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navEca AM ATEUR 
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, 63 Cortlandt 
RdiDSL, leN. 

Y., N. Y. 
s 9 

HALLICRAFTER 
s eliami2iars 

MODEL 
S 2 0 R 

Has all the essential 
controls for good ama- 
teur reception. 9 tubes, 
4 bands, tunes from 
545 kc. to 44 mc. Automatic noise 
limiter. AVC switch. 
Standby switch. Inertia 
bandspread tuning. 
Separate electrical 
bandspread. Beat fre- 
quency oscillator. Bat- 
tery- Vibrapack, DC 
operation socket, 

$54" 
HALLICRAFTER Model SX23 

8 bandswitch posi- 

tions 

Six step selectivity 

Completely shielded 

Improved crystal 
circuit 

$745o 

LARGEST 
STOCK 

WORLD'S 
of Recorders 

and 
Accessories 

recorders. World's 
largest 

recor 
Presto and Federal and prices, 

stock Write for literature 

ed Receiver Values! 
SlightlY Is X295.00 

Hallicrafter Dual Diversity 59 50 

Hallicrafter S1(24 , 
g 4.00 

Hallicrafter 
S 44.00 

Hallicr 
X25 

fter S20R 22.50 
Hallicra 
Hallicrafter 

S19R. ' ' ' 

New Howard 445 Receivers 

4 Bands. 6 Tubes. 

A.C. D.C. 
lete. 

Volts. 829.95 Comp 

105-240 

HALLICRAFTER MODEL 

slay InaueIen 
The Sky Traveler -Take it with you or use it at home. 
A Hallicrafters designed to communications toter - 
ances-Frequency_coverage from 550 kc. to 30.6 mc. 
(545 to 9.8 meters) on four bands. Self- contained 
antenna with high gain coup- 
ling circuit provides truly re- 
markable reception through- 
out its tuning range. 9 tubes. 
Operates on either 110 volt 
AC or DC or from its self - 
contained batteries. 18 lbs. 
Price 

$69" 

R.C.A, 111 -16 Tube Crystal 2 Preselect r stages -Variable Selectivity Formerly $189.50. 
Special Rack Models .. 

Sargent WAC 44 2 Pre -selector stages All Continents" All Circuits tuned from Panel Regular $139.50. 
Special 

HALLICRAFTER 

MODEL SX -28 Suize4 slut Ricien $17950 

The new 1942 Super Skyrider Model SX -28 sets a new 
high in quality performance. 15 tubes, two stages pre- 
selection, calibrated bandspread inertia controlled, mi- 
crometer scale tuning inertia controlled, Tone and AC 
on -off, beat frequency oscillator, AF gain, RF gain, crystal 
phasing, adjustable noise limiter, send -receive switch, 
AVC -13F0 switch, bass boost switch, phono jack, 80/40/- 
20/10 meter amateur bands calibrated, band pass audio 
filter, push -pull high fidelity audio output, 6 -step wide 
range variable selectivity. ÿ179.50. 

AMATEUR DIVISION 
63 CORTLANDT STREET 

NEW YORK, N. Y. 
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J. E. SMITH 
President 

National Radio 
Institute 

Established 
27 Years 

WILL RAIN YOU 0 S ART 
A SPARE TIME OR FULL TIME 

RADIO SERVICE BUSINESS 

WITHOUT CAPITAL 

YOU Build These and 

Other Radio Circuits 
with Standard Radio Parts 
I Send You With My Course 
I send you SIX BIG KITS of Standard Radio Parte as 
Wart of my Course. With them you conduct SIXTY rete 
of experiments. build, test and align Radio circuits, and 
get the experience needed to 
make extra moue)" while 
learning. 

I 

These Alen Have 

SPARE TIME BUSINESSES 
many Radio sets NV hell 

oI repaired I really don't nee 
a 

can give ive s in 
how You f money. I made $600 

small amount 
half, and I have made an av- 

e time: JOHN 
year and a 

Colo. a 
orage of $10 -just spare 

JERRY, 1729 Penn St.. 
time 

Radio Service work h 
my net d I 

only, operating 
from my 

was able to start 
month. the after enrolling 

about Radios 3 mon ro No. 
servicing ,_WM J. CHE8MAK' 
with 287, Hopkins, Minn. 

Super- 
Heterodyne 
Receiver 
with p selector, oscillator- 
mixer-first detector, intermedi- 
ate frequency stage. diode de- 
tector a.v.c otage and audio otage. 
which you build from parts I send you 
in my SIX Big Kits. 

Measuring Instrument 
you build early in the Coursa This 
instrument. known a the N. R. I. 

ester. is m tube voltmeter 
and m ltimeicr 

vacuum 
a sensitivity 

better than 20.000 ohms-per-volt. 
You will be able to make the follow - 
ing measurements: oc. volts up to 
5.a0 in 4 ranges; d.c. volta up to 450 
in 4 ranges; d.c. currents yune to 45 ma. 
is anses resistance hues usure 
105 meg. in 4 rangea: output measure- 
ments of receivers in 4 ranges.os 

F. M. Signal Generator 
really miniature frequency -modulated 
tronsmitter ith it you study frequency 
modulation, the newest method of Radio 
communication. 

A. M. Signal Generator 
The uit is exactly like the signal gen- 
erator the serviceman uses. It provides an 
amplitude-modulated Radio signal for ex- 
perimental purposes. 

$600 BEFORE GRADUATING, KITS HELPED 
"From your Experimental 'Units I learned 
how electricity worked, how to connect the 
three stages of a Radio together, also the 
practical basis for the operation of different 
parts of a set. I made about $600 or $700 , 

before I graduated." S. G. PIERSON, Box 
71, Dry Creek, W. Va. 

rhese"ed 

There Ate& 

TIME 

Men 

FULL 
HAe 
BUSINESSES 

"I am doing spare time Radio word 
am averaging around $500 a year. 

Those extra dollars mean so much -the 

difference between just barely getting by 

and living comfortably "^JOHN 
WASH - 

KO, 97 New Cranberry, Masleton, Penna. 

foror 
several 

years I have been j Business making around 
OOrr 

business has steadil 
o nd $2 

R. L to Y in crease a 
month 

Texas Ave., 
LIE 

a Jlc 
FROEHNE start 

'e this 
for tny 

Noggst Goose Creek, Texas, 300 µr I Went 
after into business for myself enrolling. 

In my Radio 6 months d° about month. do 
about 

$300 worth repair shop 
Course can't tell you how business 
Box has been to n1e. w valuable your 1168, Gladewater, J. Texas, EATEN, 

I,.I am 
all expenses e 

as after the paid, week 
can take 

Gay SR. Knoxville, IW. SPANGLE 
R, 

of, S. Ile, Tenn. R' 126s/2 S. 

The men above are just a few of many I have trained 
a 
t home in spare time to be Radio Tech- nicians. Today they are operating their own success- ful spare time or full time Radio businesses. Hun- dreds more of my m e holding good jobs in 

Practically every branch of Radio, as Radio Tech- nicians Operators. Aren't these men PROOF that 
my 50 -50 method of training gives you, in your spare time at home, BOTH a thorough knowledge of Radio 
pnciples 

and the practical experience you need to help you make more money in the fast -growing Ra- dio industry? 
Train This Practical N. R. I. Way 

"Learn It, Do It, Prove It" 
sly Course is NOT just "book- work" training! No in- deed! You get practical experience with Radio parts 

d test equipment almost from the 
s 
tart. First, you LEARN the fundamental facts about Radio parts and circuits by reading my Lesson Texts, prepared espe- cially for home study training. Next, you DO what you have learned, by working with these parts and circuits. Doing with your own bonds and seeing with your eyes makes you learn. Finally, you PROVE 

you 
you learn byt k- ing measurements with your test equipment before and after you change your Radio circuits or adjust your Radio parts. 

You Get SIX Large Kits of 
Standard Radio Parts 

In all, I send you Six Large Practical Kits which contain more than 100 standard Radio parts, includ- ing tubes condensers, resistors, punched chassis 
bases, meter, a soldering iron, hook -up wire, hardware and a host of other Radio parts. With all these, you perform 60 different sets of ex- periments -you make hundreds of tests and measure- ments and secure a wealth of practical experience. You build the N. R. I. Tester (see column at left), and learn how to use it to measure voltage, current, and resistance. You build dozens of different Radio receiver and transmitter circuits one after another, and secure practical experience With each. You learn how to recognize, locate and repair troubles in Radio circuits. 
Beginners Quickly Learn to Earn $S, $10 

A Week Extra in Spare Time 
I show you, too, how to get practical servicing ex- perience 
in their 

at 
neighborhood only 

Many begin 
few mronths afteeal 

Radio 

rolling. Furthermore, right from the start I begin 
sending you Practical Job Sheets -over three dozen in all -which give plans and directions for doing - 

is eingly more profitable Radio sing jobs. This 
why so any of my students start building their 

own pare time Radio businesses while still learn- 
ing. nd make $5 to $10 a week extra. 

It's Smart to Train for Radio Now - 
for Good Jobs Like These 

Radio is one of the country's busiest industries. The 
882 U. S. broadcasting stations employ Radio Tech- nician. with average pay among the country's best 
paid industries. Radio facturera e ogetting al- 
lions of dollars worth of Government orders. The 
Radio repair business is booming due to shortage of 

sets. Repairing. servicing, selling, home and new 
uto Radio sis (there are 57,400,000 in use) gives 

good jobs to thousands; offers many opportunities for 
Radio Technicians to open their own Radio businesses 
without capital -on spare time e a i os. The U. S. 
Government needs Operators and Technicians for 
civilian Radio Jobs. Aviation, Police, Marine, Com- 
mercial Radio and Loud- Speaker Systems offer good- 
Pay jobs for trained men. Television promises good 
future opportunities. My Course an lead you to a 
good job in any of these profitable fields. 

,e Extra Pay in Army, Navy, Too 
tjg *J, Men likely. to 'no into military service- 
C . soldiers, `lors, mannes-should ail the 

Coupon Now! Learning Radio helps en 

geti ex ra rank. extra prestige, more inter - 

bas nay! 

inter- 
esting 

prepares foryg000d Radio 
times 

sbs after service ends. 
IT'S SMART TO TRAIN FOR RADIO NOW! 

MAIL THE COUPON NOW -for a Sample Lesson and 
64 -page book FREE. Get the details of how I can giv 
hainepinCyour sparer time. Find 

Radio 
about ee yrCourse. in 

óree than 100 men 
Radio 

trai ed. 
out 

you can 
lnttsee what 

they a doing and earning. MAIL THE COUPON in 
envelope, or paste it a penny postcard. an 

J. E. SMITH, President 
Dept. 2DR 

National Radio Institute 
Washington, D. C. 

FREE LESSON 
Get my Sample Lesson, "Radio Receiver 
Troubles -Their Cause and Remedy," now. 
See how completely this ONE TEXT 
covers a long list of troubles in all types 
of receivers. A special section is devoted 
to receiver check -up, alignment, balancing, 
neutralizing, testing. See for yourself how 
complete, how practical, my Lesson Texts 
are. MAIL THE COUPON. 

April. 1912 

J. E. SMITH, President, Dept. 2DR 

National Radio Institute, Washington, D. C. 
Without obligating me, mail your Sample Lesson and 64 -page 
book FREE. I am particularly interested in the branch of 
Radio checked below. (No salesman will call. Write plainly.) 

Radio Service Business of My Own Aviation Radio 
Service Technician for Radio Stores El Operating Broadcasting Stations 
and Factories f7 Army, Navy Radio Jobs 

O Spare Time Radio Servicing Operating Police Radio Stations 
Auto Radio Technician f7 Operating Ship and Harbor Radio 

(If you have not decided which branch you prefer -mail coupon for facts 
help you decide.) 

f m." 
rnr 1 ,''t, 

Name 

IAddress 
I City Ltiere!M--- --oMe o ®o 

E 

1 
o 

1 

Age 1 

1 

1 

State 14X -1 11 

m s o o m o 0 0 0 0 0 0 
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by THE EDITOR 

What of FM and Television? 
WE stated recently that Television 

was shelved "for the duration" 
as far as the public was concerned. 
The recent order to the radio manu- 
facturers to "go military" has left the 
country with a limited number of 
video sets. Most of these are in the 
hands of John Q. Public. There is a 
demand for receivers to be used in giv- 
ing instructions to official air raid war- 
dens. This applies in particular to 
large metropolitan areas like New 
York City or Chicago. It might be a 
good idea for the authorities to pur- 
chase these sets and to turn them over 
to those who would gain the greatest 
amount of value from their use. We 
feel that the owners would cooperate 
with the authorities by giving up those 
sets which would be placed into proper 
hands "for the duration." 

There has been much ballyhoo about 
FM radio entertainment in recent 
weeks. We cannot agree that this is 
the proper time to stress the "fidelity" 
angle. It would be far better to face 
the facts and stress the importance of 
FM in defense and offense! For ex- 
ample -many areas which are served 
by conventional AM transmissions are 
in real need for FM transmitters and 
receivers in order that the dead spots 
will not interfere with the reception 
of important messages in times of 
emergencies. 

Now that production will cease on 
the manufacture of FM as well as 
AM sets we should take steps to place 
the advantages of FM where it can be 
of greatest service to our war efforts. 

The listener won't be able to pur- 
chase FM receivers for long -but the 
military will! 'Null said! 

It seems to us that manufacturers 
who have been in key positions in the 
radio industry should be allowed to 
complete receivers and other equip- 
ment for which parts are already fab- 
ricated and on hand. Parts left on the 
shelf cannot help our efforts to meet 
the huge demand for radio units that 
are vitally needed at this time. 

Feature Material 
THE present emergency has resulted 

in a considerable increase of out- 
standing technical articles coming into 
this office. Several of them appear in 
this issue. One of the least under- 
stood subjects in everyday radio is the 
Phase- Inverter, especially when used 

(Continued on page 48) 
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-BUY DIRECT FROM THE MANUFACTURER AND SAVE - 
The Following Well Known Names, in Addition to Thousands of Servicemen and Technicians, Are 
Listed Among Superior Instrument Purchasers. 

Pacific Coast Borax Co. 
Chris -Craft Corp. 
Chrysler Corp. 
Kelvinator -Nash Corp. 
U. S. Rubber Co. 
Beech Aircraft 
International Harvester Co. 
((raft Cheese Co. 
Republic Steel Corp. 
Standard Oil Co. 
Schlitz Brewing Co. 
Sun Shipbldg. & Drydock Co. 
Sturgeon Bay Shipbldg. & Drydock 
Youngstown Sheet & Tube 
Universal Atlas Cement Co. 
American Steel & Wire Co. 

Johns -Manville Corp. 
Int'I Business Mach. Corp. 
Burgess Battery Co. 
Bigelow- Sanford Carpet Co. 
Bethlehem Steel Corp. 
American Sugar Refining Co. 
Alpha Portland Cement Co. 
American Viscose Corp. 
Aluminum Co. of America 
A. C. Spark Plug Div. 
Aluminum Industries Co. 
E. I. du Pont De Nemours Co. 
The Glenn L.Martin Co. 
Philip Morris & Co., Ltd. 
Parker Pen Co. 

American Radiator & Standard Sanitary Corp. 
American Manganese Steel Div. 
Evinrude Motors 
Ethyl Gasoline Corp. 
Firestone Rubber & Metal Prod. 
Gotham Silk Hosiery Co. 
General Electric Co. 
Hygrade Sylvania Corp. 
Celanese Corp. of America 
Champion. Spark Plug Co. 
Crosley Corp. 
Continental Can Co. 
College Inn Food Products Co. 
Cities Service Oil Co. 
Columbia Broadcasting System 
Curtiss -Wright Corp. 

The New 
Model 1220 

POCKET 

LABORATORY 
* WEIGHS ONLY 
28 OUNCES!! * USES a 2% AC- 
CURATE 0.200 MI- 
CROAMMETER-EN- 
ABLING MEASURE- 
MENTS AT 

5000 OHMS 

PER VOLT 

SPECIFICATIONS 
* 6 D.C. Voltage Ranges: 0.3- 10 -50. 250 -500.5,000 volts. * 3 A.C. Voltage Ranges: 0.15.150.1500 volts. * 4 Resistance Ranges: 0 -3000 ohms, with 15 ohm center, direct reading to 0.2 ohm; 

foregoing base range multiplied by 10, by 100 and by 1,000, to read up to 3 Meg. 
with self -contained 3 V. flashlight battery. * D.C. Current Ranges: 0 -200 microamperes; 0.2.20.200 Milliamperes, using wir- 
wound shunts. * 3 Output Meter Ranges: Same as A.C. Voltage Ranges. * 3 Decibel Ranges: From -2 to x-58 D.B., based on .006 watt in 500 ohms. 

Model 1220 comes complete with cover, self -contained $ 1 50 
battery, test leads and instructions. ONLY 

NEW CHANNEL - ANALYZER 
FOLLOWS 

THE 

SIGNAL 
FROM 

ANTENNA 
TO SPEAKER 
OF ANY SET 
The well - estab- 
lished and au- 
thentic SIGNAL 
T R A C I N G 
METHOD of lo- 
cating the very 
circuit in which 
there is trouble, 
and the very cont- 
ponentthatcauses 
t h e trouble, is 
now for the first 
time available at 
a price any radio 
serviceman c a n 
afford. 

THE CHANNEL -ANALYZER WILL 
* Follow the signal from antenna to speaker through all stages of any receiver 

ever made. * Instantly track down exact cause of intermittent operation. * Measure both Automatic -Volume -Control and Automatic - Frequency -Control, volt- 
ages and circuits without appreciably loading the circuit, using built -in highly 
sensitive Vacuum -Tube Voltmeter. * Check exact gain of every individual stage in receiver. * Track down and locate cause of distortion in R.F., I.F., and A.F. amplifier. * Check exact operating voltage of each tube, * Locate leaky condensers and all high -resistance shorts, also show opens. * Measure exact frequencies, amount of drift and comparative output of oscillators 
in superhets. * Track down exact cause of noise. 

The Superior Channel-Analyzer comes housed in shielded cabinet / 
and features n attractive etched aluminum panel. Supplied 1Y com- 
plete with tubes. three specially engineered shielded put cables, 
each identifietl 

s 
to its purpose. Also full operating instruc- tions. Sire 13" x 10" x 6 ". Shipping weight 19 pounds. Only. 

175 

The New 
Model 1240 

TUBE 
TESTER 

Instantaneous 
snap switches 

reduce actual test- 
ing time to abso- 

lute minimum. 
Tests all tubes 

1.4 to 117 volts. 

Sockets for all 
tubes - 

No adapters. 
SPECIFICATE NS: * Tests all tubes, 1.4 

to 117 volts, in- 
cluding 4, 5, 6, 7, 
7L, octals, loctals, 
Bantam, Jr., Pea- 
nut, single ended, 
floating filament, 
Mercury V a p o r 
Rectifiers, the new 
S series, in fact 
every tube de- 
signed to date. * Spare socket included on front 
panel for any future tubes. * Tests by the well -established 
emission method for tube qual- 
ity, directly read on the GOOD 7 BAD scale of the meter. * Jewel protected neon. * Tests shorts and leakages up to 2 megohms in all tubes. * Tests leakages and shorts in all elements AGAINST all elements in all tubes. * Tests BOTH plates in rectifiers. * Tests individual sections such as diodes, triodes, pentodes, etc., in multi- purpose 
tubes. * Latest type voltage regulator. * Features an attractive etched aluminum panel. * Works on 90 to 125 volts 60 cycles A.C. 

Model 1240 comes complete with instructions and tabular 
data for every known type of receiving tube. Shipping $ 
weight 12 pounds. Size 6" x 7 %" x 103/4 ". w 
Our Net Price 

M tR uì3YÎ.ltin( nf ti 'ttá 

COMPLETE WITH PORTABLE COVER 

485 
MODEL SIGNAL GENERATOR 

WITH FIVE 

STEPS OF 

SINE -WAVE 

AUDIO 

SPECIFICATIONS: 
I. Combination R.F. 
and A.F. S i g n a l 
Generator, R.F. -100 
K.C. to 90 Megacy 
cles, A.F. - 200 to 
7500 cycles; S i n e- 
Wave, -WITH OUT- 
PUT OF O V E R I 

V O L T. All direct 
reading, all by front 
panel switch manipu- 
lation. 
2. R. F. and A.F.out- 
put independently ob- 
tainable, alone or 
with A.F. (any fre- 
suency) modulating 
R.F. 

3. Latest design full -range attenuator used for controlling either the pure or mods 
lated R.F, 
4. Accuracy is within I %p on I.F. and broadcast bands: 2% on higher frequencies. 
5. Giant dial etched directly on front panel, using a new mechanically perfected 
drive for perfect vernier control. 
6. Operates on 90 to 130 V. A.C. or D.C. (any frequency). 

The Model 1230 comes complete with tubes, shielded 

485 cables, molded carrying handle and instructions. Size 
14" x 6" x 11 ". Shipping weight 15 pounds. Only 

SUPERIOR I N S T R U IVI E N T S CO. 227 
New York,,N ÿ. RN4 
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r 1HE "Smoke- jumper," that ven- 
turesome individual who Para- 

- - chutes to the scene of a raging 
forest fire, has added a new item to his 
list of fire -fighting equipment -a tiny 
"hip- pocket" radio which keeps him in 
touch with the plane pilot and with 
his headquarters when he reaches the 
ground. 

The small type radiophone devel- 
oped by the Department of Agricul- 
ture Forest Service weighs less than 
six pounds with dry batteries and all 
accessories, and is not quite as large 
as a loaf of sandwich bread. It meas- 
ures 2 by 41/2 by 12 inches, and oper- 
ates on ultra -high frequencies between 
30,000 and 40,000 kilocycles, having a 
two -way communication range cover- 
ing an optical distance which, with 
sufficient elevation, may be as much 
as a hundred miles. 

The transmitting portion of the 

6 

Three smoke jumpers drift to earth 
carrying full emergency equipment. 

Our vast forests are protected from major fires 
caused either by accident or by enemy saboteurs. 

tiny radiophone is crystal -controlled, 
a system of maintaining accurate 
transmitting frequency heretofore 
used only in permanently located sta- 
tions or in relatively bulky portable 
or mobile units. 

The work of developing new and im- 
proved radio communication methods 
in fighting forest fires has received in- 
creased impetus since the advent of 
the war. Men responsible for our 
valuable forests realize too well that 
such forests make a target both long 
and wide, which could be completely 
destroyed by a few fast enemy fighting 
planes, flying high. The eighteen na- 
tional forests of California alone cover 
more than 19,000,000 acres. It would 
be hard to miss such a target, and no 
fleet of large bombing planes would 
be necessary. 

One small enemy plane could carry 
and sow hundreds of the small fire- 

starting chemical pills. Only if fire- 
fighting forces are strong enough, 
properly distributed, t r a in e d and 
equipped, can large scale fires be 
brought under control. Realizing that 
time is precious, the United States 
Forest Service, State Forestry Organ- 
izations, the State Guards, the CCC, 
and the U. S. National Park Service 
are making individual and joint plans 
whereby an adequate number of men 
will be trained and equipped to de- 
fend Uncle Sam's forests against de- 
struction by fire. 

The new hip -pocket radiophone, 
which is rapidly becoming a standard 
part of such protective equipment, was 
originally a direct result of the defi- 
nite need for communication between 
fire fighters who were dropped from 
airplanes to put out small fires in 
some of the inaccessible back -country 
areas of the great National Forests. 
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Before descending to the isolated 
spot, the parachute jumper dons a 
specially designed parachute which 
has a rate of descent of about 12 feet 
per second and permits a certain 
amount of steering toward the landing 
spot. A special 'chute harness and 
protective suit and headgear were de- 
signed also so that the jumper is pro- 
tected no matter where he lands. He 
may come down anywhere at any 
elevation -in tall trees, open spaces, 
or on rough ridges. 

Jumpers who went down into stands 
of young lodgepole pine last fall chris- 
tened them "featherbed landings" be- 
cause the young pines will catch a 
parachute readily and absorb most of 
the shock on their bending, swaying 
tops. In order to get down from lofty 
trees, the jumpers carry a coil of light, 
strong rope. 

Airplane pilots who deliver the 
parachuting fire -fighters locate the 
fire on their first trip over the spot, 
and drop a small test 'chute with a 
ten -pound sand bag to determine wind 
drift. They then circle back and make 
a second approach, at which time the 
parachutist descends, and by using the 
steering flaps on his parachute, gen- 
erally manages to reach the ground 
close to the selected landing spot. On 
a third approach the pilot drops the 

April, 1942 

Compact radio transmitter- receiver designed especially for parachute jump- 
ers. Two -way communication between ground and plane proves effective. 

Group of jumpers about to take off in Ford plane to engage in practice 
jump with static line. Note protective suits with plenty of padding. 
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Two members of the famous "smoke jumpers" make ready for action. The 
sack on the right leg holds the rope used to descend from treetops. 

These jumpers will bail out when the plane reaches proper position 
near the scene of fire. Pilot must always allow for wind condition. 
Portable radiophone in operation at base camp. Note the special lamp 
and the clock. Compactness is essential to portability and comfort. 
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fire -fighting equipment kit which is 
carried down by a burlap parachute 
with a yellow streamer attached to 
prevent its being lost. The burlap 
'chute pack contains necessary tools, 
rations, first -aid kit, and the like, but 
the parachutist carries in his own 
pocket his new lightweight radio so 
that he can contact the pilot or his 
headquarters immediately, if neces- 
sary, or can make reports later. 

The plane leaves the landing field 
carrying one or more jumpers; after 
making altitude and sighting the 
smoke the course is set and approach 
is made into the wind at 2,000 feet 
above the target. At what appears to 
be the right position and moment, the 
weighted burlap test 'chute is dropped. 
As the airplane is banked, its descent 
and landing is observed by the pilot 
who circles and makes the next ap- 
proach, having noted wind drift and 
made any necessary correction. 

The "smoke- jumper" has moved into 
position by the door and upon signal 
from the pilot, bails out. His descent 
takes from 2 to 3 minutes, which gives 
him time to maneuver his lines. He 
lands in a tree, passes his special rope 
through a ring in the riser straps at- 
tached to the shroud lines, and lowers 
himself to the ground where he divests 
himself of harness and suit. 

The pilot by this time has dropped 
the smoke chaser's pack. Immediately 
upon landing, the jumper gets into 
touch with headquarters. He radios 
the condition of the fire, and if neces- 
sary asks for more men to help him. 

These doughty Forest Service fire 
fighters also use a condensed version of 
radio Type T, which has a crystal - 
controlled transmitter of two watts 
power. The receiver contains a 1A7G 
converter, three stages of 4,050 -kilo- 
cycle intermediate- frequency amplifi- 
cation using 1N5G tubes, a 1H5G de- 
tector and audio amplifier, and a call - 
buzzer circuit utilizing a 1N5G tube. 
T h e intermediate -frequency band 
width is approximately 50 kilocycles. 
This comparatively wide band permits 
reception of modulated oscillators. 
The buzzer -alarm circuit is useful for 
night calls and permits installation of 
extension bells in the towerman's resi- 
dence. 

The low -drain tubes employed in 
this radiophone give reasonable dry - 
battery economy, even on continuous 
service. 

Since fire behavior, suppression 
technique, and transportation facilities 
vary just as widely as do our many 
kinds of forests, the types of radio ap- 
paratus employed also vary. Another 
new all- purpose portable radiophone 
known as the type SX was developed 
last year. This complete unit weighs 
about 10 pounds and is applicable to 
uses of scouts, smokechasers, and 
others who require a radio as light in 
weight as efficiency will permit. 

Provision for selecting any of three 
crystal -controlled transmitter f r e - 

quencies adapts the unit for operation 
in fixed frequency networks or ready 

(Continued on page 54) 
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NY traveler in the wilder por- 
tions of Africa has heard the 
deep, multi - toned, rhythmic 

beat of the signal drums, warning the 
natives of an impending visit, of a 
possible attack by another tribe, or 
giving other "jungle gossip." Also, he 
has heard another drum beat out the 
primitive rhythm of the dance, as 
black bucks stamped and gyrated 
crazily. 

Travelers along the Volga River in 
Russia have heard the centuries -old 
chant of "Yo, heave ho!" to which 
boatmen strain and which was made 
famous in song some few years ago. 

In many sections of our own coun- 
try, a circular steel hoop is struck 
with a hammer to sound a local fire 
alarm. 

These all appear to have no rela- 
tion whatsoever to present -day sound 
amplification systems, but -believe it 
or not -they were the first primitive 
steps in sound amplification. Their 
modern counterparts can be recog- 
nized quite easily. In many American 
cities, Air -raid Warning systems us- 
ing a signal generator, p.a. amplifier 
and loudspeakers now take the place 
of the primitive African signal drum. 
In many National Defense factories, 
intercommunicating systems announce 
visitors, carry orders, or page em- 
ployees. 

Music -of varied types -is used to 
stimulate factory production as much 
as 11 %, especially during portions of 
the work -day when vitality is at low 
ebb. It may be the soothing strains of 
a waltz, a stirring martial air, or just 
plain "boogie -woogie," but its prede- 
cessors were the chant of the Missis- 
sippi negro as he loaded a steamboat, 
and the "reader" in a Cuban tobacco 
factory as he relieved the tedium of 
the cigar makers grouped around him. 

Modern sound amplification systems 
as used in National Offense appear to 
shake down into six applicational 
groups. These are: 

1. Paging. 
2. Communication and inter -com- 

munication. 
3. Air -raid or fire warning. 
4. Music and entertainment. 
5. Special equipment (recorders, 

moving pictures, etc.). 
6. Combinations of above -listed 

equipment. 
Sound amplification systems are be- 

ing used for paging in industrial 
plants; government arsenals, forts, 
and flying fields; hospitals; hotels; and 
other locations where groups of people 
gather. A large number of airfields in 
the San Francisco area use sound am- 
plification systems for paging officers 
and other military personnel. 

Communication and intercommuni- 
cation systems are used in a great va- 
riety of ways -in mills, industrial 
plants, refineries, government airfields, 
government camps, hospitals, etc. One 
unusual installation was made by the 
Leo J. Myberg Co. of Los Angeles, at 
Camp Cook, where a sound system is 
being used at the firing range. Results 

ßCA Photo 
Sound coverage of this department store is had with special speakers that may be 
seen within the white circle. Equally suited to offices and war production plants. 

SOUND AND THE 

VICTORY PROGRAM 
by SAMUEL C. a11LBOURNE 

The use of Sound equipment is fast becoming 
a necessity to warn of impending danger from 
air raids or to broadcast special war news. 

of firing can be reported quickly and 
instructions can be given over a wider 
area than possible before the system 
was installed. 

Another recently -installed system 
was at the Duval County Jail in Flor- 
ida. The installation was made by the 
Southern Hardware and Bicycle Co. 
This system provides communication 
between the offices, yard and infirmary 
of the jail. Simplified control of pris- 
oners, and a definite aid in the event 
of jail breaks, is thus provided. 

One of the newest uses for sound 
amplification systems is for air -raid 
alarms. Usually, for this purpose, a 
special signal generator, feeding into 
one or more audio amplifiers which in 
turn work one or more loudspeakers, is 
used. The signal generator produces 
a distinctive sound which can not be 

confused with fire, police or other 
emergency alarms. 

Trenton and Harrison, New Jersey; 
Boston, Mass.; Alameda, California; 
and other American cities use such 
air -raid warning systems. The num- 
ber and power of the amplifiers, and 
the number of the loudspeakers em- 
ployed, varies with each city, with the 
area to be covered and with the den- 
sity of population in each area. Boston 
uses compressed air horns, while most 
other cities use electrical type speak- 
ers. In Trenton, the emphasis is on 
coverage of the business section. In 
Harrison, the one -square -mile area is 
covered by two stations, one in the 
center of town and the other in the 
housing project where houses are most 
concentrated. 

(Continued on page 50) 
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ALL -PURPOSE P.A. AMPLIFIER 

Dynamic mike and record player shown with the completed amplifier. 

by ARMAND BESSE 

This well -planned unit is capable of greatest economy by 
using a choice of output stages for low or high poorer. 

1LEXIBILITY and economy are 
two of the prime necessities in 

- these hectic days. Not only does 
this apply to our general way of do- 
ing things but can also include our 
equipment that we design for specific 
applications. Take for example the 
P.A. amplifier. Most of them are de- 
signed to furnish a certain amount of 
power and to be able to handle enough 
speakers to cover a designated area. 
There are many occasions where an 
increase in power is desirable. The 
usual solution is had by adding on a 
booster stage to follow the regular 
unit. There is a bit of inconvenience 
in doing the job in this manner. In 
the first place -the use of two power 
supplies is required. This makes for 
a rather complicated setup, especially 
if there is a limited amount of space 
available. 

Greatest economy may be had if we 
provide for additional power within 
the main amplifier. The unit de- 
scribed in this article shows how this 
can be done with a minimum amount 
of equipment. 

Because the state of war in our 
Country has caused a severe curtail- 
ment of radio parts, there was a ques- 
tion of using as few parts as possible 
for the best results. This is the reason 
for so many controls on the front 
panels. Compactness was achieved on 
one chassis through a novel arrange- 
ment of the head amplifier. 

And now for a few details. There 
are five high impedance inputs. One 
for very low level velocity micro- 
phones, two for crystal or dynamic 
microphones or P.E. cell and, two for 
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high -level sources such as phono pick- 
ups or another head -amplifier in- 
stalled at a distance from the power 
job. Ordinary jacks are used for all 
inputs. 

The high -gain input feeds into a 
6SJ7. The crystal inputs use, each, 
one triode of a 6SC7. Four of the in- 
puts feed into separate volume con- 
trols on which switches were installed 
so that when they are in use, a green 
pilot light is turned on. 

One of the low -gain inputs also has 
a volume control with pilot light. The 
fifth input runs direct into the mixer 
as it is assumed that volume will be 
controlled at the source. This is the 
center jack on the sloped panel above 
which is the Master Gain control. 

To avoid using a separate chassis 
for the low level inputs, a bracket was 
built on which were installed all tubes 
for these functions. The bottom of 
this bracket constituted a perfect 
shielded compartment for all the wir- 
ing of these high -gain circuits. A 
spare socket is also shown installed 
for future use. This bracket is bolted 
to the sloped front and connected elec- 
trically to the large chassis through a 
Jones plug and socket. Four screws 
and bolts are all that need be removed 
for servicing the front end of this am- 
plifier. 

These inputs after being properly 
mixed are amplified by a 6J5 which, 
together with another 6J5 as a phase 
inverter, feed a pair of 6F6's as tri- 
odes. By a switching arrangement, 
the output of the 6F6's may be used 
as a low power system. 

These low power output sockets are 

seen on the left hand side of the front 
panel. When they are used, the high 
voltage and filaments for the 6L6's is 
turned off. Next to these output 
sockets is a double -pole, double -throw 
switch used for cutting in either the 
low power output transformer or the 
push -pull input transformer feeding 
the 6L6's. 

When a high power installation is 
required, connect the interstage trans- 
former to the 6L6's and as much as 
55 watts are available (right hand 
output socket). A ten -contact switch 
can be seen in the illustration. This 
makes available to all output sockets, 
voice coil impedances of 4, 8, 15, or 
500 ohms. 

On the lower front of the chassis, 
there is a switch that disconnects the 
filaments and high voltage for the 
6L6's when they are not in use. An- 
other switch disconnects the filaments 
of all other tubes and the B voltage 
from the power transformer and is 
used when the amplifier is on mobile 
service and gets its A and B voltages 
from batteries and vibrapacks. 

On the center of the front panel is 
the a.c. switch and fuse holder. On 
the rear are three sockets. One is a 
male socket for the line cable. The 
center is a four prong socket where 
the vibrapack connects when needed, 
and supplies A and B voltage to an- 
other head amplifier. So if at any 
time, we should require as many as 
eight inputs, we have a separate head 
amplifier having four inputs which 
may be plugged in on the center jack 
of this amplifier. The other socket is 

(Continued on page 59) 
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The pre -amplifier is assembled on a separate chassis. The connector 
plug may be seen below on the right -hand side just under the assembly. 

The underside of the pre -amp (head amplifier) shows where parts are 
mounted for best constructional technique. Note extensive cabling! 

The completed amplifier with cover 
removed. Note pilot lights on top! 
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Airdrome control position. Operator is giving landing instructions to pilot. 

AVIATION RADIO COURSE 
by PALL W. IARROL 

Paul W. tiarrol has a keen knowledge on radio subjects. His many years of 
experience in the Aviation Radio field qualify him as an authority on this 
all -important subject. The author has written an exclusive course designed 
to include all phases of military and civilian radio in the aviation field. 

/ IODAY more than ever before there ex- 
ists a crying demand for partially as 

- - well as fully trained aviation radiomen. 
Opportunities are abounding. Those who 
have the keen foresight and initiative to rec- 
ognize and take advantage of these oppor- 
tunities will inevitably avail themselves of 
positions of merit which will not only prove 
interesting but remunerative as well. 
The period when radio equipment installed 

in aircraft was an experimenter's toy is gone 
forever. The period when it was just an- 
other piece of "equipment" is also gone. We 
find that aircraft radio equipment today is 
just as essential to the safe conduct of mod- 
ern aircraft as is the propeller which keeps 
the ship in the air. It is, now an integral 
part of modern aircraft. 

The safety of modern aircraft in the air 
is dependent upon many factors ; radio being 
one of the largest. Without radio equipment 
the modern day pilot could not be readily 
advised of variable weather conditions. Nor 
would it be possible to fly safely in condi- 
tions of poor visibility without the aid of his 
range receiver. To make many safe landings 
in inclement weather, radio is a dire neces- 
sity. . Without the aid of radio our modern 
air transportation systems could not function 
properly nor could the aircraft of our armed 
forces operate effectively. 

Aviation radio came into its own in 1927 
when the Civil Aeronautics Administration 
(CAA) was then known as the Aeronautics 
Branch of the Department of Commerce. 
The first radiotelephone conversation be- 
tween aircraft and ground stations was held 
in 1916. During that year the U. S. Army 
Signal Corps conducted many tests with va- 
rious types of radio equipment for aircraft. 
The impetus necessary to launch aviation 
radio securely on its way was not started 
however until 1928 when the first radio 
range beacon was designed, constructed and 
placed in operation. The general public be- 
came "air- minded" immediately after the 
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successful trans _Atlantic flight of Lindbergh. 
This resulted in more attention being given 
to the possibilities of radio as an aid to air 
navigation. Also much consideration was 
given communications possibilities between 
aircraft and ground stations. 

After preliminary experiments had been 
completed it was found that radio equipment 
could easily be designed for use on board 
aircraft, our early transports were outfitted 
and ground stations equipped to carry on air - 
ground communication. There were many 
"bugs" that had to be removed from equip- 
ment then, but by persistent research many 
problems confronting those who foresaw in- 
evitable advancement were scientifically 
solved. The experiences gained during the 
uphill climb of aviation radio proved invalu- 
able as time went on, and today we find that 
both the airlines and our government serv- 
ices are employing thousands of men and 
spending millions of dollars to adequately 
take care of the still expanding air com- 
munications facilities. 

But still, if we go further. we find that the 
aviation radio industry needs more men ; 

preferably trained men. The employment 
saturation point will ever hardly be reached 
in the aviation radio industry because as 
more aircraft are manufactured for our 
armed forces, commercial and private avia- 
tion enterprises, more and more aviation 
radio equipment will also he manufactured 
and will have to be installed and maintained. 
There is no doubt in my mind regarding the 
stable future of aviation radio. 

One may rightfully ask, "What positions 
are available to the trained and partially 
trained who desire to enter aviation radio 
and make the work their careers ?" This 
question will now be answered. 

It is of course realized that various posi- 
tions require various degrees of skill. No 
two jobs are so similar that it is possible to 
draw a fine line between them and say. "If 
I study this one I can always do the other." 

Specialization and efficiency are the keynotes 
of success in any branch of aviation radio ; 

whether it be airlines, radio operating, or 
aeronautical radio engineering. 

In order to acquaint the novice as well as 
the veteran with aviation radio positions it 
was felt that the discussion concerned should 
be presented prior to actual lesson material, 
and should contain information not readily 
available to the reader. 

Qualifications 
The man for the job of aircraft factory 

radio workers is the average radio service 
technician. This position requires that the 
applicant have had experience in general 
radio work and a certain amount of train- 
ing. With his knowledge of car radio in- 
stallation and general knowledge of radio 
repair he is well suited for the type of work 
encountered in the aircraft factory. He 
must possess a certain amount of mechani- 
cal knowledge in order to cope with in- 
stallation difficulties and must be highly 
proficient in the use and care of tools. Too, 
he should understand the "blueprint require- 
ments" promulgated by the engineering de- 
partments of both the aircraft and radio 
manufacturer when it comes to actual in- 
stallation work. 

The foreman of the aircraft radio installa- 
tion department (assembly) must have more 
than a general knowledge of radio and elec- 
trical installation. His mechanical skill must 
be of a high order and he must be able to 
supervise mass installation and thoroughly 
understand modern assembly practice. When 
radio equipment is installed in an aircraft, 
usually more than one technician is utilized. 
Exacting cooperation between installation 
personnel is a prime requisite to efficiency. 
Havoc is created if each man does not know 
what he should accomplish and in what or- 
der. The foreman, in order to maintain co- 
ordination of activities must continually ex- 
ercise his supervisional skill and must be a 
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capable instructor. The foreman is usually 
a "picked" man who has demonstrated his 
all- around ability. 

In an aircraft factory the aviation radio 
worker may do installation work ; testing of 
installed equipment ; inspection of equipment 
for immediate installation ; radio parts sup- 
ply work ; and he may even do a great deal 
of electrical wiring not associated with the 
radio installation. 

Prior to the actual installation of radio 
equipment in an aircraft, an inspection is 
made of each component part to ascertain 
its condition. Even though a thorough and 
rigid inspection was performed at the air- 
craft radio factory prior to shipment of the 
completed equipment, the added precaution 
of a second inspection is usually taken. In 
most instances where Military or Naval air- 
craft installations are being made, a techni- 
cal representative of either Service is usually 
on hand to effect inspection. Those who 
perform these inspections must he well 
trained and schooled in the matter of mak- 
ing micrometeric examinations in the least 
possible time. Remuneration for the aver- 
age inspector's services is relatively high. 

Testing the finished aircraft radio installa- 
tion is a most responsible job and requires 
that the man doing this work have a great 
deal of experience. He usually is the proud 
possessor of a second class radiotelephone 
license obtained from the Federal Comniitni- 
cations Commission (FCC) after passing a 
relatively difficult examination. His final 
word that the installation is working properly 
has comparable weight to that of the aircraft 
test pilot. His responsibility that the in- 
stallation is made correctly and that each 
part of the installation is functioning at 
maximum efficiency before the aircraft is 
tested, is large. He cannot afford to be 
"slipshod." For his services he is accorded 
every possible consideration and is usually 
one of the highest paid employees of the 
radio and electrical departments in an air- 
craft factory. 

At various airports scattered throughout 
the United States, there are a number of 
private aircraft radio service agencies. They 
are equipped to install and maintain aircraft 
radio equipment in private aircraft. Expert 
technicians having Government radio opera- 
tor licenses are usually employed. Often, 
courtesy instruction given at the factory by 
trained experts is available to technicians 
working in the private aircraft radio service 
agency. This instruction furthers their radio 
training and contributes to their proficiency. 
The work in the aircraft radio service 
agency is very interesting and pays well. 
However, unless the technician has more 
than a passing interest in an agency proper, 
his work may not be steady. This is espe- 
cially true when there is only seasonal work 
to do. The trained radio serviceman who 
owns the necessary testing equipment and 
the proper FCC license will have no trouble 
finding work to do if he proves that he un- 
derstands aircraft radio. 

With the advent of private flying, an im- 
mense and lucrative field presented itself to 
the active radio serviceman. With instruc- 
tion books furnished by various manufac- 
turers, a will to work and learn, and proper 
instruments, the trained radio service tech- 
nician had little trouble finding enough work 
to do. 

Even though installation is closely allied 
to maintenance, there are positions wherein 
only one or the other is performed by per- 
sonnel. After the aircraft radio installation 
is completed at the factory and necessary 
"check- tests" have been made and the air- 
craft placed in service, maintenance then 
takes the upper hand. This work requires a 
great number of skilled workers. A system- 
atic method of maintenance strictly ad- 
hered to prevents many costly troubles 
which may develop. All radio equipment in 
aircraft belonging to the government and the 
airlines after a fixed number of hours oper- 
ation is inspected, cleaned and adjusted; 
thus assuring efficient operation at all times. 

Methodical maintenance is carried on ex- 
tensively in the Army and Naval Air Forces 
and requires many men trained specifically 
for this important work. This is a goon pay- 
ing field and is open to the untrained, par- 
tially and fully trained man. Those requir- 
ing necessary training are sent to school at 
no expense to them whatsoever. In fact, 

Airport transmitters such as this will be analyzed in this course of 
instruction. Thousands of men are needed as operators or for servicing. 

these men are paid while attending school. 
Sonic airlines employ personnel who may 

be readily referred to as "traveling mainte- 
nance technicians." Covering their terri- 
tories each month and oftener when needed, 
they replace defective parts ; shoot trouble ; 

make careful inspections of radio equipment 
and clean and adjust all equipment. This 
job is not interesting only because of its 
technical aspects but also because travel is 
involved. All such workers must possess a 
radio operator's license of the proper class in 
order that they may legally test and adjust 
various transmitters. In some stations op- 
erated by the airlines, however, the chief 
radio operator may do the necessary mainte- 
nance work. But for purposes of control 
and standardized maintenance, trained main- 
tenance men are usually employed. The sal- 
ary for this type of work often starts at 
$150.00 and it is possible to work up to 
$200.00, with expenses. 

One of the most exciting positions to be 
found anywhere is that of airlines radio op- 
erator. The qualifications for this position 
are high ; much higher than they were a few 
years ago. A knowledge of the International 
Morse Code is not exactly essential but is a 
great help. Some airlines employ code quite 
extensively. Pan American Airlines employ 
many radio operators both on the ground and 
in the air, as do the Naval and Military Air 
Forces. An airlines radio operator must be 
a cool quick thinker and possess keen judg- 
ment. 

He must depend on his training every 
minute of the working day. It is the air- 
lines radio operator who is the liaison be- 
tween aircraft and ground, and the factor 
between safety and disaster. Armed with 
the information transmitted from ground 
stations, the pilot can evade had weather on 
his route, make unscheduled stops at un- 
scheduled stations to pick up passengers; 
and in the case of military aircraft, receive 
important military information. At the same 
time, the pilot can transmit useful weather 
information back to the ground stations for 
other pilots who will follow him. 

The writer was in an aircraft sometime 
ago which had to make an unscheduled land- 
ing on account of bad weather. After wait- 
ing around for approximately three hours 
for the weather to clear, and it being quite 
urgent that we reach our destination at a 
given time, it was decided to have an air- 

craft then on a scheduled flight radio back 
needed weather informaton, viz., whether 
icing conditions prevailed or not. While the 
aircraft proceeded through the overcast a 
radio report came in every few minutes giv- 
ing us weather information. While the plane 
in which we were flying contained blind fly- 
ing equipment, our deicers did not work 
properly ; we did not wish to take the chance 
of being bogged down with ice. 

Because of the low overcast we couldn't 
fly "contact" and not being able to see the 
ground would add to our plight ! After a 
few favorable reports were received we 
thought we would take off. After flying 
blind for over four hours we found out by 
using our radio that our destination was 
"closed in." We were about 150 miles out 
then. If we had not had the use of our 
radio we would have flown to our destination 
and found we couldn't land, thereby making 
it necessary for us to fly back to an open 
airport ; thus necessitating the use of more 
gasoline and valuable time. We were told 
by radio that we could land at one of the 
emergency fields on our route and were 
given implicit directions. Forty minutes 
later our aircraft was skillfully landed at an 
emergency airport and we were then taken 
to our destination by auto. With the assist- 
ance of both aircraft and ground radio facil- 
ities we saved both time and finances, to say 
nothing of the possibility of an unforeseen 
accident. 

The average airlines radio operator must 
be neat appearing and be able to meet the 
general public because he often must arrange 
for reservations, tickets, etc., for passengers. 
His knowledge of touch typing and teletype 
operation will help him over many rough 
spots during a busy shift. Now that tele- 
type is being used more extensively each 
day, it would be well for those contemplat- 
ing this work to adequately prepare them- 
selves. If you are a touch typist and can 
type 50 to 60 words per minute, learning 
teletype operation will be relatively simple. 
On the other hand, if your speed is any 
lower than forty words per minute and your 
"rhythm" not so good, the task may prove 
difficult. Not all teletypewriters have the 
"message keyboard." Some are equipped 
with standard weather symbols for the trans- 
mission of weather information. It takes 
much practice to operate one of these ma- 

(Continued on page 47) 
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Inexpensive parts may be used to construct this one tube receiver. 

Two -tube performance with plenty of sock 
is featured in this regenerative All -Waver. 

' OR those who live in a district 
1 where alternating current is 
- . available, an electrically oper- 

ated radio is more economical and is 
an improvement over the battery set. 
The advantages include a constant - 
voltage power supply and more sen- 
sitive tubes. 

As far as diagrams are concerned, 
two -tube receivers might be said to all 
look alike, but experience shows that 
some work and others don't. The ex- 
planation of this is that : in designing 
a radio receiver for short wave recep- 
tion, a circuit diagram tells very lit- 
tle toward its being a success or a fail- 
ure. The thing that does determine 
whether it will work properly or not 
is paying attention to such things as 
smooth control of regeneration, noise- 
less tuning, and getting the most out 
of your antenna. These and many 
other features are presented in this 
article. 

Discussing the above mentioned 
points, the doublet antenna gives a 
gain in signal strength to noise, while 
the usual flat top and similar types 
of aerials do not. The doublet used 
with this receiver is sixty feet long 
with insulators at each end and one 
in the center, to which the transposed 
noise reducing Zenith lead -in is con- 
nected. By twisting these two wires 
any noise picked up is eliminated by 
cancellation, thus reducing the noise 
level to a minimum, while bringing 
up the signal to maximum strength. 

A point to remember in erecting any 
antenna system is to get it as high as 

14 

possible and at right angles to high 
tension or telephone wires. The ideal 
aerial should be at least fifteen feet 
above all surrounding objects. There 
are several all -wave antenna kits on 
the market. One of these should be 
purchased. The best direction to run 
the antenna is northeast to southwest 
or northwest to southeast for world- 
wide reception. 

After connecting an antenna to the 
set that will give the most signal 
strength, means of controlling this sig- 
nal to the best advantage must be de- 
veloped. This is accomplished by hav- 
ing a low resistance and noiseless tun- 
ing circuit with a good grade of tun- 
ing condenser, one mounted on iso- 
lantite or insulex which are, theoreti- 
cally, the best type of material for 
short wave work. Therefore isolantite 
sockets are used. For the best results 
manufactured coils were employed. 
The beginner has quite a number to 
choose from, the best being those 
wound on forms of insulex. 

It will be seen that a variable con- 
denser (C -1) is parallel with the an- 
tenna coil or primary winding. This 
is a step toward better selectivity and 
a gain in signal input. If a commer- 
cial type of impedance matching de- 
vice is used that has a variable ad- 
justment, this condenser may be 
omitted. On the other hand, if a de- 
sired station is covered by interfering 
code signals, a slight shift of this con- 
denser will change the position of the 
station to one where there is no inter- 
ference from adjacent radio channels. 

An AC Set 

for the 
Beginner 
by FREDERIC U. 

BILLION 

The detector circuit employs elec- 
tron tuning, and the regenerative con- 
trol (R -2) is placed in the screen grid 
lead of this tube. The line switch is on 
the back of this control and thus saves 
space on the panel. Looking at the 
schematic wiring diagram will show 
that there are two condensers by -pass- 
ing the screen grid to ground. The 
reason for this is to eliminate any 
scratching noise in the regeneration 
control. The smaller one is mounted 
right at the socket and run to ground, 
while the other is mounted near the 
control and wired from the arm to 
ground. 

If the grid leak and condenser 
(C -4, R -1) are mounted on top of the 
grid cap of the detector tube, (see 
photo), it will be found that, when the 
complete shield is in place, these parts 
will be completely shielded, eliminat- 
ing one source of noise. 

The detector tube employed in this 
receiver is known as a duplex tube, 
because the elements contained in the 
tube make up two tubes. It is com- 
posed of a pentode section similar to 
a 6C6 and a triode section similar to 
a 76 with the exception that they both 
have a common cathode and heater. 
The tube is known as a type 6F7 or 
the metal equivalent is a type 6P7 
which, of course, takes an octal type 
socket, if it is used. Thus we have a 
super sensitive screen grid pentode as 
a detector and a high gain triode as 
a first audio amplifier all in one tube. 

The shielded filter shown in dotted 
lines in the schematic, connecting the 
plate of the detector tube to the audio 
frequency coupling impedance, keeps 
stray r.f. currents from getting into 
the audio amplifier and causing oscil- 
lation. 

The impedance unit (T -3) is used 
between the detector and the audio 
amplifier instead of the usual resist- 
ance. This type of coupling gives high 
gain and also helps to smooth out the 
regeneration by putting the proper 
voltage on the plate of the detector, 
thus allowing it to operate more effi- 
ciently. Resistor (R -4) is used to sub- 
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t 
The cans shown in this underchassis 
view cover the radio frequency chokes. 

due any audio oscillation that might 
occur. 

Resistors (R -3 and R -6) limit the 
voltage in their respective circuits. 
The headphones are plugged into jack 
(J -1) which is connected to the output 
of the triode section of the 6F7. 

The second section of the set is the 
power supply, and is designed for 
short wave receivers. The usual run 
of old style "B" eliminators hum. This 
spoils the possibility of good recep- 
tion. The cause is usually a lack of 
sufficient filtering. The filter in this 
power pack uses choke input. It was 
chosen because of its ability to give 
smooth regulation of d.c. voltage. 

The power transformer in this pack 
has an electric static shield and puts 
out 680 volts a.c. centertapped, which 
after it is filtered and rectified runs 
about 250 volts d.c. The majority of 
sets call for 250 volts. 

Construction 
Now to tackle the construction of 

the set. First, obtain all the parts 
listed at the close of this article. The 
whole set may be conveniently housed 
in a Bud metal cabinet, size 6 "x10 "x7 ". 
If you desire to use the metal cabinet 
no front panel or bottom piece will be 
needed. Having chosen either a panel 
or cabinet job, proceed to lay out the 
various parts as they appear in the 
illustrations. 

The two main condensers (C -2, 3), 
are 13/4" from the ends of the panel 
and 23/4" from the top. The antenna 
condenser (C -1) is placed half way be- 
tween C -2 and C -3 the same distance 
from the top of the panel. 

The line switch and the phone jack 
belong 21/2" from the ends of the panel 
and 1" from the bottom. The regen- 
eration control (R -2) is mounted right 
below the antenna condenser. The 
blank hole in the top of the panel is 
for a green jewel six volt pilot light 
connected across the heaters of the 
6F7. The screws that hold the panel 
are one inch from the ends and one 
inch apart, on each side. 

To operate this set, a few minor ad- 
justments are made. After the switch 
is turned on, advance the regenera- 
tion control until a rushing sound is 
heard. The set is now oscillating, and 
is in its most sensitive condition. Ad- 
just the antenna condenser for maxi- 
mum noise level. This procedure is 
done for each band before tuning. 
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The dual -choke is mounted behind the plug -in coil and tuning condenser. 
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SOUND for DEFENSE PLANTS 
Industrial PA systems are not new. The war has brought about 
the need for protecting our plants and personnel from either 
sabotage or bombings. This analysis therefore is most timely. 

16 

RUFUS P. TURNER- 

IN a modern defense manufactur- 
ing plant, a good factory -wide 
PA system is invaluable in speed- 

up programs, so vital at this time; in 
the maintenance of management -per- 
sonnel contact; and in the preserva- 
tion of a high state of worker morale. 
In time of war, these are key jobs. 

Some defense factories are acknowl- 
edging the new importance of indus- 
trial sound systems by installing am- 
plifiers in their sprawling plants for 
the first time. Others, already 
equipped, are making those improve- 
ments and additions necessary to in- 
crease the reaching power of their 
equipment. Many a busy executive is 
at present exploring the potentialities 
of factory sound systems. 

The plant which has not before been 
"wired for sound" is the usual case at 
this time. Managements of such plants 
inquire at once as to the value of am- 
plifier systems in their industrial 
buildings, technical specifications for 
satisfactory equipment, and the extent 
of factory noise problems that must 
be solved. In some cases, the cost of 
installing and maintaining such sys- 
tems is secondary to the points just 
mentioned. It is the purpose of this 
article to clarify some of these factors 
by directing attention to practical 
considerations. 

Value of the Factory PA 
The industrial PA system is not new. 

A number of factories have for several 
years been equipped with amplifier 
systems of appropriate coverage. The 
reasons for originally installing this 
equipment have been many and var- 
ied, individual purposes having been 
served. In some plants, for example, 
the amplifier system has been purely 
a medium of entertainment (although 
it might have been used occasionally 
for other purposes), supplying music 
to workers throughout the day for 
psychological reasons. In other in- 
stances, it has been used in lieu of 
bulletin -board notices for announcing 
information concerning large numbers 
of workers. These announcements 
have thus been made possible at the 

High -power Webster amplifier system 
built for service in defense plants. 
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best psychological moment. In still 
other instances, the factory amplifier 
has enabled key executives to address 
large numbers of widely separated 
employees during times of labor 
trouble. 

Each defense factory will no doubt 
find particular applications for sound 
systems. All managements will for 
reasons of economy and good invest- 
ment, however, desire to know at the 
outset what will be the maximum 
utility of sound systems in our war 
effort. Not one, but several avenues 
of usefulness will be expected of any 
costly factory -wide sound system. And, 
in order to clarify this point, we list 
below a few of the leading roles in 
which industrial sound systems might 
aid in the general efficiency of the 
plant : 

1. Factory -Wide Paging of Persons, 
2. Fire Alarm, 
3. Air -Raid Alarm and All -Clear 

Announcement, 
4. Direction of Large Groups dur- 

ing Air Raids or Other Emergencies, 
5. Factory Work Signals, 
6. Special Announcements and Bul- 

letins. 
These are only a few of the possible 

defense applications of the factory 
sound system. Other uses will occur 
to those in charge of such amplifiers. 
The listed applications might be sep- 
arately considered: (1) In paging per- 
sons over an amplifier system; con- 
siderable telephone switchboard time 
and manipulation is saved, as well as 
the time of persons who are needlessly 
required to answer their telephones 
during the search. (2) As a fire alarm 
device, the universal sound system is 
particularly efficacious in that all 
parts of the plant may be reached 
quickly with short, undisturbing sig- 
nals and at the same time special an- 
nouncements may be made to quiet 
any excitement. (3) The factory sound 
system permits air -raid and all -clear 
signals to issue from a point of au- 
thority, perhaps from an executive 
deputized to perform this task, and is 
invaluable for putting down rumors 
of impending danger. (4) If any plant 
is confronted with the job of handling 
its people during an actual air raid, 
it will find its sound system invaluable 
for appealing directly to the people to 
re- establish order and quiet and to 
bolster up the general morale. (5) 
Wherever desired, the factory sound 
system may be utilized to transmit 
factory work -time signals, although 
there would hardly be need for such 
application where there are already 
bell, whistle or horn signals. (6) The 
executive and production offices of the 
defense factory will be enabled by an 
interdepartmental sound system to 
reach their employees directly with 
special announcements and bulletins 
pertaining to the war, the war pro- 
duction effort, or the general factory 
business that must be known by the 
personnel. Spot sound announcements 
are superior in this case to the usual 
bulletin board in that a worker can 
hardly escape hearing the announce- 
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Projection type speakers are ideally suited for factory PA systems. 

ment, while he might not read the 
board, and announcements may be 
made at the best psychological mo- 
ment. 

Special Requirements for 
Factory Sound 

The defense -factory sound system 
will differ from the usual PA installa- 
tion chiefly in that the industrial sys- 
tem must compete with the high noise 
level of an industrial plant, and the 
power of the system must be sufficient 
to override the noise level efficiently. 
The factory speakers will be situated 
in areas of different noise level, so 
that provision must be made during 
design and installation for regulating 
the sound -energy output of each 
speaker to enable effective coverage 
of each area. 

Speakers installed in offices, draft- 
ing rooms, laboratories, rest rooms, 
and other quiet places will be called 
upon to deliver less volume than those 
in the factory proper, hence can be 
operated at lower levels. 

In most industrial installations, the 
speakers will accordingly require in- 
dividual controls. Once satisfactory 
volume adjustments are made, how- 
ever, the controls may generally be 
left permanently set until the noise 
levels are markedly altered by the ad- 
dition or removal of machinery. 

The defense -factory sound system 
must be smooth and clean in opera- 
tion; it must be free from hum, clicks, 
grating, or any other extraneous 
sound that would tend to minimize 
intelligibility. It must be capable of 
covering the entire plant by means of 
efficaciously placed speakers, yet do so 
with a maximum of intelligibility and 
a minimum of acoustic shock. Sound 
delivered by a speaker in any depart- 
ment must be sufficiently higher than 

the local noise level to attract the 
worker's attention and convey a 
clearly understandable message, yet 
not loud, harsh, or distorted enough 
to be disturbing or exciting. 

In determining the sound require- 
ments of any factory, the investigator 
must make a careful study of the 
noise characteristics of each depart- 
ment in which a speaker is to be 
placed, of the desired coverage area in 
each proposed speaker location, the 
most effective type of speaker baffle 
in each case, and of the various elec- 
trical requirements for furnishing 
audio power throughout the total cov- 
erage area. These several matters 
will be taken up in this article. 

Factory Noise Characteristics 
Factory noise has two components 

impdrtant to sound equipment design- 
ers and estimators -volume and fre- 
quency. The actual volume of the 
noise will determine the amount of 
audio power that will be required for 
the speakers to be heard, while the 
frequency of the noise will determine 
certain tone - control characteristics 
that must be worked out in each case. 

Regarding the frequency character- 
istic, noises are actually collections of 
many frequencies, rather than single 
frequencies. However, in almost every 
case there is a predominant frequency 
component and it is largely this fre- 
quency which distinguishes one kind 
of noise from another. For example; 
there are deep -pitched rumbles and 
higher -pitched roars, and there are 
rattles and clatters of widely different 
high frequency that are easily recog- 
nized by ear. 

Factory noise is most efficiently 
studied with the sound analyzer and 
sound level meter. By means of the 

(Continued on page 63) 
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r \HERE exists a trite old adage 
which so revealingly states that 

- - "a chain is no stronger than its 
weakest link." So when attention is 
drawn to the modern signal circuits 
of radio communications and sound 
amplification this antique proverb still 
bears down heavily on what is known 
as impedance matching. This "match- 
ing" condition prevails at many es- 
sential junctures in circuits where a 
maximum transfer of energy and op- 
timum frequency response are prime 
essentials. 

It is the purpose of this article to 
clarify or help create a better com- 
prehension of this subject, in the hope 
that this knowledge will prove to be 
of a practical help to the reader. In 
the present emergency situation it be- 
comes clearer, daily, that the most 
work can be accomplished by those 
who can utilize their technical knowl- 
edge in practical achievement. It 
therefore becomes almost a patriotic 
duty for everyone to arm himself 
"mentally" as well as mechanically. 
To gain a complete understanding of 
impedance matching it is necessary 
first of all to know the meaning of 
impedance itself, reflected impedance, 
and reflection loss. These will be 
analyzed individually. 

Impedance is an electrical charac- 
teristic of a circuit element which re- 
sists or retards the flow of an alter- 
nating current. Such an element may 
well be a choke coil, condenser, trans- 
former winding, etc. Remember, it 
impedes the flow of alternating cur- 
rent. As such it corresponds to a re- 
sistance which repels the passage of 
direct current. In this connection let 
it be known that an impedance cannot 
always be a resistance, but -a resist- 
ance is always an impedance, in an 
alternating current circuit. 

On the other hand a capacity (con- 
denser) is always an impedance in an 
a.c. circuit, but not necessarily a re- 
sistance in a d.c. circuit; since its d.c. 
resistance is considered infinite. In 
direct current circuits it is universally 
accepted that the resistance of a cir- 
cuit is equal to the voltage impressed 
across it divided by the current flow- 
ing through it. This is merely Ohm's 
Law. Generally speaking this law also 
holds true for a.c. circuits when the 
"apparent" resistance of the circuit is 
equal to the impressed alternating 
voltage divided by the alternating cur- 
rent through the circuit. However, 

Impedance Matching 
on a Sound Basis 

by R. E. PHILIPPSEN 

A technical analysis of one of the most 
important subjects in radio. Concrete 
examples aid in understanding the text. 

it is not the same value of resistance 
as would be read on an ohmmeter or 
resistance bridge. 

This is due to a certain inductive or 
capacitive component which affects 
the apparent a.c. resistance. So to 
distinguish it from direct current re- 
sistance the apparent resistance in an 
a.c. circuit is called Impedance. Now 
that we have acquired at least a sim- 
ple idea of impedance, it is possible to 
delve farther into some of the asso- 
ciated terms. 

For instance, let's find out what is 
meant by reflected impedance. As- 
suming a tube is connected as a con- 
stant voltage generator (see Fig. 1), 
then the reflected impedance is the 
resistance in ohms, at a given fre- 
quency, which the plate of the tube 
must face, resulting from the load 
placed across the secondary of an out- 
put transformer. In actual practice 
the value "R" may be a loud- speaker 
as well as a Class C r.f. amplifier in a 
radiotelephone transmitter. As long 
as the load conditions are proper, the 
tube "V" cares not one particle into 
what it feeds its energy. As to the 
reflection loss, this is always a ratio 
and not a unit of fixed quantity. 
Therefore it is usually expressed in 
the number of db lost. 

To illustrate reflection loss in as 
simple a manner as possible let's take 
advantage of a practical physical anal- 
ogy. Looking at Fig. 2 we see a con- 
stant pressure water pump, tank "A" 
and ditch "B." The water leaves the 
pump flowing at a steady rate through 
tank A. However as it enters the 
narrower ditch "B" a turbulence is 
set up which retards the efficient 
transfer of the water. This turbu- 

lence is caused by some of the water 
striking the walls of the tank and be- 
ing reflected back into tank "A." 

Therefore at the precise moment 
this occurs during the flow of water 
and it occurs constantly, a loss of 
transfer occurs which is known as re- 
flection loss. Now, returning to our 
electrical circuit of Fig. 1, compare 
the tube, as a constant voltage gener- 
ator to the constant pressure water 
pump; look at the tank "A" as the 
transformer "T" and the ditch "B" as 
the load "R." As the tube generates 
a constant stream of electrical energy 
it becomes necessary that the imped- 
ance of the load be matched to the 
tube for a maximum transfer of 
power. In other words the ditch "B" 
to collect without loss, as much water 
as possible, should be as wide as tank 
"A." Or saying it still another way, 
when the resistance of the load equals 
that of the source a maximum of 
power is transferred. 

On Mismatch 
After all this discussion on equality 

of source and load for maximum 
power transfer it will come as a rather 
shocking revelation to some of us that 
in practice this is not always done. 
Where power transfer alone is the ob- 
jective such as in transformer or in- 
dustrial applications, this precept is 
adhered to. But, in sound or radio 
applications another consideration en- 
ters into the picture. This is distor- 
tion. Because the distortion intro- 
duced by a tube is, along with others, 
determined by the impedance into 
which it works, an effort must be 
made to keep it at a minimum. 

An accepted means, other things be- 
ing normal, is working the tube into 
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an impedance equal,to about twice its 
plate resistance. The thought may be 
injected here that this condition holds 
true in the case of class "A" triodes 
which may be looked upon as constant 
voltage generators. In the matter of 
Class "A" prime the tube is no longer 
constant voltage generator and 
other factors outside the scope of this 
article may influence the load imped- 
ance. On the practical side of life, mis- 
matching does not, as might be antici- 
pated, detract nearly so much from 
the efficient transfer of power, due to 
reflection losses. However, the de- 
sirable frequency characteristic of the 
circuit is usually harmed. For in- 
stance, you might connect, as a last 
resort, a 200 -ohm line to a 500 -ohm 
line. Loss in power due to this mis- 
match will be barely audible but the 
resulting change in fidelity would 
most certainly indicate the need for 
an efficient line matching transformer. 
As it stands these circuit values con- 
stitute a mismatch of some 60 %. 

However from actual performance 
tests it can be told that a mismatch 
of 15% is acceptable without the dan- 
ger of audible apprehension while 25% 
is just about the maximum permis- 
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the amplifier transformer "looks" 
down the line to the four speakers 
connected in parallel to a resultant 2 
ohms. Does the output transformer 
see "2 ohms" for perfect matching ? 
It does not! It sees 2 ohms plus 1/4 

ohm (line resistance) plus another 1/4 

ohm (line resistance) ; all told 2.5 
ohms -a mismatch of 25 %, the maxi- 
mum allowable. From a mismatch- 
ing point of view this should now be 
clear. 

So when your sound system comes 
equipped with just 35 feet of speaker 
wire you are getting as much as it is 
possible to obtain and still remain 
within the bounds of permissible mis- 
matching without the additional pur- 
chase of speaker -to -line transformers. 

Again from I'-R = W; we arrive at 
(.0399)2 X .5 ohm (speaker line re- 
sistance) is equal to .0008 watts lost 
in the 500 -ohm speaker line. 

This comparison between 500 -ohm 
or 2 -ohm lines is not intended to prove 
the need for use of 500 -ohm lines, and 
their associated transformers, for dis- 
tances as short as 38.4 feet. This goes 
without saying so; however it does 
conclusively prove that for any dis- 
tance greater than this, 500 -ohm cir- 
cuits are far superior, both from the 
point of line power loss as well as mis- 
matching. 

In retrospect on mismatching, recall 
that a total line resistance impedance 
of 0.5 ohm could cause a mismatch of 
as much as 25% on the 2 -ohm line 

FT. 

4n 

án 
Fig. 4. 

FOUR VOICE COILS 
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2n 
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sn 
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10000 
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o 
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sible mismatch in present -day sound 
equipment. This brings up the ques- 
tion of when to use a 2 to 8 -ohm line 
for sound system speaker installations 
and when it is best, from a distortion 
and power loss standpoint, to use a 
500 -ohm line. Some cannot under- 
stand why their sound systems do not 
come equipped with more than the 
usual 35 ft. of speaker cable. Behind 
this lies a very definite reason not 
prompted, as might be expected, from 
a wire economy measure on the part 
of the P. A. manufacturer. 

Let's look into this further. Com- 
mon practice is to supply a complete 
portable sound system with 35 ft. of 
No. 18 stranded zip cord, speaker wire. 
Why only 35 feet ? Scanning the wire 
tables we find that 153.7 ft. of No. 18 
stranded zip cord has a resistance of 
one ohm. One fourth of 153.7 feet 
equals 38.4 feet; also, one fourth of 
one ohm equals one quarter ohm. 
Looking at Fig. 3 we see a 20 -watt am- 
plifier, its output transformer tapped 
at two ohms to supposedly match, four 
parallel 8 -ohm speakers whose net 
voice coil impedance equals two ohms. 
In the line are shown two 1/4 ohm re- 
sistors, one in each side of the line. 

These represent the resistance of 
38.4 feet of speaker wire and this line 
obviously must have two wires. Sup- 
pose the two -ohm output winding on 
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As to power lost in speaker lines 
whether 2 -ohm or 500 ohm lines are 
used the following is interesting: 

From the equation: Current is equal 
to the square mot of the power di- 
vided by the resistance we arrived at 

I 20 watts 
2.5 ohms 

where 20 watts equals the amplifier 
output and 2.5 ohms equals the im- 
pedance of the four parallel speakers 
plus the total line resistance. 

Then I equals 2.82 amperes line cur- 
rent. There is a total of .5 ohm non - 
usable line resistance. So from the 
equation I=R = W we find that 2.82 
amperes squared, times .5 ohm = 3.97 
watts lost in the 38.4 ft. speaker lines. 

Supposing now, that we used for 
the purpose of example the same 38.4 
ft. speaker line, but replaced both the 
amplifier output transformer with one 
having a 500 -ohm output winding. 
Also at the speaker end of the line we 
insert a 500 -ohm to speaker voice coil 
transformer as in Fig. 4. The length 
of the speaker line remains unchanged 
at 38.4 ft. By applying the same for- 
mula as in the above paragraph: 

20 
500.5 

where 20 = 20 watts and 500 the im- 
pedance. Therefore the current is equal 
to .0399 amperes line current. 

I= 

shown in Fig. 3. For that same value 
of resistance in a 500 -ohm circuit the 
mismatch is of no mathematical con- 
sequence with a proportional reduc- 
tion in all the disadvantages of reflec- 
tion loss as evidenced in a 2 -ohm line. 

So, summing up, it can be very defi- 
nitely remembered that in any sound 
installations where a few, or all speak- 
ers are located more than 35 feet dis- 
tant from the amplifier, both experi- 
ence and figures can prove that the 
use of 500 -ohm speaker transmission 
lines offer the greatest economy of 
sound -power energy, greatest ease of 
accurate impedance matching with its 
attendant freedom from undesirable 
frequency discrimination. 

Up to this point, all has been writ- 
ten with the ideal in mind and no one 
will dispute the need for maintaining 
ideals in any endeavor; but as equip- 
ment for "exact requirements" be- 
comes daily harder to buy, a reflexive 
action necessarily develops which 
makes each of us ponder on the best 
way to do a job with the apparatus 
available at the minute. 

For instance, there is no longer any 
question about the difficulty of obtain- 
ing "T" and "L" pads as quickly as 
formerly. Suppose then you find it 
necessary to install a system requir- 
ing a 5 -watt amplifier in a mercantile 

(Continued on page 51) 
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Phase Inverters and Feedback 
by MILTON T. PUTMAN 

Ass't Corps Area Radio Engineer, Chicago, Ili. 

Phase -inverters have been used for many months as standard 
equipment but feu, radiomen understand the circuits involved. 

r HE purpose of this article is to 
present, as nearly as possible, a 

- - basic discussion of the various 
phase- inverter circuits and their prac- 
tical application. The subject is per- 
haps a little more timely now than 
ever before, since the phase- inverter 
arrangement provides a very satis- 
factory means of eliminating the push - 
pull interstage transformers, which 
are not entirely unobtainable, but at 
least very difficult to obtain under the 
present circumstances. It appears 
that there has been very little interest 
as a whole in these circuits, but after 
a more complete understanding of the . 
applications, it becomes more and more 
evident that we have been passing up 
an opportunity to improve our audio 
circuits. 

Essentially, a phase- inverter circuit 
is a means of supplying two input 
signals to the grids of a push -pull 
stage in such a manner that the ampli- 
tude of these two voltages is equal, 
and the phase relationship with respect 
to each other is 180 degrees. The tube 
may or may not add to the gain of 
the amplifier, depending upon the type 
of circuit used. 

Irrespective of the fact that we may 
no longer be able to obtain hi- fidelity 
transformers, there are a goodly num- 
ber of advantages which would war- 
rant the use of phase inverters by their 
own right. In general, it can be said 
that a phase- inverter circuit may be 
substituted for an interstage trans- 
former at a considerable saving in the 
construction cost. A good hi- fidelity 
interstage transformer is quite an ex- 
pensive item. We have been prone to 
use resistance coupling over trans- 
former coupling for single ended am- 
plifiers, and we may still use resistance 
coupled amplifiers for push -pull opera- 
tion by the application of a phase - 
inverter circuit. 

It is possible to obtain excellent fre- 
quency response by the proper choice 

of components in these circuits, com- 
parable to the frequency response ob- 
tained by using the most expensive 
transformers available. In specific 
cases, where degeneration is inherent, 
the distortion would be reduced con- 
siderably. 

The circuits to be discussed are di- 
vided into two distinct groups. One 
is the cathode -loaded type, in which 
only one tube is employed, and the 
other is the so- called self -balancing 
phase inverter which involves the use 
of two triodes or the dual triode. 

The cathode loaded circuit to be 
taken up first, is the simplest type 
phase inverter. Any general purpose 
triode may be used and it is desirable 
to choose a tube with as low a cathode - 
to- heater capacity as possible, so that 
it does not create an unbalance at the 
higher frequencies. Another impor- 
tant point is in regard to the mü of 
the tube. A generality would be that 
the tube should have a fairly high mu. 
This is illustrated in detail later on. 

An inherent characteristic of the 
cathode -loaded circuit is its suscep- 
tance to hum. Not from stray mag- 
netic fields, but due to the fact that 
the cathode is operating at a fairly 
high impedance above ground, a hum 
voltage may be generated between 
cathode and heater, if the heaters are 
at ground potential as is the case in 
general. Our problem then, is to re- 
duce the potential between the heater 
and cathode by causing the heater sup- 
ply voltage to assume a potential near 
that of the cathode. Practically, this 
might mean that we operate the 
heater on this tube from a separate 
transformer floating above ground. 

This is just an example of what 
might happen to produce hum in the 
output of the amplifier and should not 
be considered as too important. As a 
matter of fact, by proper location of 
the phase inverter, in any amplifier 
circuit, this difficulty may be mini- 

mized. For most applications, if the 
phase inverter is not driving a high 
gain push -pull stage so that this hum 
is amplified, it will never present a 
very serious problem. The phase in- 
verter should be located as a driver 
for the push -pull output stage or 
power amplifier except under unortho- 
dox conditions. 

With one possible exception the volt- 
age gain of the stage, which is the 
ratio of the input voltage (measured 
from grid to ground at the input), to 
the output voltage (measured from 
grid to grid of the push -pull output 
stage), is less than two. The fact that 
the voltage gain is not greater is due 
to degeneration caused by having a 
portion of the load impedance common 
to both the input and output circuits. 

A detailed explanation is given under 
the discussion of the feed -back volt- 
age. In the exceptional case, the in- 
put is taken between grid and cathode, 
and the full gain of the tube may be 
appreciated. This type of circuit has 
very few applications, and will not be 
considered. Obviously, it is not prac- 
ticable to by -pass the cathode to 
ground to prevent degeneration, since 
by doing this we would unbalance the 
output. The effect would be to atten- 
uate the higher frequencies just as in 
the case of the high cathode to heater 
capacity. 

The ordinary cathode -loaded type 
phase inverter is shown in Figure 1. 
In order to understand the operation 
of the circuit, first let us view the sit- 
uation in Figure 2, which shows the 
equivalent circuit of any resistance - 
coupled amplifier employing a con- 
stant voltage generator, that is, a tri- 
ode with low plate impedance. The 
output voltage from the generator or 
tube in the middle frequency range is 
µ E. where a is the amplification fac- 
tor of the tube and Es is the signal 
voltage applied to the grid and RL rep- 
resents the load resistance. Rv is the 

E IN 

RI 

R2 

- B + 

EI 

E 

CATHODE LOADED TYPE 

Fig. 1. 

E OUT 

E IN 

RI 

J E OUT 

R2 E2 EIN 

EQUIVALENT CIRCUITS 

Fig. 1A. 

V. G. OF 

STAGE 

R2 

RI 

EQUIVALENT CIRCUIT 
OF ANY RESISTANCE 
COUPLED CIRCUIT 

Fig. 1B. Fig. 2. 
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plate resistance of the tube and might 
be thought of as the internal resist- 
ance of the generator. 

In this case there is no feed -back or 
degeneration in the circuit and the 
gain of the circuit would be the ratio 
of E. to E.. If RL is large in respect 
to Rp, it can be seen that the voltage 
gain would approach the mu of the 
tube. Now let us consider the case 
which applies to the cathode -loaded 
circuits. In Fig. 1 we see first of all 
that our loaded circuit is divided into 
two main parts, consisting of RI plus 
R2. For all practical purposes let us 
consider them equal in value and, 
consequently, the voltages across the 
two are equal. Again we determine 
the voltage gain by the ratio of El. to 
Eout. Since 1/2 the load circuit is corn- 

feed back more voltage, which has the 
effect of neutralizing the signal volt- 
age. There is one advantage, how- 
ever, in choosing a tube which would 
provide more voltage gain under ordi- 
nary circumstances, and that is in re- 
gard to the reduction of distortion. 

Specifically, the feed -back or gain 
reduction factor is 1 -Aß, where A is 
the voltage gain of the stage without 
feed -back. As shown previously, since 
ß is for negative feed -back, it is a 
negative quantity, so actually we have 
1 -A ( -ß), which gives us 1+Aß. This 
then is the factor which determines 
the amount of reduction we will get 
in the total distortion by using feed- 
back. 

This is shown in that : 

Distortion with feed -back 

volve the least number of parts, and 
consequently are cheaper to use. How- 
ever, it is important to remember that 
they do not give an appreciable 
amount of gain and should be used 
where a gain of less than 2.00 is suf- 
ficient. The frequency response of 
this system on the balanced type is 
substantially the same and is not a 
determining factor in the choice of 
circuits. 

In considering the other type of cir- 
cuit which involves the use of two 
triodes or a dual- triode, it might be 
well to point out that even though 
both of these circuits are referred to 
as the "balanced type," there is con- 
siderable difference in the two, and 
one is essentially more "balanced" 
than the other. There are some con- 
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VI 
V2 R3 

EI 
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Fig. 3. 
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V2 1111 

EQUIVALENT CIRCUITS 

Fig. 3B. 

E 

E 

E OUT 

mon to both the input and output, we 
have 1/2 the output voltage fed back 
to the grid, 180 degrees out of phase 
with the signal voltage, and the result 
would be that the gain could not ex- 
ceed 2 times. The equivalent circuits 
are shown in figure la) and lb). 

Specifically the gain is inversely 
proportional to the feed back voltage. 
i.e.: 
VG with feed -back = - (1 /0). 
Where : 

ß equals the percentage of 
output voltage which is fed 
back to the input. 
(ß is a negative quantity 
for negative feed -back.) 

This shows that we cannot exceed a 
gain of two, if we feed 50% of the 
voltage back. 

When the percentage of voltage 
feed -back is relatively large, as is the 
case in the cathode loaded type phase 
inverter (50 %), the actual overall 
gain of the stage with feed -back is 
substantially independent of the 'volt- 
age gain of the tube. It is merely a 
case of generating more voltage to 

Distortion without feed -back 

1 +Aß 
It is logical to make the voltage 

gain of the stage as great as possible, 
thereby increasing the value of A and 
in this manner increasing the quantity 
1 + Aß. It is impossible to change to 
other factor "ß," which is necessarily 
50% in these circuits as explained pre- 
viously. We also mentioned that the 
overall gain is practically independent 
of the voltage gain of the tube and yet 
we have pointed out that it is possible 
to reduce the distortion a great deal by 
using a tube with a higher- voltage 
gain. In order to feed back more 
voltage, we have made "A" a larger 
quantity. To summarize it in a few 
words, then, let's say that we can't do 
much about the gain of these circuits, 
but we can reduce the distortion by 
using a tube with a fairly high mu. An 
Illustration (figure 1) is shown giving 
the cathode -loaded circuit which may 
be used for practically any application. 

These cathode -loaded type phase in- 
verters provide the simplest form, in- 

el RI EI 

R3 

X\/ 
E OUT 

E IN R2 )E2 

= JI 

B + 

SELF BALANCING TYPE 

Fig. 4. 

E 

IN RI 

X 

EQUIVALENT CIRCUIT 

Fig. 4A. 

E OUT 

ditions which apply to both types in 
general, and we might mention these 
to be kept in mind in either case. 

In most cases it is desirable to 
choose a dual- triode such as a 6N7, 
6A6, or 6SC7, the latter being es- 
pecially designed for this service. The 
cathode to heater capacity is not so 
important now and the problem of in- 
herent hum generation is no longer 
present, since the cathode operates in 
a conventional resistance -coupled cir- 
cuit and is only above ground by the 
bias potential. The cathode may be 
by- passed if it is necessary to elimi- 
nate hum, but otherwise it need not 
but it may help to balance the drive 
to the push -pull stage. The gain is 
not affected a great deal since it is the 
same situation as in the common 
cathode resistor in an output stage, in 
which case the two currents flowing 
through it are 180 degrees out of 
phase. The argument used for the by- 
passing of a cathode resistor in a push - 
pull stage in regard to eliminating the 
odd order of harmonics, could apply 
here, however. 

The use of a tube with a high mu 
will allow a higher voltage gain just 
the same as in a conventional resistor - 
coupled circuit. There is a small 
amount of degeneration, but nothing 
in the order of the amount of the 
cathode loaded type. For practical 
assumption, the VG of this type is the 
same as in an ordinary resistance 
coupled circuit. 

Where : 

VG = 
RL 

RL RP 
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VG = voltage gain 
= amplification factor of tube 

Rv = plate resistance of tube 
Rn = load resistance of tube 
First of all we will consider the cir- 

cuit in figure 3, and the equivalent 
circuits in figures 3(a) &(b). In this 
type of phase inverter, tube V1 oper- 

B-I-=250 Volts 

LOW tt TRIODES R1 112 R3 R4 I R5 C Cl 

6C5 -6 100M 100M 250M 250M 6000 .01 25 nifd 

HIµ TRIODES Rl R2 R3 114 R5 C Cl 

6F5 -6SF5 etc. 100M 100M 250M 250M 1500 .01 125 mfd 

Gain is always less than two (2). 

Max. output grid -to- grid =20% plate supply voltage (B+) (appx.) 

2µR R1 +R2 
VG= where R = 

R (la +2) +Rp 2 

Fig. 6A (left) shows the circuit of a typical 
Cathode -loaded resistance -coupled audio stage. 

voltage at the grid of V2 as having 
the same phase as the voltage on the 
grid of V3, and after its signal is 
amplified in the tube V2 it appears in 
the output circuit in much greater 
magnitude and its phase relationship 
is now 180 degrees in respect to the 
voltage on the grid of V3. In order to 

VI 

INPUT 

R6 

B+ 

RI R3 

R4 

R2 

R5 

Tapped Output Type 

ates as a conventional resistance 
coupled amplifier feeding the grid of 
V3. As a means of providing a signal 
on the grid of tube V2, we tap off a 
portion of the signal voltage appear- 
ing across the grid leak resistor, of 
V3. The voltage on the grid of V2 
is proportional to the voltage on the 
grid of V3 and has the same phase 
relationship. Next, consider the signal 

would reduce the effective gain from 
V2 and tend to equalize the drive on 
V4. 

On the other hand, assume that the 
gain of V2 is less than V1, then the 
voltage at point X would be in phase 
with the signal on V3 and out of phase 
with V4. Under these conditions the 

B+ = 250 Volt 

6N7 Ì R1 R.2 I R3 R4 R5 R6 C Cl 

6A6 250M 250M475M 16000 500M 2000 .01 110 mfd 

6SC7 R1 %2 io3 R4 R5 R6 C Cl* 

250M 250M 475M 16000 500M 40001 .01 10 mfd 

*May not be necessary unless hum is present. 
RL 

VG tt App. 
Rï +RP 

Fig. 6B (left) illustrates the Tapped -type of 
phase- inverter. Values appear in table above. 

balance the drive on the two push -pull 
output tubes it is necessary that the 
voltage output from V2 be the same as 
that from Vl. In a practical case 
where the two triodes V1 and V2 are 
identical and perhaps a dual- triode, 
we consider them having identical 
characteristics and the amplification 
from each tube is equal. If, for ex- 
ample, the voltage gain of V_ is 20 (i.e. 

N 

C 

RI R3 
R5 

R4 
PUT R6 ftR. 

B + 
Self Balancing Type 

22 

Appx 
Gain 

22 

Gain 

38 

effective gain of V2 would be in- 
creased, since the signal on the grid 
would tend to reinforce the output of 
the tube. These two conditions are 
shown graphically in figure 5 under 
(e) and (f). 

The resistor R3 is not of critical 
value, since it is common to the output 
of VI and the input and output of V2. 
the ratio of the input voltage to the 

Fig. 6C (left) has been designed to employ the 
values given in the above formula and chart. 

B4- =250 Volts 

6N7 1 R.l R2 i 113 R4 R5 R6 C Cl 
Appx 
Gain 

6A6 J} 250J I 250M 250M 250M 100M 2000 .01 25 mfd) 26 

Appx 
6SC7 Rl R2 R3 114 R5 R6 C Cl Gain 

250M 250M 250M 250M 100M 1500 .01 25 mfd 45 

RL 
VG IL App. 

RL +Rp 
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output voltage is 1 to 20), and we tap 
off 1/20 of the voltage across the grid 
resistor of V3 and apply it to the grid 
of V2 it develops a voltage across the 
grid resistor of V4 equal to that across 
the grid resistor of V3. We have ac- 
complished the necessary results and 
the two signal voltages on tubes V3 
and V4 are equal and 180 degrees out 
of phase. 

Next assume that there is a slight 
difference in the amplification of the 

V3 

1 
II 

R2 
V i 

\J a c 

L. 

V2 

I I 

1 
R2 

T4 

V 

f 

Fig. 5. Graphical Analysis of 
Balancing Type 

a. Represents phase of signal voltage ap- 
pearing on grid of V3: and also the 
voltage developed across R2. 

b. Represents phase of signal voltage ap- 
pearing on grid of V4: and also the 
voltage developed across Rl. 

c. Represents the voltage phase across R3 
due to the signal voltage on V3 caus- 
ing a current through R2 and R3 to 
ground. 

d. Represents the voltage phase across R3 
due to the signal voltage on V4 caus- 
ing a current through R1 and R3 to 
ground. 

e. Represents the condition when the gain 
of V2 is higher than V1-the signal 
from point x is shown on the grid. The 
output voltage shifts 180° through the 
tube and cancels a portion of the orig- 
inal voltage shown at b. 

f. Represents the condition when the gain - 

of V2 is less than V1 -the signal from 
point x is shown on the grid. In this 
case, the output is in phase with that 
shown in b, and adds to it rather than 
cancelling part of it. 

two tubes. This means that if V2 has 
slightly more gain than V1, we will 
not have to tap off as large a portion 
of the voltage across the grid resistor 
of V3 as before since it is going to be 
amplified to a slightly greater extent 
and will not require quite as much 
signal voltage to get the same output 
as before. A simple expression worked 
out to give a basis for determining the 
ratio of the two resistors R3 and R4 
which go to make up the total grid 
resistor, is as follows : 

R3 + R4 
R4 - 

VG 
Where VG = voltage gain of V2 
Due to the fact that resistors, which 

would ordinarily be used for R3 and 
R4, may vary as much as 10 percent 

(Continued on page 60) 
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SERVICE H NTS 

Here are some more servicemen's aids 
that will help to increase his revenue. 

rE two largest churches in Beau - 
ont, Texas, St. Anthony and First 

Baptist Church, had a lot of trouble 
with echoes and they wanted a system 
to take out these echoes and the 
bouncing out of those walls. These 
churches had previously spent a lot 
of money elsewhere trying to put in 
some acoustical treatment to stop it, 
without result. 

So Ed Flinn, of The Radio and Ap- 
pliance Company, put small speakers 
on each side of the church walls, about 
every twenty feet apart, right down 
the wall, and tilted them down. That 
helped to throw the sound to the cen- 
ter of the church at a 45 degree angle, 
which stopped it completely. 

A unique installation by Flinn was 
for the local Chamber of Commerce 
which runs busses out on good will 
trips to outlying territory. He put a 
long mike extension on with two 
speakers in the bus. "They use them 
for foolishness when on the road," 
Flinn explained, "but when they get 
to a town they take the mike out of 
the bus (has 150 foot extension) and 
walk all around the streets, wherever 
they want, thank the people for their 
welcome and hospitality, and the usual 
line of chatter. The speakers are 
mounted on the bus. They are port- 
able also and can be moved anywhere 
you want to, being controlled by bat- 
teries. 

"In a public address system at a lo- 
cal hotel we tried something from a 
technical standpoint. They wanted 
four mikes operating on the speakers' 
table for roundtable or open forum 
discussions. Instead of using different 
mixers we took four crystal mikes, 
high impedance, tied all four of them 
in the one input and gave a perfect 
reproduction. The volume level being 
essentially the same all the way 
through. It did a swell job so that 
many of the hotel managers who were 
there at the convention gave us many 
compliments." 

Flinn also uses good selling tactics. 
For instance, a year ago he started 
a scrap book of articles appearing in 
the local newspapers about him and 
his work, which he uses in selling. 
That is, when he runs into a man he 
doesn't know, it goes a long way to- 
ward convincing him that Flinn is the 
man for the job. 

This scrap book also contains photo- 
graphs of various installations. It cov- 
ers all angles of the business. In ad- 
dition to that, from the selling stand- 
point, he takes letters from various 
people for whom he has done jobs and 
pastes them in here as recommenda- 
tions to show other people. 

QUITE often the serviceman de- 
tects internal noise, in a set but it 

isn't bad enough to be verified with 
any certainty. Every serviceman has 
an instrument that checks this very 
effectively. It is no more than his test 
oscillator with the modulation switch 
in the un- modulated position. 

If you suspect the noise to be in the 
r.f., 1st detector, or oscillator stages, 
hook your test oscillator to the aerial 
and ground of the set in the usual 
manner but instead leaving the mod- 
ulator switch in the modulation posi- 
tion you put it on the un- modulated 
position and instead of feeding a low 
level r.f. signal into the slit you feed 
a much stronger signal. 

If the noise is in the radio proper 
it will be much louder than normal. 
By pressing and wriggling suspicious 
components the noise will be aggra- 
vated. 

If it is the i.f. stages that is under 
suspicion and it is certain that the 
preceding stages are not at fault, the 
procedure is exactly the same except 
that the un- modulated signal (of the 
same frequency as the i.f.) is fed into 
the grid cap of the first detector and 
should be even stronger. 

Noisy coils, transformers (that also 
includes audios), volume controls, and 
partially shorted or open condensers 
are easily located. The unmodulated 
signal is also very useful for showing 
and locating microphonics or acoustic 
feed back. 
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CONTEST PRIZE WINNERS 
Here are the winners in the recent 

- Cash Prize Contest: 
$100.00 1st Prize 

Harry L. Poling, Box 221, Elkins, W. Va. 
$50.00 2nd Prize 

John S. Johnson, Jr., 1306 Adam St., 
Bowling Green, Ky. 

$25.00 3rd Prize 
Armand Besse, 7349 Lajeunesse St., 

Villeray, Montreal, Can. 
$10.00 Winners 

Frederic U. Dillion, 1237 N. Fairfax Ave., 
Hollywood, Calif. 

Ben E. Long, 318 Linden Ave., South- 
gate, Ky. 

Richard A. Strouhal, W. Burlington, la. 
David Gnessin, 3444 Reiser Ave., S.W., 

Grand Rapids, Mich. 
Edward Lovick, Jr., 416 Reese Pl., 

Burbank, Calif. 
C. B. Kelley, 198 Shrewsbury St., 

Holden, Mass. 
Bill Benner, 145 S. Maple St., Webster 

Groves, Mo. 

O u r congratulations on some 
mighty nice articles, fellows! 

Watch for yours in RADIO NEWS. Ed. 

23 

www.americanradiohistory.com

www.americanradiohistory.com


S .4etincJ f »r 

SPECIFIED SOUND LEVELS 
by RALPH P. GLOVER 

Jensen Radio Manufacturing Co. 

The author tells how to estimate the number of projectors 
and how much power is required to corer specified areas. 

r 1 H main problem in any sound 
installation revolves around the 

- - question of how many speakers 
of what type, located where and sup- 
plied with how much audio input pow- 
er, are needed to produce the desired 
result. Most purchasers of sound in- 
stallations do not know the answers to 
these questions and their solution is 
the specialized province of the sound 
engineer. Very often the sound man 
makes his survey and determines the 
equipment requirements on a "rule of 
thumb" basis evolved out of practical 
experience. 

The main problem outlined above 
can be solved in industrial sound sys- 
tems by relatively simple measure- 
ments and reference to the data and 
charts included in this article. 

Noise Levels 
How loud must the reproduced 

sound be in order to be clearly under- 
stood ? To answer this question we 
must know the noise level at the par- 
ticular location. Noise levels vary 
from extremely low values in the open 
country, up to very high levels which 
are almost painful in some factories. 
Some parts of a particular factory are 
much noisier than those sections more 
removed from the heavier machinery. 

Sound levels are measured with a 
sound level meter, which consists of a 
microphone, amplifier and indicating 
meter, calibrated in decibels above the 
threshold of audibility. The threshold 
value has been standardized at 10 -16 

watts per square centimeter which is 
equivalent to a sound pressure of 2 ten 
thousandths dyne per square centi- 
meter. A sound of this level, which is 
0 db on the sound level scale, will be 
barely audible to a person with good 
hearing. At a level of 130 db sound is 
so loud as to be painful. 

The most reliable method of deter- 
mining the noise level is to survey the 
location and make a series of measure- 
ments with a sound level meter manu- 
factured by a reliable firm of instru- 
ment makers. As an alternative, a 
fairly satisfactory sound level meter 
can be assembled using an inherently 
stable pressure- operated microphone 
in combination with an amplifier pro- 
vided with a calibrated tapped gain 
control and an output meter reading 
in "db" or "VU." The apparatus must 
then be calibrated by comparison with 
a standard sound level meter, perhaps 
borrowed from an accommodating 
friend or institution, or the calibra- 
tion can be made by a firm with acous- 
tic laboratory facilities for a reason- 
able fee. 

Great care must be exercised to pro- 
vide stable gain characteristics so that 
reading will be reliable and reproduc- 
able for, unfortunately, it is rather 
difficult to approach the performance 
of the commercial product in a home- 
made device. The third alternative is 
to estimate the voice level from pub- 
lished tables based on average values 
of various kinds of noise in representa- 
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Fig. 1. Effect of Distance to Reproducer of Sound Level. 
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tive locations. Table I indicates rep- 
resentative noise levels in industrial 
locations, traffic noise and residential 
levels. 

It will be evident from examination 
of the items in Table I that it can only 
provide an approximate answer to 
question of the noise level in a given 
case. In a few factories the noise level 
has been found to be as low as 60 db 
while levels as high as 95 to 120 db 
have been measured in others. Obvi- 
ously noise levels differ in various 
parts of a particular factory. 

Noise "masks" the speech sounds 
that we want to hear. We compen- 
sate for this by increasing the level of 
conversation until it is comfortably 
above the level of the ambient noise. 
Ordinary conversation level is 60 db 
and it is evident from examination of 
Table I that this is 18 to 30 db above 
residential noise levels. A level of 60 
db however is inadequate under fac- 
tory noise conditions of say 75 db, and 
the level of speech at the listener ear 
will be increased to 85 db or more. 
Usually part of the level increase is 
accomplished by closing up the separa- 
tion between talker and listener, and 
part by increasing the speaking level. 

Assuming that no sound level meter 
is available, we have no choice but to 
estimate the noise levels from Table I 
or similar data. Let us assume that 
the location is the interior of a factory 
equipped with heavy machinery and 
engaged in ordinance production. Con- 
sulting the table it seems likely that 
the noise level will lie between 80 db 
and 110 db. Iìtspection of the plant 
shows an area in which there is an in- 
termittent source of very high level 
noise. The memory of what a boiler 
factory sounds like and the "hammer - 
on -steel plate at 2 ft." item leads us to 
conclude that the level around this 
particular machine is approximately 
112 db. The noise decreases as we 
move away from the very noisy 
machinery and at the other end of the 
400 ft. long building the noise level 
seems quite low so we make a conver- 
sation test to provide a rough check on 
the level. Perhaps the level seems 
relatively low because of the recent 
exposure of our ears to high intensity 
sound. This may be just imagination. 
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Speaking at what we feel is a normal 
conversational level, it is found that 
speech is masked by the noise at a dis- 
tance of five feet to the listener. When 
the distance is decreased to one foot, 
the speech appears to be about as loud 
as the noise and is barely understand- 
able. From the chart in Fig. 1 we com- 
pute the increase in level in changing 
from 5 feet to 1 foot and find it to be 
14 db. The level at the listener's ear is 
therefore approximately 60 db (nor- 
mal speech level at 5 feet), plus 14 db 
or 74 db which roughly checks the 80 
db estimate previously made by refer- 
ence to the table. It is decided to as- 
sume, conservatively, that the mini- 
mum level is 80 db in this particular 
factory. 

Such methods of arriving at noise 
levels are not nearly as convincing as 
sound level meter data and are mani- 
festly subject to considerable error due 
to the human element. However, we 
are at least practicing intelligent 
"guessing," the results are subject to 
practical check when appraising the 
final sound coverage, and judgment 
should improve in the light of system- 
atic experience. 

Overriding the Noise 
The loudspeakers must produce a 

sound level adequately above the noise 
level. Indoors in relatively small rooms 
the level is increased above the direct 
sound level by diffuse energy due to 
reflections from the walls. This in- 
crease may be as much as 10 db. Out 
of doors there is only the direct sound 
to consider. In large enclosures, espe- 
cially where the walls offer very little 
absorption, the diffuse or reverberant 
sound is troublesome and impairs the 
intelligibility of the reproduction. 

It is desirable, therefore, to make the 
direct sound the principle component 
by employing multiple speakers lo- 
cated relatively close to 'the area 
which they serve. In industrial sys- 
tems the transmission of speech is the 
main requirement and the objective 
should be a more than adequate direct 
sound level. Especially under present 
conditions when sound systems are vi- 
tally important in paging, production 
dispatching, antisabotage control, and 
alert warnings, there is no place for 
inadequate, underpowered installa- 
tions in our industrial machine. 

Experience indicates that in moder- 
ate -to -large indoor industrial systems, 
the installation should be planned to 
afford reproduction 20 db above the 
average noise level. It is desirable to 
attenuate the low frequency response 
below about 400 cycles to minimize re- 
verberation and to provide power econ- 
omy in the audio system. Approxi- 
mately the same 20 db margin is ap- 
plicable in out of door installations. 

A special problem arises when the 
noise level is very high, for it becomes 
difficult to obtain speakers capable of 
ultra high- intensity reproduction, their 
cost is high and the required power is 
large, for example the 110 to 120 
db noise levels found close to some of 
the heavier rolling operations in a steel 
mill. These intensities are close to the 

(Continued on page 57) 
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Table I 
Representative Noise 

(Compiled from Various 
evels 
purees) 

SOURCE OF NOISE NOISE LEVEL 
Industrial Noises IN DECIBELS* 

Threshold of pain 130 
Airplane engine and propeller -18 ft. 120 
Hammer blows on steel plate -2 ft. 114 
Boiler factory 110 
Pneumatic riveter -25 ft. 100 
Factory, heavy manufacturing. 80 
Factory, medium manufacturing. 75 
Factory, light manufacturing. 70 
Factory office 65 
Large office 65 
Large store . 63 
Restaurant 60 
Average medium city office 55 
Garage 55 
Small store 52 
Hotel 42 

Traffic Noises 
Subway 103 
Very heavy street traffic -25 ft. 80 
Busy street traffic 70 
Residential street 58 

Residential & Conversational 
Apartment, city 42 
House, city 40 
House, country 30 
Ordinary conversation -5 ft. 60 
Average whisper -5 ft. 18 
Quiet whisper -5 ft. 10 
Threshold of audibility. 0 
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Commercial amplifier evolved from the principles applying to home -built units. 

Designing a P.A. AMPLIFIER 
r \HIS article is directed to the 

readers of RADIO NEWS who might 
- - not be thoroughly versed in the 

fundamentals of a P.A. amplifier. We 
believe it will assist them to clearly 
understand the functions of the vari- 
ous parts of a P.A. amplifier. 

We all know that a P.A. amplifier 
"amplifies audio frequencies" much 
the same as the audio channel in a 
radio. A P.A. amplifier, however, must 
meet certain requirements not ordi- 
narily required in a radio and in this 
respect the engineering that goes into 
it is somewhat different. 

First, a P.A. amplifier must have 
greater usable power output, and in 
the output there may be one or sev- 
eral speakers. The speaker or speak- 
ers must be carefully matched to 
present the proper load to the ampli- 
fier. This is necessary if you want 
the "mostest" from the amplifier. Sec- 
ond, the amplifier must have sufficient 
amplification to make the use of a 
low- output microphone possible. Third, 
the response to, or amplification of, 
all frequencies of the sound spectrum 
must be uniform. This is what is 
meant by "flat frequency response." 
Fourth, it must amplify sound without 
distortion. All amplifiers produce 
some harmonics of the frequencies 
they amplify. This is known as har- 
monic distortion. An amplifier having 
up to 10% distortion is considered dis- 
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by LOUIS M. IIEZETTEL 

It's easy to design an efficient amplifier 
if you apply certain fundamental formulae 
to its construction and basic requirements. 

tortionless for practical purposes. 
These are the fundamental require- 
ments. - 

In addition to the above an ampli- 
fier must have other features which 
add to its flexibility. It must have a 
number of input channels -the num- 
ber depending upon the use required. 
The minimum number are usually 
two -one for a microphone and one 
for a phono -pickup. If you plan on 
using more than one mike at a time, 
the amplifier must be selected or 
built, to have the required number of 
high -gain or mike inputs. 

An amplifier must be capable of 
"fading" the inputs, one into the other. 
It ought to have at least one control 
for varying tone. Although the use 
of one violates the requirement of the 
flat response mentioned, it is some- 
times desirable to produce certain ef- 
fects, especially when playing music. 
And last but not least the amplifier 
should give not just the "mostest," but 
the "mostest for the leastest" when it 
comes to expense. Its tube line -up 
should, therefore be carefully selected. 

Now, let's build ourselves an ampli- 
fier, on paper, of course, and see what 
goes into the design of one. 

It is usual to start at the back end 
or power stage when designing an 
amplifier. Let us assume that the use 
of our amplifier will be for indoor 
halls of not more than about 5,000 sq. 
feet and outdoor fields of about 2500 
sq. feet in area. These areas can be 
covered with an amplifier of from 12 
to 14 watts output. The figures can 
be calculated mathematically but lead- 
ing radio mail order companies have 
done this for us and publish simplified 
charts on this in their catalogs. 

Our tube charts tell us (again we 
avoid mathematics) that a pair of 
6V6GT's in push -pull, with 300 volts 
on their plates and screens is capable 
of producing 13 watts of audio power. 
6V6's are beam -power tubes and have 
high power sensitivity. By this we 
mean that they produce comparatively 
large power output with small signal 
voltage input. This is in line with 
our policy of getting the "mostest for 
the leastest." Although beam -power 
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tubes have a tendency to produce 
quite a bit of 2nd harmonic distor- 
tion, when used in push -pull the 2nd 
harmonic and all even order har- 
monics are cancelled out. The man- 
uals and charts tell us that with 300 
volts on the plates and screens of a 
pair 6V6GT's the total current con- 
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6V6G 
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Fig. 1. Power Amplifier Stage. 
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sumption (in plates and screens) is 83 
ma. without a signal and with 20 
volts of bias on the grids. The recom- 
mended plate -to -plate load is 8000 
ohms. This is called class AB1 service. 

Let's look into that class AB1 busi- 
ness for a minute. There are four 
classifications for the power stage -A, 
AB1, AB2, and B. In class A service, 
the bias for the power stage is of such 
a value that the tube operates over 

+300V 

Fig. 2. Phase Inverter. 

the straight portion only of the char- 
acteristic curve, the bias voltage value 
falling in the middle of this curve. 
This class is always used for a single 
tube power stage and sometimes for 
a push -pull stage. The output wave 
(considering one tube) is exactly like 
that applied to the input of the stage. 
Class A service produces the best 
quality (least distortion) but is low 
on power sensitivity. 

For class AB1, the bias is increased 
slightly (about 40 %). The tube oper- 
ates with its bias nearer the bottom 
of the straight portion of the charac- 
teristic curve. The output has high 
2nd harmonic content but when two 
tubes are operated in push -pull the 
2nd harmonic distortion cancels out. 
Class AB1 service has a little less 
quality but greater power sensitivity 
than class A. 

Class AB2 is similar to class AB! 
except that the stage is driven harder. 
In fact it is driven to the point where 
the grids go positive on voltage peaks. 
This requires a driver stage capable of 
delivering some power. The bias on 
a Class AB2 stage must be fixed and 
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the power supply must have very good 
regulation. Class AB2 produces a 
considerably greater amount of power 
than class AB!. 

In a class B stage the bias on the 
tube is of a value that almost cuts 
off the plate current. One grid or the 
other is nearly always positive. 
Greater power is required of the 
driver. From the same plate voltage 
and tube size (dissipation rating) 
class B service produces the greatest 
amount of power. The distortion con- 
tent is higher than for any of the 
other classes, however. 

Getting back to our 6V6GT push - 
pull power stage, let's draw a circuit 
diagram of it (Fig. 1). Although the 
20 volts bias indicated in the tube 
manuals should be from a fixed source 
we are going to use cathode biasing. 
We divide the 20 volts bias required 
by 83 ma. current and find we can use 
a cathode resistor of about 240 ohms. 
The square of the current times the 
resistance equals the wattage dissipa- 
tion in the resistor. This equals about 
1.7 watts. Resistors are cheap enough 
so let's use a 10 watt resistor at 250 
ohms for cathode bias. 

Because of the cathode resistor our 
distortion will be slightly higher than 
the published 4 % at 13 watts, but we 
are going to reduce it some later by 
adding inverse -feedback. In push -pull 
stages, the AC voltages across the 
cathode resistor are equal and out of 
phase, therefore no a.c. voltage ap- 
pears across the cathode resistor. This 
resistor need not be by- passed with a 
condenser. 

An output transformer is required 
for reducing the impedance necessary 
for the tubes (8,000 ohms in this case) 
to the impedance of a speaker (8 
ohms). If two speakers are connected 
in parallel, their combined impedance 
is 4 ohms. If connected in series their 
combined impedance is 16 ohms, ex- 
actly as in the case of resistors. In 
addition, we may want to locate the 
speakers several hundred feet from 
the amplifier. At such distances the 
resistance of the line would cause con- 
siderable loss at 4, 8 or 16 ohms. Our 
output transformer should have a 500 
ohm secondary tap, too. At the other 
end of the line a 500 ohm to voice coil 
transformer would be used. If of poor 
quality, the output transformer will 
have a tremendous effect on frequency 

response It should be a good husky 
job, wit plenty of iron and copper 
wire in t. 

Up to this point we have dealt with 
power. From this point back, voltage 
amplification is what we seek. The 
manual ays that our power stage re- 
quires a peak grid -to -grid voltage of 
30. Th t figure is for a power stage 
with fix d bias. When cathode bias 

INPUT 
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INPUT 
I MEG 

I MEG 

EG 

MEG 

Fig. 3. Mixer Circuits. 

is used c{ve must have a voltage swing 
about 2 % greater for the same out- 
put. Let's put our figure at 37 volts 
peak grid -to -grid. Because of the in- 
creased drive the dissipation require- 
ments of the tubes are slightly higher, 
so at this point we switch to 6V6G 
tubes which have a little higher plate 
and screen dissipation rating. 

It is necessary now to add a phase 
inverter ahead of our power stage. As 
a rule amplifiers do not operate push - 
pull all the way through. It is not 

50 MID 

Fig 4. Microphone Amplifier. 

necessary because voltage amplifying 
tubes helve negligible distortion, even 
when operated single ended. A phase - 
inverter changes the single phase 
voltage o push -pull. There are many 
types of phase inverters and they are 
fully co ered in another article in this 
issue. -lfD. 

Special requirements may dictate 
the choice of the phase- inverter cir- 

(Continued on page 48) 

Fig. 5. Complete Amplifier. 
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SERVICEMAN'S 
EXPERIENCES 

by LEE SHELDON 

" " THREW the door of the shop 
open hard when I came in to show 

- - how mad I was. Al was sitting 
at the Salutary Sales & Service desk, 
behind the partition that divides our 
sales department from the accom- 
plishment section. 

"It's me," I announced, so he 
wouldn't think I was a customer, and 
I slammed the toolbag down hard. 

"What's with you ?" my partner 
asked, "a bull elephant ?" 

"Aw, this business gets me down," 
I answered sulkily, shoving the tube 
checker back against the wall. "Some 
people want you to work for nothing!" 

Al went "tsk, tsk," and rattled his 
newspaper. 

"I mean it," I told him, walking 
back to the desk. "It's those doggone 
air raid wardens who 'phoned this 
morning. Just because they don't get 
paid, they have an idea that everyone 
else should give them things free!" 

"Mmm," Al replied, with rising in- 
flection, but without glancing over the 
top of his paper. 

"This fellow Peterson's the worst," 
I explained. "He's a sort of a procure- 
ment board for the local outfit. Know 
what he did ? They've got a vacant 
store on Walker Avenue they're using 
for a meeting place -rent free, of 
course -and they furnished it with a 
couple of old chairs and a rickety ta- 
ble. The owner of the delicatessen 
store next door rigged up a light for 
them from his own meter, and some- 
one else lent them an oil burner. So 
guess what happened." 

Al didn't guess. 
"Peterson called me up," I 

told him indignantly, "saying 
he had a rush job for me. I 
went right over, and he showed 
me a broken -down Majestic 72. 
I explored under the dust for a 
while, and told him it needed 
everything between the drive 
cable and filter block before it 
would play again. Besides, if 
we took the job -" 

Al whistled, but kept his nose 
in the paper. 

"-if we took the job, the 
only thing that was worth sal- 
vage would be the escutcheon 
plate, and recommended a new 
set. 'Isn't there anything else 
on it that you can save ?' he 
wanted to know. 'Well,' I told 
him, real sarcastic, 'perhaps if 
we were real careful, we could 
rejuvenate the pilot light. The 
rest of the set's as useless as 
the second b in obbligato.' He 
claimed the boys had chipped in 
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on a lot of other things, and that they 
couldn't afford a new set. He insisted 
on a quotation, so what could I do? 
'Well,' I said, 'twenty -five bucks for 
the whole job complete, which in- 
cludes not saying anything to the De- 
partment of Sanitation.' " 

"Read this morning's paper yet ?" 
Al asked. 

"Peterson sorta jumped when I gave 
him the price, but he said he had to 
get a receiver in his work somehow. 
Imagine -the guy actually wanted me 
to work for nothing, as if it was a pa- 
triotic duty, or a social responsibility 
to my community! 'Look here,' I told 
him, 'your needing a set is no sign -' " 

"Boy, what an article I've been read- 
ing about the Marines on Wake Is- 
land!" Al said, admiringly, pretending 
he wasn't listening to me. "What a 
bunch of scrappers!" 

"Wait a minute, Al," I said, "Lem - 
me finish. This Peterson -" 

"The fight at Wake began when our 
Marines were japped in the back on 
December seventh," Al informed me, 
with his head deep in the paper. 
"They say the exact reports won't be 
available for years, but it seems there 
were only about 400 Marines on the 
Island, and only twelve planes. After 
the first attack, eight planes were de- 
stroyed on the ground, and the field 
was unusable. Twenty -five men were 
killed by machine -gun fire, and others 
were injured." 

"Al, please," I tried to say, "wait 
till you hear -" 

"And then, on the next day, twenty 
twin -engined bombers raided the place. 
Wake Island is shaped like a hollow 
arrow -head, with each side about 
three miles long, and it's not more 
than a mile thick at any point. It's 
very flat -a tough place to be when 
an air force comes after you. There 
was another attack the same day, as- 
sisted by shelling from warships. The 
aircraft came in waves. Our men 
sank a cruiser, a destroyer, and got 
six planes. 'Transports were sighted, 
but they made no attempt to land.' 
Ah -ha -the yellow lads saw they were 
up against something tough. Eigh- 
teen planes came in once, but only 
sixteen rose out of the dive." 

"Please listen to business, will you 
I asked. "Don't you think I was right 
in refusing to do that warden's job 
free, even if -" 

"On the eleventh," Al went on ex- 
citedly, "a big four -engined bomber 
came in for the kill, but the boys 
weren't impressed. They shot it down. 
Oh, man! 'The convoy reappeared 
and was attacked, and one vessel was 
severely damaged.' Then they sank a 
Japanese submarine." 

Al lowered his paper and looked at 
me for the first time. 

"Isn't that rich ?" he asked, without 
waiting for an answer. "They sank 
a submarine. Just like that -like a 
man would order dessert. They knew 
they were outnumbered, that they 
could be out -maneuvered, out -ranged, 
and out -shot by the enemy, but they 

didn't sit around talking about 
giving up. No, sir! . Let's 
see what else it says." 

When his head disappeared, 
I tried again. 

"They were good fighters," I 
agreed, "but how about this 
guy's Majestic ? Do you think 
that if I only charged for what 
the parts cost -" 

"Here we are -listen to this," 
Al interrupted. "On the thir- 
teenth, the enemy bombed them 
by moonlight (our little play- 
mates are getting cautious, 
eh ?) , and on the next day fifty 
planes attacked. The Yanks 
got three of them. Meanwhile, 
our planes were up in the air 
-all three of the four that 
hadn't been damaged. Then 
two went out of commission - 
one was hit on the ground, and 
the other smashed its landing - 
gear as it landed and hit a 
bomb crater. Sounds like a real 
American fight." 

(Continued on page 60) 
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PRACTICAL RADIO COURSE 
by ALFRED A. GHIRARDI 

Part 3 in a radio course prepared especially for students 
Sources of E.M.P. 

THE most commonly employed sources of 
power for vacuum -tube radio receivers 

are the electric light lines. In some localities 
these supply direct current (d.c.) but in most 
sections of the country the supply is of the 
alternating current (a.c.) variety. This is 
fortunate because alternating current offers a 
number of advantages, one of the most im- 
portant of which is that the voltage can be 
stepped up to any desired higher value, or 
reduced to any lower value through the use 
of simple transformers. 

Direct current supply can be stepped up 
only by relatively expensive means that are 
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Conventional dry cell. 

usually not deemed practical for home receiv- 
ers, therefore radio sets operated from 115 - 
volt d.c. lines usually do not have applied 
plate voltage greater than this value. D.c. 
line voltage can, however; be reduced to any 
desired lower value through the use of drop- 
ping resistors of suitable value. 

The electric -light lines constitute by far 
the most practical source of supply for most 
radio purposes. Where batteries are em- 
ployed they require checking, periodic re- 
placement (in the case of dry cells) or re- 
charging (in the case of the storage battery), 
and thus involve a certain amount of bother 
and expense not encountered with line sup- 
ply. On the other hand a battery operated 
receiver can be used anywhere without de- 
pendence on an electric light line. The auto- 
mobile radio which operates from the car's 
storage battery is one example ; the increas- 
ingly popular portable receivers, with a built - 
in compartment in which they carry their 
own dry -cell batteries or a small storage bat- 
tery, is another. 

Later in this series the operation of radio 
equipment from various sources will he con- 
sidered in more detail. At this time, how - 
ever, it is appropriate to consider batteries 
as a source of e.m.f. for operating radio 
equipment. 

Wet and Dry Cells 
If plates of two specified materials, such 

as carbon and zinc, are immersed in a suit- 
able chemical solution an electrical potential 
will develop between then with the result 
that current will flow through a wire con- 
nected externally between the plates. This 
is the principle of the wet primary cell. 

The action is purely a chemical one and is 
briefly as follows : 

When by some means one or more elec- 
trons are removed from a normal atom, the 

April. 1912 

atom becomes electrically unbalanced, due to 
the loss of a portion of its negative charge, 
and its overall charge becomes positive. Such 
a positively charged atom is known as a posi- 
tive ion. The electrons thus removed are 
known as "free" electrons. Should one or 
more of them attach itself to another nor- 
mal atom, that atom will assume a predomi- 
nantly negative charge and becomes a nega- 
tive ion. 

When salts or acids are dissolved in water, 
many of their molecules become dissociated, 
yielding both positive and negative. ions. 
When a plate of zinc and another of carbon 
are connected together to form a conducting 
circuit and are then placed in such a suitable 
chemical solution, positive zinc ions enter the 
solution, leaving some of their electrons on 
the zinc plate. The resulting accumulation 
of electrons (negative charges) make the 
zinc plate negative. ' The positive zinc ions 
entering the solution tend to repel other posi- 
tive ions already in the solution, driving 
them to the carbon plate. There they at- 
tract electrons from the carbon and once 
more become neutral or balanced atoms but 
in extracting these electrons from the car- 
bon, leave it positively charged. 

The overcrowding of the negative elec- 
trons on the zinc plate, each tending to repel 
one another, pushes some of them off and 
these are drawn around through the conduct- 
ing circuit by the attraction set up by the 
positive carbon plate. This repelling action, 
coupled with the attraction of the carbon 
plate constitute the electromotive force of the 
cell. This force causes a flow of electrons 
from the zinc to the carbon plates, through 
the external circuit. In conventional termin- 

Typical B battery construction. 

ology of electrical current flow, the current 
is said to flow from the carbon plate, through 
the external circuit to the zinc plate. It is 
a direct current. Such is this current that if 
a low -power lamp or a bell is connected in 
this circuit it will be made to operate. 

The much more common dry cell is similar 
to the wet cell in its action but its construc- 
tion differs. The zinc negative electrode 
forms a container for the cell. The sal am- 
moniac electrolyte is in the form of a paste 
(the "mix ") with the carbon- electrode in the 
center. Thus the dry cell is nonspillable and 
is, therefore, much more convenient for ordi- 
nary use because it may be employed in any 
position. 

These dry cells vary in size from the tiny 
flashlight cells to the large No. 6 cells (illus- 
trated). Regardless of size, the e.m.f. per 
cell is approximately 1T/2 volts. All other 

things bei g equal, the greater the zinc area 
exposed t chemical action in a dry cell, the 
greater is its current capacity. 

A "batt Ty" is a combination of 2 or more 
individual cells built or connected as one 
unit. In one type, a number of individual 
small cyli drical cells similar to the ordinary 
flashlight ells are assembled together and so 
connected that the total e.m.f is the sum of 
their indi 'idual e.m.f.'s. In the other type 
space is s ved by making the individual cells 
in flat pancake shape and stacking them one 
against the next so they make direct contact 
with each other. 

Other ciemicals are employed (in addition 
to the basic electrolyte) to aid the function- 
ing of the cell and can perform their func- 
tions only within certain limits of speed. For 
this reason current cannot safely be drawn 
from the cell in excess of specified limits. 
Moreover the cell life is greatly extended if 
it is used Intermittently rather than continu- 
ously becaluse then the chemical actions have 
an opport'inity during rest periods to catch 
up with tleir jobs. 

Stor ige Cells and Batteries 
The storage battery is not, as many be- 

lieve, a storage place for electricity. Instead 
it provides means for converting an electrical 
charge into chemical energy, storing this and 
reconverting it to electrical energy as re- 
quired. The usual lead -acid type storage cell 
contains pecially constructed electrodes of 
lead pero ide and spongy lead immersed in 
a dilute s lution of sulphuric acid and dis- 
tilled wat r. The actual chemical action is 
a rather c nuplicated one and it is hardly nec- 
essary to o into its details here. 

An imp rtant advantage of a storage bat- 
tery is that it is capable of delivering much 
larger cur ents continuously than is a dry cell 
of compa ble size. Usually such a battery 
consists o three cells of 2 volts each and the 
voltage su plied by the battery is, therefore, 
approximately 6 volts and may be used for 
the direct operation of the filaments of 6 -volt 
vacuum tubes. Its current capacity is ample 
to supply he requirements of even large re- 
ceivers th t employ many such tubes. An- 
other adv ntage is that the storage battery 
can be ree Barged up to full capacity time and 
time agaii . 

The sto age battery can supply all operat- 
ing power for a receiver through the use of 
is separate device known as a "vibrator power 
supply." This converts the 6 -volt output of 
the to any higher desired value re- 
quired fo the plate circuits of the tubes. 
Such a vil rator device is built into automo- 
bile radio receivérs so that the only voltage 

(Continued on page 41) 

The special wet A battery. 
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Beginner's Dynamic Demonstrator 

- 'ROM the start let it be clearly 
stated: this demonstrator is de- 

- - signed to be built and used by 
the radio beginner. Every step will 
be carefully outlined with diagrams 
and photographs to thoroughly explain 
everything to the novice. So, let's be- 
gin : 

A Dynamic Demonstrator is a device 
which can be used to demonstrate and 
study operating principles while the 
apparatus is actually operating. At 
least one large radio manufacturer 
has a Dynamic Demonstrator for sale 
to schools, etc., priced at $75. That 
demonstrator is a radio receiver with 
provision for plugging in test devices 
and meters for trouble -shooting. 

The Demonstrator we're going to 
build has all that and provision for 
plugging in dozens of circuits, such 
as: 

1. Speech amplifier with provisions 
for connecting carbon, crystal or dy- 
namic microphone, with two stages of 
amplification, suitable for small pub- 
lic address system or intercommuni- 
cations system. 

2. Transformer - coupled amplifier. 
For general purpose amplification. 

3. Resistance -coupled amplifier. For 
use with radio, phonograph, or any 
other audio amplification. 

4. Audio oscillator. For code prac- 
tice or signal generator. 

5. Regenerative receiver. This fea- 
ture alone makes the demonstrator 
worth building. 

6. Phone or c. w. monitor. For mon- 
itoring your own transmission. This is 
an FCC requirement when operating a 
transmitter. 

7. R.f. oscillator. For lining up re- 
ceivers. 

8. Crystal - controlled c. w. trans- 
mitter . . . and numerous other cir- 
cuits. 

The photographs show the Demon- 
strator isn't too complicated. It uses 
four 6.3 volt tubes, namely, 3 -6C5's 
and 6F6. However, it would work as 
well, with slight reduction in power, 
with 4- 6C5's. This would make the 
replacement problem simpler. The 
slight circuit change is explained in 
the text. The tubes may be either 
metal, glass or GT type. They all have 
the same base and socket connections. 

The demonstrator shown was con- 
structed of old junk parts which lay 
about the cellar retrieved from old 
receivers. You'll probably have to buy 
at least the speaker and possibly the 
tubes. Oh, yes, the tip jacks and phone 
tip plugs will have to be purchased. 
They will probably constitute your 
greatest single investment. There are 
sixty of each. However, the invest- 
ment is a good one. It guarantees you 
will never again have to solder or un- 
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by DAVID GNESSIN 

This home -built demonstrator can be used in 

teaching radiomen the theory and application 

of fundamental circuits used in everyday sets. 

The front of the board shows approximate position for mounting the parts. 

The author's XYL indicates the position of the variable tuning condenser. 

solder or mount a single piece or con- 
nection. 

All the units are mounted perma- 
nently on the back of the board. All 
connections are made from the front 
through the tip jacks. The tip plugs 
have solderless connections. Thus they 
may be renewed if a wire should 
break, without solder. 

Since the unit is not designed to be 
stripped for parts when the creative 
urge calls, give some care to its com- 
ponents. The most important moving 
parts are the spring prongs on the tip 
jacks. Get the best jacks you can af- 

ford. You will be constantly plugging 
and unplugging, and cheap ones may 
foul with wear. 

As the operator becomes more pro- 
ficient with use of the demonstrator 
he may want to build circuits beyond 
the many this unit provides. In this 
case mount the extra permanent units, 
such as condensers, resistors or trans- 
formers in the back and bring out the 
leads to more tip jacks. Then draw in 
the schematic diagram on an unused 
part of the board and start plugging! 
If the board is big enough it can house 
a plug -in broadcast transmitter; HI! 

RADIO NEWS 

www.americanradiohistory.com

www.americanradiohistory.com


Now, as to the item of cost. The 
unit shown cost the writer something 
under $10. No exact check was made, 
but a quick check of the list of parts 
will show that if you have one or two 
old receivers junked in the cellar (al- 
most any vintage will do) the addi- 
tional parts required will not come to 
more. Ia any case, new parts out of 
the latest catalog will come to a maxi- 
mum total of less than $20. But think 
of the potentialities! In one instru- 
ment all normal (and even some ab- 
normal) radio hook -ups for beginners 
is included. (It must be hastily added 
the meter shown is additional. It is 
not absolutely necessary. The only 
reason it is included is because this 
demonstrator was used in classroom 
instruction and the meter showed op- 
erating voltages and current.) 

Construction 
Now to the serious business of con- 

struction: While you're waiting for 
your parts order to come (you've pre- 
viously torn out the list of parts and 
sent it with the necessary coin and are 
anxiously waiting to begin), you ob- 
tain a large section of composition 
board from the lumber yard. Get the 
best you can. The very cheap stuff 
will disintegrate as you cut and drill. 
The thickness should be anywhere 
near one -quarter inch. The length is 
49 inches and the height 19 inches. If 
a piece is already smoothly cut a lit- 
tle larger or smaller than that, use it 
that size and don't risk spoiling it by 
cutting. Inspection of the photograph 
of the front view will show that this 
size not only accommodates all the 
units but has a third more room to 
spare. This is for a purpose. 

Later, if the response warrants it 
the writer will develop the demon- 
strator to include the mixer -oscillator 
i.f. sections of a superheterodyne. 

Even the younger students can be taught with the aid of this demonstrator. 

The arrows indicate the various parts which ake up the final layout. 

Then the demonstrator will have quite enough for the'beginner! (If the 
everything! This extra section will builder doesn't want to wait for the 
just fit into that spare space. How- superhet, he can just spread out the 
ever, for the present, the unit has (Continued on page 55) 
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SCREEN CONTROL 
GRID GRID 
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SHELL K 
6F6 

6C5 ( #4 TERMINAL BLANK) 

C, C; -100 mmf. variable, Bud 
C1 -15 mmf. variable, Bud 
C_7- .00015 mfd. midget mica, Mallory 

mfd., 400 v., Mallory 
C5, C -.004 mfd. midget mica, Mallory 
C0-.5 mid., 200 v., Mallory 
C3 -.05 mfd., 400 v., Mallory 
C11, Cm -8 mid., 450 v. electro- Mallory 
R1 -2 megaohms, 1 w., IRC 

R2-2,000 ohms, I w., IRC 
R3 -8,000 ohms, Z w., IRC 
R. R- 250,000 ohm, I w., IRC 
R5-500,000 ohm pot., Yaxley R5- 15,000 ohm pot., Yaxley 
R8 -1 megaohm, I w., IRC 
R0-600 ohm, 1 w., IRC 
R10, R11- 100,00 ohm I w., IRC 
Chi -2.5 M. H. R. F. choke, National RI000 

rol 

Ch_ 10 by @ 40 M..4. filter choke, Thordarson. Ti- Microphone to grid, Thordarson, T86í102 T1- Interstage transformer, Thordarson, T13Á34 T3- Univerlal voice coil to spkr, Thordarson T -6.3 v. lament transformer, Thordarson 
B -1.5 v. flashlight cell 
Spkr -Utah P M 
Tip jacks and plugs -Yaxley 
Tubes- Hy #ron 
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TECHNICAL BOOK 
& BULLETIN REVIEW 

MATHEMATICS FOR ELEC- 
TRICIANS AND RADIOMEN, by Nel- 
son M. Cooke, chief Radio Electrician, 
U. S. Navy. Published by McGraw - 
Hill Book Company, Inc., New York. 
Price $4.00. Contains 604 pages. Elec- 
trical and radio engineering students 
have need for a course in mathematics 
that is directly concerned with appli- 
cation to electrical and radio circuits. 
This book is intended to provide those 
students with a sound mathematical 
background and to further their un- 
derstanding of the basic principles of 
electricity. Any student who can per- 
form arithmetical computations rap- 
idly and accurately is capable of mas- 
tering the principles laid down in this 
text, if he applies himself properly. 
The student who has had some high - 
school mathematics will find that the 
earlier chapters form a comprehensive 
review and will aid him in applying 
mathematics to radio and electric -cir- 
cuit theory. This textbook is intended 
to provide a mathematical background 
adequate for the solving of practically 
all everyday electrical and radio prob- 
lems. If the student desires to proceed 
into the realm of higher mathematics 
in the study of radio and electrical de- 
sign problems, he will find that this 
subject matter will give him a firm 
foundation on which to build. 

The text follows an electrical rather 
than a purely mathematical arrange- 
ment, although there is no loss of 
mathematical continuity. 

A double system of article, problem, 
and figure numbering has been fol- 
lowed in order to facilitate cross ref- 
erence to a given article, problem, or 
figure in a minimum of time. A most 
timely text book and suited admirably 
to help in guiding the many new stu- 
dents in Radio and Electricity. 

HOW TO MODERNIZE RADIOS 
FOR PROFIT, by M. N. Beitman, pub- 
lished by Supreme Publications, 328 
So. Jefferson St., Chicago, Ill. 

Because of the increased diversion 
of materials and factory facilities to 
war production, very few new sets will 
be offered to the public in the near 
future. Also a great many Americans 
will have more money to spend for im- 
proved radio reception and will be 
greatly interested, because of impor- 
tant news broadcasts, in keeping their 
radio receivers in tip -top shape. 

In this manual you are told how to 
improve the appearance of any set by 
refinishing the cabinets, building new 
cabinets, or adding improvements to 
the old cabinets housing the radios. 
Hints on paints, finishes, removal of 
scratches are given. Suggestions for 
using bookcases, tables, and other 
pieces of furniture for holding the ra- 
dio chassis are included. 

Suggestions for adding late improve - 
(Continued on page 54) 
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by JERRY COLBY 
AND speaking of heroism take a FTER this war is won and we set- 

tle down to the humdrum life 
that existed before this shindig 

got started, we wonder whether the 
powers- that -be will begin all over 
again explaining that radiops are only 
superfluous gear carried aboard a ship 
just to satisfy government edicts. Or 
will they, perhaps, remember the hero- 
ism shown by American radiops sailing 
the Seven Seas as exemplified by 
Brother Robert S. Thorp of the former 
Unifruitco Freighter San Gil, which 
was sent to the bottom by a submarine 
off the Maryland coast on February 
4th. Brother Thorp is credited with 
saving the lives of thirty -nine crew 
members and one passenger because of 
his initiative, ability and bravery in 
the face of enemy gun fire, freezing 
weather and a listing ship that threat- 
ened momentarily to heave him into 
the ocean as he rigged up an emer- 
gency antenna and transmitter. 

It was ten minutes before midnight 
when the San Gil shuddered from the 
first torpedo fired by the U -boat. The 
radio shack was completely dismantled 
from the shock. Brother Thorp with 
years of experience as an operator did 
not have to think twice. And Cap- 
tain Walter W. Koch says that if it 
weren't for this fact they 
might still be drifting 
about waiting for an Act 
of God to send succor 
their way, instead of 
which Brother Thorp's 
SOS brought rescue ves- 
sels just seven hours lat- 
er. Of course we could 
pull a rave over the fact 
that auxiliary equipment 
was not aboard this boat 
as well as hundreds of 
other ships that are under 
American registry but we 
would only be rehashing 
our continuous lament of 
these many years. We 
hope, tho', that reports 
like these, and there have 
been many, and there 
will be many more before 
this fracas is done with, 
will be remembered by 
shipowners when radiops 
request the recognition 
accorded officers and 
heroes. 

REMEMBER 

PEARL HARBOR! 

gander at the radiops who are 
daily playing checkers with Davey 
Jones, taking vessels out but not know- 
ing when or if they would be bring- 
ing them back. When unsung heroes 
are to be "sung" someone should give 
these men a thought; the men who are 
making it possible for England, Rus- 
sia, China and our other Allies to get 
the supplies so necessary for their ex- 
istence and morale. Then there are 
thousands of radiops who are enter- 
ing the Navy to do their bit towards 
making this a short and decisive vic- 
tory for the U.S.A. Will the shipown- 
ers haggle over a few paltry dollars 
when representatives of these radiops 
request wages on a par with profes- 
sional men ? We hope not. In ye ed's 
own circle fifteen have already joined 
up with Uncle Sam's Navy and not 
having heard from them since they 
donned the uniform is plenty assur- 
ance to us that the Navy is out there 
stepping high, wide and handsome, and 
woe betide the enemy that gets in their 
way. 

BROTHER J. C. HILL out of Ridge- 
field Park, New Joisey, wants to 

(Continued on page 61) 

"He says to QRT until the Lone Ranger is off!" 
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EXTRA QUALITY COUNTS MORE THAN EVER 

THESE DAYS... 
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I RC Reistors and Controls 
represent the greatest values for 
your money - not that they cost 
less, but because they are built to 
perform better and last longer. 

Quality and dependability are 
now more important than ever in 
keeping the nation's radios in good 
working order when almost every 
day brings War news and other 
broadcasts of utmost significance, 
no radio owner will want to miss. 

BUILDING BUSINESS -FOR YOU! 
This little tag, packed with all IRC Volume Controls 
sold through the jobbing trade, is designed to hang 

on the control knob whenever 
you make a replacement. No cus- 

CONaRO`S --P OZENNVW.M- ERS - Q`itet- a °a b`iíll 

lo stay gntel. Rhe only Conoco \e wilñ the nòtse- ehcrivnahnq 
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connector wtitch eVtdmales mela\-lo -metal wipinq contact. 

tomer will fail to see it. None will 
fail to be impressed with the fact 
that you have used a replace- 
ment of the highest quality. The 
reverse side has space for your 
name, address and 'phone num- 
ber and suggests that satisfied 
customers recommend your ser- 
vices to friends. 
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WHAT'S NEW IN RADIO 
RCA Phonograph Instrument 
A new table model RCA Victrola 

which achieves a tone quality unique 
in instruments of its type and size has 
been announced by Allan B. Mills, 
Manager of Television and Phono- 
graphs Sales. 

Its output comparable with that of 
small console phonographs, the new 
instrument is none the less only 7 
inches high, 81/2 inches wide and deep. 
Its cabinet is of wood, and is carefully 
designed to act as a soundboard for 

in the stock of replacement capacitors 
on hand. 

The accompanying photo shows ex- 
amples of the mounting hardware 

clock - type Gemloid Dial; Dynamic 
Speaker; Automatic Volume Control. 
Cabinet is distinctly designed of con- 
trasting - grain walnut veneers with 
carved -effect hinged lid. Size : 17" 
wide, 121/4" high, 151/2" deep. 

Knight 8 -Tube AC -DC Superhet 
Allied Radio Corporation, Chicago, 

presents a new All -Wave 8 -tube a.c. 
d.c. superhet table model radio, Model 
D -304. Tunes three full -wave bands 
covering all major radio channels: 

the 5-inch dynamic loudspeaker. Sim- 
ulated leather is used to cover the 
cabinet. 

"This instrument is entirely new in 
design and has been introduced to fill 
a long -felt need for a low- priced table - 
model phonograph with more than 
ample volume," Mr. Mills said. "It is 
ideal for apartments or homes where 
space is at a premium, but it will find 
a place in dormitories, dens, 'rumpus 
rooms', and a score of other locations 
where music for entertainment or 
dancing is desired. It is an excellent 
phonograph for children, altho in no 
sense of this word is it a toy!" 

The instrument is designated as 
Model R -56. Its motor is self- starting, 
and the on -off switch and volume con- 
trol is located handily on the top of 
the cabinet serving the dual purpose 
of a tone arm rest. Either 10- or 12- 
inch records may be played. 

Compact Voltage Regulator 
A voltage regulator, no bigger than 

an ordinary box camera, is now help- 
ing supply current to radios and in- 
struments of planes, according to Sher- 
win H. Wright, aviation industry en- 
gineer of the Westinghouse Electric 
and Manufacturing Company. It is 
equally efficient in the steaming heat 
of Panama's jungles or high over 
Alaskan icefields. 

Universal :Mounting Feature 
When it becomes necessary to re- 

place defective capacitors in some re- 
ceiver designs, complications are in- 
troduced for the service man by special 
mounting features incorporated in the 
original capacitor and not duplicated 
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made available by Cornell -Dubilier for 
this purpose and supplied through reg- 
ular C -D distributors. The two ring 
types shown are supplied for can 
diameters from 1" to 31/2 "; the clip 
type for diameters of 3/." to 1 % "; the 
clamp type for diameters of %" to 
11/2 "; and the strap type for diameters 
of 7A6" to 11/2 ". 

By including a reasonable variety 
of this mounting hardware in his 
stock, the service man reduces to a 
minimum the number of replacement 
capacitor types required. Thus he not 
only insures maximum inventory econ- 
omy but his ability to service just 
about any capacitor -replacement re- 
quirements that may present them- 
selves. 

Sonora Table Set 
Music lovers who wanted the lux- 

ury of an Automatic Record Changer 
in an attractive table model instru- 

ment, inspired Sonora Radio d Tele- 
vision Corp., Chicago, to create this 5 
Tube A.C. Automatic Phono -Radio. It 
plays twelve 10" or ten 12" records at 
a single loading, and enables the 
listener to hear his favorite records 
for thirty minutes without touching 
the instrument. The radio is a new 
1942 Superhet; tunes 535 -1720 kc. In- 
cludes built -in "Sonorascope" loop; 

2.25 to 7.2 mc. and 7.5 to 24 mc. for 
short -wave reception of foreign and 
domestic programs, Amateur, Avia- 
tion, and Police Signals; and 535 to 
1650 kc. for powerful reception of 
American and Canadian standard 
Broadcast programs. 

Advanced 1942 features include r.f. 
on all wave bands; new rotatable loop 
aerial; big slide -rule dial; three -gang 
tuning condenser; full a.v.c.; eight - 
inch Electro - Dynamic speaker, etc. 
The new 1942 circuit is licensed by 
RCA and Hazeltine and provides the 
latest efficient tubes : 6SK7GT as r.f., 
6SK7GT as i.f.; 6SA7GT as osc. mod.; 
6J5 as a.v.c.; 6SQ7GT as det.-lst au- 
dio; 25L6GT as power output; 2- 
25Z6GT as rect. 

The cabinet housing the Knight 8 is 
constructed of choice walnut veneers 
with contrasting grain effect. Cabi- 
net measures 221/2" x 111/4" x 101/2 ". 
Operation is from 110 -120 volt, 40 -60 
cycles, a.c. or d.c. Model D -304. 

A product of Allied Radio Corpora- 
tion, 833 West Jackson Boulevard, 
Chicago, Illinois. 

25-Watt Mobile Amplifier 
A 25 -watt amplifier, which uses 

either 6 volt battery or 110 volt a.c. 
power, is now offered by John Meck 
Industries, 1313 W. Randolph St., Chi- 
cago. Ideal for mobile cars, or for ad- 
dressing large indoor and outdoor 
meetings, this Model BM -25C operates 
from any 6 volt battery without power 
pack, changeover from battery to a.c. 
being made by the flip of a switch. 

A feature of this unit is the special 
"economizer" switch which keeps 

(Continued on page 44) 
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IN D E F E N S E A N D IN I U S T R Y 
WASHIWASHINGTON - Reports reaching NGTON 
of the existence of a world- 

wide Nazi radio espionage network 
have aroused considerable interest in 
the Capital. The story here -which has 
its origin in "Free German" circles -is 
that the Nazis have succeeded in girdling 
the earth with networks of low -power 
transmitters which can be detected only 
with luck. 

According to reports, this radio system 
was laid out years ago. The Nazis re- 
alized that there was not much chance 
of keeping high -powered transmitters 
secret, because of the advances in the 
art of monitoring. So it was decided to 
set up a series of small, portable trans- 
mitters, which would send weak signals 
over short distances. 

These signals would be so weak that 
monitoring stations would not intercept 
them. The plan, of course, entailed a 
vast organization and the low -power 
transmitters could be used only on con- 
tinental areas. Thus it would be possible 
to set up such a network throughout 
a continent like South America or 
Africa. Indeed, British Intelligence has 
found proof of the existence of such 
a network in Africa and the near East. 

But to jump oceans, stronger trans- 
mitters were needed. It is believed 
that German submarines and surface 
vessels have cooperated with the weak 
shore stations and it is known that 
strong stations on this continent have 
passed on information gathered by Ger- 
man spies. 

The terminus of the network in Europe 
is believed to be in Southern Greece. 
From there it stretches East into Asia 
and west into the Americas. Two Ger- 
mans, disguised as Arabs, were arrested 
by the British as they traveled toward 
India in a caravan. Both were found to 
have small transmitters. If you've no- 
ticed the news from South America 
lately, there has been report after report 
of the seizure of radio transmitting 
equipment in the possession of Axis 
agents. 

And in this country, almost every raid 
which the F. B. I. has staged on suspici- 
ous alien groups has produced radio 
transmitting equipment. No official in- 
formation can be obtained on the specifi- 
cations of this equipment, but it has been 
reported that much of it is of low quality, 
apparently designed for use over short 
distances -which strengthens the belief 
that the spy network may be operating 
on this continent. 

In time of war, naturally, every ob- 
stacle is thrown in the way of a spy get- 
ting information of value. But it is 
recognized that it is not possible to con- 
ceal everything. Spies do have ways of 
getting information. And so one of the 
greatest efforts in combatting espionage 
is to keep the spy from getting any in- 
formation back to his headquarters. For 
this reason, mail and other communica- 
tions are carefully censored and are de- 
layed if they appear suspicious. Radio, 
of course, makes possible the quick trans- 
mission of uncensored information. 

For that purpose, direct radio contact 
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with headquarters is the spy's dream. 
But since monitoring - particularly the 
effective system operated by the Federal 
Communications Commission - makes 
this next to impossible, the spy must be 
content to use the slower, but still un- 
censored, secret network. 

But the system is far from perfect. 
The fact that reports of its existence 
have gotten out indicate that the 
counter -espionage agents of the United 
Nations know a great deal about the 
operation of the Nazi net. And it's a 
safe bet that, difficult as detection is, 
our own ingenious monitors will nail it 
down. 

THE shortage of skilled personnel in 
the radio field daily grows more 

critical. Both in the Army and in in- 
dustry, there is a constant, swelling de- 
mand for men with advanced training 
in radio. This situation has led to dis- 
cussions in Washington of the advisa- 
bility of launching a large -scale train- 
ing program for radio. 

The Army has once more appealed for 
radio engineers to come into service on 
a civilian capacity. The requirement of 
a college degree has been relaxed and 
men who can show experience which is 
considered equivalent of college work 
will be accepted. Throughout the Gov- 
ernment, the same need for engineers is 
being felt. 

The radio manufacturing industry, at 
last put on a full -time war production 
basis, is struggling to hang on to its 
skilled men. The problem which faces 
the manufacturers and the broadcasters 
has been called to the attention of Brig. 
Gen. Lewis B. Hershey, head of the Se- 
lective Service. It is pointed out that it 

LAST 
MINUTE 

I 

/1 

DCB Donald Nelson has just announced 
an alteration in the procedure of let- 

ting contracts of war materials. From now 
on it will no longer be necessary for manu- 
facturers to secure contracts by competitive 
bidding. 

0 UR Technical Ed. Ray Frank is on leave 
of absence (for the duration). Uncle 

Sam needs more radiomen like W9JU. 
Good luck, Ray! 

APPOINTMENT of four additional ex- 
ecutives to the staff of the Office of 

Defense Transportation is announced by 
Joseph B. Eastman, Director of Defense 
Transportation. Edward A. Roberts has 
been named Associate Director, Division of 
Local Transport; Glenn E. Taylor has been 
appointed Assistant Director, Division of 
Inland Waterway Transport; Hallan Huff- 
man has been appointed Assistant General 
Counsel; and John C. Howard has been 
named Assistant to the Director of the Di- 
vision of Rates. 

often tales nine or ten months to train 
replacements for skilled men who are 
drafted by the Army. There are indica- 
tions th 
local drs 
for radio 

t instructions will be sent to 
ft boards, ordering deferments 
men who can serve their coun- 

try better in the factories than on the 
firing line. 

But the Army itself needs radio men. 
At the present time, arrangements have 
been worked out so that any man with 
radio knowledge who is inducted into the 
service i$ put immediately into the Sig- 
nal Corps. Selectees who hold radio li- 
censes are transferred to the Signal 
Corps re lacement centers at Fort Mon- 
mouth, . J., and Fort Crowder, Mo. 
The latt r is a new training center. 

At th same time, the Army is con- 
ducting courses to train civilian radio 
men for general communications work . 
so as to 
jobs. To 
ing into 
cial trair 

release enlisted men for other 
get engineers, the Army is go- 
he colleges and setting up spe- 
ing courses for undergraduates. 

At 40 colleges and universities, this pro- 
gram is under way. Students enlist in 
the Signal Corps Reserve, take work in 
electronics and physics and receive com- 
missions upon completion of the work. 
They receive draft deferments while 
studying 

IE United States Conciliation Serv- 
, in the Department of Labor, 

solved t e controversy between members 
of the A erican Communications Asso- 
ciation CIO) and the operators of 15 
shipping lines over wage increases 
sought by the marine operators. The 
operators will receive wage increases 
averagin $26 a month, according to 
terms o an agreement signed by the 
union a d the ship owners. 

The a nouncement by the War Pro- 
duction oard that all radio manufac- 
turers m st convert their facilities to full 
military output struck a cruel blow at 
radio shop owners, but the manufactur- 
ers were pretty well prepared. The man- 
ufacturers were told that they must 
make nothing but military radio after 
April 22, or face the possibility of hav- 
ing their plants commandeered for some 
other kind of war work. 

The conversion order had little effect 
on the "Big Five" of radio manufactur- 
ing. Western Electric and Bendix were 
already doing 100 per cent war work. 
Westinghouse was completely on Gov- 
ernment production contracts. RCA and 
General Electric were doing 80 per cent 
war wor and were preparing to convert 
their pl nts completely. 

Amon the other big manufacturers, 
Stromberg- Carlson had turned a great 
part of its facilities to war production, 
with em hasis on FM equipment; Farns- 
worth R dio and Television Co. was do- 
ing 70 er cent war work; Zenith had 
converte about 50 per cent, Majestic 
was on 50 per cent basis but preparing 
to coriveit to 100 per cent in a few weeks; 
Crosley Was doing 40 per cent and Philco 
had 160 illion dollars worth of Govern- 
ment co tracts on hand. 

The s aller manufacturers were not 
all as ell situated. Some companies 
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Here's how WLW 

insulates 

TRANSMITTERS 

WLW insulates with PYREX brand Glass. 
Why? Here's what R. D. Rockwell, Tech- 
nical Director says : "Heretofore it has been 
necessary to replace hose coils approximate- 
ly once a year in order to avoid failure in 
service, whereas there has been no replace- 
ment of PYREX pipes of any kind since its 
installation in 1936... We now have several 
transmitters equipped with PYREX high 
voltage water insulation . . . and to date 
have found no other material equally as 
satisfactory." 
This same borosilicate glass is used in an- 
tenna, entering, strain, stand -off, and other 
PYREX brand insulators for amateur and 
professional service. Write for catalog or 
information. Insulation Division, Corning 
Glass Works, Corning, New York. 

DO YOU KNOW HOW HIGH 
GLASS RATES 

AS AN INSULATING 
MATERIAL? 

eert 

peones 

High scratch 
hardness 

low thermal 
expansion 

High dielectric 
strength 

low dielectric 
constant 

High volume 
resistivity 

jirex /Nbwlatòrs 
ERAND 

"PYREX" is a registered trade -mark and indicates 
manufacture by Corning Glass Works. 
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such as Finch, Hallicrafters, Aircraft 
Radio, etc., were in fine shape, since 
they have long been engaged 100 per 
cent in the production of highly special- 
ized equipment for airplanes, tanks, etc. 
But a survey indicated that only 10 per 
cent of the facilities of the small manu- 
facturers was being used for war produc- 
tion. They were reaping as much of the 
harvest of civilian broadcasting as they 
could. It seems likely that some of these 
small manufacturers will be allotted the 
job of turning out replacement parts for 
civilian radio. And before long, it is 
likely that some standard civilian radio 
sets may be produced. 

Jesse L. Maury, presiding officer of the 
WPB Radio Industry Advisory Commit- 
tee, expressed the belief that there are 
enough radio sets in service in the coun- 
try now to keep the population com- 
pletely aware of what is going on. There 
is some talk, however, that many of 
these sets will be beyond repair after 
another year and that it may be neces- 
sary to allow limited production of more 
civilian radio. 

R. R. Guthrie, assistant chief of the 
WPB Bureau of Industry Branches, ac- 
knowledged in informing the manufac- 
turers of the complete conversion that it 
would be impossible for some parts of 
the industry to turn to production of sig- 
nal and related apparatus of a military 
nature. Mr. Guthrie told those manu- 
facturers flatly that they had better find 
some other kind of war production. This 
time, Uncle Sam means business. 

WHO says that the average work- 
men of America aren't in there 

pitching in the war effort? Employees of 
the Baltimore plants of the Bendix Avia- 
tion Corp. decided to work on New Year's 
day, without pay and on their own time. 
On February 12, a delegation from these 
plants presented to Major General Daw- 
son Olmstead, Chief Signal Officer of the 
Army, a number of radio compasses 
which they had manufactured that day. 

W S 

NEWS of the death in action in the 
Far East of Lieut. Col. William 

Herbert Murphy has been received in 
Washington. He is the first high -rank- 
ing officer of the Signal Corps, it is be- 
lieved, to have been killed since our entry 
in the wax. 

Col. Murphy was 51 years old, had en- 
tered the Army during the last war. He 
was a graduate of McGill University and 
of several Army schools. He had been 
engaged in important communications 
specialist duties with the United Nations 
High Command in the Far East. 

FICHE promotion to the rank of Brig- 
adier General for Frank E. Stoner, 

commanding the Signal Corps Replace- 
ment Training Center at Fort Mon- 
mouth, has been announced in Washing- 
ton. Gen. Stoner was transferred to the 
Signal Corps in 1923, took command of 
the training center at Fort Monmouth 
in October, 1941. 

ANAVAL officer of outstanding ability 
has been named Director of Naval 

Communications to succeed Rear Ad- 
miral Leigh Noyes, who has been ordered 
to sea duty. 

The new Director is Captain Joseph R. 
Redman, who was assistant director un- 
der Admiral Noyes. Big, ruddy and good 
humored Capt. Redman is an officer in 
the best tradition of the Navy. And be- 
yond that he is one of the service's most 
expert radiomen. 

He has spent more than 16 years - 
over half of his Navy career -in special- 
ized duty in communications. He served 
in communications posts with the Fleet 
at sea, having served from November, 
1927 to May, 1929, as Fleet Radio Officer 
of the staff of the Commander -in -Chief 
of the U. S. Fleet. On two prior occa- 
sions, he had been assigned to the Office 
of Naval Communications in Washing- 
ton, on duty in the Ship Radio Installa- 
tions Section, in the Technical Section 
and the Frequency Section. 

Captain Redman attended Interna- 
tional Radio Conferences at Copenhagen 
in 1931, at Madrid in 1932 and Cairo in 
1938 as Technical Advisor of the United 
States delegation. His new job- taking 
charge of Navy communications in the 
midst of our greatest war -will be by far 
the toughest he has tackled, but those 
who know him believe the Navy couldn't 
have found a better man. 

THE action of the Federal Commu- 
nications Commission in resuming 

the issuance of amateur licenses was 
the first step in an effort to bring the 
amateurs into the drive for victory. 
This move was made before the De- 
fense Communications Board took ac- 
tion on the plan presented to it by the 
Office of Civilian Defense to restore 
several thousand amateurs to the air 
for defense work. 

The War and Navy Departments re- 
quested the Federal Communications 
Commission to resume the issuance of 
licenses. The objective was to make it 
easier to bring into Army service the 
men who had a knowledge of radio. 
Since the FCC stopped issuing licenses 
in December, some 1,500 applications 
had piled up. These were from men 
who had passed their tests and estab- 
lished their proof of citizenship. Many 
of them were being inducted into the 
Army and enlisting in the Navy and, 
since their licenses hadn't been issued, 
they had no ready proof of their 
knowledge of radio. 

To overcorhe this difficulty, the FCC 
decided to issue these licenses, and li- 
censes to others who meet the require- 
ments. This represented a relaxation 
in the anti -amateur attitude of the 
Commission, which developed after 
some hams had abused the privileges 
granted them in the first days after 
our entry in the war. 

Further evidence that the Govern- 
ment was preparing to use the hams, 
instead of continuing to ignore them, 
was the plan which the O.C.D. pre- 
sented to the Defense Communications 
Board. This plan was based on recog- 
nition of the possibility that in any 
area where bombing occurred, tele- 
phone and power facilities might be 
knocked out. In this event, the entire 
civilian defense communications sys- 
tem, and to some extent the Army 
communications, would be disrupted. 

To act as an auxiliary communica- 
tions system, it was suggested that 
amateur radio operators be used. And 
so the Office of Civilian Defense pre- 
pared a rather detailed plan for use of 
the hams. Under this arrangement, 
certain hams will have the right to use 
the air for official business. 
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CAA Awards Contract 
The Civil Aeronautics Administration 

of the U. S. Department of Commerce has 
awarded the Federal Telegraph Com- 
pany, manufacturing associate of the In- 
ternational Telephone and Telegraph 
Corporation, a contract to manufacture 
the equipment for ten airplane instru- 
ment landing systems for installation at 
principal airports. This is in addition to 
systems of the same manufacture being 
installed this year at LaGuardia Field 
and the Municipal Airports at Atlanta, 
Chicago, Cleveland, Kansas City and Los 
Angeles. 

This instrument landing system, which 
permits flyers to land "blind," entirely by 
instrument, if forced to do so by weather, 
was developed for the C.A.A. by I.T. &T. 
engineers. The equipment was tested and 
adjusted for several years at the C.A.A. 
Experimental Station at Municipal Air- 
port, Indianapolis, and was then adopted 
for installation at the other airports. 
Many pilots have already been trained in 
its use at Indianapolis and the new in- 
stallations being made throughout the 
Country are intended to familiarize all 
commercial air line pilots with its opera- 
tion as a vital additional safeguard 
against sudden bad weather. 

Chromium Conservation 
Chromium, already strictly controlled, 

today was placed under a complete al- 
locations system by the Director of In- 
dustry Operations by an amendment to 
Order M -18 -a. 

The amended order provides that no 
chromium may be melted except with 
specific authorization of the Director of 
Industry Operations. It is designed to 
prevent depletion of existing stocks, and 
to control further the flow of this im- 
portant steel alloy. 

Today's order, together with Order M- 
21-a which limited the uses of chrome 
steel, makes use of the metal completely 
subject to the Director of Industry Op- 
erations. 

M -18 -a, as amended today, revokes 
Order M -18 and takes effect upon issu- 
ance. It expires on June 30, 1942. 

Industry Goes to War! 
The radio manufacturing industry, 

whose civilian output already has been 
cut, was told recently it is next in line 
for conversion to the production of war 
material. 

Speaking before a meeting of repre- 
sentatives of fifty -five set manufacturers, 
R. R. Guthrie, assistant chief, Bureau of 
Industry Branches, said the radio makers 
will be converted "as rapidly as is techni- 
cally possible." 

While no deadline was set, it is ex- 
pected that the major part of the job 
will be done within three months. A pro- 
gram for conversion will be drawn after 
conferences between representatives of 
the industry and government. 

"The problems of your industry in the 
war effort are at once difficult and press- 
ing," Mr. Guthrie said. "The strategical 
objectives, and the broad dimensions of 
the task before you, are clear. It should 
be as gratifying to you as it is to me that 
these objectives and dimensions are no 
longer subject to change with the for- 
tunes of war. We are, thank God, out of 
the period in which each succeeding 
military reverse meant a revision of our 
estimates of what we must do. We are 
demanding the utmost of your industry, 
and of every other industry, now. 
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R A D I O N E W S 

General Suspension of Radio 
Production April 22 

The radio industry was informed, at 
yesterday's meeting of the WPB Industry 
Advisory Committee, that receiving set 
production generally would be stopped on 
April 22 except in cases of individual 
companies whose limited extended opera- 
tion would expedite conversion to mili- 
tary production. 

The WPB program for conversion of 
the radio industry to a war basis was an- 
nounced to over 100 radio executives at- 
tending yesterday's meeting by Mr. Jesse 
L. Maury, government presiding officer. 

In a few days, Mr. Maury stated, WPB 
will issue an order to suspend all civilian 
radio production on April 22, the date 
of the expiration of the existing limita- 
tion order, L -44, except on an individual 
company basis to be determined by WPB. 
Appeals from the April 22 suspension 
order will then be considered, Mr. Maury 
stated, only on a basis of expediting and 
facilitating war production, with inven- 
tories only a secondary factor. Mr. 
Maury indicated that the larger com- 
panies with large military contracts and 
with facilities especially needed for war 
production probably would be closed 
down on April 22 so far as civilian pro- 
duction is concerned, but that temporary 
exemptions based entirely on their pros- 
pective war work would be given limited 
extensions on civilian production. The 
question of the amount and condtion 
of inventory will be a secondary major 
in the decisions. Possible transfer by 
manufacturers of their inventories of ma- 
terials, including fabricated parts, to an- 
other set manufacturer was suggested by 
Mr. Maury. 

Copper Benefits by Amendment 
Copper mines in South America, which 

have been securing stipulated amounts 
of maintenance and operating supplies 
with the assistance of Preference Rating 
Order P -58, will benefit to a wider extent 
by the terms of an amendment, an- 
nounced today by the Division of In- 
dustry Operations. 

The A -1 -d rating, provided for in the 
order, was previously applicable to pur- 
chases of maintenance and operating ma- 
terials to be delivered before July 1, 1942, 
in amounts limited to the same quantities 
as were shipped to the mines from the 
United States between April 1, and 
September 30, 1941. It may now be used 
to expedite material to an ámount double 
that shipped during the base period. The 
A -3 rating, assigned by the order to de- 
liveries to be made between June 30 and 
October 1 of this year, may still be used 
to expedite such shipments, and the total 
of goods which may be acquired with the 
assistance of both ratings is now three 
times that shipped during the base 
period. 

Tungsten Must Be Conserved 
Further conservation of tungsten, vital 

in alloy steel, was ordered today, by J. S. 
Knowlson, Director of Industry Opera- 
tions, with issuance of Conservation 
Order M -29 -b. 

The order prohibits use of tungsten in 
grinding wheels, gauges, and as a color- 
ing material for rubber, linoleum, paper 
or other similar materials after May 1, 
1942. 

Until that date, use of tungsten in these 
items is limited to 171 /a per cent of the 
amount used during the year ended June 
30, 1941. 

All other users of tungsten, except those 
specifically exempted, must reduce their 

CCiVERI1 111[11T 
use between February 1 and March 31 
to 12 per cent of the amount used in the 
year ending June 30, 1941. Such users, 
after April 1, are limited by calendar 
quarters to 171/2 per cent of the amount 
used in te base year. 

Exemptions to the Order include use of 
tungsten for Army, Navy, Lend-Lease 
and other Government contracts. 

Radi sonde Order Extended 
The ar Production Board today ex- 

tended t April 30, 1942, its P -38 order 
assignin an A -1 -d preference rating to 
deliverie of material that will enter into 
the pro uction of radiosondes for the 
Weather Bureau. The order would have 
expired ebruary 28. 

Anoth r amendment to the order elimi- 
nates the clause limiting the application 
of the preference rating. In the original 
order it was provided that "the prefer- 
ence rating may be applied only to de- 
liveries qf material included under the 
current Priorities Critical Lists, as 
amended from time to time." This limi- 
tation no longer is in effect. 

T. S. Walmsley Resigns from OCD 
Director James M. Landis of the Office 

of Civilian Defense announced today that 
he was accepting with regret the resigna- 
tion of T Semmes Walmsley as of Febru- 
ary 25. r. Walmsley has been ordered 
to active duty with the Army. He was 
recently transferred from the position 
of Chief nspector General to Consultant 
to the Director. In accepting Mr. Walm- 
sley's res gnation, Director Landis said: 

"I am sorry that you have to leave. 
Both in he field and here I knew at first 
hand th contributions that you have in- 
creasingl made to the cause of the Office 
of Civili n Defense, particularly in its 
early an formative days. Its building 
has rest d largely on your shoulders." 

New Form for Preference Ratings 
On February 2 a new form of applica- 

tion blank for individual preference rat- 
ings was made available by the Division 
of Indus ry Operations. Use of the new 
form is ptional until March 2, manda- 
tory on nd after that date. 

The u e of the new form is covered by 
Prioritie Regulation No. 3. The most 
important feature of the new system of 
granting individual preference ratings is 
that these ratings may now be extended 
to suppliers and sub -suppliers of the orig- 
inal applicant by a simple endorsement 
on purchase orders. 

The Army and Navy have also begun 
to use a new form of individual pref- 
erence rating certificate assigning ratings 
to their ,rders, and these ratings, on PD- 
3A forms, will also be extendable by a 
simple endorsement on purchase orders. 

New Radio Chief 
The appointment of C. M. Jansky, 

Jr., to be chief of the radio section 
of the Communications Branch of the 
War Prdduction Board was announced. 
Mr. Jansky will, in effect, be the czar 
of the rO.dio manufacturing industry - 
since thp.t industry is now going on a 
100 per cent war production basis. He 
will have charge of surveying factory 
apparatus, production facilities and 
determining radio equipment require- 
ments for all phases of communica- 
tions. 
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IDDOSTRY 
Stovers Resigns RSA to Join RCA 

The many friends of Don Stovers will 
learn with regret of his resignation as 
Executive Secretary of the RSA, in order 
to take a position with the Service and 
Installation Division of the RCA Manu- 
facturing Co., in Camden, N. J. 

Don's work for the past seven months 
as Executive Secretary is unsurpassed 
and cannot be praised too highly. 

All RSA wishes him well and the very 
best of success in his new job. 

The Executive Committee appointed 
Alfred A. Kilian, past Secretary of the 
Chicago Chapter of RSA, to succeed him 
and hopes, that membership and Chap- 
ters will show continued generous co- 
operation with the new management. 
The new address of the National Head- 
quarters of "RSA" is: 414 Dickens Ave- 
nue, Chicago, Illinois. 

Think Nationally! 
Radio is national in scope. If we as 

servicemen want national representation 
for the Service Industry we must have a 
National Organization, and the stronger 
that organization, the more effective our 
voice will be. 

Our local problems can, and are well 
taken care of through local organiza- 
tions. Fortunately, the setup of the 
R.S.A. provides complete freedom of ac- 
tion for each and every one of its Chap- 
ters for the handling of just such mat- 
ters, however, even here, the advantage 
lies with the local group which has af- 
filiation with a National Organization 
such as R.S.A., and can therefore exert 
its influence much more effectively than 
a local group which hasn't this national 
prestige. 

It is with this thought in mind that 
we ask each and everyone in the Service 
Industry to help build this great Na- 
tional Organization into the effective 
unit it should be. First thing to do is: 

Join RSA yourself. Second: Go out 
and get other servicemen to join. Third: 
Form a Chapter in your locality if it has 
ten or more servicemen. We will help 
you all we can to get started and to put 
it across. RSA can show a healthy 
growth this year -it's in the cards. But 
it won't happen if you yourself won't do 
your part. 

AROUSE YOURSELF! EXERT 
YOURSELF! ACT! 

Nothing great has ever been accom- 
plished without enthusiasm! 

Materials Saved by RCA 
Go for War Production 

Tons of metals and chemicals desper- 
ately needed for the United States war 
production program are among the stra- 
tegic materials conserved by an all -em- 
bracing program worked out by develop- 
ment engineers of the RCA Manufactur- 
ing Company. The program, affecting 
every department of the Company, an- 
tedates by many months Government 
restrictions on radio production to save 
needed materials. 

In addition to discovering alternate 
materials -and then alternates for the 
alternate materials -RCA engineers have 
also been able to develop domestic alter- 
nates for imported materials, thus free- 
ing shipping space for other commodi- 
ties. 

N E W S 

Meissner Sales Manager 
on Western Tour 

Ben Miller, Sales Manager of Meissner 
Manufacturing Company, Mt. Carmel, 
Illinois is on a tour of Meissner jobbers. 
Among the cities to be visited are: St. 
Louis, Kansas City, Los Angeles, San 
Francisco, Portland, Ore., Seattle, Spo- 
kane, Minneapolis, St. Paul, Milwaukee 
and Chicago. Mr. Miller expects to re- 
turn to the home office the latter part of 
February. 

New RCA Executive Chairman 
George K. Throckmorton, for the past 

five years President of the RCA Manu- 
facturing Company, Inc., of Camden, 
N. J., was today elected Chairman of the 
Executive Committee of that company. 
Robert Shannon, former Executive Vice - 
President, was elected President. 

The promotion of RCA's two senior 
manufacturing executives was announced 
by David Sarnoff, President of Radio 
Corporation of America and Chairman 
of the Board of RCA Manufacturing 
Company, Inc. 

In announcing these organization 
changes Mr. Sarnoff said: 

"The new President of the RCA Manu- 
facturing Company is a man from the 
ranks. `Bob' Shannon, as he is affection- 
ately known by thousands of employees, 
started as a factory worker thirty years 
ago. He has occupied various execu- 
tive positions in the R.C.A. organization 
during the past twelve years." 

George Greaves Becomes 
KPO Engineer -in- Charge 

One of the most important San Fran- 
cisco appointments in connection with 
the recent separation of the Red and 
Blue networks of the National Broad- 
casting Company, was the selection of 
George Greaves as engineer in charge for 
the NBC station, KPO. 

Greaves succeeds Curtis D. Peck. now 
a lieutenant commander in the United 
States Navy, and has assumed the duties 
of his new assignment. 

Greaves has been field supervisor, in 
charge of special events and remote 
pickup broadcasts for KPO and KGO 
while both were under the management 
of NBC. He is a native of Ladysmith, 
British Columbia, Canada, and has been 
with NBC since May 7,-1928. 

D. C. Patrick. Named Sylvania Rep 
in Denver 

D. C. Patrick has been appointed Hy- 
grade Sylvania representative in the 
Denver territory for all of the company's 
products including Sylvania radio tubes, 
Hygrade fluorescent lamps, Miralume 
fluorescent fixtures, fluorescent acces- 
sories and Hygrade incandescent lamps. 

Mr. Patrick, familiarly known to the 
radio trade around Denver as "Pete," 
has been in radio selling in that area for 
fifteen years. 

Mr. Patrick recently spent several days 
visiting the Hygrade Sylvania radio tube 
and fluorescent plants in Pennsylvania 
and New England. He is now back in 
Denver at his home headquarters, 1100 
Colorado Boulevard, Denver, Colorado, 
carrying out his assigned duties. 

Given Leave to Do Research 
Defense Work 

William B. Lodge, engineer -in- charge 
of the radio frequency division of Co- 
lumbia Broadcasting System, has been 
given a leave of absence, E. K. Cohan, 
network director of engineering, an- 
nounced today. 

This temporary leave of absence was 

given Lodge so he could do research work 
for the National Defense Research Coun- 
cil. 

During his absence, Warren White, his 
assistant, assumes the responsibilities of 
the radio frequency division as acting 
engineer -in- charge. 

Philco Going Full Speed 
In response to requests for a statement 

regarding Washington advises that civil- 
ian radio production will soon be termi- 
nated to allow full conversion of the radio 
industry to war work, James T. Buckley, 
president of Philco Corporation, author- 
izes the following: 

Philco is in entire accord with the Gov- 
ernment's policy. For many months past, 
Philco has been contributing on an ever - 
increasing scale to the victory program. 
Plant facilities in Philadelphia, San- 
dusky, Ohio, and elsewhere are being 
rapidly converted to handle the special 
types of radio equipment needed by the 
Government. 

RCA Sound Installations 
Continue at High Pitch 

With commercial installations of RCA 
sound systems feeling the pinch of ma- 
terial shortages, installations of sound 
amplifying networks in war industries 
for communication and air raid warning 
uses has taken a turn to new heights. 
According to George Ewald, RCA Com- 
mercial Sound Division Manager, during 
a recent 30 -day period 106 RCA sound 
systems were installed. 

During this time plans were completed 
for the installation of RCA Municipal Air 
Raid Warning Systems in Harrison, N. J., 
and Alameda, Calif. These systems will 
employ a signal generator producing a 
"warble" signal different from any fire, 
police or other type alarm. Standard 
amplifiers, speakers and microphones 
round out the systems, with the power 
and number of amplifying stations vary- 
ing with the needs of each individual 
city. 

RCA Names Lancaster Plant 
Manager 

Appointment of H. F. Randolph as 
Plant Manager of the new RCA tube 
manufacturing plant being erected at 
Lancaster, Penna., has been announced 
by Eugene W. Ritter, Vice -President in 
charge of Manufacturing and Production 
Engineering of the RCA Manufacturing 
Company. 

Mr. Ritter also, announced several other 
executive appointments, and the opening 
today of a temporary office by the Com- 
pay at 139 East King Street, Lancaster. 
Miss .Patricia McEvoy, of 759 Reservoir 
Street, is the first employee to be hired 
for the new plant, and will be in the of- 
fice, where job applications will be re- 
ceived and information imparted. 

Other appointments announced by Mr. 
Ritter included that of H. R. Seelen, of 
the Company's Harrison, New Jersey tube 
plant, as Research Laboratory Manager; 
Harry D. Hanafus, also of the Harrison 
plant, as Purchasing Agent; and Harold 
T. Albright, of the Camden headquarters, 
as Personnel Manager. All four men will 
make their homes in Lancaster. 

National Union 
in New Headquarters 

The National Union Radio Corporation 
of Newark, New Jersey, manufacturers of 
receiving tubes, transmitting tubes, 
cathode ray tubes, panel lamps, con- 
densers, etc., have leased the entire tenth 
floor of the American Insurance Com- 
pany Building at 15 Washington Street, 
Newark, New Jersey. 
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Radio Transmission Knows No 
State Boundaries 

Judge Emmerich Freed of the United 
States District Court for the Northern 
District of Ohio, Eastern Division, in the 
case of United States of America v. 
Betteridge and Wolf, in an opinion dated 
February 6, 1942, stated that operation of 
any radio transmitter within the United 
States or certain of its territories or pos- 
sessions must be licensed by the Federal 
Communications Commission and con- 
ducted by a licensed operator. The opin- 
ion points out: 

"It is needless to go into a lengthy dis- 
sertation on the inherent natural char- 
acteristics of radio transmission to arrive 
at the inescapable conclusion that all 
transmission of energy, communications 
or signals by radio, either use an inter- 
state or foreign channel of transmission 
or so affect interstate or foreign channels 
by licensing or otherwise if the an- 
nounced purpose of this section; that is, 
as to require the regulation of their use 
the retention of control in the United 
States of all channels of interstate and 
foreign radio communication, is to be 
carried out effectively. The daily use of 
the radio, even to a lay mind unac- 
quainted with the science of radio trans- 
mission or its engineering intricacies, 
has clearly demonstrated this conclusion. 

"A careful analysis of the prohibited 
operation of a radio transmitting appara -. 
tus without a license discloses that the 
section is so all- inclusive that it would 
require great imaginative faculty to find 
an instance where the operation of a 
transmitting apparatus would not be em- 
braced within the provisions of the Act. 
In fact, I am bound to come to the con- 
clusion that all the operations of a radio 
transmitting apparatus fall into one or 
the other or several subsections of the 
statute and that under the Act none can 
operate without a license." 

This case involves the prosecution of 
two individuals who had operated an un- 
licensed transmitter at Thistledown Race 
Track, near Cleveland, Ohio, in August, 
1941, in connection with a scheme to best 
the bookies by signalling "tips" while the 
races were being run. The defendants 
contented that the five -meter ultra- 
high frequency transmitted which they 
were using was incapable of sending 
signals beyond the boundaries of Ohio. 
Monitoring officers of the Commission of- 
fered no proof of actual interstate inter- 
ception of the signals or interference 
with interstate communication, but evi- 
dence was submitted to the court to estab- 
lish that these radio signals were cap- 
able of receipt at great distances from 
the point of origin, depending upon 
atmospheric and other conditions. In 
considering that point, the court said: 

"There is evidence to the effect that 
such transmissions could not be con- 
trolled by the sender except as to volume 
and would transmit energy, signals, and 
communications in radiated directions 
and that such transmissions would inter- 
fere with any other radio transmissions 
using the same frequency at the same 
time either from outside the State of 
Ohio, to points within the State of Ohio, 
or from inside the State of Ohio to points 
outside the state." 

The court pointed out that the intent 
of the defendants to transmit only with- 
in the state was immaterial; that all that 
is necessary to commit the offenses de- 
scribed in Sections 301 and 318 of the 
Communications Act of 1934, as amended, 
is to operate a transmitter without proper 
licenses. 

One defendant was sentenced to a 
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term of imprisonment of six months and 
another to three months. 

The Commission warns against viola- 
tion of the Communications Act by the 
unauthorized operation of a radio trans- 
mitter, regardless of the limitations which 
may exist with regard to the range of 
ground wave transmission. This warning 
is directed particularly to potential opera- 
tors of 2V2 and 5 meter ultrahigh fre- 
quency transmitters who have sometimes 
felt themselves to be beyond the juris- 
diction of the Commission. 

FM Keeps Transit System 
Working 

A new two -way frequency modulation 
radio system is keeping the Cleveland 
Railway Company's transit system work- 
ing at highest efficiency. The equipment 

COII1DÌUflICOTIODS 

consists of a 250 -watt dispatcher trans- 
mitter and ten 25 -watt mobile units. The 
headquarters transmitting antenna is 
mounted 270 feet above street level. All 
equipmert was supplied by the General 
Electric Company. 

Since the installation of this new FM 
emergency communication system, delays 
in car se vice have been shortened and in 
some ca entirely eliminated by the 
ability o zone supervisors to reach a 
congeste area quickly and to restore the 
flow of vehicles or direct the replacement 
or repairs of damaged equipment. 

WINNERS 
OF THE WORLD'S MOST CONVINCING 

AWARD OF MERIT 
Long ago, Sprague TC Tubular (by-pass) Condensers first won 
the World's Most Convincing Award f Merit -and they've 
continued to win it year after year. It isn t a grand prize or blue 
ribbon. It's far more convincing than t at. It's the continued 
first choice preference for Sprague TC's by leading service- 
men, engineers, manufacturers and amateurs -men who prefer 
TC's, who specify TC's, and who insi *t on TC's for a wide 

fi variety of jobs -men whose actual ld experience helped 
write the now- famous TC slogan "Not a Failure in a Million!" 
r. t. i WRITE FOR CATALOG ... or, ask your Sprague jobber for o copy describing all 

Sprague Condenser types including Atom midget dry electrolytics and famous Sprague 
Koolohms- the greatest wire wound resistor development in the history of Radio. 

SPRAGU ET C TUBULARS 
f4NOT A FAILURE IN A MILLION" 

SPRAGUE PRODUCTS COMPANY, North Adams, Mass. 
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SNORTS 
FM Goes to College 

Radio's infant prodigy, frequency mod- 
ulation, has graduated from the realm of 
things you've heard about from friends 
with special receivers to things you can 
actually hear on your own regular set-if 
you go to college. 

The campus broadcasting systems of 
Yale, Wesleyan, University of Connecti- 
cut, and Columbia are now carrying regu- 
lar FM broadcasts daily. The Columbia 
University station has been rebroadcast- 
ing programs of WOR's New York fre- 
quency modulation station, W71NY, since 
November. And last week Franklin M. 
Doolittle, general manager of Hartford's 
WDCR FM unit, announced that permis- 
sion to carry all Station W65H's programs 
had been granted to the Husky Network 
of the University of Connecticut, the 
Cardinal Network of Wesleyan Univer- 
sity and the Yale Broadcasting System. 

All these college radio stations, operat- 
ing as members of the Intercollegiate 
Broadcasting System, use extremely low - 
power transmitters sending signals over 
their "wired wireless" systems. This 
method of broadcasting has two signifi- 
cant results. No receiver outside the pre- 
scribed area of the wires can pick up the 
college station's programs: and, although 
long -wave and working on amplitude 
modulation, they are in effect staticless. 
In other words, the campus stations can 
rebroadcast FM programs which can be 
picked up by ordinary receiving sets on 
their campuses with no loss of the fidelity 
of tone quality and clarity which FM 
makes possible. 

Normandie Fire Televised 
The television audience was treated to 

still another video program thrill re- 
cently, when the burning of the giant 
steamship Normandie was flashed on tele- 
visor screens. From their lofty station 
quarters on the 42nd floor of the sky- 
scraper at 515 Madison Ave., dominating 
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the metropolitan New York area, Du 
Mont camera operators covered the Hud- 
son River waterfront with the further aid 
of a powerful telephoto lens. Although 
shooting against the sun, or working under 
adverse lighting conditions, the pickup 
aimed at the piers where the huge ship 
was berthed, showed the billowing clouds 
of smoke which soon filled the entire sky 
over the river. 

The transmitter is operating on about 
2 kw. input now, but the final stage of 
amplification is soon to be cut in for f ull- 
power operation. Even on the present 
sub -power basis the transmitter is 
putting out a strong signal of excellent 
pictorial quality. 

Far, Far Away! 
This huge electric sign advertising 

RCA Victrolas is the first thing mariners 
see when they turn their binoculars on 
Punta Arenas, Chile, on the Straits of 
Magellan. RCA Victor dealer Casa Ja- 

cobs holds the distinction of being lo- 
cated in the last building on the last 
street of the last city in the world. The 
picture was taken by J. R. Dewson, of 
Chicago, while he was on a visit to the 
city. 

MODEL 
662 

Complete only 

$4750 
Here's an amazing new general purpose instrument 
-perfect for quick tests on intercommunication 
systems, public address equipment, radio receivers, 
and transmitters, and the many electronic devices 
in industrial plants and hospitals. It puts you head 
and shoulders above competitors for "essential" 
business. 

*MAXIMUM SENSITIVITY, FLEXIBILITY, UTILITY 
Combines the very latest developments in direct reading 
vacuum tube DC and AC voltmeters, capacity -meter and 
ohmmeter. 27 vacuum tube -operated ranges DArsonval 
microammeter, accurate within 2%. Ideal for AM, FM, 
Television, AVC and laboratory measurements. Tests 
hi- voltage power supply, bias cells, oscillator grid voltages, 
resistance coupled plate voltages, without disturbing cir- 
cuit constants. 

RCP OFFERS THE BIGGEST VALUES IN 
THE INDUSTRY 

Every feature and range for your purpose is pro- 
vided without frills - to give you maximum 
efficiency at rock-bottom prices. Send for Free 
Circular on Model 662. Compare point- for -point 
with any meter made. You'll be amazed! Ask, too, 
for your copy of Catalog 125, describing the full 
line of RCP testers, analyzers and signal gen- 
erators. Write today! 

RADIO CITY 
PRODUCTS CO., Inc. 
88 PARK PL. NEW YORK, N. Y. 

dendable cgT 
instruments 
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Uncle Sam's FCC 
Stations on the Job 

"Monitoring" to see that domestic ra- 
dio transmissions obey ordinary ether 
traffic rules has been a practice since 
the early days of radio regulation. 
However, this normal function of the 
Federal Communications Commission 
has now been augmented to meet na- 
tional defense requirements. This sup- 
plemental duty is in charge of the 
Commission's National Defense Opera- 
tions Section, which was established 
on July 1 of last year. Our ether 
highways are now so effectively 
patrolled that trespassing or erratic 
driving thereon is quickly detected. 
Each FCC monitoring station, in effect, 
patrols a particular ether "beat." 
Oftentimes such a station will itself 
spot an unlawful transmission. At 
other times suspicious signals are re- 
ported by broadcasters and other 
licensees -often by amateurs, who do 
an excellent job of policing their own 
bands. 

No signal is too weak for a monitor- 
ing station to pick up and record. 
When a strange or "reckless driver" 
is detected on the ether lanes, "direc- 
tion- finding" apparatus is called into 
play to trace the culprit. 

Sometimes three or more stations 
will collaborate in thus getting a bear- 
ing on the suspicious signal. Their 
beams are plotted on a map. Even- 
tually and inevitably two lines will 
cross. This point, or "fix," marks the 
general location of the sending set 
under surveillance. 

The final task of running down the 
offender is performed by FCC moni- 
toring officers. Such men, highly 
skilled in radio engineering and radio 
operation, are assigned to monitoring 
units dispersed strategically through- 
out the United States and its posses- 
sions. For obvious reasons, locations 
of such auxiliary "ears" are not made 
public. 

These monitoring posts are pro 
vided with automobiles, to all external 
appearance ordinary cars but which 
are fitted with the latest and most 
efficient type of detection equipment. 
Included are direction -finders, all - 
wave receivers and recorders. All 
this' apparatus can be operated from 
the car's battery while the auto is in 
motion or,' upon being removed from 
the machine, from the power supply 
of a dwelling, tourist camp, store, etc. 

Operation of the mobile equipment 
follows much the same procedure em- 
ployed by the monitoring stations in 
the first instance. Directional beams 
finally "fix" the location of the trans- 
mitter in question. Even if the hunt 
narrows to an apartment house, hotel, 
or other large building, an FCC officer 
can, by using a device concealed in his 
hand or in his pocket, proceed from 
floor to floor, and from door to door, 
and so determine the exact room in 
which the illegal equipment is being 
used. 
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Practical Radio Course 
(Continued from page 29) 

that need be supplied to such a receiver is 
that from the 6 -volt car battery. 

Charging may be accomplished in various 
ways. The most common charging source is 
the electric light lines, but in rural sections 
wind -driven or water- driven generators are 
often employed to drive charging generators. 

Direct current must be used for charging. 
and provision must be made for limiting the 
charging current -usually to a value not ex- 
ceeding 10 amperes for radio batteries. 
Where the charging current is to be drawn 
from an alternating- current light line a suit- 
able rectifier unit must be used to convert 
the alternating current into direct current, 
and at the sauce to limit the current flow to 
a suitable value. Charging from direct- current 
light lines requires only that suitable resist- 
ance be connected in series with the battery 
to limit the charging rate. This may con- 
veniently be one or more 100 -watt lamp 
bulbs. One such bull) in series with the 115 - 
volt line and battery will limit the charging 
current to about 1 ampere. Two bulbs con- 
nected in parallel with each other, but in 
series with the battery, will provide 2 am- 
peres of current, and so on. 

A compact non -spillable type storage bat- 
tery in a transparent plastic case has been 
employed in the recent model portable re- 
ceiver illustrated. It is provided with a 
built -in automatic charging arrangement so 
that the battery may be charged either while 
the set is playing -or during periods when 
the set is not being used. Automatic charge 
indicators tell at all times the state of the 
battery and the need for charging. 

In the case of auto radios, the car battery 
is automatically charged by the low -voltage 
car generator while driving. In older cars in 
which the charging rate is relatively low and 
where headlights are used excessively, the 
added drain of the radio may cause the bat- 
tery to run down at times. In such cases 
it is often possible to advance the charging 
rate of the car's generator sufficiently to take 
care of this added drain. In newer cars this 
is not usually a problem because their gen- 
erators are designed and adjusted to amply 
care for the added drains of radio, heater, 
defroster and the other electrical gadgets so 
common on the modern car. 

Grouping Dry Cells 
A number of dry cells can be connected 

together to provide higher voltages, but prop- 
er polarity must be observed. The correct 
method in this case is to connect the posi- 
tive terminal (usually marked "+ ") of one 
cell to the negative terminal ( -) of the 
next, the positive terminal of this one to the 
negative terminal of the next and so on. 
This will leave the negative terminal of the 
first cell and the positive terminal of the last 
without any connections. 

These then become the terminals by means 
of which the entire battery is conneced to 
the device to which its e.m.f. is to be sup- 
plied. This arrangement is known as series 
connection. The total voltage supplied will 
equal the sum of the voltages of the individ- 
ual cells, and each cell will contribute the 
same amount of current. Figure 1(a) shows 
a group of cells connected in this manner. 

In a case where a device will operate from 
a 1 % volt source but requires higher current 
than can safely be delivered steadily by a 
single dry cell of the size available, several 
cells may be connected in parallel as shown 
in Figure 1(b). In this case the total e.m.f. 
will be 1 is volts but each cell is now called 
upon to deliver only a part of the total cur- 
rent. Thus if 1 ampere is to be drawn from 
a group of four parallel- connected cells, each 
individual cell will contribute only 0.25 am- 
pere. 

Where both higher voltage and higher cur- 
rent than can be delivered by one cell are 
required, a group of cells connected in a 
suitable series- parallel arrangement will 
serve the purpose. Figure 1(c) shows an 
arrangement with four parallel groups of two 
cells each. The cells of each pair are con- 
nected in series, therefore each pair will pro- 
vide an e.m.f. of 3 volts. These pairs are 
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TOTAL CURRENT 

0B) 

Fig. 1. 

then connected in parallel and are thus made 
capable of delivering four times the current 
of a single pair. 

Resistors and Resistance 
There is no such thing as a perfect elec- 

trical conductor. Every material including 
all metals, offer some resistance to the flow 
of electric current. It has already been 

3 
VOLT 

OCELLS IN SERIES PARALLEL 
TOTAL VOLTAGE 2X 1.5= 3 V. 
CURRENT DRAIN FROM EACH t CELL=,# TOTAL CURRENT 

(C) 

shown in the previous article of this series 
that where there is resistance in an electrical 
circuit there is necessarily loss of electrical 
energy because a certain amount of the ap- 
plied voltage is expanded in forcing current 
through this resistance. 

Resistance in a circuit may be an evil or 
it may be put to a useful task just as is 
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friction in mechanical devices. In the auto- 
mobile, for instance, every effort is made to 
reduce friction in the drive mechanism. But, 
on the other hand, the brakes are designed to 
provide as much friction as possible. The 
unavoidable friction in the bearings, gears, 
etc., of the drive represents sheer undesirable 
loss of mechanical power. Not so in the 
action of the brakes. 

So, in electrical circuits, the wiring is usu- 
ally of copper to insure the lowest practical 
resistance to current flow ; yet in portions of 
the circuit high resistance may be purposely 
introduced to perform some useful function. 

This useful purpose may be served by re- 
sistors inserted to reduce the value of ap- 
plied voltage to some lower required value, 
for example, as when it is necessary to re- 
duce the 115 -volt light supply to perhaps 50 
volts required to heat the filaments of a 
group of tubes in a radio set. 

The resistance to the flow of electric cur- 
rent varies greatly with different materials. 
The resistance of copper is so low that we 

consider it a good conductor. Carbon and 
certain metal alloys have resistance up to 
several hundred times that of copper and 
these we utilize as resistors. Still others, 
notably some of the ceramics such as porce- 
lain, and compositions such as bakelite, have 
such extremely high resistance that in ordi- 
nary applications current will not flow 
through them at all. These serve as insula- 
tors. 

The resistance of a wire depends not only 
on the material in the wire, but also on its 
length and cross -section area. Thus the re- 
sistance offered by a one -foot length of a 
given wire will be only half that of a 2 -foot 
piece of this same wire, or twice that of a 
6 -inch length. Or if the one -foot piece is 
replaced by one of the same length and ma- 
terial, but of twice the cross -section area, 
the resistance will be only half as much. 

Resistors now widely employed in radio 
are of two general types -carbon and wire - 
wound. Carbon resistors, made of carbon 
particles mixed with an insulating powder 
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You can easily build this 12 -tube "Custom" Super and have a receiver 
that will give peak performance. Compare these features! 5 bands, covers 
132 kc. to 42 mc., exceptional sensivity on all bands, 2 stages I.F. 15 watts 
undistorted power output. Kit includes Meissner Pictorial Wiring Dia- 
gram, which greatly simplifies the assembly. Complete kit less tubes 
and speaker - without panel and cabinet, $114.75 list. Kit, including 
panel and cabinet less tubes and speaker $127.50 list. 

7 -Tube 
"UTILITY" 

Super Kits 
Designed for exceptional 7- 
tube performance. 4 models, 
including standard broad- 
cast, broadcast and short- 
wave, broadcast Police and 
short -wave and broadcast, 
long -wave and short -wave. 
List prices $41.00 to $51.00 - 
See your Meissner distrib- 
utor. 
Send for new 1942 Catalog 
listing a complete line of 
Kits from 1 tube to 14 
tubes. 

DEPT. RN -4 

i. 

MT. CARMEL, ILL. 

PRECISION -BUILT PRODUCTS 

and pressed into the shape of small cylinders 
or rods, are employed where extremely high 
resistance is required and currents are small. 
The proportion of carbon employed in the 
mix determines the resistance of such a unit, 
which may vary from a few ohms to many 
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millions. The advantage of this type of re- 
sistor lies in its cheapness and compact size. 
Sizes vary according to the electrical power 
which such resistors are capable of- dissipat- 
ing continuously without excessive heating 
and damage. The largest sizes commonly 
employed in radio receiver circuits are rated 
at 2 watts and are approximately 1X." long 
by 5/16" in diameter. Other common rat- 
ings are % and 1 watt. 

Wire -wound resistors usually are made of 
special resistance wire wound on a tube of 
insulating material (often porcelain) then 
covered with a heavy baked -on coating of 
heat -resisting enamel or cement which not 
only protects the fine wire from physical 
damage but secures the turns in place to 
avoid short -circuits between them. The wire 
employed may be any of several special high - 
resistance alloys which have been developed 
for this use. Included among such alloys 
are Advance, Constantin, copper -nickel, Man - 
ginin, Nichrome, etc. Their special charac- 
teristics include the ability to withstand heat- 
ing without deterioration and to maintain 
their resistance relatively constant over a 
wide temperature range. 
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These characteristics are of great impor- 
tance, as is also the ability of the coating ma- 
terial to conduct heat away from the resist- 
ance wire, because the power consumed in a 
resistor must be dissipated in the form of 
heat. Operating at full power rating the ex- 
ternal temperature of a wire resistor rises to 
high levels--sometimes to 400 degrees F. or 
higher. In enclosed spaces where this heat 
cannot be radiated effectively such resistors 
cannot be safely operated at full power rat- 
ing. For this reason it is considered good 
practice in radio, where the resistor may be 
under a radio chassis or enclosed within a 
cabinet, to employ resistors with power rat- 
ings two to four times higher than the actual 
power they will be called upon to dissipate. 
Otherwise the excessive heating might re- 
sult in damage not only to the resistor itself 
but to other nearby components. The larger 
the power rating of a resistor of given re- 
sistance value, the larger is its physical di- 
mensions and the more costly it is. 

Wire -wound resistors are usually employed 
where applications necessitate dissipation of 
power in excess of 2 watts. Their widest 
applications in radio are in the power -supply 
circuits and the ratings most commonly used 
are 5, 10, 25 and 50 watts. The dimensions 
of typical wire -wound resistors with these 
ratings vary from 13/4." x 5/16" to 4%" x 
%" respectively. 

In addition to the fixed resistors just dis- 
cussed, both wire -wound and carbon resistors 
that are variable in resistance value are 
available. The volume and tone controls on 
radio sets represent common applications of 
carbon variable resistors, the control knobs 
actuating a contact slider which moves over 
a circular resistance element. 

Wire -wound variable resistors are usually 
similar. The resistance wire in this case is 
wound on a flat strip of insulating material, 
then this strip is formed into a ring and so 
positioned that the contact slider wipes along 
one edge. Another form of wire -wound re- 
sistor is the adjustable type. This is similar 
to the fixed type except that an exposed strip 
of the resistance winding extending the full 
length of the resistor permits contact to be 
made with any portion. A ring contact is 
slipped along the resistor winding to the de- 
sired point and there fastened in place with 
a locking screw. 

The resistances in the circuits of a radio 
receiver are not only those of the wiring and 
the purposely inserted resistors. For ex- 
ample, each vacuum tube offers very definite 
and oftentimes rather large resistance to the 
flow of current through its plate circuit, and 
its filament constitutes another resistance. 
Chokes and transformers also have appre- 
ciable resistances because of the long lengths 
of oftentimes fine copper wire employed in 
their windings. 

Grouping of Resistances 
Where two or more resistances appear in a 

single circuit they are said to be in series, 
in parallel or in series -parallel, depending on 
their arrangement with respect to one an- 
other. The series arrangement is illustrated 
in Figure 2(a). This is one where all the 
current flowing through one resistor must 
likewise flow through the others. Resistors 
in parallel are those which offer separate 
paths for the flow of current. In other 
words, any of them could be removed from 
the circuit and current could still flow 
through the others. This arrangement, which 
is also spoken of as a "shunt" or "multiple" 
arrangement, is shown in Figure 2(b). 

Resistances in a circuit may be grouped in 
a series -parallel arrangement as in Figure 
2(d). Here R1 and R2 will be recognized 
as a parallel pair which is in series with R3. 

Resistances in series are additive. That 
is their total effective resistance is the same 
as that of a single resistor having a value 
equal to the sum of the individual values. 
Thus in Figure 2(a), where there are four 
resistors of 1000 ohms each connected in 
series, the total resistance is 4000 ohms. For 
any combination of series values, the total 
is : 

R = R1 + R2 -F R3 + R4, etc. 
When connected in parallel, as in Figure 

2(b), the net effect is just the opposite and 
the total resistance presented becomes less 
than that of any of the individual resistors. 
Two parallel resistors of equal value result 
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in two paths for current flow, therefore twice 
as much current can flow for a given value 
of applied e.m.f. If the 4 resistors of Figure 
2(a) are reconnected in parallel as at (b), 
then 4 current paths are provided and the 
total current flow will be four times as great 
as it would be through only one of the re- 
sistors. The total effective resistance of the 
circuit of (b), or of any circuit in which 
equal resistances are paralleled, can be read- 
ily calculated by dividing the value of the in- 
dividual resistances by their number, thus in 
Figure 2(b) : 

1000 
R = = 250 ohms. 

4 
Where the paralleled resistors are of dif- 

ferent values the formula for determining 
their combined value is : 

1 1 l 1 1 --=- -F- -I- - + -, 
R R, R, R R, 

etc. 

In the case of Figure 2(c), the total resist- 
ance would work out: 

1 1 1 

+ 

I 7 

R 1000 2000 + 4000 4000 
therefore R = .571 ohms. 

Oftentimes, we find circuits in which resist- 
ors appear both in series and in parallel, as 
in Figure 2(d). Here the combined resist- 
ance of R1 and R2 is in series with R3. Us- 
ing the formula for parallel resistors as given 
above, the effective total of R1 and R2 is 
found to be 800 ohms. Added in series with 
the 2400 ohms of R3, this makes a total re- 
sistance of 3200 ohms for the entire circuit. 

(To be continued) 

DON'T MISS the article "Impedance- 
matching on a `Sound' basis "in this issue. 

75 POUNDS PRESSURE FOR 60 MINUTES 
-AND OUT COMES 

WITHOUT moisture -re- 
sistance, ducks would be 

sunk - lack of resistance to mois- 
ture can "sink" transformers, too! 

Utah transformers get their "duck - 
like" qualities in the Utah laboratories, 
where, encased in layers of specially 
made, moisture -resistant paper, they are 
heated under 29.4 inches of mercury 
vacuum pressure for 60 minutes. Con- 
sequently, all air is safely removed and 
all moisture evaporated. Molten wax is 
then forced into the tank and the empty 
cells of the insulating paper under 75 
lbs. of pressure. This operation re- 

BacA j' 
quires 60 minutes, but assures a 
longer life for the transformer. 

Utah's extra precautions in the 
factory are insurance against 

transformer failure in the field. That is 
why Utah transformers keep right on 
performing efficiently day after day - 
even under severe conditions, when 
many other transformers would break 
down. Utah Radio Products Company, 
824 Orleans Street, Chicago, Illinois. 
Office: 560 King Street,. W., Toronto. 
In the Argentine: UCOA Radio Products 
Company, SRL Cable Address: 
UTARADIO, Chicago. 

UTAH TRANSFORMERS are standard equipment in millions 
of receivers, all over the world. And there is a complete line 
of Utah replacement transformers. 

& K'E Afd'-tARTfR PARTS 
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What's New 
(Continued from page 34) 

tubes warm for instant operation, but 
cuts battery drain in half between an- 
nouncements. 

Separate controls are provided for 
microphone and phonograph input. 
Dual action tone control. Either one or 
two 8 -ohm p.m. speakers can be used 
with no rewiring or switching. Also 
available with two speakers built into 
carrying case, so that entire amplify- 
ing system is easily portable. 

New Record Cabinet 
The latest convenience for every 

family with a phonograph -a beauti- 

ful new record album cabinet to pro- 
vide a handy library for phonograph 
records -has just been introduced by 
Philco, it was announced today by 
Larry F. Hardy, manager of the Home 
Radio Division. 

The cabinet is marked by beautiful 
simplicity of design which makes it 
adaptable to any furnishings or pe- 
riod furniture. The top, of hand - 
rubbed walnut, is large enough to ac- 
commodate practically every kind of 
table model phonograph. 

"With the fast -increasing popularity 
of radio -phonograph combinations, we 
believe that the public wants and 
needs a place to keep its records so 
that they will not only be well -pro- 
tected but easily accessible," Mr. 

I bb '%W44 
THE SERVICING OF 

"AUTOMATIC RECORD 

CHANGERS & RECORDERS" 
NEW RIDER" BOOK 

Just Out! 

Here is a new source of' profits for the 
serviceman who knows this new business. 

Unlike radios, with which you are famil- 
iar, Automatic Record Changers and Re- 
corders are made up of electrical and me- 
chanical components that are new to you. 
The operations of cams, pawls, gears, and 
the study of motion are just a few of the 
elements that are different from those you 
are used to dealing with. This Rider Book 
shows you how to study the functioning 
(the cycles of operation) of any record 
changer. It goes into small motors and their 
care. It explains the different types of turn- 
table drives, various kinds of speed chang- 
ing mechanisms and, by means of actual 
photographs. breaks down - step by step - the operation of a simple drop -type 
record changer. 

The book also explains how Recorders 
function and their different characteristics. 

"Automatic Record Changers & Record- 
ers" carries manufacturers' service data on 
practically every Automatic Record Chang- 
er and Recorder on the market today. It is 
indexed and cross- indexed so you can tell 
who made the record changer on any set 
and refer to the pages on which the data 
can be found. 

Record Changers and Recorders open a 
new market - virgin territory for extra 
profits. Some service shop is going to bene- 
fit - be sure it is yours - and be sure you 
can handle the work profitably - be sure 
you have at your finger tips "AUTO- 
MATIC RECORD CHANGERS & RE- 
CORDERS." 

744 pages (8t /2 x 1 V) $6.00 

ORDER THIS NEW RIDER BOOK TODAY 

OUT APRIL 15th 

RIDER mum, 
VOL. XIII 
1650 Pages - Price $11.00 

This new Rider Manual covers sets is- 
sued in 1941. The O.P.M. announces 
that 13,000,000 sets were sold last 
year. What a market! What a source 
of profit if you have the necessary 
data for efficient operation! 

We are fortunate in being able to 
complete arrangements for publish- 
ing Vol. XIII. That is why we say 

ORDER NOW 
Avoid Disappointment 
that might result from your putting 
off buying until "tomorrow." 

JOHN F. RIDER Publisher,Inc. 
404 FOURTH AVE., NEW YORK CITY 

Export Division: Rocke -International 
Elec. Corp.. 100 Varick Street 

New York City. Cable: ARLAB 

Hardy said in announcing the new 
cabinet. "In addition, the record cab- 
inet must be a handsome, striking 
piece of furniture that will add to the 
appearance of the home. Both these 

Latest Record Cabinet. 

artistic and utilitarian requirements 
have been met in the new Philco rec- 
ord album cabinet." 

The Philco record album cabinet is 
provided with four 12 -inch albums and 
four 10 -inch albums, each of which 
contains twelve record - pockets. In 
addition to these albums, several reg- 
ular commercial albums can be ac- 
commodated, so that the cabinet will 
hold more than 100 records. 

Height, 303% inches; width, 201/2 
inches; depth, 151 /2 inches. 

Elapsed Time Meter 
For making life tests on radio trans- 

mitters, tubes and beacons, a new me- 
ter to indicate elapsed time in min- 
utes or hours is announced by West- 
inghouse Electric and Manufacturing 
Company. 

Using six counter units instead of 
the usual five, the meter consisting 
essentially of a synchronous driving 
motor, a gear train and six numbered 
wheels. The motor operates at 600 
r.p.m. on a 115 volt, 60 cycle circuit. 
Synchronous operation is not affected 
by voltage variations of from 75 to 
125 per cent of rated value. Life time 
bearing lubrication is provided by an 
oil storage reservoir. Gears are pre- 
cision, machine cut and gold plated to 
resist corrosion. 

To operate, the meter is connected 
in parallel with the apparatus of 
which total hours of operation are to 
be measured. Meter circuits are 
closed when the machine operates, 
causing the synchronous motor to run 
continuously. 
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" Symphonic" Album Announced 
"Symphonic," a new record album, 

designed to harmonize with today's 
planned interiors, has just been issued 
by Peerless Album. Norman D. Ravis, 
president of Peerless, expects this 
model to answer the long -felt need 
for a finer, slightly higher -priced al- 
bum. 

"Symphonic" is covered with a 
heavy, padded Fabrikoid that gives the 
impression of genuine leather binding. 
The back of the cover is 
gold -stamped in a simple, 
decorative design. The 
heavy, metal- eye -lettered 
envelopes are slung on 
steel collars firmly at- 
tached to a steel plate, 
all metal being brass - 
plated, which is riveted 
onto the sturdy wood 
back, an exclusive Peer- 
less feature. Further in- 
formation may be had by 
addressing Peerless Al- 
bum Company, Inc., 38 
West 21st Street, New 
York City. 

Crolite Precision 
Coil Forms 

The production of pre- 
cise coil forms in Crolite, 
combining mechanical 
and electrical character- 
istics meeting the most 
rigid specifications, is one 
of the many National De- 
fense activities in the re- 
cently enlarged plant of 
Henry L. Crowley & Co., 
Inc., in West Orange, 
N. J. These coil forms 
range from a fraction of 
an inch to several inches 
in diameter, are helically 
grooved to take different 
sized wires and winding 
pitches, and have a plu- 
rality of different holes 
accurately positioned for 
winding taps as well as 
threaded holes for mount- 
ing screws. Various Cro- 
lite "bodies" or formulae 
are utilized in meeting 
the radio characteristics 
required at different op- 
erating frequencies, par- 
ticularly in the ultra- 
high- frequency spectrum. 

These precision coil 
forms start from solid 
extruded rods or tubing, 
of Crolite, which are sub- 
sequently turned and 
bored to correct outside 
and inside diameters, fol- 
lowed by grooving and 
drilling and tapping. The 
pieces are then fired at 
critical temperatures in 
kilns, assuming the final 
rock -hard characteristic 
of Crolite. 

These forms fill many 
military and civilian re- 
quirements. 
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R.C.P. Electronic Multitester 
An electronically operated, high 

sensitivity, multi- purpose meter in- 
strument has just been announced by 
Radio City Products Co., 88 Park 
Place, New York City. Known as the 
RCP "Electronic Multitester," Model 
662, it will find wide application in 
radio and electrical measurement 
work and is particularly well adapted 
to the requirements of industrial lab- 
oratories and testing departments be- 

cause of its versatility and negligible 
loading of circuits under measure- 
ment. 

This 662 model provides a total of 
27 measurement ranges to take care of 
voltages, both a.c. and d.c., up to 6,000 
volts; resistance to 1,000 megohms; ca- 
pacities to 2,000 microfarads. The low 
ranges for each of these types of meas- 
urement are such that values as low 
as 0.1 volt, d.c., 1.0 volt a.c., 0.2 ohms 
and 30 micro -microfarads (0.000,03 

°ENGINEERED... 

ANGLE 
THE Series 200 "Super -Pro" is a master- 

piece of engineering. Every detail has 

been given the utmost consideration and 
engineered to produce a receiver of maxi- 
mum flexibility. The "Super -Pro" is a 

"professional" receiver from start to finish. 

Engineers choosing "Super -Pro" receivers 

for commercial service know that they are 

buying uninterrupted service and peak 

efficiency. Just look inside one of these 

receivers and you will see the difference. 

Everything in it is specially designed. 

Even the I.F. transformers are totally differ- 
ent from any other set. The special band 
switch is probably the only one of its kind 
in the field. All these are manufactured 
right in our own factory where absolute 
control of quality is maintained. 

Write for complete 
technical details 

Canadian Office: 41 West 
Ave., No., Hamilton, Ont. 

f---,---'"'._ 

HAMMARLUND MFG. CO., INC. RN -4 

424 -438 W. 33rd Street, New York City 

Please send 16 -page "Super -Pro" Booklet. 

Name 

Address 

City State 
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microfarads) can be read directly 
from the meter scale without inter- 
polation or estimating fractional scale 

---- - _ - - --- 

divisions. Any one of the 27 ranges is 
selected by means of two rotary 
switches, one of which selects the type 
of measurement desired, the other the 
numerical range. 

The indicating instrument, which is 
set into the face of the all -metal cab- 
inet, is a 41 inch square type D'Ar- 
sonval microammeter guaranteed ac- 
curate within 2% of full scale. Its di- 
rect- reading scales are laid out on a 
100- degree arc. Protection is provided 
which avoids the possibility of burn- 
out or other damage to this instru- 
ment through improper range selec- 
tion or attempting measurement of 
live resistors, etc. 

New Share °'.751: -- (Broadcast 
Mike 

A new "Super -Cardioid" Broadcast 
Dynamic Microphone is announced by 
Shure Brothers, "Microphone Head- 
quarters," Chicago. This new Series 
"556" introduces a "Super Cardioid 
polar pattern that is twice as undi- 
rectional as the Cardioid, from the 
standpoint of receiving front sounds 
and rejecting rear sounds, yet has 
wide -angle front pick -up. Decreases 
pick -up of reverberation energy and 
random noise 73 %. The axial polar 

tke 
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Centralab 
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The history of CENTRALAB can be 
read in its advertisements down 
through the years. New develop- 
ments ... the result of research and 
pioneering ... keep Centralab con- 
stantly in the vanguard. 
Today ... research alone is not enough ... 
the demands of the present emergency call 
for an "ALL OUT" program of production. 

In '42 CENTRALAB will not fail to maintain 
its record. In '42 as in '22 and '32 . . . 

always "SPECIFY CENTRALAB ". 

Div. of Globe -Union Inc., Milwaukee, Wis. 

CONTROLS SWITCHES 
RESISTORS 

CAPACITORS Ceaaalab 
RADIOHMS 
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pattern is symmetrical at all fre- 
quencies. 

Improved "Ultra" wide -range f re- 

Shure 556 mike. 

quency response from 40 to 10,000 
cycles assures full reproduction of 
music, crisp reproduction of speech. 

New moving -coil unit is highly im- 
mune to mechanical vibration and 
wind noises. 

This new "Super -Cardioid" perform- 
ance is made possible thru the pat- 
ented Shure "Uniphase" single -unit 
construction which eliminates the ne- 
cessity of using two dissimilar micro- 
phone elements in one microphone for 
true undirectional operation. 

The new Microphone is functional in 
design and beautifully modern in ap- 
pearance. Compact, sturdy construc- 
tion makes it easy to handle. 

The Super -Cardioid is available in 
three models : Model 556A for 35 -50 
ohm circuits, Model 556B for 200 -250 
ohm circuits; Model 556C, high im- 
pedance. 

For full details, write to Shure 
Brothers, 225 W. Huron Street, Chi- 
cago, Illinois. 

Nett. Littelfuse Unit 
An entirely new convenience for 

changing fuses in close quarters -re- 
placing a blown fuse in a twinkling- 

and giving notice on inspection that 
another spare is required, are features 
compactly embodied in a Spare Fuse 
Holder & Puller combined, just an- 
nounced by Littelfuse, Incorporated, 
4757 Ravenswood Ave., Chicago. 
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Aviation Radio Course 
(Continued from page 13) 

chines at 45 "words per minute." In the 
usual CAA communications station one will 
always find two or more of these machines 
constantly "batting" out weather informa- 
tion. 

It is possible for a pilot flying over Seat- 
tle, Washington, to ask 
for and receive N e w 
York weather by radio. I 
think this adequately 
demonstrates t h e effi- 
ciency of our modern 
communications and 
weather systems. 

We will subsequently 
discuss the technicalities 
of airlines and aircraft 
radio operation as well as 
control tower technique. 

The airlines prefer to 
obtain applicants for air- 
lines radio operating po- 
sitions who have had 
some college education. 
However, a college edu- 
cation is not prerequisite 
for entrance into this 
well paying field. Of 
course, every operator 
m u s t have the proper 
class of radio license de- 
pending upon his duties 
and the type of station in 
which he is employed. 
Those having a f a i r 
knowledge of radio and 
electrical theory may ob- 
tain the second class radi- 
otelephone license (the 
class more often re- 
quired) by diligently 
studying one or more text 
hooks now published on 
the subject or by attend- 
ing a recognized r a d i o 
school for three months 
or more, then taking the 
FCC examination. It can- 
not be stressed too high- 
ly here that the posses- 
sion of a Federal license 
is usually declarative of 
a person's acquaintance 
with radio and electrical 
theory, rules, regulations, 
etc. ; that is, to some de- 
gree. Even though war 
has affected all industries 
to a very marked degree, 
our airlines will operate 
day in and day out as 
long as it is possible to 
do so . . . air transpor- 
tation has grown that im- 
portant. Good radio op- 
erators are always 
needed ; are you qualified 
now ? 

A position akin to air- 
lines radio operating is 
that of control tower op- 
erator. This position re- 
quires that the applicant 
have knowledge relative 
to air traffic. His voice 
must be pleasing and like 
the airlines operator must 
be a very cool, quick, pre- 
cise person. A restricted 
radiophone license is the 
class of license needed 
by personnel who work 
in the average airport 
traffic control station. 

The Civil Aeronautics 
.4 ihn in ist ra lion 's vast net- 
work of aviation commu- 
nications stations, bea- 
cons, etc., provide the es- 
sential facilities for the 
aviation services. E x - 
tending some 32,000 miles 
the airlanes of America 
are supervised by the 
utilization of ràdio, tele- 
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type, and direct interphone (intercom) con- 
nection between stations. Since 1928, mil- 
lions of dollars have been spent on improving 
communications facilities, radio aids to air 
navigation, blind landing systems, and aids 
to air traffic control. Cooperating with other 
governmental agencies and commercial avia- 
tion enterprises, the CAA is rendering in- 
valuable service. Their research staffs are 
constantly testing new equipment and im- 
proving the old. During the past few years, 
the air traffic problem, especially at large 

airports has taken on tremendous signifi- 
cance. Notwithstanding the fact that our 
National Defense has occupied the center of 
consideration, the CAA has made gigantic 
strides toward increasing the safety of air- 
craft in the air. 

How often during the past 18 months have 
you seen Civil Service announcements giving 
information on the radio positions offered by 
the CAA to those who could qualify? Quite 
a few times, no doubt. 

(To be continued) 

When the going is tough and there 

is a man's job to be done, old friends 

of proven dependability are doubly 

welcome. 

NATIONAL COMPANY, INC., MALDEN, MASS. 
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For the Record 
(Continued from page 4) 

in conjunction with circuits employing 
Feedback. A very complete treatise 
on this subject will be found on page 
20. Don't miss this feature! 

In response to many letters we are 
beginning a new series of articles on 
Aviation Radio. This complete course 
will run for the next twelve months 
and will offer a thorough background 
for the student or present radiomen of 
all classifications. It has been pre- 
pared to cover all requirements that 
are dictated by the air services, both 
military and civilian. This is an ex- 
clusive RADIO NEWS feature and one 
which should prove to be of great in- 
terest. 

Do you begin the design of an ampli- 
fier at the input or at the output? 
Read the informative article titled 
"Designing a PA Amplifier" on page 26. 

That old bugaboo Impedance is with 
us again. This time the subject takes 
the offensive rather than the defensive. 
Don't miss the technical feature begin- 
ning on page 18 in this issue. It tells 
how to analyze this subject and to 
apply fundamentals to everyday appli- 
cations. 

The radio serviceman is shown how 
to construct a "Dynamic Demonstra- 

tor" on page 30. Will come in mighty 
handy for you lads that are teaching 
radio classes! 

Having trouble getting a turntable? 
W. E. Brown advises purchasing an 
old Dodge flywheel -the one driven by 
a 12 volt chain motor. A buck should 
buy one. Better hurry! 

Hams -Take Note! 
RADIO hams are being asked to 

sell their transmitters and receiv- 
ers for use by the armed forces of the 
United Nations, according to an an- 
nouncement by the American Radio 
Relay League, which is centralizing 
information on available apparatus on 
behalf of the government agencies 
concerned. 

O n1 y commercially- manufactured 
communications -type receivers and 
transmitters for which standard in- 
struction manuals are available are 
required at present. Such equipment 
is more readily used and understood 
by military operators than homemade 
units, even though the latter may be 
of comparable quality, it was ex- 
plained. 

Urgent shortages of communications 
equipment required for defense needs 
led to the call, manufacturers finding 
themselves unable to make deliveries 
sufficient to fill the intensified demand 
as the theatre of war expands in wid- 
ening circles. 

Ice palace - 
goes MODERN 9 with THORDARSON: 

High public morale is of real 
military value in wartime. The 
sound installation in the Brook- 
lyn Ice Palace provides enter- 
tainment and may be readily 
used for wartime emergencies. 
The THORDARSON Catalogue 
No. 600 -F completely describes Amplifiers for almost every 
Military, Public Defense, and Industrial use. Ask your THOR- 
DARSON jobber for a free copy or write the factory. 

THORDARSON 
ELECTRIC MFG. CO. 

500 WEST HURON STREET, CHICAGO, ILLINOIS 

TRANSFORMER SPECIALISTS SINCE 1895 
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Amateurs willing to turn over their 
apparatus to their country are re- 
quested to advise the ARRL at West 
Hartford, Conn., giving model number, 
condition, and the price for which it 
can be delivered crated to a local 
transportation agency. Only standard 
manufactured equipment should be of- 
fered, it was reiterated, homemade or 
"composite" equipment not being re- 
quired at present. 

The biggest need is in transmitters, 
it was stated. According to League 
statistics, approximately two- thirds of 
the receivers found in amateur sta- 
tions are factory -made but only 5% of 
amateur transmitters were purchased 
from manufacturers. 

Vacation? Oh Yeah! 
WHO said radio was at a stand- 

still? We are fast reaching a 
point where a goodly amount of manu- 
scripts will have to be over "for 
the duration" as the amount of new 
material approaches a new high. Our 
job is to get this information in print 
and into your hands as quickly and as 
accurately as possible. Oh well, we 
can't get tires for that vacation trip 
anyhow! 

We'll see you with another big spe- 
cial issue next month. Remember the 
January Defense edition ? Well, you 
will certainly not want to miss any of 
the outstanding exclusive features in 
the May issue. And so to work! 

-73, O. R. 

Designing a P.A. 
Amplifier 

(Continued from page 27) 

cuit to use. Generally it is best to 
stick to resistance type circuits. The 
output transformer mentioned previ- 
ously is a necessity. The phase -in- 
verter diagram in Fig. 2 has been the 
most popular for years and still is. 
Its operation is simple and it works 
well. 

The first triode portion of the 6SC7 
dual- triode tube operates as a straight 
triode amplifier. The resistor values 
are obtained from a tube manual and 
with those used, the tube will have a 
gain of 42. By dividing the grid re- 
sistance of the following tube (across 
which, of course, appears the output 
of the first triode of the phase -in- 
verter) at a point about 1/42 of the way 
up we have a source of voltage equal 
in value but out of phase to that fed 
to the grid of the first triode of the 
6SC7. This voltage is applied to the 
grid of the second triode of the tube. 

The output of the second triode por- 
tion then drives the grid of the sec- 
ond power tube out -of- phase, but 
equal in voltage to that on the first 
power tube. The cathode bias re- 
sistor does not need to be by- passed 
for the same reason given for the 
power stage. So far, we have added 
a gain of 82 to our amplifier (from 
input of phase -inverter to push -pull 
input of final amplifier). The phase - 
inverter input peak voltage required 
for full output is now about 1/2 volt. 

RADIO NEWS 
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Let us now add some inverse feed- 
back to our amplifier. We've read 
quite a bit about inverse feed -back 
and know its value. It reduces dis- 
tortion and hum. It increases the 
frequency response but it does reduce 
the gain. 

A feed -back resistor of about 5 meg- 
ohms as shown in Fig. 5 gives us a 
feed -back value of about 17% in this 
circuit. This is how we get it: Con- 
sidering one feed -back resistor, we 
must base our figures on 1/2 of the cir- 
cuit or a single - phase. One -half of 
the peak output voltage of the power 
stage is about 220 volts. Divide that 
by the quotient of the feed -back re- 
sistor divided by the parallel resist- 
ance of the plate resistance of the 
preceding tube, its plate load resist- 
ance and the grid resistor of the fol- 
lowing tube, gives us about 2.2 volts. 
This is about 17% of 1/2 the input peak 
voltage of the power stage. 

The loss in gain and effect on out- 
put impedance can be calculated, but 
it is negligible. 

Time, now, to think about mixing 
microphone with phono- input, and to 
think about tone control. 

The favorite phono -pickup today is 
the crystal type. Being of high im- 
pedance, it feeds directly into the grid 
of a tube. It has high bass output and 
gives record playing the "boom- boom" 
that most people like with their music. 
Their output varies from .6 volts to 
1.5 volts, the better and lighter ones 
having the lower output. These values 
are R.M.S. volts at 1,000 cps. We are 
concerned with peak a.c. volts which 
is 1.4 times the RMS voltage. On loud 
musical passages, the maximum out- 
put may be several times the above 
figure. Let us assume that the maxi- 
mum peak voltage is around 2 volts. 

One of the simplest mixer systems 
is that shown in Figure 3A. The 1 
megohm series resistors prevents 
shorting of the grid when one of the 
volume controls is at zero. While 
there is some interaction between the 
control settings, it is not serious. 
Figure 3B is a preferred circuit using 
L pads. There is practically no inter- 
action between controls and there is 
no loss of voltage as in the case of 
Figure 3A. The circuit of Figure 3A 
is less expensive. 

With a loss of 1/2 of the 2 peak volts 
from the phono -pickup as a result of 
the type of mixer we are using, we 
still have twice or more voltage than 
we need. The volume control will 
never be at maximum when we op- 
erate the amplifier. 

Here is a good place to introduce 
some sort of tone control into the cir- 
cuit. There are many forms of "tone 
control." They may be used for bass 
boost, treble boost, bass attenuation 
or treble attenuation. An entire ar- 
ticle could be written on this one sub- 
ject alone. Most people like some 
bass boost to their music. Treble at- 
tenuation produces the same apparent 
effect as bass boost and is easier to 
accomplish. Let's select the simplest 
circuit, requiring only a fixed con- 

April, 1942 

denser and a variable resistor. 
When the plate load resistance of a 

tube is changed, the amplification of 
the tube is changed. By using a con- 
denser in parallel with the normal 
plate load resistor, the effective imped- 
ance is lower at higher frequencies, re- 
sulting in less amplification at the 
higher frequencies. That results in tre- 
ble attenuation. If a variable resist- 
ance is connected in series with this 
condenser and to ground, we can vary 
the amount of treble attenuation. A .01 
mfd. condenser has a capacitive react- 
ance of 15,900 ohms at 1,000 cps. With 
all of the condenser used, the ampli- 
fication of the 6SC7 would be reduced 
to about 30 % of the normal value at 
1,000 cps.; less at lower frequencies, 
but attenuated still more at higher 
frequencies. 

The microphone stage must give us 
an output of 1 volt peak for full out- 

put. What amplification do we need 
here ? Well, that depends on the out- 
put of the microphone. Unfortunately 
not all manufacturers use the same 
standard of rating the db output of a 
microphone, varying from 0 db = 1 
mw. to 0 db = 12.5 mw. Let us use 
the lowest figure so that we will have 
sufficient gain for all mikes. The load 
resistance is usually assumed to be 
100,000 ohms. Outputs may vary from 
-50 to -60 db. This represents a 
voltage of about .01 volts R.M.S. in 
the extreme. To build this up to 1 
peak volt we need an amplifier with 
a gain of about 70. A 6SJ7 operating 
at only 180 volts can be made to have 
a gain of as much as 192. That's good, 
because we should have more than we 
need so that close talking into a mi- 
crophone won't always be necessary. 

Additional mike amplifiers may be 
designed in the same way if simulta- 

ragia. an y. 
DETROL,/k..Ìm 

AUTOMATIC RECORD 

STANDARD 
MODEL 451 Retails at 50 

12 -10" RECORDS 

AND 10 - 12" RECORDS 

AMAZING FEATURES 
Plays home recordings Gearless 
Noiseless Oilite bearings Perma- 

nently lubricated Free Floating tone arm 
Manual or automatic record selector 
Center post with exclusive features 
Light weight tone arm The ideal 

unit for Public Address Systems. 

CHANGER 

DE LUXE 
MODEL 450 Retails at 53250 

Vilit 
PLAYS 15 -10' 

RECORDS 

AND 10 -12" RECORDS 

This DETROLA Replacement Unit is designed to 
replace unsatisfactory or obsolete automatic rec- 
ord changers, as well as to convert almost any 
type of record playing instrument to a modern 
automatic phonograph. It comes completely 
mounted on attractive base board, ready for 
quick and easy installation. 

Trouble Free! Easy to Install! 
World's Easiest to Operate! 

SEE YOUR PARTS JOBBER 

DETROLA CORP., DETROLA BLDG., DETROIT, MICH. 
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SAVE MONEY on Console Cabinets 
Radios and All Radio Parts 

TYPE PJ. 16" deep, 27" wide 411/2" high. 
Changer compartment located below set. 
Doors cover the changer when 

ip 795 not in use. Walnut veneer. Radio .7J 
panel 61/2" high and 151/2" wide. 

1942 "Velvet Action" Record Changer 
Plays 10 12" or 12 10" records. 14" by 14" 
by 5" high. Crystal pickup. Reject switch - 
automatic or manual change -two point rec- 
ord suspension. 115 volt 60 695 cycle. Only 7 seconds to change $ v records 

DeLuxe Changer 
Ideal for small cabi- 
nets. Only 12' x 13" 
x 41/2" high. Plays 
10 12" or 12 10" 
records. Crystal pick- 
up, offset record sus- 
pension, reject 
switch, smooth 

$1 
qL 95 action 

We carry a complete line of uncut cabinets 
in all styles. Table models $1.75 and up; 
consoles $5.95 and up; Combination Con- 
soles $15.95 and up. New illustrated bar- 
gain bulletin lists many uncut console, 
table, phono, and combination cabinets, 
as well as all radio parts. SEND FOR 
FREE BULLETIN NOW! 

LAKE RADIO SALES CO. 
615 W. Randolph St. Chicago 

ANREAD CODE D 

SEND 

Learn Easily at Home 
This Quicker Way 

No experience need- 
ed. Beginners r e a d 
code quickly, copy ac- 
curately. If already 
an op, speed up your 
wpm with this approved 
amazing a 1I Electric 
Master Teleplex Code 
Teacher. Only instru- 
ment which records 
your sending in visible 
d o t s and dashes on 
specially prepared paper tape -then sends back your own 
key work at any speed you wish. NO PERFORATIONS 
-NO INK. Far superior to anything ever developed . . . 

a marvel of simplicity. Fascinating, foolproof -gets re- 
sults because you learn by HEARING as well as SEE- 
ING. That is why thousands agree this method is surest 
and quickest. While not designated standard equipment, 
Teleplex is used at many U. S. Army Posts, Naval Train- 
ing Stations. We furnish Complete Course, lend you the 
New All Electric Master Teleplex, and personal instruc- 
tion with a MONEY -BACK GUARANTEE. Law cost, 
easy terms. Write today for folder RN4; no obligation. 

TELEPLEX C 
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107 HUDSON ST. 
0.1 JERSEY CITY, N. J. 

neous operation of several mikes are 
required. Output mixing of another 
stage may be handled in the same way 
as suggested here, although some 
form of electronic mixing is preferred. 

Note that the microphone stage has 
been decoupled from the plate supply 
of the following stages. This is nec- 
essary to prevent motor -boating, be- 
cause the first stage carries voltage 
in -phase with the last or power stage. 
Two adjacent stages need not be de- 
coupled. 

We seem to have strayed away from 
the matter of frequency response. 
Frequency response is determined by 
the value of grid resistors and cou- 
pling condensers in all stages and by 
cathode and screen by -pass condens- 
ers and plate load resistor in the first 
stage. While it is possible to calcu- 
late accurately the response, based on 
the values of condensers and resistors, 
it is only necessary to use adequately 
large condensers, such as we did here, 
and we can assume that the low fre- 
quency response is good. The lower 
the grid resistors, the better the high 
frequency response. The values used 
are a good average value for good 
response. If you can sacrifice gain, 
reduce the values of all grid resistors, 
and thereby increase the response to 
high frequencies. 

Power supply design is conventional. 
It is important that the filtering be 
adequate and regulation good. Poor 
regulation will increase the harmonic 
distortion in the power stage. 

Lay -out of parts, isolation of input 
from output, reduction of hum and 
licking other bugs is a story in itself. 
These factors are not governed so 
much by cold facts as by the ingenuity 
of the builder and requires practice 
to obtain proficiency. 

-EH 

Sound and 
The Victory Program 

(Continued from page 9) 

A special sound -amplification type 
air -raid alarm system has recently 
been installed in the Central Hanover 
Bank, located on Wall Street in New 
York City, by Commercial Radio - 
Sound Corporation. Because of the 
number of burglar and other alarms 
already in use, an air -raid alarm sys- 
tem was provided with a very distinc- 
tive signal. 

The use in arsenals, steel mills, ship 
yards, aircraft factories, textile plants, 
and other industries, of recorded music 
to encourage greater efficiency by eas- 
ing fatigue and brightening the work- 
ing day, is comparatively a new idea in 
the United States. However, it has 
been a strong factor in increasing Ger- 
man war efforts, and music in South 
American factories is common -place. 
The "reader" formerly employed in 
Cuban cigar factories has been re- 
placed in most cases by recorded mu- 
sic played through sound -amplification 
systems. Eighty percent of the Eng- 
lish industrial plants use music as a 

morale builder. Why shouldn't we ? 

In the United States, the RCA Man- 
ufacturing Company at Camden, New 
Jersey, has pioneered the application 
of music in industry. One of its nota- 
ble achievements is at the plant of the 
Botany Worsted Mills at Passaic. Bot- 
any's sound system provides a wide se- 
lection of music for thousands of work- 
ers who are turning out vast quantities 
of clothing material for the armed 
forces of the Nation. It adds pleasure 
to the working hours of others who are 
cutting next fall's cravats, sewing next 
winter's robes and weaving material 
for a dozen kinds of wearing apparel. 

The RCA Intra -plant Broadcasting 
system used by this mill consists of 
loudspeakers suspended from the ceil- 
ing at 50 -foot intervals, a number of 
powerful amplifiers, twin turntables 
permitting two simultaneous record 
programs to different parts of the 
plant, and numerous microphones for 
paging and announcements. An em- 
ployee in charge of the system pre- 
pares the music programs and oper- 
ates the equipment. 

Other representative users of "Mu- 
sic in Industry" are the Curtiss Wright 
Corporation, Buffalo, New York; 
Owens Illinois Glass Company, Bridge- 
ton, N. J.; the Oregon Shipbuilding 
Corporation, Portland, Oregon and the 
Piccatinny Arsenal at Dover, N. J. 

According to W. L. Rothenberger, 
RCA's Manager of Industrial Sales, 
"Research has revealed that efficiency 
and morale reach their low ebb near 
the end of the morning and afternoon 
work periods -the so- called peak f a- 
tigue periods. To give employees a 
'lift,' or `pick -up,' at these times, 
bright, cheerful and lively music fills 
the air. During the luncheon period, 
a soothing, restful type of music helps 
them to relax and 'take it easy' before 
starting in the second half of the day. 
Music used in this fashion, as a 're- 
fresher' during working hours and a 
`relaxer' at noon, is helping to send 
workers home in better spirits. 

"Lowered fatigue, because it per- 
mits closer attention to the work being 
done, logically tends toward fewer ac- 
cidents and errors. By adding a note 
of pleasantness to everyday occupa- 
tions, industrial music improves em- 
ployer- employee relationships, fortify- 
ing good will and morale and lower- 
ing labor turnover. As one worker 
put it, 'Music makes you look forward 
to coming to work.' 

"Furthermore, tests conducted in 
England by the Medical Research 
Council show that industrial produc- 
tion 'with music' has run from 6 % to 
11% higher than the same activity 
under identical conditions, but without 
music. The use of music helps elimi- 
nate work slumps at peak fatigue pe- 
riods, and thus sustains the level of 
production throughout the day." 

Commenting on the use of music in 
industry, William Green, President of 
the American Federation of Labor, 
calls industrial music a "friend of la-. 
bor, for it lightens the task by re- 
freshing the nerves and spirit of the 
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worker." William Bristol of the Bris- 
tol Meyers Company says, "We be- 
lieve that music, news, and other types 
of informative and entertaining pro- 
grams will help plant and office work- 
ers to do a good day's work with a 
minimum of fatigue." A. H. Dente, 
Business Manager of the American 
Business Magazine comments, "Music 
is what makes a parade, so why 
shouldn't we use it to keep up the 
production parade?" 

Turning to the special uses for 
sound amplification systems in Na- 
tional Offense, we find them many and 
varied, with most of the uses consid- 
ered secret during war time. However, 
some of the already -known uses such 
as for recording, moving picture equip- 
ment and coverage of large outdoor 
audiences can be pointed out. 

Finally, it must be remembered that 
there are many applications where 
sound -amplification equipment is used 
for more than one purpose. That is, 
an audio amplifier and one or more 
loudspeakers which are fed by a 
pickup and turntable can also be fed 
by one or more microphones, a tone 
signal (such as for air raids), etc. 

An excellent example of a "combi- 
nation system is the one installed by 
Commercial Radio -Sound Corporation 
in Saks Fifth Avenue, a large New 
York department store. A total of 195 
loudspeakers are mounted throughout 
the store, and the system provides for 
air raid warnings, instructions to per- 
sonnel, announcements to patrons, 
paging and musical reproduction. 

The Leo J. Meyberg Co. of Los 
Angeles recently installed a "combi- 
nation" sound system in the North 
American Aircraft factory. The sys- 
tem is a decided help. in maintaining 
morale, as well as providing the usual 
paging features. The facilities for 
music and speech reproduction are 
utilized for entertainment, and for ed- 
ucational programs during the lunch 
hour, as well as for air -raid alarms 
and addresses by visiting officials. 
Sports results and war news are sent 
over the system at specified times. 

Now, how does this newly develop- 
ing field pertain to the radio service- 
man? First of all, he has a golden 
opportunity to sell sound equipment 
as never before. National Offense 
production needs sound amplification 
-and he is the man who, by his ex- 
perience, can do the job of selling and 
installing the necessary equipment. 
Second, such equipment must be kept 
in perfect running order at all times. 
National Offense sound equipment is 
important -like a gun, or a tank. It 
is being used to help win the war. It 
must not break down at the wrong 
time. Here is the opportunity for 
radio and sound service men to work 
out a periodical inspection routine 
whereby all sound equipment is 
checked every so often and kept in 
perfect operating condition as a result. 

Radio and electronic service men - 
here is another chance to help your 
country, as you help yourself. 

-CH 
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Impedance Matching 
(Continued from page 19) 

establishment as a one -way call sys- 
tem with two speakers specified. But 
the volume at one speaker must not 
be more than one half the volume of 
the other since one speaker is in a 
noisy location while the other is inside 
a cashier's glass cage with substan- 
tially lower noise level. 

Necessary "T" or "L" pads can be 
bought, but not soon enough to suit 
your client. What to do ? While the 
series connection of voice coils is not 
recommended because the resonance 
of two speakers very seldom occurs 
at the same frequency this is a case 
of absolute necessity -a situation 
where service overrides the finer as- 
pects of best practice. 

To go on then -you can obtain an 
8 -inch, 6 -ohm p.m. speaker and also a 
replacement type, 5 inch, 2 -ohm p.m., 
battery radio speaker. Your 5 -watt 
amplifier has the usual 8 -ohm output 
terminals. In Fig. 5 are shown the 
two speakers in series. As will be 
explained, the two ohm speaker will 
be placed in the cashier's cage and 
deliver a maximum of 1.25 watts while 
the speaker in the noisier location will 
deliver 3.75 watts maximum. This 
should satisfy the requirements as 
specified above. 

For clarity let us see how these 
values were arrived at. First remem- 
ber (still looking at Fig. 5) that the 
impedance of the amplifier output 
transformer should be equal to the 
sum of the voice coil impedance in 
series. We have placed a 6 -ohm and 
a 2 -ohm voice coil in series to total 8 
ohms. The next step is finding the 
current in this series circuit. From 
Ohms Law we know that Current (I) 
is equal to the square root of the 
power (W) divided by the impedance. 

Therefore 

I= vW 
R 

V 
5 watts 

I= 
8 ohms 

which equals the current flowing 
through both voice coils; since the cur- 
rent in a series circuit is always the 
same. 

To find the power in each speaker 
use, I2R = W. Therefore (I2) .625 
times 2 ohms equals 1.25 watts in one 
speaker; the same procedure follows 
for the second speaker .625 times 6 
ohms equals 3.75 watts in the 6 -ohm, 
8 -inch speaker. 

With this arrangement of speaker 
power distribution it must be remem- 
bered that the power ratio between 
speakers is always constant as related 
to the other. Retarding the gain con- 
trol on the amplifier will always re- 
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Syl4AAN 

56gV /GE 

FRANK FAX 

WHEN this column bowed in last 
month, I promised, as a Sylvania 

engineer, to aid you all I can with 
your problems and your selling - and 
to supply you with whatever promo- 
tion helps your business needs. 

Well, here's a good example of the 
kind of promotional help I had in 
mind - the "Complete Radio Service" 
sign pictured below. 

Size: 11" high 19" long 34" thick weight 4 ponndt 

This handsome electric sign should 
prove mighty useful to you radio ex- 
perts in cultivating the sort of all -round 
trade that brings in the big profits. 

For it puts passersby on notice that 
you're a fellow who knows his way 
around any type of radio - home, port- 
able or auto. It says, whatever your 
problem, you'll find the answer here. 

These signs are being offered to all 
Sylvania dealers at a below -cost price - 
$1.50. To get one just drop a note 
to me, Frank Fax, Dept. N4, Hygrade 
Sylvania Corporation, Emporium, Pa., 
and enclose your check or money order. 
Or if you prefer, you can order direct 
from your Sylvania jobber. 

And keep shooting your puzzlers to 
me. My staff and I will be glad to 
answer any and all queries, no matter 
how intricate or technical. So far the 
questions have been extremely inter- 
esting and later on we hope to discuss 
a few of them right here. 

SYLVAN A 
RADIO TUBE DIVISION 

HYGRADE SYLVANIA CORPORATION 
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HERE THEY ARE 

COMEAND6ET'EM. 
R TUBE CHECKERS 

5 Fitted 9 with Beede 0 -10 M.A. y 
m e ter and thirty sockets. f. 
Good working condition. Can 
be easily modernized. Panel 
mount model complete, ready 
to go. While they last. Only.. 
Tester complete with Counter Case.....$5.95 

,+ 

HUNDREDS OF OTHER BARGAINS 
Here are a few selected at random from 
our large stock. These items are brand 
new, in original factory packaging. 
VARIABLE CONDENSERS 365 and 450 
Miff. Two Gang 49c 
Three Gang.....59c. Four Gang '89c 
T.R.F. TWO BAND COILS, set 59c 
I.F. COILS (456 k.c.), each 39c 
RECORDING DISCS, metal base, slight 
imperfections. 
Ph." 10c S" 15c 10" 19c 
MAGNETIC SPEAKERS, 5 ", each 69c 
VIBRATOR TRANSFORMERS for auto 
radios, 6 v. primary, 260 v. at 65 lira. 
secondary, each 89c 

SEND 
R PLACEMENT PARTS FOR THE 

AND 
SERVICEMAN 

RANDOLPH RADIO 
609 W. Randolph St. Chicago, III. 
"Millions of Parts for Millions of Radios" 

NOW -A REALLY HIGH- POWERED- 

Radio Engineering 
Library 

NOTE: 
The Library comprises a selection 
of books culled from leading Mc- 
Graw-Hill publications in the radio 
field. 

especially selected by radio specialists of Mc- 
Graw -Hill publications 
e to give most complete, dependable coverage of 
facts needed by all whose fields are grounded on 
radio fundamentals 

available at a special price and terms 
THESE books cover circuit phenomena, tube the- 

ory, networks, measurements, and, other sub- 
jects -give specialized treatments of all fields of 
practical design and application. They are books 
of recognized position in the literature -books you 
will refer to and be referred to often. If you 
are a practical designer. researcher or engineer 
in any field based on radio, you want these books 
for the help they give in hundreds of problems 
throughout the whole field of radio engineering. 

5 VOLUMES, 3319 PAGES, 2289 ILLUSTRATIONS 
I. Eastman's FUNDAMENTALS OF VACUUM 

TUBES 
2. Terman's RADIO ENGINEERING 
3. Everitt's COMMUNICATION ENGINEERING 
4. Hund's HIGH FREQUENCY MEASUREMENTS 
5. Henney's RADIO ENGINEERING HANDBOOK 
10 days' examination. Easy terms. Special price under 
this offer less than books bought separately. Add these 
standard works to your library now; pay small monthly 
installments. while you use the books. 

10 DAYS' FREE EXAMINATION -SEND COUPON 

McGraw -Hill Book Co., 330 W. 42nd Street, N. Y. C. 
Send me Radio Engineering Library, 5 vole., for 10 

days' examination on approval. In 10 days I will send 
$3.00, plus few cents postage and $3.00 monthly till 
$24.00 paid, or return books postpaid. (We pay post - 

age o enn torders 
accompanied by remittance of first in- 

Name 

Address 

City and State.,. .. 

Position 

Company RN. 4-42 
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duce volume by the same percentage 
in one speaker as in the other. With 
this system understood there is no 
doubt that others will suggest them- 
selves as a definite solution to the im- 
mediate problem. 

Makeshifts such as these under nor- 
mal business conditions would be 
frowned upon, still today they some- 
times reflect the ingenious thinking 
of a mind under pressure and they do 
solve seemingly impossible riddles 
arising from the lack of equipment. 

Along with this information it may 
be helpful for some to recall the fol- 
lowing equation. Two voice coils in 
series; 

Total impedance in ohms = Z1 + Z2 
For two voice coils in parallel the 

Z1 Z., 
net total impedance in ohms - 

Z1 +Z2 
When more than two voice coils are 

connected in parallel the total imped- 
ance in ohms is equal to 

1 

1 1 1 -+ -+ - 
Z1 Z2 Z:, 

Permit me to cite an incident quite 
parallel to this situation. As the auto 
tire ban was placed into effect it oc- 
curred to the author that a means of 
guarding the family car in its garage 
would be worthwhile. An intercom- 
munication system is already an in- 
tegral part of the home with one un- 
used station available. All individ- 
ual outlying stations incorporate a fl- 
inch, 3 -ohm p.m. speaker as combina- 
tion microphone- speakers. After dis- 
covering that these would be avail- 
able "sometime soon" it was decided 
to cast around for a likely substitute. 

A bit of "hunting" brought forth a 
5 -inch Brush crystal speaker unit. 
The lines terminate at the master sta- 
tion with a 3 -ohm impedance. But 
the Brush unit had an impedance of 
80,000 ohms. How to couple for maxi- 
mum gain and best fidelity ? The 
workshop produced a discarded pen - 
tode -to -voice coil transformer (10,000 
ohms plate to 3 -ohm voice coil). 

As shown in Fig. 6 this was con- 
nected in reverse with the crystal unit 
across the high impedance primary 
and the original voice coil winding 
connected to the line. A 10,000, 2- 
watt resistor was shunted across the 
crystal unit for better loading and 
optimum matching. Compared to any 
of the other p.m. dynamic stations this 
unit has entirely acceptable tone qual- 
ity and is equally sensitive on pickup. 
Because of the crisp tonal character- 
istics of the crystal it appears to be 
even a bit more sensitive than the 
others although no "meter" measure- 
ments have been up to date. 

Suffice it is to say that it is work- 
ing without criticism even from those 
who are aware of its substitute make- 
up. This personal note from real life, 
although minor in its consequence, has 
been injected into this writing as a 
means of proof, that where a shortage 

of essential materials exists it is usu- 
ally possible, without too much brain 
racking, to produce results with the 
equipment on hand or that which is 
readily available. 

There are instances when the num- 
ber of speakers and universal speaker 
transformers available are not proper 
for the kind of installation desired. In 
such a case the use of pure resistance 
may be introduced as an impedance to 
balance an otherwise awkward situa- 
tion. But and let this BUT be ex- 
tremely imperative before this means 
is brought into use, it is wise to try 
various impedance combinations with 
pencil and paper first. As a final re- 
sort, and then only, permit its use. 
The reason for this caution is the un- 
deniable fact that while a resistor in 
an a.c. (signal) circuit can be looked 
upon as an impedance, it nevertheless 
follows only the laws of power loss, 
I2R, turning the current through it 
into so much heat and never produces 
an audible note! Fig. 7 shows a cir- 
cuit using seven speakers each with 
a 1,000 ohm transformer each to de- 
liver the same power. 

For purposes of example we will say 
that there is no other means of han- 
dling this particular sound installa- 
tion, both from an electrical and phys- 
ical standpoint. Seven speaker trans- 
formers are connected in a series with 
the seventh speaker to complete the 
necessary circuit requirements. While 
a glance at this particular circuit will 
immediately indicate the need of a 
1,000 ohm value for R, it is best to 
determine how it is arrived at mathe- 
matically. The amplifier output ter- 
minals have an impedance of 500 
ohms. To match this all speaker out- 
put transformers must be so connected 
so that their combined or net result- 
ant impedance facing the output 
transformer also equal 500 ohms. 

In this particular instance each 
speaker output transformer primary 
is tapped at the 1,000 ohm terminal. 
Each transformer is in series with an- 
other across the 500 -ohm line. As a 
result there is a total impedance of 
2,000 ohms at each one of the points 
indicated in Fig. 7. Since we have 
four legs of equal value it is only nec- 
essary to divide 2,000 by four to 
arrive at 500 ohms as the mean im- 
pedance of the group. 

Since visual inspection indicates 
that each leg demands 2,000 ohms im- 
pedance, it is only a matter of sub- 
tracting the 1,000 ohm impedance of 
No. 7 speaker from 2,000 ohms to de- 
termine the 1,000 ohm value of R. 
Now to determine the power rating 
of this "matching" resistor. 

Again using the equation 
W I= 
R 

160 watts power 
we have I = 1 

500 ohms 
= .346 amperes in the series parallel 
circuit. Since the current in this case 
is equally distributed through four 
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7 FINEST MICROPHONES 
éorP.A.aniRECORDING/ 

AMPERITE 
VELOCITY 

MICROPHONE 
WITH 

PATENTED 
ACOUSTIC 

COMPENSATOR 

New P. G. 

DYNAMIC 
WITH NEW 
SUPERIOR 
ELIPSOID 
PICK UP 

PATTERN! 

PL 
IDEAL FOR Ai.IIRf 
STRINGED INSTRUMENTS 

USED WITH ANY AMPLIFIER 
AND WITH RADIO SETS. 

ASK; YOUR JOBBER ... WRITE FOR FOLDER 

AMPERITE 
561 BROADWAY NEW YORK 

legs, the current through R will be 
one fourth of this value or .084 am- 
peres. Then DR gives us (.084)2 times 
1,000 ohms or 7.056 watts power dissi- 
pated by the resistor. In actual use 
a 10 -watt resistor would be wired in. 
The above series parallel combination 
as well as other similar ones can eas- 
ily be determined from the formula : 

1 

where 

1 

z,+z_ z +z, 
1 

equals one of the series 

i 
members and equals another. 

Z. + z, 
Obviously this equation holds true 

for voice coils in series parallel as well 
as for output transformer primary im- 
pedances. 

Generally we always speak of a 
speaker voice coil as having an imped- 
ance of so many ohms, but as has been 
mentioned before, this impedance is 
correct only at the frequency at which 
the speaker manufacturer measures 
it. Distributors' catalogs sometime 
give this information such as "8 ohms 
at 400 cycles." When it is impossible 
to determine this data as on a speaker 
without name or information stamped 
upon it, the following may be of value 
in eventually arriving at a correct im- 
pedance match. 

In Fig. 8 is shown an audio oscilla- 
tor of either the fixed or variable type. 
If only a 400 cycle output is desired a 
fixed frequency type is fine. If 60 cy- 
cle measurements be satisfactory then 
a 2? !, volt filament transformer with 
a potentiometer across it for control- 
ling voltage output will do the job. 
The variable resistor "R" should be 
non -inductive, calibrated in ohms and 
preferably have a somewhat greater 
resistance than the expected value of 
the voice coil under test. 

In a real pinch "R" might also be a 
group of separate resistors with vari- 
ous values, hooked in for the test. 
Also required is a vacuum tube volt- 
meter. Procedure is as follows : With 
the audio oscillator or transformer 
turned on and the unknown speaker 
voice coil connected across the points 
A and B, measure with vacuum tube 
voltmeter the voltage developed across 
"R" and then across points A and B. 
Adjust R until the voltage across it 
and across A and B are equal. The 
value of R in the circuit at the time 
is equal to the voice coil impedance at 
the frequency of the audio oscillator. 
While the purists will find fault with 
this method for various reasons, it will 
measure voice coil impedance with 
sufficient accuracy for all practical 
purposes. 

In this article some effort has been 
directed toward clearing up distorted 
views on the subject of impedance 
matching. Much remains to be said 
on this all important factor in com- 
munications. 
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FOUNDATION KITS 
for your 

P. A. AMPLIFIER 
BUD Amplifier Foundations 
give that "commercial" appear- 
ance to your P.A. system. They 
are made in a variety of sizes 
and types to fit all installations. 

CLEVELAND, OHIO 

OOIU RADIO IS 0H fl 

füll WAR FOOTIUG 
Factories, which once made beau- 
tiful household radios, now pro- 

duce sturdy field equipment. Radio is 
all out for Victory! . The oversize 
May RADIO NEWS brings you latest 
developments in this vital, fast- chang- 
ing field. Chock full of exclusive ar- 
ticles written by leading military and 
civilian authorities, this magazine is 
one you can't afford to miss: * Articles cover such topics as 

"Matching War Needs with Ma- 
terial," "Safeguarding Defense Plants," 
"Radio Man Power in War" (informa- 
tion of value to all American Indus- 
try!), "Civilian Air Raid Warnings," 
"Mobile P o l i c e Radio," "Civil Air 
Patrol," "Merchant Marine," "Listening 
Posts," "Naval Materiel School," and 
"Radio Opportunities " -to mention just 
a few! Read the timely 

MAY ISSUE 

RADIO 
NEWS 

AT ALL NEWSSTANDS APRIL 24 
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"All- ouf'production to meet today's 

pyramiding orders does not mean that 

Triplett has lost sight of the broader 

requirements of tomorrow. Instead, 

research and engineering programs 

actually have been "stepped -up to 

assure constant improvements in 

products and processes; in addition 

to needed developments in new fields. 

Today's demands are important, 

but the needs of tomorrow cannot be 

slighted -and are anticipated in never 

flagging engineering and research de- 

velopments. You have assurance that 

in the months and years to come, new 

Triplett products will serve in ex- 

panded fields, where they will merit 

values and savings for every dollar 

spent in their purchase. 

THE TRIPLETT ELECTRICAL 
INSTRUMENT CO. 

Bluffton, Ohio 

AUTOMATIC 
RECORD CHANGER 

DE LUXE MODEL 300 
CRYSTAL PICKUP with permanent needle. 
Newly designed dependable smooth operation. 
Plays twelve 10" or ten 12" records. Reject 
switch. Automatic or manual operation. Easy 
to install. 14" x 14" x 5" high. 00 c. 115 v. 

LIST, $39.95 
YOUR PRICE $1 995 

SPECIALS 
Model 100 AUTOMATIC RECORD 
CHANGER. Plays ten records automati- 
cally. List 529.95. YOUR PRICE $14.95. 
ModeI150 RECORD PLAYER- RECORD- 
ER. Single speed (78 R.P.M.). Cuts and 

Model 200 
539.95. 
ECORD PLAYER!RECORD- 

ER. Two speed (78 and 3336 R.P.M.). 
List $49.95. YOUR PRICE $24.95. 
Model 250 AUTOMATIC CHANGER - 
RECORDER. Our top quality precision 
unit. List $89.95. YOUR PRICE $44.95. 

CABINETS -We carry a complete assortmeu 
of uncut, 1942 model Console, Radio -Phonograph 
and Record Cabinets. Consoles $9.95 and up. 
Custom -built Combination Cabinets $14.95 and 
up. (Available in quantities.) 
Complete line of radios and equipment in stock. 

Write us today for special bargain list. 

MUTUAL RADIO PRODUCTS CO. 
771 ARTHINGTON ST., CHICAGO, ILL. 
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Book Review 
(Continued from page 32) 

ment such as tuning eye tubes, newer 
tubes, s.w. adapters, push- button tun- 
ing, and recording equipment follow. 

Every repair job can be turned into 
a profitable modernization task. Just 
a suggestion of a new airplane dial, 
dual speakers, or remote tuning is usu- 
ally enough. This manual teaches you 
how to obtain this work, what mod- 
ernization to suggest to a- particular 
owner with any special radio set, and 
how to carry out the actual repair 
work. 

A.S.T.M. STANDARDS ON ELEC- 
TRICAL INSULATING MATERIALS, 
published by American Society for 
Testing Materials, 260 South Broad 
Street, Philadelphia, Pa. The latest 
edition of this annual publication is 
considerably enlarged by the inclu- 
sion of new specifications and tests 
and several reports and papers. It 
provides in their latest form as of De- 
cember, 1941, the same 58 specifica- 
tions and tests issued by A.S.T.M. cov- 
ering this field. Outstanding activities 
carried on by A.S.T.M. Committee D -9 
on Electrical Insulating Materials are 
covered in certain reports, one on 
punching quality of laminated phe- 
nolic sheet; a study of measurements 
of power factor and dielectric constant 
at ultra -high frequencies; a report on 
round -robin tests of power factor and 
dielectric constant for glass; and sev- 
eral discussions on the significance of 
tests of insulating materials, includ- 
ing dielectric strength. 

Seven of the specifications and tests 
cover insulating varnishes, lacquers 
and their products and thirteen pro- 
vide standardized test methods for 
molded materials. The section cover- 
ing plates, tubes, a n d rods includes 
nine standards and there are six stand- 
ards in the field of mineral oils, 
ceramic products and solid filling and 
treating compounds. Two test meth- 
ods cover insulating paper; four apply 
to mica products; and there are eight 
specifications - four each for various 
rubber products and textile materials; 
and four standards give tests and tol- 
erances for various types of glass 
products and for woven tapes. Six 
standards give tests covering arc re- 
sistance, dielectric strength, power 
factor and related properties and 
tests. 

This publication, which includes for 
the first time a detailed index, also in- 
cludes two tables of contents, one list- 
ing standards in numeric sequence. 
The 1941. report of Committee D -9, 

Erratum! 
MARCH ISSUE, PAGE 13 

Screens of both 6SK7GT tubes 
should be fed from B+ through 
a 40,000 ohm, 1 w. resistor. 

with its recommendations on stand- 
ards, is given. 

Copies of the 450 -page publication 
can be obtained from A.S.T.M. Head- 
quarters, 260 S. Broad St., Phila- 
delphia, at $2.25 per copy, heavy paper 
cover. 

THE HISTORY OF COMBAT AIR- 
PLANES, by Charles G. Grey, No. 7 in 
the James Jackson Cabot Professor- 
ship series at Norwich University, 
Northfield, Vermont; 158 pp.; $1.00. 

This seventh publication in the se- 
ries covers the evolution of fighting 
airplanes from pre -World War days to 
the middle of 1941. The author has 
divided the history into four periods, 
the first ending with the Armistice in 
1918, the second dealing with progress 
between wars, and the third covering 
World War II developments. In Part 
three, by the way, Mr. Grey has gone 
into considerable interesting detail re- 
garding the Battle of Britain, as he 
terms the heavy air fighting over 
southern England and the Channel in 
the late summer of 1940. Part four 
has to do with armament and armor 
and to some extent, with the tactics of 
modern combat airplanes. 

Non -technical in his treatment, the 
author neatly avoids catalog style by 
frequently interspersing comments 
and discussions, based on his thirty - 
odd years of experience as an aviation 
writer and prompted by mention of 
airplanes and events by now often al- 
most forgotten. 

The British Radio locater is given 
due credit within the pages of this 
book. 

Smoke Jumpers 
(Continued from page 8) 

switching from one network to an- 
other. Another useful feature is a 
panel pushbutton which provides a 
marker signal and permits setting the 
receiver on any of the three transmit- 
ter frequencies. 

For emergency lookout use a kitbox 
is supplied with the type SX, which 
contains heavy duty batteries and an 
additional unit containing an audio 
amplifier and loudspeaker. 

General use of ultra -high frequen- 
cies in mountainous regions has re- 
quired the development of an auto- 
matic relay station. The transmitter 
section is conventional design and 
where -as is usually the case -dry 
battery is the only source of power, 
has an output of two watts. In the 
receiver, twelve tubes are used, dis- 
tributed as follows : Two signal radio - 
frequency stages, first detector, crystal 
oscillator, frequency multiplier, three 
intermediate -frequency stages, second 
detector AVC, fifteen -kilocycle noise 
amplifier and rectifier, relay control 
tube, audio amplifier. 

According to United States Forest 
Service records, the annual number 
of forest fires in the 208,000,000 acres 
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which are its responsibility, are in- 
creasing, although the average size 
of the fires is becoming progressively 
smaller. Improvements in commu- 
nication facilities have undoubtedly 
played an important part in reduc- 
ing fire losses. It is obviously true 
that the quicker one can attack a 
fire, the fewer men are needed to 
put it out -a fact which indicates the 
importance of faster communication 
and transportation. 

Although most forest protection 
agencies do not yet have sufficient 
communication facilities, the extent of 
the existing systems is surprising. The 
U. S. Forest Service operates about 
3,500 radio stations, while state and 
private forest protection agencies have 
approximately 1,500 radio stations. 

Before the advent of radio, commu- 
nication along the fire line was largely 
by messenger, which at best is a slow 
and uncertain method. Consequently, 
there was often a conspicuous lack of 
coordination among the various fire- 
fighting units attacking a single fire. 
With the development of portable and 
mobile two -way radio, astonishing im- 
provements in fire -fighting tactics be- 
come possible. The entire forces can 
now be controlled from a single head- 
quarters, and men and machines 
shifted along the line as the vagaries 
of the fire dictate. 

Various state forest agencies have 
used radio communication in fire fight- 
ing, also with successful results. The 
Forest Protection Division of Wiscon- 
sin, because of definite achievements 
in the past, plans an intensification of 
its radio coverage. Radio schools for 
its personnel have been established, 
and practically every member now 
holds a radiotelephone operator's li- 
cense, which permits him to operate 
such equipment. 

More and more is the need for ade- 
quate fire protection. Radio men might 
look into future possibilities of this 
service. -Ed. 

Almost unlimited possibilities are 
envisioned for the use of radio commu- 
nication in fire -control work. Radio 
communication may be used for serv- 
ice to emergency lookout points where 
the cost of radio would be more eco- 
nomical than the construction and 
maintenance of telephone lines. Radio 
is also to be used to advantage for con- 
tact with stand -by crews to be located 
at strategic points during periods of 
high fire hazard. 

It is used to contact CCC crews on 
work projects in the forest areas, and 
thus make them instantly available 
without interfering with their regular 
conservation activities. Also, on large 
fires, scouts are stationed at various 
points along the fire line to report the 
requirements on the entire front. Be- 
yond any doubt, the use of radio in 
fire -control work is writing a new page 
in the forest -fire history of the United 
States. 
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Beginners Dynamic 
(Continued from page 31) 

components to fill the board.) 
While the board itself is fairly rigid, 

reinforcing with 2 inch wood strips 
will permit greater strength, and pro- 
vide means for mounting. This makes 
a framework in back and is glued and 
screwed to the board. This is clearly 
shown in the back view. Note the 
mountings for the two side strips 
which slide in for the tripod. The 
mountings are made of galvanized 
metal sheeting, hammered over a vise 
to fit the 2 inch wood strips. 

The standing tripod strips are 2 
inches wide and six feet long. The 
two side ones slip through the mount- 
ings (pointed ends up), while the cen- 
ter strip is hinged to the top of the 
board. This hinge has a removable 
pin. This pin can be seen half- inserted 
in the rear view of the unit mounted 
for demonstration. With the tripod 
staves removed the whole outfit is 
knocked down for transportation. 
When it's set up it's just the right 
height for classroom demonstration. 
(It may be helpful to attach a string 
from the center hinged staff to the 
board. This will keep the staff from 
sliding too far on a smooth floor.) 

With the board mounted on the 
frame a few coats of shellac or var- 
nish should be applied overall to seal 
the surface. Then follow with one or 
two coats of black enamel. Allow suf- 
ficient time between coats for proper 
drying. 

The diagram has to be sketched on 
the front. This may be done direct, 
or sketched on paper, then transferred. 
It is very important when sketching 
the diagram to allow for the tip jacks. 
Look out for the framework. Don't 
drill a half inch to get through an 
eighth inch board then find you're go- 
ing through the framework. 

The diagram which goes on the 
front of the board, it must be remem- 
bered, is not exactly like the schematic 
diagram. The painted diagram on the 
board is simplified, since it is desired 
to keep the demonstration as simple 
as possible. The tube filaments, for 
instance, aren't shown, since they're 
all in parallel, connected to the sec- 
ondary of T which also isn't shown. 
Then too, the rectifier tube has a grid 
which is wired direct to the plate, 
making it a diode. In the painted dia- 
gram it's simply shown as diode. Then, 
all grounds are connected together. In 
the front diagram, however, they sim- 
ply go to the ground symbol. It was 
necessary to simplify this because oth- 
erwise lines would clutter up the 
whole demonstrator diagram. 

If you have the tip jacks available, 
measure the diameter for the hole. 
They will probably require 1/4" to %" 
drills. If you're not certain of the 
size, then use a small drill as marker. 
Then drill all the tip jack holes from 
the front carefully, using sharp bits. 

SERVICE MEN DEALERS 

AMATEURS BUILDERS 
ENGINEERS SOUND 

MEN LABS 
SCHOOLS 

INDUSTRY 

see 
RADIO'S 
NEWEST 

CATALOG 
These are unusual times, but you'll find ALLIED 
now -as always -the saute dependable source of 
supply for Everything in Radio. Stocks are the 
most complete in the field. Quality is more care- 
fully guarded than ever. Service is speedy. De- 
pend on your ALLIED Catalog to bring you every- 
thing you need at lowest prices. Send for your 
FREE Spring and Summer 1942 copy today! 

1942 Radio Receivers -better 
models than ever -a complete 
lime of plastic and ward table 
models, consoles. phono -ra- 
dior, Fyt combinations. pho- 
nograph pia ye r s, recorders, 
portables, auto sets. farm ra- 
dios, etc. :Ivre than 42 new 
wodebs that at the pace for 
value in talay's ma r k e t. 
They're ready for prompt de- 
lirery. 

Service Equipment --now, tome 
than ever, radio -service Nays 
a vital role in the maintenance 
of many millions of American 
radios. Count on ALLIED for 
Test Equipment, tools, manu- 
als -and for more than 15,1100 
quality parts f o r servicing 
every type of radio equipment. 
You can always obtain the 
part you want when you want 
it. from ALLIED. 

Sound Systems -built to give 
soft mote for y l'.\ dollar. 
I ell selection of systems from 

to So watts, designed to 
meet every sound application 
I eed. You'll get the hest of 
sIle 1942 features. better lone 
quality, greater usable output. 
l ell listing of l'A aeceaa,rl,a. 
too. And you can buy safely 
on our liberal l5 -Day Trial 
terms. 

Specialized Equipment - 
Latest Connmunicat ion Receiv- 
ers. special radio and elec- 
tronic parts. accessories. and 
equipment for industrial ap- 
plications, f o r defense in- 
struction, for research lab.. 
Consult our Industrial Divi- 
sion f o r your regquirements. 
Today, when speed and serv- 
ice cotwt most, it will pay you to keep your ALLIED 
Radio Catalog handy! 
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1 

I 83:1 W. Jackson Itivd. 
Dept. 1 -1)- Chicago. 111 

Send me yottr Flt EE Sprung and 
Summer 1942 ('ataing. 
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Get the Job 
You Want! 

CREI Arms You with the 
Ability to Succeed ... At a Time 
When Technical Ability Is More 

Important Than Ever! 
Every technical radioman has a responsibility 
to his company and to his country to work at 
top efficiency. In the face of the present 
emergency CREI training takes on new im- 
portance- becomes the strongest defense - 
for professional radiomen who realize that 
technical ability is more important than ever 
today. In improving your own technical ability 
you are performing a duty to your country, 
your company and yourself. NOW is a 

better time than ever before to prepare 
yourself for the important, better -paying 
positions in radio engineering. No matter how 
arduous your duties now, a CREI planned 
system of study for your self -improvement 
during your spare hours will pay great divi- 
dends. More than 5000 professional radio- 
men are doing it now. How about you? 

Free Booklet 
Sent 

Write for Details 
and Free Book Now 
If you are a professional radio- 
man and want to make more 
money -let us prove to you we 
have something you need to 
qualify for the BETTER 
career -job opportunities that 
can be yours. To help us in- 
telligently answer your in- 
quiry- please state briefly 
your education, radio experi- 
ence and present position. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 
Dept. RN -4, 3224 -16TH ST. N. W., WASH., D. C. 

WANT A 
BETTER - 
RECEIVER? 

Receivers are scarce. But we have a 
large stock of Hallicrafters, National, 
Hammarlund, Howard, RME short wave 
radio . receivers at lowest wholesale 
prices. We help you get the best re- 

ceiver for your use. We cooperate with 
you to see that you are 100% satisfied. 

YOU get 10 day trial of re- 
ceivers. 

YOU get best trade -in for your 
receiver. Tell us what you 
have to trade. 

YOU get best 6 % terms financed 
by us with less cost, no red 
tape, quicker delivery. 

Write, wire, fone us anytime about any 
receiver, transmitter, radio supplies of 

any sort. It will pay you to deal with 
us. Your inquiries invited. 

For the Western USA we have a new 
store at 2335 Westwood Blvd., West Los 
Angeles, Calif. 

HENRY RADIO SHOP 
BUTLER, MISSOURI 

"World's Largest Distributor of Short Wave Radios" 
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Try to keep the board from shredding. 
Then varnish or paint the edges of the 
holes to keep out the moisture. Now, 
using the holes as guides, sketch the 
same diagram on the back. (Of course, 
it will be reversed.) This sketch can 
be rough. It's only to aid in the place- 
ment of parts on the back. 

Using the close -up rear view of the 
demonstrator as shown for a guide, 
sketch on the back the placement of 
the component parts. If the actual 
parts are available put them on the 
board and carefully mark their posi- 
tions. It is not necessary that the 
parts be directly next to their sche- 
matic counterparts. The parts are 
labeled for identification. Keep the 
leads short if possible. Keep the 
transformers and chokes well sep- 
arated. In the photograph the audio 
and microphone transformers are a 
little too close. Separate yours a bit 
if possible. 

Remember to allow for the staves 
of the tripod. They have to be slid in 
along the back of the board. Keep 
that area clear. Move the parts along 
the back like chessmen until there is 
room for all parts. See that they don't 
cover the holes for the tip jacks. 
Later, if you find that hum persists, 
it's probably due to the position of 
some choke or transformer. Turn 
each one till the hum changes. Then 
move to position of least noise. 

With the parts definitely marked, 
drill the cut -outs for the speaker, tube 
sockets, dials, and meter, if used. 
Sandpaper all the edges of the cuts, 
and paint to seal against moisture. 
Use small bolts to hold parts to the 
board, and screw the larger parts to 
the frame. Mount the speaker behind 
a heavy piece of window - screen 
screening. If possible, shellac or paint 
the screen to the board. Otherwise it 
might vibrate with the speaker. Mount 
the tube sockets as shown in the pho- 
tographs, near the top of the board. 
Then mount everything else : trans- 
formers, chokes, tip jacks, etc., using 
the tip jacks to support small items, 
such as condensers and resistors. 

As is customary, we wire the fila- 
ments of all tubes first. This is done 
with heavy twisted wire. All tubes 
are in parallel and are connected to 
the secondary of the filament trans- 
former T5. Keep a.c. wiring away from 
the speaker and output transformer. 
This is necessary to avoid hum in the 
output. Also, when the speaker is used 
as a microphone it is very susceptible 
to picking up 60 cycles from the a.c. 
wiring. 

Now wire the transformers, chokes, 
condensers, everything. Make clean 
tight connections. Use rosin -core sol- 
der only. In the first stage (first tube 
circuit) especially keep the plate, 
cathode and grid leads well separated. 
Use fairly heavy wire and keep them 
put. This tube will be used as de- 
tector, and as such will be very sen- 
sitive. A loose wire will make it 
"bloop." 

A brief explanation of the -layout 

might be useful here. Look at the 
close -up front view. Notice the lay- 
out features the actual tube plugged 
in a little above the diagram of itself. 
The two are connected in back. That 
is, the plate of the tube socket is con- 
nected to the plate tip jack of the dia- 
gram, the grid terminal to the grid 
jack, etc. In Fig. 1. the terminals to 
the elements are shown. This is look- 
ing from the bottom of the socket, as 
in soldering. The pins are numbered 
going clockwise from the key, thus the 
ground terminal is number one, etc. 

Back to the layout, now. Starting 
from the left we have the detector 
tube. Underneath it is the coil. This 
is plugged in just like a tube. The 
socket is connected to the jacks of the 
coil diagram. Below is the tuning dial 
which is connected to the tuning con- 
denser. Then at the top is the antenna. 
The antenna binding post is at the top 
of the mast. Next comes the meter, 
(an 0 -15 ma. meter with shunts and 
multipliers to extend the range. The 
dial next to the antenna is the meter 
switch). An external meter would 
serve as well. For complete meter de- 
tails, see the article on meters in RADIO 
NEWS for September, 1941, page 15. 

Underneath the meter switch is the 
dial for the antenna condenser. There's 
another dial just like it way below the 
meter. This is for the regeneration 
condenser. Directly below the meter 
are the meter jacks and the battery 
jacks. The latter are for the single 
battery cell used as mike battery for 
the carbon microphone. 

The next tube is the rectifier, cor- 
responding with the rectifier drawing 
at the bottom. Below the rectifier is 
the dial for the volume control R5. 
Tube No. 3 is the audio tube. The last 
tube is the power tube. To replace 
this with a 6C5, like the others, sim- 
ply leave out the screen grid from the 
diagram on the panel. The socket and 
other connections are identical. 

A really difficult job is now before 
the constructor. If you can get an 
artist friend to paint the schematic 
diagram on the panel, better do so. It 
isn't easy. If the board has become 
dirty in the other work you'd best give 
the front another coat of black enamel 
first, then get to the diagram. Use 
ordinary white house paint, mixed 
thick. Draw the straight lines with a 
ruler. The coils will have to be drawn 
free hand, as will the circles. 

If you make a mistake, wipe it off 
with a rag dipped in light oil, then 
paint the line in again. There will 
probably be some touching up later. 
Remember, get this diagram directly 
from the close -up photograph of the 
demonstrator, not from the diagram in 
Fig. 1. However, if you'd rather copy 
from Fig. 1 no real harm will be done. 

Except for the coil, which we'll 
cover in the June issue, your Dynamic 
Demonstrator is now complete. Give 
it a good drying out. In the June is- 
sue we'll hook up the different circuits 
and test the operation of the Dem- 
onstrator. - 
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Selecting Speakers 
(Continued from page 25) 

reproduced speech will sound "thin," 
but appears to "cut through" the noise 
rather than override it. 

There are cases in non -industrial ap- 
plications where no attempt should be 

threshold of pain and it is neither de-made to reproduce above the maxi- 
sirable nor practical to reproduce mum noise level. When the crowd 
sound with the usual margin above the cheers at 30 to 40 db above the average 

Table 2 
Sound level 
at 10 feet Max. total Recommended 

Description of Reproducer with 1 watt coverage Maximum 
input angle Power Input 

Metal diaphragm unit with Reflex 
Horn (20" diameter bell) 105 db 54° 15 watts Av. 

25 watts Max. 
Cone driver speaker (5" diameter) 

in small reflex horn (10" bell) . . 82 db 80° 3.5 watts Av. 
6.0 watts Max. 

Rear enclosed desk type speaker 
(5" diameter) 79 db 140° 3 watts Av. 

5 watts Max. 

noise. Experience has shown that 
highly intelligible sound can be trans- 

noise level at athletic events, it is more 
appropriate and practical to wait for 

the noise to subside than 

:t 
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mitted at levels equal to or actually 
somewhat below the sound level meter 
noise indications because of the differ- 
ence in character of the noise and the 
reproduced speech. 

In such a case the installation calls 
for some experimentation but entirely 
satisfactory results are possible if the 
low frequencies are suppressed below 
400 -500 cycles per second and a suffi- 
cient number of speakers are em- 
ployed, strategically placed and oper- 
ated at relatively high intensities. The 
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Sound 

to attempt effective an- 
nouncements at such mo- 
ments. The average noise 
level under non -cheering 
conditions is the one to 
use for such installations, 
allowing 5 to 15 db mar- 
gin in the reproduction; 
lower intensities are per- 
missible because a fair 
degree of attention can be 
assumed, as contrasted with 
the concentration on work 
in industrial plants and the 
consequent importance of 
commanding attention and 
insuring intelligibility with 
relatively high level sound. 

Loud Speaker 
Ratings 

We need to know what 
sound level the proposed 
loud speaker will provide 
at the working distance 
and how much audio power 
must be supplied to afford 
the required sound level. 
We also need to know the 
angle throughout which 
the sound is projected at 
uniform level. With this in- 
formation and the power 
handling ability of the 
speaker, we can select the 
proper type and number of 
reproducers and work out 
the location and orienta- 
tion of the units to a high 
degree of accuracy. 

level information on loud 
speakers has not been generally pub- 
lished in the past because acoustical 
standards have been in a formative 
stage and there are still all too -few 
well equipped acoustical laboratories 
capable of accurate absolute measure- 
ments. The future will undoubtedly 
show progress and some manufactur- 
ers are already prepared to supply this 
type of rating data. 

We need not be concerned with re- 
sponse- frequency in industrial applica- 

MR. W E. COWAN 

Cowan Radio Service 

14 North Water St. 

Sapulpa. Oklahoma 
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from 
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thru 
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photo electric cells, sound ac- 
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light bulbs. 
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the benefits of the N. U Shop 
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tube testers and test equipment 
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delivery. More than 60,000 com- 
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RADIO SERVICE BOOM FOR 1942 

HOW TO 

MODERNIZE RADIOS 
Instructions for MAKING OLD RADIOS NEW 

You can learn quickly to modern- 
ize all sets. Lack of new sets will 
make a tremendous market for 
this service in 1942. Cash -in by 
improving audio circuits, modern- 
izing cabinets, adding features 
usually found on late model. sets. 
Practical Job- sheets with sche- 
matics and photographs make 
the work easy. You are told bow 
to obtain modernization work, 
what to charge, and how to com- 
plete the Job quickly and effi- 
ciently. 

HUNDREDS OF IDEAS 
After reading this one inexpensive 
manual you will be expert in modernizing work. 
You will be able to add improved tone controls, 
increase gain, reduce degeneration in old sets 
for better tone, convert any set for record playing 
or recording duty. Hundreds of new, clever ideas for 
circuit and appearance improvements are easy to 
make almost without any parts. Big profits are 
yours for this simple work. The total price for the 
complete, large 8 %a" x 11 in. manual is only $1.00. 
postpaid. It will repay for itself with extra profit on 
the next job. 

EASY TO FOLLOW AND USE 
Easy -to- understand illustrations permit beginners to 
learn quickly. Expert servicemen will find this Radio 
Modernizing Manual a gold -mine of information and 
hints. Order your copy today. We guarantee your 
complete satisfaction or your money back. Price only 
$1.00 postpaid. 

SUPREME PUBLICATIONS 
328 So. Jefferson St., Chicago, III. 

Developed by 
M. N. Reitman, 
Radio Engineer, 
Teacher, Author, 
and Serviceman. 

New Direct - Coupled FM -AM 

AMPLIFIER MANUAL 
By A. C. SHANEY 

Chief Engineer, Amplifier Co. of America 

For the Layman, Serviceman 
Recordist and Engineer 

Regardless of whether you are interested in the finest 
type of phonograph reproduction, high fidelity recording 

id -on -film applications, FM or AM programs, you will 
find valuable information in this practical handbook. 
Written by the leading exponent of direct -coupled am- 
plifiers who has spent more than 10 years improving and 
perfecting the famous Loftin -White circuit. 
Explains the theory and practical application of: 

Variable Speed Non -Overloading Push -Pull Expansion 
Non -Frequency Discriminating Scratch Suppression 
Push -Pull Balanced Direct -Coupled Amplification 

Push -Pull High - Frequency Equalization 
Push -Pull Low- Frequency Equalization 

Push -Pull Volume Compression 
Automatic Volume Limitation 

Automatic Volume Control 
Calibrated V.U. Indicator 
Audio Spectrum Control 

Remote Control 
If you are interested in the latest audio developments, 
you can't afford to be without this complete compilation 
of authentic articles on Direct- Coupled Amplifiers. 32 
pages 8t/ " x I1 ". Over 100 diagrams and illustrations. 

Priced to Cover Cost of OA Printing and Mailing 
Send Stamps or Coin 

AMPLIFIER CO. of AMERICA 
SEVENTEEN WEST 20TH ST. NEW YORK, N. Y. 

PACKED WITH 
VALUES! 

EVERYTHING IN RADIO 
Sets- parts, supplies. public 

address systems. amateur equip- 
ment, testers, kits and fluores- 
cent lighting at lowest prices. 
Huge stocks. bought months ago 

. ready for shipment the same 
day your order is received. The 
Defense -Program is making big 
demands on our industry but be- 
cause of our advance buying we 
are able to fill your orders 
promptly and efficiently. 

BURSTEIN - APPLEBEE COMPANY 
1012 -14 McGEE STREET, KANSAS CITY, MISSOURI 
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tions provided it has been designed in 
accordance with the best practice for 
speech reproduction. What is required 
is a reproducer with maximum effi- 
ciency in the approximate center of 
the speech range and a falling charac- 
teristic at the upper and lower fre- 
quency limits. 

The average efficiency in the mid 
portion of the reproduced range can 
then be used as a basis for comparing 
speakers for speech applications and 
for rating the sound level produced on 
the axis by a specified audio input 
power. An input of 1 watt to the 
speaker, warbled in a specified manner 
from 700 to 1,300 cycles per second is 
frequently used for this purpose and 
the sound pressure in decibels above 
the standard reference value (2.04 X 
10 -4 dynes per square centimeter) is 
measured on the axis ten feet from the 
speaker under free field conditions in 
the laboratory. As will be illustrated, 
this figure can be quickly converted to 
give the sound level at any distance 
for any input power. Measurements 
off the axis are used to establish the 
angle over which the sound level is es- 
sentially uniform, allowing :a maxi- 
mum drop of 3 db below the axial 
level. 

Table 2 shows sound level, coverage 
angle and rated power data for three 
particular commercial loudspeakers 
suitable for speech reproduction in in- 
dustrial applications. It should be un- 
derstood that the ratings, while 
roughly indicative, are not to be taken 
as exact information on all devices of 
similar description due to the marked 
effect of differences in magnetic cir- 
cuit efficiency, effectiveness of horn de- 
sign and similar factors on perform- 
ance. 

Fig. I is a chart showing the effect 
of distance to the reproducer on sound 
level. Suppose we wish to find the drop 
in sound level if the distance is in- 
creased from 10 feet to 40 feet. This 
is read off directly, giving a drop of 12 
db. If we are considering the metal 
diaphragm unit and reflex horn combi- 
nation in Table 2, this would mean that 
at 40 feet the sound level would be 
105 db - 12 db or 93 db with 1 watt 
input. 

Fig. 2 gives the sound level change 
with input power. For the speaker dis- 
cussed above we have determined the 
sound level at 40 feet to be 93 db with 
1 watt input. If the input is increased 
to 10 watts, what will the sound level 
be? The chart shows an increase of 
10 db or a sound level of 93 db -}- 10 db 
or 103 db at 40 feet with an input of 
10 watts. 

Sometimes the speaker performance 
is stated in terms of the sound pres- 
sure in dynes per square centimeter 
and it is convenient to be able to con- 
vert the data to a sound level basis. 
Figure 3 gives the relationship directly. 

Applying the Data in Practice 
Suppose that an industrial sound 

system is to be installed in a factory 
100 feet wide, 200 feet long with a 
headroom of 30 feet. The noise level 
is estimated or measured at 90 db and 

is relatively uniform throughout the 
plant. Next a plan and elevation 
sketch is made rather accurately to 
scale as in Fig. 4. Since the noise levaj 
is rather high, we assume a highly effi- 
cient unit (first Item in Table 2). Tak- 
ing the given maximum total coverage, 
angle of 54 degrees, we try various ar- 
rangements in the elevation sketch, 
arriving at the one shown which em- 
ploys four reproducers to cover the 
100 -foot width with a slight overlap 
from adjacent side units. If the speak- 
ers are mounted 20 feet high, the axial 
distance from speaker to floor level is 
scaled -off to be 221/2 feet. The sound 
level required at this distance is 90 db 
(noise level) plus 20 db margin or 110 
db. 

The speaker has a sound level of 105 
db (10 feet, 1 watt). From Fig. I we 
find a' drop of 7 db for 221/2 feet or a 
sound level of 98 db (1 watt). The re- 
quired level is 110 db or an increase of 
12 db over the 1 -watt sound level. 
From Fig. 2 it is determined that this 
corresponds to a 15 watt input per 
speaker which is a satisfactory value 
and within the rating. 

To find the horizontal coverage af- 
forded by each row of speakers, con- 
struct to scale the triangle shown and 
scale off the base, which in this case 
proves to be 23 feet. Dividing the 
length of the building by 23 we get 8.7 
which we call 9 rows, closing up the 
spacing to 22 feet 21/2" between rows. 

The total number of speakers is 36 
(9 rows of 4). The required audio 
power is 36 times 15 watts or a total 
of 540 watts. Five 100 watt amplifiers 
would probably be sufficient, particu- 
larly if the low frequency response is 
attenuated in the driver amplifier. 

SE 

BUY 
UNITED 
STATES 
SAVINGS 
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AND STAMPS 

AMERICA ON GUARD! 
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Treasury Department's Defense 
Savings Poster, showing an exact 
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Man" statue by famed sculptor 
Daniel Chester French. Defense 
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of America's defense preparations. 
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P. A. Amplifier 
(Continued from page 10) 

merely an a.c. outlet which comes in 
very handy when a record player is 
called for. 

The plates of the 6L6's have a sepa- 
rate voltage supply using an 83. The 
screens of the 6L6's and the other 
tubes derive theirs from the 80 recti- 
fier and in its negative return there 
is an adjustable bias supply for the 
6L6 grids. R -41 is 200 ohms variable Bottom view of amplifier. 

How the amplifier looks with pre -amp removed. 

and is adjusted so that a current me- 
ter inserted in the cathode circuit of 
the output tubes reads 100 ma. with 
no signal. 

This arrangement insures a very 
steady voltage even when the output 
tubes are driven quite hard. 

In the list of parts, all resistors not 
otherwise mentioned are all rated at 
1/2 watt. By -pass condensers were 
paper, rated at 400 volts. Inverse - 
feedback condensers are 1600 volts 
(working) . 

By -pass condensers were connected 

across the power transformer primary 
to cut out the hum and for most in- 
stallations this will be sufficient but an 
outside ground might still be better 
in some cases. 

The input jacks were re- located 
after the head amplifier was first 
tested. This change was made so as 
to have the fifth input on the diagram 
in the center of the panel as it does 
not have a volume control and the 
control above it is actually the Master 
control feeding into the first 6J5. 

Power Rheostats in Production 
An already large and growing de- 

partment for the exclusive produc- 
tion of power rheostats is now set 
up in the plant of Clarostat Mfg. 
Co., Inc., 285 -7 N. 6th St., Brooklyn, 
N. Y. The production capacity is 
adequate to take care of large ra- 
dio, electrical and industrial re- 
quirements over and above the 
heavy demands of military aircraft. 
One or more of these power rheo- 
stats of the armored type, or en- 
cased in a perforated metal housing, 
are now standard equipment on 

fighting planes, especially for panel - 
illumination control. 

Although thousands of Clarostat 
power rheostats are being made 
each month for National Defense 
needs, the production capacity can 
take care of other requirements as 
well, according to Vic Mucher who 
heads Clarostat sales. For the pres- 
ent the efforts are concentrated on 
the 25 -watt size (which actually 
handles 25 watts even at one -third 
setting), but a 50 -watt size will 
soon be added to the line. 
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your own hearing aid business. 
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Easily built by craftsmen. Its 
small batteries give long service. 
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an excellent hearing aid at low 
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Complete kit, all components guaran- 
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Phase Inverter 
(Continued from page 22) 

it would be impractical to attempt to 
determine these values to any greater 
extent than we have. If it is neces- 
sary to have an exact balance, the 
ratio of the resistors should be deter- 
mined by experiment and actually by 
measuring the signal on the two push - 
pull tubes. A very simple way to de- 
termine if any of these systems are 
unbalanced is to connect the plates of 
the two output tubes together tem- 
porarily and if you hear any signal 
at all with the gain all the way up it 
will indicate that one plate is being 
driven with more signal input than 
the other. The circuit which we have 
just discussed is quite satisfactory and 
the only objection would be that it re- 
quires a little more careful adjust- 
ment than the one which we are going 
to take up next. 

This phase inverter is the one which 
was referred to as the most perfectly 
balanced of the two "balanced phase 
inverters." The operation of this cir- 
cuit varies slightly from the one which 
we just discussed and it might be well 
to start from the beginning in explain- 
ing the operation just as we have done 
previously. The circuit for this ar- 
rangement is found in figure 4 and its 
equivalent circuit is found in figure 4a. 

In explaining the "self- balancing" 
effect first of all assume the condition 
when the gain of V2 is higher than Vl. 
This would mean that most of the 
voltage across R3 would have the 
phase condition shown in figure 5 un- 
der (d). By applying this voltage back 
to the grid we have degeneration in 
V2, since V2 shifts the phase 180 de- 
grees from the grid to the plate. This 
R1 and R2 are usually the same. It is 
possible to attain a complete balance 
and this has been shown mathemati- 
cally, but again in regard to the prac- 
tical case where standard resistors are 
used this seems rather unnecessary. 
Using this system we do eliminate the 
possibility of a large unbalance occur- 
ring and counteract the effect of the 
same type tubes having slightly differ- 
ent characteristics. 

In concluding we have shown in fig- 
ure 6(a) (b) and (c) the various prac- 
tical applications of all these circuits, 
giving the tubes that can be used con- 
veniently, as well as the circuit con- 
stants employed. These circuits that 
we have discussed are all satisfactory 
and by keeping their respective merits 
well in mind it is quite simple to use 
one type or the other for practically 
any application where an interstage 
transformer would ordinarily have 
been used. Good results can be ob- 
tained quite easily and do not require 
such critical adjustment or the use of 
any high priced testing equipment. 

Mr. Putnam is preparing more of 
these interesting radio sub jects.-Ed. 

Serviceman's Experiences 
(Continued from page 28) 

"It sure does," I agreed. "You know, 
I'd like to go back to Peterson and 
make him a present of -" 

"They didn't get much sleep that 
night. Why? Because they stayed 
up to repair the damaged plane. After 
they buried their dead, I'll bet. I can 
just see them." He lowered his paper 
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and gazed toward the molding. "A 
short prayer for the victims, a curse 
for the enemy, some cold food, and a 
trip back to the airship, where they 
worked by artificial light. Lee, if the 
nation ever lets men like them down, 
hell's too good for us! . . . Let's see 
what else happened." He raised his 
paper again. 

I'll go over and tell those wardens 
we'll do the job for nothing," I blurted. 

"On the sixteenth, 25 bombers came 
across," Al continued. "They made 
two raids and dropped hundreds of 
bombs. Right here is when they made 
that classic crack-remember ? Some- 
one from another island asked them 
if they wanted anything, and they 
came back with : 'Sure. Send us some 
more Japs.' Oh, brother! On the 
eighteenth, all the buildings had been 
destroyed. There were no attacks the 
next day. There they were, holding 
off the whole Japanese nation, almost, 
and the enemy was afraid to attack! 
The Jap board of strategy must have 
been holding an emergency meeting, 
but I'll bet the Marines weren't wor- 
ried. Ten to one they serviced their 
equipment, and spent the rest of the 
day playing pinochle. The `war of 
nerves' wouldn't phase that bunch." 

"I gotta go, Al," I said. "That set 
is needed if an alert is -" 

"On the twentieth, some more bomb- 
ers came over, making a little more 
wreckage. On the following day, noth- 
ing happened. (I hope they played 
pinochle again -with spades double!) 
On the twenty- second, a 'large force' 
attacked the Island. The remaining 
two planes went up to meet the in- 
vaders, and the ground crew fired with 
whatever they had left, sinking two 
destroyers. The day's communique 
ended with the statement that the out- 
come `was still in doubt.' " 

Al threw the paper on the floor. 
"Lee," he said, "if the whole bunch of 
us don't get behind the war effort -" 
Then he suddenly relaxed, leaned back 
in the chair, and drummed the desk 
with his fingers. 

"If it's all right with you," I an- 
nounced, "I'm going to take a Majestic 
filter block and some other stuff out 
of stock, and give them to Peterson 
without charge. I hope he'll let me 
explain -" 

"You know," Al said, tilting his 
head, "that's not a rising sun on the 
Japanese flag. Confidentially, it sinks." 

"Ah, what's the use ?" I muttered, 
picking up the toolbag and starting 
for the door. 

"Wait a minute," Al called. "What 
was that long- winded story you were 
trying to tell me ?" 

"Never mind, never mind," I said, 
walking to the truck. 

"Where you going ?" Al asked in- 
nocently, and I knew he'd been listen- 
ing. 

"Out to give a bunch of air raid 
wardens a pleasant surprise," I called 
as I pulled away from the curb. 

Al laughed and raised his right 
thumb in approval. 
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know how the Six -months Law affects 
a Ham graduate. Also he craves the 
knowledge of which is the best union 
to join "for I have been given to un- 
derstand that join you must to secure 
a berth." S'funny thing that radio 
schools do not have a special class in 
FCC rulings and how they will affect 
embryo radiops as well as a class on 
"How and Where Jobs Are Found." 
We believe these facts of life should be 
told the young men for floundering 
around gumming up "Buzzer Rooms" 
will break down their morale and 
make them easy prey to other billets 
for which they may not be fitted. Al- 
though today a radiop, even a "ham" 
is at a premium not only aboard a ship 
but also in any of the aviation indus- 
tries, we advise Brother Hill (if he has 
not already been nabbed by one of the 
various billets that need his profes- 
sional services) to contact Fred Howe, 
Radio Officers' Union, 265 West 14th 
Street, New York City, for the dope. 

APROPOS of this ed's thoughts on 
this date, we publish one reader's 

ideas quote The day of the windjam- 
mers is but a memory, and a most 
unwholesome one to all but those ro- 
mantic souls who thrive on adventure 
fiction and were never subjected to 
the dubious privilege of "sailing be- 
fore the mast." Yet, paradoxical as it 
may seem, we still have a number of 
backward lawmakers and shipping of- 
ficials who persistently think in the 
stagnated terms of, and govern their 
decisions by, the antiquated policies of 
a bygone sailing ship era. In partic- 
ular, we refer to the esteem they hold 
for the radio operators of the Amer- 
ican Merchant Marine. These ven- 
erable gentlemen simply cannot or 
possibly will not awaken to the fact 
that deepsea working standards do not 
remain as changeless as the sea itself; 
that our Merchant Marine, both on the 
surface of the sea and in the air over 
the sea, is rapidly becoming modern- 
ized and streamlined; that within this 
revolutionary process no single man 
aboard a blue -water ship or trans- 
oceanic plane commands a more vital 
role in the integral task of navigating 
a gigantic carrier across the seas than 
the raidiop. 

Some shipping executives who are 
stubbornly reluctant to acknowledge 
this indisputable truth, cling to the ob- 
solete myth that "Sparks is merely a 
nice kid who is making a trip or so to 
sea in order to see the world before he 
settles down to a comfortable broad- 
cast berth ashore, and so, will work 
for little or nothing and will put up 
with almost anything since he is only 
here temporarily anyhow." 

Those days are gone forever and the 
sooner it is realized by everyone in 
the passenger and cargo business, the 
happier all hands will be. Everyone 
knows that radiotelegraphy in the 
present conflict has proven itself to be 
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40,000 JOBS: 
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dio Operators, and you can train for 
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RIGHT IN YOUR OWN HOME by using 
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Over a quarter of a century of success 
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ernizing radios for others. Complete 
manual of simplified instructions, only 
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school graduates. So don't snap up just any temporary 
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one of the most potent and decisive 
factors. And modern radio equipment 
without a thoroughly competent radio 
operator- technician to man it can cer- 
tainly be likened unto the proverbial 
ship without a sail. Wireless teleg- 
raphy provides the voice and ears of 
our merchant fleet and it is most im- 
portant that this power of speech and 
hearing be not impaired. Far too long 
now has the shipboard radioman been 
relegated to the status of a "seagoing 
misfit" who is neither seaman nor 
landlubber. 

The time -worn terms of "excess bag- 
gage" and "necessary nuisance" are no 
longer justifiable. Modern marine radio 
operating is no longer for adolescents. 
Radio telegraphy has exchanged its 
diapers for full length trousers. A 
crack radiop of today must have ample 
educational background supplemented 
by an intensively specialized technical 
training together with a general 
knowledge of the steamship or trans- 
port plane business. He must be alert, 
unexcitable, and above all, he must 
possess the ability to think quickly on 
his feet in an emergency. His profes- 
sion, a specialized branch of a com- 
paratively new industry, has made cy- 
clopean strides during the past decade; 
regulations and laws have become 
more intricate, apparatus maintenance 
and operating conditions more ex- 
acting. 

All this calls for an increasingly 
higher calibre of radio operator -tech- 
nician. Consequently, this requisite 
skill and responsibility is unquestion- 
ably deserving of larger remuneration 
and consideration. He resents further 
discrimination in a host of irritatingly 
petty matters, for he is no longer that 
"kid sparkie just making a cupla sea 
trips." He is here to stay, to work 
at his chosen profession, and is not 
merely making a few voyages in order 
to wear out his old clothes. He is an 
adult, a conscientious and patriotic 
American seafarer striving to earn an 
honest and fair living for himself and 
his family. 

His is a most responsible position 
and he deserves equal rights with, and 
full recognition as an officer of our ex- 
panding merchant fleet. Ability and 
indispensability should be no longer ig- 
nored; longwhiskered tradition may 
indeed be a noble institution but it 
must not be permitted to impede prog- 
ress. The time has arrived for a com- 
plete revaluation of the marine radio 
operator. Since his services aboard 
ship and plane are admittedly essen- 
tial, his social and official status must 
be legally acknowledged, and as such, 
his compensation and privileges should 
be on a par with parallel ratings of 
other shipboard officers. 

The past year with its manifold 
radio opportunities ashore and in the 
military services has witnessed an exo- 
dus of many of the finest marine op- 
erators in the business. At the present 
time our merchant marine needs these 
lost men in the worst way, and un- 
doubtedly many of them could be in- 
duced to return to their ships if only 
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the shipping officials would right the 
wrongs that made them so eager to 
grasp the first attractive shore -side 
offer. And needless to say, a large 
number of those remaining intend to 
leave the sea forever unless the guid- 
ing fathers of our American Merchant 
Marine put their radio house. in order. 
Unquote. 

WITH the above for a thought to 
our FCC and shipowners and "to 

whom it may concern" we say 30 to 
those brave radiops who went down 
with their ships since we last went to 
press. And with a 73 . ge ... GY 

Sound for Defense Plants 
(Continued from page 17) 

CHART I. 
Output 
Watts DB 

5 29.2 
10 32.2 
15. 33.9 
20 35.2 
25 36.2 
30 36.9 
35 37.6 
40 38.2 
50 39.2 
60 40.0 
75 40.9 

100 42.2 
250 46.1 

CHART II. 
Output 

Area Power 
Sq. Ft. (Watts) 
500 -1500 5 -10 

1500 -2500 10 -20 
2500 -7000 20 -40 
7000 -15000 50 -75 

analyzer, the predominant noise fre- 
quency (and its harmonics) may be 

discovered. If the predominant noise 
frequency is high, speakers in the 
vicinity of the noise -making machine, 
should have low- frequency emphasis 
in order to prevent "pitch blending." 
Conversely, speakers located near 
sources of low- frequency noises should 
be fitted for pronounced high -fre- 
quency response. The ear will not 
then be called upon to separate labo- 
riously the speaker signal from the 
surrounding noise. 

Note that we have concentrated our 
remarks upon the speakers them- 
selves. This is because we realize the 
impossibility of "tone- controlling" a 
single master amplifier to take care 
of the widely divergent noise frequen- 
cies throughout an entire plant. To 
care for the desired frequency char- 
acteristics of individual speakers, one 
of the following systems might be em- 
ployed : (1) high -power semi -fixed 
speaker tone control consisting of a 
high -wattage, slider -type resistor and 
fixed condenser; (2) low -pass filter or 
high -pass filter of suitable power - 
handling capability; or (3) speaker 
dividing network. 

If separate output amplifiers are 
used "on location" with each speaker, 
a small tone control may be included 
in the input circuit of each such am- 
plifier. Such a control would be iden- 
tical with the tone control of any con- 
ventional audio amplifier. Its location 
in the grid -input circuit would obviate 
the need of its handling any large 
voltages or powers. 

The factory noise level, like the fre- 
quency determinations, must be meas- 
ured in each department, and the vol- 
ume of each speaker individually pre- 
set in accordance with surrounding in- 
terference. Here again, we concen- 
trate on the speaker itself, since the 
volume level of a single master am- 
plifier could not possibly take care of 
the divergent noise interference con- 
ditions in all departments of a factory. 

A power -type semi -fixed 
volume -pac (attenuation 
network) of the T- or H- 
type, made up of high - 
power slider -type resistors, 
is recommended to reduce 
the volume of each speaker 
by the proper amount, leav- 
ing wide open only those 
units in extremely noisy lo- 
cations. In a sound system 
emloying separate output 
amplifiers at each speaker, 
an individual volume con- 
trol as well as tone control, 
may be included in each 
"station." 

To determine the maxi- 
mum power output to be 
required of the sound sys- 
tem, it is necessary to know 
the average noise level in 
each department in which 
a speaker is to be located 
and the total number of 
speakers to be employed. 
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CHAMPIONSHIP BASKETBALL by Nat Holman. who could dis- 
cuss this subject more brilliantly than C.C.N.Y.'s shrewd basketball 
coach whose teams, during more than a score of years of coaching, 
won over 90 per cent of their games? 
FUNDAMENTALS OF BOXING by Barney Ross. Boxing, includ- 
ing how to protect yourself and find, or make, openings in sour op- 

. ponent's guard, is clearly explained by the former World's Light- 
weight and Welterweight Champion. 
HIGH -SCORE BOWLING by Ned Day. The author gives tips on 
the technique which made him World's Individual Match Game 
Champion, holder of the world's tournament record and man who 
has bowled more than a dozen 300 games. 

104 
HOW TO PITCH BASEBALL by Lew Fonseca. This book also 
tells about other positions on the team. Fonseca, former White Sox 
manager and "most valuable player" of the American League, now 
directs the league's public relations. 
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and rrm softball teams is given here by the man who, for eight 
years, was Chief Umpire and Rules Interpreter of the Amateur 
Softball Association of America. 
SCIENTIFIC BILLIARDS by Welker Cochran. Balkline, three - 
cushion and pocket billiards are made simpler by the World's 18.2 
Ballclino Billiards Champion, only man to win a world's three - 
cushion championship in his first try. 
TOP -NOTCH TABLE TENNIS by Emily Fuller. Itere the game is 
described by the Women's National Singles Champion, holder or past 
holder of every major women's table tennis title. She didn't lose a 
tournament match in six years! 
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108. 
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LITTLE TECHNICAL LIBRARY, Dept. R -442 
540 North Michigan Avenue, Chicago 
Please send me the books in the SPORTS SERIES whose numbers I 
have checked below. If I am not completely satisfied, I have the 
privilege of returning them within five days for refund in full. 

101 102 103 104 105 106 107 108 

Enclosed is $ in check or money order. Send 
C.O.D. postage added. (C.O.D. in U.S.A. only.) 

NAME 

ADDRESS 

CITY & STATE 
(89c each outside of U. S. A -Payment kith order) 
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(db), is determined in each department 
by means of direct indications taken 
in several parts of each department 
with the sound level meter. The am- 
plifier is then chosen such that its db 
output will have a reasonable relation 
to the noise level at the department 
of highest interference. Chart I lists 
the ratings in decibels corresponding 
to various common values of amplifier 
output power. 

When a single master amplifier is to 
supply all of the speakers without 

FRECAJCNCY 
SPNRSRS 

INPUT COMMON 

II 
NIGH 

rREOVENCY 
SPICKS 

SERIES TYPE DIVIDING 

NETWORK 

Fig. 3. 

SPY,: 

Area vs. Power 
The effective power output (0.707 of 

the peak output, when the amplifier 
is so rated) to be delivered by the fac- 
tory amplifier through its speakers 
will depend upon the size of the de- 
partments to be supplied; and, as we 
have already pointed out, upon the 
general noise level and method of 
supplying the speakers. 

Areas usually supplied successfully 
in noisy interiors by various effective 
power output levels are given in Chart 

auxiliary speaker -amplifier stations, 
the number of speakers to be supplied 
and the maximum power required for 
the efficient operation of each must 
also be considered, since the total am- 
plifier output power will be divided 
among these speakers. 

Singly' -Amplifier rs. Speaker 
Stations 

Obvious advantages of the separate 
output amplifier (speaker station) at 
each speaker location are that volume 
and tone may be satisfactorily con- 
trolled at each location with simple 
components, and that the line from 
the master amplifier (a voltage am- 
plifier) is not required to carry ap- 
preciable power. If factory size re- 
quires that speakers be located some 
distance from the master amplifier, it 
may become a necessity to adopt the 
speaker - station scheme to prevent 
large losses of power in the line. Fig- 
ure 4 illustrates the speaker- station 
scheme. 

Leading disadvantages of the speak- 
er- station system are that the sep- 
arate amplifier must operate continu- 
ously if instantaneous response is to 
be obtained, or else some (often elab- 
orate) provision must be made for 
switching it in from the master -am- 
plifier position; the low -level line 
connecting the master amplifier and 
the speaker stations must be better 
than ordinarily shielded to prevent in- 
duced interference and must fre- 
quently be filtered for the same rea- 
son; and initial and maintenance costs 
for the system are high. 

When it is practicable to supply all 
speakers from a single amplifier, how- 
ever, the power oùtput of such an 
amplifier needs be sufficiently high to 
supply power to all the units through- 
out the factory. The line must be 
capable of handling this power safely 
and with a minimum of loss. And (a 
distinct disadvantage) separate speak- 
er volume- and tone -controlling com- 
ponents must be capable of handling 
the relatively high audio power with 
as low insertion loss as possible. 

April, 1942 

room 
"-INPUT N. 

TO 500 ri OurPUT 
OF AMPL FIER 

SPNR 

Fig. 4. 

II. These figure represent an average 
of the values given separately by the 
engineering departments of several 
amplifier and speaker manufacturers. 
This table may be used as a prelim- 
inary guide and sound level meter 
measurements as a final check. 

Frequency Response 
The frequency response of the de- 

fense- factory amplifier and speakers 
will depend upon the uses to which 
the system will be put. If tone -signals 
for alarm purposes are to be trans- 
mitted, the amplifiers, lines, and speak- 
ers will need to be capable of handling 
such tone frequencies with fidelity. 
This is particularly important if the 
factory management chooses to em- 
ploy several tones for various pur- 
poses -say, one for fire alarm, another 
for air -raid alarm, one for the "all - 
clear," and another for work -time sig- 
nals. If music is to be transmitted, 
then the frequency response of the 
entire system must be as flat as pos- 
sible between 70 and 7000 or more 
cycles per second. If only announce- 
ments are to be made, the system 
must have its best response in the 
band of frequencies which include the 
average male and female speaking 
voices; 100 to 3500 cycles per second. 
Speaker Selection and Placement 

The type of speaker and speaker 
baffle employed at each location will 
be governed by the size and shape of 
the area to be covered and, to some 
extent as well, upon the reverberation 
characteristics of the room. Location 
of the speakers will depend upon the 
above factors and upon the location of 
workers and noise -making machinery 
within the room. 

In small factory rooms with rela- 
tively low ceilings, where workers are 
closely congregated, flat wall -type 
cabinet speakers may be mounted on 
the walls a foot or two below the 
ceiling and inclined slightly from their 
bottoms to direct the sound in the di- 
rection of the workers. These speak- 
ers may also be employed in larger 
departments, in this case being sup- 

LOWEST PRICES... 
FASTER DELIVERY at 

RAID DIEX 
LARGEST STOCK OF 

EVERYTHING IN RADIO 

Thousands of progressive serv- 
icemen rely on Radolek for 
their complete requirements of 
repair materials. Radolek has 
in stock for prompt delivery 
replacement parts to repair any 
radio -every type of t u b e . 
transformer, speaker, conden- 
ser, volume control, resistor, 
auto radio accessory,etc. Every- 
thing you need at lowest prices. 
You get what you want when 
you want it-Radolek under- 
stands service problems -gets 
your order to you in double - 
quick time. Buying from Ratlo- 
tek means Greater Values, Bet- 
ter Service and More Profits. 
The big new Radolek Radio 
Service Guide is yours FREE 
for the asking'. Send for your 
copy today! 

RADOLEK P.A. SYSTEMS 
FOR EVERY REQUIREMENT 

Thousands of successful Radolek 
PEA. installations are proof of 
quality, superior design and top 
performance. Complete systems 
for permanent,' portable or mo- 
bile use -wide choice of micro- phone s. speakers and related 
equipment. Radolek P,A. Sys- 
tems give you more for your 
money in Performance, Styling, 
Dependability and Reserve Pow - 
er. Select the P.A. apparatus 
you need front Radolelc's bie new 
FREE calalog. 
RADOLEK REPAIR SERVICE 
Let Radolek repair your damaged or 
burned out transformers, coils, speak- 
ers, test apparatus. etc. .Iany item: 
cannot now be replaced and therefor; 
repairing is the o n l y alternative. 
Trained craftsmen. using precision 
tools and factory methods, assure per- 
fect jobs equal to new. Write for prices 
or better still, send in any article to 

Ire repaired. It 
Iwill be handled 
promptly. 

SEND FOR NEW FREE 

RADIO SERVICE GUIDE 

RADOLEK CO.. Dept. R -05 
601 W. Randolph St, 
Chicago, III. 

Please send the big FREE Radio Service Guide 
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Address 
DEALER SERVICEMAN SOUND ENG. 
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Type 16 oil- filled 
capacitor. Sub- 
mersion -proof ter- 
minals. Ideal for 
electronic gadge- 
teering - and se- 
vere- service pur- 
poses. 200, 400, 
600 and 1000 v. 
D.C.W. Unit illus- 
trated measures 
only 1 11/16" high 
x 1 5/16" wide x 
11/16" deep. 

CAPACrro.ns 
and »MA 

4 

ELECTRONIC 

GADGETEERING 

Ham radio must necessarily be banned 
"for the duration." That's a small enough 
sacrifice to make towards winning the 
war. Fortunately, however, it now be- 
comes possible to use your talents, your 
components, your ambitions, for the 
widest array of functions in home, shop, 
national defense. 

Electronic gadgeteering - doing things 
better, electronically - that's the new 
challenge to radio amateur, experi- 
menter, serviceman. Thrills far beyond 
any yet experienced in radio work, are 
now within your grasp. 

As a continuing contribution to the 
progress of the radio art, Aerovox now 
makes available a wider choice of 
extra- heavy -duty capacitors, together 
with practical data on electronic gad - 
geteering. Don't miss this opportunity! 
Simply 

*kitfe je' D ATA .. . 
o The fundamentals of electronic gadgeteer - 

ing are dealt with in the latest issues of 
the monthly Aerovox Research Worker. 
Copies are yours by merely writing for 
the "Electronic Devices" series. Also ask 
your local Aerovox jobber for a free sub- 
scription. Ask about the new commercial - 
type capacitors now available to you. 

In Canada: AEROVOX CANADA LTD., Hamilton, Ont. 

EXPORT: 100. Varick St., N. Y., Cable 'ARLAB' 
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ported on columns or posts and faced 
toward (and a few feet above) the 
work- benches. The wall -type speaker 
is likewise adaptable to quieter loca- 
tions, such as offices and laboratories. 

In the noisier sections of the plant, 
best results will be obtained with 
dynamic motors in exponential horns, 
parabolic deflectors, or other standard 
sound -directing devices of the projec- 
tor and trumpet types. 

Very large and noisy departments 
with high ceilings are best supplied 
with multicellular horns which may be 
suspended from the ceiling or pro- 
vided with special center - of - room 
mountings. 

All speakers must be so arranged 
that the sound energy they deliver 
will be spread evenly over the area 
which is to be supplied. The normal 
position of workers functioning within 
the room must be considered care- 
fully in the placement. 

Central ceiling suspension of a clus- 
ter of trumpets pointing in various 
directions around a circle and each 
inclined slightly downward is effica- 
cious in departments where workers 
operate throughout the room and 
noise -making machinery is unevenly 
distributed. 

Uniformly- spaced wall -shelf mount- 
ings of deflector- and projector -type 
speakers are recommended in cases 
where workers form a border around 
the sides of a large room and noise - 
making machinery is grouped toward 
the center. These mounting shelves 
are inclined slightly downward so as 
to direct sound toward the workers. 

TO 
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Very large, high -ceilinged rooms and 
corridors in which a large number of 
work- benches are grouped are perhaps 
best supplied by individual speakers 
placed one on each small bench. And 
where benches are exceptionally long, 
say, up to thirty feet, a speaker should 
be placed at each end and faced to- 
ward the opposite end. 
Impedance -Matching and Phasing 

Proper impedance- matching of the 
speakers (connected in parallel) and 
the output circuit of the master am- 
plifier is essential to low- distortion 
reproduction. The graph of Figure 5 
shows clearly how serious audio power 
losses result from impedance mis- 
matching. In this drawing, the quan- 
tity Zo /Zr, is the ratio of the amplifier 
output impedance (Zo) to the speaker 
input impedance (ZL,). This latter 
quantity is the impedance of the input 
transformer primary on speakers with 
transformers. 

When two or more speakers are 
Printed in U. S. A. 

operated in the same vicinity, they 
must be properly phased; i. e., their 
cones must all move in or out to- 
gether. When they are out of step, 
the sound energy output will be re- 
duced at low frequencies and inter- 
ference will also result. 

To check the speakers for correct 
phasing, they are all connected in the 
normal manner; and, if they are of 
the field -coil type, the field supply 
power is switched on. A voltage of 
50 to 60 d.c. is then applied through 
the speaker input transformer and the 
direction in which the cone moves at 
this instant carefully observed. The 
other speakers are then examined. 
The d.c. voltage is subsequently ap- 
plied to each. For correct phasing, the 
cone of each speaker should move in 
the direction of the first one. If this 
is not so, either the voice coil leads 
or field coil leads of each offending 
speaker must be reversed. When, 
upon application of the dic. voltage, 
all cones move either in or out to- 
gether, the speakers are properly 
phased. 30 
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This, Too, Is In The 
Line Of Duty 

P R. MALLORY a co.. Inc. 

MALLOR 
Approved Precision Product 

The radio service engineer has a home front job. It is 
not spectacular. It involves more irritations than cheers. 
But it is all- important, this task of maintaining radio 
sets in good working order. It calls for knowledge, inge- 
nuity and time -proven, standardized replacement parts. 

Mallory appreciates the obstacles of material shortages 
and production restrictions that confront radio service- 
men in wartime. Mallory is playing its role in war 
production, but Mallory likewise is doing its level 
best to keep you properly supplied with adequate parts 
-quality standardized parts -Mallory Approved Pre- 
cision Products. 

And if you're not using Mallory friendly technical help 
that is yours, free for the asking -you're missing the 
biggest contribution Mallory has ever made to the radio 
service fraternity. 

Mallory engineers have made mighty strides in adapting 
parts production to available materials without sacrific- 
ing quality. Mallory research is working incessantly to 
develop new helps, anticipating the future and maintain- 
ing the leadership that for years has caused the radio 
service fraternity to say, We always can rely on Mallory 
and Mallory Distributors." 

P. R. MALLORY & CO., Inc. 
INDIANAPOLIS INDIANA 
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THAT MOVE. 

* TANKS NEED TUBES! 

JJ 
* PLANES NEED TUBES! 

* SHIPS NEED TUBES! 

and 
* AMERICA NEEDS TUBES! 

PREFERRED TYPE 

RENEWAL TUBES PROGRAM 

TUBES that "gather dust" 
on your shelves for months on 
end can no longer be tolerated. 
Such tubes not only eat up 
your profits in overhead . . . 

they tie up vital defense 
materials! 
Of more than 500 -odd tube 
types, just 66 account for 71% 
of all American renewal tube 
demand ... and up to 84% by 
"interchanging" types. With 
tube availabilities limited by 
America's wartime needs - 
and with radio today more 
important than ever -tubes 
belong in radio sockets. The 

RCA Preferred Type Renewal 
Tubes Guide helps you to put 
them there quickly -with 
minimum time between fac- 
tory and user. 

For, at a glance, your Guide 
tells you not only which tubes 
to stock, but how many of 
each, as well. It enables you 
to set up a "model stock" that 
is matched to normal demand 
... based on facts, not theory. 

Ask your RCA Tube 
foeffi 

and Equipment Dis- ; Pte, //004 

tributor for your ; U.S.DEFENSE 
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copy, today ! 
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