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1íG U{lDlìn Reproduction of 
I)UBII.IER Adrerfisement 
trat appeared in 1912 

Complete Catalog on Request 

WORLD'S LARGEST AND OLDEST EXCLUSIVE 

MANUFACTURER OF CAPACITORS 

New 1ór -- . --i-... 
rld _/912 

As long ago as the year the Titanic went 

down, the name of Dubilier was known 

over land and sea to the corners of the 

earth. 'Dubilier' meant good condensers 

in 1912, dependable, guaranteed. 

Great new ships have replaced the lost 

Titanic and luxury liners fly over the 
waters. New names, new records. Yet in 

all this forward surge of progress, Cornell - 

Dubilier keeps step. In 1938 as in 1912, en- 

gineers rely on C -D's -the name for good 

condensers. 

CORNELL D aBILIER 
ELECTRIC CORPORATION 

1024 Hamilton Blvd:, So. Plainfield, N. I. 

Cable Address: CORDU 
TODAY IT IS TYPE TJU 

DYKANOL FILTER CAPACITORS FOR MODERN TRANG 
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I HAVEN'T HAD A RAISE 
IN YEARS -- GUESS I 

NEVER WILL -- I'M READY 
TO GIVE UP 

BUCK UP, BILL, WHY NOT 
TRY AN INDUSTRY THAT'S 
GROWING --WHERE THERE'S 

MORE OPPORTUNITY 

MARY'S RIGHT -- I'M NOT 
GETTING ANYWHERE. I 

OUGHT TO TRY A NEW 
FIELD TO MAKE 

MORE MONEY 

LOOK AT THIS -RADIO IS CERTAINLY 
GROWING FAST -- AND THE 

IT*NATIONAL RADIO 
INSTITUTE SAYS THEY I ̂  

" TRAIN MEN FOR RADIO 
-c RIGHT AT HOME 

Y `T IN SPARE TIME 

I DON'T THINK I COULD LEARN 
RADIO THAT WAY -- BUT THEY'LL 
SEND ME A SAMPLE LESSON 
FREE. GUESS I'LL 
MAIL THE COUPON 
AND LOOK INTO 
THIS 

Find out how practical itis to 

Train at Home for a 

Good RADIO Job 
send a sample lesson FREE 
Do you want 

to make more 
money? I'm sure 
I can train you 

1. E. SMITH. President at home in your 

National Radio Institute apace time for a 

Established 1914 good Radio Job, 
I will send you 

a sample lesson absolutely FREE. Ex- 
amine it, read it, see how easy it Is 
lo understand even if you now know 
outlying about Radio or electricity. 

Many Radio Experts Make 
$30, $50, $75 a Week 

Radio broadcasting stations employ en- 
gineers, operators, station managera and 
pay up to $5,000 a year. Spare time 
Radio set servicing paya as much as $200 
to $500 a year. Full time Radio servic- 
ing jobs pay as much as $30, $50, $75 a 
week. Many Radio Experts own and 
operate their own full time or part time 
Radio sales and service businesses. Radio 
manufacturers and Jobbers employ testers. 
inspectors, foremen, engineers, servicemen 
paying up to $6,000 a year. Radio opera - 
tore on ships get good pay, see the world 
besides. Automobile, police, aviation, com- 
mercial Radio, loud speaker systems offer 
good opportunities now and for the future. 
Television promises many good Jobe soon. 
Men I trained are holding good jobs in 
all these branches of Radio. 

Many Make $S, $10, $15 
a Week Extra in Spare Time 

While Learning 
Almost every neighborhood needs a good 
spare time serviceman. The day you en- 
roll I start sending Extra Money Job 
Sheets showing how to do Radio repair 
jobs. Throughout your training I send 
plans and ideas that made good spare time 
money for hundreds. I send Special Equip- 
ment to conduct experiments. build circuits, 
get pructiaal experience. I ALSO GIVE 

SAY -- THIS WAY OF LEARNING IS GREAT. I'M 
GOING TO ENROLL. THEN I CAN BE A SET 
SERVICING EXPERT -- OR GET A JOB IN A 
BROADCASTING STATION --OR 
INSTALL LOUDSPEAKER 
SYSTEMS. THERE ARE A 
LOT OF GOOD MONEY- ¿4pe- 
MAKING OPPORTUNITIES 
IN RADIO 

YOU A COMPLETE, MODERN, PRO- 
FESSIONAL ALL WAVE, ALL PUR- 
POSE RADIO REP SERVICING IN- 
STRUMENT TO HELP SERVICE SETS 
QUICKER -SAVE TIME, MARE MORE 
MONEY 

Get My Lesson and 64 -Page 
Book FREE - Mall Couppn 
In addition to my Sample Lesson, I will send you my 64 -Page Book, "Rich 

Rewards in Radio." Both are free to any 
fellow over 16 years old. My book points 
out Radio's spare time and full time opportunities and those coming In Tele- vision; tells about my Training In Radle 
and Television; shows my Money Back Agree- ment; shows letters from men I trained. telling what they are doing and earning. Find out what Radio offers YOUI MAll. THE COUPON in an envelope, or paste It on a penny postcard -NOWI 

J. E. SMITH, President 
National Radio Institute, Dept. 8EM4 

Washington, D. C. 

YOU SURELY KNOW 
RADIO. MINE 
NEVER SOUNDED 
BETTER 

THANKS. IVE BEEN STUDYING 
ONLY A FEW MONTHS AND 
I'M ALREADY MAKING 
MONEY IN 
MY SPARE 

TIME. THAT'S 
I 

$IO EXTRA L 
THIS WEEK 

OH BILL. I'M So GLAI 
YOU SENT FOR THAT 
FREE LESSON AND 
PROVED TO YOUR 
SELF THAT YOU 
COULD LEARN 
RADIO AT HOME 

YES, I HAVE A GOOD 
FULL TIME RADIO 
JOB NOW -- AND A 
BRIGHT FUTURE 
AHEAD IN RADIO 

J. E. SMITH, President, Dept. 8EM4 
National Radio Insti ute, Washington, D.C. 

Dear Mr. Smith:-Without obligating me, send the sample lesson and your book Much tells about the opportunities in Radio and your 50 -50 method of training men at home to become Radio Experte. (Please write plainly.) 

NAME 

ADDRESS 

AGE 

1 CITY STATE 4]. 
RADIO WORLD, May, 1930. Published monthly. Vol. XXXI. No. 2. Whole No. 716. Address, 145 West 45th Street, New York, N. Y. Subscription price, $2.50 per annum (foreign $3.00). Single copy, 25c. Published by Hennessy Radio Publications Corporation. Entered as second -class matter March, 1922, at the Post Office at New York, N. Y., under Act of March 3rd, 1879. 
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SUPERIOR PRESENTS 2 

NEW INSTRUMENTS 
Never before has Superior offered so much for so little! Always the Best Buy in the Instrument Field. ... Superior in this new 1100 series gives you even more value! We have incorporated many refine- 
ments, many new features . . . all proven to be sound and practical. We urge you to read the 
descriptions below carefully; see how these instruments fit your needs. 

THE NEW MODEL 1110 -S 

AC -DC VOLT -OHM MILLIAMMETER 
A MIDGET IN SIZE -A GIANT IN PERFORMANCE! 

SPECIFICATIONS: 
0 -1.5 volts D.C. 0 -100 ma. D.C. 
0 -15 volts D.C. 0 -500 ma. D.C. 
0 -25 volts D.C. 0 -15 volts A.C. 
0 -75 volts D.C. 0 -40 volts A.C. 
0 -500 volts D.C. 0 -75 volts A.C. 
0 -1 ma. D.C. 0 -200 volts A.C. 
0 -10 ma. D.C. 0 -1200 volts A.C. 
0 -500 ohms 500 -500,000 ohms, low ohms 

read to 1 ohm. 

Model 1110 -S supplied complete with 
batteries, test leads and instruc- 
tions. Size: 8T/," x 5" x o 
3''/4 ". Shipping weight, 5% $ 7 5 
pounds. Our net price.. 
Here, without doubt, is the lowest 
priced, full- service instrument ever 
offered! Permits every possible 
measurement with absolute accuracy 
and simplicity of operation. Accuracy 
2 %. 33Z" d'Arsonval type 0 -1 meter. 
Precision resistors. Attractive etched 

i and. Housed in a modern striped 
ricoid case. 

A 
SEICrOk 

Y+tO. 

. 

.ti-. "\``-`.,\..:w<`-`°::-. 
,. 

MODEL 1130-S 

SIGNAL GENERATOR 
WITH AUDIO FREQUENCIES 

SUPERIOR 
136 LIBERTY STREET 

It is with the greatest pride that we 
announce this new model 1130 -S Signal 
Generator. We predict it will be a great 
success and meet with the approval 
of the severest critic. Price considered, 
it's the finest instrument on the market 
today. Note the features listed below 
and judge for yourself! Comes housed 
in a grey crystalline shielded cabinet 
with recessed name plates. 6" airplane 
dial. 

SPECIFICATIONS: 
I. Combination R.F. and Audio Signal Gen- 

erator, R.F. 100 Ito. to 100 Mc., Á.F. -100- 
7,500 cycles. All direct reading, all by 
front panel switching. 

2. R.F. and A.F. output independently ob- 
tainable alone or with A.F. (any frequency) 
modulating R.F. 

3. Accuracy is within 1% on I.F. and Broad- 
cast bands; 2% on higher frequencies. 

4. Audio frequencies in 5 bands; 100, 400, 
1000, 5000. and 7500 cycles. 

5. Giant airplane full vision, direct -reading 
dial. 

6. Condenser and other leakages tested to 100 
megohms, 

7. All services on 90 -130 volts A.C. or D.C. 
(any frequency). Model 1130 -S comes 
complete with tubes, test leads, 
carrying handle, instructions. 
Size 12" a 9" a 6;¢ ". $ 8 5 
ping weight 15 pounds. Our 

Ship - 

w 
net price 

INSTRUMENTS COMPANY 
DEFT.. RW 58 NEW YORK, N. Y. 
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NEW 

RADIO CITY. PRODUCTS CO. 

88 PARK PLACE ph ri NEW YORK CITY 

DYNOPTIMUM TEST 

MODEL 307 

Dependable Tube Tester 

$16.95 ... 
The new Radio City Instru- 
ments have been chosen 
for the Bowdoin Kent 
Arctic Expedition, leading 
radio schools, government 
departments and famous 
engineers. 

SENSATIONAL 

These outstanding features prove Model 307 to be the greatest 
value ever offered in a tube tester. 

1. Tests ALL TUBES under R.M.A. 
specified voltages and loads as ap- 
proved by all tube manufacturers. All 
metal, M.G. spray shield, glass tubes, 
new OZ4 and other cold cathode 
rectifiers. 
Tests all ballast tubes. Separate bal- 
last tube chart included. 

3. Hot interelement short and leakage 
test between ALL INDIVIDUAL 
ELEMENTS. Hot cathode leakage 
test. High sensitivity neon indication. 

4. Individual tests of each section of full 
wave rectifiers, duo diodes and all 
multi -purpose tubes. 
Accurate calibration checked against 5. 

our laboratory standard mutual con- 
ductance instrument. 

6. Accurate line voltage indication di- 
rectly on meter with smooth power 
control. 

7. Three -inch square D'Arsonval meter, 
2% accuracy. Direct reading "Good - 
Bad" multi -colored scale and cali- 
brated reference scale. 

8. Simplest operation. Fewer controls 
than any other approved circuit tube 
tester. 

9. Excellent quality throughout, highly 
attractive appearance. You'll be 
proud to own model 307 compared to 
other testers selling up to $30.00 - 
Finely, etched and enameled panel in 
multi -tone effects. 

Send for Catalog 

RADIO CITY PRODUCTS CO. 
88 Park Place 

Dept. RW -5 

"DEPEND ON DEPENDABLE" 

New York, N. Y. 
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Get These Books Now! 
Take 7 Months to Pay for Them 

Al.LIEI)'S new Spring Catalog is packed with 
news for every Earn) 164 pages, all latest 
Amateur Gear -all leading linee, transmitters, 
receivers, transceivers; over 12,000 parte, new 
Kits of all types. 52 new Knight seta. Test 
Equipment; P.A. Send Postcard today. 

ALLIED RADIO CORPORATION 
Dept. 16E -8, 833 W. Jackson Blvd., Chicago 

this high -powered radio 
engineering library 

sent to you for 10 days' trial - 
at a special price and terms 

These books cover circuit phenomena, tube theory, 
networks, measurements, and other subjects -give 
specialized treatment of all fields of practical design 
and application. They are books of recognized position 
in the literature -books you will refer to and be re- 
ferred to of ten. If you are a researcher or experimentes 
-if your interest in radio is deep -set and based on a 
real desire to go further in this field -you want these 
books for the help they give in hundreds of problems 
throughout the whole ,field of radio engineering. 

RADIO ENGINEERING 
LIBRARY 

-especially selected by Radio World's staff of ex- 
perts 
-to give most complete, dependable coverage of 
facts needed by all whose fields are grounded on 
radio fundamentals 

5 volumes, 3064 pp., 2000 illustrations 
1. Glasgow's PRINCIPLES OF RADIO ENGI- 

NEERING 
2. Terman's MEASUREMENTS IN RADIO EN- 

GINEERING 
3. Chaffee's THEORY OF THERMIONIC VAC- 

UUM TUBES 
4. Hund's PHENOMENA IN HIGH- FREQUENCY 

SYSTEMS 
5. Henney's RADIO ENGINEERING HANDBOOK 

Special Low Price and Easy Terms 
Bought singly, the five volumes comprising this library 
would cost you $25.00. Under this offer you save $1.50 
and, in addition, have the privilege of paying in easy 
installments beginning with $2.50, 10 days after receipt 
of the books, and $3.00 monthly thereafter. Take ad- 
vantage of these convenient terms to add them to your 
library now. 

SEND THIS ON- APPROVAL COUPON 
RADIO WORLD 
145 W. 4Sth St., New York, N. Y. 

Send me Radio Engineering library, 5 vols., for 10c 
days' examination on approval. In 10 days I will send 
$2.50, plus few cents postage, and $3.00 monthly till 
$23.50 is paid, or return books postpaid. (We pay 
postage on orders accompanied by remittance of first 
installment.) 
Name 

Address 

City and State 

Position 
Company R W. 533 

(Rooks sent on approval in U.S. and Canada only.) 

Time switches, seconds or minutes from 59 cents up 
Continuous ringing (locking drop) relay 59 cents 
Yale key operated switch, the key is removable in "off" 

or "on" position Special $1.75 

Relays, Solenoids, ALNICO Magnets and 
other experimental supplies. 

BLAN, THE RADIO MAN 
64 DEY STREET, NEW YORK CITY 

Everything you need in radio. It's all in 
this new RADOLEB RADIO PROFIT 
GUIDE. Every repair part for every re- 
ceiver. Newest radio receivers. New 1938 
model public address amplifiers, outputs 
for 5 to 100 watts. New model public 
address speakers. Test instruments. Tech- 
nical books. Special equipment. Leading 
standard brands. Every item guaranteed. 
It must be right or we make it right. 
And everything under one roof. You 
get what you want promptly, and exactly 
what you want. Radolek's immense stock 
plus Radolek's efficient organization in- 
sures you fastest service. 25,000 service 
men depend on this service and benefit 
by Radolek's lowest prices. Send now for 
your copy of Radolek's Radio Profit 
GUIDE. Every repair part for every re- 
money. 

----RADOLEK-_ 
601 W. Randolph, Chicago, Dept. G -18 
Bend me the 1938 Badolek Radio Profit Guide 
FREE. 
Name 

Address 
Serviceman? Dealer? Experimenter? 
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COIL WINDING; 

NO COMPUTATION! 
SOLENOIDS for all radio frequencies, from 

the fringe of the ultra highs, to the fringe 
of audio, may be wound, using popular wire 
sizes and form diameters, with no compu- 
tation, yet at 1% accuracy. This is made 
possible by a series of quick- answer charts 
constituting "The Inductance Authority," by 
Edward M. Shiepe, plus an 18 x 20" sup- 
plement. 

Winding solenoid 
coils for radio fre- 
quencies requires 
knowledge of the 
number of turns of 
any selected type of 
wire on any sensible 
diameter to attain 
an inductance suit- 
able for the tuning 
condenser and lowest 
frequency. Hence, 
with capacity and 
frequency known, 
there are two un- 
knowns: (1), the re- 
quired inductance; 
(2), the number of 
turns to establish 
that inductance. The answers are ob- 
tained by consulting 
"The Inductance 
Authority," and the 
supplement. On the 
larga supplement are 

plotted the "curves of frequency, capacity and induc- 
tance in straight lines, so for a desired low frequency 
and known capacity the unknown inductance is solved 
by mere inspection. The number of turns for attain- 
ment of that inductance, for all popular tubing 
diameters and all generally used wire diameters and 
wire insulations, is read from the inductance -turns 
charts which are in the bound volume. Coil and set 
manufacturers, as well as home and shop experi- 
menters, students and teachers freely use this book. 
The only book of its kind in the world. 

Order Cat. INA (price includes bound vol- 
ume and supplement) postpaid $2e 00 anywhere on earth 

Or send $5.00 for a two -year subscription 
for RADIO WORLD, regular rate, and this 
valuable book and supplement will be sent 
FREE and postpaid anywhere on earth. 

Order Cat. PR -IAC. 

RADIO WORLD 
145 West 45th Street New York City 

staff RADA 
retests 
TROUBLE 
SHOOTE'! 

GJtirardi's "AADGETS', TURN UP 800 
IN TROUBLE SHOOTING! 

SP D new 'TWIN" YOUR 
pot et'u.oe 

r 

adio TROURLESHOOTER "GAD 
GETS" Don t linker and punie over si ek radio te 
revers you must re'l'aie -Het the saint of CHECKING FIRST 
with Gnirardi s Tr,,uh'e- Shoote, for they point the way 
directly to over BOO DIFFERENT RECEIVER TROUBLES- 
and their REMEDIES' These lightninglike- trouble 
finders a re the elf re rest, handiest rvrcrng aids you v 

HOW THEY WORK' Easy as pie to use 'em -you ever seen! 
take up your Gadget lark out the eyyeletted card marked 
for the particular Trouble Symptom you find in the '' lck'' 
receiver. flip the card around, and thste you II see all the 
possible Causes for the partrcnlar Trouble the exact Tests 
to Take and the Remedies to apply Work hawk as a flash 
-almost like magre' Get you right to the trouble in a )iffy. 

without -fussnig" around One 9- 

KEÉ Gadget 

o MOMAIL EPwi hlard AUTO RADIOS 
Only SI Aloforeign. 

/A, PIN A DOLLAR TO THIS AD, 
write 

the m rgtn, and d m d dit 

G- NOW for both Gadgets' Sent 
postpaid anywhere on S 4 day trial' 

r' RADIO & TECHNICAL PU8LCO. 
T Dept. RW -58 NOW! . 45 Astor Pl., New York 

Make Your Present 
'Phones FIDELITY 

Cross -section shows 
where the acousti- 
cal labyrinth 1s 
located. Upper il- 
lustration shows the 
channels in the 
tpould that com- 
prise half the laby- 
rinth. Approved by 
Radio World Lab- 
oratories. 

A NEW earcap, suitable for 
all popular earphones, 
when replacing present 

caps, gives sweeter, clearer, 
better response. Speech intelligi- 
bility is made far higher, and 
the enjoyment of symphonic or- 
chestras becomes a reality. You 
enjoy real fidelity. 

The invention consists of an 
acoustical labyrinth in the 
moulded Bakelite caps. This also 
prevents mechanical vibration, 
thus sparing the ears. There 
is no diaphragm rattle even on 
loudest signals. 

In 'phones with ordinary 
caps there is strong artificial 
high audio frequency response 
due to this diaphragm rattle. 

Artificial response is eliminated by the new 
caps. All response is due only to what is in the 
wave and not to spurious conditions in the 
'phones. Background noise is greatly dimin- 
ished. 

Because of these corrections, the usual low - 
frequency limit of 'phones, which is around 600 
to 800 cycles, is extended to 60 cycles, while 
there is no attenuation of natural response in 
the high audio- frequency region. The response 
is flattened by bringing it up where it is down. 
All is gain. 

Immediate delivery is obtainable of these caps 
for the following makes of 'phones: Baldwin, 
Ambassador, Brandes, Cannonball, Globe, Kel- 
logg, Murdock, Radiocar. Solid, Trimm Feather- 
weight. Trimm Professional and Western Elec- 
tric. Two caps required for each pair of 'phones 
are pre- threaded to screw on in place of ordi- nary caps. 

Send for Illustrated Circular 

POUL JARNAK 
Inventor and Manufacturer 

Dept. RW -S, 69 W. 63rd St. -New York, N. Y. 
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Over 1500. 
"CASE HISTORIES" 

of Receivers 

Over 6000. 
"1. F.'s" 

of Superhet's 

AUTO RADIO 
DATA for all 
Car Models 

All About 
TEST 

INSTRUMENTS 

All About 
TROUBLE 

SHOOTING 

Over 25 other 
HANDY TABLES 

and CHARTS 

All About 

REPAIRING 

Are they Complete? 
You bet they arel They've got all the 
"417 Things Every Service Man Needs 
to Know" -and a whale of a lot morel 

Are they Easy to Use? 
As easy as A B C! Every detail Is 
clearly and thoroughly explained In 
plain language in thorough Ghirardi 
style. The books are arranged for quick 
and easy reference on any aspect of 
radio service work. They're time -savers! 

Are they Practical? 
They're for the type of serviceman who 
isn't afraid to get grease on his smock! 
The dope you get from them comes 
straight from the service bench -and 
that's right where these two books 
belong! 

How will they help me? 
In a million and one ways! They'll 
help you understand all about the latest 
test instruments and up -to- the -minute 
repair methods. They'll give you all the 
servicing data you need for your every 
(lay jobs, and for those troublesome 
hard -to -crack cases you get in too. 

Are they Guaranteed? 
100 %! Your money goes back instantly 
if for any reason you find them not 
entirely to your liking (5 -day return 
privilege). You can't lose! You don't 
risk a single penny! Order them today. 

1,800 Pages 

813 Illustrations 

for Both Books 

For Every Practical Problem 
in Radio Service Work- 
Ghirardi'a two famous servicing books give you absolutely 
everything you need and want to know about radio service 
work as it is practised today by the most successful service 
shops. MODERN RADIO SERVICING is studied con- 
stantly by smart service men all over the world to learn all 
about the latest servicing instruments, latest methods of 
servicing, and the latest "tricks of the trade." It tells you 
"how to do servicing." -RADIO FIELD SERVICE DATA 
supplies loada of latest servicing reference data and the 
Case Histories for over 1,500 receivers at an instant's 
notice, in the shop or out on the job. It's in loose -leaf form 
and kept up to date by a regular Supplement Sheet Service, 
which supplies you with new Case Histories and other valu- 
able servicing data continuously. Of course you can struggle 
along without these "Ghirardi" servicing books, but you'll 
do better, quicker service work the moment you get them. 
You need 'em BOTH! Mail the coupon below -before you 
turn this page! Seat Postpaid Anywhere! 

ALFRED A. GHIRARDI'S 

MODERN Radio SERVICING 

& Radio FIELD SERVICE DATA Books 

............................ MAIL NO W 
RADIO & TECHNICAL PUBL. CO 

...... 
( Dept, RW -58, 45 Astor Place, New York - -_ ' sere is 

RADIO copies of B 
FIELD ER VICE DATA, (including RADIO FIELD 8Ele- 

Supple- 
ments to the Data Book) 

Jan. and June 
Please send me Free postpaid. (scrib foreign). books. Circulars describing these NA CIF, 

T. & iÌ1'5 ..... 
STATE......., 

S 

ONEY -BACK S ICA ° 
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It Fits 
Both Your Pocket 
and Your Pocketbook 
Does This Universal 
Volt- Ohm -Milliammeter 

By H. J. Bernard 

Full -sized scale of the pocket instrument's 
0 -200 microammeter. For reading 200 micro- 
amperes multiply the 0 -250 d -c scale by 0.8 

or the 0 -50 scale by 4. 

THE design for a pocket type volt -ohm- 
milliammeter, shown in the diagram, fea- 

tures a separate switch position for each normal 
service, and, while measuring both a.c. and d.c., 
uses the electromagnetic meter for d.c. at its 
base sensitivity of 5,000 ohms per volt. More- 
over, the switching is accomplished with a 
single -circuit, twelve- position standard switch, 
for selection of purposes and ranges, while an 
added attraction is the combination of the ac -dc 
switch with the ohms adjusting rheostat. 

This simplification, which is particularly at- 
tractive in a pocket -sized instrument, is made 
possible by the special rectifier arrangement 
(patent pending). By selecting a certain pre- 
determined d -c voltage drop across the rectifier, 

well within the allowable maximum, and meas- 
uring it (0.6 volt full scale d.c.), rectifier 
heating is practically eliminated, since for all 
ranges this potential difference across the rec- 
tifier is practically the same. As more and more 
series resistance is included, in each ascending 
a -c voltage step, the extra drop is taken up by 
extra multiplier resistance. 

DOUBLE SAFETY 
Therefore a d -c meter with limiting resistor, 

here 3,000 ohms, offers a stable method of a -c 
measurement, because the rectifier is never 
overheated, except by overloads, which must 
be avoided in all instruments, although over- 
loads of 200 per cent, would not cause dam- 
age to the rectifier, because it is originally 
worked at less than half its maximum rating, 
and that rating itself permits doubled input, 
without damage, if not maintained for long 
periods. 

It is well -known that a.c. passed through a 
d -c meter in any quantity, although not neces- 
sarily affecting the needle movement, may work 
havoc with a calibration, since there could be 
a tremendous unobserved overload, with conse- 
quent damage to the electromagnet or the meter 
coil. While the total a -c voltage drop across 
the rectifier is maintained practically constant 
on all ranges, and is small at that, the total a -c 
voltage drop never appears across the meter, 
but is limited by the 3,000 -ohm multiplier. Since 
the meter may have a resistance of around 400 
ohms, accounted for by the resistance of the 
wire of which the meter's coil is wound, the 
proportion of the a -c voltage appearing across 
the meter would be 400/3,000 X 0.6 X 1.41 = 
0.055 peak volt. This is entirely negligible and 
represents a most agreeable condition. 

LINEARITY AND SENSITIVITY 
Another effect of introducing the d -c volt- 

meter circuit across the rectifier, for measure- 
ment of a.c., is to make the scale more nearly 
linear than under most other conditions whereby 
a.c. is measured on a universal instrument. 
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The higher the multiplier resistance (shown 
as 3,000 ohms), the closer to linearity does the 
a -c scale become, but the a -c sensitivity is re- 
duced, so a compromise is established between 
linearity and sensitivity on a.c., whereby on 
a.c. the sensitivity is about one -quarter what 
it is on d.c., or 1,200 ohms per volt, compared 
to 5,000 ohms per volt. Transformer sec- 
ondaries, heater voltages, etc., where most a -c 
measurements are made in radio servicing prac- 
tice, are of low impedance, and 1,200 ohms 
per volt represents negligible loading of the 
measured circuit. 

The extra advantage of combination of the 
ac -dc switch with the ohms -adjusting rheostat 
is derived from the very same special rectifier 
circuit, because by using a single -pole, double - 
throw switch on this rheostat, the 3,000 -ohm 
limiting resistor is shorted out at the d -c posi- 
tion (left), while the rectifier is omitted from 
circuit at the same time, but for a.c. both the 
resistor and the rectifier are included. This per- 
mits the same two binding posts or tip jacks 
to be used for all voltage measurements, a.c. and 
d.c. 

Since users are in the habit of leaving the 
selector switch at one extreme terminal or the 
other, settings representing greatest safety are 
selected for these, and the rotation from left to 
right (clockwise), represented by the ascend- 
ing order of selector switch position numbers, 
1, 2, 3, etc., is for descending d -c voltages in 
five ranges : 2,500, 500, 250, 50 and 10 volts. 
Because measurements of d -c voltages are the 
ones most frequently made, five ranges were 
provided, out of the possible total switch posi- 
tions of twelve, leaving seven positions for all 
the rest. 

MEASURING HIGH RESISTANCE 

The sixth position of the selector switch is 
used for the low resistance measurement, by 
meter shunting. One ohm to 1,000 ohms, are 
read between the common negative binding post 
and the arm of the selector switch. For high 
ohms the switch is thrown to the next posi- 
tion on either side, No. 5 or 7, and the measure- 
ment is made between a special binding post 
for this purpose, and the arm of the selector 
switch. Thus the common terminal is com- 
mon for everything, except for high resistance. 

High resistance readings are from 1,000 ohms 
to 1,000,000 ohms. 

Positions 7, 8 and 9 are used for measuring 
direct current and the terminals are the same 
as for low ohms. These values are 10, 100 
and 500 milliamperes. 

Since the meter is of the 200 microammeter 
type, and it may be desirable at times to have 
access to the meter at its base sensitivity, this 
may be accomplished by using the terminals for 
direct current, as before (common and selector 
switch arm) and having the selector switch at 
any voltage position (1, 2, 3, 4, 5, 7, 8 or 9). 

One would not normally consider doing this, 
and there is no indication on the face of the 
instrument of this purpose, because use of the 
meter that way, without protection, is always 
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a danger in rapid service practice. So this use 
of the meter at base sensitivity must be applied 
with great caution, and with foreknowledge of 
the low quantity of current flowing. 

LOW CURRENT MEASUREMENT 

Naturally, the safest measurement practice 
is to start at 500 ma, then go to 100 ma, then 
to 10 ma, and when practically unable to read 
the current on the 10 ma scale, because so 
small, introduce the highest- sensitivity range, 
say, at position 9, which is most convenient then, 
because the next position. 

Although 9 is intended for the 10 -volt a -c 
range, it may be used as stated, for 200 

(Continued on following page) 
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VALUES OF CONSTANTS 

D -C Voltage Ranges 

Selector 
Position No. 

Ohms Volts Ohms 
Multiplier Range Per Volt 
12,500,000 2,500 5,000 
2,500,000 500 5,000 

3 1,250,000 250 5,000 
4 250,000 50 5,000 
5 49,580 10 5,000 

Resistance Ranges 

Selector Ohms 
Position No. Multiplier Rx 

6 
j 13,800 fixed One ohm to 

1,000 variable 1,000 ohms 
5 or 7 Same as above 1,000- 1,000,000 

ohms* 

A -C Voltage Ranges 

Selector Ohms Volts Ohms 
Position No. Multiplier Range Per Vol t 

î 1,770,000 1,000 1,777 
8 165,000 100 1,650 
9 12,250 10 1,225 
7, 8, 9 3,000 Between meter 

and rectifier 

Calibration resistor selected by ex- 
periment, between 10,000 and 15,000 
ohms, for exactly 200 microamperes 
full -scale deflection. 

The negative Post, otherwise common for 
all Purposes, is not used for high resistance 
measurements, but a special Post, fourth from 
top in diagram, and the post connecting to the 
main selector switch arm, third from top, are 
used instead. 

(Continued from preceding page) 

without external resistance introduced, provided 
the ac -dc switch is at d.c., as it must be for 
current readings, as a -c currents are not read 
on this instrument. 

Another precaution would be to use the volt- 
age posts of Position 9 for measuring 200 
microamperes or less, because only 12,500 ohms 
are introduced, not large enough to change the 
current seriously in the measured circuit, ex- 
cept a self -biasing cathode resistor circuit, yet 
large enough to provide some protection for 
the meter. For instance, if it is desired to open 
the load resistor circuit of a second detector, 
where the current due to rectification of the 
i -f carrier is small, the resistance is usually 
500,000 ohms or more, and the extra 12,250 
ohms makes no momentous difference. Besides, 
if desired, the leads may be changed to the 
current position, from the voltage position, if 

elimination of even the 12,250 ohms is desired, 
as in measuring self -grid- biasing circuits. 

The sensitivity of the meter is high enough 
to be of service in the diode circuit as described, 
but for actual current measurements, the 250 
scale on the meter is used, and the reading 
multiplied by 0.8, or divided by 1.25, and called 
microamperes. There is no scale on the face 

reading 200. Or the 0 -50 d -c scale may be 
multiplied by 4. 

ALSO 2.5 VOLTS D.C. 
Thus there are five d -c voltage ranges, four 

d -c current ranges, two resistance ranges and 
three a -c voltage ranges, or fourteen services, 
using a twelve -position switch. If an additional 
or fifteenth service, 2.5 volts d.c., is desired, 
this may be enjoyed by throwing the ac -dc 
switch to the d -c position, and using the 10 -volt 
a -c range, Position 9. 

The values of the multiplier resistors are 
based on a full -scale deflection of exactly 200 
microamperes. It is of small use to have 1 

per cent accurate limiting resistors, unless the 
full -scale deflection accuracy is almost per- 
fect. So the meters themselves are manufac- 
tured to a slightly higher sensitivity, so that, 
if there must be any error, the correction is 
introduced by shunting the meter. This per- 
manent shunt, for calibration purposes, is de- 
termined by an accurate measurement of its 
resistance and the simultaneous measurement to 
almost perfect accuracy of the 200 micro- 
amperes. 

Since the shunt will range between 10,000 
and 15,000 ohms, it will have some small effect 
on the upper resistance values of the low ohms 
scale, hence this scale is calculated for a meter 
resistance of 400 ohms. Actually the meter re- 
sistance is 420 ohms, but 10,000 ohms across 
it reduces the value to nearly 400 ohms, whereas 
if the shunt were 15,000 ohms, the effective re- 
sistance would be 437 ohms. Actually the 
shunt value falls normally quite close to 10,000 
ohms, thus highly validating the low ohms 
scale. However, even if there had to be some 
sacrifice in the low ohms accuracy, in favor 
of improving the d -c volts, high resistance and 
a -c volts accuracy, this would be a most sensible 
operation, because of the preponderating im- 
portance of accurately measuring d -c volts and 
high resistance (1,000 to 1,000,000 ohms) in all 
service measurements. They account for about 
90 per cent. of all measurements made. Thus, 
too, the closeness of accuracy at the terminal 
aids accuracy over the rest of the scale, for cur- 
rents as well as for all volts and high resistance, 
so though guaranteed at 2 per cent the ac- 
curacy may be in practice really one per cent. 
in a large number of instances. 

Pencil type 1.5 -volt dry cells are used, two 
in series, to constitute 3 volts for the resistance - 
measuring circuits. Thus if the voltage is 3 

volts the total limiting resistance for 200 micro- 
amperes (.0002 milliampere) would be just 
15,000 ohms. However the meter will repre- 
sent about 400 ohms of this, a fixed limiting re- 
sistor would take up part of the difference 
and the ohms -adjusting rheostat the remainder. 
It is then a matter of choice of values. If 
13.800 ohms can be obtained fairly accurately, a 

1.000 -ohm variable will be used at around 800 
ohms, leaving 200 ohms to spare in the variable. 
If it is necessary to turn the 1,000 -ohm rheo- 
stat all the way up, indicating a battery re- 
sistance of 200 ohms, it is a sign that it is 

time to renew the cells. 
[Publication of the foregoing data does not confer 

any rights under any patent, issued or pending.] 
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RIGHT OR WRONG? 
Propositions 

1 
When a vacuum -tube voltmeter is of the type that has a negative bias on the grid of a 
triode, pentode, etc., with suitable other terminal voltages, and the unknown input 

voltage to be injected at the grid is well within the value of the d -c bias voltage, the tube 
voltmeter is of the infinite impedance type, hence draws no current from the measured 
source. 

2 A decibel scale or calibration is applicable only to the conditions under which the scale 

or calibration was made, which requires that the required, definite ohms load be used, 

and that an accepted definite power in that particular ohms load constitutes the zero level. 

Hence, for any other ohms load, or any other power level for accepted zero, the scale 
or calibration would not apply. 

When two lamps are lit the eye can judge fairly well when the brilliance of both is 

3. equal, therefore if the power through one of the lamps is known, the power through 
the other lamp may be estimated fairly closely, the two being equal when the brilliance is 

equal. 

4 Since the same wave from the same source arrives at different times at aerials spaced 

any distance apart, the fading due to phase conditions is not instantaneously equal in 

such antennas, and if multiple spaced antennas are used for common feed to a receiver, the 
multiplicity of the phases of the fading will cause an averaging effect which tends to remove 
the audible effect of fading. In other words, this is at least a partly- effective remedy for 

fading. 
Carrier pigeons are sensitive to radio waves, so that if they are in proximity to a gen- 

. crating source of such waves, they may suffer reduction of the homing instinct, and thus 
be of impaired usefulness in carrying messages, especially important in time of war, and 
thc efore now giving some concern to the Army. 

6 An inverse feedback amplifier tube causes a change in current through the tube to be 

greater, the higher the amplification factor of the tube, assuming the applied voltages 
are the same. 

Answers 

Wrong. The grid circuit may be closed to cathode or ground through a high resistance, 
1. normally in the order of megohms, hence with such a circuit the resistor is always 

across the measured source, and the impedance can not be said to be infinite, because the 

resistor accounts for some current draw, though perhaps negligible in some uses. Another 

aspect is that even if no grid resistor is used for closing the circuit, which then requires 

that the unknown source, whether of a -c or d -c, have d -c continuity, if the frequency is high 

enough the input capacity becomes a ratable factor since it requires charging current, taken 

from the measured source. 

2 Right. The decibel notation must be considered as something comparative, and there- 
fore the basis of comparison must always be the same. That basis is the relative zero 

level, which represents a rated power in a rated ohms load, e. g., .006 watt (six milliwatts, 

the radio standard) in 500 ohms. 

3 Right. Power measurements, sometimes difficult to make at radio frequencies, are 

J. satisfactorily compromised in this manner, the known often being fed by d -c. The 

lamps, however, must be equal by test. 

4 Right. Reflections from various layers of the ionosphere are partly ironed out by this 

method, hence the effect of fading reduced in the receiver. 

5. Right. There is some disagreement as to whether the effect is very general. But Army 

officers complained about pigeons' reduced homing instinct, an effect of short duration, 

and subsequent tests by officers and others confirmed there is some relationship between 

exposure to some radio waves and reduction of this sense. 

6 Wrong. The change in current is not dependent on the amplification factor but on the 

mutual conductance, or transconductance, as the same quality is called in referring to 

multi- element tubes. With inverse feedback, even the tubes of higher conductance behave 

about the same as any other tubes, because the greater the change, the greater the limit to 

the change, since inverse feedback is a limiting agency. It is used for purposes of linearity. 
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Simplified Analysis of a 

Complex Wave 
By Murray S. Rifkin 

FIG. I 

The wave to be studied is drawn on paper, usually 
by tracing the image on the screen of a 

cathode -ray. 

IT is very often necessary to determine ac- 
curately the harmonic content of a complex 

wave. This complex wave may be, for instance, 
the output of an audio amplifier as observed 
on an oscilloscope. If a pure sine wave input 
is certain, and the output is non -sinusoidal, it 
is an indication that the amplifier is definitely 
introducing harmonics. 

Without an accurate knowledge of the num- 
ber and magnitudes of these harmonics, cor- 
rective measures cannot be taken intelligently. 
Students of radio engineering are familiar with 
the various methods of calculating the harmonic 
content of a wave ; however, these methods 
demand a knowledge of mathematics which the 
average experimenter and serviceman do not 
possess. It is the purpose of this article to pre- 
sent a direct method for determining the com- 
ponents which make up any complex wave. 

HOW TO PROCEED 
This method is a simplification of a rather 

complicated system known as the "twelve 
ordinate schedule analysis." It will later be 
apparent that it is possible, with this system, 
to evaluate any harmonic separately without first 
determining the entire series. The only mathe- 
matics involved is simple arithmetic. The range 
of the series is from the d -c component to the 
sixth harmonic, inclusive. The accuracy of 
the method is largely determined by the amount 
of care taken in the actual graphical work in- 
volved. When the procedure is thoroughly 
understood by the user, many applications will 
make themselves evident. 

The procedure to be followed for breaking 

AIL 
FIG. 2 

How the ordinates are established at equally 
spaced positions for analysis of harmonic content. 

a complex wave into its harmonics and evaluat- 
ing each one, is as follows : 

1 
-On a sheet of graph paper, draw as nearly 

a perfect reproduction as possible of the 
complex wave to be studied. This wave form 
is most easily obtained by the use of an oscillo- 
scope. (Only one cycle of any wave is used 
in the analysis.) See Fig. 1. 
2-On the vertical axis, Y. (Fig. 1), lay off 

voltage scale which will make every 
value of voltage on the reproduced wave corre- 
spond with the true voltage as measured by 
the scale of the oscilloscope's screen. Divide 
the length of horizontal axis which is taken by 
the wave into 360 degrees. This is to be di- 
vided in steps of 30 degrees. Through each 
30- degree mark draw a line vertically from the 
horizontal axis to the wave, either above or 
below the horizontal axis. Label these lines as 
shown in Fig. 2. 
3-Using the voltage scale on the vertical 

axis, Yo, determine the voltage where each 
line touches the wave. All voltage on the wave 
above the horizontal axis is positive ; below the 
axis is negative. Tabulate these values in order, 
for future use. 

4-Substitute the proper numerical values 
which were just obtained for the Y's, in 

each of the following list of equations. Perform 
the indicated arithmetic, being very careful of 
handling all negative values correctly. In other 
words, if part of an equation is Yz - Y5 
and the numerical values for the three Y's was 
found to be (4), (- 3), and (2), respectively, 
then by substitution, it becomes (4) - ( -3) 
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- (2) which by simple arithmetic is 4 + 3 -2 
=5. 

SUBSCRIPTS FOR Y 

The numbers enclosed in parenthesis in the 
following equations are the subscripts of the 
1' values which are to be used as indicated. 

(0+1+2+3+4+5+6 
Ao - 

A - 

+7+8+9+10+11) 
12 

0.5 (1 +5 -7 -11) 
+0.866 (2 +4 -8 -10) + (3 -9) 

6 

(0-6) +0.866 (1+11-5-7) 
+0.5 (2 + 10-4-8) 

L', 
6 

0.866 (1 +2+7+8-4-5-10-11) 
A2 - 

6 

0.5 (1 +5 +7 +11- 2- 4 -8 -10) 
B2 

+ (0 +6 -3 -9) 
6 

(1+5+9-3-7-11) 
Aa - 

6 

(0+4+8-2-6-10) 
B. 

6 

L14 - 0.866 (1 +4 +7 +10- 2- 5 -8 -11) 
6 

-0.5 (1 +2 +4 +5 +7 +8 +10 
+ (0 +3 +6 

+11) 
+9) 

B. - 
6 

0.5 (1 +5 -7 -11) 
-0.866 (2 +4 -8 -10) + (3 -9) 

Aa- 
6 

(0 -6) -0.866 (1 + 11 -5 -7) 
+0.5 (2 +10 -4 -8) 

B:, - 
6 

(0+2+4+6+8+10 
1 3 5 7 8 11) 

Be = 
12 

Interpretation of results: 
The subscripts of the letters, A and B, are 

the numbers of the harmonics ; thus, AT is 
the magnitude of the first harmonic (known 
as the fundamental) ; A4 is the magnitude of 
the hourth harmonic, etc. The same applies 
to the B's. There is a technical difference be- 

tween, for instance, As and B8. The A term 
represents the sine component of the third _iar- 
monic, while the B represents the cosine com- 
ponent of the third harmonic. 

EFFECTIVE VALUE DETERMINED 
When an analysis of a wave yields both an 

A and B term for the same harmonic, regard- 
less of the magnitudes, the effective value which 
the experimenter is interested in is found by 
taking the square root of the sum of the squares 
of A and B. In mathematical form, this is 

indicated VA' + Bz 
It should be remembered that this operation 

is necessary or possible only when the A and 
B terms are for the same harmonic. 

All numerical values obtained in this sys- 
tem are the maximum values to which the 
voltage (or current) of the harmonics will 
rise. Thus, A8 is the maximum value of the 
fifth harmonic. The r -m -s value can be ob- 
tained by multiplying maximum value by 0.707. 

A harmonic is absent from a complex wave 
if, after substitution, both the A and B term 
is found to be zero. If either the A or B term 
has a numerical value other than zero, the 
effective value of the harmonic is given by the 
value of that term. The first term, Ao, is the 
d -c component. 

EXAMPLE CITED 
A specific example will serve to clarify all 

the operations outlined in the procedure. The 
wave form shown in Figs. 1 and 2 will be 
used throughout. 

In Fig. 1, the horizontal axis covered by the 
wave is shown divided into the twelve equal 
parts as directed in No. 2 of the procedure. 
The vertical axis, Yo, is divided according to 
the scale used. In Fig. 2, the vertical lines 
have been drawn from the horizontal axis to 
the wave, at every 30 degree mark (Procedure 
No. 2). 

The next step is to determine the numerical 
value for each Y, from the scale on the vertical 
asis. For the wave shown, the tabulation of 
these values would be as follows : 

Yo = 0 
Y = 5 
Y8=14 
Y8=11 

Y.=12 
Y8 = 6 
Ye - 0 
YT=-1 

Y. = -6 
Yo =-7 Yo=-7 
Yu=-5 

Substituting the proper values for each Y 
in each of the equations and solving, it is found 
that the following information is obtained: 

Ao = 1.83 

A1 = 10.9 
B1 = 0.81 

Az = 0.87 
Be=-1.3 
Ae = - 0.17 
B3 = - .0.17 

A.=O 
B* _ - 0.83 

A5=-6 
B. = 0.64 

Bò = 0.67 

The algebraic sign of the A and B terms 
(Continued on following page) 
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Field Energy Used in New Meter 
to Measure High Currents, 5 -42 Mc 

AJEWEL- BEARING oscillating -ring elec- 
trodynamic ammeter was described re -' 

cently to the members of the New York sec- 
tion of the Institute of Radio Engineers in a 
paper presented by Harry R. Meahl of General 
Electric's Engineering Laboratory. The au- 
thor explained his method for calibrating this 
instrument, and showed it to be a standard of 
currents above one ampere. at high frequencies. 

Past investigators of high- frequency phe- 
nomena have wondered why some practical 
standard of current at high frequencies was 
not found long ago. The reason is that many 
efforts were made to use the heating effect 
of the current, and only a few to use the energy 
in the magnetic field. Even on direct cur- 
rent, an instrument uring the heating effect 
of the current is not a standard, because of the 
difficulty of accurately calculating its character- 
istics. The performance of the electrodynamic 
ammeter can be accurately calculated from 
measurements of length, mass and time, giving 
a standard of current at high frequency. 

HOW RING OSCILLATES 
This instrument is used with currents from 

3 to 6 amperes over the 5 to 42 megacycle fre- 
quency range with an accuracy of plus or 
minus one per cent. 

A high -frequency current flowing in the ex- 
citer loop imparts energy to the oscillating ring 
which then oscillates about the 90 degree posi- 
tion at a rate proportional to the magnitude 
of the current, and nearly independent of the 
frequency of the current. The ring continues to 
oscillate until the energy is used up in air 
and bearing friction, usually 20 seconds or more. 

A photoelectric oscillation counter is used 
with a two -pen chronograph and the primary 
standard of frequency to time the oscillating 
ring with accuracy. A standard second of time 
contactor on the primary frequency standard 

1,000 -cycle clock actuates one pen of the chrono- 
graph, while the photoelectric oscillation counter 
actuates the other. 

DIRECT COMPARISON 
Thus a tape is obtained on which appears a 

direct comparison of the period of the oscillat- 
ing ring with time. 

In addition to being a standard of current, 
this instrument has lower impedance than com- 
mercial instruments and therefore has less ef- 
fect on the circuit into which it is connected. 
According to Mr. Meahl, it should prove valu- 
able in improving the accuracy of current mea- 
surements at high frequencies. 

Personnel 

Ward Leonard Electric Co. announces the 
appointment of Charles D. Southern, 430 W. 
Rudisill Blvd., Fort Wayne, Ind., as repre- 
sentative for the sale of Ward Leonard radio 
products. Mr. Southern's territory covers the 
entire state of Indiana. 

* * * 

Tobe Deutschmann, Canton, Mass., has ap- 
pointed the Rowe Radio Research Laboratory 
Company, 1103 Bryn Mawr Avenue, Chicago, 
as technical sales representative for the Chicago 
area. Harry Rowe, head of the company, has 
spent many years in radio engineering. The 
Tobe technical equipment- Audi -O- Graph, Im- 
pedance Bridge, Bridge Analyzer, Null Indi- 
cator and other instruments -will be displayed 
at the Rowe Laboratory. 

(Continued from preceding page) 

is an indication of the initial direction of the 
harmonics, and may be disregarded by the ex- 
perimenter or serviceman. However, the signs 
contained within the equations should strictly he 
observed. 

VALUES DETERMINED 

The final step is to take the square root of 
the sum of the squares of the A and B term 
of each harmonic, only when there are numerical 
values for both. In this wave, it is seen that 
the fourth harmonic has a B term only, in 
which case the magnitude of the fourth har- 
monic is the numerical value of the B term. 
The Ao term, being the d.c. component is not 
subject to the square root operation. Since 
this series includes the B term only of the 
sixth harmonic, that term itself represents the 

magnitude. Performing the square root opera- 
tion where necessary, and tabulating the results, 
the following information is obtained : 

D. C. value of wave = 1.83 
First harmonic (fundamental) = 11.00 
Second harmonic = 1.57 
Third harmonic = 024 
Fourth harmonic = 0.83 
Fifth harmonic (approximately) = 6.00 
Sixth harmonic = 0.67 

Inspection of this information shows that the 
fundamental is present in large magnitude, 
while the most prominent harmonics are till 
fifth harmonic, quite large, and the second har- 
monic, which is comparatively small. The other 
harmonics are present, but in extremely small 
relative magnitudes. (As stated before, the 
above harmonic magnitudes are maximum val- 
ues.) The wave to be analyzed can represent 
voltage, current, etc. 
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Equipment and Methods 
For Facsimile Service 

By Charles J. Young 
Research and Engineering Division, RCA Manufacturing Company, Inc. 

Camden, N. J. 

INTRODUCTION 

SOME ten years ago, when the first ex- 
tensive tests were being made of radio fac- 

simile transmission for messages and pictures, 
the thought developed of using this process for 
actually printing a newspaper in the home by 
radio broadcast. It grew from a sudden re- 
alization that carbon paper offered a very 
simple way of making a mark on a piece of 
paper, and that it might be possible to design 
a mechanical scanning device which would 
spread carbon dots on the receiving sheet so 
as to form a facsimile reproduction. A stylus 
type of machine was tried first. In a short 
time, however, the printer bar and helix type 
of recorder was devised, and it then became 
apparent that a receiver simple enough for 
home use was an actual possibility. 

During the years since then many machines 
have been built and many problems encountered 
and solved. In the recorder itself the printer 
unit is the heart of the device and this has 
been constantly improved with resulting better 
definition of copy. Various methods of syn- 
chronization have been investigated and some 
of them applied to actual operation. The struc- 
ture of the recorder has passed through many 
stages from purely laboratory apparatus to fin- 
ished designs for particular applications. Paper 
and paper- feeding systems have been studied. 
Some of this work was directed to commercial 
communication services, operating from shore 
to ship and from city to city ; but the central 
and motivating idea has always been the one 
of making practical a facsimile broadcast serv- 
ice. 

As work proceeded toward this objective, much 
assistance has naturally come from the parallel 
growth of facsimile or picture transmission 
equipment for wire -line and radio circuits.' In 
particular, many methods of printing the re- 
ceived image on the paper have appeared' and 
these have been tested and considered for the 

1The hearty cooperation of Mr. J. L. Callahan and 
his group at RCA Communications, Inc., has been 
helnful. Their system has been reported in "Photo- 
radio Apparatus and Oneratine Technioue Improve- 
ments " Pror. I.R.E.. Vol. 23, No. 12, Dec.. 1935. 

2 "Photoradio Transmission of Pictures." Henry 
Shore, presented before the Photographic Society of 
America, April 26, 1937. 

FIG. I 

Complete scanning equipment 

home broadcast receiver. Each method has ad- 
vantages and disadvantages and they have been 
judged on the basis of the following factors: 

FIVE CLASSIFICATIONS 

(a) 

(b) 
(c) 

(d) 
(e) 

Appearance of finished copy, in terms of 
definition, color, etc. 
Sheet recorded damp or dry. 
Processing, if any, subsequent to record- 
ing. 
Possible speed of recording. 
Cost of paper. 

After comparing in this way the various 
processes, it was concluded that, in the present 

(Continued on following page) 
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(Continued from preceding page) 
state of the art, the carbon -paper recording 
was best suited to a home -use machine. 

In addition to a long period of work on the 
sending and receiving apparatus itself, there 
have been a number of facsimile trials over ac- 
tual radio circuits. The equipment made for 
receiving weather maps on shipboard had an 
extensive test over a span of several years, 
during which time evidence was accumulated on 
facsimile propagation in the range from 4,000 
to 18,000 kilocycles. Early field trials of broad- 
cast- facsimile receivers were made in Schenec- 
tady in 1929 in this same band. In New York 

nated. At the scanner, on the other hand, some 
expense has been added to provide voltage 
regulators and timing devices which will make 
it more certain that a regular and consistent 
program can be broadcast, even in the hands 
of a relatively inexperienced operator. 

SCANNING EQUIPMENT 
The appearance of the scanning equipment 

is shown in Fig. 1. All parts are mounted in 
an attractively styled steel cabinet which is 
approximately 52 inches high, 32 inches wide, 
and 16 inches deep. The upper section of 
this case is a hinged cover. When thrown haul: 

.:. Maur }lashes 

SUPREME COURT EWER): 0) IS 

... .... .... 
r° 

City in 1931 broadcast operation was carried on 
for a short time on 2,100 kilocycles. In 1932 
further trials were made on 44 megacycles with 
the machines self- synchronized on both a -c and 
d -c power systems. More recently extensive 
studies were completed of ultra- high- frequency 
urban coverage with automatic recorders oper- 
ating many hours per day. Naturally much 
information was accumulated on the effects 
of fading, interference, and multipath propaga- 
tion. This mass of data was very helpful when 
it came to choosing operating standards for a 
broadcast system. 

Having given this brief review of the back- 
ground, the rest of this paper will be devoted 
to the actual equipment which is now available 
to broadcasters, in order that they may make 
such trials of broadcast facsimile as will dem- 
onstrate the public value of this new service. 

In designing the scanning equipment and the 
receivers this object has been kept in mind. In 
other words the receivers have been made as 
simple as is consistent with reliable perfor- 
mance and with clear printing of copy. All 
extra devices, such as paper cutters to break 
the recorded copy into sheets, have been elimi- 

FIG. 2 
Front view of recorder with 

cover removed 

it exposes a table -like surface on which is 
mounted the actual scanning machine. Below 
this level is the timer, and then come three 
standard panel units, the compensating ampli- 
fier, the power -supply panel, and the voltage 
regulator. The apparatus thus forms a com- 
plete device ready for installation in a broad 
cast studio or newspaper office. The only con 
nections required are a source of 60 -cycle 110 - 

volt power and a broadcast -control line to the 
radio transmitter. 

The scanning machine proper is of the con 
ventional rotating drum type, but with modifi 
cations to suit it to broadcast service. Th, 
subject -drum is rotated at 75 r.p.m. by a syn- 
chronous 60 -cycle motor with a reducing gear 
having a ratio of 24 to 1. This motor and 
gear is very similar to those used in high - 
quality automatic phonographs. Between the 
motor spindle and the drum there is a single - 
position clutch, so that the drum can be stopped 
for change -of- subject copy and then re -en 
gaged without losing the relative frame posi- 
tion with reference to the 60 -cycle power sys- 
tem. The motor continues to run during this 
loading operation and a commutator on the 
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spindle shaft supplies an artificial frame -line 
signal to keep the recorders in step. 

During transmission the scanning head, which 
is mounted behind the subject -drum, traverses 
slowly down the length of the copy. It is 
driven by a lead screw and suitable gearing 
from a second motor identical with the drum 
motor, its rate of progress being such that 
125 scanning lines are drawn per inch of drum 
length. 

DIRECT REFLECTIONS AVOIDED 
The parts of the head are an optical system, a 

phototube, and a phototube amplifier. The light 
source -a 75 -watt exciter lamp -illuminates a 
small diaphragm, and the opening in this is fo- 
cused through an objective lens onto the paper, 
making a bright rectangular spot 0.008 inch long 
in the direction of the drum axis and 0.003 inch 
wide in the direction of travel along the scan- 
ning line. The incident light beam is normal to 
the surface of the paper. The reflected light is 
taken off by a pick -up lens and passed to the 
phototube, this beam being in the same horizon- 
tal plane and at 45 degrees to the incident light. 
The solid angles formed by the objective and 
pick -up lenses are so arranged that no direct 
reflections from the paper can reach the photo - 
tube. This limitation naturally reduces the light 
efficiency, but it is of real assistance where vari- 
ous sorts of subject -copy are used. In a direct - 
reflection system, for example, a shiny black ink 
may sometimes reflect as much light as the 
white paper. 

The phototube is a standard gas type and is 
connected to a special pre -amplifier. The first 
stage is a direct- current amplifier. It actuates 
a modulator to provide signal impulses in the 
form of an audio tone of varying amplitude. 
Either phase of modulation may be used, but 
the system is normally adjusted for maximum 
on black and minimum on white. The tone volt- 
age is supplied by a tube oscillator mounted in 
the same case and set to produce approximately 
20,000 c.p.s. This relatively high frequency is 
chosen because it makes possible the recovery of 
faithful direct- current picture signals in the 
compensating amplifier, without the use of filter 
networks following the demodulator. Distortion 
of the impulse shape is thus reduced. 

ANOTHER MODULATION 
One may well ask why such an indirect 

method is adopted to produce the picture im- 
pulses in the compensating amplifier. The 
answer is that these signals must extend down 
to zero frequency and that a straight d -c ampli- 
fier of sufficient gain is not easly made stable. 
Thus the intermediate step of tone amplification 
and subsequent rectification is used. Even so. 
all voltage supplies must be closely regulated 
to prevent drift of the initial d -c stage, because 
the maximum output of the phototube on black 
is only about 0.2 volt. A bias potentiometer 
on the amplifier provides a static setting of this 
first tube, the proper conditions being chosen by 
observing the output -signal meter on the scan- 
ner base for black and white areas under the 
scanning beam. 

In the compensating amplifier the modulated 

20,000 -cycle tone is amplified and rectified to 
produce signal impulses similar to those deliv- 
ered by the phototube. These are operated up- 
on by special circuits in the next two stages 
to produce a predetermined alteration in ampli- 
tude characteristic, the need for which will be 
discussed in a later section. Finally the impulses 
again modulate a carrier tone, this time of about 
3200 c.p.s. This carrier and its side bands can 
be comfortably transmitted over a standard 
broadcast -wire line. The output to this line is 
normally set by meter at zero level. 

The middle panel in Fig. 1 directly below the 
compensating amplifier is a power -supply unit 
for the amplifiers and exciter lamp. The heater 
current in the phototube amplifier is regulated 
by a ballast lamp and the plate voltage by gas 
regulator tubes. The line -voltage regulator 
forms the lower panel and further improves 
the stability by holding constant the 110 -volt 
supply to the whole system, thus regulating the 
lamp brilliance also. The need for this careful 
regulation lies, of course, in the fact that the 
shading of pictures depends directly on the am- 
plitudes of the signal impulse, and that any 
fluctuations result in incorrect tone values. 

No modifications are needed in a standard 
telephone.or broadcast transmitter to handle the 
facsimile signals. The percentage of modula- 
tion should, of course, be set at a fixed value 
for "black," i.e. for maximum sub -carrier am- 
plitude, and should not change during the sched- 
ule. It may be worth noting that this maximum 
modulation is a definite predetermined value and 
may therefore be set at 100 percent if desired 
without fear of overshooting. 

FACSIMILE BROADCAST RECEIVER 
The facsimile receiver is shown in Fig. 2 

with the cover removed and with the recorded 
copy feeding out the front. It is a complete 
unit, in that it includes the radio receiver 
chassis, and a time switch ; and thus requires 
only an antenna and a source of 60 -cycle power. 
It is worth emphasizing this arrangement and 
the reasons for it. It might have been simpler 
to provide only a recorder for attachment to 
an existing radio receiver, but the proposed 
conditions of operation must be considered. The 
schedules are to be sent out, at least according 
to most existing plans, over regular broadcast 
stations between midnight and six in the morn- 
ing, a period when the channel is otherwise 
idle. The recorders are to be turned on and 
off by time switch at the proper hours. Con- 
sequently, if the recorder were made as an at- 
tachment, the user, on going to bed, would have 
to leave his radio set accurately tuned to the 
right station, with volume correctly adjusted, 
and otherwise in a condition so that it would 
conic on by the clock and print. This nightly 
pre- setting is too much to expect of anyone but 
an enthusiast with a good memory. On the 
other hand, the use of a special chassis made 
for facsimile service only, has technical ad- 
vantages in that it can be more efficiently de- 
signed, and can give more reliable performance. 
This, therefore, appeared to be the best solution. 

The placement of the receiver chassis and the 
(Continued on following page) 
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(Continued from preceding page) 
time switch is shown in the back view of the 
cabinet in Fig. 3. Although the chassis 
could be designed for any suitable wave band, 
most present requirements call for operation 
between 550 and 1,600 kilocycles. This is met 
by modifying a standard broadcast receiver of 
the type designed for push- button tuning. The 
sensitivity of this receiver is approximately 500 
micro -volts per meter at the lower limit of good 
automatic volume control. This figure is based 
on the intention of the broadcasters to oper- 

the paper -feed gearing in the right foreground. 
The recording drum with the raised helical 
ridge on its surface can be seen in the center, 
and above it the course of the white and carbon 
papers, which have been torn back to afford a 
clearer view. The carbon paper is wound up 
after use on the core at the top; the white 
is fed out from the front of the cabinet by a 
cylinder like a typewriter roll. This roller 
can be seen under the carbon take -up core. In 
taking this view the printer unit was swung 
back to the left into the paper -loading position. 

ate facsimile recorders within the primary serv- 
ice area of their stations. All but two of the 
severa: tunings are eliminated and the audio 
system is replaced by a rectifier and printer 
amplifier. 

WHAT THE CIRCUITS ARE 
The circuits use approximately the sane num- 

ber of tubes, and are shown schematically in 
Fig. 4. It will be seen that the 6V6 output 
tubes pass plate current alternately, forming a 
sort of push -pull direct -current amplifier. The 
lower or "black" tube is biased to cut -off with 
no signal input, but passes plate current as the 
bias becomes zero under full signal. The upper 
or "white" tube passes plate current at no 
signal, but no plate current at full input. The 
controlling bias voltages are obtained by recti- 
fication of the 3,200 -cycle sub- carrier, after a 
stage of amplification. The coils of the mag- 
netically operated printer unit are connected as 
shown in the plate circuits of the printer tubes. 

The facsimile recording machine is mounted 
in the upper section of the cabinet and is covered 
by a removable lid. Its structure can be fairly 
well seen in Fig. 5. The active parts are sup- 
ported between two cast side -plates, the driving 
motor being on the far side out of view, and 

FIG. 3 

Back view of recorder showing 
chassis and time switch 

The actual operating position of the printer bar 
is shown by the steel rule which was placed 
over the papers for this photograph. 

The method by which a carbon recording is 
produced can be easily seen by considering the 
helix drum as rotating at its normal speed of 
75 r.p.m. Whenever a signal for black is re- 
ceived from the transmitter, the printer bar 
(represented by the rule) is sharply depressed 
along its whole length by the two electromag- 
netic drivers. See Fig. 4. 

ORGANIZATION OF DOTS 
Obviously it pinches the carbon paper against 

the write at the point where its edge intersects 
the single turn raised helix ; and because of 
the rotation, this intersection point repeatedly 
scans across the page right in step with the 
traverse of the light spot across the original at 
the scanner. If complete synchronization is 
maintained, the dots will organize themselves 
into a facsimile of the original subject. 

The definition obtained at a given speed de- 
pends on the rapidity with which the magnetic 
drivers can move the mass of the printer bar. 
Consequently great care has been taken in the 
design of this unit. As indicated schematically 
in Fig. 4 the bar is mounted on a frame struc- 
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lure with a rigid pivot at the axis of the sup - 
porting tube. It is driven at two points through 
connecting springs from the balanced -armature 
electro- magnetic drivers. These are basically 
similar to early forms of magnetic loudspeakers, 
hut are much improved in constructional details. 
The fixed field for both units is supplied by a 
single permanent magnet mounted between them. 
The natural query as to why electromagnetic 
rather than moving -coil dynamic drivers are used 
is simply answered by pointing out that the bar 
must respond to direct- current conditions; and 

place, and the recorder is ready to function. 
The description of this paper -reloading process 
has been given in some detail to show that it 
can be carried out by the user of the machine 
without too much inconvenience. It is more 
difficult than loading a typewriter, but probably 
simpler than most cameras. It is the only -serv- 
ice which the owner of the machine need per- 
form himself ; and it will not come often, as one 
loading will last over a month on a IO -page- 
per -day schedule. 

The recorders arc assumed to be completely 

that it is not very practical either to supply 
heavy direct- current components from the 
amplifier for an ordinary voice coil, or to pro- 
vide enough turns on the coil to work with 
output tubes of reasonable size. 

One loading of paper in the recorder in- 
cludes a 345 -foot roll of white paper on a 
large cardboard core, and a small roll of about 
95 feet of carbon paper. The latter is slipped 
inside the white roll to make a compact shipping 
package. When reloading the machine the old 
carbon rolls are thrown out, as the coating has 
been thoroughly used after one passage through 
the recorder at about one- quarter the speed 
of the white sheet. The large core from the 
used white roll is saved and put in position as 
a wind -up spindle for the succeeding loading of 
carbon paper. 

SIMPLER THAN MOST CAMERAS 
The new white roll is placed in the machine 

first and then the carbon roll. Each is snapped 
in position on centers like the film in a camera, 
both releases being operated by the strap handle 
seen on the near side plate of Fig. 5. The white 
paper is drawn over the helix drum and passed 
through the feed -roller system just as a sheet 
is turned into a typewriter. The carbon strip 
is attached to the wind -up core by a gummed 
leader, the printer then lowered and latched in 

FIG. 4 
Schematic of printer amplifier 

adjusted at the time of installation. The re- 
ceiver is tuned to the chosen station and the time 
switch set to turn it on soon after midnigh- and 
off again some time later, according tc the 
established facsimile schedule. The volume con- 
trol is correctly adjusted and the printer posi- 
tion checked. A cover strip is then placed over 
the controls leaving only the clock face ex- 
posed, so that it may be reset if necessary after 
a power failure. A self -starting synchronous- 
clock movement is employed as being probably 
the most satisfactory timekeeper for the pur- 
pose. 

SYNCHRONIZATION 
There are two parts to the problem of syn- 

chronizing facsimile recorders and scanners: 
first, the one of insuring that the rate of 
travel of the printing point in the recorder 
is exactly the same as that of the light spot 
in the scanner ; and second, that of starting the 
stroke in the recorder in phase with the start 
of the scanning line at the sending end. If 
the former condition is not fulfilled the recorded 
picture will be distorted and askew, ans will 
soon slant off the sheet. If. however, the speed 
is maintained, the image will be square; but it 
will not necessarily fall in the center cf the 
page. The scanner may have started its stroke 

(Continued on following page) 
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(Continued from preceding page) 
half a line ahead of the recorder and the ma- 
chines are said to be out of frame. 

The first part of the problem, that of speed 
control, is easily solved in a broadcast service 

FIG. 5 

Close -up photo 
of recorder 

an expedient which may be adopted for pre- 
liminary operation. 

With further growth of broadcast -facsimile 
service it is to be expected that self- synchroniz- 
ing recorders will become available when a 

by operating both sending and receiving ma- 
chines with synchronous 60 -cycle motors driven 
from common or interconnected -power systems. 
This method is used in the equipment described 
here and makes for very perfect and unvarying 
synchronization with no additional apparatus 
in the receiver. It is open to criticism that 
there are several places in the country where 
independent and unconnected -power companies 
operate in the primary- service area of a single 
broadcast station; and there are also the cases 
where downtown business districts still use 
direct -current power. But these are the ex- 
ceptions, for in most cases, the homes in the 
suburban and adjacent country around a city 
are all served by a common -power system. 
Thus for an initial program of facsimile broad- 
casting, synchronization can be well obtained 
in this way for a large percentage of the 
market. 

THE SECOND PART OF WORK 
In areas where there are two independent 

60 -cycle systems, as around Cleveland or New 
York, for example, a possible method of work- 
ing is to divide time between the two systems. 
The receivers which are supplied by power 
from company A might be set for 12 midnight 
to 2:00 A.M. and all on the lines of company 
B for 2:00 A.M. to 4:00 A.M. The facsimile 
schedule would then be broadcast twice, once 
with the scanner synchronized on the A system, 
and again with it synchronized on the B system. 
This is easily accomplished at the scanner be- 
cause the motors only require some 50 watts. 
The scheme is not very economical as it doubles 
the time on the air. It is mentioned here as 

simple system has been worked out and reduced 
to a reliable design. There is already much 
background on the subject and there is actual 
experience with facsimile installations made for 
commercial service. Perfect synchronization 
has been obtained between remote points by 
the use of tuning fork control; and there have 
also been a number of systems set up with 
a control transmitted over the radio circuit 
along with the picture. 

The line framing or synchronization of the 
picture received at the recorder is the second 
part of synchronization. It is accomplished in 
these machines by a circuit- breaking device used 
in conjunction with a line- framing relay. The 
circuit- breaking device may be mounted on the 
helix -drum shaft or coupled thereto, and carries 
a breaking arrangement which comes under the 
relay armature at the instant the intersection or 
scanning point in the recorder goes off the 
edge of the paper. If the line -frame signal gen- 
erated at the scanner by the clamps on the 
scanning drum arrives at this same instant, the 
circuit is such that the relay is not actuated, and 
the motor drives the recorder steadily in its 
correct line -frame position. If, however, the 
recorder circuit- breaking device is in another 
position when the line -frame signal comes in, 
the relay momentarily opens the motor circuit 
causing it to slip below synchronous speed. 
This will occur each revolution of the drum 
until the recorder reaches correct frame. 

The automatic framing function normally takes 
place only at the start of the program, and 
the machines thereafter run continuously in 
perfect synchronism. The only exceptions occur 
when the power at the recorder fails, or when 
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the signal fades out completely. In such ex- 
ceptional cases the machines will attempt to 
reframe as soon as normal conditions are re- 
stored, but may not complete the cycle until 
the margin space comes through at the end of 
the sheet. The remaining pages of the sched- 
ule will then be properly placed as before. 

SUBJECT COPY FOR TRANSMISSION 
It is not within the province of this article 

to attempt a prophecy of the kind of copy which 
broadcast facsimile can most profitably publish. 
On the other hand, the make -up of the copy and 
the nature of the printing and pictures is very 
definitely controlled by the characteristics of the 
equipment. The major factors to be con- 
sidered are the size of the print, or the black 
and white detail, as limited by the resolution of 
the system ; and the kind of original pictures 
needed to give the most pleasing halftone rec- 
ordings. 

With reference to definition, the present sys- 
tem, when in optimum adjustment and under 
favorable conditions, will transmit and record 
6 -point newsprint type so it is legible. The 
formation of the letters, however, is not very 
clear, and text of this size would be tiresome 
to read. Furthermore, it is advisable to make 
some allowance for production variations in 
recorder performance, and for some loss of 
signal quality in transmission due to minor mal- 
adjustments and possible interference. For these 
reasons it is being recommended that no type 
size smaller than 10 -point (approximately equal 
to typewriting) be used until the practicability 
of finer definition is proven in the field. Bold 
or expanded type faces are desirable and letter- 
ing should be avoided which has alternate heavy 
and very light strokes in its design. As to 
margin lines and drawings. it is being suggested 
that lines be at least 0.020 inch wide and that 
the smallest space between them be at least 
the same width. 

LIKE NEWSPAPER PROBLEMS 
The halftone or picture characteristics of the 

system are described in the next section. In 
actual practice it is found that photographs with 
a wide range of shade values are naturally 
easiest to transmit, and that it is desirable to 
prepare the prints so that the areas of interest 
are 'delineated in terms of the middle range of 
grays, rather than in the very dark or very 
light tones. 

The problems are much the same as in the 
preparation of pictures for newspaper printing, 
and one is perfectly justified in using the same 
tricks of trimming, retouching and the like. The 
actual picture placed on the scanner drum 
should be a photograph made on thin paper so 
that it can be pasted in place on the page. Pic- 
tures which have been printed from a screened 
plate are not satisfactory unless the screen is 
either finer than 150 lines per inch or of the 
rotogravure type which gives a random -dot 
arrangement. Coarser screens often result in 
bad moiré patterns due to interference with 
the facsimile line structure. 

In the preparation of a complete program a 
series of pages can he made up and printed on 

the standard size sheet, 8/ inches wide and 
12 inches long. The text may be set by hand 
or linotyped, and a single copy pulled on a 
proof press for each page. If finished appear- 
ance is not so important, the text may be type- 
written, preferably on an electric typewriter 
which gives a uniform impression. 

HALFTONE CHARACTERISTICS 
Any facsimile system which is to send pic- 

tures must record them with shade values 
which correspond fairly closely with those of 
the original. This requirement means that 
close attention must be paid to the amplitude 
characteristic throughout the scanner and 
recorder. If there is unavoidable distortion at 
some points, compensation must be provided at 
others. 

In carbon -paper recording the major distor- 
tion occurs in process of transferring the color 
to the white sheet. A certain amount of pres- 
sure is needed on the printer bar before any 
carbon comes off, then, as the pressure in- 
creases, more color is transferred, until satura- 
tion is reached at the darkest tone available with 
the particular papers used. This condition is 
shown in the central square on Fig. 6. 

Grouped around are the amplitude curves of 
the other parts of the system, all of them so 
arranged that reference lines corresponding to 
all tone values can be carried through com- 
plete sequence. For example, suppose an orig- 
inal gray shade, which might be called 50 per 
cent black, is chosen on the scale of original tone 
values at the top center. Proceeding along the 
dotted line to the left it is found that the scan- 
ner head amplifier will deliver instead 60 per 
cent of its maximum signal, because of the 
residual output on white. After passing the 
compensator this will correspond to a 35 per 
cent tone amplitude on the line to the trans- 
mitter. 

PRINTER BAR PRESSURE 
The transmitter modulation curve and the re- 

ceiver up through the second detector are as- 
sumed to be linear. The lower right -hand 
characteristic applies to the printer amplifier 
shown in Fig. 4. The plate currents of both 
"white" and "black" output tubes are shown, 
and their algebraic sum. This differential cur- 
rent is really fictitious as it does not exist as 
such in the output circuits ; but it does repre- 
sent the resultant effect of the "black" and 
"white" currents on the printer armatures. Re- 
turning to Fig. 6, measurements show that the 
pressure developed on the printer bar is pro- 
portional to this difference current as shown 
by the straight line. The non -linear charac-er- 
istic of the carbon paper has already been men- 
tioned. Again following the dotted line, turn- 
ing on the carbon -paper characteristic, one ar- 
rives finally at a recorded tone value of affront 
43 per cent of full black. This is seen to be the 
true middle -gray point for the recorder, as the 
maximum carbon blackness only reaches 86 per 
cent of the density of the original black ink. If 
other tone values are plotted around the chart, 
the final straight fidelity characteristic will he 

(Continued on following page) 
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(Continued from preceding page) 
developed. Obviously this happens because the 
characteristic of the compensating amplifier has 
been worked out so as to neutralize the carbon 
transfer and other distortions of the system. 

CONSTANTS OF THE SYSTEM 
The operating speeds, paper sizes, and so on, 

have been referred to already, but can be more 
easily visualized from the following tabulation: 

Number of scanning strokes per 
minute (r.p.m. of drums) 75 
Total length of stroke 834 
Lines per inch 125 
Width of paper on scanner 81A 
Length of paper on scanner 12 

inches 
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Width of paper at recorder 8y inches 
Maximum width of copy 7',4 inches 
Proposed length of page 12 inches 
Useful length of page allowing 

top and bottom margins 11 inches 
Number of pages per hour 3 
Length of white paner roll 345 feet 
Length of carbon roll (for this 

amount of white paper) 95 feet 

The first three figures given above are the 
basic operating parameters. For example, any 
discussion of standards should probably start 
here. The product of the total length of stroke 
by the number of lines gives the Facsimile 
Index, which in this case is 1093.75. Any two 
drum -type facsimile systems will work together 

1 
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which have the same drum speed and the same 
index, although an enlargement or reduction 
may take place in true proportion. 

WHY WIDTH WAS CHOSEN 
The 8% -inch wide paper was chosen for the 

recorded as a practical compromise between a 
page too narrow to give a good illusion in the 
reproduction of pictures, and a sheet so wide 
as to make the recorder bulky and expensive. 
The number of lines per inch is sufficient to 
permit definition of the smallest type size which 
the average man can comfortably read. Pres- 
ent apparatus does not reach this goal, and 
so this figure must be considered as an allow- 
ance for future improvement. A choice of 
fewer lines per inch would mean a loss of de- 
tail which may otherwise become possible ; a 
finer -line structure would reduce the speed of 
the system for the sake of an improvement in 
resolution of questionable advantage. 

The drum speed of 75 r.p.m. was chosen as 
one which could be conveniently obtained from 
a synchronous 60 -cycle motor and which would 
result in well- defined copy on the carbon printer. 
It gives a 12 -inch page in 20 minutes. If al- 

lowance is made for the margins a printed area 
7% inches wide remains, and there will be 
4% square inches of useful recording in one 
minute. In terms of words this is not so slow 
as it seems. With a solid block of typewriting 
it means 45 words per minute, with 10 -point 
type about 65, and with a typical page of news- 
print about 110 words per minute. 

ACKNOWLEDGMENT 

In preparing this article the author has at- 
tempted to give a general view of the equip- 
ment which has been developed for broadcast - 
facsimile use, the way it operates, and some 
of the reasons for particular solutions of its 
problems. Much work lies behind this practical 
design of facsimile equipment. Credit is due 
especially to Mr. Maurice Artzt who has been 
with the project from the beginning, and whose 
persevering and ingenious attack has solved many 
of the problems. More recently Mr. H. J. 
Lavery has made substantial contributions to 
the structure of the printer; whereas the actual 
design of the appartus has been brought into 
finished form by Messrs. R. G. Shankweiler, 
B. E. Lane, and A. Blain. 

Experimenter Designs T -R -F Set 
for Good Results on 6 Tubes 
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This six -tube t -r -f set requires on y a two -gang condenser. If it is desired to use a three -gang con- 
denser, thus including an extra stage of t.r.f., the circuit of the first 58 is repeated, only the primary is 

then in the plate circuit of the first r -f amplifier tube, and the antenna stage would be wired as shown. 

This design of a simple receiver was worked out and tested by H. David Petree, of 820 North 
Eighth Street, Reading, Pa. He was well satisfied with results, using the circuit exactly as 
shown, and therefore kindly sent in the diagram, so that any others who might have use for the 

same type of circuit would be spared considerable experimental work. 
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An Experimental Bridge 
How to Make and Use It 

By Emil H. Buchwald 

ONE of the most important circuits in the 
radio field is the bridge circuit. It is used 

in numerous ways, including the full -wave rec- 
tifier circuit, the crystal filter circuit in the re- 
ceiver and of course measuring circuits. The 
last includes the Wheatstone Bridge for mea- 
suring resistance, and a number of combinations 
for measuring inductance, capacity, tube re- 
s.istance and so forth. 

The experimenter is frequently faced with a 
problem dealing with a bridge circuit. This in 
itself is not particularly alarming, since the cir- 
cuit is simple and may be hooked up temporarily 
for the test. This entails a number of resistors, 
or other components, and mass of wires which 
makes the thing look somewhat haywire. It 
also increases the chances of error when any 
changes are made in the circuit. 

FIG. I 

The Wheatstone bridge, particularly valuable for 
close measurement of resistance values, in which 
case one of the R's would be the unknown. 

To bring order out of chaos, only the circuit 
itself, minus the electrical components is in- 
corporated on a panel with a number of bind- 
ing posts for connections. Such a contraption 
would keep the circuit proper in plain view and 
would show the correct connections, the position 
of the components in the arms, the diagonal con- 
nections and of course, the power supply con- 
nections. Furthermore this idea is not limited 
to one form of circuit or measurement, since 
there are no fixed units, hence it is possible to 
devise any number of schemes and connections 
in conjunction with the experimental bridge. 
In other words, it is a "connector block" laid 
out in the form of a bridge circuit as seen in 
the conventional circuit diagrams. 

A MULTIPLE DEVICE 

Everyone associated with the radio technical 
field is familiar with the Wheatstone Bridge cir- 
cuit, which is illustrated in Fig. 1. The R's are 
the resistors, M is the balance- indicating meter 
and B is the battery. 

Now suppose this picture is altered somewhat 
by erasing the resistances R, the meter M 
and battery B and its connecting wires. The 
result is a number of broken lines shaped like 
a diamond with an incomplete diagonal. A 
binding post is placed at each point marked X 
and the line connected firmly to the post. The 
resistors, meter and battery may now be re- 
placed and connected to the binding posts, or if 
desired, other units may be connected to the 
posts. 

Mechanically, the bridge, if it may be named 
that, is complete. Electrically, however, it is 
incomplete, requiring only the circuits corn- 
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ponents to make it function for whatever pur- 
pose the experimenter may have in mind. The 
device becomes versatile now in that there are 
four arms open for any value of resistances. 
The resistances may be wire -wound, or other 
types ; inductive, capacitive or even the plate 
resistance of a tube, and so forth. The meter 
circuit is also available for any type of instru- 
ment, sensitive or coarse, alternating current or 
direct current. The battery, or power circuit, is 
open for any engagement, be it a clear note 

41x I 
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+Yir` Fdf 
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FIG. 2 

of a thousand cycles, or the smoothly flowing 
power of a storage battery. 

Fig. 2 shows the panel layout of a bridge as 
described before. The panel consists of 
aluminum, but other material may be used, de- 
pending on what is available. 

PREPARATION OF PANEL 
After the drilling and machining operations, 

the panel is painted black. When the paint is 
thoroughly dry, the panel is rubbed with steel 
wool to remove the gloss. This in turn is 
rubbed with a rag containing a few drops of oil 
to produce a dull glossy finish. 

To insulate the binding posts from the panel 
the posts are mounted on small Bakelite strips, 
as shown in Fig. 3. The completed binding 
post assemblies are then mounted on the panel, 
one on each arm and one on the diagonal, as in 
Fig. 1. The holes for the insulated binding 
posts are drilled large enough in the panel to 
avoid contact between the posts and panel. Two 
single posts are also mounted on the panel, 
with Bakelite washers for insulation, one at 
each of two extremities of the Diamond. These 
posts handle the battery wires. 

To keep the circuit of the bridge in view, 
fine lines are scribed on the panel connecting the 
various binding posts. The lines may be made 
with a scriber, or any other instrument having 
a sharp point. Ordinary chalk, or any whiten- 
ing agent, may be rubbed into the scribed lines, 

á 

Technology Exchanged 
by Musical Hobbyists 

Anyone interested in the construction and fea- 
tures of musical instruments in general, and 
particularly in reference to radio and sound 
recording, should welcome the idea of taking 
this matter up on a scientific basis. Recently 
this has been made possible in England, where a 
new Institute of Technology of Musical Instru- 
ments has been estabilshed in connection with 
the Northern Polytechnic, London. 

The members will especially cooperate in ex- 
changing points of view regarding the tonal 
beauty of string instruments such as the famous 
old Italian violins. The new institute calls at- 
tention to new theories and developments con- 
cerning the acoustic action of the resonating 
body of the violin. About this subject an ar- 
ticle "The Violin," by Paul Jarnak, has appear- 
ed in the March, 1938, issue of "The Journal of 
the Franklin Institute," Philadelphia. 

causing the lines to appear in greater contrast 
with the black panel. 

The photograph showing the reserve side of 
the bridge discloses the wiring, which is ordi- 
nary No. 16 gauge copper wire. To insure 
good contact and also to avoid loose connections, 
the wire is soldered directly to the screw of 

.. 
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FIG. 3 
If a metal panel is used a I /8" thick Bakelite strip 

for binding posts is made, as shown full size. 

the binding post. Fig. 4 shows the circuit and 
wiring diagram. 

The complete outfit may be mounted on a 
small plywood box, or metal, as the constructor 
desires. Incidentally, a Bakelite panel may be 
used instead of metal, This obviates the use of 
the small Bakelite strips for the binding posts 
as the posts may be mounted directly on the 
bakelite panel. 

The bridge is limited to direct current and 
medium frequency alternating currents, such as 
audio frequencies. Higher frequencies will 
cause error, due to capacity effects, etc. 

The following will outline a method for 
using the bridge. Suppose it is desired to pro- 
duce a resistance duplicating the value of one 
that is on hand. Assuming the value to be 
one hundred ohms, the following set -up may be 
used. 

The bridge and circuit are then set up as 
in Fig. 4. B is a battery of two dry cells, SW 
is a switch connected in series with R4, a re- 
sistance of two or three ohms which in turn 
is connected across meter M, of 0 -1 milliam- 
meter, or a meter having a range close to this 
value. R! is a 150 -ohm rheostat and R2, R3 

(Continued on next page) 
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(Continued from preceding page) 
are 100 -ohm resistors. All the resistance values 
given so far are not critical and may deviate 
without causing an error in the measurement. 
The scheme of course is to have the values 
in the arms of the bridge close to the value of 
the resistance being checked. X is the resistor 
to be duplicated. 

The bridge is balanced by adjusting the rheo- 
stat until the meter reads zero. The switch is 
opened and the rheostat adjusted again for zero. 

FIG. 4 
The experimental bridge, with X the unknown, and 
with suitable protection provided for the meter. 

No computation is necessary. 

Incidentally, the switch and resistance are a 
protective device for the meter and all changes 
and adjustments should be made with the switch 
closed. After the bridge has been adjusted, 
the switch may be opened for a "fine" adjust- 
ment. 

SIGNIFICANCE OF BALANCE 
When equilibrium has been reached, the 

switch is closed and X removed. The duplicate 

resistance is now inserted in place of X and 
the reading on the meter noted. If the needle 
does not indicate zero then the duplicate does 
not equal the X resistance. It is then necessary 
to manipulate the wire on the duplicate re- 
sistance until the meter reads zero. When a 
balance is obtained it indicates that the re- 
sistance of the duplicate equals the resistance of 
X. 

Thus it is possible to produce as many re- 
sistances as desired which equal the resistance 
value of X. 

Record Players Add 
to Servicers' Income 

An increasing number of radio service men 
have found a profitable means of increasing their 
income by taking along one of the new, compact 
little RCA Victor record -players on service 
calls. 

Many extra sales have resulted from im- 
promptu home demonstrations. The most suc- 
cessful procedure is for the service man to con- 
nect the record -player to the radio receiver he 
has just repaired, presumably as a test, and play 
a lively record or two. This technique never 
fails to interest the set owner. With rising 
public interest in recorded music it is usually 
a simple matter to clinch the sale, because the 
record- player provides a high standard of per- 
formance at extremely low cost. 

RCA Victor has recently announced a new 
record- player which, although it has been im- 
proved technically, retails at a lower price than 
ever before ($14.95, FOB Camden). This new 
model is expected to find particular favor with 
new converts to recorded music. 

FIG. 5 

The top of the mechanical setup appears as at left, while the underneath view is at right. 
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Distortion Expungers Going 
Into NBC Transmitters 

BECAUSE of the success of a device re- 
ducing the slight tonal distortion caused 

by transmitting equipment at stations WJZ and 
WEAF, key stations of NBC's two networks, 
to one -thirtieth of its formal level, engineers 
are to install it in all stations owned and man- 
aged by the National Broadcasting Company, 
O. B. Hanson, NBC vice -president and chief 
engineer, announced today. 

Listeners in areas served by these stations, 
said Hanson, will notice a considerable im- 
provement in reception quality when the work 
is completed. Installation has also been com- 
pleted at station WTAM, Cleveland. 

Work on preparing the giant NBC trans- 
mitters for incorporation of the new device, 
called "reverse feedback," began more than a 
year ago. Following a long period of study of 
transmitter characteristics, NBC engineers 
under the direction of Raymond F. Guy, radio 
facilities engineer, undertook extensive over- 
hauling of the WEAF and WJZ transmitters 
to reduce transmitter harmonics to their abso- 
lute minimum. 

WHAT REVERSE FEEDBACK DOES 
Equipment was replaced and new circuits were 

devised before "reverse feedback" was built into 
the transmitters. 

"Reverse feedback," said Hanson, "represents 
the idea of cancelling a plus quantity with a 
minus quantity. We have applied this to trans- 
mitter harmonics. 

"These false harmonics are inherent in vac- 
uum tube circuits and radio transmitters. We 
may, for instance, deliver a perfectly pure tone 
to the transmitter, but in passing through great 
amplifying tubes it accumulates some harmonic 
distortion. 

"In using reverse feedback at our two New 
York City stations, we take a small amount of 
energy as it leaves the transmitter, but before 
it goes to the antenna. This energy, of course, 
carries with it the unwanted harmonics that 
distort radio signal quality. Then we com- 
pletely reverse its phase ; we turn it upside 
down, so to speak. 

DIPS OFFSET PEAKS 

"Where there was a peak in the original 
energy wave, we create a corresponding díp. 
Then we bring this energy around to the point 
where the program is entering the transmitter 
and feed it into the circuit. The re- introduced 
harmonics, being negative in relation to those 
created in the transmitter equipment, cause 
almost complete cancellation of the latter. 

"It is the combination of this new 'reverse 
feedback' with extensive overhauling of our 
transmitters that has reduced this annoying form 
of distortion to practically zero at the WEAF 
and WJZ transmitters. I am sure that listeners 
in other parts of the country served by NBC 
owned and managed stations will be delighted 
with the new purity of tone they will notce 
when the operation has been repeated on all cur 
transmitters." 

TONE QUALITY GAINING 
Besides inverse feedback in amplifiers, so far 

concerned mainly with audio in receivers, it is 
being used in transmitters and in signal- gener- 
ator oscillators. Besides infinite impedance de- 
tectors are popular in receivers, so that tone 
quality is winning its rightful place. 

Literature Wanted 
Readers whose names and addresses are 

printed herewith desire trade literature on 

parts and apparatus for use in radio con- 
struction. Readers desiring their names 

and addresses listed should send their 
request on postcard or in letter to Literature 
Editor, Radio World, 145 West Forty -fifth 

Street, New York, N. Y. 

W. A. Peters, 6 So. Front St., New Castle, Penn. 
Charles Hopkins, 12 Raymond St., Everett, Mass.. 

on P.A. and service equipment, and service parts. 
Lee Lauer, 1473 Washington Ave., Bronx, New York 

City. 
W. J. Carpenter, 2160 Merchant St., Abilene, Texas. 
J. J. Lawranowicz, 6619 Hoppensack, Cleveland, Ohio. 
Bob's Radio Service, 2011 South Central, Los Angeles, 

Calif. 
C. R. Bonstrom, 1307 Emerson Ave., N., Minneapolis, 

Minn. 

Gailerd E. Erickson, Sr., Radio Servicing, Kanawha, 
Iowa. 

Homer V. Thompson, 708 E. Gadsden St., Pensacola, 
Florida. 

Jimmy Kelly, 208 Congress, East McKeesport, Penn. 
A. A. Gillespie, "The Mayo Miner," Mayo, Yukon 

Terr., Canada. 
K. R. Cooper, Cooper's Radio Service, 303 East 

Choctaw, McAlester, Okla. 
Andrew M. Lavish, 2124 Eye Street, N.W., Wash- 

ington, D. C. 
R. A. Weyer, 117 Roosevelt Ave., Syracuse, N. Y. 
Geo. W. Crosby, 231 34th St.. North Bergen, N. J. 
Albert Bosak, 1817 So. Millard Ave., Chicago, Ill. 
F. N. Serio, Serio's Service Station, Morganza, 

Louisiana. 
John Joy, 116 Broadway. Menands, N. Y. 
John Janeco, 83 Easy St., Uniontown, Penn. 
C. D. Cox, 421 No. Illinois Ave., Stevens Pt., Wisc. 
Jos. A. Nave, 133 Poplar Ave., Memphis, Tenn. 
Draper W. Cooper, Charlotte, N. C. 
J. W. Watson, McDade, Texas. 
Edwin P. Schaper, 1108 East 7th St., Houston, Tex. 
Geo. S. Keyes, Box 216, Odessa, Texas. 
Thomas Blakeley, 21 East 113th St., New York C:t.. 
Allen Vaile, Grandview, Missouri. 
Max Glavish, 5111 University Ave., Chicago. Ill. 
Joseph Sofranko, 189 Easy St., Uniontown, Penn. 
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Unit Construction in 
Amateur Transmitters 

Ni0 

MECHANICAL arrangement of mateur 
transmitters has always presented quite 

a problem. First, we had the bread -board lay- 
out and that was followed by the now popular 
chassis method of construction. Neither of these 
arrangements is completely satisfactory. They 
are both great space users and prevent the con- 
struction of compact apparatus. 

With proper mechanical construction, many 
present evils may be overcome. However, all 
amateurs do not have available the tools and 
machinery necessary to make the fancy brackets 
and oddly- shaped pieces of metal which are 
necessary for modern type construction. Then 
too, there are many amateurs who are not 
mechanically inclined and find it difficult to do 
a really neat job in building their transmitters. 
All of these constructional difficulties have been 
eliminated by the Hammarlund Manufacturing 
Company, Inc. 

FOR 100 TO 300 WATTS 
The unit shown in the front cover photograph 

is a push -pull radio- frequency power amplifier 
designed to use any of the popular triode tubes 
having ratings of from 100 to 300 watts output 
per pair. 

Much time has been spent in the design and 
arrangement of this unit. All parts associated 
with the amplifier proper, are joined together 
with brackets of various shapes. This hardware 
is available in kit form and the only tools 
necessary for assembling and wiring are a 
screw -driver and soldering iron. When finished, 
it is a self -supporting unit which can be bolted 
to a panel with the mounting screws furnished 
with the variable condenser ; no chassis is 
necessary. 

Circuit diagram of an 
amateur transmitter, in- 
tended for an advanced 
mechanical and electrical 
design. The unit is a push - 
pull radio -frequency power 

amplifier. 

Mounted on the two side bars of the large 
variable condenser, an "MTCD- 100 -B," are two 
brackets which support the plug -in plate coil and 
the two "N -10" neutralizing condensers. The 
lower condenser, ( "MTCD- 100 -C ") for tuning 
the grid circuit, is fastened to the large con- 
denser with an angular shaped back plate. At 
the top of this plate we find another horizontal 
bracket which serves as the mounting for the 
two tubes. 

At the lower edge of the back plate is 
mounted the plug -in grid coil. This plate is 
also drilled for mounting the radio frequency 
choke (CH -500) and the two filament by -pass 
condensers together with the grid biasing re- 
sistor. All brackets are completely drilled and 
machined and have a silver -like finish. 

The entire arrangement is constructed so as 
to permit direct and short wiring leads. The 
tubes shown in the unit are RCA 808's. How- 
ever, as mentioned before, any of the popular 
triodes may be used, depending entirely upon 
power output desired. Overall dimensions are 
13 inches high, 8/ inches wide and 8 inches 
deep. 

LIST OF PARTS 
1- MTCD -100 -B (Variable condenser) 
1- MTCD -100 -C (Variable condenser) 
2 -N -10 (Neutralizing condensers) 
1 -CH -500 
2 -S -4 (sockets) 
1 -S -5 (socket) 
Plug in plate coil 
SWF coil forms for plug -in grid coils (5 

prongs) 
1- Complete set of hardware, including brackets 

and screws. 
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Smartness of ap- 
pearance and 
peak of per- 
formance marks 
this ham rig, de- 
signed by Ham - 
marlund for home 
construction, em- 
bodying the unit 

principle of 
erection. 

Electronic Frequency Counter Aids Precision in Music 
Providing high accuracy, a frequency counter 

or pitch standard recently installed in the Allen 
B. DuMont Labs., Upper Montclair, N. J., is 
particularly useful in the musical art. 

Master tuning forks employed in this precision 
equipment are checked at frequent intervals 
against the 440 -cycle tone signal transmitted 
daily by the Bureau of Standards through 
WWV. The tuning forks are electrically driven 
and their respective frequencies picked up elec- 
trically, amplified and made available for any 
circuit. It the case of the frequency counter, 
the given standard frequency from the master 
tuning fork is caused to beat against the un- 
known frequency of a tuning fork or musical 
instrument under test. The beat note difference 
causes the dial of an electromagnetic counter 
to indicate the number of cycles of difference 

between standard and tested tones in any given 
interval of time. 

Meanwhile, a cathode -ray oscillograph pro- 
vides a visual indication of the beat note, and 
shows whether the tested tone is sharp or flat 
with regard to the standard. If the wave pat- 
tern drifts to the right, the tested tone is sharp, 
if to the left, it is flat. The rate of drift indi- 
cates the degree of pitch difference. 

The tested tone is picked up electromagneti- 
cally in the case of a tuning fork, or by means 
of a microphone in the case of the musical in- 
strument. The main purpose of the frequency 
counter is to check up DuMont Resonoscopes, 
or cathode -ray musical pitch standards and com- 
parators. However, the DuMont organization 
is collaborating with various musical instrument 
manufacturers in checking their pitch standards.. 
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Kit for VOMA 
By M. N. 

Allied Radio 

1- HE modern receivers with complex circuits 
calling for intricate adjustments force the 

servicemen to use highly sensitive instruments. 
In the field of ohm -volt -milliammeter units this 

View of assembly from rear. 

general trend to higher sensitivity and greater 
accuracy is no exception. The first jump from 
the low resistance meters to 1,000 ohms -per- 
volt, then to 5,000 ohms -per -volt, and now to 
20,000 ohms -per -volt instruments indicates the 
response of the manufacturers to the service- 
men's demand and need for instruments of 
greater sensitivity. A kit for home- construc- 
tion of a 20,000- ohms -per -volt VOMA there- 
for has been developed by Allied Radio 
Corporation, Chicago, under the Allied trade 
name of Knight. 

The heart of the kit is the fan -shaped Knight - 
Beede foundation meter. The Bakelite case 
measures 4% by 3M inches and is easily 
mounted into a 234 inches in diameter round 
hole. The d'Arsonval movement is carried on 
sapphire jewel bearings and provides an ac- 
curacy of 2 %. The clear figures, M inch 
scale, and knife edge pointer help to obtain 
accurate readings. 

WHY SENSITIVITY IS NEEDED 
All meters operate on a current measuring 

principle and require a current inversely pro- 

Beitman 
Corporation 

at 20,000 
Ohms Per Volt 

portionate to their sensitivity. A 1,000 ohm - 
per -volt meter requires one milliampere for full 
scale deflection. Ordinary circuits are not 
upset electrically when an extra milliampere or 
smaller additional drain is introduced, and the 
voltage measured by the instrument will be 
essentially correct. 

In all circuits where a single meter is used for 
a number of functions including the measure- 
ment of voltage, a group of resistors is in- 
troduced. These multiplier resistors in the 
present circuit corresponding to switch settings 
from 7 to 11. These resistors are used to re- 
duce the voltage measured to a value corre- 
sponding to the voltage needed to produce a 
correct scale indication. 

What circuit changes necessitated the use 
of higher sensitivity units ? When the service- 
man tested the voltage of the power supply in 
the process of servicing a radio, the one milli- 
ampere maximum drain of his ordinary volt- 
meter was comparatively insignificant draw. 
But when screen -grid voltages were obtained 
through a high resistance voltage- divider cir- 
cuit, the additional drain of even one milli- 
ampere upset the circuit, and the actual, true 
voltage could not be measured directly. Ap- 
proximate measurements were in order. 

GUESSING PREVAILED 
Servicemen guessed and estimated true volt- 

ages from the indicated readings. And then 
came circuits that absolutely prevented the use 
of instruments having ordinary sensitivity. 

The analysis of a -f -c and a -v -c circuits calls 
for a meter having a movement of 50 micro- 
amperes full -scale deflection. The actual plate 
voltage of a resistance -coupled high -mu triode 
and the voltage at any point of a high- resistance 
voltage- divider circuit could then be accurately 
measured, also the d -c voltage drop across 
diode load resistors in second detectors, etc. 

The use of low- current drain, sensitive meters 
also extended the possibilities of measuring 
minute currents. When 50 micro -amperes (.0005 
ampere) gives full -scale deflection, values down 
to one -half microampere can be easily read. 
With the instrument described you can measure 
diode circuit current and local oscillator grid 
current. External connections should be brought 
out directly from the meter for this purpose. 
Of course, an instrument of high sensitivity can 
be used for all standard requirements, or if 
need be, the sensitivity can be decreased by in- 
serting a shunt. 

RANGES IN SHORT STEPS 
The usefulness of any meter is directly re- 

lated to the ranges available and the scale size. 
The meter of this kit has very wide ranges for 
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measuring direct current, voltage, and resis- 
tance. The ranges for voltage measurement are 
0- 10 -50- 100 -500 -1,000 with a sensitivity of 20,- 
000 ohms per volt. The resistance measure- 
ments are made in ranges of 0 -1000, ohms, 
0- 100,000 ohms, 0 -1 megohm and 0 -10 megohms 
using only a 22.5 -volt battery for the highest 
scale. The zero point is adjusted by means of a 
variable 100,000 -ohm shunt. The ohmmeter 
scale is of the reversed logarithmic type, allow- 
ing easy reading of values down to / ohm 
on the 0 -1,000 ohm scale. Current measure- 
ments of 10 and 100 ma may be made by 
setting the selector switch on point 2 and 1, but 
as mentioned before, for 50 microampere full - 

scale deflection, terminals must be provided 

5 
-15 

7HU ,5 .45Y & -LBY 

The diagram of the volt -ohm- 
milliemmeter circuit, for kit 
construction is shown at right, 
while the method of battery 
connections is detailed directly 
above. A switch is used for 
introducing a rheostat shunt 
across the voltmeter circuit 
composed of meter and 1,440 
ohms in series. When ohms are 
to be read this switch is to 
be closed. For all other pur- 
poses the switch is left open. 

and must be connected directly to the meter 
terminals. However, if added resistance of 
200,000 ohms is negligible, compared to the re- 
sistance in the circuit under measurement, the 
10 -volt range may be used for 50 microamperes. 

EASY TO WIRE 

The essential parts, including the meter, pre- 
cision resistors, and three deck 11 point switch, 
are available in kit form. The versatile service- 
man can easily design his own case. The wiring 
is simple and may be completed in less than 
one hour. 

[Other illustration on front cover] 
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SCALE RANGES 
Switch Meter 

Tap Scale 
1 100 M.A. 

2 10 M.A. 

3 1,000 Ohms 

4 100,000 Ohms 

5 1 Megohm 

6 2 Megohms 

7 1,000 Volts 

8 500 Volts 

9 100 Volts 

10 50 Volts 

11 10 Volts 

1 

1 

LIST OF PARTS 

Foundation Meter, 50 Micro -ape re movement, 1,575 ohm internal 
resistance. Scale marked 0 -500 V., 0 -1000 V., and 0 -1000 ohms 

Multiplier Resistor Kit, consisting of : 

resistor 
resistor 
resistor 
resistor 
resistor 
resistor 
resistor 
resistor 
resistor 
resistor 

carbon resistor 
carbon resistor 
carbon resistor 

1 5 ohm wire -wound precision 
1 24 ohm wire -wound precision 
1 495 ohm wire -wound precision 
1 1,440 ohm wire -wound precision 
1 2,535 ohm wire -wound precision 
1 4,500 ohm wire -wound precision 
1 5,000 ohm wire -wound precision 
1 27,000 ohm semi -precision carbon 
1 197,000 ohm semi- precision carbon 
1 297,000 ohm semi -precision carbon 
2 1 megohm semi- precision 
1 8 megohm semi -precision 
1 10 megohm semi- precision 
1 100,000 ohm potentiometer 

1 shunt resistor Kit, consisting of : 

1 1.58 ohm wire -wound precision resistor 
1 14.22 ohm wire -wound precision resistor 
1 142.2 ohm wire -wound precision resistor 
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SPOTLIGHT ON THC 
THOR CELEBRATES THE OPENING OF NEW AND 

ALL MERCHANDISE BRAND NEW 
PHILCO SIGNAL GENERATORS 

FEATURES 

Self contained 

100- 20,000 kc. 

continuous 

Direct Read- 

ing 

5 Wave Bands 

Constant 
modulation 

Vernier Dial 

Factory Sealed 

Cartons 

Here is the outstanding buy on the market in an all -wave self -contained 
signal generator. Absolutely in a class by itself for quality and value. Built to precision engineering standards and designed to be the ideal unit for correct adjustment on any radio it is priced at a sensational reduction. Attractive black crackle case with handle, Brass satin -finish panel. Unit measures 6" deep, 7" high, 10" long, and holds -1 midget 45 volt B, 1 midget 
221A volt B, 2 flashlight cells, and 1 106 oscillator. S wavebands from 100 to 
20,000 kc. plainly marked for direct reading. Model 088 lists at $32.50 in cur- rent Philco catalog and is furnished with ant. leads and clip. ORDER NOW! 

Set of Batteries 
$2.00 Extra 

SHURE SONORA PHILCO 
Zephyr Crystal Pickup. Shock- 
proof, Counterbalanced, and 
streamlined. List Price $10.00 
High impedance. Feeds direct 
to grid. 

Now $4.89 

1 
.4 Limited Quantity 

6 tube Auto Radio. Powerful superhet in one piece case measuring 10 x 7 x 7 and adaptable to any car. No sup- pressors required. Underdash control fits any model car. Complete with Philco tubes, control and all mountings. N 
Model No. 816, formerly $39.95 

Record Player. Complete unit with 
pickup and AC motor in attrac- 
tive wood case measuring 14" x 10" 
x 6 ". Self starting motor, builtin 
volume control, crystal pickup. 
Plays 10" and 
Records. Now 

12 $11.95 ow $16.50 

DIEHL 
AC Phono motor 

Self starting with speed control 
governor. Complete with 10" 
plate. $4.19 

MAIL ORDER 
SERVICE 

ORDER DIRECT 
20% Deposit 

required 

THOR 
5.000 Sq. Ft. 60 Dey Stre of Radio 

Telephone. 1, 
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)R'S SUPERB VALUES 
LARGER QUARTERS WITH UNBEATABLE BARGAINS 

FACTORY SEALED CARTONS GUARANTEED 
P H I LCO ALL -WAVE CHASSIS 

1 

111 

FEATURES 

3 Band 

Automatic 
Tuning 

12" Dynamic 

Band Spread 
Dial 

Push Pull 

Output 

Automatic 
freq. control. 

Factory Sealed 

Cartons 

Philco model l0X chassis using 9 glass octal base tubes in latest super- 
heterodyne circuit. Automatic tuning for 19 stations with Automatic 
frequency control to safeguard accuracy. Excellent response up to 10 
watts output. Full all -wave reception from 13 to 550 meters with all 
foreign and amateur channels bandspread for greatest selectivity. Tube 
complement -1 6K7G R.F., 1 6A8G Oscillator, 1 6K7G I.F., 1 6Q7G 
A.V.C. Detector, 1 6N7G Phase Inverter, 2 6F6G Power, 1 5Y4G 
Rectifier. Size 14" long, IVA" deep, Chassis height 9 ", height of dial 
12 ". Complete with 12" Philco Dynamic, 9 Philco tubes, Escutcheon and 
mounting bolts. ORDER YOURS NOW! 

8.75 
Complete 

With 9 Philco Tubes 
12" Dynamic Speaker 

accurate time 

Just Out 

RCA -VICTOR 
GENERAL ELECTRICI 

ye r. Newest model with crystal pickup 
control In attractive case measuring I 

and 5" high. Plays 10" 
ecords, quiet dependable Now 

Time clock. Shuts on and off your 
radio in any intervals from 15 

Record pla and built- minutes to 12 hours. Easily 
in volume 1 y " long, attached to any AC Now 10" wide radio and furnishes 
and 12" records. , $57 .9 motor Formerly $9.95... 5 7 

RCA- VICTOR 
Fitzall Universal Power trans - 
`ormer. All voltages. Perfect 
for replacement work. 5 -9 
tubes, 9.12 tubes. Formerly 
ì9.5O 

Now $3.79 

RADIO 
t, New York 5.000 Sq. Ft. 

of Radio 
AI clay 7 -2962 

MAIL ORDER 
SERVICE 

Write for Information 
on Special Items 
24 -Hour Service 

Electric Razor 
Nationally Known 
Black Bakelite Case. Works on 
AC or DC current. Formerly 
110.00 Now $3.99 
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The 902 
HE 902, a high -vacuum cathode -ray tube 
having a fluorescent viewing screen two 

inches in diameter, was introduced recently by 
RCA Radiotron. This tube, designed for oscillo- 
graphic application, is provided with two sets of 
electrostatic plates for deflection of the electron 
beam and will operate with an anode voltage 
as low as 400 volts. The 902 produces a bril- 
liant, luminous spot having a greenish hue. 
This tube is electrically interchangeable with 
the 913 (one -inch screen) provided the anode 
No. 2 supply is 400 volts or more. 

The electron source of the 902 is a sub- 
stantial cathode indirectly heated. The ca- 
thode, control electrode (grid), and focusing 
electrode which functions also as an accelerating 
electrode, constitute an electron gun for project- 
ing a beam of electrons upon the fluorescent 
screen. The resulting luminous spot, easily vis- 
ible in a well- lighted room, can be regulated 
as to size and intensity by suitable choice of 
electrode voltages. 

ADAPTED TO PORTABILITY 
The two interconnected sets of electrostatic 

plates in the 902 produce fields at right angles 
to each other, and consequently deflections at 
right angles. One set serves to reproduce the 
phenomena under observation; the other is used 
for the time sweep. 

Because of its small size and its ability to 
produce a bright image at low voltages, the 902 
is especially suited for compact, portable, oscil- 
lographic equipment. These features, in addi- 
tion to the relatively low cost of the 902 and 
its associated apparatus, make this tube prac- 
ticable for use in many types of test equipment 
where a larger cathode -ray tube would not ordi- 
narily be employed. 

INSTALLATION 
The base pins of the 902 fit the standard octal 

socket which may be installed for the opera- 
tion of the tube in any position. The socket 
mounting preferably should be adjustable. 

The bulb of this tube, except for the screen 
surface, should be enclosed in a grounded metal 
case. If an iron or steel case is employed 
to minimize the effect of extraneous fields on 
tube operation, care should be taken in its 
construction to insure that the case is com- 
pletely demagnetized. 

The heater is designed to operate at 6.3 volts. 
The transformer winding supplying the heater 
power should be designed to operate the heater 
at the rated voltage under average line -voltage 
conditions. If the circuit design is such as to 

cause a high voltage between the heater wind- 
ing and ground. the heater transformer should 
be adequately insulated to withstand the high 
voltage. 

The cathode is connected within the tube to 
one side of the heater. The terminal for this 

A New 2 -Inch 
Cathode -Ray Tube 

TENTATIVE CHARACTERISTICS AND 
RATINGS 

Heater Voltage (A.C. or 
D.C.) 

Heater Current 
Fluorescent- Screen material 
Direct Interelectrode Capaci- 

tances : 

Control Electrode to All 
Other Electrodes 

Deflecting Plate D1 to 
Deflecting Plate D2 

Deflecting Plate D3 to 
Deflecting Plate D4 

Overall Length 
Maximum Diameter 
Bulb (For dimensions, sec 

page 8) 
Base (For connections, see 

page 8) 

6.3 Volts 
0.6 Ampere 
Phosphor No. 1 

8.0 max. nmifd. 

3.0 max. mmfd. 

2.8 max. mmfd. 
7- 7/16" -3/16" 

2- 1/16" 

J -16 
Medium Shell 
Octal 8 -Pin 

MAXIMUM RATINGS AND TYPICAL 
OPERATING CONDITIONS 

High -Voltage Electrode 
(Anode No. 2) Voltage600 niax. Volts 

Focusing Electrode (Anode 
No. 1) Voltage 175 max. Volts 

Control Electrode (Grid) 
Voltage Never Positive 

Grid Voltage for Current 
Cut -Off* -80 approx. Volts 

Peak Voltage Between 
Anode No. 2 and any 
Deflecting Plate 350 max. Volts 

Fluorescent- Screen Input 
Power Per Sq. Cm. 

Typical Operation : 

Heater Voltage 6.3 6.3 Volts 
Anode No. 2 Volt- 

age 400 600 Volts 
Anode No. 1 Volt- 

age (Approx.) 
Grid Voltage 

5 max. Milliwatts 

100 150 Volts 
Adjusted to give suitable 

luminous spot 
Deflection Sensitivity : 

Plates Di and D. 0.28 0.19 Mm/Volt D.C. 
Plates D2 and D4 0.33 0.22 Mm/Volt D.C. 

"With maximum voltage applied to Anode No. 1 and 
No. 2. 

common connection is base pin No. 2, to which 
grid and anode returns should be made. 

The fluorescent screen employed in the 902 
is of the phosphor No. 1 (medium persistence) 
type. It has good visual properties as well as 
high luminous efficiency. 

The d -c supply voltages for the electrodes 
may be conveniently obtained from a vacuum - 
tube rectifier. Since a cathode -ray tube re- 
quires very little current, the rectifier system 

(Continued on page 38) 
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3 16" 

214 MAX. 

6 7/8"t 3/16 

75/16ti6 

7ii6t3i6 

TRE 902 IS EASED SO THAT THE 

TRACE PRODUCED OR TRE SCREEN 

RE DEFLECTING PLATES DE AND 

D2 IS ESSENTIALIT PARALLEL 

TO THE LINE PASSING THROUGH 

PINS No.3 ANO No.7 

MEDIUM SHELL OCTAL 
6 -PIN BASE 

.560" 
MAX. 

PIN I -ANODE NR 2, DEFLECTING 
PLATES 02 L 04 

PIN 2- HEATER t CATHODE 
PIN 3 -ANODE N! I 

PIN 4 - DEFLECTING PLATE DE 

.095 "MAx. 

.317 "MAX, 

1.3770 MAX.-' 

ALL PINS 093' 003" 

055" 45° 

45° 

- 45° 

L.030" MAX. 
SOLDER ALLOWANCE 

040" R. 

.667" 
1.007 "AT 
PIN TIPS 

45° \ 
2 

-- 

45° 

BOTTOM VIEW OF BASE 

Dimensions of the tube and data on socket connections. Observe the rotation at left center about the 
position of the trace of plates D, and D2. 

45° 

PIN 5 - GRID 
PIN 6 - DEFLECTING 

PLATE D3 
PIN 7 - HEATER 
PIN 6 - NO CONNECTION 
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(Continued from page 36) 
can be of either the half -wave or the voltage - 
doubler type. For the same reason the 
filter requirements are simple. A 4 to 8 mfd. 
condenser will ordinarily provide sufficient fil- 
tering. If this is inadequate for a particular 
application, a two -section filter is recommended. 

THE DEFLECTING PLATES 
Where a separate d -c power supply is used 

for the electrode voltages (see circuit), it is 
recommended that anode No. 2 be grounded 
rather than the cathode terminal. 

With this method, which places the cathode 
and heater at a high negative potential with 
respect to ground, the high voltage leads can 
more easily be made inaccessible. Where the 
anode voltage is obtained from the power sup- 
ply of other equipment (the negative terminal 
of which is grounded), the No. 2 anode of the 
902 should be operated at a positive potential 
with respect to ground; in addition, d -c block- 
ing condensers (about 0.1 mfd.) should be in- 
serted in all signal -input leads to the deflect- 
ing plates, so that the anode supply can not be 
shorted by the signal circuit and the operator 
will be protected from the anode voltage. 

Two sets of electrostatic plates, producing 
fields at right angles, provide for deflection of 
the electron beam. The electrostatic field of 
each pair of deflecting plates deflects the beam 
parallel to the axis of the field; therefore, the 
deflections produced by the two fields are at 
right angles. One deflecting plate of one set 
is connected within the tube to one plate of the 
other set, to anode No. 2, and to the conductive 
coating on the inner surface of the glass bulb. 

To maintain the free plate of each set at 
essentially the d -c potential of anode No. 2, each 
of these plates should be connected through 
a resistor of one to ten megohms to the anode 
No. 2 socket terminal. This arrangement per- 
mits choice of resistor value such that the elec- 
tron beam is not distorted by d -c potentials 
built up on the deflecting plates. In general, the 
resistance of the deflecting -plate resistors should 
be as low as external circuit conditions will per- 
mit. 

CARE AND CAUTION REQUIRED 
If, during operation, the zero axis should be 

permanently deflected, it is usually because the 
beam current is too high for the resistors used. 
The beam current should ordinarily be kept low. 
In cases where the fluorescent spot is off center, 
a variable d -c bias voltage of the necessary po- 
larity should be connected in series with one or 
both of the deflecting -plate resistors and ground. 
The polarity of each control voltage should be 
such that the spot can be shifted in the desired 
direction, or preferably in both directions so as 
to provide a pattern- centering adjustment. 

The deflection sensitivity for each set of 
plates for typical anode No. 2 voltages is given 
under Maximum Ratings and Typical Operat- 
ing Conditions. 

The voltages at which the 902 is operated 
are dangerous. Care should be taken in the 
design of the apparatus to prevent the operator 
from coming in contact with these voltages. 

Precautions include the enclosing of high - 
potential terminals and the use of "interlock" 
switches to break the primary circuit of the 
high- voltage power supply when access to the 
apparatus is required. 

In the use of cathode -ray tubes, it should 
always be remembered that high voltages may 
appear at normally low- potential points in the 
circuit, due to condenser breakdown or to in- 
correct circuit connections. Therefore, before 
any part of a cathode -ray tube circuit or its 
associated circuit is touched, the power- supply 
switch should be turned off and both terminals 
of any charged condensers grounded. 

APPLICATION 
The cathode -ray oscillograph is an instrument 

adaptable to a wide variety of applications. A 
few of the more important are : the study of 
wave shapes, measurement of modulation and 
peak voltages, adjustment of and location of 
faults in radio receivers and a -f amplifiers, com- 
parison of frequencies, and the indication of 
balance in bridge circuits. Due to the relatively 
low cost of the 902 and its associated apparatus, 
to the low voltages at which it can be operated, 
and to the small size and portability of equip - 
nient in which it is employed, this tube should 
find very general use by engineers, radio 
servicemen, radio amateurs, and school labora- 
tories. 

An oscillograph, reduced to its simplest form, 
can be designed to use only the cathode -ray 
tubes and a bleeder circuit with provision for 
connection to external anode and heater sup- 
plies. The diagram illustrates a more elaborate 
circuit for the use of the 902 in an oscillograph. 

The electrode voltages are obtained from a 
bleeder circuit connected across a separate high - 
voltage supply. A bleeder current of two or 
three milliamperes is usually satisfactory ; con- 
siderably larger values may require the use of 
more filtering than that provided by a single 
condenser shunted across the d -c supply. With 
small bleeder currents, a single condenser filter 
is usually adequate. A variable d -c voltage for 
the control electrode and for anode No. 1 is 
obtained from potentiometers in the bleeder cir- 
cuit. One set of electrostatic deflecting plates 
is used for the phenomena under observation ; 

the other set, for the time sweep which serves to 
spread the tracing across the fluorescent screen. 
Two a -f voltage amplifiers are shown -one for 
the vertical and one for the horizontal deflecting 
plates. Many applications, however, do not re- 
quire the signal -voltage amplifier, and others 
can dispense with the linear time -sweep oscil- 
lator and its amplifier. 

Focusing of the fluorescent spot produced by 
the beam is controlled by adjustment of the 
ratio of anode No. 2 voltage to anode No. 1 

voltage. Ordinarily, the ratio is varied by 
adjustment of anode No. 1 voltage, as shown 
in the circuit diagram. 

THE SPOT 
Regulation of spot size and intensity can 

be accomplished by varying anode No. 2 cur- 
rent and /or voltage. The current to anode 

(Continued on page 40) 
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OSCILLOGRAPH CIRCUIT WITH LINEAR SWEEP AND AMPLIFIERS 

A -C 
LINE 

5.0 V. 

R L +450V. +6.5 V. 

TYPE 902 

R25 

EXT. 
SYNC. 

C25 

60^- 
SYNC. 

Rg 

MOUNT Si ON REAR) 
OF THIS CONTROL 

R13 

R11 

R14 R15 

TYPE S3 
884 

Li111 
R12 

R 16 L.S. 

E.S.A.1 54 

F2 

-IC24 

CI = STRAY CIRCUIT CAPACITY 
C2 = 0.0008 pf, 500 V. 

C3 = 0.002 pf, 500 V. 

C4 = 0.005 pf, 500V. 
C5 = 0.015 pf, 500 V. 
C6 = 0.05 pf, 500 V. 

C7 = 0.15 pf, 500 V. 

C8 = 0.25 pf, 500 V. 

C9 C10 CI I C12 = 8 pf, 475 V. IWorking) 

C13 C14 = 0.1 pf, 250 V. 
C15 = 0.1 pf, 600 V. 

C16 C17 = 0.25 pf, 500 V. 

C18 C19 = 0.5 pf, 500V. 

C20 C21 C25 = 0.25 pf, 250V. 

C22 C23 = 
0.003 Pf 

C24 = 25 yf, 15 V. 

R1 = SEE NOTE I 

R2 = 10000 OHMS, 2 WATTS 
R3 = 15000 OHMS, 2 WATTS 

R4 = 20000 OHMS, 5 WATTS 

R5 = 650 OHMS, 0.5 WATT 

R26 

DI 
HORIZONTAL 

O 
L 

GROUND 

D 
3 C13T C141 VERTICAL 

Ci5 

CI7 

B I C23 R23 

EXT. SWEEP 
AMPLIFIER 

R6 R7 = 50000 OHMS, I WATT 

R8 = 30000 -OHM POTENTIOMETER 
R9 = 15000 OHMS, 0.5 WATT 

RIO = 20000 -OHM POTENTIOMETER 
R11 = 250000 -OHM POTENTIOMETER 

R12 = 25000 OHMS, 0.5 WATT 
R13 = 500 OHMS, 0.5 WATT 

R14 = 300000 OHMS, 0.5 WATT 
R15 = 2- MEGOHM POTENTIOMETER 
R15 = I MEGOHM, 0.5 WATT 

R17 R18 = 100000 OHMS, I WATT 

R19 R20 = 0.5- MEGOHM POTENTIOMETER 

R21 R22 = 200000 OHMS, 0.5 WATT 

R23 R24 = 1000 OHMS, 0.5 WATT 

R25 R26 = 2 MEGOHMS, 0.5 WATT 
L = 30 HENRIES, 15 MA. 

T = POWER TRANSFORMER 
SI = A -C LINE SWITCH 

S2 S4 = S.P.D. T. SWITCH 

S3 = S.P. 8 -POINT SWITCH 
S5 56 = S.P.D.T. LOW- CAPACITY SWITCH 

ROTE 1: Choose value of R1 to give 450 volts at point A. Start with 10000 ohms and de- 

crease value until desired voltage is obtained. This method of adjustment protects con- 
densers C9 and C10 from excessive voltage. 

The 884 will not oscillate when S3 is set at C1. This point can be used to stop the saw - 

tooth oscillator when the linear sweep is not being used. 

Diagram of a complete circuit for the new tube with all constants given. 
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(Continued from page 38) 
No. 2 may be increased by decreasing the bias 
voltage applied to the control electrode (grid). 
An increase in anode No. 2 current increases 
the size and intensity of the spot. An increase 
in the voltage applied to anode No. 2 increases 

View of the new cathode -ray tube. 

the speed of electrons which increases spot 
intensity and decreases spot size. When any of 
these adjustments are made, consideration 
should be given to the limiting voltage and 
power ratings shown under Maximum Ratings 
and Typical Operating Conditions. 

In applications involving voltage measure- 
ments, the anode No. 2 current should be re- 
duced to the minimum value consistent with the 
desired brilliance of pattern. Where high 
brightness is an important consideration, the 
voltage applied to anode No. 2 may be increased 
to the maximum rated value. The procedure, 
however, is not always desirable because the 

greater speed of the electrons in the beam causes 
reduced deflection sensitivity. 

KEEPING SPOT IN MOTION 
The 902 is designed to provide as high a 

current in the electron beam as is consistent 
with good focusing quality. This high current 
capability is a distinct advantage for obtaining 
bright patterns covering a relatively large area, 
but must be used with caution when the spot 
traverses slowly any portion of a large pattern, 
or when the pattern size is small. Where re- 
current phenomena are involved, the pattern, or 
some portion of it, having too high a power input 
per unit area, may cause the rating of the 
fluorescent screen to be exceeded. A "slowly - 
moving" spot is tentatively defined as a 
fluorescent spot which is traveling slowly 
enough to be seen as a spot, rather than a 
trace or line. With patterns of this type, 
the power input to the screen should be lim- 
ited, as in the case of a stationary spot. 

It is important that the maximum input 
power to the fluorescent screen should not ex- 
ceed 5 milliwatts per square centimeter. The 
use of the screen input power in excess of this 
value will adversely affect the fluorescent 
coating, depending on the magnitude and dura- 
tion of the power input. The resultant injury 
to the screen may be a temporary loss of sensi- 
tivity, or a permanent destruction of the active 
screen material. 

The high intensity spot should be kept in 
spot by the application of voltage to the deflect- 
ing system, so not to exceed the maximum 
fluorescent screen input rating. Until this volt- 
age is applied the screen input power should 
be kept low, either by the application of a high 
negative control electrode -bias, or by removal 
of the voltage from anode No. 2. 

VERICHROME FILM RECOMMENDED 
Photographs of recurrent phenomena (pro- 

ducing stationary patterns) appearing on the 
viewing screen of the 902 can be made with 
an ordinary camera. Due to the low anode 
voltage and moderate screen input power at 
which the 902 is operated, the photographing 
should be done in subdued light in order to 
obtain as much contrast as possible between 
the fluorescent pattern and the background. The 
time of exposure will depend on the speed of 
the camera lens, the kind of film or plate emul- 
sion used, the magnification of the pattern, and 
the brightness of the image on the viewing 
screen. Verichrome film gives excellent re- 
sults. 

Copyright 1938 by RCA Manufacturing Co., Inc. 

OHMS AND LINEARITY 
Resistance measurements are now made with 

a circuit having a limiting resistor and a volt- 
age supply, the unknown put in series. This is 
a reciprocal form and also involves the sub- 
traction of the limiting resistor. A form of 
bridge circuit makes linear readings practical, 
also ohms read up from zero current, instead of 
backwards. 
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Filters, Transformers, 
Antennas 

As Means of Reducing Interference 
By Alfred A. Chirardi 
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FIG. I 

Filter arrangement for eliminating the electrical interference created by electric sign flashers. 

IThe following is an instalment of "Reduc- 
ing Electrical Interference," reprinted from Al- 
fred A. Ghirardi's "Modern Radio Service," by 
permission of the publisher and copyright owner, 
Radio & Technical Publishing Co.-EDITOR] 

ELECTRO- MEDICAL equipment, particu- 
larly violet -ray, X -ray and dithermy appar- 

atus, is probably the most prolific producer of 
interference. This is all high -frequency appara- 
tus, and the interference generated by it is not 
only radiated directly into space in all directions 
for a short distance, hut the greater part of it is 
fed back into the power line where it may be 
conducted directly to receivers located consider- 
able distances away, or may be re- radiated to 
other power wiring, telephone circuits, etc., 
which may carry it along and re- radiate it to 
radio receiving equipment located as far as a 
few miles away. Thus it may not only create 
interference in the immediate locality, but over 
a large area as well. Service men should re- 

member this, and not be too quick to hold such 
apparatus blameless because. it happens to be 
located at what appears to be a considerable dis- 
tance from the location where the interference 
is received. 

Complete elimination of the interference from 
these machines involves : 

(a) elimination of the feeding of the high - 
frequency energy back into the power 
line. 

(b) elimination of the direct radiation of 
interference from the machine. 

The first problem is solved by connecting a 
filter between the machine and the power line. 
Due to the intensity of the interference from 
this type of apparatus and the fact that it is of 
the "shock excitation" type, his filter must be 
unusually effective and should be designed pref- 
erably to suppress the particular band of high 
frequencies which these machines produce. Spe- 
cial commercial filter units designed especially 

(Continued on following page) 
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(Continued from preceding page) 

for these machines are available. The current 
which these machines draw from the a -c line 
varies from 6 amperes (small size) to 25 am- 
peres (the very large size). 

It is not practical to install filters in the out- 
put (high -frequency) circuit of the diathermy 
machine in order to solve the second problem 
by suppressing the high- frequency interference 
at its source and thus preventing its radiation 
since, if such filters were effective in suppressing 
radiation of the interference they would also pre- 
vent the passage of high- frequency currents to 
the body of the patient, and would thus render 
the apparatus ineffective in the treatment of dis- 
ease. 

REQUIRES COMPLETE SHIELDING 

It is, therefore, evident that this problem can 
only he solved by complete shielding, i.e., com- 
pletely enclosing the entire machine, the line 
filter unit, the operator and the patient taking 
the treatment in a large screening cage, (since 
the application of the electrodes to the body of 
the patient causes the patient to act as a broad- 
casting antenna which will radiate the interfer- 
ence). It has been found than an enclosing cage 
measuring about 7x5 feet and 61/2 feet high 
constructed with a wooden framework and 
completely covered with ordinary galvanized 
iron screening (exact size of mesh not impor- 
tant) on all four sides as well as on the top and 
bottom (a hinged screen door is used for en- 
trance and exit) serves the purpose. The com- 
plete continuity of the screening must be main- 
tained at all joints in it by providing firm metal- 
lic contact between the various sections of which 
it is composed. Several parts of the cage should 
be well grounded to earth. 

It is important to note that any wiring which 
enters the screen booth must pass through the 
filter, otherwise, interference will be picked up 
on this wiring and carried out of the cage, thus 
reducing the value of the shielding. In other 
words, any lighting fixtures used for illuminat- 
ing the interior of the cage must be mounted 
above the top of the booth so that the light 
shows through the screen, or if they are in- 
stalled within the booth must be connected to the 
load side of the filter. Doorbell, annunciator, 
or telephone wiring must also be kept outside 
the screen, otherwise, the interference will be 
picked up on this wiring and carried out into 
the building, thus nullifying the value of the 
filter and screening. 

Electric sign flashers are often a source of in- 
terference which can be prevented by the use 
of suitable filters of the capacitive and inductive 
type. The interference heard from signs of 
the type in which various sections flash on and 
off is a steady series of "clicking" noises notice- 
able whenever a section of the sign is flashed 
on or off. Although interference from this type 
of sign is extremely annoying, it is not so ob- 
jectionable as that created by those signs which 
have a running border or "bursts." This type 
of sign produces interference which sounds like 

the steady rattling 6f machine -gun fire in the 
radio receiver which picks it up. These run- 
ning borders or "bursts" are controlled by high- 
speed rotary switches mounted on a long drum 
which is revolved by an electric motor oper- 
ated from the line. These clicks are caused by 
the make and break of the circuits as different 
parts of the sign are switched on and off. The 
switching action sets up oscillations in both the 
supply lines to the flasher mechanism, and in 
the connecting lines between the flasher me- 
chanism and the lamps in the sign. 

DIRECT RADIATION 
The complete schematic circuit arrangement 

of a typical electric sign flasher installation 
with all the chokes and by -pass condensers nec- 
essary for the complete elimination of inter- 
ference from it is shown in Fig. 1. The in- 
terference created by the motor (if any) and 
that created by the flashing circuits is blocked 
from being conducted back into the power 
supply line by the filter system composed of 
line condenser C2, plus condenser Ca and choke 
L, which are in the common load lead at the 
right. 

Interference may also be caused by direct ra- 
diation caused by the oscillation set up in the 
leads between the flasher contacts and the lamps 
in the sign. This radiation may he picked up 
by the supply line and re- radiated to radio re- 
ceiving antennas at points further along it, or 
it may be picked up directly by the antenna 
system of any receiver within several hundred 
feet of the sign. If the leads between the flasher 
contacts and the sign are very short and run 
in metallic conduit, no suppression need ordi- 
narily be applied to them. However, if they are 
long, it is necessary to apply a proper capaci- 
tive- inductive filter to each of the leads. This 
may consist of an inductance L1 in series with 
each lead, and a by -pass condenser C1 from the 
lead to the frame of the flasher. In addition, a 
by -pass condenser C is connected directly across 
each flasher contact, as shown. Of course, all 
condenser leads should he kept as short as pos- 
sible. It is important to keep in mind that a 
filter must be connected in each of the flasher 
leads -if a single one is left unfiltered, that 
lead will radiate interference, and the effect 
of the filters in the other leads will be reduced 
materially. Also, each filter section should be 
shielded from the rest. Also, in most cases all 
grounds should be made to the frame of the 
flasher, and any actual "earth ground" to the 
flasher frame should he removed. 

LITTLE TROUBLE FROM NEON SIGNS 
Flashing signs drawing a total of as much as 

10,000 watts and having from 25 to 50 contacts 
on the flasher are not uncommon. Naturally, 
the filter inductances which must be applied to 
large signs must be constructed of heavy wire 
able to carry the current in each flasher circuit. 
Such inductances are rather difficult for the 
individual radio service man to construct him- 
self. Commercial filter units containing all 
the necessary units in a single case are avail- 
able for suppressing interference from flashing 
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signs of all sizes, and are designed especially 
for this purpose. 

Neon signs which operate steadily (are not 
flashed) will seldom cause any radio interfer- 
ence if they are in good electrical and me- 
chanical condition -even though they are oper- 
ated from high- tension transformers. If inter- 
ference is traced to such a sign, the sign itself 
should be inspected and repaired before any 
filtering arrangements are tried. It may need 
cleaning, the electrodes may require rebush- 
ing, loose connections between the transformer 
and the neon tubes (or between separate sec- 
tions of the tubing) may have to be tightened, 

ANT 
RECEIVER; 

GND 

4 
WATER PIPE GND. 

(2) Is the nature of the immediate vic- 
inity surrounding the place where the 
receiver is installed such that you 
would expect to find that the interfer- 
ence was caused by only one (or a 
few) electrical devices which can be 
located fairly easily, or is it likely 
that a large number of elusive devices 
are contributing to the interference? 
Is the interference likely to be caused 
by a device that can be suppressed 
effectively by a filter or other means 
which the owner of the device is will- 
ing to allow the service man to install 

(3) 

WALL OUTLET 

FILTER GROUND 
WIRE 

LINE FILTER 

RECEIVER LINE CORD 

FIG. 2 

Correct method of connecting a line filter unit directly at the power line outlet so that no interference 
will enter the receiver line cord and be radiated to the receiver wiring or antenna system from it. The 

"ground" terminal of the filter unit should be grounded to the conduit of the line -not to the receiver 

ground. It is preferable to locate the filter unit at the main service switch of the building if it is possible 
(see text). 

a larger transformer may have to be substi- 
tuted because of overloading, the transformer 
case and the metal sheaths of any connecting 
wires may have to be thoroughly grounded, etc. 
All of these possibilities should be checked care- 
fully. 

If the interference still persists after all of 
these details have been attended to, an induc- 
tive- capacitive type filter should be connected 
at the primary side of the transformer used for 
supplying the high -tension current for operation 
of the sign. 

If the sign is of the "on -off" variety or is 

of the type which consists of a number of sec- 
tions operated by a rotary sign flasher, both 
the line circuit and each flasher circuit will 
have to be filtered as shown in Fig. 1. 

REQUIRES JUDGMENT 
The question as to whether it is better to 

attempt to suppress the interference directly 
at its source so that it does not reach the re- 
ceiving equipment at all, or whether it is best 
to concentrate attention on the receiving equip- 
ment instead and take steps to prevent the 
interference from affecting it, should be ans- 
wered only after a careful, level- headed con- 
sideration of the installation conditions which 
each case presents has been made. There is 
no single "sure- cure" formula for interference 
elimination. Before making any decision, the 
following points should be considered carefully: 

(1) Is the interference reaching the set by 
way of ; (a) the power line ; (b) the 
ground lead; (c) the lead -in and 
aerial ; (d) a combination of these? 

and which either the owner of the 
interfering device or the owner of the 
receiver is willing to pay for? 

(4) If it has been determined that at least 
a good part of the interference is 
reaching the receiver by way of the 
aerial and lead -in, is it likely that the 
aerial can be erected in a location 
which is reasonably free from the dis- 
turbance so that this portion of the 
antenna will not pick up noise even 
after a noise -reducing lead -in arrange- 
ment has been installed? 

The answers to these important questions 
(and to any others which the service man's 
experience on noise- elimination jobs in the par- 
ticular locality has shown him are very im- 
portant), are the factors which should deter- 
mine his course of action. They should tell 
him whether it is advisable to attempt to track 
down the source of interference and suppress 
it right at its source, whether to employ a 
line filter at the power line outlet to which 
the receiver is plugged, or whether to erect 
a special noise -reducing antenna arrangement 
instead, etc. The economics of the situation, 
and the degree of freedom from the interfer- 
ence which each remedy will finally provide are 
the key considerations in each case. 

CONVENIENT WAY 

There is little question it is usually very cdn- 
venient to minimize the interference at the 
receiving equipment rather than at the source 

(Continued on following page) 
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whenever this is the best course to follow. Such 
a procedure often results in decreased cost of 
filtering apparatus, decreased cost in terms of 
time consumed in locating the source, and prob- 
ably better results when the interference orig- 
nates from several sources as is common in 
congested city districts. A consideration of 
what has been said here must show that there 
are many cases where it is not economical to 
devote the large amount of time required to 
hunt down the source of interference in the 
veritable maze of electrical disturbances which 
may exist in the locality. In others, it is just 
plainly impossible to locate it, and the sooner 
the service man realizes it the better. This 
condition is very common in cities (especially 
where apartment houses are crowded together). 
With these facts in mind, let us see how inter- 
ference may be prevented from affecting the 
receiver by taking proper steps at the point of 
location of the receiving equipment. 

Let us assume that tests show conclusively 
that the interference (or at least a good part 
of it) is being conducted directly to the re- 
ceiver from an outside source of disturbance by 

ELECTRO- 
STATIC SHIELD 

Fl6. 3 

How the electrostatic 
shield is placed be- 
tween the primary 
and secondary wind- 
ings of a power trans- 

former. 

way of the power supply line, and that it has 
been decided for one reason or another that it 
would not be wise to attempt to hunt down the 
source of this interference. What should be 
done? 

Noise entering the receiver by direct conduc- 
tion via the power line can be minimized in 
two ways : first, by the insertion of a filter be- 
tween the line and the receiver, and second, 
by the use of a shielded power transformer in 
the receiver. The first expedient makes use 
of as suitable filter (one of the types designed 
especially for use at the noise- generating de- 
vice may be used). This filter may consist of 
condensers alone, or combinations of condensers 
and chokes, placed in a shielded container. When 
used at the receiver, it should be placed as 
close to the electrical outlet as possible in order 
to prevent the receiver supply cord from ra- 
diating noise over its length from the outlet to 
the receiver wiring or to the lead -in. wire. 

FILTER NEAR LINE METER 

Whenever it is at all practical to do so (es- 
pecially in private homes) it is best to con- 
nect the filter at the incoming "service" switch 
near the house meter. By connecting the filter 
right at this main switch, the disturbances are 
prevented from circulating through the electric 
wiring of the building. This prevents them 

from reaching the receiver via the power line 
and also prevents them from setting up fields 
which might also affect the receiving antenna 
system. Keep the leads to the condensers as 
short as possible, and connect their junction 
point to a good ground. This ground should be 
preferably a separate ground from the one used 
for the receiver -generally made quite conven- 
iently to the metal conduit in which the sup- 
ply wires are run. In fact, even if the filter 
is connected at the outlet to which the receiver 
is plugged, its "ground" terminal should not 
be connected to the ground terminal of the 
receiver -it is usually much more effective to 
ground it to the metal conduit of the line by 
connecting it to the outlet plate as shown in 
Fig. 2. In fact, in many cases this "ground" 
may be found to have more effect on eliminat- 
ing the interference than the filter itself has. 
And don't use a line filter the size of a thimble. 
Remember that it is the capacity (or induct- 
ance) of the filter that does the trick. There- 
fore, if the filter is one of those tiny things 
that are often seen, it does not have much ca- 
pacity in it, and consequently will not do much 
filtering. 

The use of a shielded power transformer 
is common practice in many medium -priced 
(and in all well -designed' modern receivers. 
An electrostatic shield is built in between the 
primary and the secondary windings of the 
power transformer in the receiver as shown in 
Fig. 3. The presense of this shield prevents 
line interference from getting across from the 
primary winding to the high -voltage secondary 
winding. Two by -pass condensers of about 
0.1 mfd. each are also often connected across 
the supply line in the receiver.. Of course, it 
is not generally necessary to replace an un- 
shielded type power transformer with one hav- 
ing an electrostatic shield when noise is enter- 
ing the set via the power line, but it is well to 
know why some receivers (with unshielded pow- 
er transformers) are noisier than others (with 
shielded transformers) even though chassis 
shielding is about the same in both. 

There are many commercial compact, in- 
expensive line filter units designed with a male 
plug at one end (which plugs into the wall out- 
let) and a female socket at the other end into 
which the plug on the line cord of the receiver 
is inserted. When properly installed, as shown 
in Fig. 2, they automatically connect into the 
line between the wall outlet and the receiver 
line cord. 

EVEN LITTLE DEVICES RADIATE 

Let us now consider the case where the 
tests show definitely that the interference (or 
at least a major part of it) is being picked 
up by the antenna system of the receiver. The 
interference may get to it in either (or both) 
of the following ways : 

(1) By direct radiation from the distburing 
device. 

(2) By indirect radiation from the power 
supply line or some other circuit which has 
picked up the disturbance. 

[Another instalment nest month] 
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0A4 -G, New Control Tube 
Avoids Signal Current Drain When 

Remote Receiver is Inoperative 
OPT IONAL 

HS V. AC 

AND 

CONTROL 
SIGNAL 
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TUNED 
TO 

CONTROL 
FRED 

CONTROLLED 
POWER 

OUTPUT 

(BOTTOM VIEW) 

Diagram courtesy of Sylvania 
FIG. I 

The 0A4 -G in a typical circuit and (at right) bottom view of the socket, revealing where the pins con- 
nect. NC means no connection "; K is cathode; A is anode, and SA is starter anode. 

THE use of the a -c, and even d -c house 
and factory lines for conducting carriers 

as in call systems and some remote -control oper- 
ations, invites solutions of absence of current 
draw in a control device while the live -operated 
main unit is not functioning. One such solution 
is found in the new 0A4 -G tube, which is of the 

,gas -filled, cold -cathode type. The tube may be 
used also as a voltage regulator or as a relaxa- 
tion oscillator (saw -tooth wave form as used 
in oscilloscopes). 

Sylvania has supplied the data contained in 
the table printed herewith, and also makes the 
following explanation of the design and use 
of the new tube: 

"The tube consists of a cathode, anode and 
starter -anode. Its characteristics are such that 
with no voltage on the starter -anode a relatively 
large voltage (A) is required between the 
cathode and anode to cause the tube to start. 

"The application of a proper signal voltage 
(B) to the starter -anode will cause a cathode 
to starter -anode current (C) to flow. This 
will produce a glow discharge and reduce the 
voltage for breakdown (D) between cathode 
and anode to the point where the tube will 
conduct at normal line voltage. Therefore, there 
need be no stand -by current flowing while the 
circuit is inoperative. 

TYPICAL CIRCUIT 
"The accompanying circuit (Fig. 1) of a re- 

mote control relay is a typical application of the 
Type 0A4 -G in a -c service. It will be noted in 
the circuit that full line voltage is applied be- 
tween the anode and cathode and that a bleeder 
system is used to maintain a voltage on the 
starter -anode just below that required for 

breakdown. The capacity and inductance, C 
and L, is a high -Q tuned circuit for o -f signals. 
When an r -f signal is transmitted on the power 
line a resonant voltage appears across the in- 
ductance and capacity. The voltage across 
condenser C increases the negative potential 
peaks on the cathode and increases the poten- 
tials between the cathode and starter- anode. A 
discharge between the cathode and starter -anode 
is started by these peaks. This discharge pro- 
duces free ions which enable the discharge to 
transfer to the anode when sufficient starter - 
anode current flows. After this transfer occurs, 
current flows through the relay. 

VOLTAGE PRECAUTIONS 
"Precautions should be taken in the applica- 

tion of the Type 0A4 -G so that at high line 
voltages the a -c voltage applied to the starter - 
anode will not be great enough to reach the 
breakdown point. 

"Precautions should also be taken so that at 
low line voltages the carrier voltage will be 
large enough to make up for the lowest line 
voltage. Therefore, a minimum r -f starter - 
anode voltage of 55 volts peak should be pro- 
vided. 

"The Type 0A4 -G may be operated from d -c 
power lines. However, after the tube has 
started to conduct through the application of a 
signal it will continue to conduct even after the 
signal is removed, since the voltage supply on 
the anode circuit is continuous. Therefore, to 
reset the tube for a further operation to a 
non- conducting state, it will be necessary to re- 
move the anode voltage or drop it below 60 

(Continued on following page) 
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Constants for 0A4 -G 
CHARACTERISTICS 

Anode to Cathode Breakdown Voltage (A) (Starter -Anode tied 
to Cathode) 

Starter -Anode to Cathode Breakdown Voltage (B) 

Starter -Anode Current for Transition of Discharge to Anode at 
140 Volts, Peak (D) 

StarStarter -Anode to Cathode Operating Voltage Drop 
Anode to Cathode Operating Voltage Drop 
Anode to Cathode Current (continuous) 

(instantaneous) 

225 volts Min. 
70 Volts Min. 
90 Volts Max. 

100 µamps. Max. (C) 
60 Volts Approx. 
70 Volts Approx. 
25 Ma. Max. 

100 Ma. Max. 

TYPICAL OPERATING CONDITIONS (A -C SUPPLY) : 

Anode -Supply Voltage (RMS) 
Starter -Anode Voltage (Peak) A -C 
Starter -Anode Voltage (Peak) R -F 
Sum of A -C and R -F Starter -Anode Voltages (Peak) 

Standard octal socket is used. 

105 -130 Volts 
70 Volts Max. 
55 Volts Min. 

110 Volts Min. 

(Continued from preceding page) 
volts, instantaneously, after the signal has been 
removed." 

REPORT BY RCA 
RCA Radiotron, in its announcement of its 

0A4 -G, refers to it as a new cold- cathode, 
glow- discharge gas- triode, adding : 

"The 0A4 -G is intended primarily for serv- 
ice as a relay tube and is designed especially 
for use in an electrical system for the remote 
tuning and control of line- operated radio re- 
ceivers. It can be actuated by r -f impulses 
generated under the control of the user and 
transmitted over the power line that supplies 
the radio receiver. Only a small amount of 
electrical energy is required to actuate the 
0A4 -G. Being of the cold- cathode type, it 
does not consume power when the receiver is 
not in use. A remote -control system using the 
0A4 -G provides a simple method for eliminat- 
ing special cables and gives the user a large 
choice of control positions. 

SCHEMATIC RELAY CIRCUIT USING TYPE 0A4 -G 
-C oPCRATION 

S-1 

4= HIGw -Q TUNED CIRCUIT FOR R -F SIGNAL 

R I =15000 OHMS (I, WATT ) 

RZ =10000 OHMS (1/2 WATT) 
s - RELAY -CHOSEN Fora DES'GN REOUIREMCNTS 

=GAS TUBE TYPE 

FIG. 2 

Full line voltage is applied between anode and 
cathode. 

"The remote -control capabilities of the 
0A4 -G can be utilized by the ingenious experi- 
menter in numerous ways." 

As a relay tube the 0A4-G should be oper- 
ated according to the conditions given under 
Maximum Ratings and Typical Operating Con- 
ditions. 

Fig. 2 is a schematic circuit from RCA show- 
ing the use of this type. In this circuit, full 
line voltage is applied between anode and ca- 
thode. The starter -anode is maintained at a po- 
tential just below that required for breakdown 
by means of the bleeder consisting of R1 and R2. 
The inductance L and the condenser C consti- 
tute a tuned circuit in series with the line. When 
a carrier having the frequency of the tuned cir- 
cuit is impressed on the power line, a resonant 
voltage appears across L and C. The effect of 
the voltage across the condenser C is to increase 
the negative potential peaks on the cathode and 
thus to increase the potentials between cathode 
and starter -anode. These peaks start a dis- 
charge between cathode and starter -anode. This 
discharge produces free ions which enable the 
discharge to transfer to the anode if circuit 
values are such that sufficient starter -anode cur- 
rent flows. After the discharge occurs between 
cathode and anode, current flows through the 
relay S to close the contact of a local circuit. 
Because a.c. is supplied to the anode, the 0A4-G 
ceases to discharge when the carrier is removed. 

If the 0A4-G is to be operated from a 
d -c power line, it will be necessary to provide 
means for reducing the anode voltage to a value 
under 60 volts (extinction voltage). This can 
be conveniently done by opening the anode cir- 
cuit. 

It will be noted that most of the voltage on 
the starter -anode required to cause breakdown 
is supplied by the bleeder circuit. As a re- 
sult, the tuned circuit is required to supply only 
the difference between breakdown voltage and 
applied a -c voltage. Precautions should be 
taken in the design of equipment so that at 
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the highest line voltage, the a -c voltage ap- 
plied to the starter -anode will not be sufficient 
to cause the 0A4 -G to break down ; and so 
that at the lowest line voltage, the carrier volt- 
age will be high enough to make up for low 
line voltage. It is recommended, therefore, that 
provision be made to supply an r -f starter - 
anode voltage having a minimum peak value of 
55 volts. 

Typical breakdown characteristics of the 
()A4 -G are shown in Fig. 3 for conditions where 
the starter -anode and anode are either positive 
or negative, respectively. The tube is designed 
to be operated so that the discharge takes place 
when the starter -anode and anode are both posi- 
tive (first quadrant). For purposes of illus- 
tration, values are also shown in the other 

quadrants for other polarity combinations. Op- 
eration in these quadrants is unstable. 

200 MA MINIMUM FOR A5 

In the first quadrant, it will be noted that 
the 0A4 -G breaks down between cathode and 
starter -anode when the starter -anode voltage 
reaches 85 volts approximately. This dis- 
charge initiates a discharge between cathode 
and anode, provided the anode potential is ade- 
quate. The required anode potential is a func- 
tion of the current flowing in the starter -anode 
circuit. The relationship between anode volt- 
age and starter -anode current is shown in Fig. 
3. In practice it is desirable to have a current 
of at least 200 microamperes flowing in the 
starter- anode. 

TYPICAL BREAKDOWN CHARACTERISTICS 
FOR DIFFERENT ELECTRODE POLARITIES 
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The breakdown characteristics are shown above. 
At top, right, is Fig. 4; at bottom, right, Fig. 5. 
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Curing Troubles 
in a VTVM for AC 
Calibration Follows D.C. -Negligible 

Loading, Except at Peak 
By H. J. Bernard 

aeS .td 
($'71/Coi) 

FIG. I. 
A four -range vacuum -tube voltmeter for measuring a.c. of any frequency, to 10 megacycles. 

ONE OF the most difficult devices to con- 
struct and use is the vacuum -tube voltmeter 

and it is one of the most important. The 
instrument may be described as a vacuum tube 
with an indicating meter that reflects changes 
in the unknown input voltages, the device draw- 
ing little or no current from the measured 
source. It is difficult to construct because for 
drain of little or no current a voltage- dividing 
system, or bleeder network, should be avoided, 
and yet the range should be adequate. It is 
difficult to use because it should introduce 
minimum disturbance of the circuit that is being 
measured. 

There is practically no radio service meter 
that covers wide range without drawing any 
current from the measured source, 

So far nothing has been said about the maxi- 
mum frequency, or lowest wavelength, to be 
measured, but so soon as the frequencies are 
greater than 10 megacycles, capacity effects 
that may be disregarded at low frequencies, 
become of considerable hindrance to accuracy. 
That is true, because, though the capacity may 
remain practically constant, the effect of the 
capacity increases with frequency. 

SIMPLE DIAGRAM 
A solution of the problem was found by 

General Radio Company, as set forth in the 
August, 1937, issue of RADIO WORLD, whereby 

the unknown a -c voltage is fed to a condenser - 
diode rectifier, while an inverse -feedback direct - 
current amplifier influences the meter. A half - 
wave rectifier of the a -c voltage, for B supply, 
was found adequate, and plate volatge may be 
medium (around 200 volts). 

The diagram, Fig. 1 is extremely simple, and 
the attainment of the lowest voltage range is 
likewise easy, but pains are necessary for proper 
addjustment to successively higher voltage steps, 
also there are a few unusual conditions that 
have to be watched. Of the precautions that 
must be taken this article will deal principally. 

A few words about the theory of the circuit 
will clarify the adjustment data to follow. 

The rectifier of the unknown a -c input is a 
diode, which may be composed of a triode with 
grid and plate interconnected. If high frequen- 
cies, deep in the megacycle range, are to be 
measured, then it is advisable not only that the 
diode -connected triode be a 955, but that a 
gooseneck or low- capacity cable with prods be 
used. The tiny acorn tube, besides having low 
electrical capacity, also is made for practically 
socketless utilization, so additional significant 
capacity is avoided, and also, with special 
receptacles of finer grade materials, leakage 
clue to external causes is made extremely low. 
The gooseneck, or similar extension, for meas- 
urement by probing, is imperative for high 
frequencies, where the measurement is thus 
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made clinically, as is done in the General Radio 
commercial unit. 

USE OF ORDINARY TUBE 

Assuming, however, . that an experimenter 
does not desire to go to this extreme, lacking 
the facilities, and also being content to stop at 
a few megacycles or so in his measurements, 
the first tube, or rectifier, may be a 76, as in 
the diagram. The load resistance between effec- 
tive anode and cathode must be very high, and 
is shown as 20 meg., since this is readily obtain- 
able. It is, for instance, a standard value of 
the type BT resistors of International Resist- 
ance Company. If possible, make the resistor 
even higher, up to 50 meg., which is the value 
General Radio uses. 

Between the anode side of the resistor and the 
"high" input binding post is a .005 mfd. mica 
condenser. The circuit now has d -c continuity. 
The unknown voltage, during the peak of the 
positive cycle, makes the diode conductive ; 

pulsating direct current flows through the tube 
and the load resistor. It would not be practical 
to put a meter in series with the cathode -to- 
ground lead and call it a day, as first, the meter 
would require undue sensitivity, say a 0.5 micro - 
ammeter (not half a milliampere full -scale, but 
half a microampere full-scale, thus a thousand - 
times more sensitive) ; and besides the load 
resistor would have to be changed three times 
for four ranges. 

POLARITIES NOTED 
A d -c voltage thus appears across the load 

resistor, negative to anode, positive to cathode 
of the diode, so it is apparent that the grid of 
an amplifier tube may be connected to the anode 
of the first 76, or diode, and the higher the 
unknown voltage, the more negative will be 
the grid of the amplifier tube, without need of 
any voltage divider. This scheme, then, works 
in the desired direction. Notice that the worst 
that can happen, by this method, is that if the 
unknown input voltage is excessively high for 
the amplifier, the plate current in that amplifier 
will be cut off. This is to be remembered in 
connection with a simple solution to be discussed 
later. 

Naturally, the 76 amplifier requires a B 
supply, and this is provided in the usual way, 
but the arrangement for the amplifier in connec- 
tion with the B supply is unusual, and requires 
special attention. R resistor R,. may be used 
for reducing excessive B voltage. 

We found a negative d -c voltage developed 
at the anode of the diode, but this contains 
pulses, and it is necessary to provide a filter. 
The simplest one consists of a resistor and a 
condenser. Therefore, if instead of directly con- 
necting the anode to the grid of the amplifier, a 
high resistance is interposed between the two, 
a condenser from grid of amplifier to cathode 
of diode will provide the filtration. 

HAS LITTLE REACTANCE 
Since we are dealing with high resistance 

loading, we require condensers that of them- 
selves have a very low leakage, or very high 

leakage- resistance, and the mica type of con- 
denser meets that requirement. 

Also what are generally regarded as medium - 
capacity units may be expected to have lower 
leakage than higher capacity units, hence as 
small a capacity as is practical is selected, and 
this may be .005 mfd. in the two instances. The 
leakage resistance of excellent mica units of 
this type may be in the multi -megohm range, as 
proven in the case of the Cornell -Dubilier con- 
densers that were used in the experimental 
setup. 

This tube voltmeter is practically non -reactive, 
from the lowest audible frequency to deep in the 
megacycle region. Naturally, the question will 
arise : How can such small capacities be con- 
sidered as adequate for low frequencies, say, 
60 cycles? The habit of thinking about normally - 
met circuits, of relatively low impedance, and 
the effect on them of condensers of medium 
capacity perhaps makes one feel doubtful. 

But let us examine the case of the condenser - 
diode rectifier. We have a capacity of .005 mfd. 
and a resistance of 20 meg. We therefore have 
a product of 20 x .005 or 0.1. The product of 
the resistance in megohms and the capacity in 
microfarads is called the time constant. The 
lowest frequency at which the filter is effective 
is represented by the reciprocal of the time 
constant, i. e., frequency equals 1= 0.1 =10 
cycles. So we need not worry about 60 cycle. 
if we accommodate even ten cycles. 

CHARGE AND DISCHARGE 
The condenser charges up to practically the 

peak value of the unknown wave, and discharges 
through the resistor. The total voltage drop 
(a.c.) is divided between the condenser and the 
resistor, but the resistor is 20,000,000 ohms, 
and the condenser, at 60 cycles, looks to the 
circuit like 530,000 ohms, and less at higher 
frequencies, so about forty times as much volt- 
age is dropped across the resistor as across the 
condenser, so the error, 60 cycles compared, 
say, to 600 kc, is only 2.5 per cent at the low 
frequency. If the resistor is 50 meg. the dis- 
parity is only 1 per cent. 

Now we have the pure d_ c. injected into the 
amplifier grid circuit. In the cathode leg of 
the amplifier is a resistor (shown as a rheostat), 
and if this value is high, the scale of the meter 
M will be linear for a. c. At least 2,000 ohms 
should be used for the minimum value, where- 
upon linearity does not prevail, but the departure 
is not serious. 

Now, to complete the circuit, the cathode 
biasing resistor is returned through the meter 
to a tap on the B supply voltage divider, and 
the diode's cathode is connected to the same 
point. There will be idling plate current, hence 
the meter will read something (perhaps even 
off scale) with no voltage input at the posts. 
The positive side of the meter is returned to 
negative B so that current flowing through the 
meter in the direction opposite to the plate cur- 
rent will cancel the idling current and cause 
meter to read zero at no input, in the absence 
of strays. 

(Continued on following page) 
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(Continued from preceding page) 
However, the amplifier is direct -coupled to 

the diode, except for the filter circuit, which 
does not change the aspect of what is to be 
discussed, so the greater the unknown voltage, 
the less current through the meter. You will 
recall the earlier remark that only cutoff of 
plate current results from an excessive voltage 
input. Therefore the meter, first reading zero, 

FIG. 2. 
A calibration made for d.c. suffices for a.c. For 
the lowest voltage range a 1.5 -volt dry cell and 
1,000 -ohm potentiometer may be used. For higher 
voltages increase the battery and the potentiometer 

equally. 

where input is supplied will read below zero 
as far as it can. In other words, the needle 
moves the wrong way. The solution of course 
is to reverse the meter in the circuit, so meter 
negative is to .cathode and meter positive is to 
a tap on the divider. Now the meter will read 
upward, or as if the current were increasing 
with increase of unknown voltage, whereas in 
fact upward movement spells less current 
through the meter, due to meter being reverse - 
connected, and full -scale deflection represents 
no current through the meter. There is no 
danger, therefore, of injuring the meter due to 
the unknown being excessive, as the worst that 
can happen is that the amplifier plate current 
will cut off, and there will be no current through 
the meter, although needle is at full -scale. 

Therefore the danger to the meter, if there is 
any danger, is curiously at the zero -reading end, 
and not at the other end. However by proper 
adjustment, the maximum current will not seri- 
ously exceed the meter's sensitivity, as another 
phenomenon of the vacuum tube is invoked, 
namely, saturation, which means that as much 
current flows as can flow, and no more will 
flow even if the voltage input is increased. 

IMPORTANT PRECAUTIONS 

Thus we have the circuit for a single range, 
but even as to that some precautions are to be 
followed. 

First, as to the input. We are dealing with 
very high impedance circuit here, and if we use 
binding posts we must be very certain that they 
are the best we can obtain. Leakage must be at 
a minimum, and other electrical properties 
should be of the best. Suitable Isolantite or 

similar standoff insulators, as used in small 
amateur equipment, serve the purpose well. 

The socket should have low leakage resistance 
and any socket made of the specially good ma- 
terial for such purposes may be used, but not 
the run of cheap receiver sockets. Not so much 
attention need be given to the amplifier tube 
socket, although to an extent the same consid- 
erations apply, and it would be advisable to use 
a high -grade socket here. Excellent sockets for 
these purposes are made by Hammarlund Manu- 
facturing Company. 

WHAT NOT TO DO 
Do not introduce a filament type rectifier 

tube, because such a tube causes the B voltage 
to appear almost instantly, whereas the plate 
current through the 76 is delayed, due to the 
cathode warming up slowly, hence you have 
bucking voltage before there is anything to 
buck, and the meter needle will bang against 
the stop at the zero end. We remember this 
is the dangerous end, not representing zero 
current but maximum current, so we make 
sure that the rectifier is of the heater type, and 
if there is to be any difference in the heating 
rates, preferably the rectifier should heat up 
more slowly than the amplifier. 

Having taken the necessary precautions, the 
meter device may be set up for the lowest range. 
What this will be depends on the sensitivity of 
the electromagnetic meter. It does not depend 
on the amplifier, because practically any ampli- 

- fier tube will give the same results. The am- 
plification produced by the tube is not of any 
consequence, rather the current change, or con- 
ductance, and due to inverse feedback, this is 
practically a constant. 

RANGES CONSIDERED 
The usual 0 -1 milliammeter was tried, and 

the lowest range was around 2.5 volts con- 
veniently, but then a 200 microammeter was 
substituted, and the range became one volt eas- 
ily. It is advisable to have an accurate a -c 
meter so that the calibration may be run, by 
connecting the known meter and the unknown 
voltage to the tube voltmeter. The input volt- 
age is reduced by using a potentiometer. The 
60 -cycle line frequency may be used, but some- 
what better results obtain when 1,000 kc or so 
is the test frequency. 

The calibration may be made with sufficient 
accuracy, if one lacks the preferable a -c equip- 
ment, by using d.c. The 10 meg. is disconnected 
from the 76 grid and between that grid and its 
cathode is placed the potential source (a 1.5 -vòlt 
dry cell for the first range) and the voltage 
divider. This is shown in Fig. 2. The equiva- 
lent a -c volts are in peak values, by equal d -c 
voltages, so to convert to r. m. s. multiply the 
d. c. by 1.41. You multiply this time because 
the quantity of r. m. s. is smaller than the quan- 
tity of peaks, hence the number of r. m. s. is larger in the same boundaries. 

A quirk sometimes exists whereby at no 
intended input meter reads full scale. This is 
due to strays. If the input circuit is shorted the trouble disappears. In large cities or anywhere 

(Continued on following page) 
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Continuity Tested, 
It is very often necessary for the experimenter 

and serviceman to check the windings of vari- 
ous types of transformers for both open and 
short circuits. Almost any continuity check will 
indicate an open winding. But, with low -re- 
sistance windings, it is practically impossible to 
distinguish between a short circuit and a nor- 
mal winding, with the ordinary continuity check 
or average omhmeter. By using the circuit 
shown in the diagram it is possible to tell a 
shirt circuit from a perfect winding, even on 
a voice coil winding. The procedure is as fol- 
lows : 

Adjust R1 so that all the resistance is in the 
circuit. Close Switch 1. Hold Switch 2 
closed and set R2 until a deflection of about 
3 full scale of the meter is obtained. Release 
the push- button switch (2) and place test leads 
on suspected winding. Press Switch 2 and care- 
fully notice the meter. The slightest deflection 
will indicate a good winding. Open and close 
Switch 2 several times. Tach time there should 
be a deflection for a good winding. If the 
needle does not move, disconnect the test leads, 
close Switch 2, adjust R1 for less resistance, 
reset R2 for a deflection and repeat the test. 
As R1 is decreased, the sensitivity of the in- 
strument is increased. When Switch 1 is open, 
the instrument is a continuity tester. A Read - 
rite meter was used for ruggedness and dura- 
bility. 

-"MURRAY S. RIFKIN 

Even for Low Ohms 

R -1 

R -2 

2..1 

9..2 

Meter - 

Teat Leads 

10 ohs rheostat 

50 ohs rheostat 

Toggle switch 

Push- Dutton e.ltoh 

0 - 1 volt d.c. (moving -vane type) 

A continuity tester that is effective even for trans- 
formers with very low resistance windings. 

(Continued from preceding page) 
else, near strong stations or other sources, this 
trouble appears. Complete shielding is indicated. 
Otherwise short the input for zero adjustment 
with the rheostat and confine tests to unknown 
circuits not having very high impedance. It is 
much better to shield properly. 

VOLTAGE REGULATION 
The main possible annoyances in operating 

at the single range have been eliminated, but 
there remains one that requires consideration. 
Sudden line voltage changes will cause abrupt 
though small changes in the meter readings. A 
lot of time is lost waiting for equilibrium to be 
resumed. On the other hand, one may not know 
of the line voltage condition, and may take a 
reading assumed accurate, but really somewhat 
in error. Later, unknown to the observer, who 
has turned away to do something else, the 
normal condition or equilibrium is re- established. 
Especially in running a calibration would the 
line -voltage trouble cause kinks in the curve 
and otherwise inexplicable results. So it is 
advantageous to include a line -voltage regulator 
tube. 

Another form of line -voltage change consists 
of slow drifts, and these, too are defeating. 
Hence the regulator tube should take care of 
the sudden shifts and the slow changes. Since 
there are tubes that perform these functions, one 
of them really ought to be included, and be 
connected in the manner recommended by the 

manufacturer. RCA Radiotron Company and 
Hygrade -Sylvania Corporation have bulletins 
on voltage regulator tubes. 

The remaining problem is to increase the 
range. Suppose we have a one -volt range at 
first, the next probably would be five volts, the 
next 15 volts, and the next 25 volts. Perhaps a 
fifth range, to 100 volts, would be desired. 
However, most measurements are made on the 
lowest range, next greatest number on the 
second range (5 volts let us say), especially 
for input voltage and gain -per -stage measure- 
ments in receivers and amplifiers. It is well 
therefore to include as sensitive a meter as 
possible, and 200 microamperes is an excellent 
choice, not usually beyond one's means, either, 
since such a meter may be purchased for $4.65. 

HIGHER RANGE METHOD 
The range extension may be seen to consist 

of (a) increasing the cathode load resistance 
and (b) moving the grid return (made through 
the high resistors) to a higher potential on the 
bleeder source to equal the increase of voltage 
drop in the cathode resistor. In general, the 
range is increased in proportion to the increase 
of the cathode resistance, while the B potential 
to which amplifier grid is returned is likewise 
increased proportionately. So if the cathode 
resistance is 3,500 ohms for the lowest range, 
and the top to which grid is returned is 2 volts, 
to increase the range five -fold, the resistance is 
5 x 3,500 = 17,500 ohms and the voltage top 
above B minus is 2 x 5 = 10 volts. 
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Effect of Receiving Antenna 
on Television Fidelity 

By Stuart Wm. Seeley 
License Laboratory, Radio Corporation of America 

SUMMARY- Interference between direct and reflected signals from a single transmitter in- 

jects a factor into antenna design for television receivers which is not present in broadcast -re- 
ceiver installations. 

Means for minimizing such interference w hen it exists in free space and for preventing the 
production of multiple signals in the antenna sys tem itself are explained. 

Some data are given on the behavior of transmission lines and long wire antennas. The 
latter may become necessary at, or near, the boundaries of service areas to improve adverse 
signal to noise ratios. 

I. NATURE OF THE PROBLEM 

IN broadcast -receiver practice a simple wire 
of from a few feet to one hundred or more 

in length will suffice as a receiving antenna, 
and its operation is completely satisfactory if 
the received signal is sufficiently above the local 
and extraneous noise level. A television re- 
ceiving antenna will have to be erected with 
much more care and must conform to more 
complete specifications. This is true because 
of the introduction of an additional factor in 
visual reception not present in sound broad- 
casting. This factor is the necessity for pre- 
venting reflected waves, which have traveled 
a few hundred feet or more further than the 
direct wave, from entering the receiver. For- 
tunately this can be done in all cases, and quite 
easily in most cases. It is the object of this 
paper to point out that the problem exists in 
visual reception, and to describe certain methods 
of meeting it which have been found effective. 

SPACE WAVE REFLECTIONS 
When reproducing a 441 -line, 30 field per 

second picture, the cathode -ray spot travels 
across the screen of a 12 -inch Kinescope at 
a speed of about 21/2 miles per second. This is 

1 

times the speed of light or radio waves 
75,000 
in free space. In other words the spot will 
move about 0.060 inch while a radio wave 
is traveling 400 feet. Therefore, if both a 
direct and a reflected wave arrive with com- 
parable magnitude at the input terminals of 
a television receiver, and one has traveled 400 
feet further than the other, a double image will 
result. The displacement of the two images 
in such event will be about one -sixteenth of 
an inch and will cause blurring of all vertical 
lines in the picture. Actually such a condition 
results in even more complication than is im- 
mediately apparent from the above example. 

The reflected wave may have any phase with 
respect to the direct wave: Furthermore, each 
has its own side components, and those of the 
direct and reflected wave may be entirely dif- 
ferent. Thus interference in the form of can- 
cellation or reinforcement frequently causes a 
black line to be repeated as a white line or 
vice -versa. If the reflected wave travels 1,000 
feet or more further than a direct wave a dis- 
tinct double image will result. 

Thus it is readily apparent that the antenna 
must supply a television receiver with one sig- 
nal only from a desired transmission. In metro- 
politan areas, reflections from large buildings 
may give rise to several images and the prob- 
lem of proper construction, location and orienta- 
tion of the receiving antenna becomes extremely 
important. However, at any location an im- 
properly constructed antenna or antenna net- 
work and feed system may produce multiple 
signals of sufficient intensity and time -phase 
displacement to be objectionable. 

TRANSMISSION LINE REFLECTIONS 
Under ordinary conditions at most in- 

stallations, it is necessary to use transmission 
lines between the antenna proper and the re- 
ceiver in order to control properly the point 
of signal pick -up. If the maximum dimension 
of the antenna system (transmission line plus 
antenna) is of the order of 100 feet or more, 
and the line is not properly balanced and ter- 
minated at the receiver, reflections in the 
antenna network may cause a loss of detail in 
the reproduced picture. Thus the problem of 
preventing blurring or double images caused by 
multiple -signal reception may be divided into 
two parts. First, the antenna must be made 
non -susceptible to strong secondary waves from 
external reflecting media, and second, the an- 
tenna and its transmission line must be so 
constructed and terminated that reflections from 
the receiver end of the system can not bound 
back to the outer end of the antenna and be re- 

Reprinted from "RCA Review," Copyright 1938 by RCA Institutes, Inc. 
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flected there to re -enter the receiver as a de- 
layed signal. 

It is difficult to describe in words the ap- 
pearance of images produced by multiple- signal 
reception, and difficult to show it clearly by il- 
lustrations produced by the photographic and 
printing processes necessarily involved. Figs. 
1 to 4 are illustrations showing a small section 
of a Kinescope screen reproducing a transmitted 
pattern, under different conditions of multiple - 
signal reception. The illustrations are of course 
not clear or representative of the general ap- 
pearance of the screen when viewed by the eye, 

receiving locations, more than a mile or two 
from the transmitter, where reflections are 
troublesome, the reflecting area must lie in some 
plane other than that parallel to the ground. 

Large buildings surrounding a receiving lo- 
cation offer ample opportunity for multiple -path 
reception even when the transmitting and re- 
ceiving antennas are within line of sight. If 
the two are hidden from each other by tall 
buildings or by hills, the direct signal may 
be so greatly attenuated that the reflected 
energy exceeds that which travels the direct 
path. 

FIG. I 

and are intended merely to show the relative 
effects of antenna changes. The pictures were 
taken on the same receiver with different an- 
tennas, but without any changes in receiver 
tuning. A detailed description of the antennas 
and the effect of each on the received image will 
he given later. 

II. SOURCE OF SPACE WAVE 
REFLECTIONS 

It is to be understood that the reflecting 
medium need not be a metallic object. The 
specific inductive capacities of building stone, 
brick, paving material, and ordinary soil, are 
sufficiently greater than that of air to have 
high coefficients of reflection for television fre- 
quencies at some angle of incidence. Therefore 
almost any surface can act as a reflector, if its 
dimensions are comparable to, or greater than 
one -half wavelength. 

If the transmitting antenna is within line 
of sight of the receiving antenna, and a plane 
surface parallel to the ground is located be- 
tween the two and within sight of both, the 
strength and delay factor of the reflected 
energy will depend upon all of the dimensions of 
the geometrical orientation of the three objects. 
However, it can be shown by simple calculations 
that only within a radius, from the transmitter, 
of about six times the combined transmitting 
and receiving antenna heights (above such a 
surface) can reflections of this nature be suf- 
ficiently delayed to cause a loss of detail in 
the reproduced image. This, of course, is based 
on our present standard of 441 -line, 30 -frame 
per second transmission. Therefore, at most 

FIG. 2 

One example of this was noticed recently at 
a receiving location which was hidden from 
line -of -sight of the transmitting antenna by a 
nearby building. In this case, the single strong 
reflected wave produced an image misplaced 
by an amount which indicated it had traveled 
about nine hundred feet further than the direct 
wave. The receiving doublet was rotated to 
a position which eliminated the direct signal 
(which was much the weaker of the two) and 
good reproduction was obtained. 

DOUBLET ON A POLE 
The most satisfactory indicator for determin- 

ing the presence of undesired reflected waves 
and for aiding in the determination of their 
source, is a television receiver equipped with a 
portable doublet on the end of a long pole. 
It is necessary, of course, that the transmitter 
be in operation at the time of test, and that 
the transmitted image be stationary and of such 
a nature that either blurring of horizontal 
detail (at the edges of vertical lines) or the 
presence of a secondary image, is readily ap- 
parent. A single black vertical line in the mid- 
dle of a white background would suffice. 

The effect of orientation and rotation of the 
portable doublet on the relative strength of the 
direct and reflected signals, as reproduced by 
the receiver, together with a calculation of the 
difference in path lengths by a measurement of 
the displacement of the two images on the 
screen, will usually indicate the probable source 
of the reflection quite accurately. However, in 
many cases such information may turn out to be 

(Continued on following page) 
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(Continued from preceding page) 
of only academic interest, since it will often 
be found that the correct answer to the problem 
of proper location and construction of the fixed 
receiving antenna can be determined only by 
empirical investigation. 

III. MINIMIZING SECONDARY SIGNALS 

Probably the most generally useful type of 
television- receiving antenna will be a simple 
doublet, or double doublet, connected to the 
receiver by means of a low- impedance, twisted - 
pair transmission line. At the majority of re- 
ceiving locations this will undoubtedly give 
completely satisfactory reception if normal care 
and thought are used in its installation. Even 
at many places where multiple -path reception 
is encountered, the same type of antenna may 
be made to serve satisfactorily by orientation to 
minimize the reflected signal, or by shielding it 
from the reflecting source. This might be done 
by placing it in proper relation to existing con- 
ductors such as metal flashings, copings, eaves - 
troughs, etc. 

Usually such location can be found only by 
trying different positions and noting the effect 
on the received image. Another method of 
shielding a receiving doublet from reflected 
waves is to place a second, unloaded, dipole 
near it and in proper position to minimize the 
reflection image. Here again the cut -and -try 
method will probably yield the best results. 

If several strong reflected signals are present 
at the receiving location more drastic action will 
probably be necessary. This was the case at 
the RCA License Laboratory which is located 
about 6,000 feet north of the transmitter on the 
Empire State Building. Fig. 1 was taken to 
illustrate the maximum number and relative 
strength of reflected signals which could be 
picked up at this location. The antenna was a 
half -wave doublet at the end of a 60 -foot twisted 
pair which, however, was connected with the 
two wires in parallel to act as a "T" antenna 
against ground. In this case the first reflection 
arrived with proper phase and intensity to in- 
vert a large amount of the direct -signal detail 
into negative values of light intensity. This 
was followed by five more reflected signals 
varying in time of arrival and amplitude. The 
last of these is displaced by an amount which 
indicated that it had traveled 3.8 microseconds 
longer, and thus about 3,700 feet further, than 
the direct wave. 

TROUBLE DUE TO REFLECTION 
It is interesting to note that in this case 

horizontal synchronization of the receiver was 
seriously impaired. The whole pattern moved 
to the left as though the receiver had syn 
chronized on one of the reflected signals. This 
was undoubtedly the case due to partial de- 
struction of the true horizontal pulse by the 
strong, short -delay, out -of -phase reflection. 

Fig. 2 was taken with the doublet and trans- 
mission line connected normally to the balanced - 
input terminals of the receiver, and with the 
doublet adjusted to the position which minimized 
secondary images. However, it can be seen 

that this antenna would be entirely unsatis- 
factory for good reception. Two principal 
reflections are still apparent. These are dis- 
placed by amounts which indicate additional 
path lengths of 800 feet and 2,300 feet. A very 
faint trace of the 3,700 -foot reflection, which 
is strong in Fig. 1, still remains. 

The antenna for Fig. 3 was the same as 
for Fig. 2 except that one end of the doublet 
was lengthened by adding a three and one -half 
wavelength wire toward the transmitter. This 
was supported one -quarter wavelength above 
a wide copper coping parallel to, and about 
150 feet directly above, Fifth Avenue. Re- 
sistance termination at the outer end of this 
antenna had little or no effect on the reproduced 
image, so Fig. 3 was taken with the far end 
open. In this case the 2,300 -foot reflection is 
still faintly visible, but probably represents an 
acceptable minimum of direct to reflected- signal 
ratio. 

Of a large number of antennas tested, that 
used for Fig. 3 seems to be the only one which 
gives acceptable performance for reception at 
this location. Reflection conditions at this point 
are unusually severe and do not, by any means, 
represent the average to be expected. Although 
objectionable secondary images are picked up 
by the.simple half -wave doublets at various lo- 
cations within the range of the transmitter, 
there are many more where no reflections are 
apparent. 

Iv. BEHAVIOR OF TRANSMISSION 
LINES AND LONG WIRE ANTENNAS 

The long wire antenna at the License Labora- 
tory is necessary only because its directional 
characteristics improve an adverse direct to re- 
flected- signal ratio. At, or near, the boundaries 
of the service area of a television transmitter 
it will sometimes be necessary to use something 
other than a simple dipole and twisted pair for 
the antenna system in order to raise the 
signal well above the receiver hiss level. 

Rubber- dielectric, twisted -pair lines dissipate 
a considerable amount of the received energy 
if they are more than a few wavelengths long. 
Measurement of several types of such lines 
indicates that the average attenuation to be ex- 
pected is between 1.5 and 2.0 db per wavelength 
at 50 mc. Therefore, a fair increase in signal 
strength at the receiver can often be obtained 
by the use of an open -wire line, particularly if 
the distance from the antenna to the receiver is 
50 feet or more. The attenuation of the aver- 
age, close- spaced, open -wire line is about one - 
tenth of that of twisted pairs. However, if 
an open -wire line is used, its increased imped- 
ance will cause the antenna to operate less effi- 
ciently unless the two are connected together 
in such a manner that the damping of the an- 
tenna is about the same as with the lower - 
impedance line. This can be done by the use of 
the well -known Y connection which is common 
in amateur transmitter practice. 

It is also necessary for the input impedance 
of the receiver to be at least approximately 
matched to the higher- impedance line in order 
to realize the increased -signal level. In some 
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recent tests it was found convenient to have a 
small residual- inductive component as part of 
the input impedance at the balanced -input ter- 
minals of the receiver. The resistive component 
of this impedance measured about 100 ohms ; 

therefore, when using a 100 -ohm line, two 
small series condensers (one in each wire) 
were inserted to cancel the reactance. If, how- 
ever, the reactance was cancelled by shunt tun- 

some type of long -wire antenna and open -wire 
line as an experiment to determine just how 
much this could be increased without resorting 
to means other than those which will be at the 
disposal of the average serviceman. Existing 
supports were not available for a rhombic an- 
tenna which would have had to extend from 
the lead -in point in a direction toward the 
transmitter. Therefore a single -wire, five -wave- 

FIG. 3 FIG. 4 

Figs. I, 2, and 3 show a small section of the Kine scc pe screen to illustrate the effect of various 
receiving antennas on reproduction. The receiver was operated with reduced contrast for best photo- 
graphic results. Fig. 4 is the same as 3 except that the receiver was operated with normal contrast. 

ing, the input resistance became 500 ohms, which 
was the impedance of the open -wire line. This 
made it possible to analyze the behavior of the 
two lines without making changes in the re- 
ceiver input -coupling circuit. 

Under some conditions the energy picked up 
by the two wires of the transmission line acting 
in parallel may exceed that in the antenna 
proper. If the entire system, and the receiver 
input in particular, is well belanced to ground, 
the signals from this source cannot enter the 
receiver. If, however, an unbalance does exist, 
energy from this source may give rise to 
considerable trouble. This is particularly true 
if the entire length of line and antenna is of the 
order of 100 feet or more. In this case the un- 
wanted signals may be reflected back and forth 
between the receiver and the outer end of the 
antenna producing a new image, slightly dis- 
placed from the previous one, on each round 
trip, and thereby obliterating much of the hori- 
zontal detail. 

The energy loss in twisted -pair lines is usually 
sufficient so that signals cannot travel in them 
(back and forth) for a sufficient length of time 
to cause blurred reproduction before being at- 
tenuated below a disturbance level. However, 
energy traveling on the two wires in parallel 
is often subjected to much less attenuation and 
can make trouble, if lack of balance in the sys- 
tem allows some of it to enter the receiver. 

A marked example of this effect was noticed 
recently. At at particular location, a half - 
wave doublet and twisted -pair line gave no 
indication of extraneous reflections, but the 
signal level (about 800 microvolts) was some- 
what too low for a good signal-to- receiver- 
noise ratio. Therefore, it was decided to install 

length antenna, was placed between two tall 
trees which were on a line about 20 degrees 
from the direction of the transmitter. The 
2 -inch spaced transmission line was Y con - 
nected to the antenna across a point one -quarter 
wavelength from the end toward the transmitter. 

With this arrangement it was realized that 
the major portion of the received energy would 
have to travel to the far end of the antenna, 
be reflected there, and then travel back the 
entire length before entering the transmission 
line. Furthermore, the whole system was, of 
course, unbalanced with respect to ground. 

A test of the operation of this antenna showed 
that it delivered about ten times as much signal 
voltage to the receiver as the doublet and 
twisted pair. A large portion of this was due 
to an increase in height above the old antenna; 
the rest of it was accounted for by increased 
antenna and transmission -line efficiency. How- 
ever, the reproduced image was decidedly poor. 
Th 2 radical loss of horizontal detail which 
resulted was at first assumed to be due to a 
too sharply defined resonant characteristic of 
the antenna proper; however this proved not 
to be the case. The cause of the trouble was 
found to the end -to -end reflection of that energy 
which flowed down the transmission -line wires 
in parallel. The distance from the receiver 
to the outer end of the antenna was about 175 
feet. The blurring of the edges of vertical 
lines extended for a distance which indicated 
that at least three complete round trips (1,050 
feet) were made over this path by the ex- 
traneous signal before it was sufficiently attenu- 
ated to the unnoticeable. 

The difficulty was corrected by shorting and grounding the transmission line at its bottom 
(Continued on following page) 
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RCA Building Hundreds 
of Facsimile Receivers; 
Television is Progressing 

By DAVID SARNOFF 
President, Radio Corporation of America 

Various broadcasting station§ will 
shortly commence experimental trans- 
mission by facsimile of news bulletins and 
pictorial material to a limited number of 
receivers in their local areas. The RCA 
'Manufacturing Company is now building 
facsimile transmitters and several hundred 
receivers which have been ordered by in- 
dependent broadcasting stations for this 
purpose. The fundamental technical prob- 
lems of facsimile have been solved, and 
the immediate question is largely that of 
determining useful and self- supporting 
services for the medium. 

While the technical and economic prob- 
lems of television are far more compli- 
cated, progress towards their solution con- 
tinues to be made. Television pictures 
are larger, sharper, and more brilliant 
than a year ago, due to marked improve- 
ments in both transmitting and receiving 
apparatus. Developments now under way 
look toward the acceptance by the in- 
dustry of definite technical standards, 
which must be established before any 
public television service is practicable. 

Meanwhile, the NBC is continuing its 
study and experiments with television 
programs, both inside and outside the 
studio. The new NBC mobile television 
unit, the only apparatus of its kind in 
the United States, is being tested on out- 
side pickups. This is an all- important 
field for experiment, since on- the -spot 
pictures of news events are certain to 
furnish one of the most useful and popular 
services of television. 

(Continued from preceding page) 
end and tapping off a short length of low - 
impedance line (for a lead -in) at an empirically 
determined point a few feet above the ground 
rod. It would normally be expected that a 
terminating resistor between the shorting bar 
and the ground connection would be required to 
prevent reflection of unbalanced signal energy 
at that point; in this case it was not necessary. 

In its final form the antenna delivered some- 
what less signal to the receiver than when first 
tried with a direct connection; but it still gave 
a 15 db improvement over the half -wave doublet. 
This was sufficient to raise the signal well above 
an acceptable minimum. 

CONCLUSIONS 
Some locations within the service area of a 

television transmitter will require individual re- 

ceiving- antenna study and design to meet con- 
ditions at those locations. 

It appears at present that a standard antenna 
design, or any single preventative of multiple 
reception, can not be prescribed for all re- 
ceiving locations, especially where service from 
two transmitters in the same area is to be ob- 
tained. 

Satisfactory performance has been obtained in 
every case studied, by means described in the 
paper. 

Cornell -Dubilier Lowers 
Dykanol Condenser Prices 
The Cornell- Dubilier Electric Corporation 

announces a substantial reduction in prices of 
their entire line of type TJ -U Dykanol filter 
capacitors, effective April 15th. 

Enlarged production facilities, due in the 
most part to the increased demand for the units 
by the U. S. Army, Navy and Signal Corps, 
accounts for the price reduction. 

The Carnell -Dubilier type TJ -U high voltage 
filter capacitors are impregnated and filled 
with Dykanol, the . non -inflammable, non-ex- 
plosive dielectric impregnant. Universal mount- 
ing brackets are furnished at no extra cost witr 
each of these units. 

For complete listing of new type TJ -U prices 
see you local C -D jobber or write to the Cor- 
nell- Dubilier Electric Corporation, South Plain- 
field, New Jersey. 

WOR Time Signal Note 
Now Frequency Standard 

The characteristic musical tone sounded by 
WOR of Newark, N. J., and the. Mutual Broad- 
casting System, is now sufficiently accurate to 
serve as a musical pitch standard. The Allen 
B. DuMont Labs., Inc., of Upper Montclair, 
N. J., built the electrically- driven tuning fork 
which emits a pure 440 -cycle tone with an ac- 
curacy within .002 %. The fork operates con- 
tinuously, its frequency being picked up and de- 
livered to the control amplifier when needed for 
a time signal announcement. Because of its 
musical precision, the signal may be used by 
musicians and by technicians as a tone or fre- 
quency standard. 

G.E. PAYS $85,000 FOR IDEAS 
General Electric Company employess during 

1937 received nearly $85,000 for new ideas sub- 
mitted through the Company's suggestion sys- 
tem. During the year almost 37,000 sugges- 
tions were made by workers, and more than 
12,000 were adopted. During the past 11 years 
nearly $600,000 has been paid out to employees 
for new ideas adopted for use. 
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First Public Schedule 
Gives Television Impetus 

THE first public schedule of RCA high - 
definition television broadcasts for the New 

York City area was made recently when the 
Radio Corporation of America and the Na- 
tional Broadcasting Company established a 
period of experimental transmissions from 
W2XBS in the Empire State tower. The 
schedule of five full hour broadcasts a week 
began April 19th. 

In resuming field tests after being off the air 
for several months, NBC radiated two series of 
broadcasts, one at an afternoon hour and the 
other during the evening. Living talent shows 
and selected films were broadcast from the 
NBC studios in Radio City on Tuesday and 
Thursday between 8 and 9 p.m. The live en- 
tertainment included dramatic productions 
adapted for television, a variety of educational 
features and a musical show. News reels and 
educational films also were used in this series. 
These television programs, although strictly ex- 
perimental, were broadcast under conditions as 
near as possible to those governing a regular 
public service. 

TEST CHARTS TRANSMITTED 

Afternoon broadcasts, on Tuesdays, Wednes- 
days and Thursdays beginning at 3 o'clock, con- 
sisted entirely of intricate test charts and still 
pictures. Of no entertainment value but of 
great assistance in judging quality of trans- 
mitted pictures and testing performance of re- 
ceivers, these images were put on the air for 
the sole benefit of television experimenters. 

The series of television broadcasts was pri- 
marily for the use of NBC and RCA officials 
and engineers with receivers in their homes. 
Amateurs in the metropolitan area, however, 
who were building, or had built, receivers were 
able to look in on the telecasts and judge the 
success of their efforts. 

Good reception of the broadcasts, said O. B. 
Hanson, NBC vice -president and chief engi- 
neer, was limited to the area north of the 
station, because broadcasting was from an ex- 
perimental antenna array on the north side of 
the Empire State tower. Hanson explained 
that the steel and masonry of the tower itself 
would act as a shield to prevent the ultra -short 
waves from penetrating directly to the south. 
The only signals received south of the transmit- 
ter, he added, were those reflected by tall build- 
ings to the north. This results in multiple 
images at the receiver, each image overlapping 
the others. NBC engineers, accordingly, used 
receivers in the northern area. 

IMPROVEMENT IN ARRAY 
The antenna array regularly used, mounted 

on the top of the Empire State tower, is being 
redesigned to incorporate several engineering 

changes in the array itself and the associated 
transmission lines connecting it with the trans- 
mitter on the eighty -fifth floor level. When the 
work is completed the station's normal service 
range of about fifty miles in all directions will 
be restored. W2XBS has occasionally been 
picked up as far away as seventy miles. 

A triple purpose was served by the television 
broadcasts. The W2XBS transmitter had been 
off the air for several months during a period 
of extensive engineering redesign. Several im- 
portant changes have been made in the system 
of transmission and twenty hours on the air 
will give engineers a chance to observe the re- 
sults of their work. 

New program techniques and devices, de- 
veloped in recent months by the NBC television 
staff, were checked. Television, it was pointed 
out in the announcement, has definitely shown 
itself to be different from motion pictures and 
radio in program requirements. 

Finally, with definite technical standards yet 
to be established for common use of television 
transmitters, the experimental period will enable 
associated NBC and RCA research men to ob- 
tain engineering data for assistance in the 
formulation of such basic standards. 

FREQUENCIES USED 

Television will probably be a competitive 
activity in the United States and broadcasters 
recognize the necessity of adopting uniform 
technical standards in the interest of the home 
audience. A single receiver must be capable of 
being tuned to all television stations in a lo- 
cality. 

The all- electronic system to be used in the 
Pests was developed by the RCA laboratories. 
It transmits pictures in 441 lines at 30 frames a 
second. Picture signals are broadcast on a 
frequency of 46.5 megacycles and accompanying 
sound is on 49.75 megacycles. W2XBS, op- 
erated by the National Broadcasting Company 
since 1931, began its transmissions of 441 -line 
images more than a year ago. Before that time 
images of lower definition, in 343 lines and less, 
were broadcast experimentally. 

Crystal Pickup, Motor, 
Offered by RCA- Victor 

RCA Victor has a newly designed crystal 
pick -up and tone arm at $4.95 and a syn- 
chronous motor at $6.50. The tone arm and 
motor are of simple design. The crystal pickup 
is completely sealed against moisture. It has 
a frequency response from 70 to 7,000 cycles. 
Needle pressure is 2.7 ounces, with the arm 
swiveled for easy needle insertion. Shock- 
proof mounting parts are included with the arm. 
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Street Make -up for Television 
Satisfactory, Says Philco 

T"' HERE has been much ado about the vari- 
ous colors and combinations of colors which 

will have to be used in make -up for television 
broadcasts. Famous make -up artists have been 
pictured employing shades of greens, blues and 
browns so that the face will "reproduce natur- 
ally" for television. There are other make -up 
experts who have devised special creams and 
pencils for treating the face to be televised. All 
this is done purportedly to increase the 
"natural" effect -yet many of the methods ad- 
vocated are so far from being natural as to 
be grotesque, says Philco, adding : 

"The make -up question for television is 
reminiscent of sound effects in the early days 
of radio broadcasting. An example of this is 
one classical case where sound engineers strug- 
gled for days to find a sound effect which would 
properly express a kiss. 

O.K. FOR STREET MAKE -UP 
"Many ingenious devices were used by none 

of them seemed to hit the mark until someone 
made a simple enough suggestion that hadn't 
been tried. He suggested using a kiss in front 
of the microphone. It was done and the sound 
effect was perfect. 

"Television make -up is very much in the 
same position. In spite of all the various and 
wondrous make -up combinations, experiments 
have proven that ordinary street make -up for 
women serves as well as anything else. 

"Fashion models, movie actresses and people 
of national prominence have appeared before 
Philco's television cameras without special 
make -up and without difficulty. There has been 
much discussion about blondes being difficult 
subjects for television because of the neutral 
color of the hair." 

Miss Toby Wing, well -known on stage and 
screen, recently appeared in a Philco television 
demonstration. Miss Wing is a decided blonde, 

even to her eyebrows. However, using only 
ordinary street make -up, she registered perfectly 
on the television receiving screen without loss 
of detail or shading. 

Albert F. Murray, engineer in charge of 
Philco's television research, predicts that, with 
the technical advances being made, television 
will offer no make -up problem whatsoever. 

"Years ago when the 60 -line screen was the 
best television could offer, there was a great 
deal of difficulty in bringing out detail and fa- 
cial features," said Murray. "Red lipstick 
showed almost white, and such things as eye- 
brows were hardly apparent. Artificial make- 
up employing heavy brown colors were resorted 
to in order to obtain a picture which would be 
distinguishable. 

AN ENGINEERING PROBLEM 
"At precent," Murray continued, "with the use 

of the 441 -line screen, there is no difficulty in 
obtaining clear and detailed reproduction with- 
out make -up. Our tests have proven that the 
make -up problem really has been more of an 
engineering problem than one of cosmetics. 

"Still further developments in television en- 
gineering will completely eleminate any thought 
of make -up, much less necessity for it. It would 
be hard to conceive of television as an in- 
strument of widespread utility or mobility, if 
every speaker or subject had to undergo a spe- 
cial make -up treatment before every broadcast." 

Murray, who is chairman of the Television 
Committee of the Radio Manufacturers Asso- 
ciation and one of the country's outstanding au- 
thorities on television, declares technical im- 
provements have already eliminated the so- 
called make -up problem in television. 

"This may be a blow to make -up experts," 
he concluded, "but I'm sure it's good news to 
everyone else who may be concerned with tele- 
vision, present and future." 

Thor in Larger Quarters; 
Stock, Activities Increased 
Thor Radio Company, a dominant factor in 

the retail trade in the Cortlandt Street dis- 
trict almost since the beginning of radio, has 
moved to larger quarters at 60 Dey Street, 
corner Greenwich Street, N. Y. City. 

A considerable enlargement of the mail order 
activities has been perfected, and in addition the 
large stock carried has been greatly increased, 
particularly by new lines. Electrical merchan- 
dise has been added to the customary list of 
radio sets, parts, tubes, service equipment, ac- 
cessories, amplifiers, manuals and cameras. 

The presiding genius of the institution is 
Michael Kranz, who is assisted by his brother, 
Louis, and a large staff. Michael Kranz is one 
of the best -known radio retail merchandisers in 
the country. The staff also includes Mac Pecker, 
Jack Weber, George Du Buc and Myron Graye. 

New Battery Charger 
Is Announced by G.E. 

A new copper oxide rectifier for telephone 
service, providing an output adjustment over 
an extremely wide range in very small steps, 
has been announced by the automotive products 
section of the General Electric Company, 
Bridgeport, Conn. 

A new variable transformer has replaced the 
customary transformer taps and rheostat, and 
a small knob on the front of the panel controls 
the transformer and provides easy adjustment 
of the charging rate. The rectifiers, which 
may be obtained in various sizes from three to 
12 amperes, will provide a full charge for small 
batteries and a trickle charge for large ones. 
The exact charging rate is at all times indi- 
cated by an ammeter, while quiet operation is 
assured by a built -in filter reactance. The unit. 
in a sturdy case, is easily mounted on a wall. 

i 
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"Base" at Top Marks WGY 

Record -Height New 
FROM a new steel antenna tower 70 feet 

higher than the Washington monument, 
General Electric's station, WGY, in Schenec- 
tary, N. Y., will soon be radiating its 50,000 - 
watt signals to the four corners of the country. 
Located on the company's 65 -acre transmitter 
laboratory plot, three miles from Schenectady, 
engineers predict this new 625 -foot tower will 
greatly increase the strength of signals and ex= 
tend the coverage area many miles, yet in no 
way will tend to blanket the reception of pro- 
grams from other stations. 

This new antenna, which will be used for Na- 
tional Broadcasting Company's programs, is 
unique in that it rests on a point, instead, as 
might be expected of a tower, of coming to a 
point at the top. 

RESTS ON INSULATOR 
The lofty steel structure, nine feet square, 

rests on a porcelain insulator but 20 inches in 
diameter at its base. The porcelain unit in- 
sulates the "live" tower from the ground, for 
the entire tower, ladder and platforms included, 
is the active antenna or radiator. The porcelain 
insulator bears a total weight of 500,000 pounds 
and before installation was tested by the Bureau 
of Standards to an ultimate strength of 2,180,000 
pounds. 

The tower is supported on this point by eight 
messive steel guy lines, two attached to each of 
the four sides of the tower. Four guy lines are 
attached at 250 -foot level and four at 500 -foot 
level. These lines are stretched out 450 feet 
from the tower to concrete anchors buried deep 
in the ground. 

Each cable is strung with seven insulators to 
prevent any diversion of signal strength from 
the antenna. At the point of attachment to the 
tower the guy starts with a 700 -pound in- 
sulator ; and then at intervals along the steel 
cable, breaking the cable into segments, are six 
insulators, each weighing 300 pounds. 

20 ACRES INVOLVED 

While the tower itself occupies relatively little 
land, the complete antenna system with the 
ground system covers 20 acres. Thirteen miles 
of copper ribbon, one inch wide and fifteen - 
thousandths of an inch thick, are buried 18 
inches under the ground and radiate out to a 
distance of 625 feet from the base of the tower. 

A 1,000 -watt flasher beacon at the top will 
give warning to aviators, and in addition there 
will be constantly glowing lights at different 
levels of the tower. To provide greater visibility 
during dull and misty days, the tower has been 
painted in alternate sections of orange and 
white. 

The new antenna is expected to be in opera- 
tion within the next 30 days. 

Antenna 

NICE WORK 
MY interest in RADIO WORLD has in- 

creased the last few years. The 
point 1 wish to impress is expressed on 
page 24 of the February, 1938, issue (W. 
Fletcher). I am sick and tired of wading 
through magazines for reading matter 
detoured through the whole book. Your 
consecutive -page method of presenting 
articles is best. 

GEO. S. KEYES, 
P. O. Box 216, Odessa, Texas. 

* * * 

I congratulate you on your magazine. 
It is one of the best technical magazines 
published. I am an experimenter. RADIO 
WORLD is very valuable to me for all 
data, experimental work, and latest in- 
formation of what's new in radio. I as- 
sure you that it will always be on my 
work bench. 

CURTIS F. KEIRSTEAD, 
28 Linden St., Framingham, Mass. 

Ohmite Announces Two 
Precision Resistor Types 

Ohmite Manufacturing Company, 4835 W. 
Flournoy Street, Chicago, announces Bulletin 
No. 108 covering Riteohm "71" vitreous 
enameled, 1% accurate, 1 watt resistors, and 
Riteohm "81 ", 1% accurate, vacuum- impreg- 
nated, non -inductively pie -wound precision re- 
sistors. 

This bulletin illustrates and describes two 
types of precision resistors completely covering 
the field for accurate resistors for voltmeter 
multipliers, laboratory equipment, radio and 
electrical test sets, and similar use. It contains 
a complete tabular listing of stock sizes and 
gives handy engineering information such as 
maximum voltage and current in milliamperes 
for all stock resistances. 

Inverse Feedback Use 
Is Becoming Widespread 

Inverse feedback, reverse feedback or nega- 
tive feedback (all three signify the same thing) 
is being used more and more in amplifier and 
transmitter circuits, as an agency of purity of 
wave form and stability. 
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TRADIOGRAMS 
Display Cards Increase Knight Table Model 

Cornell -Dubilier Sales Has Electric Motor Tuning 

Display card supplied to jobbers by Leon L. Adel- 
man, of Cornell -Dubilier. 

Cornell -Dubilier's progressive jobber mer- 
chandising program reached a new peak re- 
cently when the corporation supplied to each of 
the jobbers cleverly conceived display cards fea- 
turing "the tiniest electrolytics ever developed," 
the C -D type BR Beavers. The new counter 
display is C -D's fourteenth, the second of their 
second series. 

These point -of -sale reminders are highly ef- 
fective jobber sales aids, asserted the C -D sales - 
manager, Leon L. Adelman, pointing to the 
noticeable sales jumps of the units featured on 
these counter placards. 

Jobbers desiring information on this effective 
method of boosting capacitor sales are invited to 
write to the Cornell -Dubillier Electric Corpora- 
tion, South Plainfield, New Jersey. 

BEITMAN BACK WITH ALLIED 
M. N. Beaman, formerly employed as engi- 

neer by Allied Radio, Chicago, resigned from 
another position recently and returned to the 
employ of Allied. 

Two -band coverage, electric motor push- 
button tuning, slide -rule dial scale, and several 
new circuit refinements are among the features 
of a new Knight 6 -tube Superheterodyne offered 
by Allied Radio Corporation, of Chicago. Re- 
ception is offered on the 16-54 and 175 -560 
meter ranges, thus covering the major short- 
wave and standard broadcast bands. 

The Knight 6 is built around a new super- 
heterodyne circuit incorporating octal glass 
tubes, i -f wavetrap, automatic volume control, 
Variable tone control, and a 6 -inch electro- 
dynamic speaker. The tuning mechanism in- 
cludes electric motor tuning of any six selected 
broadcast stations plus a 6 -inch slide rule dial 
for manual tuning. 

This new model is presented in a matched 
walnut cabinet measuring 16 %2" x 10" x 9 ". 

Knight Radios are distributed exclusively by 
Allied Radio Corporation, 833 West Jackson 
Boulevard, Chicago. 

RCA's New Oscillator 
Features Giant Dial 

A new ac- operated test oscillator, incorporat- 
ing one of the largest dials ever built into such 
an instrument, is announced by RCA. The new 
instrument has a frequency range of from 100 
kc to 30,000 kc and a maximum output of one 
volt. 

Known as Model 153, the new oscillator lists 
at $29.95, the lowest price at which an RCA 
ac- operated oscillator has ever been available. 
The instrument is complete in itself, and is 
designed so that external frequency modulation 
may be added for the cathode -ray oscillographic 
method of servicing. 

The airplane type dial is nearly seven 
inches in diameter and gives a scale length of 
over 50 inches. The high- frequency range 
alone covers over 10 inches. Six ranges cover 
every frequency necessary for servicing re- 
ceivers of any type. Calibration accuracy of 2% 
is guaranteed. 

The high r -f output (one volt) makes the 
153 oscillator extremely valuable for locating 
trouble in an inoperative or completely mis- 
aligned set, or for single stage alignment work. 
Compact size and light -weight make this oscil- 
lator equally applicable for use in the customer's 
home or in the service shop. 

1 
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RADIO CONSTRUCTION 

UNIVERSITY 
Answers to Questions on the Building and Servicing 

of Radio and Allied Devices. 

STUMPED BY HUM 

WW HENEVER I run into hum trouble I feel 
V stumped, as on most occasions I can't 

find a way to get rid of the hum -I. G. 

That nicely describes being stumped. There 
are three general classes of hum : (1) due to 
poor filtration in the B supply ; (2) due to 
carrier modulation ; (3) due to thermal coupling 
between cathode and heater. When there is 
insufficient filtration it is always a good plan to 
increase the capacity of the filter condensers, 
at least doubling them, assuming there was no 
defect in the condensers originally, and also to 
taut rather large series resistors in the amplifier 
and detector plate legs, bypassed to B minus 
with large capacities. The effect of even mod- 
erately -sized capacities, 1 mfd. or more, across 
high resistance, is marked. Carrier modulation 
is often cured simply by connecting a condenser 
of .05 mfd. from one side of the a -c line to B 
minus. Or, two condensers of that capacity may 
be used across the a -c line, and joint of these 
capacities connected to B minus. Hum due to 
thermal coupling between cathode and heater, 
sometimes pronounced in sets using the infinite 
impedance type detector, is somewhat harder 
to cure. Naturally, using d.c. on the heater 
will accomplish the result. Except in special 
experimental installations, nobody would likely 
want to stand for introducing d.c. A compro- 
mise is to use only part of the voltage drop 
across the cathode load resistance, in other 
words, use two resistors, one between cathode 
and joint, other between joint and B minus, and 
put the stopping condenser to the joint, other 
side of this condenser to the grid resistor of 
the succeeding stage. A .00025 mfd. mica by- 
pass condenser goes from cathode to ground 
for resistors of more than 50,000 ohms, and a 

.0005 mfd. condenser for resistors of 50,000 
ohms or less. The resistor from joint to ground 
may be 50,000 ohms, the other resistor, to 
cathode, of equal value, and the grid resistor for 
the next stage 80,000 ohms. This would support 
detection of high percentage modulation signals. 

* * * 

COINCIDENCE OF A.C. AND D.C. 

PLEASE tell me to what extent the a -c volt- 
ages may be made to coincide with the d -c 

voltage ranges in a universal type meter, and 

what is the real reason for the discrepancy - 
O.K.E. 

In the general, the two are not the same, due 
to the current density of the rectifier. The rec- 
tifier therefore may be considered as an agency 
that possesses inertia, and "prefers" to remain in 
its static state, hence current does not change 
much for small increments of voltage starting 
from zero voltage, but once the change has set 
in substantially, the rectifier begins to go along 
fairly evenly. A separate scale for a.c. is re- 
quired. If only high voltage ranges are to be 
considered, then linearity could be produced 
(a.c. equivolent to d.c.), because the limiting 
resistor is large, and with limiting resistance 
"pure," and preponderant, the relatively small 
resistance effect of the rectifier is masked. What 
is usually done is to shunt the d -c meter for 
d -c measurements, to make the terminal volt- 
ages agree for the same multiplier resistors. 
Another method, shown in this issue, is to 
use separate resistors for a.c. and d.c., which 
avoids this shunting, so that the full sensitivity 
of the meter obtains on d.c., whereas on a.c. 
the sensitivity is less, as always, unless the 
d -c sensitivity is sacrificed to atone for the dif- 
ference, as already explained. 

* * * 

TEST OF CURRENT DRAW 
CAN you tell me what is a good method 

to test whether a vacuum -tube voltmeter 
is drawing any considerable current ?-W. R. 

In the absence of a suitably sensitive meter 
to make this measurement, inject a voltage to 
create full -scale deflection on the lowest range, 
then insert a 1 meg. resistor in series with the 
voltage under measurement. If the meter needle 
does not move away from full -scale (to the 
left), the meter draw is negligible. If the 
needle moves back a few divisions out of fifty. 
the draw is considerable. 

* * * 

A.C. FOR RESISTANCE TEST 
WW HY can not resistance be measured on 

V a.c., which is readily obtained frDm the 
house line, without the bother of rectification 
for d -c measurement of resistance ? -W. S. F. 

Because d.c. is steadier and more reliable, the 
(Continued on following page) 
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Een 

Et) 

R9 

0.8 ED 

f 1 

420 
FREQUENCY -- 

f2 

The signal input is supplied to the grid of the 
left -hand triode unit. The grid of the right -hand 
unit obtains is signal from a tap (P) on the grid 
resistor (Rg) in the output circuit of the left -hand 
triode unit. The tap (P) is chosen so as to make 
the voltage output of the right -hand unit equal to 
that of the left -hand unit. Its location is de- 
termined from the voltage gain values given in 
the Chart. For example, if the value of voltage 
gain is 20 (from the Chart), (P) is chosen so 
as to supply 1/20 of the voltage across (Rg) to 
the grid of the right -hnd triode. 

For phase- inverter service, the cathode resistor 
(Re) should not- be by- passed by a condenser. 
Omission of the condenser in this service assists in 
balancing the output voltages. The value of (R0) 
is specified on the basis that both units are oper- 
ating simultaneously at the same values of plate 
load and plate voltge. 

CONSTANTS FOR RESISTANCE AF 

Choice of proper constants permits use of 
single or double triodes in resistance -coupled 
circuits. Constants for these circuits will be 
published next month. The low- frequency cut - 
off is easily arranged in advance. 

0.9 EO E0 

420-, 
FREQUENCY 

f2 

A. Condensers C and Co have been chosen to 
give output voltages. equal to 0.8 E. for of 
100 cycles. For any other value of fi, multiply 

values of C and Co by 100 /f1. 
In the case of Condenser Ce, the values shown 

are for an amplifier with d -c heater excitation. 
When a -c is used, depending on the character of 
the associated circuits, the gain, and the value of 
f , it may be necessary to increase the value of 
Co to minimize hum disturbances. It may also be 
desirable to have a d -c potential difference of ap- 
proximately 10 volts between heater and cathode. 

B. f2 = frequency at which high- frequency re- 
sponso begins to fall off. 

C. The voltage output at fi for n like stages 
equals (0.8 Eo) ". 

D. Decoupling filters are not necessary for two 
stages or less. 

E. For an amplifier of typical construction, the 
value of f2 is well above the audio- frequency range 
for any value of RL. 

F. Always use highest permissible value of Rg. 

G. A variation of ± 10% in values of resistors 
and condensers has only a slight effect on per- 
formance. 

(Continued from preceding page) 
measurements are preferably made on d.c. 
Many have tried the a -c method, but it is not 
as good. Also, batteries in general are more 
stable than rectified a.c., unless special precau- 
tions are taken to hold the a -c input steady, as 
by inclusion of a regulator tube. 

* * * 

METER FOR VTVM 
IS it desirable to have a sensitive meter in 

a vacuum -tube voltmeter, or is a 0 -1 milliam- 
meter sufficient ? -W. D. C. 

The meter choice is affected by the circuit 
design. If it is desired to minimize the amount 
of amplification, then the meter should be more 
sentitive, to take care of a low scale of, say, 
0 -2 volts. Around 200 microampere sensitivity 
is satisfactory, as a compromise between desired 
high sensitivity, and ruggedness of meter con- 
struction. As may be inferred, the ruggedness 
may decline at about the rate that the meter 
sensitivity is increased. A vacuum -tube volt- 
meter for measuring a.c. is shown elsewhere in 
this issue, and trouble -shooting directions are 
given also. 

d 
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Cornell -Dubilier Cites 
Value of Ceramic Casing 

View of a C -D mica -ceramic encased condenser. 

A recent bulletin from the Cornell -Dubilier 
Electric Corporation cites the advantages of a 
mica -cremic casing combination for high -volt- 
age use. 

Referring specifically to the Cornell -Dubilier 
type 86 unit, illustrated here, the corporation 
stated that by the use of mica, the loss of power 
flowing through the (1) capacitor is 1 /20th 
that of ordinary flint glass dielectric capaci- 
tors; (2), that ceramic casing insulates the 
condenser from interfering ground capacity, as 
distinguished from metal cased capacitors; (3), 
that ceramic casing prevents field absorbtion, 
hence, permits lower r.f. resistance ; (4), that 
Cornell -Dubilier's internal mica assemblies 
eliminate all corona effects; (5), that capacity 
remains constant at high frequencies and at 
temperatures that would materially damage glass 
dielectric condensers. 

The Cornell -Dubilier twpe 86 mica capaci- 
tors are recommended by the corporation for 
amateur plate blocking, grid and tank condenser 
applications. 

Choice of Ray -Tube Screens 
Although the medium -persistence green 

cathode -ray tube pattern is generally used in 
standard oscillograph practice, there are other 
screens available where the applications vary 
from normal requirements, say DuMont en- 
gineers. 

For very rapidly changing phenomena, there 
is the short- persistence blue screen, the image 
of which is so short -lived that there is no piling 
up of successive patterns to confuse the ob- 
server. 

For the study of transient phenomena, par- 
ticularly when comparisons are desired between 
them, there is the long -persistence time delay 
screen. The pattern traced by a single phe- 
nomenon remains on the screen for as long as 
a minute. If desired, several phenomena may be 
placed on the screen and compared. Also, the 
screen patterns may be readily photographed 
because of their persistency. 

Radio - Craft 
-complete in 

everything radio 
men need, gained 

popularity and leadership In 
few years. Never once has Radio - 
Craft shortened its stride of 
editorial progress. Broader in 
new scope -excellence in illustra- 
tions- continued improvement in 
editorial technique - accuracy in 
wiring diagrams and schematics - 
these are the basic ideals upon 
which Radio - Craft success has 
been achieved. 

To all readers of this announce- 
ment the Publishers present a SPECIAL OFFER -A SEVEN 
MONTHS' SUBSCRIPTION TO RADIO -CRAFT and a FREE 
t'OI'Y of the 1938 RADIO REFERENCE ANNUAL. If you 
are a regular subscriber, you may also take advantage o' this 
opportunity just the same. The publishers will be gl id to 
extend your present subscription an additional Seven Mmths. 
and at the same time. send you a FREE copy of this book. 

Contents a/ the 
1938 RADIO REFERENCE ANNUAL 

SET BUILDING -This particular section of the 1938 RADIO 
REFERENCE ANNUAL contains a description of a number 
of important, as well as interesting receivers. They are as 
follows: A Simplified Converter; A Farm Battery Receive-; An 
Exeutive's A.C. -D.C. Desk Set; Handy Book -End Novel 
Receiver. Other receivers described are: Crystal Set. Portable 
Battery Receiver, and several others. Each receiver is described 
accurately, complete with constructional data and parts list. 
SERVICING -This chapter Is devoted to Radio service instru- 
ments in general. Special emphasis U given to a number of 
the more essential instruments-they are: Service Oscillators. 
Mixer Circuits, V.T. Voltmeters and an Interference Eliminator. 
PUBLIC ADDRESS -For those who find public address their 
chief interest. here you will find complete design and con- 
struction on a P. A. Tuner; a Handy Amplifier; and an Infinite 
Baffle Loud Speaker. 
TEST EQUIPMENT -Radio Service Men who prefer to build 
their own equipment will find all the construction details neces- 
sary for building the following: Condenser Analyzer, Midget 
Oscilloscope with 1" and 2" tubes; Service Audio Oscillator. 
GENERAL INTEREST ARTICLES -A variety of topics have 
been selected for their interest and importance. These sub - 
iects cover -Home Broadcaster; Remote Bet Tuning; Carrier - 
Tyne Interphone Systems and a number of others. 
MISCELLANEOUS -A comprehensive Index of Important ar- 
ticles which appeared in Radio -Craft during 1937. This section 
also Includes data on recently developed tubes and many other 
helpful hints and suggestions. 

RADIO 
REFERENCE 

ANNUAL 

Over 90 illustrations 

le sr 

RADIO -CRAFT 
99 Hudson Street, New York. N. Y. 

Gentlemen: Enclosed you will find my remittance cf 
One Dollar 191.001 for which enter my subscription 
to Radio -Craft Magazine for Seven Months. Send me, 
ABSOLUTELY FREE, and POSTPAID, my copy of 
the 1938 RADIO REFERENCE ANNUAL. 

New Subscriber Extend present subscriptio, 

RADIO - 
CRAFT 
99 HUDSON 

STREET, 
NEW YORK, 

N. Y. 

MAIL 
COUPON 
TODAY 

RW -5 -38 1 

I 
Name 

i 
Address I 

I . 
State 

(Send remittance by check or money order. Register letter 
if you send cash or unused U. S. Postage Stamps.) 
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E C TEST EQUIPMENT IS 

SOLD WITHA d 

You can buy Teco Instruments direct from the factory on a 10 -Day Free Trial. If the instrument you E 
buy does not meet your specific needs you may return it to us for full credit on any other TECO 
equipment which we make! Buy TECO and Save the Difference! 

T -10 TUBE TESTER 
A SENSATIONAL ACHIEVEMENT! 

For accurate and rapid work. Has d'Arsonval moving 
coil meter. Tests all types of tubes. For use on 
110 v. 60 cycle AC. 

FEATURES: 
Tests all 4, 5, 6, 7s -7L and octal base tubes. 

* Tests all Diodes, Triodes, Pentodes and Tetrode receiving 
tubes, as well as many transmitting types. 
Separate Neon Teat for leakage or shorts between elements. 
English reading meter, with calibrated "BAD -f- GOOD" 
scale. 
Minimum number of adjustments, without impairing ef- 
ficiency or accuracy of test. 
Rugged, foolproof construction. Built for a lifetime of use. 
Attractively designed etched panel, leatherette carrying 
case and cover. 
Compact and lightweight. Ideal for service laboratory or 

field servicing. 
Supplied with complete instructions and tabular data for 
every known receiving type of tube, inelud- 
ing many transmitting types. 75 Size: 113¢ s 91 s 51. Shpg. wgt. 9 lbs. 
Our net price 

U 

u 
U 

Í TECO Multimeter comes complete in leather- 

U ette carrying case, removable hinged cover with Qs 1 3b 
test prods and instructions. Size: 11% z 9% s 
5%. Shipping weight. 8 lbs. Our net price.. 

= FREE CATALOG READY! 
Read all about this sensational new line in the new TECO = 

m Catalog. Compare the specifications with any other line. Note MI 
U the 10 -day Free Trial Offer and Guarantee! You need this = 
= catalog so get yours today! U 

Il TEST EQUIPMENT of America 
139 CEDAR STREET DEPT. RW 58 NEW YORK, N. Y. j 
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YOU NEED THIS 

T -15 MULTIMETER 
Here's the unit you need for rapid, accurate meas- j urements. A 1,000 ohms per volt type instrument = 
featuring 4 /2' d'Arsonval type movement 0 -1 Milli - 
ammeter. Accuracy 2 %. Attractive etched metal 
panel and precision resistors. For use on 110 v. 60 U 
cycle A.C. 

2 RESISTANCE RANGES U 
0 -500 ohms, 500 -5 megohms 

HIGH AND LOW CAPACITY SCALES 
.0005 -1 mf. and .05 -200 mf. 

COMPLETE AC and DC VOLTAGE and CURRENT U 
RANGES 

DC Voltage: 0 -15, 0 -150, 0 -750 volta - 
AC Voltage: 0 -15, 0 -150, 0 -750 volts 
DC Current: 0 -1, 0 -15, 0 -150, 0 -750 Ma. 
AC Current: 0 -15, 0 -150, 0 -750 Ma. 

THREE DECIBEL RANGES 
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CLASSIFIED 

ADVERTISEMENTS 
7 cents a word. $1.00 minimum. 

MOST SERIOUS RADIO MEN ARE PHOTOGRAPHERS 
and have a favorite KODACHROME transparency of wife or 
kiddy. Mounted prints in Natural Colors (not hand colored) 
from your own KODACHROME transparency, 5 z 7 inches, 
$4.00; 8 z 10, $6.00. Cash with order or C.O.D. Robert B. 
Horsley, (Dept. R), 120 East Gorges Lane, Philadelphia, Pa. 

HAVE YOU BACK NUMBERS of Radio World, for April, 
July, September, October, November, December, 1936; February, 
March, April, June, 1937? If so, please communicate with 
Radio World, 145 West 45th St., New York, N. Y. 

ONE. TO EIGHT TUBE RADIOS, made to order. Any size 
for any purpose. (Please give fullest details of desired receiver.) 
Theodore Block, 9 Alyea St., Newark, N. J. 

RADIO WORLD AND POPULAR MECHANICS 
MAGAZINE - Radio World is $7.50 a year, and 
Popular Mechanics Magazine is $2.50 a year. Popular 
Mechanics Magazine does not cut rates, but Radio 
World will send both publications to you for out year 
for $3.75. RADIO WORLD, 145 West 45th Street, 
'Jew York tit. 

INFORMATION IS SOUGHT OF HARRY (HERSCHEL) 
WYLER alias WHITE, a driver of a radio sound truck and 
radio repairman, who disappeared from San Francisco, Calif. 
in March 1937 and since then has made no provision for his 
wife. Clee, and their two small children, Marlene and Terry. 
as a result of which the family is in dire need. This man 
was burn in Minneapolis in July 1905, is 5 ft.. 9 in. tall, 
weighs 175 pounds. has light brown hair, blue eyes, wears 
glasses. Anyone knowing of his location is requested to com- 
municate with the National Desertion Bureau, 67 West 47th 
Street, New York City. 

BUILD ONE TUBE 

POCKET SPORT SET 

Nothing like it on the market. 
No aerial or ground used. 

Fully described in November 
1937 issue of Radio World. 

Complete Kit with Tube and $ 95 
Batteries 4 
Same as above, but completely 
wired by us and ready to operate 7.95 
SPECIAL INTERRUPTOR COIL ONLY 690 

Send 30 in stamps for diagram. 

Mail Orders Filled in 24 Hours 

20% deposit with order, balance C.O.D. 

DOUGLAS RADIO CO. 
PARTS - AMPLIFIERS - TUBES 

89 Cortlandt St. New York City 

JOHN procrastinated 
Here is what happened to MARY 
JOHN, his good wife Mary and two lovely 
children, owned a $7,000.00 house with only a 
$2,000.00 mortgage, and had about $3,000.00 
in the bank. He caught a cold; it developed 
into double pneumonia and within a week he 
was dead. 

There was no will. An executor had to be 
appointed by the court, a bond paid and a 
lawyer appointed. He had two brothers with 
whom he was on bad terms. Each applied 
for one -third of the estate. The executor got 
5% and had one year to settle. 

The mortgage was foreclosed, Mary was 
dispossessed. Today this man's family are 
on relief, destitute. If our Will booklet at 
a total cost of one dollar had been used, 
all this trouble would have been saved. 
Things like that are happening every day. 

OUR booklet giving samples of Standard Last 
Wills and Testaments, with many separate 
clauses, enables one to make just the kind 

of Will desired by simply copying the wording 
and filling in your names. 

With our booklet comes a Will blank with 
full instructions how to sign and have it 
legally witnessed so as to make in SECRET, 
without other legal advice, a perfectly legal 
will. 

Mail One Dollar for booklet and legal form 
Will blank. 

r 
1 Dept. F.C. RADIO WORLD 

145 West 45th Street 
New York City 

I enclose herewith one dollar for which send me, 
postpaid, your booklet, "How to Make Your Last 
Will & Testament" and blank legal Will form. 

Name 

Address 
City 

State 
Satisfaction or Money Back 
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You need 
. . these Z books 

RADIO SERVICING SHORT -CUTS 
and Money Making Ideas 

A completely new :.nd different book tells how 
radios may be repaired quickly with the absolute 
minimum of test equipment. Proves that by an 
actual test 9 out of 10 radios can be fixed with 
sample tools and volt -ohmmeter. The author, M. N. 
Reitman, for years in the servicing profession, 
realized and kept data on these facts. Page after 
page of practical Information. Many real money- 
making Ideas and hints applicable to all sets 
(Size: 81 x 11 tn.) 

PUBLIC ADDRESS SYSTEMS 
A practical handbook, full of useful information, 
fully Illustrated. Considers in detall various 
microphones, radio and phonograph inputs, acoustic 
feed -back, mixing and volume controls, use of 
vacuum tubes, interstage coupling, power ampli 
fiers, output coupling, loud speaker placement, the 
decibel, P.A. measurements, power level, and 
other pointe of importance, including actual circuit 
diagrams of tested P.A. systems. 

Price, 50e each book. 

SUPREME PUBLICATIONS 
3727 West 13th St., Chicago, Illinois 

A YEAR'S GIFT FOR HIM 
Is your husband, son or nephew interested in 

radio? Why not send him Radio World for a year? 
We will send him, at your request, a post card 

notice telling him of your thoughtfulness in send- 
ing a gift that lasts all year! 

For $2.50 a year in the United States he will 
be reminded of your generosity every time the 
magazine arrives. 
RADIO WORLD, 145 WEST 45th ST., NEW YORK CITY 

MAILING LISTS 
GET OUR FREE 

REFERENCE 
BOOK a#rd 
MAILING 

LIST CATALOG 

Gives counts and prices on accurate guaranteed 
mailing lists of all classes of business enter- 
prises in the U. S. Wholesalers- Retailers- 
Manufacturers by classification and state. Also 
hundreds of selections of individuals such as 
professional men, auto owners, income lists, etc. 

Write today for your copy 

R. L. POLK &CO 
Polk Bldg.- Detroit, Mich. 

Branches in Principal Cities 
World's Largest City Directory Publishers 
Mailing List Compilers. Business Statis- 
tics. Producers of Direct Mail Advertising. 

TELEVISION 
"TELEVISION WITH CATHODE RAYS," 
by Arthur H. Halloran. Farnsworth and 
Zworykin systems fully explained. The treatment 
is mathematical. It is a book for the well - 
grounded radio man who has vision, the man 
who wants to be among the first to cash in when 
the pictures go on the air commercially, but is 
not for novices. 100 pages or more of supplemen- 
tary data. Price $2.75 postpaid including Supple- 
ments). 

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

QUESTIONS 
ANSWERED 

IF you have trouble with your set, 
send in a detailed account of 

symptoms, with circuit diagram, and 
28c. in stamps or coin, and Radio 
World's staff will make a diagnosis 
and report back promptly. 

RADIO WORLD 
145 West 45th Street New York City 

textbook. 
Send for 

Text -Book for Home Study 
This complete, up -te- the -minute, practical 
book will teach you quickly how to service all types of refrigerators. Page after 
page of useful, easy to understand facts Refrigeration is the big money held and 
you sen get Into It after studying this Size g'/ x II In. Priced et only 81.00. postpaid your copy now. 

SUPREME PUBLICATIONS 
3729 WEST 13th STREET CHICAGO ILL. 

A COMBINATION OFFER ! 

RADIO WORLD and 
"RADIO NEWS" 

$3.50 
Canadian and Foreign, $1.50 extra on this offer. 

You can obtain the two leading radio technical magazines that cater to experimenter, service men and students, for one year each, at a saving of 51.50. The regular mail subscription rate for RADIO WORLD for one year is 52.50. Send in 51.00 extra. get "Radio News" also for e year -a new Issue each month for twelve months. Total 24 issues for $3.50 and 55.00 w foreign countries. 

RADIO WORD t) 145 West 45th Street, N. Y. City 
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1 SEE YOUR 

JOBBER 

* 
NEW! 

COMPACT! 

SENSIBLE! 

* 
SEND FOR 

DETAILS 

* 

HAMMARLUND's new "foundation kits" are 
designed to make it easier for the amateur 

to build neat, efficient, compact apparatus. The 
300 -watt push pull R.F. amplifier, illustrated, 
can be built in less than 20 minutes. The only 
tools necessary are a screw driver and soldering 
iron. 

No chassis is needed; no difficult drilling. 
The various brackets are shaped and drilled to 
be used with standard Hammarlund parts, even 
holes for mounting the R.F. by -pass condensers 
are provided. All parts are of aluminum and have 

a silver -like satin finish. The entire 
unit is designed for greatest 
efficiency; all leads are short and 
direct. Compact in size -meas- 

ures only 13" x 81/2" x 8" overall Designed for 
any of the popular triodes from 10's to 808's. For 
low power, type 10 -ubes may be used, and for 
higher power (around 300 warts) a pair of 808's. 

Be thrifty, save time, build better transmitters. 
See your dealer o- write for descriptive literature. 

MAIL COUPON TODAY I 

1 HAMMARLUND MFG. CO., INC. 
424 -438 W. 33 St., N. Y. City 

( ( ) Send data on "'foundation kit" 

Name 

1 Address 

City. State 
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..and..and 

for 1000 Jses 
Handy. 

Size: 
Va " x 5Th" x 2'4 " 

Model 666 
DEALER $1 ,00 
PRICE 

A complete instrument for all servicing 
and other needs. Can be used for all 

A.C. -D.C. voltage, current and re- 
sistance analyses. 

Attractive Heavy Black Leather Carry- 
ing Case with Finished Edges and 
Strap, Model 669, supplied extra. 

DEALER PRICE $3.67 

SEE YOUR JOBBER 

POCKET 
VOLT-OHM. 

MILLIAMMETER 

For laboratory 
shop or field use. 
Handy pocket 
size yet sturdy 
and precision 
built. 

MODEL 666 
Has 3" Sq. Triplett Improved Rectifier Type 

Instrument 

AC -DC Voltage Scales Read: 10-50- 250 -500- 
1000 at 1000 Ohms per Volt 

DC Milliampere Scales Read: 1 -10 -50 -250 

Ohms Scales Read: Low, 1/2-300: 

250,000 

Black Molded Case and Panel 

Low Loss Selector Switch 

Complete with Alligator Clips, Battery and 
Test Leads, DEALER PRICE $15.00 

High, 

WRITE FOR CATALOG 

1;7 LEA 
Pactlion 

ELECTRICAL INSTRUME 

The Triplett Electrical Instrument Co. 
275 Harmon Ave., Bluffton, Ohio 

Please send me more information 
Model 666. 

I am also interested in 

Name 

Address 

City 

on I 

State 
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