplies, either as a 
single choke, by ignoring but taping the red 
lead. or as a double by using all three leads. 
Either black lead would go to rectifier. Shipping 
weight, 4 lbs. Order Cat. CT -CH @ $3.50. 
SPECIAL FILAMENT TRANSFORMER 
A special filament transformer, 110 v.. 50 -60 
cycles, with two secondaries, one of 23$ Y. 3 amp. 
for 245s, single or push -pull, other 2% v. 12 
amperes for up to six 224. 227. etc., both 
secondaries center -tapped. Shielded case. 6 ft. 
AC cable, with plug. Shipping weight, 4 lbs. 
Order Cat. SP -FLT (4 lbs.) @ $4.25 
For 40 cycles, Cat. SP-FLT-40 (5 lbs.) @ 5.00 
For 25 cycles. Cat. SP -LT -25 (fi)/s lbs.) @ 6.00 
POLO ENGINEERING LABORATORIES 
143 West 45th Street, New York, N. Y. 
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Tuned Impedance RF 
By Herbert E. Hayden 

FIG. 1 

A TUNER WITH B SUPPLY, USING TUNED IMPEDANCE COUPLING BETWEEN RADIO 
FREQUENCY STAGES. THE OUTPUT IS TO BE DELIVERED TO A POWER AMPLIFIER. A 
DEGREE OF AUTOMATIC VOLUME CONTROL RESULTS FROM THE USE OF 700 -OHM 
BIASING RESISTORS FOR THE AMPLIFIERS. THE SWITCH IN THE CONDENSER PLATE 
CIRCUIT OPERATES A TONE CONTROL. THERE ARE SIX TUNED CIRCUITS AND THREE 

STAGES OF TRF. 

THE general trend to -day is to use a greater number of 
tuned circuits than there are radio frequency amplifying 
tubes. So we find pre -selector circuits, which tune to the 

signal frequency rather sharply before there is any input to a 
tube, while the coupling between tubes is tuned likewise. Band 
pass filter circuits usually are included in pre -selectors, and 
sometimes also in the inter -stage tuned circuits. It is therefore 
obvious that engineers believe that enough amplification is 
available, but that selectivity bothers them, until more tuned 
circuits remove this trouble. So that the increase in selectivity 
will not be accompanied by serious sideband cutting, the band 
pass filter circuits are included. 

An excellent way of using a greater number of tuned circuits 
without increasing the number of tubes is to resort to tuned 
impedance coupling. Both the plate and the grid circuits may 
be tuned, although this requires the use of screen grid tubes, 
since general purpose tubes will oscillate violently if the plate 
circuits are tuned. 

How tuned impedance is used may be seen from Fig. 1. The 
input is of the same type of tuning, except without transforma- 
tion, and as a low value of coupling to the antenna is required 
under such circumstances, it is effectuated by putting an equal- 
izing condenser, E, in series with the antenna. The degree of 
coupling may be made whatever is preferable for a given loca- 
tion within the range of the condenser, 20 to 100 mnlfd. Once 
this setting is established it need not be molested. The low 
value of condenser used for antenna coupling also makes pos- 
sible synchronism of the circuits, although a gang condenser is 
used. Across each section of the gang condensers is an equal- 
izer, E, of the same capacity range, 20 to 100 mmfd. 

Ignoring the antenna input, we get two tuned stages where 

in usual practice we have one such stage between tubes. The 
rub comes in the coupling. Each tuned coil is shielded and is 
separated from all other coils, physically and electrically. Hence 
to join a tuned plate with a succeeding tuned grid a condenser 
may be used. This would connect between plate of one stage 
and grid of the next. 

The question arises as to what should be the value of this 
condenser. Here is where a surprise is in store for many. It 
should be of such a small capacity that it is doubtful if one in a 
hundred dealers has a commercial product of this low value of 
capacity, of the order of 1 mmfd. (.000001 mfd). 

It is easy enough, however, to get around this by using an 
excess length of the insulated wire connecting the coil to the 
tuning condenser in each instance, and twisting these together. 

The symbols that resemble cornucopias are intended to rep- 
resent such twisted pair. After the right amount of coupling 
has been established a piece of soft rubber tubing may be 
placed over the jcint, and allowed to protrude a little beyond 
the ends of the wire, so that there will he no possibility of 
shorting, due to the wires touching each other conductively, or 
either or both being grounded to a metal chassis, or the like. 

Not only is it necessary for selectivity reasons to have the 
coupling small, as established by the capacity thus developed 
between the two wire leads which act as plates of the impro- 
vised condenser, but if the coupling is strong (say, that repre- 
sented by 25 mmfd. or more), then the two tuned circuits tend 
to pull together, that is, to merge in familiar parallel connection. 
This would spoil the whole scheme, since the situation would 
amount practically to a single tuned circuit of half the desired 
inductance and twice the desired capacity. Other circuits 

(Continued on next page) 
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An Easy Way to 

FIG. 2 
A COMPLETE RECEIVER, USING TUNED IMPEDANCE COUPLING AT RADIO FRE- 
QUENCIES. THERE ARE FIVE TUNED CIRCUITS, ALTHOUGH TWO THREE -GANG 
CONDENSERS ARE USED, SINGLE CONTROL. ONE SECTION REDUCES THE ANTENNA 
COUPLING AT THE HIGHER FREQUENCIES, TO MAKE THE AMPLITUDES MORE NEARLY 

ALIKE. THERE ARE TWO STAGES OF TRF. 

(Continued from preceding page) 
attempting to utilize the tuned double impedance radio fre- 
quency system have failed for this very reason. 

Band Pass Filter System 

By making the tuned circuits slightly dissimilar, that is, not 
strictly resonant at any given setting of the tuning condenser, 
the fundamental nature of the circuit is altered from tuned radio 
frequency amplification, which means each stage tuned to the 
same frequency, to a band pass filter. 

Hence if the plate circuits were made resonant to a particular 
frequency at about the geometric mean of the broadcast fre- 
quency spectrum, the grid circuits could be made resonant to 
a frequency, say, of 10,000 cycles removed from the other, which 
would produce a band pass filter effect, with relatively flat 
top, at the middle of the tuning divergence, represented theo- 
retically by the 5,000 -cycle point. 

It would really be a double hump top, and the amplification 
would be reduced somewhat, an effect naturally to be expected 
from off- resonance conditions, but the "opening" for the carrier 
frequency would be wider, and since there are six tuned circuits, 
in many locations this "opening" would be readily made of prac- 
tical value without interference trouble. 

The tuning capacities would consist of two three -gang con- 
densers, one gang on one side, the other gang on the other side 
of a drum dial. 

Coil Data 

Those who have shielded coils of the same type and manu- 
facture, suitable for the capacities of condensers used, may 
incorporate the system of double tuned impedance RF coupling, 
for even if the coils have primaries, these may be left unused. 

For those who desire to wind their own coils it is hard to 
give winding data, unless the size of the shield and its material 
are known. Different sizes of shields produce different degrees 
of eddy current or energy absorption losses, and the inductance 
is less, the smaller the shield, or, granting a certain size shield, 
the inductance is less, the greater the diameter of the form on 
which the coil is wound, compared with equal unshielded induct- 
ance in both instances. Also, the material has something to do 
with it, iron and steel having greater loss- producing effects for 
radio frequency shielding. 

Use .0005 Mfd. 

Because of these shield effects it is usually unsafe to use a 
capacity of .00035 mfd. for tuning. In fact, the author knows 
of no circuit that uses completely shielded coils that fully covers 
the wave band with .0003g mfd. capacity, but does recall that 
when the first Neutrodyne was brought out with three stages 
of TRF (replacing the two -stage TRF circuit that had made 
the Neutrodyne so popular in its day), the capacity for tuning 
was .00075, instead of the previous .00035 mfd., due to these 
very shield effects. 

So it is always better in shielded circuits to select .0005 mfd. 
Some condensers made for set manufacturers, and which may 

be picked up at low prices, have a capacity of .00045 mfd., and 
this is high enough. But nothing less than .00045 mfd. will do, 
unless the shield is made of a `low- loss" metal and is much 
larger in diameter or in width (if square or oblong) than we 
come across nowadays. 

Number of Turns 

There are two sizes of round aluminum shields of the can 
type generally available at a quarter each, one about 2% inches 
in diameter and the other about 3/ inches. 

For the smaller type aluminum can, on a 1/ inch diameter 

Right or 
QUESTIONS 

(1) -Plate bend detection is equally efficient for all negative grid 
voltages because the relation between the grid voltage and the plate 
current is parabolic, and such a characteristic has the same change 
in slope everywhere. 

(2) -There is no advantage in using a push -pull stage of large 
power tubes after a voltage amplifier when the tubes in that am- 
plifier are small and cannot deliver undistorted voltage. 

(3) -There is nó current flowing between the heater and the 
cathode of a 227 or a 224 tube because there is no voltage between 
them. 

(4) -If a condenser is connected in series with the primary of a 
transformer the impedance of which is very high, a relatively small 
condenser will suffice because even at the low notes the greater drop 
will be across the primary. It is for this reason that a condenser 
as low as 2 mfd. will pass the low notes without appreciable sup- 
pression compared with the high notes. 

(5) -It is not possible to obtain distortionless amplification from 
a single tube whether the coupling is resistive or inductive because 
the relation between the grid voltage and the plate current is not 
a straight line. 

(6) -A resistance placed in the cathode lead or in the return to 
the filament transformer and used for biasing the grids takes the 
voltage from the plate supply and consequently it is necessary to 
apply a voltage equal to the sum of the desired plate and grid 
voltages. 

(7) -If a very sharp tuner cuts sidebands and so introduces dis- 
tortion all that is necessary to remedy the condition is to assume 
that sidebands do not exist and that the modulated wave consists 
of a carrier modulated in amplitude. The distortion will not occur 
then. 

ANSWERS 

(1)- Wrong. The optimum voltage for detection is very critical. 
It would not be if the characteristic curve were a parabola, but it is 
not although it is considered to be in certain applications. The 
point of maximum detecting efficiency is where the plate current 
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Modernize Old Sets 
bakelite tubing, for .0005 mfd. tuning, wind 70 turns of insulated 
wire. The size of the wire may be No. 24 or No. 28. The No. 
24 wire is usually silk or cotton covered, or the like, while the 
No 28 wire is usually enamel covered. 

For the larger aluminum can, wind 68 turns, choosing the wire 
as previously stated. 

No directions will be given for .00035 mfd., because the use 
of this capacity is discountenanced. Also, any smaller capacity 
would be useless for full waveband coverage, while larger tun- 
ing capacities than .0005 mfd. are not generally obtainable. 

Completion of Tuned Circuit 

The tuning condensers' rotor is common and is grounded. 
Three stator sections are in plate circuits. The tuned circuit 
in these instances is completed through one section of the three - 
in -one 0.1 mfd. assemblies and the 8 mfd. in the reservoir posi- 
tion (extreme right) of the B supply. These two condensers 
are in parallel, and 0.1 mfd. would be lost as compared with 8 
mfd., except that in the layout of parts the lead from the "low" 
end of the plate winding to B plus may be more than a few 
inches, and by connecting the 0.1 mfd. at the coil terminal the 
tuned circuit is completed to ground, with a bypass effect on 
the long lead. 

The B supply uses a power transformer that produces a 
DC output of 180 volts, by virtue of a 5 -volt winding for the 
280 filament and a center -tapped 420-volt AC secondary. The 
other winding is 25 volts for the heaters of the four tubes - 
three RF and detector. 

Automatic Volume Control 

The bias on the radio frequency amplifiers is higher than 
ordinarily recommended. The usual 1.5 volts negative bias will 
modulate downward ; that is, increased carrier intensity will 
decrease the plate current. The bias, if lifted to 3 volts or a 
little more, as when 700 ohms is used instead of 300 ohms, will 
result in upward modulation, so that with increased carrier 
intensity the bias increases, due to more current through the 
biasing resistor heightening the voltage drop across that resis- 
tor. This is a measure of automatic volume control, simply 
established, since the heightened bias, due to higher carrier 
intensity, finally increases the plate resistance and reduces the 
sensitivity, hence volume. This produces a relative levelling 
effect. 

Fig. 2 shows a seven -tube circuit, consisting of two stages of 
screen grid RF, detector, first stage single -sided transformer 

Wrong? 
just stops, or a little higher, that is, a little nearer the zero bias 
point. It is usually said that it is at the point of greatest curvature, 
but this is not exactly true either because it depends also on the 
slope of the curve. (2)- Right. If the signal is distorted before it reaches the push - 
pull amplifier there is no use in putting in large tubes to amplify 
the distortion still more. Moreover, the push -pull amplifier cannot 
take out any distortion. It can only prevent the generation of more 
distortion in that stage alone. 

(3)- Wrong. There is a small current because the filament emits 
electrons and shoots them over to the cathode. Of course, if there 
is no circuit established there can be no permanent current flowing, 
but there usually is a complete circuit, formed by connecting the 
center point of the filament winding to ground, where the cathode ib 
also connected. 

(4)- Right. The suppression by the condenser on any fre- 
quency depends on the relative impedance of the condenser and the 
primary of the transformer. If the primary of the transformer 
has an inductance of 200 henries its impedance at 60 cycles is about 
75,000 ohms. A condenser of 2 mfd. has an impedance at the same 
frequency of 1,324 ohms. Hence the total suppression at this fre- 
quency can only be about 18 per cent. (5)- Right. What is meant by distortionless amplification is that 
which gives an amplified signal containing not more than a certain 
specified amount of second harmonic content, usually 5 per cent. 
The distortion may be less than this on weak signals but it is never 
absent. When there are two tubes of equal characteristics operating 
in tandem in equal circuits the distortion is less than when a single 
tube is used. Also, when two equal tubes are operated in equal cir- 
cuits in push -pull the distortion is still less. (6)- Right. The grid bias resistor is really in the plate circuit 
and any drop in it must necessarily be taken from the voltage ap- 
plied in the plate circuit. The connection of the grid return to a 
point of lower potential than that of the cathode has nothing to do with it, except insuring a negative potential for the grid. (7)- Wrong. As ridiculous as the statement may seem, it is actually believed to be true by some, and claimed to be true by others who know better but who are pressed for an explanation of reception through very sharp tuners. 

audio coupling and output push -pull 245s, with 280 rectifier. 
The transformers are Amertran de luxe and 151. The same 
general plan is followed as in the tuner shown in Fig. 1, except 
that there are only two stages of TRF instead of three, and 
the audio is included, with 300 volts of B supply and the other 
necessary voltages for the 245s. 

Compensated Pickup 

The same arrangement of the tuning condensers would be 
followed, but there are really only five tuned circuits. The 
other section is used for cutting down the pickup on the higher 
radio frequencies, to compensate somewhat for the rising 
characteristic of tuned radio frequency amplification. Every 
one is familiar with the greater amplification on the higher 
frequencies, so if an arrangement is used that does not cut 
down the pickup on the lower frequencies to any real extent, 
but is strongly effective on the higher frequencies, the device 
will be a fitting auxiliary to the automatic volume control 
feature. Since the effects of both are relative, and since they 
work in the same direction, the benefit becomes more pro- 
nounced and more tangible. 

Sometimes a constructor complains that the voltage reading 
obtained on the power tubes is too low, or, occasionally, too 
high. The arrangement shown in heavy lines in Fig. 2 for 
obtaining the power tubes' B voltage from the center tap of 
the B choke produces a higher voltage. The arrangement 
shown in dotted line will produce a lower voltage, because the 
B current for the output tubes would have to pass through the 
other second section of the center -tapped choke coil, and the 
DC resistance of this part of the coil would reduce the voltage. 

If the voltage is taken off the end, move the second 8 mfd, to 
the end, as the extra dotted line indicates. 

So use whichever connection produces the desired result, in 
the event of an off -voltage. 

Voltage Readings 

The correct voltage readings would be 250 volts from voltage 
divider maximum to center of the 2.5 -volt winding, for the power 
tubes, 50 volts from this filament center to ground; total across 
voltage divider, 300 volts. Less than 250 volts would be read 
by plugging into the power tube socket with a Jiffy Tester or 
the like, because then the DC resistance of the center -tapped 
output impedance would be in circuit. 

The detector plate current reading frequently can not be 
obtained because the meter is not sensitive enough. The current 
may be less than 1 ma. 

If resistance audio amplification follows the detector, the 
detector plate voltage can not be read on the meter, either, 
as this would show up as about 5 volts, which doesn't mean 
there are only 5 volts at this point, but that you are reading 
only the meter error, due to the resistance of the measured 
circuit being so much greater than that of the measuring de- 
vice. Much more current flows through the meter than through 
the load. 

Tubes can be "gained" by the double tuned impedance RF 
system, and it is handy to have a general idea of the circuit in 
mind in case you desire to modernize an old receiver. Then 
you can provide for screen grid RF, push -pull audio, tone con- 
trol, automatic volume control and the like, and not require 
any more room than the chassis affords. You could put in coils of 
your own make, use shields where none was used before, and, 
most important of all, get very fine results in sensitivity, selec- 
tivity and tone. 

Parallel Resistance Formula 
Most of us are familiar with the customary parallel resistance 

1 

formula, R - , but how many of us can solve it men - 
1 1 

R, R2 
tally. Add the two fractions in the denominator and we have 

1 RiR, 
R - and then clearing of fractions we have R 

R -i- R2 -}- R2 

R, R2 
and this is a very convenient form to use. Just multiply the 
values of the two resistances together and divide by the sum 
of the two resistances. 

For example, a two and three -ohm resistance in parallel would 
have a resistance of two times three or six divided by two and 
three or five, one and 1/6 ohms resistance. Or take a three and 
a six -ohm resistance in parallel 3 X 6 (3 + 6) = 2 ohms. This 
form of equation eliminates all need of reciprocal figures 
and unhandy fractions, but applies only to two resistors. 

ORA G. FRETZ. 
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The 245 and the 

FIG. 84 
WHEN THE TRANSFORMER WINDING IS NOT CEN- 
TER- TAPPED, OR WHEN MORE ACCURATE BALANC- 
ING IS DESIRED, THE GRID SHOULD BE RETURNED 
TO AN ADJUSTABLE SLIDER ON A RESISTOR ACROSS 

THE FILAMENT 

[This is the eleventh instalment of "Modern Radio Tubes," a 
series of articles which began in the August 9th issue. In previous 
instalments we have discussed all the smaller receiving tubes and 
given their characteristics. In future instalments we shall dis- 
cuss the 250 power tube and many special purpose tubes. -EDITOR.] 

Fig. 82 shows that the 226 is not the only tube in which the 
hum is least for a particular value of plate current. It also 
shows the advantage of the 226 over the other two tubes repre- 
sented. The 226 shows a minimum ripple between 3 and 4 
milliamperes and the amount of ripple at minimum is less than 
10 millivolts. For the 112 the minimum occurs between 9 and 10 
milliamperes, but the ripple is about 120 millivolts. For the 
201A tube the minimum occurs at 5 milliamperes and the amount 
at that point is about 370 millivolts. The filament and grid bias 
voltages at which these curves were taken are given on the 
graph. It is important to note that not only is the hum much 
less at minimum for the 226 than for the others at their minima. 
but the variations on both sides of the minima are much greater 
for the 112 and the 20IA than for the 226. 

210 I 

THE 210 is a power tube that may be used as a power 
amplifier in a receiving set, as a modulator in a trans- 
former, or as an oscillator. Its rated filament voltage is 

7.5 volts, which may be either AC or DC, and its rated filament 
current is 1.25 amperes. The filament is of the thoriated tung- 
sten type, which may be reactivated in case the filament emis- 
sion has ceased because of an overload. 

The bulb of this tube is larger than the bulb used for the 
5 -volt tubes, the maximum overall length being 5Y8 inches and 
the maximum diameter 2 3 -16 inches. The base, however, is the 
same as that for the five -volt tube, being the standard UX base, 
and it fits a standard socket. 

For all purposes the filament voltage should be 7.5 volts and 
the filament current 1.25 amperes. Plate and grid bias voltages 
depend on the application of the tube. When the tube is used 
as voltage amplifier in a radio receiving set the plate voltage 
may be any value from 180 to 425 volts and the corresponding 
bias from 10 to 35 volts. When the tube is used as oscillator, 
modulator or power amplifier in a transmitting set the plate 
voltage should be 350 volts, the grid bias depending on the 
application. The maximum safe dissipation on the plate is 12 

watts when the tube is used as amplifier and modulator and 15 

watts when it is used as oscillator. This power is not the maxi- 
mum undistorted output, but the power dissipated on the plate 
in the form of heat. 

When the grid bias is provided by means of a resistor, the 
value of the resistance may vary between 1,500 and 1,750 ohms, 
which are the extreme values determined from the listed grid 
voltages and plate currents in the table below. The mean re- 
sistance for the four cases is 1,661 ohms, so that if the grid 
bias resistor is adjustable it should be set at this value, but 
if a fixed resistance is used either 1,500 or 1,750 ohms will do. 
Both of these are standard commercial values. 
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FIG. 85 
A PLATE VOLTAGE, PLATE CURRENT CURVE FOR 
THE 210 POWER TUBE TAKEN WITH ZERO BIAS ON 

THE GRID 

CHARACTERISTICS OF 210 
Filament terminal voltage 7.5 
Filament current, amperes 125 
Plate voltage, maximum 425 
Plate current, milliamperes 20 
Grid bias, volts 35 
Plate resistance, ohms 5,000 
Mutual conductance, micromhos 1,500 
Amplification factor 8 
Maximum undistorted power, milliwatts 1,540 
Maximum safe plate dissipation, watts 12 to 15 

Grid -to -plate capacity, mmfd 8 

PLATE CHARACTERISTICS OF 210 
Mutual Max. 

Plate Con- undistorted 
Plate Grid Plate resistance ductance power 

voltage bias current (ohms) (micromhos (milliwatts) 

180 12.0 7.0 7,000 1,100 145 
250 18.0 12.0 5,600 1,330 340 
350 27.0 16.0 5,150 1,550 925 
425 35.0 20.0 5,000 1,500 1,540 

Curves 
In Fig. 85 is a curve showing the relation between the plate 

voltage and the plate current for the 210 at zero bias and 7.5 
volts on the filament. At 350 volts the plate current is 70 milli- 
amperes. This curve may be used for estimating the plate volt- 
age when the plate current is known or the plate current when 
the plate voltage is known. By zero bias is meant in this case 
that the grid is connected to the mid -point of the filament 
transformer supplying the tube. 

The 210 is practically obsolete as far as power amplification 
in radio receivers is concerned, having been superseded by the 
245 and the 250 power tubes. For this reason no family of plate 
voltage, plate current curves of this tube will be included. 

Applications of Tube 
In Fig. 86 is a simple, Hartley type oscillator circuit, incorpor- 

porating the 210 tube. The filament current is supplied by a 
110/7.5 volt step -down transformer T and the plate voltage 
either by a battery or a B battery eliminator capable of main- 
taining 350 volts across the B terminals. A by -pass condenser 
of .01 mfd. is connected across these terminals to confine the 
high frequency current to the oscillator proper. If the leads 
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210 Power Tubes 
Anderson 

B- 61- 
FIG. 86 

A HARTLEY TYPE OSCILLATOR WITH A 210 POWER 
TUBE. A KEY IS PUT IN THE GRID LEAD FOR STOP- 
PING AND STARTING OSCILLATION FOR SIGNALLING 

PURPOSES. 

FIG. 87 
A TRANSMITTING CIRCUIT INCORPORATING THE 210 
TUBE USING A PHONOGRAPH PICK -UP TO SUPPLY 
THE TONE, A VOLTAGE AMPLIFIER, A HEISING MODU- 

LATOR AND A HARTLEY OSCILLATOR 

245 245 2708 M`] 

4WD. 
4.5 V 

WINDING 
ß- B- 

2.5 V. 

WINDING 
Bi- 

FIG. 88 
TWO METHODS OF COUPLING THE LOUDSPEAKER 
TO THE 245 POWER TUBE. AT LEFT IS SHOWN THE 
THE METHOD OF CONNECTING AN OUTPUT TRANS - 
FORMER AND AT RIGHT THE METHOD OF CON- 

NECTING A CHOKE AND CONDENSER. 

from the B battery eliminator are short this condenser is not 
necessary, because the filter condenser will serve the purpose. 
A stopping condenser of the same value is connected between the 
grid of the tube to the tuned circuit to isolate the grid from 
the plate voltage. A 50,000 ohm grid leak serves to maintain 
the grid at the proper potential. The tuned circuit. of course, 
depends on the frequency desired. For the broadcast band C 
might be a .0005 mfd. condenser and Ll a 160 microhenry coil. 

A Modulated Oscillator 
The tap on the coil should be placed so that the ratio of the 

turns in the plate circuit to those in the grid circuit is about 
0.8. The coil L2 should contain only a few turns of heavy wire 
and the coupling between the coils should be adjustable. 

A key is put in the grid circuit for stopping and starting 
oscillation for signalling purposes. 

In testing radio receivers it is convenient to have a source of 
modulated signal which is available at any time it may be 
needed and which may be adjusted to any desired frequency. 
For this purpose a circuit like that shown in Fig. 87 is suitable. 

It consists of a Hartley oscillator. a Heising modulator, a 227 

audio frequency amplifier and a phonograph pick -up unit as 
the source of the tone. 

The required condensers and resistors are given on the dia- 
gram but the inductances are left unspecified because different 
values and arrangements may be desired to meet specific condi- 
tions. For example, Ll may be a tapped loop designed for 
broadcast reception or it may be that a large solenoid coil may 
be desired, one designed for broadcast reception or for the re- 
ception of other radio signals. While an antenna coil is shown 
it is not always needed, because if a loop is used there will be 
enough radiation to receive the signal if the oscillator is in one 
part of the work room and the receiver in another, and that is 
all that is needed. 

It should be remembered that the power radiation from a 
circuit like this is sufficient to cause interference in other re- 
ceivers and that if the circuit is to be operated with full power 
a license is necessary. When Ll is a small coil and L2 forms a 
part of a closed circuit, there will be no appreciable radiation, 
yet it will be sufficient for testing purposes. 

For broadcast receiver testing Ll may consist of a coil 
wound with 45 turns of No. 20 double cotton covered wire on a 
length of bakelite tubing 3 inches in diameter. 12 may be a 
coil consisting of a few turns of wire coupled loosely to Ll 
and connected to the input terminals of the receiver to be 
tested. The distance between the two coils can then be varied 
until the received signals have the desired value. 

Transformer Ti is an ordinary audio frequency transformer. 
The 30 henry choke coil should be large enough to carry the 
plate currents of both 210 tubes, that is, it should have a cur- 
rent carrying capacity of about 50 milliamperes. There are 
many such coils available. The 50 millihenry RF choke should 
be wound with heavy enough wire to carry the current of one 
tube; that is, it should carry more than 16 milliamperes. 

245 

THE 245 is a power tube which, because of its favorable 
design and operating characteristics, is used more than 
any other power tube at the present time. Its filament 

terminal voltage is 2.5 volts, the same as that of the 227 detec- 
tor- amplifier or the 224 screen grid tube. Hence it may be 
connected to the same filament winding as these tubes when- 
ever this is desirable for design reasons. It has a maximum 
plate voltage rating of 250 volts and a grid bias rating at this 
plate voltage of 50 volts. Thus a voltage of 300 volts is re- 
quired of the B supply. This is so low that relatively inexpen- 
sive condensers may be used for by- passing in the receiver and 
in the B supply, and it is lower than the maximum rating of 
electrolytic condensers, so that such condensers may be used 
when large capacities are needed. It has a maximum undis- 
torted power rating equal to that of the 210 when 425 volts are 
used on the plate of this tube, and, therefore, the same power 
will be obtained with a lower voltage. 

CHARACTERISTICS OF THE 245 

Filament voltage (AC or DC) 2.5 
Filament current, amperes 1.5 
Plate voltage, maximum 250. 
Grid voltage (bias) 50 
Peak grid swing, volts 50 
Plate current, milliamperes 32 
Plate resistance, ohms 1,900 
Mutual conductance, micromhos 1,850 
Undistorted power output, milliwatts 1,600 
Amplification factor 3.5 
Overall length (inches) 5 

Overall diameter (inches) 23/16 
Socket Standard UX 

The tube may also be operated with 180 volts on the plate, 
when the maximum undistorted power output will be 780 
milliwatts. When this voltage is used the grid bias should be 
34.5 volts and the plate current will be 25 milliamperes. 

The grid bias values given above for this tube are for AC 
on the filament. When DC is used and when the grid is re- 
turned to the negative end of the filament, the bias should be 
33 volts when the plate voltage is 180 volts and 48.5 volts when 
the plate voltage is 250 volts. 

The output, which is 1,600 milliwatts, is sufficient to operate 
a large loudspeaker without resorting to push -pull, and its 
output impedance is such that it matches the impedance of 
most output transformers or speakers since it is practically the 

(Continued on next Page) 
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A Fine Power Amplifier 
By Herman Bernard 

FIG. 1. 
VIEW OF THE REAR OF THE POWER AMPLIFIER. IF 
A CENTER -TAPPED CHOKE IS USED IN THE B SUP- 
PLY, PUT THE 1 MFD. CONDENSER NEXT TO THE 

RECTIFIER IN FIG. 2. 

THE present popular form of push -pull power amplifier 
for AC operation is one that uses a single -sided first 
audio stage and a push -pull output, with transformer 

coupling in both stages. The output tubes that run in highest 
favor are 245s, while the first audio tube is a 227. 

Fig. 1 shows the wired model of the power amplifier design 
depicted in Fig. 2. It is suggested that a four -tap switch be 
used for the detector voltage, so that the 45 volt tap may be 
used also. This switch takes a regulation knob, which is shown 
in front, in Fig. 1. 

If a phonograph pickup connection is desired it may be in- 
cluded by putting the binding posts for the pickup between 
grid and ground of the first audio tube. It is preferable to 
include a switch between the "phono" grid side and the G con- 
nection of the audio transformer, so that when the switch is 
opened and the pickup is inserted, the audio transformer sec- 
ondary is out of circuit. When the switch is closed and the 
pickup removed the transformer secondary is in circuit. 

Uses Parallel Plate Feed 

Parallel plate feed is used in the first audio tube to keep 
the direct current out of the primary of the push -pull input 

FIG. 2. 
DESIGN OF AN AUDIO POWER AMPLIFIER, USING 245 
PUSH -PULL OUTPUT. THE AUDIO TRANSFORMERS 
ARE AMERTRAN DE LUXE (FIRST STAGE) AND NO. 
151 PUSH -PULL INPUT (SECOND STAGE). IF A CENTER - 
TAPPED CHOKE IS USED IN THE FIRST PLATE, IG- 

NORE THE TAP. 

transformer, as this current will be high, around 10 ma, and 
it is desired to maintain the primary inductance as high as 
possible, which the parallel plate feed system does. 

The full reasons for this were set forth in the October 4th 
issue, in which the circuit shown in Fig. 2 was discussed theo- 
retically, and contrasted with a slightly different circuit that 
gave results not nearly so good as those obtained from Fig. 2. 

The size of the chassis is 14 inches long, 9/ inches, front to 
back, and 24 inches high. The reason for the height is that 
some of the parts are placed underneath, for instance the 
single choke in the first audio plate circuit, the voltage divider 
and by -pass and filter condensers. 

Assortment of Plate Voltages 

The power transformer used should be one that permits con- 
nection of 2/ volts AC to a tuner, to power the heaters of at 
least five more 227 or 224 tubes. Some such transformers have 
three 2/ volt windings, one for the push -pull pair, one for the 
single first audio tube, and the third for the tuner tubes. 

The. B supply of the power amplifier will furnish plate volt- 
ages for the tuner, and the use of a multi -tap voltage divider 
will permit of the choice of an assortment of voltages, although 
only six positive B voltages are shown. 

The 245 and 210 Power Tubes 
(Continued from preceding page) 

same as the output impedances of the 171A and the 250 power 
tubes, for which most output transformers and speakers have 
been designed. 

Mounting of Tube 

The tube should always be mounted in a vertical position in 
a socket that makes firm contact so as to insure low contact 
resistance and to prevent any possible noises. Since the plate 
and filament currents are comparatively large a large amount 
of heat will be dissipated in the tube. Provision must be made 
for circulation of air to prevent overheating. If the tube is 
in the open there will be enough natural circulation, but if it 
is boxed up in a shield overheating will result unless holes are 
provided both above and below the tube. The heat generated 
by the tube will then provide the power necessary to maintain a 
cooling draught of air. 

Since the filament current is 1.5 amperes, it is important that 
the leads from the 2.5 volt winding on the transformer to the 
filament be as short as practicable and that they be made of 
heavy wire, in order to reduce the voltage drop in the leads as 
far as possible. It takes only 1 -6 of an ohm to cut the voltage 
from 2.5 to 2.25 volts. A resistance of this magnitude can easily 
be obtained in the leads if they are long and made of fine wire. 
When there are splices, the joints should be thoroughly cleaned, 
twisted together and soldered well. 

When the filaments are heated with AC it is recommended 

that the grid bias for the tubes be provided by a resistor placed 
plate return lead, or more specifically, between the mid -tap of 
the 2.5 volt winding and the B minus terminal of the B supply, 
the grid return being made to B minus. When the plate voltage 
is 250 volts the recommended value for the bias resistor is 1,550 
ohms, which Is obtained approximately when the grid bias of 50 
volts is divided by the plate current of 32 milliamperes. When 
the plate voltage is 180 volts the recommended bias resistor is 
1,350 ohms. These values, however, are not critical and a resist- 
ance of 1,500 ohms may be used in both cases. 

In case the 2.5 volt winding serving the tube is not center - 
tapped, the bias resistor may be connected to a center -tapped 
resistance of from 20 to 40 ohms connected across the filament 
terminals on the socket, or near the socket. A resistor with an 
adjustable center -tap is desirable sihce it may permit the re- 
moval of some hum that may remain. 

The bias resistor should always be shunted with a condenser of 
not less than 4 mfd. capacity, except when the amplifier stage is 
push -pull and accurately balanced. In that case the condenser 
may be omitted and the bias resistor should only be half as 
great as when one tube is used in the power stage. When two 
tubes are operated in parallel in the last stage, the bias resistor 
should also be one -half the value specified for a single tube, but 
in the case the by -pass condenser must not be omitted. 

[The 250 tube will be discussed next week. Also more about the 
245 will be printed then.- Enirnx.1 
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Loftin-White Voltages 
By Neal Fitzalan 

THE adjustment of Loftin -White type amplifiers sometimes 
gives the experimenter a good deal of trouble, yet when 
one of these circuits has been adjusted it usually stays in 

adjustment and continues to give excellent quality and service. 
Any time spent in getting it adjusted correctly is well spent. 

The first requirements for such a circuit is that the total 
voltage shall be high enough, for if the voltage is not equal, 
approximately, to the sum of the voltages required for the plates 
of the two tubes involved the operation will be unsatisfactory. 
Hence to start with a voltage supply giving adequate voltage 
must be provided. This does not need to give a high current 
for the total current requirement is only slightly in excess of 
the requirement of the power amplifier. If the power tube is a 
171A, as is the case in the circuit illustrated in Fig. 1 herewith, 
the current need not exceed 25 milliamperes, for that tube takes 
20 milliamperes and the rest may be allotted to the voltage 
divider. 

Tube Voltage Adjustments Vital 

Having made provision for adequate voltage for the plates it 
is only necessary to adjust the circuit so that grid and screen 
voltages are correct. Now the grid voltage on the power tube 
is the drop in resistance R5 and is the product of the resistance 
in ohms and the current expressed in amperes. Suppose the 
resistance is 500,000 ohms. The required bias is 43 volts, 2.5 
being allowed for the fact that the current in the filament is 
alternating. Thus if the drop is to be 43 volts the current 
through R5 must be 86 microamperes. If we can adjust the 
circuit of the 224 so that this plate current flows and so that 
the tube remains a good amplifier, we have solved the problem 
of adjustment. 

The plate current of the 224, which is the current through R5, 
can be adjusted by varying the plate, screen and grid voltages 
on the tube. The applied plate voltage on this tube should be 
about 180 volts. This is the voltage drop in R2 and R3. Through 
these resistors the total current flows, except certain currents 
which are so small that we may neglect them without com- 
mitting an appreciable error. Let us assume that the current is 
25 milliamperes. Then the sum of R2 and R3 should be 7,200 
ohms. We can make it 7,000 ohms without changing the voltage 
appreciably, and we select that because we can make it up from 
a 2,000 ohm potentiometer for R2 and a 5,000 ohm resistor 
for R3. 

Adjustment of Grid Bias 

When the applied plate voltage is 180 volts and the grid bias 
is 1.5 volts, the screen voltage on the 224 should not be higher 
than 15 volts. If we connect the screen lead to the slider of 
the potentiometer we can get any voltage we desired between 
the limits of the voltage drop in R2. The total drop in R2 
will be 2/7 of 180 volts, or 51.5 volts. We can easily set the 
potentiometer so that the screen voltage has any desired value 
less than this. This adjustable feature in the circuit is highly 
important because even if the plate and grid voltages are not 
exactly right, it is possible to set the screen voltage so that the 
right combination results. 

The grid bias for the 224 tube is obtained from R1 in the 
cathode lead of the tube. We desire a voltage drop of 1.5 volts 
and we have assumed the plate current to be 86 microamperes, 
or rather, we fixed this current when we chose the value of R5 
and the grid bias on the power tube. We have to add the 
screen current to this to find the total current in Rl. It is safe 
to assume that the screen current is 10 per cent. of the plate 
current. Hence we have a current of 94.6 microamperes. We 
can assume this to be 0.1 milliampere without making a great 
error. Therefore the value of Rl should be 150,000 ohms. In 
many circuits 50,000 or 100,000 ohms are used in this position. 
The circuit will work with any one of these three values pro- 
vided that the screen voltage is set correctly. for a change in 
the resistance merely changes the bias, and that is not critical 
as long as we have a means of varying the screen voltage. The 
highest value suggested is likely to give greater stability to the 
circuit. One object of using the resistance drop method of 
getting the bias is to prevent drifting of the bias, or instability 
on the very low frequency, or on zero frequency. 

The Voltage Supply 

We now have adjusted the screen grid tube circuit, or have 
provided means for making an experimental adjustment. It 
remains to fix the value of R4, which determines the plate 
voltage on the power tube. We want the drop in this to be 180 
volts, and since we have allowed 25 milliamperes and the power 
tube takes 20 milliamperes we have only 5 milliamperes left. 
Thus R4 should have a resistance of 180/.005, or 36,000 ohms. 
A 50,000 ohm variable resistance is suggested because it permits 
another voltage adjustment which may be needed in particular 
cases. 

224- 

CH2 

-L 280 TC3 C4T 

THE DIAGRAM OF A LOFTIN -WHITE TYPE AMPLI- 
FIER UTILIZING A 224 SCREEN GRID TUBE, A 171A 
AMPLIFIER, AND A 280 TUBE AS HALF -WAVE 

RECTIFIER. 

A B supply circuit is included in the diagram of Fig. 1. It 
utilizes a 280 rectifier tube with its plates connected together. 
That is, it is a half wave rectifier. The object of this connection 
is to utilize the entire voltage of the transformer and thus get 
adequate rectified voltage for the two tubes. The voltage of 
the transformer is 600 volts, 300 on each side of the tap, which 
is not used. Only about 360 volts will be needed for the ampli- 
fier and the voltage output of the rectifier may be higher than 
that, but this presents no difficulty. It is all right if the voltages 
on the two tubes are higher than 180 volts. If there is an in- 
crease the grid voltages will be automatically adjusted to higher 
values. Moreover, it is quite permissible to increase the applied 
voltage on the screen grid tube. This is done by increasing the 
value of R3, say to 7,500 ohms. Any change that this will effect 
in the grid voltages may be offset by adjusting the screen 
voltage for which provision has been made. 

A single choke coil Ch2 is used in the filter. Since the 
current is only 25 milliamperes the filtering problem is very 
simple and one choke is sufficient. There will be very little 
saturation effect in the coil and therefore the inductance will 
remain high. It is not necessary to use a low resistance choke 
coil. Indeed, it is not even desirable in this particular case 
since the voltage may be considerably higher than is needed. 
If the resistance is as high as 1,000 ohms the drop in the choke 
will be 25 volts, and this can easily be spared. 

The two condensers C3 and C4 in the filter need not be higher 
in capacity than 1 mfd. and 2 mfd., respectively, but they should 
be designed to work on voltages of at least 1,000 volts. 

The power transformer is provided with one 2.5 -volt winding 
for the 224 and one 5 -volt winding for the 171A. In one case 
the center -tap is connected to ground through a condenser C6. 
This condenser might be omitted and the mid -tap connected 
directly to ground. 

By -pass Condensers in Amplifier 
The condenser Cl across the bias resistor Rl need not be 

higher than 0.1 mfd. because it is connected across a high re- 
sistance, but it may have a value of 1 mfd. The value of C2 
should be 1 mfd. or larger. 

A 30- henry choke may be used for Chl and a condenser of 
from 2 to 4 mfd. for C5. 

The resistance R6 across the 171A tube filament should have 
a value of from 30 to 40 ohms and it should be accurately center - 
tapped. A potentiometer with an adjustable tap is preferable 
to a fixed resistance with tap because it may be adjusted until 
the hum is minimum or zero. 

After having connected up a circuit of this kind, it may not 
work right at first. This does not necessarily mean that an error has been committed in the wiring, but that a little ad- justment of voltages is necessary. Means have been suggested 
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FIG. 1 

THE FIRST PHOTO -ELECTRIC EXPERIMENT. 

[This article is the second of a series dealing with the historic 
aspect of radio transmission and reception. The first article ap- 
peared last week in the October 11th issue, and was a condensed 
resume of important scientific steps that culminated with the suc- 
cessful commercial experiments of Guglielmo Marconi in the years 
1899 to 1901. EDITOR.] 

O NE of the most interesting aspects of the study of the 
early development of the transmission and reception art 
is to be found in the perusal of records that deal with the 

methods contemplated or actually used by the Greeks at or 
around the time of the Fall of Troy. This is certainly a 
relatively early age in communication history, and it is perhaps 
difficult to trace many close parallels to modern practice, but, 
nevertheless, the thoughts and deductions of the early observers, 
if studied patiently, will reveal a remarkable consistency of 
effort toward the ultimate communications ideal -that of re- 
diicing the time taken to handle a message to the most prac- 
ticable minimum. The date of the operation of the "first" 
telegraph probably antedated the time of Galileo's famous 
experiments with telescope and lanterns. 

Dr. James Hooke, in "The Philosophical Magazine" for the 
year 1798 -1799, describes the invention of a telegraphic system, 
and cites that the use of the "telegraphic" method of com- 
munication was known to the Greeks prior to the 16h century 
and that the news of the Fall of Troy was known at distant 
points long before it could have been carried by runners, and 
the use of a night and day telegraph was mentioned by Polyhius, 
although there is no evidence that the apparatus used was to 
any great extent copied by originators of later systems. 

An Esoteric Marquis 

In 1663 the Marquis of Worcester, writing in his "Century of 
Inventions," claimed to have discovered a method by which a 
man could discourse without "prior notice" having been given, 
at a distance at which "the eye could discern black and white," 
and in the next sentence it is declared that communication could 
be maintained though the night was "black as pitch is black." 
This obviously leaves a lot to the imagination, but it is certain 
that there was a lot of thinking about the subject of the 
telegraph. 

Dr. Hooke's "telegraph" is a system the details of which as 
described by him make very interesting reading, whether from 
the viewpoint of their interest to physics, or simply the enjoy- 
ment to be derived from reading them. 

It would be unjust to the memory of Dr. Hooke in this con- 
nection if further attention were not paid to some details of the 
system which he invented, and which undoubtedly was used, 
although at present no specific record is available telling where 
an installation was in successful operation. 

Numerals Designate Letters 
Hooke's telegraph makes use of a series of telescopes so 

placed on promontories that in clear weather, and when the 
general conditions permit, and the observers stationed at the 
various posts agree by previous arrangement to be present, the 
transference of intelligence is relatively fast. 

The transmission of a message does not involve the use of a 
code that is non -understandable to the observers at the inter- 

By John C 

mediate points, as did the system of an earlier Italian experi- 
menter, Melloni, but used instead simple and complex numerals 
that corresponded to the letters of the alphabet, which were 
painted on hinged boards that were so arranged that they could 
be easily swung out into the line of vision of a distant telescope. 
The observer there, merely noting the series of displayed char- 
acters, would write the message down, and the same was re- 
peated again via the duplicate set of signals. 

It is to be noted that the likelihood of error developing in a 
message when en route was reduced by having the successive 
interposed observers write the message down. Furthermore 
that the places where the telescopes were mounted were selected 
with a view to having the service unaffected as far as possible by 
the prevailing weather conditions, and also that all necessary 
corrections for refraction should be made. 

An interesting note in connection with the above is that the 
shape of the characters painted on the signal boards was ex- 
perimented with for a long time, as it was found that the effects 
of atmospheric abberration made some shapes of characters 
more or less unreadable. 

At this point we have to don the fabulous seven league boots, 
and journey over a period of 142 years, to the time when some 
of the more notable researches were in progress. 

Righi Shows the Photo - Electric Effect 
While Heinrich Hertz was a student under von Helmholtz, 

and then later was von Helmholtz's assistant, he began to de- 
velop interest in the new field of physics that was being 
sponsored in England and France, principally, although some 
work had been done in Italy of an experimental nature on the 
electromagnetic theory of Maxwell. 

In his earlier studies Hertz was . interested in the fact that he 
found differences in the conductive ability of portions of the 
visible spectrum by means of various experiments. Not long 
afterward three other young physicists working on related re- 
searches corroborated the findings of Hertz. The three others 
were Wiedmann, Ebert and Hallwachs. The confirmation of 
their observations, and also the explanation of some of the 
things that were not clear at the time, was explained later by 
Prof. A. Righi, who experiment is illustrated in Fig. 1 which 
shows the disposition of the apparatus used. 

Magnesium Preferred 
The apparatus consists of two rectangular metallic conductors, 

one of which is solid and the other one is a screen of gauze 
through which light can shine easily. Below is seen an electro- 
meter of the quadrant type, which may have a sensibility of 135 
divisions to the volt (electrostatic). The vane is kept at a fixed 
potential by the earthed battery, directly below, although the 
connections shown are subject to change during the course of 
the experiment. 

The source of light is preferably an arc maintained between . 

carbon pencils, and directly below is the battery that operates it, 
and in between the light source and the two screens an optical 
system is placed that is represented here by the quartz lens. 
Below is a leaden -glass slab that is somewhat larger than the 
two metallic screens at the upper left, though it does not appear 
so in the sketch. 

It may be noted here that although sunlight can be used, that 
it is much better to use magnesium, and the electric arc is better 
yet. The metallic gauze screen B is so mounted that it is held 
parallel to the solid plate A and is also insulated from it. 

The diversity of light sources mentioned above is given be- 
cause this is the historical order in which they were first used, 
and is also the ascending order of their ultra -violet light radi- 
ating capacity, a coincidence that is interesting. 

Although the early records pertaining to the progress of the 
radio art do not trace the connection that was known to exist 
between electric wave propagation and visual light waves, the 
recent commercial experiments in which the photoelectric effect 
has figured, and the fact that Prof. Righi was able to throw 
much additional light on the early work of Hertz and his asso- 
ciates, are the reason for including a description of Righi's 
experiment here. 

Same Final Potential 
Referring to Fig. 1 again, if A be first earthed, and then con- 

nected as shown, and the two plates are exposed to the arc's 
rays, the deflection is negative, if A is zinc and B is brass. But 
if A is intially charged to a higher potential the final potential 
of the two plates is similar, and the effect on the final value of 
the charge on A made by altering the proximity of B, reaches 
the same potential. 

The deflection of the electrometer needle measures the differ- 
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ence of contact potential between A and B, and if B is con- 
nected to the electrometer disks that A was formerly connected 
to, the deflection is still negative, showing than that when two 
metals are in the path of a light beam, and one of them receives 
the incident illumination, the system acts like a voltaic cell, and 
may thus be called a photoelectric cell. 

Four cells similar to the above were subsequently arranged by 
Righi, and were found to exhibit the same electrostatic 
phenomenon as when the plates of an ordinary battery are 
plunged into water. 

And again, if the net or gauze plate of Fig. 1 be removed 
and the radiation from the arc light be allowed to fall on the 
solid plate A, after this plate has been earthed, and connection 
is made as previously, the electrometer deflection builds up very 
slowly, indicating, it seems, that the surrounding negatively 
charged particles in the air, and particularly those in the light 
beam, tend to migrate to the positively charged plate. 

Prof. Righi also investigated the photoelectric possibilities 
of a brass plate that was coated with selinium, a combination 
that forms a photoelectric cell. 

The glass plate of Fig. 1 when so placed as to intercept the 
beam of the arc, suspends the operation of the experiment, 
showing very effectively the stoppage of ultra -violet light by 
lead glass. The utilization of the light- sensitive mineral selenium 
as a coating material was doubtless found, on later experiment 
in connection with photoelectric work, to be effective, but this 
mineral likewise suffers a drop in ohmic resistance when visual 
light falls upon it, hence it does not exercise a pronounced 
selective effect. So this brief glimpse at events gives a slight 
idea of the great amount of work that was done to further the 
transmission art. 

In this connection, the "History of the Doctrine of Radiant 
Energy," a monograph by Lord Rayleigh, reveals some interest- 
ing contrasts of reasoning that we may as well review briefly. 

Early Views of the Theory of Light 

Between 1800 and 1843 there were two schools of contemporary 
thought which acknowledged the mutually imposed challenge of 
proving beyond doubt the true nature of visual radiations. As 
the visible spectrum at that time had not been explored beyond 
its apparent upper or lower limits, we can begin to form an 
idea of the extent of the various controversies. Here the 
available records are as profuse as the ones dealing with the 
photoelectric effect are scant. These two main divisions were 
the adherents of the "calorfic theory" (relating to heat) and 
the "undulatory theory" (relating to waves) of the manner in 
which visual light was radiated. 

For reasons that are not fully apparent the work of Maxwell, 
of nearly a hundred years previously, had borne fruit very 
slowly, and the thoughts of many were influenced by persons 
whose reactions were due in large measure to the solely practical 
observations they made. A physicist named Melloni in 1843 
wrote that "light is merely a series of calorific indications, 
sensible to the organs of sight." This may be said to represent 
the consensus of the one school, and this principles was also 
reasserted by J. W. Draper in 1872, a lapse of 68 years, but 
during this interval the influence of the latter school had 
been growing, according to Prof. Langley, and the work of 
several new scientists began to command attention, notably the 
work of Herschel. 
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The Herschel experiments showed that radiant heat consisted 
of parts that were differently refrangible, also that in general 
invisible heat is less refrangible than visible heat. There is 
no doubt that this conclusion was based on astronomical de- 
ductions, although the prismatic spectrum had been subject to 
theoretical analysis. 

Substance or Quality 
This difference in refrangibility can be shown in a variety of 

ways, via the spectroscope, and also under high dispersion, with 
a sensitive heat -detector in the area of the spectral lines. 

Herschel did not cling to the views he first formulated. 
The lectures of another physicist, Dr. John Young, yield the 

earliest information on formative theories, and Ritter of Berlin, 
and Dr. Wollaston at Cambridge both found that muriate of 
silver was blackened by "invisible" rays, which they said extend 
beyond the visible spectrum on the violet side, this being one 
of the first experiments that bore on the extension of the 
visible spectrum. They included that heat was not a substance 
but a quality, and that this "quality" must be in a motion. 

In Newton's opinion heat was "minute vibratory motion of 
particles communicated through an apparent vacum" by a 
medium which was so concerned in the propagation of light, a 
view which though essentially sound did not receive the support 
it merited. 

Herschel studied the relationship between the amount of heat 
radiated by various portions of the spectrum, as did Dr. Young, 
and believed that solar energy possessed three definite attributes, 
while Young stated that light differs from heat only in the 
frequency of its undulation. Here we may note the comparison 
with our modern physics. But Herschel finally decided that 
heat and light were two different kinds of radiation. Melloni 
demonstrated the diversity of solar radiation components by 
means of selective absorption. 

The memoirs of Lord Rayleigh on the above give an excellent 
digest of the progress of various phases of the communications 
art, which will not admit of being condensed if its contents are 
to be informative. We will now have a look at the events of 
1887 -1889. 

Hertz Experimented With Short Waves! 
Doubtless it will prove something of a bombshell to some 

readers who have an idea that the advent of short waves is 
more or less modern, that Hertz showed that oscillation 
could and did give rise to electric waves in space, and de- 
veloped means to intensify the phenomena on short waves by 
the use of mirrors. These consisted of polished metallic sur- 
faces whose curvature could be altered. 

The first attempts at transmission by use of these mirrors 
failed, due to the wrong ratio of radiator -gap and mirror curva- 
ture, but this was corrected and the first successful short -dis- 
tance transmission took place on 4 and 5 meters. The mirrors 
that gave the successful results were concave ones, a detail that 
was not quite clear at first, as it had been worked out theo- 
retically that a parabolic shape would have provided the most 
directional waves. 

In addition long waves were used, but they were found not 
quite so good, although absorption effects were found not to 
be excessive. 

The apparatus used for producing short waves, and long 
waves also, consists of a divided brass cylinder 3 centimeters in 
diameter, and 26 centimeters in length, being exactly divided 
in the center. Spark -ball surfaces are attached at the opposite 
centers, 4 centimeters in diameter, in hemispherical sectional 
halves. The conductors thus formed were a little over 13 
centimeters long. The wave length of the oscillation was twice 
the length of either of the two halves of the straight -line con- 
ductor, this preliminary estimate being permissible for the state 
of the free vibrational period of an oscillation. 
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FIG. 1. 
THE TUBE -OPERATING TUNING FORK. 

[Preliminary data on the tube -operated tuning fork, with the cir- 
cuit diagrams, were published last week, issue of October llth.- 
EDITOR.] 

MOST commercial forms of sustained vibration tuning forks 
that are not of the tube -operated variety use an exciter 
device of some kind, usually a carbon -grain microphone 

button which is attached to the fork at a point where it con- 
stitutes no very great additional load on the vibratory system. 
Some tube -operated forks also use this method of excitation, 
which with some refinements also acts as a kind of stablizer, a 
scheme that is good where a very high order of precision is 
required. 

But there is a way of obtaining an equally high order of pre- 
cision of fork vibration which is not at all complicated and 
therefore commends itself to the radio fan who must combine 
economy with accuracy, and at the same time havé a piece of 
apparatus that is sturdy. 

This degree of constancy is obtained in large measure by the 
design of the magnetic circuit, on the parts of which are 
mounted the exciting and pickup coils. 

There are seen to be two exciting coils, one in the plate circuit 
of the 224 tube, and the other in the control -grid circuit. The 
remaining two coils on the center arm are the pickup windings, 
in two parts, for the explicit purpose of enabling the operator 
to vary the output voltage or current, as may be required in the 
course of an experiment. 

Laminations 
The magnetic circuit is a laminated one and the material used 

is No. 10 gauge Swedish iron, of which there are several ex- 
cellent grades on the market. The shape is that of a square 
letter C. The pieces of lamination -iron forming the letter are 
of the L shape, and the projections facing the tuning fork ends 
are the same thickness as the width of the face of the fork. 
You don't know what this measurement is until you have the 
particular fork that you intend to use, but if the desired fre- 
qnency range is between the limits of 100 to 512 cycles, and the 
builder is actually going to use, say, ten forks distributed over 
this range, then you should have a core for each fork, but on 
the other hand if the range you desire to cover is limited to 
such easily obtained forks as 423, 440, 450, 512 or 523 cycles, in 
most cases you will find that any good musical instrument 
supply house carries these forks in stock regularly. The fork 
shown in the photograph cost 60 cents. 

Exciting Coils Have Similar Impedance 
The plate and grid coils have been assigned no dimensions 

yet, physically or electrically, because first the theory of opera- 
tion of this device must be made clear, so that when assembly 
operations are begun the builder will know what it is all .about. 

In the case of the plate and grid coils the matter of phase 
relationship enters, a detail that does not complicate the assembly 
unduly. 

When the fork is at rest there is a weak residual magnetic 
flux continually flowing in the fork arms, and in the soft iron 
core on which the coils are mounted, although there is no 
current flowing on these windings at all, and in fact the same 
thing is true directly assembly has taken place, and the soft 

By Wads 

iron core has been mounted in the position shown in the draw- 
ing. This flux is frequently referred to as "terrestial magnet - 
isim," and is not consequent upon previous excitation from the 
coils at all. 

So considering everything at rest, so far as we have gone, let 
us see how the fork begins to vibrate. 

Unstable Equilibrium 

The mechanical vibratory system when there is no exciting 
current owing is one which is at rest, but when the exciting 
current begins to flow, the condition of stable equilibrium de- 
parts, and a condition of unstable equilibrium is substituted, 
whereby the initial increase of plate current in the plate coil 
results in the arm of the fork nearest to the plate coil core 
being attracted, impercebtibly at first, and just as imperceptibly 
the other arm moves toward the core on which the grid coil is 
mounted. These actions result in the generation of a minute 
voltage applied to the control -grid in such manner that the 
plate current is momentarily reduced, but the arm of the fork 
nearest the grid coil now recedes, causing the control grid to 
become slightly positively biased, which in turn results in a 
larger plate current flow than during the preceding cycle, and 
thus the vibrational amplitude of the fork is built up. 

But this state of affairs does not continue indefinitely, because 
of the controlling factor of the fork's elasticity which causes 
the final amplitude of vibration to attain a constant value, de- 
spite the normal increase in plate current, which has pro- 
gressively less to do with the state of frequency constancy than 
has the impedance of the two coils upon the limiting value of 
the pulsating component of the plate current. Some readers 
might suspect that perhaps the core saturates too, but there is 
very little likelihood of this, as the DC is of such low order, 
not more than 4 milliamperes. 

The B Voltage Supply Circuit 

The object of combining the power transformer, rectifier tube, 
filter circuit and voltage divider with the tube -operated fork is 
that it is desirable to have the transmitter assembly uncom- 
plicated by wiring and parts whose presence would only mar 
the oscillator's performance. As there are three commercial 
AC supply frequencies; 25, 140 and 60 cycles, the power trans- 
former used must of course be the correct one in this regard. 

The power transformer should enable one to operate the fork 
and oscillator for several hours on end without excessive 
heating. The high- tension secondary winding excites the plates 
of a full -wave 280 restifier tube, whose filament is supplied by 
a 5 volt, 2 ampere winding, while the high- current 2% volt 
winding supplies the heater current used in other parts of the 
apparatus. An extra 21/2 -volt winding (2 amperes) need not be 
used here. 

The fan will notice that the leads from the voltage divider 
go directly to a terminal board on which are mounted binding 
posts and also that there are extensions from some of these 
that go to the fork circuit directly. The plate of the fork 
driving tube is supplied with not more than 180 volts, in fact 
135 volts would be sufficient. The voltage divider that is to be 
used is one that has many more tap conuctions than the 
drawing would lead you to suspect, and therefore it will be 
very simple to locate the points that provide the designated 
plate voltages, which, it will be stated again, must always be 
measured at the plate of the tube in question. 

Due to the particular circuit arrangement, by means of which 
the gradations of plate voltage are obtained, a uniform shunt 
current flows, and this "bleeder" current acts as a stabilizing 
influence, as its value is greatly in excess of that which flows 
in any one of the branch circuits. but is not of such value that 
it . ever would tend to be conducive to overheating of the 
divider. 

The parts are so spaced in the model that ample ventilation is 
assured, and also good accessibility is provided. 

The Battery- operated Oscillator 

One individual detail in connection with this model is that 
the use of the 112A tube is recommended. Here as formerly 
the tube is to be operated under standard conditions. The 
oscillator tube is shown with some grid bias value present, but 
not indicated. In 135 volts in the plate circuit the negative bias 
may be up to 9 volts. 

Some years ago a battery model similar to Fig. 3 was made, 
but the 201A tube was used, and the grid was kept at zero, that 
is the grid return was connected to minus filament. The plate 
voltage found to provide the best average results was 90 volts. 

The assembly is in no wise a radical departure from the AC 
model, as the only difference is in the fact that battery tubes 
are used. It has been found that the regular plug -in type coils 
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THE AC OPERATED OSCILLATOR 

that are used in many of the circuits are suitable for the 
apparatus presented herewith. 

Although not shown, a switch is to be provided so that the 
operator may change over to the broadcast coil quickly, this 
scheme avoiding the necessity of removing the one coil that 
you may be using. Also, the short -wave coil is provided with a 
movable tickler, an adjustment that is of considerable use in 
an oscillator of this character, as previously explained. 

It is recommended that if you consider using a type of 
microphone different from the ordinary carbon -grain telephone 
transmitter, that you send its rating to the writer, but as there 
are many who will have the aforementioned type of microphone 
the one mentioned in the parts list will no doubt fill the bill 
nicely. The microphone is plugged in to the circuit with a 
filament -control, double -circuit jack, and a 4/ volt C battery is 
just right for operating it. 

The tuning fork oscillator is used in many laboratories as a 
standard of frequency or as a source of pure tone of a sustained 
nature. It may be used for modulating a radio frequency wave 
without the use of a microphone since the vibrations exist in 
electrical form and may be impressed on the oscillator by means 
of an audio transformer or any of the other well -known coupling 
arrangements. 

Mounting the Tuning Fork 
The mounting of a tuning -fork is not a job that can be done 

in just any old way. It must be done carefully and with due 
respect for the vibrational characteristics of the fork, a matter 
which should be reviewed before the assembly is begun. 

Tuning -forks have different periods of vibration that depend 
upon their mass and to a certain extent upon the length of 
the arms, but whatever the dimensions of the fork and its 
yoke, the manner in which it vibrates represents the behavior 
of all forks essentially. 

The axis of oscillation of the arms is at right angles to the 
axis of the compressional pulse set up in the yoke, and as this 
compressional pulse is identified with the oscillatory motion, 
and in fact the movement of the arms is dependent upon the 
oscillatory motion, the secondary yoke mounting or bridge must 
he so attached that the mass of the fork is not altered in any 
way, that is, there is to be no drilling of holes. The only re- 
maining method is to do a very careful job of soldering at a 
point on the yoke where there is no motion at all, a place that 
is called a node. Theoretically this nodal place is a point, but 
the extremity of the yoke is rounded and the error introduced 
by soldering to this is negligible and can be ignored. 

The bridge is a piece of brass that comes already drilled, 3 
inches long. 7/16 inches wide and of 1/16 inch stock, with 
mounting holes spaced 2% inches apart, that will take a 6/32 
or 8/32 machine screw. 

Tin the Mid- section 
The mid -section of the bridge is to be tinned and the yoke 

extremity is to be treated the same way, then the two parts are 
to be united, care being taken to get the axis of the bridge 
at right angles to the axis of vibration of the fork, and finally 
to be careful to avoid the use of excess heat, and wipe the 
finished joint very clean with alcohol. 

The parts list shows steel supporting bushings. These are to 

FIG. 3. 
THE TUBE- OPERATED TUNING FORK. 

be used to keep the fork in position firmly, and in the model 
shown four were used, two on each support -screw, 'l/ inches 
long, and passing down through the steel chassis which serves 
as a hase. Only one of the brass pieces furnished is employed 
as a bridge support for the fork, and the threaded right -angled 
end of the brass strip is to be cut off. The remaining end is 
to be trimmed off neatly. 

The magnetic circuit of this device is not unlike a letter 
E with the middle T -part missing, as a study of the picture 
will show, but the details of its construction will now be given. 

The core is laminated, and the material is transformer -iron, 
or silicon- content iron, in strips that are 4% inches long by 
11/16 inch wide, and of No. 14 gauge metal. There are two 
punched mounting holes, 3 7/16 inches apart, that will also take 
a 6/32 or 8/32 screw of 2/ inches in length, and there are 
four of the steel supporting bushings used also, two on each 
support leg, as before. 

Dimensions of E. 

The overall dimensions of the E are, starting from the face 
of the plate -coil core that faces the fork, 21/16 inches to the 
external joint, then 2 1/16 inches along the external arm whose 
axis is parallel to the axis of the fork arms. Then the back of 
the E on which the output coils are mounted is 4% inches 
long, and the remaining parallel strip and the grid -coil core 
are of the same size as previously given for the plate -coil core, 
and the first named parallel strip. 

The thickness of the core depends upon the core -window of 
the coil that you either buy or make, but in any case the coil 
has to slide over the core. In the model pictured herewith the 
coils used were loudspeaker magnetic unit type, which have 
a DC resistance of around 1,000 ohms. 

If the reader desires to make his own coils, he will wind be- 
tween 3,000 and 3,500 turns of No. 38 enamelled magnet wire 
around a coil -spool which you can easily make to slide over 
the above core. The spool ends may be of stiff cardboard, 
and rectangular section, 3 inch by 1 inch outside measure- 
ment, and spaced % inch wide for the plate and grid coils 
and spaced / inch wide for the output winding, which you 
may wind in two sections, as it will be found convenient to have 
a voltage adjustment, although there is no current drawn from 
this output coil. 

1,000 to 1,500 Ohms DC Resistance 

The ohmic resistance wil be found to be 1,000 to 1,500 ohms, 
but in any case the turns or ohms of the plate and grid coil 
winding may deviate somewhat more without introducing error. 
Of course it's best to select a good grade of enamelled magnet 
wire so as to avoid all possibility of internal short circuits in 
the completed coil. 

Ready -made coils may be ready before very long, but the use 
of these is not esesntial, though admittedly more convenient. 
The picture shows the layout of the parts that contribute to 
the formation of the B voltage supply system, and this together 
with the wiring schematics is felt to be self -explanatory, with 
perhaps the exception of the voltage- divider resistor, that is 
mounted underneath the chassis. 

Extra Power Amplifier Included 
It will no doubt be noted that there are three extra tubes 

on the tube operated tuning -fork assembly, and the explanation 
of their presence is that it was realized that they would in 
all probability he useful adjuncts, whether they are used in 
conjunction with the oscillator or not. 

www.americanradiohistory.com

www.americanradiohistory.com


16 R AD 1 U WORLD Uctobet 18, 1930 

i 
A Question and Answer 
Department conducted by 
Radio World's Technical 
Staff. Only Questions 
sent in by University 
Club Members are ans. 
wered. The reply is 
mailed to the member. 
Join now! 

ADIIO UNIVERSITY 

Annual subscriptions are 
accepted at $6 for 52 
numbers, with the privil- 
ege of obtaining answers 
to radio questions for the 
period of the subscrip- 
tion, but not if any other 
premium is obtained with 
the subscription. 

Ci 

e 
L 

INT 

SW. 

p B+45 

0 A+ 

o A-15" 

FIG. 856 

THIS CIRCUIT ILLUSTRATES THE METHOD OF COUP- 
LING THE OSCILLATOR OF A SHORT -WAVE CON- 
VERTER TO THE GRID OF THE MODULATOR. THE 
PICK -UP COIL IS CONNECTED IN SERIES WITH THE 

SECONDARY OF THE RF INPUT TRANSFORMER 

The Set Squeaks Like Crunching Snow 

MY receiver has developed a peculiar type of noise the source 
of which I have been unable to locate. It sounds very much 
like the squeak occurring when some one walks in very cold 

snow. Can you suggest the cause of this noise ?-W. C. K. 
In nearly all cases this is due to a defective joint, and is due to 

tiny sparks across the layer of oxide or other non -conductor formed 
on the surfaces of the metal. Locate the defective joint, clean the 
wires thoroughly and then solder the joint. Defects like this may 
develop in the antenna circuit due to weathering of the joints which 
have not been soldered or in any part of the circuit where the con- 
ductors are exposed to acid. One common source is at the filament 
battery when this is of the lead -acid type. Still another cause of 
the trouble may be a run -down dry cell. It is likely to occur 
whether this battery is in the plate or the filament circuit. The 
cause is really the same whether it occurs in the battery or in con - 
roded conductors. 

e * * 

Objection to Heaviside -Kennelly Layer 

]i the Heaviside -Kennelly layer reflects radio waves, as it is sup- 
posed to do, and if light waves are the same in nature as radio 
waves, how is it that the layer does not reflect light coming from 

the sun and the stars? Is not this difficulty evidence against the 
theory that the layer exists -A. P. C. 

It would be evidence against the theory if radio waves of all fre- 
quencies were equally affected by the layer, no matter how high 
the frequency of a particular wave. But the fact is that as the 
wave length decreases the layer ceases to reflect. The very shortest 
radio waves that have been generated pass right through the layer 
and never return to earth. Now light waves are really extremely 
short radio waves coming from celestial bodies, and these waves 
pass through the layer. There is nothing unusual about this. Some 
bodies are transparent to red and opaque to violet. Red and violet 
differ only in wave length. Certain crystals will appear to be of 
one color when viewed by reflected light and to be of quite a differ- 
ent color when viewed by transmitted light. These crystals reflect 
some light and transmit other light. The difference between the 
reflected and transmitted light is only one of wave length. 

* * * 

A Bad Volume Control 

DO you regard a high variable resistance across the secondary 
of an audio transformer a good volume control? If you do 
not think this a good scheme will you kindly suggest a better 

one? -T. N. G. 
It is a very poor volume control because when the volume is 

turned down a heavy current flows in the secondary winding and 
this changes the quality. A much superior volume control is 

a high resistance potentiometer across the secondary, connecting 
the grid of the tube following it to the slider. When this is done 
the load on the transformer does not change as the volume is 
changed because the total potentiometer resistance is across the 
secondary all the time. The slider merely enables one to take any 
portion of the total voltage across it and impress it on the grid. 
When this potentiometer is used it should be put across the sec- 
ondary of the first audio transformer, that is, the one next to the 
detector. If there is resistance coupling here, the potentiometer can 
take the place of the grid leak and the scheme works just as well. 
A better way still of controlling the volume is to operate in the 
antenna circuit with the potentiometer. 

* * * 

The New Type Trimmer 

IN your Oct. 11th issue you described the National Thrill Boxes 
and in the circuit diagrams there is a new type trimmer which 
consists of a coil with a variable condenser across it. Will you 

kindly explain in detail how this affects the tuning of the main cir- 
cuit? -T. C. R. 

If you put a piece of sheet metal against one end of a coil of a 
circuit which has been tuned to a particular frequency, the cir- 
cuit is detuned. The reason is that there is a current induced in the 
metal sheet and this current opposes the inducing current in the coil. 
The effect is that the inductance of the coil is reduced. Likewise, if 
you put a turn of wire in the same position, or if you put it around 
the coil, the same effect occurs. The circuit is detuned because the 
inductance of the coils is reduced. Now if you couple another coil 
to the first coil, closing the terminals of the second, the same effect 
occurs, although not to the same extent. If you tune the second 
coil to the same frequency as the first coil, the effect is very great, 
and it is greater the closer the coupling between the two coils. The 
amount of detuning depends on the amount of current that is induced 
in the second coil, or turn, or sheet of metal, and the amount may be 
varied by varying the coupling or by varying the capacity in series 
with the second coil. In this new trimmer the variable condenser is 
connected in series with the coil and this coil is coupled loosely to 
the tuning coil. Therefore, when the condenser is turned there is a 
variation in the amount of detuning. Or if the first coil is trot tuned 
exactly to the desired frequency it may be brought into tune by the 
trimmer condenser in series with the second coil. 

* * * 

Wave Trap in Plate Circuit 

IRECALL that you have recommended the use of one by -pass 
condenser on each side of the radio frequency choke in the plate 
circuit of the detector, saying that if the second is not used the 

choke coil has practically no effect. Yet I have seen many circuits 
in which the secondary condenser has not been used, the latest being 
the National Thrill Box. Why do you recommend one thing and 
then let violations be published ? -P. L. A. 

What right have we to change the design of a receiver designed 
by others when our duty is to report it as it is? Radio engineers 
have different opinions about many things, and on this point they 
differ. At least they differ now ; they may agree in a year from 
now. With respect to the Thrill Box, however, there is no dis- 
crepancy between what we have said and the design of the circuit. 
The coupling between the detector and the first amplifier is not 
entirely resistive for the plate impedance is an inductance coil. Now, 
this coil has considerable distributed capacity and that serves the 
purpose of the second condenser. While this capacity is very small, 
only a very small capacity is needed since the circuit is designed to 
work on very high frequencies. If the plate coupling impedance 
had been a pure resistance just like the grid leak, it would have 
been desirable to have connected a condenser of about .00025 mfd. 
across the resistance. 

a * * 

Minimum Capacity Permissible 

YOU have frequently stated that there must be a definite ratio 
between the capacity change possible in a tuned circuit and 
the minimum capacity in the same circuit if the broadcast band 

is to be covered. Will you kindly explain how this ratio is obtained? 
Is the ratio the same for the oscillator in a superheterodyne as for 
the radio frequency tuners in the same circuit ?-W. P. T. 

If the minimum capacity in the circuit is Co and the possible 
capacity change is C, then the maximum possible capacity in the 
circuit is Co + C. Now if the tuner is to cover a range of f re- 
quencies from Fl to F2, Fl being the lower frequency, then the fol- 
lowing relation must hold among the capacities and the frequencies : 

Co /(Co C) = (Fl /F2)2. 
This equation is derived from the equation connecting frequency, 

capacity, and inductance. Two such equations are set up, one for 
Fl and the other for F2, and then one is divided by the other. It is 
clear from the equation that the ratio of the minimum to the 
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maximum capacity in the tuned circuit depends directly on the ratio 
of the frequencies at the ends of the band to be covered by the 
tuner, since the ratio of the two capacities is equal to the square 
of the frequency ratio. 

Now let us assume that Fl is 550 kc, the lowest frequency in 
the broadcast band, and that F2 is 1,500 kc, the highest frequency in 
that band. Then we have (550/1,500)2, or what is the same thing, 
121/900. This must be equal to the ratio of the minimum to the 
maximum capacity in the tuned circuit. If we now have a tuning 
condenser which can be varied by 500 mmfd. we can put in this value 
for C and determine Co, that is, the minimum capacity in the cir- 
cuit. Putting in the values and solving the equation we get 77.6 
mmfd. If the minimum capacity in the circuit is less than this 
the circuit will tune to a higher frequency than 1,500 kc. and if 
it is larger the broadcast band will not be covered. 

If we substitute 350 mmfd. for C in the formula and solve for Co 
we get 53.7 mmfd. for the minimum capacity. In many circuits 
it is not possible to get a minimum as small as 53.7 mmfd. and 
therefore it is not often possible to cover the broadcast band with a 
350 mmfd. condenser. 

In the oscillator of the superheterodyne the frequency ratio may 
be the same as in the RF tuner but if the dials are to read about the 
same the ratios will not be the same. For example, if the inter- 
mediate frequency is 100 kc the lowest frequency will be 650 kc and 
the highest 1,600 kc. The ratio of these is 13/32, which is larger 
than the ratio of 11/30. 

* * * 

Common Sources of Hum 

WILL you please list a few of the more common sources of 
hum in a radio receiver that is completely electrified? - 
B. F. L. 

Some of them are: residual hum in the plate voltage from the 
rectifier and filter, hum from lack of balance of the filament and 
heater circuits, hum due to induction between the power transformer 
and the audio transformers or between the AC leads of the power 
supply and the grid and plate leads of the amplifier and the detector. 
Thus to eliminate hum it is necessary to filter the B supply thor- 
oughly, to balance the filament and heater circuits, and to shield 
well against induction. We might add that the transformers and 
chokes should be placed so that induction is minimized because 
ordinary shielding is not effective at 60 and 120 cycles. 

* * * 
Modulation in Short -Wave Converter 

YOU have shown two methods of impressing the local oscillation 
in a short-wave converter. In one the oscillation is im- 
pressed on the grid circuit of the modulator tube and in the 

other on the screen circuit. Which of these two methods is the bet- 
ter ?-W. H. J. 

There is little to choose when the advantages and disadvantages 
of both methods are considered. The grid circuit method may give 
a slightly higher sensitivity but it is necessary to make the coupling 
looser so that the RF tuned circuit will not stop oscillation by the 
wave -trap effect. The screen grid circuit method introduces a loss 
in the oscillator circuit because screen current flows, and this may 
also stop oscillation if the coupling between the pick -up coil and the 
oscillator is too close. Very good results have been obtained by both 
methods. 

* * * 

Lack of Voltage in Eliminator 
IHAVE a B supply which gave good service for over two years. 

Then suddenly something happened to it and now I cannot get 
more than about one half the rated voltage. What could account 

for this ? -L. A. W. 
There are many things that could have happened. First, it may 

be that the rectifier tube has "played out." A new tube should fix this. Second, it may be that a short circuit has developed which 
causes a greater drain on the tube. This short may be in the re- ceiver or in the B supply. Very likely, it is a condenser that has punctured. Another possibility is that a grid bias resistor has be- come short -circuited causing a heavy drain on the B supply because the bias is zero. This should show up when measuring the plate current. There is no way of determining where the trouble lies ex- cept experimenting. Proceed by elimination. It is always possible 
to divide the circuit so that the trouble will be in one or the other of the two parts. If one part is found all right the other part should be studied by elimination. 

* * * 
Optimum Values of By -Pass Condensera 

WHAT are the best values of by -pass condensers in a B sup- ply ? Many B supply units have been devised but it seems that no two use the same values of by -pass condensers. - S. G. P. 
The reason why no two B supply units use the same values is that there is no optimum value for any condenser. The choice of ca- pacities is based on many factors, first, cost, second performance, third, space considerations, fourth, type of receiver the B supply is to serve. The larger the capacities are the better because the more thorough will be the filtering and the less will be the coupling effect of the B supply among the amplifier tubes. There is only one ex- ception, and that is the condenser nearest the rectifier tube. It need not be larger than 2 mfd. and it should not be larger than 4 mfd. 
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FIG. 857 

THE CIRCUIT OF A LOFTIN -WHITE TYPE AMPLIFIER 
INCORPORATING A 224 AND A 245. 

Loftin -White Type Amplifier 

PLEASE show a diagram of a Loftin -White type amplifier 
utilizing one 224 screen grid tube and one 245 power tube 
and give some of the values necessary. 

Fig. 857 is a diagram of a receiver similar to the Loftin - 
White. Exact values of the resistances cannot be given because 
they depend somewhat on the tubes used and the final adjust- 
ment must be made experimentally. However, the following 
values are approximately correct: Rl, 50,000 ohms ; R2, 0.5 
megohm ; resistance (1) to (3), 400 ohms in the form of a 
potentiometer ; resistance (3) to (4), 5,000 ohms; resistance (4) 
to ( +), 50,000 ohms. Condenser C should be 0.1 mfd. and the 
other condenser one megohm. The low resistance potentiometer 
across the 245 filament need not be higher than 20 ohms, but it 
should be accurately center -tapped. The slider on the 400 ohm 
potentiometer should be put where the hum is least. In ad- 
justing the circuit two things should be watched carefully, 
namely, the bias on the 245, which is the drop in R2, and the 
screen voltage on the 224. The bias on the last tube should be 
50 volts and may be assumed to be correct when the plate 
current in the output tube is 32 milliamperes. It may be varied 
by varying the resistance between (3) and (4), by varying the 
screen voltage, that is, the resistance between (1) and (2), or 
by varying Rl. The total voltage required between ( +) and 
( -) is 450 volts, although the circuit will work on somewhat 
less. 
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COLUMBIA ASKS 

LICENSE TO TRY 

OUT TELEVISION 
Washington. 

The Columbia Broadcasting System is 
planning to enter the field of experi- 
mental television so it may be prepared 
to bring competition into visual radio 
"'when and if the broadcasting of pictures 
may become as widespread and practical 
as the present network broadcasting of 
sound," according to Harry C. Butcher, 
director of the Washington office of the 
Columbia Broadcasting System. He so 
stated before the Federal Radio Corn - 
mission. 

Mr. Butcher, who appeared before the 
Commission in behalf of the application 
of the Atlantic Broadcasting Corporation, 
a Columbia subsidiary, for a new experi- 
mental television station in New York 
City, that the Columbia System was 
ideally qualified for this experimentation, 
emphasizing the importance of the con- 
nection of the Paramount - Publix Corpo- 
ration, which owns one -half interest in 
Columbia. 

Would Join Two Great Industries 

"The prominence of the Paramount - 
Publix Corporation in the moving picture 
field is recognized," he declared. "Well - 
known actors and actresses, as well as 
stage effects and furnishings of Para- 
mount- Publix Corporation, will be avail- 
able for the experimental use of the ap- 
plicant. Thus, two great entertainment 
industries, the moving picture industry 
and the radio broadcasting industry, will 
be brought closer together for practical 
development of television." 

After technical witnesses for Columbia 
had testified that television transmitting 
and receiving equipment is made by the 
Radio- Victor Corporation, Gerald C. Gross, 
engineer for the Commission, declared 
that the there would be duplication of 
experimental work, since the National 
Broadcasting Company is now engaged 
in television work in the New York area 
with RCA equipment. 

Ready to Use the Best 

He said that duplication would, in his 
opinion, be ill- advised, since there are 
only four channels available for television 
experimentation. 

M. A. Trainer, television engineer of 
the RCA -Victor Corporation, who had 
been detailed to install the television 
equipment for Columbia if the application 
is granted, said that the apparatus to be 
used "complies with the highest standards 
now observed in the art, and has prac- 
tically exhausted the immediately posi- 
sibilities of laboratory development." He 
said that his company had developed 
pick -up and transmitting equipment which 
is capable of broadcasting a "very satis- 
factory picture." At present the picture 
is composed of 4,320 elements with a 
scanning 60 lines per frame and width 
equivalent to 72 scanning lines. 

WISJ LOSES INJUNCTION SUIT 
Washington. 

A temporary restraining order, pre- 
venting the Federal Radio Commission 
from assigning WISJ, Madison, Wisc., to 
the 7801kilocycle channel, was dissolved 
by the Supreme Court of the District of 
Columbia. 

Bankrupt Stations SIGNAL IS USED 
to Lose Licenses 

Washington. FOR TELEVISION 
If a station 

license, 
becomes 

the 
insolvent 

of 
a will 

SYNCHRONISM 
lose its license, under the terms of a new 
order (General Order No. 95) of the 
Federal Radio Commission. Appointment 
of a receiver will be prima facie evi- 
dence of insolvency. 

The part of the order covering this 
follows : 

"That the insolvency of the licensee of 
any radio station shall be ground for 
the revocation of the station license 
and /or the refusal of the renewal thereof. 
The appointment of receivers upon 
grounds of insolvency and preliminary 
adjudications of bankruptcy will be con- 
sidered by the Commission as prima facie 
proof of insolvency. Final adjudications 
will be accepted as conclusive." 

LATEST BEACON 

USES RF AND AF 
The seventh Great Lakes lighthouse 

station inaugurated Sept. 29 the sending 
of a new type of signal, by means of 
which ships may determine their distance 
from the sending station. These new sig- 
nals are a part of the extensive radio - 
beacon system which the Lighthouse 
Service has developed not only upon the 
lakes but upon both coasts of the United 
States. The seven light stations which 
are now equipped to send out the new 
signals have both radiobeacon sending 
sets and the usual air or electrically 
operated sirens. 

The development of the new signals has 
consisted of perfecting a device which 
permits the sounding of both radio and 
audible signals at the same instant. As 
radio waves are received instantaneously 
and sound waves travel at a definite 
known rate, the navigator can determine 
his distance from one of the lighthouse 
sending stations by noting the time 
elapsing between the reception of the 
radio signal and the audible signal. 

This synchronization, as it is called, of 
radio and sound signals, is an important 
step in the development of ship protec- 
tion, especially in time of fog. Within 
the last few years vessels suitably 
equipped have been able to take radio 
bearings on lighthouse sending stations, 
learning thereby the exact direction of 
which their ship lay in relation to the 
lighthouse. When only one station was 
heard, the only method of determining 
distance was by means of bow and beam 
bearings upon the same station as the 
vessel proceeded. Now the new signals 
offer an additional means of obtaining 
dist rice. and require no knowledge of 
high ,r mathematics. 

ROXY MAKES A CHANGE 
S. L. Rothafel, director of the Roxy 

Theatre, New York, who left for an ex- 
tended vacation in Europe, on his return 
will no longer be connected with the 
active management of the institution that 
bears his name, but will instead be in 
charge of the initial development of the 
new Rockefeller Radio Center, the plans 
of which were made public some time 
ago. 

Although only recently emerged from 
the secrecy of the research laboratory, 
radio television or radiovision now frank- 
ly bids for a place in the living room, 
alongside the usual sound broadcast set. 
Utmost simplicity of operation, self -con- 
tained equipment, compact dimensions, 
and socket -power operation, make for 
the attractiveness of radiovision, now 
that regular programs are on the air in 
many localities. 

Studying the problems of radiovision 
reception in the home, engineers have 
endeavored to provide equipment for the 
lay operator. Therefore automatic syn- 
chronizing means have been introduced, 
so that the scanning mechanism of the 
receiver remains in automatic step with 
that of the transmitter. Instead of de- 
pending-on an AC power system common 
to both receiver and transmitter, which 
would greatly limit the area served by 
any television station, engineers have de- 
veloped a synchronizing method based on 
the signals themselves. 

TRF Is Used 

Again, instead of a short -wave regen- 
erative receiver, the engineers have de- 
veloped a simple non- regenerative re- 
ceiver, especially designed for radiovision 
work, operated on the usual AC supply. 

The latest radiovisor carries a large 
magnifying lens, which, in combination 
with another lens inside the deep shadow- 
box, permits of showing the pictures to 
several persons at a time. Below the lens 
is the switch panel, with one switch to 
start and stop the motor, and the other 
to switch from pictures to loudspeaker, 
in following the radiovision program. 

A 60 -cycle eddy current motor supplies 
most of the power to drive the radiovisor 
scanning disc. The synchronizer is used 
to keep the disc in perfect step with the 
distant transmitter, applying the slight 
acceleration or braking, as the case may 
be. 

Lamp With Small Plate 

This device is a phonic motor, operat- 
ing on the strong 720 -cycle (48 x 15) 
scanning frequency present in the usual 
48 -line, 15- pictures -per- second radiovision 
signal. It comprises a toothed rotor on 
the drive shaft of the radiovisor, together 
with an electromagnet or field coil fur- 
nished with 720 -cycle energy by means of 
an extra amplifier in the radiovision re- 
ceiver. This signal component is filtered 
out, amplified and fed to the phonic motor 
field. 

Instead of a large plate lamp, as in 
previous models, the new Jenkins radio - 
visor employs a lamp with a small plate, 
which permits of considerable enlarge- 
ment of images without loss of brilliancy 
or contrast. 

NEW INCORPORATIONS. 
School Radio Corporation of America, Wilming- 

ton, Del., radios -Corporation Service Co. 
Gary Radio Shoppe -Atty. C. H. Ludder, Flush- 

ing, New York, N. Y. 
Davaphone, Inc., New York, N. Y., sound 

recording devices -Corporation Trust Co., Dover, 
Del. 

Radio Men's Association of New York -Atty. 
R. S. Ornstein, 454 West 151st St., New York, 
N. Y. 

Spring Electric and Radio Co. -Atty. H. Striz- 
ver, 38 Park Row, New York, N. Y. 
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TRADE FAVORS 

HIGH POWER IN 

NOTE TO BOARD 
The Federal Radio Commission has 

been urged by the Radio Manufacturers' 
Association, comprising virtually all 
prominent manufacturers of radio pro- 
ducts, to increase the number of high - 
powered broadcast stations on cleared 
channels, in the interest of better broad- 
casting for the radio public. 

Declaring that the public is best served 
by the high -class radio presentations of 
the chains and larger broadcast stations, 
President Morris Metcalf of the associa- 
tion has sent a letter to the Radio Corn- 
mission urging an increase in the number 
of cleared broadcast channels and use of 
high power by more stations. 

Approved by Director 

The broadcast policies recommended to 
the Commission were approved at the 
annual meeting of the association's board 
of directors in New York. 

The RMA Board also endorsed the 
plan, proposed in a Senate Resolution, to 
transfer the Department of Commerce 
Radio Division and radio activities to the 
jurisdiction of the Federal Radio Corn- 
mission, pending final disposition of legis- 
lation to establish a federal communica- 
tions body. 

Legislation to protect the interests of 
radio manufacturers and broadcasters in 
pending copyright royalty legislation also 
was recommended by the Board of Di- 
rectors. 

Wants Some Stations Deleted 

The letter of President Metcalf to the 
Commission, giving the manufacturers' 
views on chain and high- powered broad- 
casting set forth: 

"Our Board of Directors is on record 
as favoring 'the deletion of stations not 
performing a real service to the public' 
and recognizes the overcrowded condi- 
tion of the air as an evil which it is 
hoped the Commission will remedy. 

"Of course we have no interest in the 
particular applications of any station or 
stations in connection with higher power 
on cleared channels and are content to 
rely upon the Commission's judgment in 
fixing the number of high -powered sta- 
tions and the power to be used by such 
stations on cleared channels. We are 
vitally concerned, however, in chain broad- 
casting, in its maintenance, development 
and expansion, believing that the public 
is best served by the high -class radio 
presentations of the chain companies and 
larger broadcast stations." 

A THOUGHT FOR THE WEEK 
PhESIDENT HOOVER tells us he does 

not agree with the pessimists who de- 
clare that lowering the present standard 

of living in this country will right the 
economic situation. He believes we should 
strive constantly to improve our living 
standards because happy people mean a 
successful nation. So if you want a new 
radio set because your present one is out - 
moded, go out and buy it and help the radio 
business to land squarely on both feet. We 
don't hear the radio trade emitting any 
shrieks of protest over this idea. 

New Short -Wave 
Hours for WGY 

WGY announced a revision in the 
schedule of its short -wave stations, W2 
XAD and W2XAF, to improve the ser- 
vice during the Fall and Winter. 

The new schedule, now in effect, pro- 
vides for the operation of W2XAF on 
9,530 kilocycles (31.48 meters) daily from 
5 :30 p. m. to 11 :00 p. m., eastern standard 
time. This transmitter uses the doublet 
antenna. 

W2XAD, 15,340 kilocycles (19.56 meters) 
will operate daily except Saturday from 
1 p. m., to 3 p. m. Any special news 
broadcasters will also be carried Satur- 
day afternoons when available to the 
transmitter W2XAD, which is essentially 
a daytime transmitter and will use an 
antenna directive on Europe. 

BELLOWS WANTS 

40 GIVEN 50 KW 
Washington. 

Henry A. Bellows, formerly a member 
of the Federal Radio Commission, told 
the Commission's examiner at a hearing 
that there was no good reason why all 
forty clear -channel stations should not 
be granted 50,000 watts. Mr. Bellows is 
director of WCCO, Minneapolis, which is 
seeking 50,000 watts. He is also vice- presi- 
dent of the Columbia Broadcasting Sys- 
tem, which owns a one -third interest in 
WCCO. The Washburn- Crosby Company 
owns two -thirds. 

Mr. Bellows said his view is shared 
"by virtually all radio engineers." 

There are eight applicants from the 
South (Middle Western) Zone seeking 
50,000 watts, and only two channels to 
allot at this power, under the Commis- 
sion's rule of four to a zone. There are 
forty clear channels, the board limits 50 
kw to twenty of these, and there are 
five equi- sharing zones. 

"Radio to most city listeners is simply 
another form of entertainment," said Mr. 
Bellows. "To rural residents, however, 
it is a necessity of life." 

Approximately 2,000,000 people are af- 
forded "reasonably satisfactory service" 
by WCCO, with its present 7,500 -watt 
output, Mr. Bellows declared. "With 50,- 
000 watts power we hope to serve be- 
tween 4,000,000 and 5,000,000," he testified. 

RMA Will Manage 
Own Trade Show 

Announcement is made by President 
Morris Metcalf of the Radio Manufac- 
turers Association of the appointment of 
Major Harry P. Disbecker of New York 
as show manager of the RMA with head- 
quarters in the RMA office in New York. 

The appointment of Major Disbecker 
is pursuant to the policy adopted by the 
RMA Board of Directors to assume the 
complete management of the annual RMA 
trade show. Major Disbecker also will 
act as assistant to Bond Geddes, execu- 
tive vice president of the RMA, and as 
show manager will have active direction 
of the RMA trade show through the 
Association's Show Committee. 

2 STATIONS IN 

MEMPHIS WAGE 

A POWER FIGHT 
Washington. 

A lively contest between two midwest- 
ern broadcasting stations was a feature 
of a long list of petitions for 50,000 watt 
rating heard by the chief examiner of 
the Federal Radio Commission. 

WREC and WMC, Memphis, Tenn., 
"regional" stations, were the stations. 

The Memphis stations asked the right 
to have improved positions in broadcast- 
ing. George Norris, vice -president of the 
Memphis "Commercial Appeal's" operating 
station, WMC, emphasized WMC's prior 
advent into broadcasting, its "superior 
service and stronger financial position" 
as factors which should be considered. 
WMC, he declared, has been broadcast- 
ing since January, 1923, whereas WREC 
began operating in 1926. 

Not an Assailant 
"I do not want to appear in the atti- 

tude of assailing any of the applicants 
or resisting their efforts to get mere 
power," said Mr. Norris, "but we have 
been broadcasting for a long time, and we 
feel that we should have an opportunity 
to show that our station sometimes gives 
better service, from a quality standpoint, 
than some stations with 10 times its 
power." 

A report of Federal Radio Supervisor 
W. Van Nostrand, stationed at Atlanta, 
that WREC had operated in excess of 
its licensed power of 1,000 watts day and 
500 watts night was introduced in the 
record. George O. Sutton, counsel for 
WREC, objected, but Chief Examiner 
Ellis A. Yost, president, held it was ad- 
missible. 

$40,000 to Rebuild 
H. B. Wooten, manager of WREC, was 

questioned as to the technical and finan- 
cial responsibility of the station. He 
said, according to "The United States 
Daily," that the transmitter of WREC 
represents an original investment of 
$8,500, and that it was recently consoli- 
dated with another station transmitter. 
This could be rebuilt to 50,000 watts, he 
declared, at a cost of $40,000. 

The two Memphis stations, under Com- 
mission rules, were obliged to apply for 
a cleared channel assigned the third zone 
for the high power. They now operate 
on channels with low power, thus per- 
mitting the duplication of station assign- 
ments, whereas high power necessitates 
a cleared channel for good service. 

Schedule of KDKA's 
Far North Programs 

At about 11 p.m. Eastern standard time, 
on the following nights, KDKA, Pitts- 
burgh, Pa., will begin broadcasts to those 
residing in the Far North. Late listeners 
have enjoyed these entertainments and 
message programs, now in their eighth 
year. 

The schedule follows : 

1930 
October 18th, 25th 
November 1st, 8th, 15th, 22nd, 29th 
December.......6th, 13th, 20th, 25th, 27th 

1931 

January....ist, 3rd, 10th, 17th, 24th, 31st 
February 7th, 14th 
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Stations in United States and Canada, Corre 

CANADA 
Station kc Station ke 
CFAC 690 WBAK 1430 
CFBO 89U WBAL 1060 
CFCA 840 WBAP 800 
CFCF 1030 WBAX 
CFCH 600 C 140Ó 
CFCN 690 WBBL 1210 
CFCO 1210 WBBM 770 

960 WJBT 770 
rFCT 630 

960 
WBBR 
WBBS 1370 

CFJC 1120 WBBY 1200 
1010 

CFNB 1210 
WBBZ 
WBCM 1141Ó 

CFC 910 WBMS 1450 
960 WBNY 1350 

RC 930 
CCFHCA 690 

WBOW 
WBRC 

1310 
930 

960 WBRE 1310 

CHCS 880 

CHCT 840 
WBSO 
WBT 

920 
1080 

CHGS 1120 0 CHLS 
MA 580 

CCHHML 880 

WBTM 
WBZ 
WBZA 

CAD 

1370 
990 
990 

930 W 1220 
CHRC 880 WCAE 1220 
CHWC 
CHWK 1210 WCAJ 

1430 

730 WCAL 1250 
S80 WCAM 1280 
840 WCAO 600 

CJBC 960 
690 T 1200 

CJBR WCAU 1170 

CJCB 
C CA WCAX 

WCAZ 
1200 
1070 

690 WCBA 1440 
910 

J 
WCBD 1080 

630 
CJJHS 

WCBM 1370 
910 

1120 W CCO 1810 
CJOR 1030 

WCFL 1970 
RW 600 WCGU 1400 

1120 WCHI 1490 

CJSC 580 

CKAC 737 
WCKY 
WCLB 

1490 
1500 

CKCD ........ 730 
CKC1 eso WCLS 0 13100 

WCMA 1400 

CKCL 580 WCOA 1340 
CKCO ........ 
CKCR 

18 WCWCOODC 

120Ó 

CKCV 880 WCOH 1210 
CKCF 730 WCRW ma 
CKGW 690 WCSC 1310 
CKIC 930 

WCSÓ. CKLC 40 15Ó 
CMC 120 WDAE 1220 

WDAF 610 
CRNC 580 WDAG 1410 
CKOC 880 WDAH 1310 

WDAY 940 
1210 

PR 930 
WDBJ 

1120 
CKSH 1010 WDEL ... 1120 
CKUA 580 WDGY 1180 
CRWX ....,.. 730 WDOD 1280 
CKX 540 WDRC 1330 
CRY 78^ WDSU 1250 
CNRA 630 W D W F 1210 

WLSI 1210 
CÑRD 840 WDZ 1070 
CNRE 580 WEAF 

WEAL 1270 
CÑRM 730 WEAN 780 
CNRO 600 

880 
WEAO 570 

CNRR 
9910 

WEBE 
WEBQ 

12210 
1210 

CNRT 840 WEBR 1310 
CNRV 1030 WEBW 560 
CNRW 780 WEDC 1210 
CNRX 690 WEDH 1420 

WEEI 590 
WEHC 1490 

UNITED STATES WEHS 1420 
WARF 920 WELK 1370 
WAAM 1250 WEMC 590 
WAAT `940 
WAAW 660 WBCiN 870 
WABC 860 WEVD 

1760 WBOQ 860 WEW 
WABI 1200 WFAA 800 
WABZ 1200 WFAN 610 
WACO 1240 WFBC 1200 
WADC 

1310 
WFBE 
WFBG 

1200 
1310 

WAIU 640 WFBL 1360 
WAR 1210 WFBM 1230 
WAPI 1140 WFBR 1270 
WASH 1270 WFDF 1310 
WBAA 1400 WFDV 1370 

Star before Call Letter denotes new station. 
Star before Station Frequency denotes new frequency 
Station kc 

WFDW 1420 
WFI 560 
WFIW 940 
WFJC 1450 
WFKD 1310 
WFLA 620 
WSUN 
WGAL 16310 
WGB 1210 
WGBC 1430 
WGBF 

8Ó 

WGCM 10 
WGES 13660 
WGH 1310 
WGHP 1240 
WGL 1370 
WGN 720 
WLIB 720 
WGR 550 
WGST 
WGY 790 
WHA 940 
WHAD 1120 
WHAM 1150 
WHAP 
WHAS 18200 
WHAT 1310 
WHAZ 1300 
WHB 
WHBC 1200 
WHBD 1370 
WHBF 1210 
WHBL 1410 
WHBQ 1370 
WHBU 1210 
WHBY 1200 
WHDF 1370 
WHDH 830 

WHDDÌ 110 1180 
WHEC 1440 
WABO 1440 
WHFC 1420 

WHK 1390 
WEN 1010 
WHO 

WHOM 1430 
WIAS 140 
WiBA 1210 

30 
IBM 13 0 

WIBO 560 
WIBR 1420 
WIBU 1310 
WIBW 580 
WIBX 1200 

WILL 1200 
WILL 890 
WILM 1420 
WIOD 1300 
WMBF 1300 
WIP 610 
WIS 1010 
W1SN 1120 
WJAC 1310 
WJAG 1060 
WJAK 1310 
WJAR 890 

WJAX lÓ0 
WJAY 

1490 
WJBC 

124 

WJBL 1200 

WJBÚ 1i1ó 
WJBW 1200 
WJBY 1210 
WJJD 1130 

WJJR 750 S 
l 

WJSV 1460 

WJZ 1760 
WKA 890 

1040 
WKAV 1310 
WKBB 1310 
WKBC 1310 

WKBH 1380 

WKBÑ 17Ó 

Station ke 
WKBO 1450 
WKBP 1420 
WKBQ 1350 
WKBS 1310 
WKBV 1500 
WKBW 

1500 

WKJC 1 
WKRC 

9 900 00 
WLAC 1470 
WLAP 1200 

WGBMS 1 
WLBC 1310 
WLBF 1420 
WLBG 1200 
WLBL 900 
WLBW 1260 
WLBX 1500 
WLBZ 
WLCI 12 0 
WLEX 1410 
WLEY 1370 
WLIT 560 
WLOE 1500 
WLS 870 
WLTH 1400 
WLVA 1370 
WLW 700 
WLWL 1100 
WMAC 570 
WMAF 1410 
WMAK 900 
WMAL 630 
WMAN 
WMAQ 1670 
WMAY 1300 
WMAZ 890 
WMBA 1500 
WMBC 1420 
WMBD 1440 
WMBG 1210 
WMBH 1420 
WMBI 1060 

1500 
WMBO 1310 
WMBQ 1500 
WMBR 1370 
WMC 780 
WMCA 570 
WM MN 890 
WMPC 1500 
WMRJ 1420 
WM SG 1350 
WMT 

1230 

WNAD 1010 
WNAX 570 
WNBF 1500 
WNBH 1310 
WNBJ 1310 
WNBO 1200 
WNBR 1430 
WNBW 1200 
WNBX 1200 
WNBZ Z 1290 

1450 
WNOX 560 
WNRC 1440 
WNY 570 
WOAÌ 1190 
WOA 600 
WOAX 1280 

WÓBÚ 1580 

WOCL 12 Ó 
WODA 1250 
WODX 1410 
WOI 640 
WOKO 1440 
WOL 1310 
WOMT 1210 
WOOD 1270 

1500 
WOO 1300 
WOR 710 
WORC 1200 
WORD 1490 
WOS 630 

WOW 1590 
WOWO 1160 
WPAW 1210 
WPCC 560 
WPCH 810 
WPEN 1500 
WPG 1100 
WPOE 1370 

Station kc 
WPSC 1230 

WQÁM 560 
WQAN 

AO 1Ó Ó 
WPP 110 

1860 
WQDM 

Q DV 13500 
WQDX 1210 
WRAF 1200 
WRAK 1370 
WRAW 1310 
WRAX 1020 
WRBI 1310 
WRBJ 1370 
WRBL 1200 
WRB 1210 
WRBQ 1370 
WRBU 1210 
WRC 950 
WRDA 900 
WREC 600 
WREN 1220 
WRBX 1410 
WRHM 1250 

W RK 1310 
WRNY 1010 
WRR 1280 

WRVÁ 111Ó 
WSAI 1330 
WSAJ 1310 
WSAN 1440 
WSAR 1450 
WSAZ 580 
WSB 740 
WSBC 1210 
WSBT 10 
WSFA 1410 
WSGH 1400 
WSA 1400 

WSJC 1310 
WSM 650 
WSMB 1320 
WSMK 1380 
WSPA 1420 
WSPD 

143]0 

WSUI 

WSYR 
1370 

570 
WTAD 1440 

WGM 107Ó TA 
WTAQ 1330 
WTAR 780 
WPOR 780 
WTAW 1120 
WTAX 1210 
WTBO 1420 
WTFI 1450 
WTIC 1060 
WTMJ 620 
WTNT 
WTOC 14260 
WWAE 1200 

WWL 8Ó 
WWNC 570 
WWRL 1500 
WWVA 1160 
KBTM 
KCRC 3 
KCRJ 1310 
KDB 1500 
KDFN 1210 
KDKA 980 
KDLR 1210 
KDYL 1290 
KECA 
KELW 1780 
REX 1180 
KFAB 770 
KFBB 1280 
KFBR 1310 
KFBL 1370 
KFDM 560 
KFDY 550 
KFEL 920 
KFE 
KFGQ 1310 
KFH 
KFHA 1200 
KFI 640 
KFÍO 1230 

KF B 13200 
KFJF 1480 
RFJI 1370 

Ih TM ... 
K. 'P 
K1 
KT. 
K F1T 

KFKL 
KFLV .410 
KFLX 1370 
KFMX 1250 
KFNF 
KFOR 1210 

KFPL 13 Ó 
KFPM 1310 
KFPY 1340 

1230 

KFQW Ì 
KFRC 610 
KFRU 630 
KFDS 600 
KFSG 1120 
KFUL 1290 
KFUM 1270 
KFU 550 
KFUP 1310 

KFVS 12 Ó 
KFWB 950 
KFWF 
KFWI 

l92 
KFWM 930 
KFXD 1420 KFF 920 
KFXJ 1310 
KFXM 1210 
KFXR 1310 
KFXY 1420 

KFYR 150 
KGA 1470 
KGAR 1370 
KGB 1330 
KGBU 
KBGX 13 Ó 
KGBZ 930 

6:GCÌ 150 
KGCR 1210 
KGCU 1200 
KGCX 1310 
KGDA 
KGDE 132000 

KGDM 1100 
K DY 
KGEF 1300 
KGEK 1200 

KG EW 132D00 

KGEZ 1310 
KGFE 1420 
KGFG 1370 
KGFI 1500 
KGFJ 1200 
KGFK 1200 
KGFL 1370 

KGFX 1580 

KGGF 1010 
KGGM 1230 
KGHF 1320 
KGHI 
KGHL 

l91 
KGIQ 1320 
KGIR 1360 
KGIW 1420 
RGIX 1420 
KGIZ 
KGJF 890 
KGKB 1500 
KGKL 1370 

70 
KG KX 140 
KGKY 1500 
KGMB 1320 
KG 1 
RGMP 121Ó 
KGNF 1430 
KGNO 1210 
KGO 790 
KGRS 1410 
KGU 940 
KGW 

1200 
KHJ 
KHQ 59900 0 
KICK 1420 
KID 1320 
KIDO 1250 
KIT 1310 
RIBS 1070 

RJR 970 

1930 

kc 
1290 
1370 
1420 
1390 
1440 
880 

K1.L 560 
KMA 930 
KMBC 950 

C KM 1120 

KMMJ 1740 

KMÓX ld Ó 

QA 17 F 090 
KMTR 570 
KNX 100 
KOA 830 
KO 550 
KOB 1180 
KOCW 1400 
ROH 1370 
KOIL 
KOIN 1940 
KOL 1270 
KOMO 920 
KONC 1370 
KOOS 1370 
KORE 1420 
KOY 1390 
KPCB *650 
KPJM 1500 

KPPC 12Ó 
KPRC 1921 
RPL'S 1420 
KPSN 
KPWF 1490 
KQ V 1380 KW 
KRE 1370 
KREG 1500 

KRLD 1040 
KRMD 1310 
KROW 930 
KRSC 110 
KSAC 580 

K KSCJ 1330 
KSD 550 
KSEI 900 

KSMR 11200 
KSO 1380 
KRSOO 

TP 
1110 

KTAB 560 
KTAP 1420 

BTAT 12Ó 
KTBI 1300 
KTBR 1300 
KTBS 1450 
RTHS 1040 
KTLC 
KTM 1780 
KTNT 1170 
KTRH 1120 
KTSA 
KTSL 13 Ó 
KTSM 1310 
KTUE 1420 
KTW 

15000 
KUOA 1390 
KUSD 890 
KUT 1500 
KVEP 1500 
KVI 760 
KVL 1370 
KVOA 1260 
KVOO 1140 
KVOS 
KWCR 130 
EWEA 1210 
KWG 1200 
K J 

1350 
KWKC 1370 
KWKH 850 
KWLC 1270 
KWSC 1220 
KWWG G 1260 

570 

KXO 1 400 t0 
KYA A 1,230 
KYW 10'20 
KFKX I00 

Seek to Improve Music on Short Waves 
The past success of transoceanic short- 

wave broadcasting has encouraged further 
research, with the result that the en- 
gineers that represent the big broadcast- 
ing systems are studying the signal varia- 
tions of overseas transmitters by day and 
night. 

The principal objective is perfection of 

transmission of music, which, unlike the 
voice, requires a much wider range of 
modulation frequency, and hence this re- 
quires methods of controlling the chan- 
nel frequency. 

Among the foreign stations whose sig- 
nal is studied regularly is that of 5SW 
of Chelmsford, England, while W3XAL, 

located at Bound Brook, N. J., transmit- ting on a daily three -hour continuous schedule, is picked up regularly in South Africa, India, Australia, as well as most 
of central and mid -southern Europe, by American engineering representatives, 
and technicians of foreign mroadcasting 
enterprises. 
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I and 2 Watts 
Cartridge Type 

USE 

-> 
METT ALLIZED 
Y 1 V 

RESISTORS 

for your replacement 
work. They are ac- 
curate, dependable 
and guaranteed. 

Jobbers - Dealers 
Service Men 

Send for new descrip- 
tive catalog "W" 
showing new sizes 
and new low prices. Precision Wire Wound 

LYNCH MFG. CO., Inc., 1775 Broadway, N. Y. C. 

Three 0.1 mfd. in One Case 
Three Supertone 

non -inductive fixed 
condensers of 0.1 mfd. 
each, encased in alum- 
inum a n d 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, 15S" 
square by 'k" wide. 
Order Cat. SUP -31, 
list price, $1.00; net 
price, 57c. 

GUARANTY RADIO GOODS CO. 
143 West 45th Street 

New York City -Just E. of B'way 

End Radio Bothers 
D0 YOU KNOW what's wrong when your radio set isn't working right? 

Ten to one, you don't. Twenty to one, you would if you had a copy of 

Hoff's Radio Trouble Finder 
Ever hear of M. M. Hoff, radiotrician, of Philadelphia? He was 

one of the very first "radio bugs" and has been building and 
studying sets ever since. And now, out of his broad experience, 
this man has written a book to tell radio owners how to keep their 
sets working right. 

He tells in plain words and illustrations how a set is made, what 
the parts are called, what are the few usual troubles and how to 
fix them. Then he lists 103 troubles that sometimes happen and 

tells how to detect and fix each one. 
The book is a regular cyclopedia of radio information -only it's in a language anyone 

can understand. Read it five minutes and you'll know more about radio than you ever 
dreamed of. 

It will save you many a repair man. It will save you hours of guessing and fussing 
and fuming. It will help you to keep the tone of your set always sweet and strong. It 
will keep you from losing many programs. And, best of all - 

IT WILL MAKE YOU STOP SWEARING -MUCH TO THE SURPRISE OF YOUR 
FAMILY -because radio repairs are expensive. Why hire them done when you can easily 
learn how to keep your set from needing them? 

All It Costs Is $1 

Send cash with your order and you get also a Dictionary of Radio Terms and the latest 
list of Radio Broadcasting Stations with call letters and the new Federal Radio Commission 
wave lengths. Send your dollar today while the copies last. Six copies for $4.00. 

CHICAGO BARGAIN STORES 
950 McCLURG BUILDING CHICAGO, ILLINOIS 

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

This condenser, each of four sections .00035 
mfd., has aluminum plates that are re- 
movable and adjustable, also a Va" di- 
ameter steel shaft that 1s removable. It is 
sturdy and is suitable for popular four - 
circuit screen grdl tunera. Trimming con- 
densers are built in. The condenser may 
be mounted on its bottom or side. Total 
overall length, including shaft, 
11r,á." Overall width. 4 ". The 
frame is steel Order Cat. $3.95 4 -O @ 

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

(Between 46th and 47th Streets) 

Orders - Inquiries 0, Can be 
!cured 

by pagas °. ,p ^C 
t 

1AI L 

POLK'S /REFERENCE BOOK 
and Mailing List Catalog 
Gives counts and mixes 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. 

' Write for Your FREE Coon 
R. L. POLK & CO., Detroit, Mich. 

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

Producers of Direct atoll Advertlslue 

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. 

"SECONDS" 
TUBES that fall a trifle below 

the most exacting laboratory 
specifications may be obtained at 
prices that seem incredible. They 
are called "seconds" and they are 
"seconds," but they are not "thirds." 
Note the prices. Remit with order. 
Good for 500 hours' use. 
281 85c 210 90c 

250 $1.00 

DIRECT RADIO CO. 
Room 504 

1562 Broadway, N. Y. City 
(Between 48th and 47th Streets) 

MAIL ORDERS FILLED 

RADIO WORLD 
and "RADIO NEWS" 

BOTH FOR IS ? ONE YEAR i. .00 
Tou can obtain the two leading radio technical magazine. 
that cater to experimenters, service men and students, 
the Brat and only national radio weekly and the leading 
monthly, for one year each, at a saving of $1.50. The 
regular moil subv^ription rate for Radio World for one 
year. a new and fascinating copy each week for 52 weeks, 
Is $8.00. Send In 51.00 extra, get "Radio News" also 
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. 

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

7 cents a word -$1.00 minimum -Cash with Order 
"A B C OF TELEVISION" by Yates -A compre- 
hensive book on the subject that is attracting 
attention of radloists and scientists all over the 
world. $3.00, postpaid. Radio World, 145 West 
45th St., N. Y. City. 

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. 

POWER UNIT CONSTRUCTION -The book that 
enables you to wind your transformers, chokes, 
and figure correct size resistors for the voltage 
control, and other valuable information. Price 
.50. Shipped C. O. D.. Ralph B. Davis & Co., 
Prestonsburg, Ky. 

STATION STAMPS 
THREE RADIO STATION STAMPS. NO TWO 
ALIKE, 10e. Chas. A. Phildius, 510 East 120th 
St., New York, N. Y. 

BARGAINS in first -class, highest grade mer- 
chandise. B -B -L phonograph pick -up, theatre 
type, suitable for home with vol. control, $6.57; 
phono -link pick -up with vol. control and adapter, 
$3.50; steel cabinet for HB Compact, $3.00; four - 
gang .00035 mfd. with trimmers built in, $1.95; 
.00025 mfd. Dubilier grid condenser with clips 
18e. P. Cohen, Room 1214, at 143 West 45th 
Street, N. Y. City. 

TUBE "SECONDS" -Good service from tubes that are called "seconds" -but they are good 
"seconds" not bad "thirds." Try UV199 @ 75e; 
250 @ $1.00. Direct Radio Co., 1562 Broadway, 
New York. 

SONG WRITERS- Poems, Melodies. Opportunity. 
Tommie Malie, RW -4215 North Ave., CChicago, 

BEAUTIFUL 15 -JEWEL MOVEMENT GRUEN 
WATCH FREE -This Gruen watch in a Wads- 
worth case is a beautiful piece of work. Send 
$18.00 for a three years' subscription for RADIO 
WORLD, and watch will he sent you free. If 
you are already a subscriber, simply increase your subscription by three years and watch will go 
to yon. Radio World, 145 W. 45th St., N. Y. City. 

www.americanradiohistory.com

www.americanradiohistory.com


RADIO WORLD October 18, 1930 

High-Gain Shielded Coils 
ASHIELDED radio frequency 

transformer for use as on- 
tonne coupler or a Inter - 

stage coupler, for screen grid dr- 
ouits. The coil 1e wound on 
1% -inch diameter bakellte form 
with No. 28 enamel wire, primary 
on the outside, separated from the 
secondary by an Insulating 
wrapper 42 /10,000 -Inch thick. This 
moisture -proof Inhalation Is so 
shaped that It completely Insu 
lates the primary from the sec- 
ondary. preventing short -circuit. 
The coil form is mounted 
on wooden base. which 
base has the removable 
shield bottom fastened to 
it. The drawn alumi- 
num shield fits mugly 
over the wooden base. 
and eolla remain always 
erect and amply spaced 
from the shield wall In all 
directions. The shielded 
coils are suitable for 
baseboard or metal chassis 
mounting. The four leads 
emerge through an in- 
sulated hole in the shield 
bottom. 

The cell comes already mounted on a shellacked wooden base, which is fastened at festers to the shield bottom. Serles A soll Is Illustrated. 

Precisely Matched 
ONE primary lead -out wire from the coil. 

for antenna or plate connection. has a 
braided tinned alloy covering over the insu- 

lation. This alloy braid shields the lead against 
stray pick -up when the braid alone is soldered 
to a ground connection. The outleade are 6 inches 
long and are color identified. The wire terminale 
of the windings themselves. and the outleade, are 
soldered to copper rivets. Each coil comes com- 
pletely Resembled inside the shield, which is 2% 
inches square at bottom (size of shield bottom) 
and 3% inches high. High impedance primaries 
of 40 turns are used. Secondaries have 80 turne 
for .00035 mfd. and 70 turns for .0005 mfd. 

BP-6 Is the soll at 
bottom. 

Junior Model Inductances 
The Serial B coils have the same inductance and the same shields as the series 
A coils, but the primary, instead of being wound over the secondary, with special 
insulation between, is wound adjoining the secondary, on the form, with 34 -inch 
separation, resulting in looser coupling. No wooden time Is provided, al the 
bakelite coil form is longer, and is fastened to the shield bottom piece by means 
of two brackets. No outleads. Wire terminals are not soldered. Order Cat. 
B -SH -3 for .00035 mfd. and Cat. B -SH -5 for .0005 mfd. 

the The external appearance of the shield, with four 8/32 machine strews and nut *. which are supplied with each tell assembly. 

for Gang Tuning 
EXTREME accuracy in winding and !pacing is essential for coile used In gang tuning. These coils are specially suited for gang condenser!, because the inductances of all are identical for the stated size .'undeneer. The coils are matched by a radio frequency oscillator. The color scheme fs as follows: shielded wire outlead is for antenna or plate; red is for ground or B plus. (These options are due to use of the same coil for antenna coupling or interstage coupling.) Blue is for grid and yellow is for grid return. For .00035 mid. the Cat. No. is 

A- 40 -80 -S. For .0005 mfd. the Cat. No. is A- 40 -70 -S. 
Where a band pass filter circuit is used the small coupling coil to unite circuits is 
Cat. BP -8. The connection to illustrated herewith. 

Coils For Six.Circuit Tuner 
Series C coils for use with six tuned circuit., as in Herman Bernard's six- cireult 
tuner. are wound the same au type A shielded coils, but the shields are little 
larger (8 1/18 -Inch diameter, 3% inches high), and there are no shield bottoms. 
as a metal chassis must be used with such highly sensitive r:rlcults. Fasten the 
brackets to the shield and then, from underneath the chalets, tasten the other arm 
of the two brackets to the chassis. Order Cat. C- 6 -CT -5 for 0005 mfd. and Cat. 
C- 0 -CT -5 for .00035 mfd. Five needed for Bernard's circuit. If band pass filter 
coupling coil is desired order Cat. BP -6 extra. 

For a stage of screen grid RF, either for battery 
type tube, 222, or AC, 224, followed by a grid -leak- 
condenser detector, no shielding is needed, and higher 
per -stage amplification is attainable and useful. This 
extra -high per -stage gain, not practical where more 

than one RF stage is used, is easily 
obtained by using dynamic tuners. 
Two assemblies are needed. These 
are furnished with condensers erected 
on a socketed aluminum base. Each 
coil has its tuned winding divided 
into a fixed and a moving segment. The 
moving coil, actuated by the con- 
denser shaft itself, ;acts as a vario- 
meter, which bucks The fixed winding 
at the low wavelengths and aide it at 

the high wavelengths, thus being eel -neutralizing and 
maintaining an even degree of extra -.high amplification 
throughout the broadcast scale. 
Two assemblies are needed. For AC operation (224 
RF and 224 or 227 detector), use Cat. BT -L -AC and 
BT -R -AC. For battery or A eliminator operation 
(222 RF and any tube as detector), use Cat. BT -L -DC 
and BT -R -DC. 

Semen Grld Coil Co., 143 West 45th Street. New York (Just East of Broadway): 

Enclosed please find S (Canadian must be express or P. O. Money Order), for which 
send me prepaid the following: 

A- 40 -80 -B. each $2.25 B -SH -3, each $1.00 
O Matched set, 4 A- 40 -80 -S, $1 matching 10.00 Matched set of four B -8H -3 4.00 
OA -40 -70.8, each 2.25 B-SH -5, each 1.00 

Matched set of four A- 40 -70 -B 10.00 C Matched set of four B -SH -5 4.00 
BT -L -AC and BT -R -AC. assembled, with condenser. link, socket and base, per pair 8.00 
BT -L -DC and BT-11-DC assembled, with condenser, link, socket, base. per pair 6.00 
C- 6 -CT -5, .0005 mfd. shielded coil for six- circuit tuner.. each $2.22 
C- 6 -CT -8, .00035 mfd. shielded coil for six- circuit tuner.. each $2,2$ 
BP -8 .25 
EQ -100, equalizer of 20 -100 mfd. capacity, made by Hammarlund .95 

(Note: All coils come with shields. except BP -6 and BT-L I 

NAME ADDRESS 

CITY STATU 
CI If ordering C.O.D. put cross here. Post office fee will be added to prices quoted. 

BT -L for the antenna stage and Br -R for the detector 
input. BT -L consists of a small primary, with suitable secondary for the .00035 mfd. condenser supplied. BT -B has two effective coils: the tuned combination winding in the RF plate circuit, the inside exed winding in the detector grid circuit. 
The moving roils must be "matched." This i. done 
as follows: Turn the condensers until plates are fully enmeshed, and have the moving coils parallel with the fixed winding. Tune in the highest wavelength station receivable -above 450 meters surely. Now turn the moving coils half way round and returns to bring in the station. The setting that represents the use of lesser capacity of the condenser to bring in that station is the correct one. If gang tuning is used, put a 20 -100 mmfd. equalizing condenser across the secondary in the antenna circuit and adjust the equalizer for a low wavelength (300 meter. or less). 
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HAMMARLUND 
100 MMFD. EQUALIZER 

The most precise and 
rugged equalizing con- 
denser made, with 20 
mmfd. minimum and 
100 mmfd. maximum, 
for equalizing the ca- 
pacity where gang con- 
densers are used that 
are not provided with 
built -in trimmers. 
Turning the screw 
alters the position of 
the moving plate, hence 
the capacity. Cross - 

section reveals special 
threaded brass bushing 
into which screw turns. 
hence you can not strip 
the thread. If you turn 
the screwdriver down 
with accidental excess 
of force the screw 
simply stops. no injury 
results, as this special 
equalizer does not rely 
on the delicate thread 

In bakeiite. The screw receptacle is strong brass. Useful 
in all circuits where trimming capacity of 100 mmfd. 
or less is specified. Maximum capacity stamped on 
the condenser. 

/... .,. 

Order Cat. EQ -100. List Price 60c, Net Price 35e 

GUARANTY RADIO GOODS CO. 
143 West 45th Street 

N. Y. City (Just East of Broadway) 
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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 $1.00 
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 $1M for 8 weeks. Send wrenches. 

Name 

Address 

City State 
Cross here if extending existing subscription 

KEY TUBES D 22 AC Screen Grid $1.43 D 245 AC Power tube $1.10 
226 AC Amplifier.. .68 227 AC dei amp... .85 
222 Batt., S. G... 1.88 D 201A Battery tube .53 
112A Power ... .78 D 171A Power .78 
280 AC Rectifier. 1.00 D 281 AC Rectifier ... 1.95 
199UX or UV.... .78 D 250 AC Power .... 2.95 

5 -DAY MONEY -BACK GUARANTEE 
The KEY RADIO TUBE CO. 

145 West 45th St., 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. 

GRUEN 
Watch FREE. 

15 -Jewel Movement, a Gruen product, 
ut a Wadsworth 20 -year gold -filled 
case, a great Value! Shown actual size. 
Be the proud owner of a Gruen watch, 
product of the finest craftsmanship in 
the industry! It's a smart men's 
watch, of extreme thinness, and its 
tick is barely audible. 
The watch has a silver frosted dial. 
Subscribe for Radio World for three 
years at the regular rate, $6 per year, 
total $18, and we will send you Radio 
World each week for 156 weeks, and 
besides send the beautiful Gruen watch 
FREE! 

RADIO WORLD 
145 West 45th Street 

New York, N. Y. 

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. 

FILL OUT AND MAIL NOW 
SUBSCRIPTION BLANK 

RADIO WORLD 
RADIO WORLD 

Please send me RADIO WORLD 
SUBSCRIPTION RATES: 

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

Add $1.00 a Year for Foreign 
Postage; 50c for Canadian Post- 
age. 
2.7 If this is a renewal, put cross 

in square at left. 

145 West 45th Street, New York City 
for months, for which 

please find enclosed 

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 amplifiers. 
known as the "Series 80." 
The six -tube power amplifier illustrated above is a 
three -stage system, with 227 first and second audio, 
and 250 push -pull output. Two 281 rectifiers 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 posts are test jacks. 
The input or primary of the first transformer has 
an impedance of 500 ohms, for general use, includ- 
ing microphone input. Input impedance of 2,000 or 
4.01)0 ohms can be furnished instead, on request. 
The final output has an impedance of 15 ohms, for 
dynamic speaker voice coils, but 500 -ohm impedance 
for line transformers and 9,000 -ohm impedance for 
magnetic speakers can be furnished instead, on 
request. 
The three -stage 250 push -pull power amplifier is 
Cat. PA -86 and liste for $195, wired. less tubes. 
Net price, $114.66. 
The three -stage product. with 295 push -pull output, 
has the same general appearance, audio circuit and 
impedance factors at input and output. but five tubes 
instead of six, due to the use of a 280 rectifier. 
This 1s Cat. PA -84. list price, $160, wired, less 
tubes; net price, $94.08. 
The live -tube two -stage amplifier with 250 push -pull 
output, Is Cat. PA -85, list price, $180, wired, less 
tubes; net price, $105.84. 
The four -tube two -stage 245 PP output is Cat. 
PA -83, list price, $145, wired, less tubes; net 
price, $85.26. 
These power amplifiera are highly suitable for 
theatres, auditoriums, clubs, public address and 
home use. They are licensed by RCA and associates. 
Two types of power 
transformers by 

for those -it 11 
who want to build 

011 their own power 
:,,'1 

1 ilIII 
amplifiers are Cat. 
PB - 250 for 250 
output, single or 
push -pull; and Cat. 
PB - 245 for 295 
output, single or 
push -pull. 
Cat. PB -250 fur- 
nishes power for 
two 281s 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 
'i155, besides 21 volts AC for heaters of five tubes. 
Two It chokes are built in. List price, $32.50; 
net, $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 -2a; 
single primary; two separate windings for secondary; 
Cat. 151, list price $12; net, $7.05. 
National Company's Power Amplifier 

A 245 push -pull power amplifier especially suitable 
for powering AC tuners is the new model Pelvetone. 
T?ses one 280, one 227 and two 245. Furnishes 
21/2 volts AC for up to five other tubes, also plate 
voltages for tuner. Two stages of transformer 
coupling with output transformer. Cat. PPPA, list 
price, wired, $97.50. less tubes; net, $57.33. 

[Pelvetone is licensed by RCA and associates.] 

Guaranty Radio 
143 West 45th St., 
Enclosed please find $ 

D Cat. PA -86 @ $114. 
Cat. PA -84 @ 94. 
Cat. PA85 @ 105. 

D Cat. PA -83 @ 85. 
O Cat. PB -250 @ 20. 

Goods Co. 
N. Y. City 

for which ship 
66 O Cat. PB -245 @ $19.11 
0$ O Cat. DL -1 @ 4.70 
84 O Cat. DL -2 @ 4.70 
26 O Cat. 151 OIt 7.05 
58 Cat. PPPA @ 57.33 

Nance 

Address 

lits State 
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Headquarters for Outstanding Books FREE! 
"AUDIO POWER AMPLIFIERS"- Anderson and Bernard 

"Audio Power Amplifiers" L the first and only book on this important 
subject. The authors are: 

J. E. Anderson, M.A former instructor in physics, University of Wieconein, 
former Western Electric engineer, and for the last three years technical editor 
of "Radio World. 

Herman Bernard. LLB., managing editor of "Radio World." 
The book begins with an elementary ezposllton 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. including Ohm's laws and Kirchhoff's laws. The determination 
of resistance values to produce required voltages is carefully expounded. All 
types of power amplifiers are used as examples: AC, DC, battery operated and 
composite. But the book treats of AC power amplifiers most generously. due to 
the superior importance of such power amplifiers commercially. 

CHAPTER I. (page 1) General Principles, analyzes the four types of 
power amplifiers, AC, DC, battery -operated and composite, illustrates them in 
functional blocke and schematic diagrama.- CHAPTER IL (page 20) Circuit 
Laws, expounds and applies Ohm's laws and those known as Kirchhoff'` laws. - 
CHAPTER III. (page 35) Principles of Rectification, expounds the vacuum 
tube, both filament and gaseous types. electrolytic and contact rectifiers, full -wave 
and half -wave rectification, current flow and voltage derivation. Regulation curvee 

for the 280 tube are given. -CHAPTER IV. (page 62) Practical Voltage Adjust - 
ments, gives the experimental use of the theoretical knowledge previously imparted. 

Determination of resistance values is carefully revealed.- CHAPTER V. (page 72) 
Methods of Obtaining Grid Bias.- CHAPTER VI. (page 90) Principles of Push -Pull 

Amplifier. -CHAPTER VII. (page 98) Oscillation in Audio Amplifiers, motorboating 
and oscillation at higher audio frequencies.-CHAPTER VIII. (page 118) Characteristic 

of Tubes, tells how to run curves on tubes, how to build and how to use a vacuum tube voltmeter, discusses hum In tubes with AC on the filament or heaters and presents families 
of curves, plate voltage -plate current, for 240, 220, 201A. 112A, 171A, 227 and 245, with load linee. Also, plate voltage -plate current characteristics of 220, 200A, 201A, 112A, 171A. 

222, 240, 226, 227, 224. 245, 210. 250, full data on everything. There is a composite table (II) of characterfstlea of Rectifier and Voltage Regulator Tubes, and individual tables, giving grid voltage, plate current characteristics over full useful voltage ranges for the 220, 201A, 112A. 
171A, 222, 240, 227, 245 and 224.- CHAPTER IX. (page 151) Reproduction of Recordings, states 
coupling methods and shows circuits for best connections. -CHAPTER X. (page 161) Power Detection. - CHAPTER XI. (page 121) Practical Power Amplifier, give AC circuits and shows the design of a sound reproduction system for theatres. A page is devoted to power amplifier symbols. - 

CHAPTER XII. (page 183) Measurements and Testing, discloses methods of qualitative and quantitative analysis of power amplifier performance. Order Cat. APAM. 

"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 1s non -mathematical. The origin of the broadcast wave, its radiation, reception, amplification and rectification are set forth in clear language. Side bands are explained simply. The types of receiving circuits are Illustrated, described and contrasted. A chapter is devoted to loudspeakers, explaining the different kinds and the principles of their operation. Performance is compared. 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 illustrated. Published May, 1930. Order Cat. FOR. 

44THE SUPERHETERODYNE" Thie is a new volume by Anderson and Bernard 
dealing with the principles and practice of the Super- heterodyne method of receiving. It explains the function of the oscillator, the modulator, the pre -modulator selector, and the intermediate frequency amplifier. It explains the cause of repeat pointe 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 various forme of oscillators and telle 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 interference Is discussed in detail and methods given by which it may be reduced. 
A special method of ganging the oscillator to the radio frequency condensers is explained. method which 

allows either the high or the low oscillator setting to be selected by means of a 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 expound the principles of the Superheterodyne, the practical phase has not been neglected. Detailed descriptions of AC and DC superheterodynes, designed in conformity with best practice and mood applications of the principles, have been included in the book. These descriptions are well illustrated. Order Cat. ABSH. 

115 LATEST COMMERCIAL SET DIAGRAMS -Rider 
Schematic diagrams of 115 latest commercial receivers, including screen grid, collated by John F. Rider, into Supplement No. 1, each diagram on separate sheet 834x11 inches. Needed by every service man. "Trouble Shooter's Manual," by Rider. contains 200 diagrams, but the present 115 are additional and up to date. No duplication. Audiola 30B and 7330; Balkite F; Crosby 41A, 42 A.C., 609. 600 A.C.. 20, 21, 22. 315, 305, 338, 804 A.C., 405, 418, 428, 828, 605. 618. 628. Sonora 7P, A30, A32, BM, ASS, A40, A44; Kennedy 80, 10, 20; Stewart -Warner 900 A-C., 950 battery, 1150 A.C., 950 D.C., Model B; Radiola 44, 47. 66; Majestic 90, 9P6 power unit, 9P3 power unit; Stromberg- Carlson 641, 642. 846; Edison Rl, R2, C2 (50 and 25 cycles), R5 and C4, Cl; American Bosch 54 D.C.; Victor R32 and RE45; Grebe 8K4 A.C. (early model), 8K4 A.C. (late model), 8114 D.C., 428; Traveler A.C. 

power pack; Eris 224 A.C. screen grid; Silver -Marshall 30B, 30C, SOD, 30E; Eveready 1, 2 and 8, Series 30. Series 40, Series 50; Steinite 40, 50 and 102, 50 power unit; All American Mohawk 96 (60 cycle), 90 (25 cycle), 90 (60 cycle). 70, 73 and 75; Gulbraneon Model C (early model). Model C (late model); Bremer -Tully 7 -70 and 7 -71. 81. 82; Earl 21, 22, 31, 32. 41, 42; Phileo 65. 76, 87, 95 screen grid; Peerless Electroetatio series, screen grid; Fada 
20, 20Z, 22 battery, 25, 252, 25, 25Z, M250, M250Z, Electric units, 35, 35Z, 75, 77; Brunswick 5 NCB Radio Chassis Schematic, NCR Audio Chassis Schematic, NC8 and 3 NCR. Audio Chassis Schematic, 5 NCB cabinet wiring, 3 NC8 Radio Chaseis Schematic, 3 NCO cabinet wiring, 814, S21, 831, 881, 582 screen grid Radio Chassis Schematic, 814, 821, 831, S81, 882 screen grid Radio Chassis Actual, 814, 821, S81, 882 Audio Chassis Schematic (25 cycle), 814, 821. 881, 582 Audio Chassis Schemata, (80 cycle), 814, 821, 581, 582 Audio Chassis Actual (25 cycle), 814, 521, 581, 882 Audio Chassis Actual (60 cycle), S3í, Audio Chassis Schematic (60 cycle) 531, Audio Chassis Actual (60 cycle), 3 KRS cabinet wiring, 3 RES Radio Chassis, 3 RES Audio Chants Schematic, 3 RES Audio Chassis Actual, 5 NO Radio Chassis Schematic, 5 NO Socket Power Schematic, 5 NO Socket Power Actual, 3 REO and 3 REO Radio Chassis. 3 REO and 3 KRB Socket Power, SKR. 5KRO, SKRO Socket Power, 5Kß, 5KRO, SKRO, 2KRO, 5KR6 Socket Power, SKR, 5KRO, 2KRO, 5Kß6 Radio Chassis; Amrad Bel -Canto aeries; Spartan 89, 89A, 49, ensemble, 931, 301 

Shooter's Manual" 
PP Ns. I. 

The first comprehensive volume devoted exclusively to the topic uppermost in every service man's mind is "Trouble Shooter's Manual," by John F. Rider. It is not only a treatise for service men, telling them how to overcome their most serious problems, and fully diagramming the solutions, but it is a course In how to become a service man. It gives all the details of servicing as they have never been given before. Finding the right mode of attack, applying the remedy promptly and obtaining the actual factory -drawn diagrams of receivers always have been a big load on the service man's chest. But no more. 

Radio World, 145 West 45th Street, New York, N. Y. (just East of Broadway -Phone BRYant 0558.) 
Enclosed please find á for which please enter my subscription for RADIO WORLD for specified 

period and send free (postpaid) the one premium hook 
designated by my cross in square. 
FOR 32.00 for 16 weeks (16 Issues) TTU 
ABSH $3.00 for 6 months (26 Issues) Supp. No. 1 

OMOB 
á4.00 for 34 week>WPBCusai 

MWT 
á5.00 for 42 weeks (4422 lanai) MR 

APAM p TEL 

O RPM 
MAN 

DRA 

$6.00 for I year (52 Issues) 
TSM M-ELEM 

O REX u PER 
$7.00 for 60 weeks (60 Issues) 

010.00 for 86 weeks (86 issues) 
$12 for 2 years (104 Issues) 

RTT rj M -PRIN 

Name 

Address 

City State 
If extending existing subscription put cross here 

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

MORE THAN 100 WIRING DIAGRAMS OF RE- 
CEIVERS MADE BY MORE THAN FORTY DIF- 
FERENT SET MANUFACTURERS ARE PUBLISHED 
IN TITIS BOOK. INCLUDING OLD MODELS AND 
LATEST MODELS) RCA, ATWATER KBNT, CROS- 
LEY. MAJESTIC, ZENITH. STROITBERG CARLSON. 
HOLSTER, FEDERAL FADA, ETC. 240 pages, sire 
4% x 11 "; 200 illustrations. Imitation leather cover. 
Order Cat. TOM. 

{`Mathematics of Radio" 
"Mathematics of Radio," by Rider, 128 pages, 8% x 

11 ". 119 illustrations, bridgea 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. MO R. 

"Treatise on Testing Units" 
"Treatise on Testing Unite for Service Men," by 

Rider, Is a 43 -page, illustrated book on testing units 
and circuits. Tells what equipment a service man should 
have and how to use it most effectively and quickly. Order Cat. TTU. 

"Radio Manual " -Sterling 
The new edition of 

"The Radio Manual" 
answers questions 
about the principles, 
methods, or apparatus 
of radio tranamittiag 
and receiving. A 
complete course in 
radio operation in 
single volume. 

20 big chapters 
covet: Elementary Aft 

and ag- 
netism - Moera and 
Generators; Storage 
Batteries and Charg- 
ing Circuits; The 
Vacuum Tubé; Cir- 
cuits Employed in 
Vacuum Tube Trans- 
mitters; Modulating 
Systems and 100% 
Modulation; Wan - 
meters; Plexo- Electric 

Oscillators; Wave Traps; Ma- 
rine Vacuum Tube Transmit- 
ters; Radio Broadcasting 
Equipment; Are Transmitters; 
Spark Transmitters; Commer- 
cial Radio Receivers; Marconi 

and Direction Finders; Aircraft 
;Radiodi 

Eq ipmaot; Practical Television and Radiomovies; Eliminating Radio Interference; Radio Laws and Regulations; Handling and Abstracting Trafic. 
The author, G. E. Sterling, is Radio Inspector and Examining Officer, Radio Divleion, U. S. Dept. of Commerce. Edited by Robert S. Kruse, Nearly 909 Meg, 369 illustrations ; flexible fabrikoid cover. Order Cat. MAN. 

"Principles"-Morecroft 
The outstanding book by Prof. John H. 

Morecroft is "Principles of Radio Communi- 
cation," of which the new second edition is 

anow ready. Prof. Morecroft, of the Electrical 
Engineering Department of Columbia Uni- versity and past president of the Institute of 
Radio Engineers, is a noted authority. Set builders, experimenters, distributors, dealers, 
salesmen and teachers, students and operators, 
all find 'Morecroft their standby, and now the new second edition awaits you. 1,001 pages 
and 831 illustrations in this cloth -bound vol- 
ume. Order Cat. M-PRIN. 

"Elements"-Morecroft 
A good book for beginners is Prof. More - 

croft's "Elements of Radio Communication," 
to inform you authoritatively on the technical 
phases of radio in plain language, provided 
you have some foundation knowledge of radio. 
The book is a complete course on the elements 
of radio, containing much material never be- 
fore published. It has 226 pages, 170 illus- 
trations and a complete index. Qoth bound. 
Order Cat. M -ELEM. 

"Tubes"-Moyer & Wostrel 
The need for an up-to-date book on radio tubes that 

answers all the Important questions has been filled by 
James A. Moyer, Director of University Extension, 
Massachusetts Department of Education, and John F. Wostrel, instructor in radie engineering, Division of University Extension, Massachusetts Department of Education. This book is a complete discussion of tube 
principles, functions and uses. The essential princi 'os underlying the operation of vacuum tubes ar, ed in as non -technical a manner as is conflate.. d 
accuracy. The book covers the construction, action.' re- activation 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. 
Si WT. 

By the same authors: 
"Practical Radio." including the testing of n receiving sets. 378 pages, 223 illustrations, Ci., bound. Order Cat. MWPR. 
"Practical Radio Construction and Repairing," 819 pages, a companion volume, new second edition. Order Cat. MWPRC. 

OTHER BOOKS 
"ABC of 

tells the whole story and gives dattanon 
Francis Yates. 

f 
a television receiver. 210 pages, 100 illustrations. Cloth bound. Order Cat TEL. 

weighs 3% lEbnt 920 pages, 1 025 
edition, 

Order Cat. DRA. 

Prof.. 
"Experimental 

Indiana IUniversit , 
Ramsey, 

es K168 illustrations, Cloth cover. Order Cat. REX. a 
"Fundamentals of Radio," by Ramsey. 871 pages, 402 Illustrations. Order Cat. RFM. 
"Principles of Radio," by Keith Bonney. M.A., former director, laboratory, Radio Broadcast 477 pages, 305 illustrations. Order Cat. PR K. 
"Radio Telegraphy and Telephony," by Rudolph L. Duncan and Charles E. Drew, of Radio Institute of America. Order Cat. RIT. 
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