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I WILL SEND MY FIRST LESSON FREE 
If Shows How ¡bain You 

at Home in Your fpareeme fer a  

GOOD JOB IN RADIO 
J. E. Smith, President 

”ndin Institute 
Established 1914 

The man who has directed 
the home study training of 
more men foi the Radio 
Industry than any other 
man in Amara. 

vtiette2... 
7jherie---

Service 
Manager 
for Four 
Stores 

-I was work-
ing in a ga-
uge when I 

enrolled with N. R. I. In a 
few months I made enough 
to pay for the course three 
or four times. I am now 
Radio service manager for 
the M— Furniture Co, 
for their fear stores."— 
JAMES E. RYAN. 1535 
Slade St.. Fall River, Mass. 

$40 a Month 

in 
Spare Time 

"1 have a very 
good spare time 
trade. At times 
it is more than I can handle. 
make on en average of 

$40 per month profit, and 
that is spare time working 
week ends and some eve-
nings. •'—IRA RIVANS, 102 
Diagonal St., Savanna. Ill. 

Get My Free Lesson on 
Radio Servicing Tips 

My sample lesson text, "Ra-
dio Receiver Troubles—their 
Cause and Remedy- covers 
a long list of troubles to 
A. C.. D. C., battery, uni-
versal, auto, T.R.F.. super-
heterodyne. all-wave, and 
other types of sets , gives 
you the probable cause and 
a quick way to locate and 
remedy these set troubles. 
A special section is devoted 
to receiver cheek-up, align-
ment. balancing, neutraliz-
ing and testing. Get this 
lesson Free. Just mail coupon. 

Clip the coupon and mall it. I will prove I can train 
you at hume in your spare time to be a RADIO 
EXPERT. I will send you my first lesson FREE. 
Examine it, read it. see how clear and easy it is to 
understand—how practical I make learning Radio at 
some. Men without Radio or electrical experience 
become Radio Experts, earn more money than ever 
as a result of my Training. 

Many Radio Experts Make 
130, $50, $75 a Week 

ludio limadeasting stations employ engineers. opera-
tors. station managers and pay up to $5,000 a year. 
Sisare time Rodio set servicing paya as much as $200 
so $500 a year—full time jobs with Radio jobbers. 
manufacturers, dealers as much as $30. $50, $75 a 
week. Many Radio Experts 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 operators on ships get good pay, see the 
world besides. Automobile, police, aviation. commercial 
Radio, loud speaker systems are newer fields offering 
good opportunities now and for the future. Television 
promises to open many good jobs soon. Men I have 
trained have good jobs in these branches of Radio. 
Read their statements. Mail the coupon. 

There's a Real Future in Radio 
for Well Trained Men 

Radio already gives goods »la to usure than 300,000 
People. And in 1936, Radio enjoyed one of its most 
prosperous years. Ilore than $500,000,000 worth of 
sets, tubes and parts were sold—an Increase of more 
than 60% over 1935. Over a million Auto Radios 
were sold, a big increase over 1935. 24,000,000 homes 
now have one or more Radio sets, and more than 
1,000,000 autos are Radio equipped. Every year mil-
lions of these sets go out of date and are replaced 
with newer models. More millions need servicing. 
new tubes, repairs, etc. A few hundred $30, $50, $75 
is week jobs have grown to thousands in 20 years. 
And Radio Is still a new industry—growing fast! 

Many Make $5, $10, $15 a Week Extra 
in Spare Time While Learning 

Almost every neighborhood needs a good spare time 
serviceman. The day you enroll I start sending Extra 
Money Job Sheets showing 'low to do Radio repair 
jobs. Throughout your training I send plans and ideas 
that made good spare time money for hundreds. I send 
Special Equipment to conduct experiments, build cir-
cuits, get practical experience. I GIVE YOU ,!) 
COMPLETE, MODERN. l'ROFESSIONAL ALL 
WAVE. ALL PURPOSE RADIO SET SERVICING 
INSTRUMENT TO HELP SERVICE SETS 
QUICKER—SAVE TIME. MAKE MORE MONEY. 

I Give You Practical Experience 
Sly Course Is not all book training. I send you special 
Radio equipmer.. show you how to conduct experi-
ments, build cis illustrating important principles 

used in modern Radio receivers, broadcast stations, 
loud-speaker installations. I show you how to build 
susting apparatus fur use ill spare time servicing 
trom this equipment. Remi about this 50-50 method 
of training—how it makts learning at home interest-
ing, quick, fascinating. practical. Mall coupon. 

Money Back Agreement Protects You 
I am sure I can train you successfully. I agree in 
writing to refund every penny 3ots pay me if you are 
not satisfied with my Lesscns and Instruction Service 
,visen you finish. Iii send you a copy of this agree-
ment with my Free Book. 

Find Out What Radio Offers You 
Mail coupon for sample lesson and 64-page book. 
Both are free to anyone over 16 years old. My book 
points out itadio's spare time and full time oppor-
tunities and those coming in Television.; tells about 
my training in Radio and Television; shows you 
letters from men I trained. telling what they are 
Ming. earning. Find out vikat Radio offers YOU! 
MAIL COUPON in an enve:ope. or poste it on a 
Penny post card—NOW! 

J. E. SMITH, President, Dept. 7NM4 
National Radio Institute, Washington, D.C. 

MAIL 
COUPON 
NOW! RICH REWARDS 

IN RADIO 

GOOD FOR BOTH rieeEELCsco% FREE (- N4, 
J. E. SMITH, President, Dept. 7NM4 
National Radio Institute, Washington, D.C. 

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

NAME    .ACE 

ADDRESS  

CITY STATE   14X1 

RADIO W ORLD, December, 1937. Published monthly. Vol. XXX. No. 9, Whole No. 711. Address, 145 West 
45th Street, New York, N. Y. Subscription price, $2.50 per annum (foreign, $3.00). Single copy, 25e. 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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RECORD FOR TOP QUALITY 
AT MEDIUM PRICE MADE BY 

v .E) \ ULTRA 19115 
it.1g \ FINE l'ILI 

FIRST ANNOUNCEMENT 
OF NEW METER LINE 

H ERE is a new line uf meters of vast 
importance to servicemen and ex-

perimenters because top quality is ob-
tainable for the first time at medium 
cost. 

Marion meters, made in all ranges in 
both medium and large-sized cases, are 
the result of the best engineering knowl-
edge, the best tools, the best materials 
and the best workmanship. Built Like 
a Fine Watch. 

Made in more than 86 standard ranges 
of d-c instruments, at sensitivity from 
100 microamperes up, they meet the 
exacting needs of critical users. 

Representative meters in the large 
(Model 54S) and medium-sized (Model 
53S) in Bakelite cases, as illustrated. 

A rekresentative meter shoun at right 
in the Model 54-S case, for volt-oken-
milliammeter service. Actual size is more 
than twice that shown. 

Model 538 affords choice of same 
service and accuracy as the large-sized 
meters. 0-1 milliamperes. $3.90: 0-100 
microamperes. $7.20. 

Prices are Net to Dealers. 

A representative meter In the Model 545 case. With suitable 
shunts. multipliers and 4.5-volt battery (not supplied), this 
instrument is a volt-ohm-milliammeter of seven basic range2: 
0/50/250/1 000 volts-milliamperes; 0/100.1030 ohms. Voltages at • 
1.000 ohms per volt. Actual sin of meter is more than twice 
that shown above. Net price to dealers  

The above Uses 0/1 Ma. It is obtairmble with 0/1 scale, if preferred. 
0/100 microampere movemert, V-O-MA ai- standard scale tbr 548. is priced 
to dealers @   MI. I 6 

SPECIFICATIONS OF sas 
1. Accuracy 2%, maintained Indefinitely. 
2. Dead beat (pointer contra quickly to rest at deflection . 
3. Dust-proof. Moulded Bakelite case. 
4. Hairline pointer. 
5. Same reading obtains at any and all positions of meter. 
6. Extremely high overloads Inflict no iniury. 
7. Readable even in a moderately dark room, due to large clear scales and 

high visibility pointer. 
8. Magnets of best grade and fully aged. 
8. Phi*, run in genuine sapphire bearings. 

10. Overall dimensions, 4%" 4-3,16". Barrel diameter, 2 45/84". Barrel 
depth. 1". 

Same specifications appiy to the medium-sized instruments. case Illustrated at 
left. except for the physical dimensions, as follows: 

Model 538. 3',4" square overall; barrel depth. l%". 
Model 53R, 3-27/64" diameter overall; barrel depth. 1%". 

Send for Complete Catalogue 

MARION ELECTRICAL INSTRUMENT CO. 
MANCHESTER, NEW HAMPSHIRE 
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"GET MY 
FREE RADIO LESSON" 

MAKE $40-$60 a WEEK 
with this New Kind of Radio Training 

SETS YOU UP FOR BUSINESS! 
Now there's a new kind of Radio training 

every man should know about if he wants to 
get in on the money end of the Radio industry. 
Sien taking my training right now are actually 
earning $10, $15. $20 a week and more in 
spare time—while they learn. Men who have 
graduated are holding down lobs paying $60 • 
week and up. 

MAKE MORE MONEY QUICK 

My course la arranged so that you get prac-
tical lessons right at the start. Quickly, you are 
ready to begin servicing sets. Useful. simple 
lob sheets show you every step to take. And you 
have the equipment to handle these lobs prop-
erly. Time and time again my students write in 
to tell me they are handling jobs other Radio 
men couldn't handle. That's because my easy 
to understand lessons and professional equipment 
make you a real Radio expert. 

NO EXPERIENCE NEEDED 

Old-timers and new-corners are taking this 
new kind of training and making real money in 
Radio. If you are a Radio man now, you know 
now is the time to get extra training and bigger 
pay. If you are lust about to enter Radio, now 
is the time to start taking this thorough, 
easily-leamed course. Everything is clear. Evety-
thing practical. You learn business methods. 
gain agit-confidence, get the satisfaction that 
nothing but quick rash in the pocket can give 
YOU. 

GET THE FACTS 

Your future in Radio can be rich and happy 
if you get started on the right track, get the 
kind of instruction that puts you ahead of 
others from the start. My new book. entitled 
"MORE MONEY IN RADIO" tells about 
Radio's spare-time and full-time opportunities, 
tells you about my unusual new type of prac-
tical Radio training, shows you letters from 
men who have found success this way, shows how 
YOU can do the same. Send for this book today 
and get the farts. Art nowt Fill in and mail 
this coupon at the right. 

BIG PROFESSIONAL OUTFIT SENT 

You learn at home, in your spare time, you 
train on real Radio parts, with real professional 
tools and implements. I send them to you as 
part of your course. This big professional out-
fit is practically an entire Radio shop in itself. 

A. H. LA N 01 E. Northbridge, Mass., writes: "Since 
enrolling I have cleared a net profit of more than 
$150 in spare time alone .. and I am not half 
through the course yet. Honestly. I cannot understand 
how you can give so much 'dope' for no little money." 

— --
EDWIN A. GAMMON, Auburn, Maine, writes: 
"Your course Is so thoroughly good and practical that 
it is hard to pick out one part that la better than 
any other. Due to the knowledge I have gotten from 
.t I have been deluged with work for the last month. 
achieving good results with radios which had been 
unsuccessfully tackled by other service men. You 
deserve all the credit. and t can tell YOU how much I 
appreciate your course." 

WALTER DAVIS, Baltimore, Md„ writes: "Thanks 
to the Sprayberry Practical Course (for which I would 
not take anything or any price). I adi now making 
on an average of from $10 to $25 per week in spare 
time work, and if this keeps up I may go in for full 
time radio servicing and sales. Thank you again." 

NOW SEND FOR 

FREE BOOKS! 
My free books have 
started hundreds of men 
on the road to success 
in Radio and happiness in 
life. They're crammed 
with facts you can't af-
ford to miss—filled with 
TRUE STORIES of men 
that I put into Radio. 
Get these books and read 
them. If others can suc-
ceed in Radio, so can 
you—it's all in getting 
started right. 

MASTER SERVICE COURSE 
FOR SERVICE MEN ONLY 

Far you men already in the business. I have 
my famous "Master Service Course" consisting 
of 45 important and practical lessons 
Describes the actual how-to-do- it. Practical. 
modern and easy to understand. Every service 
man needs thin special course. Nothing like 
it in print. Represents years and years of 
experience at actual Radio Service work. The 
tree book "More Money In Radio" tells about 
both courses. TERMS AS LOW AS $3 PER 
MONTH. IRON-CLAD MONEY BACK 
AGREEMENT. Fully protects you. 

ALSO FREE 
When I send YOU 

MY free book 
"More Money in 
Radio." I'll also 
send you one of my 
f a mou s "BUSI-
NESS BUILD-
ERS." 

MAIL THIS COUPON TODAY 

SPRAYBERRY ACADEMY OF RADIO, 
F. L. SPRAYBE R RV. President, 

35-P Li novefsity Place, N. W., Washington, D. C. 

Please send me a free copy of "More Money in 
Radio," and also a free "BUSINESS BUILDER" 

Name   

Address 

City 
Paste coupon on penny postcard. mall TODAY. 
If Interested in Service Course only, check here ( ) I 

Age   

  State 

LIM 
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PRECISION 

With Each Order 

A New Model  

SLIDE RULE 
FREE 

for 

ALL METER 

e Gee' 

ex es 

$‘.• 
oè 

‘, .44‘exseoo'be' 
-,:oc•-‘e•. -

%6‘"‘ See-

aces.c- ,•;\ 

it.e e x e 400'etee eceeel 

eteeecel?14,e e\e'ee 
ØO 

&sca‘P%leie-ee::%efç'ele:le:::e •00 " ecree 
O e "`" eireece tee. \s,?etre, 

e$'e.'%eee2e°''‘'ee 2'„ee% vente\eee.ee 

ebe zeet;e.za,;e:e° 

NEW ALLMETER 
Adds 6 Instruments, 
No Extra Cost to You, 
Bringing Total Services to... 7 

The Allmeter. 27 instruments In on 1.000 ohms 
per volt, 90-120 v. AC-DC operation. 

0-15 Volts A.C. 
0-150 Volts A.C. 
0-750 Volts A.C. 
0-15 Volts D.C. 
0-150 Volts D.C. 
0-750 Volts D.C. 
0-15 Milliamperes A.C. 
0-150 Milliamperes A.C. 
0.750 Milliamperes A.C. 
0-1 Milliampere D.C. 
0-15 Milliamperes D.C. 
0-150 Milliamperes D.C. 
0-750 Miliamperes D.C. 
Continuity Tester 
.01-50 Mfd. 
.03-500 Ohms 
500-500,000 Ohms 

T to 12to +10 Decibels 
0 +30 Decibells 

_y ls R Interpola' 
+28 to +50 Deelbiesn 

5.1  "N I nductance.Rinter"lat. 
v. ,800 Henrles 
T V mM:, 0.15 Volt 

V:T ..Vvim. 0.750 volts A.C. 
V T.V.M.. 01" Volts AC. 

m ., 0-15 Volts D.C. " 
vV:TT:vV.. m .. 0-150 Vol 

.. 0-750 Volts s D.C.D.0  

$1 0•40 

Send for our new free Catalogue PVS, 
in colors, describing our complete line. 

Front cover is illustrated below' 

(tootle 

mitomilER 

P-C6OX 

Niel« 

Aiiikree 

ORDER DIRECT FROM 

SUPERIOR INSTRUMENTS CO. 
136 Liberty St., New York, N. Y. 

Dept. RW12 
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DOUGLAS 
NEW VOLUME EXPANDER 
Widens fidelity range and entirely self powered. 
Easily attached to radio or amplifier, with only 
four connections to make. 
Comp!ete kit of best quality parts $ 
mounted on drilled chessis with cover, 7s5 
all ready for you to wire  

Less Tubes 
Kit of 4 Sylvania metal, or metal-glass tubes $3.80 
Complete unit as described, but wired and tested 

$3.50 extra 

HAYNES POCKET RECEIVER 
The Haynes Pocket Receiver, as described in Novem-
ber issue of Radio World, has created a tremendous 
sensation. No aerial or ground required. 

A true pocket receiver which really works like a 
charm giving practical reception of the local broad-
cast stations while concealed in your pocket. 

In line with our policy of featuring all of the new 
radio developments which are worth while Douglas 
Radio is offering exact duplicates of Mr. Haynes' 
original model (which has been on demonstration at 
our store) either in kit form or completely wired 
and tested. 
Price of complete Pocket Receiver with 
tube, ready to operate. (Less only ear 
phones)   

Price of complete kit 
including batteries, 
tube, wire, 
knock -down 
plywood $ 5 95 
case, etc.... 

Special Interrupter 
Coil only   69c 
14 Ohm Resistor  10c 
Burgess Z2 Batteries 

Each 10c 

Burgess No. 2 Bat-
teries   10c 

Attractive imitation leather covered case (extra) vse 
We make a specialty ot catering to the radio experimenter and keep 
on demonstration many novelties and exclusive developments such as 
capacity relays, infra-red light beam alarms, volume expanders, etc. 
We can aiso save you money on power amplifying equipment or supply 
practically any size chassis and panel from stock. Ask us for a FREE 
circuit diagram if you want to build a receiver or amplifier. 

MAIL ORDERS FILLED 24 HOURS 
23% Deposit With Order, Balance CO. D. 

PARTS — AMPLIFIERS — TUBES — KITS 
Send 5e in stamps for free diagrams 

$7.95 

DOUGLAS RADIO COMPANY 
89 CORTLANDT STREET - - - - NEW YORK CITY 

RADIO GIMBAL 
A New Chassis Cradle for Speed 
and Profit in SERVICING 

E OR testing ana repairing receivers or 
I amplifiers, every radio service shop 
needs the RADIO GIMBAL. It can be 
adjusted to any desired angle and permits 
top, underside and left- or right-side 
examination, es well as inspection of any 
intermediate arrangements. Conveniently 
accommodates any chassis up to 13" x 12" 
by 23". 
Senior Radio Gimbal net $6.00 
Junior model chassis cradle net $3.50 
Senior Radio Gimbal, all metal con-

struction, net   $7.50 
Junior Model Chassis Cradle, all 

metal construction, net  $4.00 

Senior Model (illustrated) has two frames. 
Junior Model has one frame. 

;Ville for illustrated Circular R.111. 

THE W. A. THOMAS COMPANY, 321 Caroline St., Neenah, Wisc. 



RADIO WORLD 
SERVICING, MEASUREMENTS AND DEVELOPMENTS 

Sixteenth Year 

ROLAND BURKE HENNESSY H. J. BERNARD 
Editor Publisher 

HERBERT E. HAYDEN 
Advertising Manager 

Table of Contents for DECEMBER, 1937 

KDKA's New High An-
tenna   10 

Latest Improvements Produce 
Marked Performance 

Right or Wrong?  12 
Propositions That Test Your 
Knowledge 

Establishing Generator Ac-
curacy   13 

Harmonic Technique Invoked 
By H. J. Bernard 

Television Cameras More 
Sensitive   18 
End of Studio Glare Seen 

How to Use' the 6V6-G  20 
Circuits for New Beam Power 
Tube 

A New Method of Repro-
ducer Fidelity   24 

Diphonic Speaker for Highest 
Type Commercial Sound 
By R. C. Miner 

Instrument Rectifier Prob-
lems   26 

Linearity and Low Range Con-
sidered 
By H. B. Herman 

Electro -Magnetism Ex-
plained   28 

Simple Examples Given of 
Striking Effects 
By M. N. Beitman 

Radio University   32 
Technical Questions Answered 

Volt - Ohm - Milliammeter 
Problems   34 

Readers Invited to Solve Diffi-
culties 

An Effective Volume Ex-
pander     43 

Improved Circuit for Restoring 
Lost Balance 
By Tom Waite 

A Stabilized Vacuum-Tube 
Voltmeter  46 

Double Inverse Feedback Used 
By Capt. Peter V. O'Rourke 

Pointers on Working a Tube 
Tester   48 

Analysis of Circuit Described ... 
in October Issue 
By Henry Burr 

New Tubes Announced  50 
6AC5-G High-Mu Power Am-

plifier Triode,6ZY5-G High-
Vacuum Full-Wave Rectifier 
and 6U7-G Super-Control 
Amplifier Characteristics 
Given 

Negative-Grid Triodes   52 
Equivalent Networks, with At-

tention to High Frequencies 
By F. B. Llewellyn 

New Products Announced  60 
What the Manufacturers Are 

Offering 

Vol XXX, December, 1937. No. 9. Whole No. 711 RADIO W ORLD. published monthly by Hennessy Radio 
Publications Corporation, 145 West 45th Street. New York, N. Y. Editorial and executive offices, 145 West 
45th Street. New York, N. Y. Executives of RADIO WORLD: Roland Burke Hennessy, editor and business 
manager; H. J. Bernard, publisher; Herbert E. Hayden, advertising manager. Officers of corporation: Roland 
Burke Hennessy. president-treasurer; Roland Burke Hennessy, Jr., vice-president, H. J. Bernard, secretary. 
Entered as second-class matter March, 1922, at the Post Office at New York, N. Y., under Act of March 

3rd, 1879. 

SUBSCRIPTION RATE 
Price 28 cents per copy. Subscription $2.50 per year (12 issues); $1.25 per six months (6 issues); postpaid 
in the United States and Possessions; $3.00 per year, $1.50 per six months, postpaid in all other countries. 
Remittance for foreign subscription should be by International money-order (postal or express) or draft against 

or discountable at New York bank. 

Ranio WORLD is distributed by the American News Company and its Branches 



December, 1937 RADIO WORLD 9 

Get a whole shelf-full 
of RADIO BOOKS 

IN ONE 

BIG 

VOLUME 
/ 91 

a e RADIO LI 1 
/ / HYP riA 

U !iiiinglir:OUROS  L t 1 Ole 
';  -., 

• cLEAR 

• COMPLETE 

• UP.TO.DATE 

• ECONOMICAL 

-7-iteCOMPLETEezezei, 
RADIO PHYSICS 

COURSE 
One big book now takes the place of 36! Ghirardi's 
best-selling RADIO PHYSICS COURSE com-
presses the world's knowledge of radio, electricity 
and sound between the covers of this great 972-
page volume. Don't be satisfied with the dribs 
and drabs you get when you buy a lot of 
"little" books. Ever figured up how much 
they cost you all together? Get "Ghirardi" and 
get it all—a whole library in 1 big book—for only 
84! The ideal way to learn radio and fit yourself. 
for a better job. You don't have to "study"-- 
just read, and the whole subject is made so 
plain and easy you can't ever forget it Hundreds 
of illustrations make it quick to grasp. Schools 
and students all over the globe use it more 
than any other radio text. You, too, should 
learn radio from Ghirardi's book. Clip the coupon 
and get it now! It's guaranteed! 
WHAT YOU WILL LEARN FROM THIS BOOK 
Sound, Speech and Music . . . Electrons . . . 
Electric Current . . . Electric Units and Circuits 
. . . Resistance . . . Ohm's Law . . . Batteries 
. . . Magnetism . . . Electromagnetism . . . 
Transformers . . . Inductance . . . Condensers 
Alternating Current Circuits . . . Filters . . . 
Electrical Measuring Instruments . . . Radio 
Waves and Radiations . . . Broadcast Stations 
. . . Receiving Equipment . . . Vacuum Tubes... 
Radio and Audio Frequency Amplification . . . 
Superheterodynes . . . Loud Speakers . . . Battery 
Operated Receivers . . . Power Supply Units . . . 
Electric Receivers . . . Automobile and Aircraft 
Receivers . . Phonograph Pickups . . . P. A. 
Systems . . . Short-Wave Receivers . . . Photo-
electric Cells . . . Television . . . Antennas and 
Grounds . . . Testing and Servicing Receivers... 
Sound Motional Pictures . . . Appendixes . . . 
856 Review Questions for Self -Study . . . AND 
LOTS MORE! 

TEAR OFF — FILL OUT — AND MAIL! 

Radio 3, Technical Publishing Co. 
45 Astor Place, New York, Dept. RW - 127 
D Encl. find $1. Send my RADIO PHYSIL's 

COURSE postpaid. (Foreign $4.50.) 
D Send me a free circular describing this book 

Name   

Address   

MONEY-RACK GUARANTEE 

OVER 

1500 
HISTO RIES 
SPEED UP YOUR 

•\s'\SERVICE WORK 
. 44.* 

ssi 

k k• 

Gel the world's greatest collection 
ease Histories —to ,thorardi's 

time saving ••loose leaf rtADIO 
FIEI.D SERVICE DATA Rook Feel, 
one tells yOU  ly which I.. In 
the set u causIng the bouble—and 
how to remedy it! No fussing. no 
cussing—you get directly to tbe seat 
of the trouble tn a few moments` 
Thank of the work save by 
havnly these servicing snort-cuts 
al your elbow. Once you gel Inlo 
the habit of first referring 1.0 Ohs 
raides ••Clt. Histories" before 
starting every service lob. Sou Mae 
save over SOoto of 'lie tune you are 
now spending in trouble shoottng 

But that's nisi one feature of Hum 
great Data Runk You Il also get the 
i.ls 01 owe, 0.000 superhets. 611 
Car Wiring Diagrams. Auto Radm in. 
stallatmn and Igo. lllll system Illler• 
ference data for all ears, Slid over 
25 other milispen.ble tables and 
ohm.. for shop and lob reference 
thin book is kept always tripto•the. 
minute by a result. Sunni...et. 
Sheet Seriner 

Get the servicing text. Soo! 
Get the DATA Book together will, 
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KDKA'S 718-Ft. Antenna 
New Structure Weighs 60 Tons-50 Miles 

of Buried Ground Wire Used 

Steel riggers about to start their daily climb to 
the top of KDKA's vertical antenna during the 
course of its construction. Now completed, it is 

710 feet high and weighs 60 tons. 

KDKA's new antenna system will give pri-
mary broadcasting service over an area ten 

times greater than that previously provided, and 
with strong, clear radio signals from the world's 
pioneer station of the Westinghouse Electric 
and Manufacturing Company. 

Principal elements of the improved radiating 
facilities are the main antenna, a steel spire 
towering 718 feet high, and a circle of eight 90 
feet antennas designed to suppress interfering 
waves normally emitted in radio transmitting. 

Vertical antennas of the type now installed 
at KDKA radiate both ground and sky waves. 
When these two waves meet in areas of varying 
distance from the station they interfere with 
each other to cause fading or mushy program 
reception. The ring of shorter towers also 
radiate sky waves but in opposite directions, to 
nullify the effect of the sky wave emitted from 
the main antenna. The fading zone is thus ex-
tended to great distances from the station and 
broadcast service vastly improved. 
The new system vindicates an original an-

tenna design by Dr. Frank Conrad, first tried 
in 1929, but considered unsatisfactory then be-
cause severe fading was experienced close to 
the station. By using the Conrad system as a 
suppressor ring for a standard antenna, the ef-
ficiencies he originally sought have been ob-
tained and an interference problem solved. 

RESTS ON BALL-SOCKET JOINT 
So high that its top half is often obscured 

by clouds, KDKA's spire is composed of thirty-
two three-cornered welded steel sections. Only 
five feet wide, these sections are bolted together. 
Two sets of long guy wires hold the antenna 
upright. The 60-ton structure rests in the ball-
and-socket joint of a single large porcelain in-
sulator, strong enough to support the weight of 
the steel plus about 20 tons additional load add-
ed by the pull of the guys. The main insulator, 
though only three feet high, has been tested to 
withstand loads of more than 100 tons. About 
half-way up the spire, three smaller sectional-
izing insulators have been inserted to break 
the antenna, electrically, at a height of 336 feet. 
Insulators are also inserted in the guy wires 
to eliminate radiations from this source or the 
conducting of current to the ground. 

Completely insulated from the ground, the 
steel spire becomes charged with static during 
storms, then crackles and sparks continuously. 
Such electrical phenomena has no effect on its 
broadcasting efficiency. 
To improve the conductivity of the ground 

Front Cover Illustration 
Searchlights illuminate KDKA's new 

718-foot antenna and the building hous-
ing the transmitting equipment for 
KDKA, station of the Westinghouse 
Electric & Manufacturing Company at 
Saxonburg, Pa. 
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Fifty miles of wire were buried around KDKA's new antenna to improve its radiating efficiency. The 
wire, laid in 700-foot lengths, radiates out, one degree apart, from the base of the tall antenna 
spire erected by Westinghouse engineers at Saxon burg, Pa., 20 miles from Pittsburgh. Pulled by a 
tractor, a plow dug shallow trenches into which the lengths of wire were laid about a foot below 

the surface. 

around the antenna 50 miles of copper wire have 
been buried a foot under the surface, radiating 
out, one degree apart, for 700 feet. The vast ef-
ficient ground system so formed aids in re-
ducing the effect of sky wave emissions. 
An eight-wire radio frequency line sends the 

output of the transmitting station to a tuning 
house near the base of the antenna. From 
this point four power lines run up inside the 
spire carrying radio frequency and current for 

a brilliant aviation beacon at the tip as well 
as four riding lights installed along its sides. 

In last month's issue an article de-
scribed a noise-reducing system based on 
use of a long buried wire, whereby two 
grounds were used in effect, one the 
suai cold-water pipe ground, the other 
the buried wire. Antenna coil was re-
turned to the conventional ground, buried-
wire around to set chassis. 

An Unusual Trouble 
Solved by Serviceman 
A resident of a small rural community 

in the Middle West reported trouble with 
his battery-operated Philco. He bought 
a new battery and within ten days it 
ceased to function. Again he replaced the 
battery, but again the battery went dead. 
A serviceman sent by the dealer to the 

man's home, tested the radio and found 
it up to standard. The new battery was 
produced and the serviceman told the 
owner to make the connections, as he 
had hooked up the other two batteries. 
When the man started to attach a red 

cable where a green one should be placed, 
the mystery was cleared. The customer 
was colorblind and had been short-circuit-
ing his batteries. 

Third Edition Issued 
of "Experimental Radio" 

The third edition of "Experimental Radio" by 
R. R. Ramsey, Professor of Physics, Indiana 
University, presents logically and coherently a 
manual of radio, composed of 128 experiments 
covering radio from "Testing Dry Cells" to 
"Television," and the more complex problems 
of radio. 
For the beginner this is a valuable handbook 

on every phase of radio, written simply and ac-
curately. The average experimenter finds in 
this book as much information as he requires, 
besides original experiments and helpful infor-
mation on the construction of apparatus. To 
advanced engineers, "Experimental Radio" of-
fers a valuable means of brushing up on some 
forgotten points. 

Professor Ramsey has interestingly included 
material for those readers who have not had 
college physics, or who lack regular physical 
apparatus. 
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RIGHT OR W RONG? 
PROPOSITIONS 

The sensitivity of a vacuum-tube voltmeter depends on the lowness of the full-scale 
voltage, i.e., if the lowest range is 5 volts full-scale, then the meter is five times as 

,ensitive as one having 25 volts as the lowest full-scale deflection. 

2 When the mismatch of impedance consists of a high impedance working into a low one, 
assuming they should be equal for best results, the loss is less for the same ratio of 

mismatch than when a low impedance is working into a high one, where again they should 
be equal. 

3 A single transmitter in a carrier call system may serve five different receivers, operating 
on different reception frequencies, without any molestation or adjustment of the trans-

mitter, and five different messages may be sent and received on the five different sets, without 
crosstalk. 

4, Meters are rated as to percentage accuracy, and this means that the percentage applies 
to each of the bars of the graduated scale, so that at any setting that causes the needle 

to indicate such a bar, the accuracy is as guaranteed. 

5 High inductance may be measured by passing a.c. through it, and it is permissible to 
accept the current reading, which is a reflection of the impedance, as indicating the 

inductance, without regard to the d-c resistance of the coil. 

6 
7 

A single-pole, double-throw switch is the same as a one-circuit, two-position switch, and 
a three-pole, three-position switch is the same as a triple-throw, triple-circuit switch. 

D.c. may be measured more accurately than it may be computed, while a.c. may be 
computed more accurately than it may be measured. 

ANSWERS 

Wrong. While the term sensitivity has been loosely applied to tube voltmeters in terms 
of the lowest voltage for full-scale deflection, the proper viewpoint is that the sensitivity 

of the instrument, as of any other meter, depends on how small, if any, amount of current 
it draws, and is independent of the voltage readings on any scale. Thus for no-current-draw 
meters, the sensitivity is infinite. 

2 Wrong. The example of the low impedance working into the high one illustrates the 
lesser loss, óther considerations being as stated in the proposition. 

3 Right. This is accomplished as follows: the transmitter operates on a fundamental, but 
being an oscillator, it generates harmonics, and if four harmonics are used, besides the 

fundamental, each of the five frequencies may be taken off separately, each separately modu-
lated, and separately transmitted, along th same wire, and five receivers tuned to the funda-
mental and the four harmonics, respectively, will pick up the five different messages without 
crosstalk. 

4 Wrong. The percentage accuracy applies to full-scale deflections only, and to no other 
setting. The accuracy at about four-fifths full-scale may be greater than that at full 

scale, while at low readings on the scale the accuracy may be much less than the full-scale 
accuracy. 

5 Right. The d-c resistance, for inductances of 10 henries or more, using 60 cycles, 
enters only slightly into the determination of the impedance, which is the total opposition 

to current flow, and therefore the impedance may be permissibly construed as comprised 
wholly of the inductive reactance. 

6 
7 

Right. The word "pole" is synonymous with "circuit" in the sense, and the word 
"throw" is synonymous with "position." 

Right. The topic has debatable points, however. With a.c. so many factors may enter 
that accuracy of measurement is more difficult to attain than the results by computation. 
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Very High Accuracy 
In a Very Simple Generator 
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About the simplest modulated-unmodulated generator that a fellow can build. Factors concerning accu 
racy, and adjustments for attaining frequency precision, are fully discussed in the text. 

THE simple diagram of a signal generator 
may be used as the basis of an examination 

of the factors affecting the accuracy of the in-
strument. 

First, a brief discussion of the circuit itself 
will pave the way to an understanding of the 
other considerations. 
A 6A7 tube is used as the radio-frequency 

oscillator. Here r.f. refers to both the inter-
mediate and higher frequencies. 
An audio frequency is introduced for modula-

tion, and consists of the frequency of the a-c 
line, usually 60 cycles. The advantage of intro-
ducing that audio frequency is that it affords 
the simplest method of obtaining a modulating 
source, and also the form is sine wave within 
the requirements of service practice. 

APPLICATION OF SCALE 
As for the radio frequencies, these are gen-

erated in the circuit consisting of the 6A7, the 
d-c supply voltage, and the coil-condenser sys-
tem. The coils are commercial products, and 
consist of five to cover the bands of 100-270 kc, 
270-700 kc, 700-2,200 kc, 2.2-6.5 mc and 6.5-22 
mc. Moreover, the precalibrated scale applies 
only to a particular condenser. The assumption 
made by some not very well versed in radio 
that if the coils are "right" almost any con-
denser may be used, is entirely erroneous. 
The outside of each winding of a universal 

(semi-honeyconib) coil goes to grid, the tap to 
cathode, and the remaining terminal to the line. 
For solenoids, larger winding is between grid 
and tap, with tap to cathode. Also, the tuning 
condenser rotor goes to the line, so if a metal 
chassis and box are used, insulating bushings 
must prevent d-c continuity between the chassis 
and the condenser rotor, coil returns, etc. This 
usually requires only that the condenser mount-
ing be fully insulated from the chassis, be-
cause condenser frame goes to line, and chassis 
and metal cabinet are thus protected from the 
line. The object is to avoid shorting the line by 
external connections, e.g., grounding the cabinet. 
The two fixed condensers at the output binding 
posts are also preventives of short circuits in 
two directions. 
The r-f oscillator is a Hartley, and the cir-

cuit is so arranged that there is automatic vol-
ume control. This is due to the grid-leak-con-
denser combination of .00015 mfd. and .05 meg 
(150 mmfd. and 50,000 ohms). The values 
are relatively small, and must be so, to avoid 
self-squealing and loss of selectivity, particu-
larly at the high frequencies (6.5-22 mc). 

THE OUTPUT CIRCUIT 
All five coils are tuned by the variable 

denser, and thus the frequencies are pro-
duced. A switch, consisting of two circuits, 

(Continued on following page) 
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(Continued from preceding page) 
five positions, enables selection of the desired 
coil, while the tuning condenser remains un-
altered, except for change of capacity by rota-
tion of the moving plates, for all bands. That 
is, different coils are used, but the same con-
denser. This condenser, if of two sections in 
commercial practice, is used only for the larger 
section, from which the trimmer condenser must 
be removed, as the dial was calibrated that way. 
The scale, also, is a commercial product. 
The output is in the plate circuit proper, from 

plate to B plus, through a low resistance, say 
40 ohms. If this is a potentiometer, as in the 
diagram, and the connections are made as 
shown, you have provision for attenuation. That 
is, there is volume control of the output. So 
you have both automatic and manual volume 
control. 
A word about the a.v.c. It has been said 

the leak-condenser in the oscillator provides 
this. The action arises from the charge put on 
the condenser during the peak of the positive 
cycle, and the discharge through the leak. This 
charge causes the grid to become positive, hence 
attract electrons from the cathode, at the in-
stantaneous existence of the peak of the oscilla-
tion wave. 

Immediately direct current flows through the 
grid leak, through which the electrons find their 
way back to cathode. However, the flow of the 
direct-current electrons is necessarily in one di-
rection only, and the polarity is opposite to 
that which obtained when the a-c peak was 
present, i.e., the grid, after the peak has spent 
itself, is maintained negative, and while the grid 
condenser is discharging through the leak there 
is no current drawn from the oscillation voltage 
source. 

HOW A.V.C. ARISES 
Since the d.c. endures during the positive 

cycle at the value established by the peak, and 
is much slower in coming to rest, because the 
leak and condenser are chosen to establish 
the circuit that way, the d.c., after the peak, 
bucks the a.c. During the negative cycle the 
oscillator is inactive, or not functioning, be-
cause to the enduring d-c negative grid is added 
the negative value of a.c., and hardly enough 
plate current flows to permit oscillation. So 
the tube also behaves as a half-wave rectifier. 
The higher the wave amplitude the more ne-

gative the grid, the relationship is nearly linear, 
and so we have a.v.c. 
Only the a.c. is taken off at the plate circuit, 

however, and this is of sufficient magnitude to 
make the signal generator, simple though it is, 
practical for all ordinary service work. 

AVOIDING OVERMODULATION 
The 37 tube is used as a diode, because of 

grid connected to plate, to half-wave rectify the 
line a.c., while the .01 meg. resistor (10,000 
ohms) and the two bypass filter condensers of 
8 mfd. smooth out the hum from the pulsating 
d.c. in the rectifier output. 
A line cord, 350 ohms, 30 watts, is used for 

reducing the line voltage, assumed at 117 volts, 
to the required voltage for the heaters, 6.3 volts 
each, evenly divided. Only tubes drawing .3 

ampere heater current may be used, in conjunc-
tion with the specified line cord. 
The line is switched on and off by SW. 
Now there remains need for discussing only 

that part of the circuit theory applying to the 
modulation. By modulation is meant another 
frequency superimposed on the radio frequency. 
As already stated, that other frequency is the 
line frequency. Hence if the house line is d.c. 
there will be no modulation. If, instead of re-
turning the .05 meg. grid leak directly to one 
side of the line, a resistor is placed across the 
6A7 heater, and the leak return made to an 
arm sliding over this resistor, by moving the 
arm downward we introduce less and less of the 
6.3 volts of the 6A7 heater into the grid cir-
cuit, until with arm at the line itself, we intro-
duce none of the 60 cycle frequency. By moving 
the arm all the way up we introduce the full 
6.3 volts. This may be too much, but if so, the 
arm is moved downward a bit. If too much 
there will be distortion, described as overmodu-
lation, or modulation distortion, and anyway 
we desire only enough modulation to render 
the note plainly audible. That it will be even at 
a low setting of the 400-ohm control. 

If for any reason it is desired to bring out 
the line frequency itself, this may be done by 
introducing two fixed Cornell-Dubilier paper 
condensers of .1 mfd. from one and the other 
sides of the same 6A7 heater. This conection 
is not shown and would normally require two 
extra binding posts. The 60-cycle supply then 
may be used as 60-cycle sweep alone for an os-
cillioscope, or for the timing axis (horizontal 
deflection) when the modulated r.f. is used for 
the amplitude input (vertical deflection). In 
either instance, the 60 cycle supply goes to the 
horizontal deflecting plates of the oscilloscope. 
Another feature is that the 60 cycles could be 
used for external synchronization of an oscillo-
scope. 

MUST USE 6A7 OSCILLATOR 
The foregoing describes the circuit theory. 

Questions that may arise concern the tube 
choices particularly. The 6A7 must be used as 
shown, with all elements except Grid No. 1, 
cathode and heater interconnected as effective 
plate, because the scale under discussion was 
prepared when the tube was connected that way, 
and any change in tube or its connections would 
defeat the accurate application of the scale. 
The rectifier may be any heater tube of the 

6.3-volt, .3 ampere type, even another 6A7, 
where cathode is positive of the B feed, and 
the interconnected other elements, save heater, 
form the effective anode, or plate. 
Now, there is nothing very difficult about 

the circuit theory. But the performance has 
to be analyzed on the same basis as that of a 
much more complicated signal generator. Al-
though this is one of the simplest ac-dc genera-
tors, with pure wave modulation, constructable 
at low cost, it has to subscribe to the laws of 
nature just as well as the most intricate oscilla-
tor. 

WHAT ABOUT R-F LEAKAGE? 

The output potentiometer is of low ohmage 
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so that no setting of that control will have any 
appreciable effect on frequency. The output 
voltage is not as high as it would be, at least 
for output at the intermediate and broadcast 
frequencies, but that is a secondary considera-
tion, as sufficient output is obtained, anyway. On 
short waves the oscillation is favored by this 
low resistance, so that the detouring effect of 
the tube output capacitance is not serious. How-
ever, it is always a problem in any very simple 
instrument to have the output control complete-
ly effective on high frequencies, and some loss 
of such control must be expected on 6.5-22 mc 
particularly. 
Another consideration worthy of note is that 

there will be some energy fed through the line, 

shot. The theory is fine but the requirements of 
practice are severe and hard to meet. 
We have considered the topics of output ad-

justment free of effect on the frequency gen-
erated, which is an important step forward; 
also leakage, which presents an enduring prob-
lem, and now we come to accuracy of frequency. 
The calibration of the scale depends on the 

capacity and the rate of change of capacity. 
Therefore the calibration really reflects the be-
havior of the condenser as to capacity only. 
The fact that a coil is used causes the fre-
quencies to be whatever they are, depending on 
an electrical formula, but since we are now 
aware that it is the condenser that controls the 
accuracy, and the coil is responsible, let us say, 

Practical Example of Condenser Checking 

The system of establishing 
the right ratios in respect 
to the condenser, regard-
less of actual frequencies, 
is exemplified on a scale 
reading in broadcast chan-
nels. A frequency very 
near or at the low end is 
required as starter. An 
arrow denotes that as 56. 
The other arrows are for 
2x5 112 and 3x56 168. 

as the expression is. That means really that the 
a-c cable acts as an antenna, and some radiation 
takes place for that reason not only into space, 
but along there is conduction along the wire, 
and into the lighting line. So oscillation volt-
age could be conceivably picked up by a re-
ceiver in some other part of the building, or 
farther away, provided the line is common to 
generator and receiver. In this instrument that 
trouble is not totally eliminated but it is not of 
the usual large magnitude. 

FREQUENCY ACCURACY 
There is a field of experimentation open along 

this line, so that the radiation resulting from an-
tenna effect of the a-c cord, whether line limit-
ing resistor is included or ballast tube, may be 
minimized still further, or prevented entirely. 
About the only solution applied in commercial 
products is to insert a filter in the line, per-
haps augmented by two coils coupled in reverse, 
the theory being that any seepage will be neu-
tralized in that way, by correct phase and volt-
age adjustment, entirely controlled by the angu-
lation of two coils. This is a helpful method, 
but the author's experiments have not vindi-
cated its complete effectiveness, not by a long 

for the resultant frequencies with particular 
capacities used, we shall introduce a system of 
checking the condenser. 

It is assumed that the calibration, although 
expressed in terms of frequencies, is absolutely 
accurate as to the capacity changes incurred, or 
that can be introduced by an adjustment. Al-
though the present generator uses a tuning con-
denser from which trimmer is removed, if in 
some other device the trimmer is present, and 
there is a manual adjustment, this may be used, 
and the test to be set forth presently may be 
made for various settings of the trimmer until 
the right results accure. 

TEST ON SINGLE COIL 
Using therefore a coil that is somewhere 

reasonably related to the requirement, and that 
will mean also any commercial coil intended for 
the band on which the test is to be made, insert 
the coil in the oscillator, soldering connections, 
and select as tiedown points some frequency 
about two-thirds the highest frequency, and an-
other frequency, in the same band, one-half the 
selected frequency. Suppose the test is being made 
on the 700-2,200 kc band (No. 3 coil switch 

(Continued on following page) 
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(Continued front preceding page) 

position, reading from right to left on diagram, 
although on switch plate this would be reading 
from left to right). We may get a response 
at some frequency on a receiver, when generator 
reads around 1,400, and turn generator alone to 
700 for next response. This is due to the sec-
ond harmonic of the generator. We do not know 
the real frequencies, except very roughly, but 
we do know the harmonic orders, and the second 
may be heard around 1,400 kc on the receiver. 
Turn the generator, set now intact, to pick up 
a response in the reciver, now reading around 
1,400 kc. We are not now concerned with fre-
quency accuracy, but with ratios. 

CORRECTION OF RATIO 

Taking the fundamental of the generator as 
yielding a response in the receiver at around 
700 kc, the second harmonic will be picked up 
when receiver is tuned to higher frequencies 
and the next consecutive response obtained. The 
generator when tuned to higher frequencies to 
renew the response will be at a capacity setting 
one-fourth that which obtained in the first in-
stance. This is because frequency changes in-

. versely according to the square root of the ca-
pacity ratio, so to double the frequency we must 
use a capacity one-fourth. The third setting is 
obtained by resetting the generator to the saine 
frequency that produced around 700 kc funda-
mental, using receiver at around 700 kc, and 
tuning receiver to go past the next consecutive 
response and stop at the second next consecu-
tive response, or, counting all responses, stop-
ping at the third. Now the generator is tuned 
to produce the frequency fundamentally, also 
skipping the second response, and halting at 
the third. The capacity equals one-ninth of that 
present at the lowest-generator frequency 
(highest capacity) generator setting used. 
The capacities are mentioned because they are 

at stake, although not known in absolute terms. 
We do know how the frequencies must change, 
due to the harmonics, i. e., the second harmonic 
is double the fundamental, or 1,400 kc, and the 
third harmonic is 2,100 kc. Now, no matter 
what the apparent frequencies are that one reads 
on the calibrated dial scale of the generator, the 
lowest frequency (assuming we read 700) must 
be doubled where the second response comes in, 
as we move the receiver to pick up the second 
harmonic of 700 kc, and then the first frequency 
must be trebled where the third response comes 
in. 

DIRECTION OF CORRECTION 

Suppose first read 710 kc. Suppose at the sec-
ond harmonic the generator read 1,400 kc. Now 
we know the capacity change is inaccurate. Sec-
ond reading should have been 1,420. Therefore 
the condenser had to be rotated farther than de-
sired, hence there is too little capacity change 
to enable precise agreement, which means there 
is too much capacity in çircuit. If the second 
reading were less than twice the original fre-
quency, say, 1,380 kc on the generator, then 

more capacity would have to be added. This a 
trimmer would accomplish. 
There is a little danger in connection with 

trimmers that they are set to produce a certain 
accuracy near the high-frequency end, in an 
attempt to compensate for inductance inaccuracy, 
and the result is inaccuracy at the low-frequency 
end. We are operating under a plan that sac-
rifices no accuracy. 

Frequencies considerably removed from those 
mentioned may be read, and still our method 
prevails, for if receiver is at 600 kc and 650 kc 
is read for first (lowest frequency) generator 
fundamental, we still will look for 2 X 650 = 
1,300 kc for the second point, and 3 X 650 = 
1,950 kc for the third point. Thus we use three 
tiedown points. 

WHAT TO DO NEXT 

However, we have no trimmer, and there is 
another reason for omitting it, that a com-
pression type trimmer might be used, as found 
on the condenser, and could not possibly be 
made to stay put under varying conditions of 
temperature and moisture, whereas the tuning 
condenser alone may be relied on fully. 
So what can we do, now that we seem to 

have no control over a little discrepancy? 
It so happens that most condensers have a 

midline tuning characteristic, and therefore it 
is important to set the condenser correctly in 
respect to the indicator and dial scale. Assume 
that 100 kc is the low-frequency end, set the 
condenser so that rotor plates are fully en-
gaged, and lock the indicator to read 100 kc. 
Now at least we have a starting point. If our 
test shows that we do not register the three 
positions according to generator's first read 
frequency, then that frequency divided by 2, 
then that same first frequency divided by 3, we 
can unlock the setscrew of the condenser, shift 
the condenser a bit on the shaft, using a slightly 
different capacity ratio now by relocking the 
pointer, and try again until all three points 
come in where they should, judging by the pro-
portion set forth on the dial scale, i. e., 1 X 1, 
2)< 1 and 3 X 1. Simply multiply the first fre-
quency you read on the generator scale, and the 
others should be made to come in on the gen-
erator scale by the multipliers stated, even 
though no actual frequencies are not read on 
the generator. The frequencies need not be true, 
but their ratios must be true. 

If the shift of the condenser is made toward 
lower capacity then more angular displacement 
(more degrees of circle) are needed to encom-
pass a given ratio, whereas if the .condenser is 
shifted to higher capacity for the same generator 
scale reading, then smaller angular rotation (less 
rotation of the knob) is required, so from the 
foregoing you know in what direction to move 
to apply the remedy. Finally the ratios will 
come out exactly right. 

GETTING INDUCTANCE CORRECT 

After that much has been accomplished, all 
that is necessary is to select the right inductance, 
and the dial scale will be tracked superbly. A. 
coil of practically the right inductance is as-
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sumed at hand, and in the commercial models 
if the inductance is wrong it is purposely made 
too high, because it is easier to take off turns 
(reduce inductance) than to put turns on (in-
crease inductance). 
However, you can decide for yourself whether 

the coil has too many or too few turns. Tune in 
a station of known frequency so that a response 
is obtained with generator set nearly at full 
capacity, never exactly at full capacity. For 
the band ending at the low-frequency end at 
700 kc, say a station is selected at 750 kc. The 
dial of generator is turned and the reading is 
760 kc on generator. Therefore the generator 
reads too high in frequency. The rule is that 
if the generator frequency reads too high the 
inductance is too high and turns must be re-
moved; if the generator reads too low in fre-
quency the coil has too low inductance and turns 
must be added. While the rule may seem at 
first blush to be contradictory, it really is ab-
solutely correct, and it is perfectly safe for the 
reader to follow the rule just as laid down. 
Those doubting the rule may analyze the mathe-
matical aspects at their leisure and must come 
to the same conclusion. 
Somebody may be wondering what is the 

sense of making the inductance adjustment at 
the low-frequency end, when an adjustment 
made at the high-frequency end would yield a 
higher percentage of accuracy? The only answer 
that can be given by the author is that the ratio 
of tuning having been correctly established, the 
accuracy at any one point applies in theory to 
the other points, and besides we have taken a 
dial position not previously used, for low-fre-
quency checking of inductance. Also, the ad-
justment is more handily made for low fre-
quencies, the criticality not showing up so much 
due to stray effects from manipulation. More-
over doing the trick at the low-frequency end is 
a part of the regular procedure in the author's 
private laboratory, and the work has turned out 
very satisfactorily, more so than when the other 
end was used, probably because condensers are 
more nearly uniform at the selected tiedown 
point than at small capacity settings. 

COILS FOR OTHER BANDS 

Thus we have adjusted the circuit for capacity 
in one single, though somewhat protracted test, 
have gotten our tuning condenser right for one 
band and therefore right for all bands, and no 
longer need molest the condenser, but only ad-
just the inductances, using the same general 
procedure as outlined, except that for very small 
inductance coils, instead of removing turns to 
reduce inductance, the wire may be pushed away 
from coil center, to make the winding longer, 
or, to increase inductance, turns pressed longer, 
together, and when the coils check, then binder 
is put on them to make them stay put. This 
may be any good coil dope. 
Not all problems of frequency accuracy have 

been solved. It is rightfully assumed distributed 
capacity is changed only trivially, if at all, by 
the small inductance changes necessary for co-
inciding the scale with the generated frequen-
cies. Also it is assumed that the lowest fre-
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quency coil takes the longest leads and the 
highest frequency coil the shortest leads to the 
coil switch and back to the grid and cathode. 
Any considerable departure from this general 
apportionment of lead lengths inversely with 
frequency will introduce more distributed ca-
pacity than allowed for in the calibration, which 
is the result of actual experimental observations 
with precision equipment, with coils in circuit. 
When all the work is done, much time may 

have been spent, but a fine generator, one un-
usually accurate, is the result. 
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Vision Cameras More 
Sensitive 

Expected to Enable End of Studio Clare 
THE possibility the television camera may sur-

pass the photographic camera as an instru-
ment for graphic reproduction was suggested by 
Dr. P. C. Goldmark, chief television engineer 
of the Columbia Broadcasting System. Dr. 
Goldmark returned from a five-week inspection 
tour of television laboratories in England, 
France and Germany. 
"Of greatest importance to the future of tele-

vision programs," Dr. Goldmark said, "is the 
progress of engineers in stepping up the light 
sensitivity of the television camera. Develop-
ments now under way in England and Germany 
as well as in America promise a television 
camera ten times more sensitive• to light than 
any now in use, thus rendering it even more 
useful for reproduction than the ordinary pho-
tographic camera using modern emulsions." 

REDUCTION OF GLARE 
One obvious adventage of this development, 

Dr. Goldmark pointed out, would be to reduce 
the intensity of studio illumination to a point 
where heat and glare would no longer handi-
cap the performers. It would also make pos-
sible a greater depth of focus, which would 
enable performers to move freely about the 
stage without becoming blurred on the receiv-
ing screen. This in turn would greatly extend 
the pick-up possibilities of the camera in all 
situations where special lighting would be im-
practical. 

Concurrently with efforts to make the tele-
vision camera more light-sensitive Dr. Gold-
mark observed that scientists are striving to 
make it reproduce in their original intensities 
all colors of the spectrum. The presence of this 
panchromatic quality in modern photographic 
emulsions has given them a distinct advantage 
over the photoelectric surface of the cathode 
ray tube, which has made necessary a laborious 
unnatural make-up for television performances. 
In England, Dr. Goldmark said, the BBC has 
already put to practical use a television camera 
which has been rendered panchromatic "to a 
fair degree." Ordinary stage makeup suffices 
for actors performing before it. Used for special 
events out of doors, the camera requires no 
special makeup of any kind. 

NOT MANY SALES IN ENGLAND 
The high cost of television receivers has 

handicapped the new art as a popular entertain-
ment medium in England, Dr. Goldmark said. 
Prices range from $300 to $800. Thus, although 
BBC has broadcast visual programs for almost 
a year, less than 3,000 receivers have apparently 
been sold to home users. 

Dr. Goldmark pointed to the fine quality of 

outdoor pickups in England. Transmitters 
mounted on trucks enable the BBC to televise 
events taking place within a 20-mile radius of 
Alexandra Palace. Such pickups can be made 
in any daylight illumination, ranging from 
bright sunlight to dim haze on a foggy day. 
A television receiver is turned on daily in the 

London office of the Columbia Broadcasting 
System. There, with Edward Murrow, CBS 
European director, Dr. Goldmark watched the 
television broadcasts of the Davis Cup finals at 
Wimbledon. Although the small size of the 
screen made action hard to follow, Dr. Gold-
mark learned that by the end of this month a 
British manufacturer plans to show a projec-
tion-type receiver producing images two feet 
wide at a price no higher than that of the 
small-type cathode ray tube receiver. 

FRANCE TRIES TO CATCH UP 
In France, Dr. Goldmark found television in 

a more experimental stage than in England. 
Broadcasts on the old 180-line standard have 
been abandoned, and the French government is 
now preparing to transmit 441-line images over 
the Eiffel Tower transmitter now under con-
struction. 
At the Funkausstellung, or radio exposition, 

in Berlin, Dr. Goldmark was able to survey 
Germany's technical advances in television 
demonstrations by the country's leading manu-
facturers. Many home receivers shown em-
ployed the projection-type cathode ray tube for 
producing images comparable in size with the 
home motion picture screen. One manufacturer 
displayed a screen 8 feet wide. Standing before 
it, groups of more than a hundred spectators 
watched images as sharply defined and as steady 
though not quite so brilliant as the ordinary 
commercial motion picture. 

Public interest in the Berlin display was keen, 
Dr. Goldmark observed, but by order of the 
German Post Office, which supervises all tele-
vision activities in the Reich, no prices were 
listed. Except for one table top model, which 
might be manufactured to retail at about $200, 
the cost of receivers was still too high for mass 
distribution. 

STANCOR OFFERS BULLETIN BOARD 
A new bulletin board available to distributors 

carrying a representative stock of Stancor 
products has been announced by the Standard 
Transformer Corporation. This hoard has been 
designed for prominent display in the distribu-
tor's store and will be supplied monthly with 
up-to-date literature exploiting new develop-
ments in the Stancor line. 
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First Television Tubes Released; 
Intended for Experimenters Only 

The recent marketing '« the 1800 (9-inch) 
and the 1801 (5-inch) Kinescopes for television 
by RCA Manufacturing Company, raised some 
questions of policy, which are answered in the 
following release from the company: 
The two cathode-ray tubes suitable for tele-

vision reception are being made available to 
radio amateurs, educational institutions, labora-
tories and others interested in experimental tele-
vision. Some television equipment has been sold 
to the National Broadcasting Company and to 
the Columbia Broadcasting System, but these 
tubes are the first television apparatus offered 
for general sale by RCA in the United States. 

Placing the tubes on the market for the con-
venience of experimenters should not be con-
strued in any way as an announcement by RCA 

Freak Makeup for 
Television Ruled Out 

Purple lipstick, green rouge and blue 
powder won't be ingredients of television 
beauty despite stories to that effect 
emanating from Hollywood, said Percy 
Westmore, Hollywood make-up man, 
after a tour of the National Broadcast-
ing Company television studio in Radio 
City. 

"Television performers will wear 
natural make-up and probably less of it 
than the average New York woman 
uses for street-wear," Westmore pre-
dicted. "I am now in a position to deny 
those ridiculous rumors that it will be 
necessary to paint girls up like a sur-
realist landscape to televise them proper-
ly. I have had an opportunity to study 
studio conditions and see the television 
image and I am confident the develop-
ment of make-up technique for television 
will follow the current trend in motion 
pictures. We are using less greasepaint 
today, less powder and less lip rouge. 
There is every reason for television to 
do likewise, particularly because spon-
taneity and naturalness are keynotes of 
the medium." 

Make-up's two biggest contributions to 
television, Westmore believes, will be to 
define features more clearly and accentu-
ate the planes of the face. 

"Eventually," he said, "television will 
have its own staff of make-up experts 
working hand in glove with the Icono-
scope cameraman. Too many people 
think of make-up solely as a corrective 
measure—to make noses look shorter or 
eyes bigger." 

of commercial television apparatus for use by 
the general public. The tubes, known as "Kine-
scopes," are being made available as a result of 
inquiries for cathode-ray tubes suitable for tele-
vision reception. 
The tubes are both of the electromagnetic-

deflection type and employ viewing screens on 
which the picture appears clearly, with a yellow-
ish hue. They carry suggested list prices of 
$60 and $40, respectively. 

The Kinescopes each employs an electron gun 
and a fluorescent screen assembled within a 
vacuum tube. The negative electrode delivers 
a stream of electrons varying in intensity with 
the strength of the signals received. By means 
of magnetic deflection coils, this beam is made 
to scan the fluorescent screen which then emits 
light in proportion to the beam intensity. The 
beam can be made to trace a pattern of 441 
I mes, 30 times a second, giving picture definition 
substantially equivalent to a good photographic 
enlargement. 
The tubes will permit experimenters to build 

receivers to pick up experimental television 
transmissions. At the present time experiment-
ers will be restricted necessarily to the areas 
within some 50 miles of experimental stations, 
since television transmissions are practically 
limited to line of sight distances. 

Television Committee Gets 
Part of Channel Request 

The Federal Communications Commission in 
its recent allocation of channels for television, 
broadcasting, transoceanic, and police and avia-
tion transmission has gone part of the way 
toward granting the request of the Television 
Committee of Radio Manufacturers Association, 
Inc., A. L. Murray, television engineer of Phil-
co Radio and Television Corporation, and chair-
man of the RMA committee, announced. 
That committee had stated to the Commis-

sion that before television experimentation could 
be successfully carried on toward the develop-
ment of practical television, the whole band 
from 42 to 90 megacycles needed to be cleared 
for this express purpose. 
According to Chairman Murray, in assigning 

channels from 44 to 108 megacycles the Com-
mission had given television companies a num-
ber of the desired channels, though some of 
them are so high that they cannot be used today 
for this purpose. In addition, the television 
channels are sandwiched in between channels for 
other purposes. 

"It must be borne in mind," said Mr. Murray, 
"that the assignment of these channels does not 
mean for commercial television. The Commis-
sion made it very clear that there does not ap-
pear to be an immediate outlook for the recogni-
tion of television service on a commercial basis." 
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HOW TO W ORK 6V6-G 
Beam Power Tube Circuits Given 

CASCADE AMPLIFIER CIRCUIT 
USING 6V6-G IN ONE STAGE 
AND A TRIODE IN THE OTHER 

VOLTAGE TYPE 
AMPLIFIER 6v6-G 

10 Lif. 
MIN. 

1g; 
Rc 

Rg 

= 250 
OHMS 

FIG.IA 8+ 
250 V. 

--r HE 6V6-G is a beam power output tube 
I that is capable of furnishing more than 4 
watts at approximately 6 per cent distortion 
when 250 volts are applied to plate and screen. 
The principle of operation of the 6V6-G is sim-
ilar to that of the 6L6: directed electron beams 
and aligned grids are used to obtain high plate-
circuit efficiency, low screen current, and high 
power sensitivity. The 6V6-G is usuallv_used 

11F1,t—0 I o_u_tput_stnen of 
resistance-cou led am lifiers. -In a radio re-
cl  a sing e-en e amp i er is usually fed 
by a single-tube voltage amplifier; a push-pull 
output stage is usually fed by a phase inverter. 
The accompanying diagrams and tables furnish 
design information for these arrangements. 
A grid-resistor value of 0.25 megohm for the 

output stage is listed in the tables. This value 
of resistor is less than the recommended maxi-
mum value for self-bias operation (0.5 megohm) 
and greater than the recommended maximum 
value for 100 per cent fixed-bias operation (0.05 
megohm). Thus, 0.25 megohm is suitable for 
either self-bias or partial-fixed-bias operation of 
the 6V6-G. When the output tubes are self-
biased, an additional resistor of 0.25 megohm 
may be used for the grid-circuit filter. The use 
of a higher value of grid resistor (no grid-cir-
cuit filter) does not affect performance mater-
ially because gain and output voltage are nearly 
maximum for the constants shown 

CASCADE AMPLIFIER 
The data in Table I apply to the cascade am-

plifier of Fig. lA and to the phase-inverter cir-
cuit of Fig. 1B. The output voltage from any 

PHASE -INVERTER CIRCUIT 
USING IWO 6V6-G'S IN THE 
PUSH -PULL OUTPUT STAGE 
AND TRIODE PREAMPLIFIERS 

TYPE 
6V6-G T. 

P
U
S
H
 -
P
U
L
L
 
O
U
T
P
U
I
 

0+ 

RL-GRID-BIAS RESISTOR FOR PUSH-PULL 6V6-G'S 1166 OHMS WHEN B+ IS 250 VOLTS 

195 OHMS WHEN 13-1 IS 300 VOLTS 

of the voltage amplifiers listed in Table I is 
more than that required by either the single-
ended or push-pull output stage. The values of 
RL and RE were selected on the basis of reason-
able gain and good high-frequency response at 
less than 5 per cent distortion. 

In the phase-inverter circuit of Fig. 1B, a 
tube T9 having a gain G9 obtains its signal 
voltage from a portion of RE; the output of TII 
.feeds one of the push-pull output tubes. The 
proper point P on RE for the grid connection of 
T2 is obtained from the relation 

R22 RE/G2 

where the values of RE and G9 are given in the 
tables. The values of REI are given in Table II 
for twin-triode tube types. The circuit for these 
types is shown in Fig. 2. 
Table III furnishes design data for the pent-

ode-type voltage amplifier of Fig. 3. A low 
value of plate load is desirable, because micro-
phonic and hum outputs are reduced to accept-
able levels. The use of a series screen resistor 
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and self-bias for the voltage amplifier reduces Heater-cathode leakage, if present, may cause 
the effects of varying line voltage and possible hum voltage to be developed across R1 (the re-
differences between tubes. sistor connected in the cathode circuit), which is 
The circuit of Fig. 4 is another type of phase 

inverter. The output of T1 feeds TR, which is 
connected in an inverse-feedback circuit. The 
output of T2- is split into two phases, each of 
which furnishes voltage for an output tube. T. 
is usually a 6F5 or a 6C5; the values of com-
ponents used in this circuit for these tube types 
are tabulated in Table IV. 

INDEPENDENCE ESTABLISHED 

The gain of n is nearly independent of the 
tube type, because a large amount of inverse 
feedback is used; for this circuit, one-half the 
output of To is fed back to the input of T2. The 
stage gain with feedback is 

G. 
G2 =   

1 + nG. 

where G. is the gain of the stage without feed-
beck and n is the fraction of the output voltage 
fed back to the input. Thus, when T2 is a 6F5, 
= 63 and Go = 1.94. When T2 is a 6C5, 

G. = 14 and Go = 1.75. For example, when 
the bias on the output tubes is -15 volts, the 
output of T1 should be somewhat more than 15 
volts peak for maximum power output. T. does 
not draw grid current until the peak value of 
the input signal is approximately 25 volts for 
the 6F5 and approximately 40 volts for the 6C5. 
The phase-inverter circuit of _Fig 4 has-. 

tical advantages over the circuits of Figs. 1B  
aneZlthat the areas nt possibri variations 
betWeii tubes are small. In the circuit of Fig 4, 
normal variations between tubes in position Ti 
affect the input to each 6V6-G tube by the same 
amount; the effects of normal variations be-
tween tubes in position T2 are negligible be-
cause of the inverse-feedback arrangement. In 
the circuits of Figs. 1B and 2, normal variations 
between tubes in position T2 and variations in 
the value of R. affect the input to only one 
6V6-G tube; normal variations between tubes in 
position T1 affect the input to both 6V6-G tubes 
by the same amount. 

OUTPUT CONSIDERATIONS 

Aslilulvantage_gtutte_pbase-inverter circuit 
of Fig. 4 is the posso ili of ining high hum 

,-crortput when the -gam followingTi`le 

PHASE -INVERTER CIRCUIT USING TWO 662R-GS 

IN THE PUSH -PULL OUTPUT STAGE AND A 
TWIN TRIODE AS THE PREAMPLIFIER 

eta. 
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CASCADE AMPLIFIER CIRCUIT USING 6V6-4 
IN ONE STAGE AND A PENTODE IN THE OTHER 

PHASE - INVERTER CIRCUIT USING TWO OVO-DS 

IN THE PUSH -PULL OUTPUT STAGE AND INVERSE -

FEEDBACK IN THE PRECEDING VOLTAGE AMPLIFIED STAGE 

0700e 701000 00 VOLTAGe TYPO 

o LRID-•••5 RCSIS1OR FOR PUSIO -ROLL 6V6-4.5 

SS OHMS 22,7.,(0217.. 
lin OHMS 067 . 0. ,„..., 

I 250 v0L75, 

impressed on the grid of T. through R.. For 
this reason, T2 should feed the 6V6-G tubes 
directly, as shown in Fig. 4. 
The bias for 250-volt, push-pull operation is 

(Continued on following page) 
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Unusual Laboratory Type 
Thermionic Meter by RCA 
An instrument for use in laboratories and for 

many product tests is a new ultra-sensitive d-c 
meter developed by the RCA electronic research 
laboratory of Dr. V. K. Zworykin. Announce-
ment of the meter was made by the Engineer-
ing Products Division of the RCA Manufac-
turing Company. 
The meter was developed for accurate mea-

surements of ionic and electronic currents, em-
ploying a new electronic circuit which operates 
with unusual stability and accuracy, even ap-
proaching that of the average reflecting gal-
vanometer. It cannot be easily damaged or 
burned out by overload currents. 

In current measurements the new meter pro-
vides for twelve scale ranges for measurement 
to 10,000 microamperes (10 milliamperes), the 
lowest full scale reading being .02 micro-
ampere. For voltage mesaurements, eight 
other scale ranges are provided, from .1 volt to 
500 volts, with a meter resistance of 5 megohms. 
For resistance measurements, two scale ranges 
are provided for measurements of from .1 to 
100 megohms, and from 20 to 1,000 megohms, 
with less than .5 volts across resistance. With 
90 volts in series, up to 200,000 megohms may 
be measured. Conversion of the meter for the 
three forms of operation is accomplished by 
means of a selector switch. 
The ultra-sensitive d-c meter is a self-con-

tained, battery operated precision instrument, 
utilizing three RCA 1B-4 tubes. No external 
resistances or shunts are required. It is of 
great value for laboratory work, and is so easily 

portable as to be even more useful for field or 
location work, since it requires no special set-
up or balancing. 
The instrument essentially consists of a 

multiplicity of input circuits, a feedback-type 
amplifier and a meter circuit. The amplifier 
is so designed that the meter cannot burn out or 
even deviate in calibration through overload. 
The sensitivity in all ranges is stable to a de-
gree previously realized only with delicate gal-
vanometers. This stability is of an automatic 
nature as compared to the maintenance of 
critical adjustments necessary in balanced 
"push-pull" or bridge amplifier circuits fre-
quently used for fractional microampere mea-
surements. 
The meter builds up the fractional currents 

it measures into stronger currents which actuate 
the meter by use of a new electronic circuit 
especially designed for that purpose. The over-
all accuracy for all ranges of current or voltage 
measurements is plus or minus 2%. 
The new instrument is expected to be espe-

cially suited for use in school and college labora-
tories. Other uses for the meter include mea-
surements of ionic and electronic currents in 
the grid and other circuits of thermionic tubes; 
currents due to secondary emission; leakage 
currents between tube electrodes and between 
circuit elements; electron-beam currents in 
cathode-ray and special tubes for television pur-
poses; minute currents in photo-electric cells; 
electrolysis and corrosion currents in potentials, 
and galvanic currents and potentials in bi-
ological research. 
The meter stands 13 inches high, is 9 inches 

wide and about 9 inches deep and weighs 20 
pounds with batteries. 

(Continued from preceding page) 
—15 volts. This bias may be obtained from a 
self-bias resistor or from a partly fixed-bias 
source. The rise in d-c plate and screen currents 
with power output is small, approximately 
16 ma for fixed-bias operation; hence, a power 
supply with relatively poor regulation may be 
used without much loss in power output. The 
following conditions obtain for the output stage. 

Heater Voltage  
Plate Voltage  
Screen Voltage  
Grid 13ias  
Peak-Signal Voltage 
Zero-Signal Plate 
Current   

Max-Signal Plate 
Current   

Zero - Signal Screen 
Current   

M a x Signal Screen 
Current   

Load   
Power Output  
Total Harmonic Dis-
tortion   
Second Harmonic 
Third Harmonic. 

Single-Tube 
Output 

6.3 6.3 
250 250 
250 250 

-12.5 -15 
12.5 3a. 

45 70 

47 79 

4.5 5 

6.5 12 
5000 10000** 
4.25 8.5 

6 4 
4.5 .. 
3.5 3.5 

Push-Pull 
Output 

6.3 Volts 
300 Volts 
300 Volts 
-20 Volts 
40* Volts 

78 Milliamperes 

SO Milliamperes 

5 Milliamperes 

13.5 Milliamperes 
8000** Ohms 

13 Watts 

4 

3.5 

Per cent 
Per cent 
Per cent 

*Grid-to-grid. ""Plate-to-plate. 
FROM APPLICATION NOTE No. 80. 

Copyright, 1937, by RCA Manufacturing Co., Inc. 

64 Loose-Leaf Pages 
in Field Data Addenda 

Owners of Ghirardi's "Radio Field Service 
Data" book have just received a set of Supple-
ment Sheets consisting of 64 loose-leaf pages. 
These contain the Case Histories of 68 new 
receivers; revised explanations of the latest 
RMA tube type number and base terminal 
designation systems; a revised chart of operat-
ing characteristics, technical information and 
socket connection diagrams of all types of de-
tector, amplifier and rectifier tubes manufac-
tured to date (data on 71 new tubes, including 
all those used in new 1938 receivers has been 
added to the chart) ; and a new unique chart 
giving detailed auto-radio installations and igni-
tion system data for 341 models of American 
cars (including full information on the latest 
models). 
This is the second and last supplement sup-

nlied to owners of "Radio Field Service Data." 
Future supplements, which will be supplied peri-
odically as a regular service, are to be available 
on a yearly subscription basis. Both the Ghi-
rardi Service Data book and supplements are 
published by Radio tir Technical Publishing 
Company, 45 Astor Place, New York City. 
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EDITORIAL 
'TELEVISION has reached a new stage of development, one in which the experimenter 
1 is given an opportunity to see what he can do about creating improvements. 
Unlike radio in its infancy, television in its infancy requires something akin to engineer-

ing knowledge before one can expect to understand the process, and thereby know what 
the problems are, hence attempt to solve them. But the method of invention by stumbling 
has always been present in the world's work, and will necessarily continue to remain a 
possibility in television, even by those possessing best technical equipment. 
Nor is the experimentation by the independent lone adventurer quite so independent as 

would seem at first. The better practices devolve about the cathode-ray tube, a special one 
for television purposes, and the experimenter can not be expected to make the tube. So he 
had to wait until tubes were available. Now that they are offered for experimental and 
educational purposes, the opportunity is at hand, but with it goes a requirement for studious 
resolution and an intimate comprehension of the processes. 
Moreover, the whole technique is rather obscured from all save mathematicians, be-

cause the circuits and methods, though revealed in the technical press, are necessarily told 
in mathematics largely, some of it with symbolism that had to be invented for the purpose 

Nevertheless, the prospect is by no means hopeless. Nor need anybody feel that private 
experimenting will not yield fruitful results. Amateurs and experimenters have contributed 
much to radio's progress, and will contribute on about the same scale to the great adven-
ture which is television. What would be very useful would be some circuit information 
and other data, presented for the benefit of those not so well acquainted with mathematical 
quantities, and especially so that those now indirectly asked to attempt to contribute their 
share, will not have to do so much digging into technical literature of an involved and ex-
tensive sort before they can feel at least fairly well equipped to proceed. Some very easy 
processes that so far have escaped the formal television laboratories may be expected from 
the experimenters in the private field, as well as from institutions of technical learning, 
where the young, fresh mind, untrammeled by imposing histories of defeat, will certainty 
justify youth's participation in a young industry. 
When defeat is mentioned in connection with existing experimental television it is done 

only in the sense that obstacles, including financial ones that young minds are not likely to 
master, have prevented commercial attainment of the only industry in our lifetime for which 
the demand long preceded the supply. When the technical achievements of present-day tele-
vision are considered, they must be rated as being foremost in all the developments that 
have marked scientific advance, for the problems are much more complex and numerous, 
and really little is derived from the known art of sound broadcasting. Television is a new 
and different field, even though its association with radio is so close that the day will come 
when the word television will be dropped, and we shall speak only of radio, and mean a 
combination of sound-sight broadcasting and reception. 
One of the problems for the future is the attainment of network standing for television. 

Only in that way can the ultimate goal be reached, of enabling a very costly production to be 
enjoyed by millions of listeners. So long as the present state of the art continues, whereby 
only local stations can be of service, and each must have its own program production, or 
use movie film, the quality of the program, or its variety and scope, will not be sufficient 
to enable television to acquire its rightful status. 
Meanwhile the local-station method will have to be applied, and in effect is being applied 

by the television developmental laboratories that are sending out test programs that the 
experimenters are invited to tune in. Naturally, the experimenting suffers from geographical 
restrictions, as there are precious few such stations, and unless one has a receiver relatively 
close to those stations, no dependable reception is possible. 
Too much emphasis at present on the requirement for network status for television before 

commercial possibilities loom will be hurtful, because concentrating on what confronts 
a possibly remote future, when a multitude of problems of the living present offer enough 
food for thought and experimentation. The network idea is well to keep in mind, as a 
necessary and inevitable attainment, but not as a deterrent to progress along lines now 
close at hand, and requiring solution now, because the network enigma will not begin to 
approach solution until the lesser questions, but still vital ones, are answered. 

It is no reflection on the notable work of the present organized television laboratories to 
say that rank outifes will make contributions that escaped the great riis-fifíifiiffs. 11us is 
becanse—sheer numbers have the statistical -age on concentrated sinalremps in any en-
deavor where fortunate stumbling will play at-least a ratable part in promulgating erà117 _ _ . . _ 
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DIPHONIC REPRODUCER 
for Mirrophonic Sound Systems 

By R. C. Miner 
Transmission Instruments, Bell Telephone Laboratories, Inc. 

A SOUND picture reproducing system which 
gives aural effects approaching the clear-

ness of a visual image in a perfect mirror has 
been introduced recently to motion picture pro-
ducers and exhibitors under the name of Mirro-
phonic Sound. One of the outstanding features 
of this new system is the loudspeakers, which 
have been named Diphonic because àll sounds 
below 300 cycles per second are fed into one 

unit while those above 300 are carried by an-
other. This distribution is accomplished by a 
crossover network. 
The high-frequency speakers, of which either 

one or two may be used, are attached to a horn 
having tiered chambers. Both horn and speaker 
are commercial adaptations of those used in 
emonstrating the transmission and reproduction 
ot symphonic music in auditory perspective be-

tween Philadelphia and 
Washington in 1934. The 
horn consists of fifteen 
individual cells, each of 
which tapers exponen-
tially from five-eighths 
inch square at the small 
end to eight inches square 
at the flared opening. The 
cells are brought so close 
together at the small end 
that only a knife edge 
separates them and at the 
large end they are ar-
ranged as compactly as 
the geometry of the ar-
rangement permits. 

FIG. I 
The Diphonic speaker comprises two units. One of the units radiates 
all sounds below three hundred cycles per second and the other unit 

radiates those above that frequency. 

NON-DIRECTIONAL 

This multi-cellular con-
struction makes the horn 
non-directional. A horn 
which has only a single 
air passage distributes 
sound uniformly over a 
wide angle at low fre-
quencies but concentrates 
the sound on the axis of 
the horn as the frequency 
increases. This condition 
is undesirable in a thea-
tre since those sitting on 
or near the axis will hear 
too great a proportion of 
high frequencies com-
pared to the low ones, 
while the reverse will be 
true for those sitting at 
the sides. In a multi-cel-
lular horn of good design 
the various cells radiate 
sound of all frequencies 
and distribute it uniform-
ly over a wide angle, thus 
giving a correct propor-
tioning of all frequencies 
for all parts of a theatre. 
The walls of the indiv-
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idual cells of the horn consist of two metal sheets with an intervening layer of felt, all fastened 
together by a heat-softening cement. This makes a wall with very high damping to mechanical 
vibration and effectively prevents horn rattles. Assembly of the sixty similar walls into cells 
and of the fifteen cells and other parts into the completed horn is accomplished entirely by 
soldering. 
The high-frequency speaker has annular sound passages. The moving element consists 

of a diaphragm made of thin aluminum alloy to which is attached a cylindrical coil of many 
turns of aluminum ribbon wound on edge and held together by thin layers of varnish between 
adjacent turns.* 

GREATER DIAMETER OF DIAPHRAGM 

To deliver the required amount of sound energy to the horn, the diameter of the diaphragm 
has to be considerably greater than the wavelength of the highest frequencies which it repro-
duces. If the diaphragm were coupled directly to the throat of a horn, the output at the higher 
frequencies would be greatly decreased because the phase of the sound coming from variqus 
parts of the diaphragm would differ. To eliminate these differences sound is taken from the 
diaphragm through several concentric annular passages so that the distance from any portion 
of the diaphragm to one of the passages is small compared with the wavelength of any sound 
transmitted. 
The magnetic field for the air-gap of the high-frequency speaker is provided by a field coil 

wound for twenty-four volts, the voltage which is generally used with theatre equipment. 
Safety features such as a cover over the field terminals and various factors for convenience in 
installation and ruggedness which have been built into this speaker contribute materially to its 
satisfactory operation in the field. 
The low-frequency speaker of the Diphonic system is also an improvement over those used 

previously in theatres. The driving element consists of four dynamic speakers of the cone type 
connected in a vertical row to a shallow cavity which flares out to a flat baffle. An approxi-
mately square post is mounted in the cavity directly in front of the speaker units so that the 
surfaces of the post form angles of about forty-five degrees with the plane of the baffle. 

AID TO DISTRIBUTION 
Two thin vertical vanes are mounted in the cavity between the post and the sides of the 

cavity to aid in the proper distribution of the higher frequencies radiated by the loud speaker. 
The construction of the parts which form the cavity and baffle is so rugged that it prevents the 
possibility of extraneous sound being radiated by mechanical vibration. The advantages of this 
loud speaker are good distribution of its higher frequencies, improved efficiency, and elimination 
of resonance effects which tend to distort the quality of the sound by unnaturally prolonging 
certain tones. 
The entire loud speaker can be installed easily and dismantled quickly if required. It occu-

pies a minimum of space on the stage and has small depth—an important consideration because 
some of the older theatres have very shallow stages. With its greater capacity for sound volume 
and improved distribution of all frequencies over the entire theatre the Diphonic loud speaker is 
a notable improvement in sound reproducing equipment. 

*Bell Laboratories, RECORD, March, 1934, p. 203. 

Many Factors Affect Fidelity 
Attainment of fidelity is progressing fast, so that now it is possible to buy a high-fidelity re-

ceiver for around $300, for all-wave coverage, usually provided with means of reducing the 
fidelity manually, when distant stations are to be tuned in, and high selectivity may be necessary. 
This is because for best selectivity of the tuner must be rather low, a band width well passed 
up to 8,000 cycles being required. Trained ears can tell the difference if the band width is ex-
tended to close to 10,000 cycles, provided there is any modulation from the broadcasting station 
with frequencies between 8,000 and 10,000 cycles. This modulation is a rarity and is restricted 
usually to high-fidelity stations, of which thre are a few experimental ones in the region, 1,500 
to 1,600 kc, channels being in 20 kc steps, to permit wider modulation latitude. 

Besides the receiver, including tuner and audio amplifier, the speaker system has to be ac-
commodated to fidelity, which usually means some substantial outlay for this provision, and be-
sides the room acoustics have to be considered. Even the position or level where the listener 
sits has a bearing. 
Persons who move notice the effect of room acoustics if they turn on the radio before the rugs 

are laid, the tapestry (if any) hung, and the furniture disposed about the room. The softening 
effect of the furnishings being absent, a certain harshness seems to attend the music, although 
speech seems welcomely crisp. The effect is to let the high audio frequencies get a better 
break than they had before, although perhaps too much of a break, because of reflections. The 
presence of more persons in a room already furnished has the same general softening effect, 
or reduction of reflections from walls and floor, although this effect might be too small to be 
noticed. 
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Rectifiers for Instruments 
Low Range, Linearity and 

Loading Considered 
By H. B. Herman 

ONLY a few years ago the servicemen de-
manded instruments for measuring a. c., 

and thereupon the copper oxide rectifier became 
popular in diagnostic devices. The rectifier type 
instrument therefore took firm hold, and volt-
ohm-milliammeters provided for a-c readings. 
These were desired principally for measuring the 
voltage across the primary and secondaries of 
power transformers, including, of course, the 
voltage across heaters of tubes, which are either 
in parallel with a secondary or in series with 
a limiting resistance. 
The resultant voltage calibrations, using this 

type rectifier, did not coincide with the d-c 
scale of the instrument. Assuming that the d-c 
scale is linear, and it is nearly always quite 
close to linearity, the a-c scale departed con-
siderably, especially at low voltage readings of 
a scale. Therefore the same numerical cali-
bration was used as applied to d. c., but the 
bars indicating the a-c values were placed in 
individual positions, the connection on scale to 
d-c numbers being made by a jumper drawn 
something like a letter S. 

CHANGE IN RECTIFIERS 
There was no objection to this, of course. 

Some manufacturers provided a separately 
enumerated scale for a. c., perhaps a little 
handier to read. But in both instances the odd 
shape of the curve or absence of linearity, was 
rather pronounced. 
So much satisfactory measuring has been 

done on both bases that no objection could be 
made to either. 
However, the calibration that applied to a. c. 

when the instrument left the factory did not 
necessarily retain its integrity, because of 
changes that took place in the rectifier. Ruin 
could be produced by overload, so that a new 
rectifier would be necessary. Or temperature 
and time would work their changes, and it 
would then also be advisable to make replace-
ment. In recognition of serving the conveni-
ence of users of rectifier type instruments 
intended for copper oxide inclusion, some 
manufacturers have plug-in type rectifiers. 
Formerly these were obtainable only with very 
expensive instruments, but Triplett now has 
them for its moderately priced precision line. 
When low voltages are to be measured all 

rectifiers used at present have their limitations, 
including the vacuum tube. The rectifier has 
what is termed a certain current density. That 
is, it is a current-drawing device and has 
inertia, so that for very low values it will tend 
not to rectify. 
To overcome this to a satisfactory extent the 

luuest range may be made 15 volts, and some 
rectifiers carry that recommendation from the 
manufacturer, while some others may be used 
at 5 volts full-scale deflection, without much 
failure of movement for small values of input 
on the lowest-range scale, but the trouble is 
there, nevertheless. The idea is to get the 
rectifier to start moving right away. 
The situation facing the rectifier may be 

assumed to be the same as caused by a small 
negative d-c bias put on the plate. This bias 
the incoming a-c voltage, or unknown, must 
overcome. It can be accomplished readily by 
using a highly conductive rectifier, but then 
another condition obtains, whereby there will 
be appreciable current flowing at no external 
input. Naturally the input that causes current 
to flow is derived from the circuit energizing 
the rectifier, e. g., the heater supply. Some 
electrons from the cathode have a contact po-
tential and are sufficiently numerous to make 
the rectifier conductive, the virtual load being 
the resistance of the rectifier in its practically 
minimum conducting state. 

If the load resistance is made high, meaning 
a high voltage range, the drop required across 
the external load becomes large compared to 
the internal drop, and the trouble compara-
tively disappears. 

TROUBLE AT ZERO INPUT VOLTS 
Thus, zero input volts, using a highly con-

ductive tube rectifier on the 5-volt range, may 
read .5 volt on the d-c scale. It is only neces-
sary to have that position refer to zero a-c 
volts, while 5 volts will be the other extreme. 
Low resistance loading of the rectifier is re-
quired for the low voltage range, unless a very 
sensitive meter is used (50 microamperes). Not 
only must the meter resistance be allowed for, 
but also the resistance of the rectifier itself, and 
the load resistor is the computed required value 
less the sum of the other two. Thus for the 
5-volt range on a 0-500 microammeter, instead 
of the computed 10,000 ohms being present in 
the external load resistor, almost half of the 
resistance is in the rectifier, and the difference 
constitutes the series load. This would then 
be around 5,000 to 6,000 ohms. 
Hence some means must be used to justify 

the situation to the use of the same general 
multiplier resistors as used for d.c., as by in-
cluding a resistor permanently as a series 
adjunct for d. c., equal to the rectifier resis-
tance, and not picking up this for a. c., when 
the value is replaced by the rectifier resistance. 
The same method may be used with copper-

oxide rectifiers, or a fixed condenser may be 
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put across the lowest-range d-c limiting re-
sistor, as it has no effect on d. c., but does 
increase the meter current when a. c, is applied. 
Thus the switching of the resistance equal to 
the rectifier is avoided. The capacity will be 
around 1.25 mfd. for most applications. The 
method does not apply to condenser-diode 
rectifiers. 

FOLLOWING D-C SCALE 

On ranges of 50 volts or more, for a tube 
rectifier, the same multipliers serve adequately 
for a. c. and d. c. without any special precau-
tions, since linearity becomes effective, assum-
ing the load resistor is at least 50,000 ohms 
(0-1 milliammeter or more sensitive instru-
ment used). Hence the a-c scale will follow 
the d-c scale for 50 volts and up, but not for 
less. A separate scale or calibration for the 
lowest range would be needed. 
The highly-conductive rectifier offers the 

readiest example of a device for enabling a low 
voltage range, as it has been possible, using 
6C6, with all elements except heater and sup-
pressor tied together as effective plate, with 
suppressor to cathode, to have a full-scale de-
flection voltage of only 3 volts r. m. s. This 
goes lower, therefore, than any of the service 
instruments of which the author has knowledge. 
Compensation of the resistor network, to 

enable the use of the same d-c multipliers later 
on, is necessary, but for the lowest range just 
discussed, the rectifier has its own separate load 
resistance for condenser-diode or straight diode 
rectification. The change is not linear on this 
range, though linear on 50 volts, 500 volts etc. 
The difficulty surrounding the interia of the 

rectifier, or its "preference" not to be disturbed 
from its quiet state, is thus overcome, and with 
limiting resistor specially chosen so that full 

scale is 3 volts r. m. s., there is a special cali-
bration, so no difficulty arises in making the 
r. m. s. values real and accurate. 
Remembering that the rectifier presented a 

case of stubbornness, and that conductivity of 
a high order was utilized, by interconnecting 
elements of the tube for a generous plate, we 
shall encounter two different problems, depend-
ing on the type rectifier used. If it is a vacuum 
tube the load resistance of which is completed 
through the unknown, then we have the usual 
diode rectifier, which responds to the average 
of the a-c- wave. This may be considered near 
enough to r. m. s. values. 
The other type of rectifier possible is the 

condenser-diode type, where the d-c load re-
sistance is unaffected by the unknown, which 
is connected between one side of a stopping 
condenser and cathode, load resistor being be-
tween plate and cathode permanently. The 
condenser-diode rectifier responds to the peaks, 
therefore for duplication of the d-c load re-
sistors the readings will be too high, referring 
to the d-c scale. 
Two solutions are: (1), shunt the meter to 

make up the difference, which is about .3 of 
the full-scale current; (2), adjust the rectifier 
so that its efficiency (conductivity) is less by 
the right amount. Any method introduced has 
to be generally applicable, i. e., no modification 
for each separate a-c range above the lowest 
would be quite acceptable, for it leads to over-
criticality and complication. 
The rectifier is easily adjusted either by leav-

ing the normal grid free for the higher ranges, 
or, if this favors the inertia too much, by 
connecting the grid to plate through a re-
sistance of the right value to make the d-c 
scale read r-m-s values. This method was 
devised by H. J. Bernard and works par-
ticularly well. 

RCA Victor Enters Field of Office Communication 
Two new inter-communicating call systems, 

one of which requires no wires, were announced 
by the RCA Manufacturing Company, signaling 
the entry of the company into the inter-office 
communication field. 
The new systems are to be known as RCA 

Victor-Phones. The larger of the two systems 
includes a master unit which incorporates an 
amplifier, volume control and station selector 
switch feeding into five remotely operated units. 
Power for the master unit is obtained from 
any 110-volt a-c or d-c circuit, while the remote 
units require no power. Each remote unit is 
connected to the master unit with a simple in-
dividual wiring system which insures secrecy of 
communication. The remote units may be placed 
as far distant as 1,000 feet from the master unit. 
The cost of the master unit is $39.95 complete 
with tubes. Remote units are $12.50 each. 
The system is so built that any one of the re-

mote units can be used to talk with the master 
unit, and after the contact is made one may both 
listen and talk without turning the switch or 
holding it open with the hand. Each unit is 
housed in a small, attractive walnut-finished 
cabinet. 

The master unit has three controls. A selec-
tor adjusts the unit to communicate with the 
remote units, and a volume control insures con-
venient operation. The third switch is pressed 
for talking. The system was built for service 
in factories, offices, homes and other places 
where efficient, low-cost inter-communication is 
desirable. 
The second RCA Victor-Phone system re-

quires no wires. The communication units of 
the system are placed in service by merely plug-
ging them into the electric light socket. The 
system, which costs $76.50 complete per pair, 
operates on the carrier frequency principle, each 
unit being a miniature transmitting station 
sending high frequency signals along the electric 
wires. There are no wires or batteries, no in-
stallation costs. 
The carrier frequency of 100 kc may be ad-

justed to plus or minus 25 per cent, thus permit-
ting as many as three systems to operate in 
close proximity without interference. Voices 
up to 10 feet from the unit will be picked up and 
reproduced at the receiving end with sufficient 
volume te 511 an ordinary room. Each unit is 
provided with a volume control. 
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Electro-Magnetism 
Explained • 

Simple Tests Applied to Widely-Used 
Phenomenon 
By M. N. Beitman 
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BAR MAGNET 
N stands for north pole and S for south pole. 

A bar magnet is shown, with flux path. 

M AGNETIC force plays a very important 
role in the operation of many radio com-

ponents. Transformers of many types, phono-
graph pickups, loudspeakers and other parts 
operate on the principle of magnetism. Being 
similar to electricity we cannot actually see or 
feel magnetism, but the effects of this force 
can be noticed and accurately measured. 
There are certain natural magnets found al-

ready magnetized. These are called lodestones 
or leading stones, since they were first used 
to give direction. If a piece of hard steel is 
stroked continuously in the same direction with 
a piece of lodestone, the steel will become mag-
netized. Natural magnets are not used com-
mercially, because many alloys of iron have 
been developed that make more satisfactory 
magnets for present-day applications. For prac-
tical use small percentage of nickel, chromium, 
cobalt or tungsten are added to steel for mak-
ing permanent magnets that have greater mag-
netic strength and other desirable properties. 

Just as in the case of electrical charges, un-
like magnetic poles attract each other, like 
magnetic poles repel each other. 

WHY FILINGS STICK 
Also it is important to remember that the 

force of attraction or repulsion between two 
magnets in inversely proportional to the square 
of the distance. North and south magnetic 
poles will attract each other four times as much 
at one-inch distance as at two-inch distance 
This is why the space between the field and the 
armature in a generator is made as small as 
practical. 
When a magnet is dipped in iron filings, most 

of the filings stick to the poles, indicating that 
the attractive force was the greatest at the 

poles. This magnetic effect is noticeable for 
a considerable distance around the magnet. 
This force constitutes the magnetic field and 
is made up of lines of force. The filings around 
the magnet follow the lines of force. 

If a strong magnet is dipped in a barrel of 
nails made of soft iron, many nails will be 
picked up. Some nails in turn will hold other 
nails, becoming themselves temporary magnets. 
However, once these nails are removed from 
the magnet, their magnetism will be lost. 
Hardened steel substances, on the other hand, 
will retain some magnetism once they are 
brought into contact with a magnet. 
Although many devices in radio circuits de-

pend on permanent magnets for their opera-
tion, magnetism produced by the flow of elec-
tric current through a conductor finds even 
greater application. Every wire carrying 
electric current has an associated magnetic field 
proportional to the current strength and the 
arrangement of the wire. 

THE COMPASS TEST 
The fact that an electric current in a con-

ductor has an associated magnetic field may 
be easily proved. If a compass is held near 
the wire the needle of the compass (actually a 
small magnet on a pivot) will take a posi-
tion at right angles to the wire. If no current 

HORSE SHOE 
MAGNET 

The flux linkage in a horseshoe magnet is 
illustrated. 
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is present in the wire, the needle will assume 
its natural N-S position. 
By winding a number of turns of wire in the 

form of a coil, a much stronger magnetic field 
can be created, since the fields of all the in-
dividual turns will add up. Since the magnetic 
field of force of each turn adds to that of the 
next turn, the greater the number of turns of 
wire the coil has, the stronger will be the mag-
netic field. 
The total magnetic flux (lines of force) de-

pends on the number of turns and the current 
strength. If the current is strong relatively 
few turns of thick wire will be needed to pro-
duce a given magnetic field. On the other 
hand, if the current is very minute, a great 
many turns of fine wire will be needed. 

If a bar of iron is placed in the center of 
the coil, the iron will become magnetized when 
the current will flow through the coil, but 
will loose its magnetism once the current is 
discontinued. This principle is used to operate 
relays, door bells and other similar devices. 

WHAT PERMEABILITY IS 
If a coil with an air core has a constant 

current passing through, a magnetic flux of 
certain value will be produced. If an iron 
core is slipped in, replacing the air core, the 
electromagnet so formed may have a flux 200 
times as strong. By using special nickel-iron 
material for the core, the strength can be 
made even greater. The ratio of the strength 
of the magnetic field with a given substance to 
the strength of the field when air is used as 
the core is the Permeability. The permeability 

ELECTRIC CURRENT 

of air is taken as 1, so magnetic substances 
have a permeability greater than one. 
The effect of the applied magnetizing force 

will be diminished after the magnetic material's 
limit is reached and, if the force is increased 
beyond a certain higher limit, no further effect 
will be noticed. The substance is then said to 
be saturated. For example, wrought iron will 

MAGNETIC UNES 

Flux production by electromagnetism, by passing 
current through a coil. 

have a very strong flux when inserted in a 
coil of 10 ampere-turns. Increasing this to 20 
ampere-turns only increases the lines of force 
per square inch from 89,000 to 97,000. At 40 
ampere-turns this figure is only 106,000 lines 
per square inch. Saturation is reached when a 
further increase in ampere-turns has no effect on 
the flux. 

Come-and-Co Reception Perplexing 

The commonest trouble in a receiver is known as fading, but hasn't anything to do with what 
was termed fading before servicing became the important industry it is. Formerly fading meant 
only the waxing and waning of strength of received signals, due to their arrival by different 
routes partly or completely in and out of pha se. Great strength, great silence, and in-between 
values, too. 

Naturally, when intermittent reception was due to other causes, though the symptoms were not 
quite the same, the word fading was applied. It is commonly due to a defective fixed resistor 
or fixed condenser. Either one breaks down, partly or completely, when subjected to an unusual 
current, as perhaps the result of a strong signal, and may become healed the moment the overload 
disappears, only to break down again on repetition. Therefore, suspected resistors should be tested 
with ohmmeter across them when a strong signal is applied from a signal generator, and con-
densers "shocked" by the heat from a special power oscillator, known as an impact generator. 

Of course, the "commercial fading" may be due merely to a poorly soldered or loose contact 
making and breaking due to mechanical or electrical causes. 

These intermittents give servicemen more "headaches" than any other fault in a receiver. 

Owners of radio sets have an almost general feeling about this internal fading, that it is 
something too mysterious for repair, and often suffer the trouble for months, or even years, with-
out calling in a serviceman. 

There is not a single instance of internal fading that is incurable, and, although the' set-owner 
does not know it, the serviceman does, and should take pains te inform present and prospective 
customers that he is well equipped by training and instrumentation to cope with this problem. 
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Fidelity for the Masses 
Microphone Playing Part in March to Goal 

ALTHOUGH the vacuum tube is described 
as the heart of the radio circuit, and to it 

must go the honor of making present-day broad-
casting possible if a sweeping statement on 
the subject is requisite, nevertheless no small 
part in the radio drama has been played by the 
microphone. While without the tube we would 
not know how to send forth the radio waves 
in space at a great variety of frequencies, and 
with relative economy, nevertheless without the 
microphone we would not know how to impress 
on those waves the speech and music that con-
stitute the bulk of transmitted intelligence. 
The microphone is a device for changing the 

sound waves in space to equivalent values of 
electrical current passed along wires. 

EXAMPLE OF MICROPHONE 
The simplest illustration is that provided 

by the carbon microphone. Here carbon gran-
ules are stacked up, to form a unit called a but-
ton, a dry cell is used too for causing an exci-
tation current to flow through this button, while 
connected in parallel with the series battery-
microphone circuit is the primary of a trans-
former, the secondary of which usually goes to 
the grid of a vacuum tube. When a sound is 
made in front of the microphnne, the resistance 
of the button changes, and this in turn causes 
a change in the current through the microphone 
and associated transformer, hence a voltage 
change across the transformer. Because the 
electrical changes are fairly true counterparts 
of the sound changes, and take place at the 
same time, the sound waves which consist of 
changes of pressure upon the air (condensa-
tions and rarefactions), are converted into 
changes of electrical pressure upon the circuit 
external to the microphone. The microphone 
output is then amplified. 
There are different and better types of micro-

phones than the single-button carbon type just 
described. For instance, the double-button type, 
having a stretched diaghragm, is far more cor-
rect as a converter of sound, though less sensi-
tive. 

SENSITIVITY DECREASED 
Practically all the better grades of micro-

phones are less sensitive than the single-button 
carbon type, as the whole improvement has been 
in the direction of fidelity, plus special uses. 
while general sensitivity became less and less. 
This was not a serious drawback, except for 
some mobile work, since amplification is inex-
pensive, and atones for the microphone's low 
sensitivity. So we find most of the preferred 
microphones require pre-amplifiers, which are 
small units ahead of the main amplifier. 
The velocity and dynamic microphones are 

two examples, the condenser microphone an-
other, the velocity being low impedance type, 

the condenser type being high impedance. As 
grid circuits require a high impedance input, 
because their own impedance is high and short-
circuiting effects, or losses, are to be avoided, a 
transformer is used with low-impedance micro-
phones, low side to the microphone, high side 
to the grid. The condenser microphone needs 
no transformer, but instead may be direct-
coupled to a high-resistance loaded grid circuit. 

All microphones work on the same general 
principle of producing current changes in the 
output, in electrical values, that duplicate the 
sound changes produced in front of them. 

DIFFERENT REQUIREMENTS 
Not all microphones must be addressed head-

on, however, as some require for best fidelity 
that the sound be picked up from the side, or, if 
one is speaking, that he speaks across, instead 
of straight at, the microphone. Others have 
about the same sensitivity in all directions. 
The fact that some microphones pick up bet-

ter in one direction than in any other is used 
for focusing effect. Suppose that a band is 
crossing a noisy football field, and it is desired 
that the music alone be sent out over a network 
of stations. The announcer and his aids have 
a special microphone, which, when directed at 
the band, picks up the band's music primarily, 
to the relative exclusion of sounds coming from 
other directions. Thus directional effect, becom-
ing so important in beam antennas, for both 
transmission and reception, is used likewise in 
microphone practice, though the technique is far 
different. 

DEMONSTRATION AT PARADE 
Bell Telephone Laboratories, Inc., has been 

working on a directional microphone that has 
something of the appearance of a telescope, 
and is mounted on a tripod. At the recent 
American Legion convention in New York City, 
the microphone was used for picking up the 
music of a brass band that was marching along 
Fifth Avenue in the memorable parade. When 
the band was passing the Empire State Build-
ing, the microphone trained on the musicians 
picked up the strains, which the stations thus 
were able to broadcast, to the exclusion of in-
terfering sounds from other directions, which 
were many. The device is still in an experi-
mental state, but the first important field test 
did prove successful. 
When one begins to experiment in radio and 

needs a microphone he naturally uses the single-
button type, which is passable for speech, but 
of small worth for music, because of the much 
wider frequency response range that music re-
quires, and which the single-button carbon 
microphone cannot fulfill. However, it is the 
cheapest type, and for some special sort of work 
is valuable, e.g., where not much frequency 
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Focusing Microphone Proves Success 

A focusing microphone has been developed by Bell Telephone Laboratories, lac.. and is shown in use 
at the paraue of the American Legion in New York. The Empire State Building is at left. The 
Western Electric misroplione is pointed by Sergeant Harry P. Goodwin at a brass band, the sound 
from which was picked up to the relative exclusion of other sound. This is a difficult feat. The device 

is still experimental. 

range is required, and the input is within the 
frequency limits of the device. 
The high grade microphones cost much more 

money, but in very recent years so great has 
been the development of the microphone, that 
at around $25 or $30 the experimenter can ob-
tain a good grade microphone, even one that 
will give good results on music. 

Still experimenting continues, and it is cer-
tainly true that much has yet to be learned 
about the microphone. The basic principles are 
well understood, but Nature uncovers oddities, 
some still surpassiffl understanding, as the ex-
perimenting continues, so that it is not too much 
to expect that the next few years will disclose 
great improvements in microphones, at least 
along the line of bringing high-fidelity types 
within still more reasonable cost. At present 
practically a perfect microphone can be pro-
duced, but not at a cost that almost anybody 
can afford. Far form it. Fidelity for the 
masses is one of the achievements that radio 
will take in its stride, and which is nearing 
attainment as the problem is tackled at trans-
mitter (including microphone), receiver and re-
producer. 

Bypassing Meter Important 
If Frequencies Are High 

Where a d-c meter is used in a circuit 
through which is flowing pulsating d.c., it may 
be advisable to bypass the meter with a conden-
ser, if the frequency is high enough, because 
of the appreciable impedance of the internal 
coil of the meter. However, for power line 
frequencies this is scarcely practical, e.g., at 60 
cycles the reactance of a 1 mfd. condenser is 
about 2,650 ohms, and the meter resistance (re-
actance assumes about the same at 60 cycles) 
may be 100 ohms or less. 
However, as the frequencies get into the 

"radio" region, say, are above 20,000 cycles 
(20kc), the condenser may be necessary to in-
sure true readings. If the frequencies are 
among those usually expressed in megacycles, 
a relatively large capacity mica condenser is 
preferable for bypassing, and may be put across 
the 1 mfd. paper condenser. A mica unit of .01 
mfd. is suggested, but values lower than that 
should be avoided. 



32 RADIO WORLD December, 1937 

Problems of H-F Filters 
Q Limitation Removed by Crystal 

U\TIL about_ five years ago filters were 
used very little for frequencies abcive150 

or 200 kilocycles. In fact, at that •time, the 
largest demand for filters in the Bell System 
was in the three-channel open-wire carrier-
telephone systems with a top frequency of about 
thirty kilocycles. At radio frequencies, tuned 
circuits were generally employed to obtaiit,the, 
required frequency selectitity. This Vas. , .the 
most practical and economical method at .these 
high frequencies, because of the comparatively 
ample frequency space and the narrowness of 
the transmitted band with reference to the mid-
band frequency. 
Today the situation is quite different, says 

C. E. Lane, of Bell Telephone Laboratories. 
Filters with their sharp cut-offs and uniform 
transmission bands are now commonly used for 
frequencies as high as two or three million 
cycles and sometimes as high as fifty or sixty 
million cycles. More and more filters at higher 
and higher frequencies will undoubtedly be 
needed to provide high-quality and efficient 
high-frequency carrier systems utilizing cable, 
open wire, concentric conductor, and radio 
space. The term carrier system is here used in 
its broader sense to include all radio systins. 
While filters are practically essent al to 

single-sideband transmission, they may also be 
required where both bands are transmitted 
provide efficiency and high quality, and to elim-
inate interference. 

HOW NEEDS ARISE 
The requirements to be met in the design of 

band filters for high frequencies arise primarily 
from the needs of carrier systems. In their 
normal frequency allocation, the essential fre-
quency components of signals—as for example, 
those required for speech and music—fall in a 
definite band defined by an upper and lower 
frequency limit. For transmission in carrier 
systems this band is relocated by modulation to 
some higher frequency position. 
The band width in cycles, however, remains 

exactly the same after relocation as before, 
except in the case of double-sideband trans-
mission where the band width is twice that of 
the highest frequency of the original signals. A 
large number of channels may thus be provided 
in the same transmitting medium by locating 
the channels in adjacent frequency ranges. If 
the medium is to be used efficiently, the chan-
nels must be close together over the transmis-
sion path and must be segregated from each 
other at the terminals by the use of filters. 
There are three main requirements to be met 

by the filters used in carrier systems. First, 
they must restrict the frequency range of the 
signals by eliminating all components which 
otherwise would fall below or above the fre-
quency range considered essential. If the fre-

quency range provided by the transmitting 
medium is_to be used efficiently, single sideband 
transmission, must be used, and thus the sec-
ond requirement is that the filters must elim-
inate eithen the upper or lower sideband arising 
from modulation and yet permit the free trans-
'mission of the opposite sideband. 

SAME SIDEBAND WIDTH 
Regardless of the frequency range to which 

the signal is shifted for transmission, these two 
sidebands are exactly the same number of 
cycles apart, twice the number of cycles of the 
lowest frequency to be transmitted in the orig-
inal signal. The third requirement, to minimize 
energy loss and distortion, sometimes exists be-
cause a number of the filters must work in par-
allel, and to meet it each filter must offer a 
high shunting impedance in the transmitting 
ranges of all the other filters. 

Filters for such uses are primarily of the 
band-pass type. If but one step of modulation 
is to be employed, and the filters are to be 
equally good, they should have the same band 
width in cycles at any frequency allocation; they 
should have the same maximum loss for all 
frequencies in the transmitted ,band; they 
shoiild,provide the same discrimination against 
unwanted feequencies; and as the frequency 
allocation of the filter is increased, there 
should be no greater number of cycles required 
for the loss to rise from the low value in the 
transmitted band of the filter to the high loss 
required outside the band. This definition of 
what constitutes equally good filters for use 
at higher and higher frequencies is rather 
idealistic but it provides a basis for studying 
the nature of the problems that are encoun-
tered. 

FILTER CONVENTIONS 
The usual method of designing such filters 

is to connect together a number of ladder filter 
sections which have like image impedances at 
their junctions. The filter will consist of one 
or more sections having infinite attenuation at 
zero frequency and at infinite frequency; and of 
other sections having very high loss at frequen-
cies not far from the edges of the transmitting 
bands of the filter. When this procedure is fol-
lowed, the same filter schematic can be used, 
and hence the same number of elements, regard-
less of the position of the pass band in the fre-
quency spectrum. 
While some general schematic would apply to 

a different mid-band frequency, the values of 
the coils and condensers .and certain of their 
characteristics would have to be different. Thus, 
if over the pass band the impedance, of the fil-
ter is to be held constant, the maximum values 
of inductance arid of capacitance, would be the 
same for all values of fréquency. In order to 
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PRACTICALLY every reader has built some 
I sort of voltmeter, ohmmeter, ammeter or 
the like, and therefore is in general familiar 
with the objectives he desires. Here is an op-
portunity to get paid cash for acceptable sug-
gestions based on your experience or desires. 
A circuit is printed herewith and will be an-

alyzed in the following text. You are to study 
the circuit so that you can suggest improve-

CASH AWARDS OFFERED 
For Ideas on Volt-Ohm-Milliammeter That Also Makes 

Capacity, Inductance and Other Measurements 

FIG. I 
A circuit for making various measurements, and which offers possibilities, and requires few parts. There are 

error of electrical importance, lust to keep readers alert. 

ments. Send in your written suggestions, with 
or without diagram, to the author, c/o RADIO 
W ORLD, 145 West 45th Street, New York, N.i 
Y., and for every such letter accepted for pub-' 
lication and printed in these columns $5 will 
be paid, and for every such diagram printed 
in these columns an extra $5 will be paid, and 
for each letter printed, editorial rates of 2c per 
word will be paid additionally. So if you send 

in the diagram, two short circuits and one typographical 
See text 

a 1,000-word letter and a diagram, and they 
are printed (the letter in full), you will receive 
$5 for the letter alone, $5 more for the diagram, 
and $20 for the words in the letter, a total of $30. 

RULES SIMPLE AND HELPFUL 
A little spare change like that will come in 

handy for anyone, and besides it is very self-
instructive to take a diagram so seriously that 

you try to make it do more things, or render 
present services more accurately, or more 
simply, and thus share in the design of a valu-
able device which, in final form, can be built 
and described so that readers may construct 
the same instrument, without doing any calibrat-
ing themselves. 
A set of simple rules is printed herewith, 

(Continued on following page) 
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(Continued from preceding page) 
and in abiding by them you are in no way 
hampered in your ingenuity, but in fact the 
task is simplified for you. So read the prob-
lem carefully, as it appears in this article, and 
then put on your best thinking cap and see 
whether you can contribute something consid-
ered of real value, and get paid for it, if not 
over-generously, at least fairly well. The edi-
tor of RADIO WORLD is to be sole judge and 
his decisions final on everything. 

Let us start with the objectives of the in-
strument. First, the usual measurement of 
d-c volts and currents and of d-c resistances, 
are to be made. Also, a-c volts are to be meas-
ured, preferably using the same multiplier re-
sistors as served for cl-é measurements. Then 
such other measurements are to be performed 
as can be encompassed with an eleven-position, 
two-circuit switch. The switch shown, desi&-
nated as S., with the two decks A and B, has 

55 at 12W 518520 Mat DC 54at 1 
Measurments 15-1504500 volts IX 

FIG. 2 
D-e volts are measured in the usual manner, by in-
troducing a multiplier resistor, Rm, in series with 
the meter. and connecting the input posts across 
the unknown voltage'. One of two short circuits 
in Fig. I prevents this from being accomplished. 

only ten positions, but an eleventh position, 
for both decks, is permissible, because com-
mercial products enable eleven throws, and 
one has been omitted so that ingenuity may 
be applied to best use of the eleventh. 

BREAKDOWN OF CIRCUIT 
There is no limitation as to the other 

switches, except the general one that no more 
than eleven positions may be used for them, 
and all switching should be absolutely mini-
mum. 
Of course, the diagram itself offers the. 

solution to the main problem, except for two 
short circuits and a typographical error pur-
posely introduced, and the idea is to improve on 
the diagram, and to neable readers to do this, 
the circuit will be broken down, and each 
operation to be permitted by the circuit arrange-
ment considered in detail. 
The meter used is unalterable, and consists 

of a 500 microampere movement having a coil 
resistance of 100 ohms. Since the ohms per 
volt equals the number one divided by the 
full-scale deflection in amperes, we have 
1 ÷ .0005 = 2,000 ohms per volt. So for the 
d-c purposes, for the 15-volt range the resist-
ance is 15 x 2,000 or 30,000 ohms (neglecting 
the meter resistance), and for the other ranges 
of d.c. the same factor applies. 
R. in Fig. 2 is the generalized multiplier 

resistance, 30,000 ohms for the 15-volt scale, 
.3 meg. for the 150-volt scale and 3 meg. for 

the 1,500 volt scale. It is not expected that 
anything much, except correcting mistakes, can 
be done about the d-c voltage circuit, nor the 
d-c current circuit, either, as these are standard, 
although conformity of voltage multipliers to 
a-c purposes remains a problem. Also no way 
is shown of measuring small a-c currents. 
Under the diagrams of the breakdown cir-

cuits the draftsman has lettered the details 
of switch positions, and resultant measurements, 
so we find that we have taken care of the three 
d-c voltage ranges with Fig. 2. It is permis-
sible, of course, to criticise the voltage ranges 
themselves. 
The intended method for measuring a. c. is 

shown in Fig. 3. The meter, the rectifier and 
the load resistor are in series for d.c. The 
load resistor is between plus of meter and 
cathode, while one binding post connects to 
cathode and another to a condenser that goes 
to meter plus. This is known as the con-
denser-diode type of rectifier, and it functions 
on the basis of peak volts, i.e., the d.c. devel-
oped is practically equal to the peak of the un-
known a-c input voltage. 

MEASUREMENT OF LOW OHMS 
On this score we encounter , a recurrent prob-

lem, where the same multiplier resistors are 
to be used for a.c. as for d.c. In the more usual 
type of rectifier, 'with unknown in series with 
the rectifier load, and possibly with a filter 
condenser across that load, the rectifier re-
sponds to the average of the a-c volts, which f 
is close to the d-c value when the same resist-
ors are used for multipliers in both instances. 
Our problem at present, if we retain the recti-
fier as shown, includes establishment of coin-
cidence between d-c and a-c scales, if that is 
possible, to avoid having to put six calibra-
tions on the meter scale instead of only three 
that are used twice each. It may be added that 
the rectifier as shown is linear, particularly if 
the load resistance is -fairly high, so one rea-
son for selecting a meter of 500 microampere 
sensitivity is to permit such linearity on the _ 
lowest range.. On the other ranges - rmearity 
prevails without any special meter' precaution. - - 
The device of turning the load resistor-

around, so to speak, for a-c use, should not 
prove confusing, as the diagram, Fig. 3, as-
Slimes the multiplier, R., is in the same position 
in space as in the d-c example, and the connec-
tion of leads shows the reversal jut mentioned. 
For d-c current meaurements, shunts across 

the meter are used, a separate shunt for each 
of three ranges. Of course it is permissible 
to use more ranges of current or voltage, always 
however, with the thought in mind that there 
are only eleven positions for the main switch, 
S., and each such extra range requires an addi-
tional switch position. So, although the prob-
lem is necessarily presented piecemeal, it must 
be considered finally as a whole. 

In the d-c current diagram, the range of 
1.5 amperes d.c. is marked 1,500 ma, which is 
merely another method of expressing the same 
quantity of current. 
Low ohms come next. The a-c line is used 

for supply voltage to the rectifier, and a suit-

é 

keep both band width and loss slope constant, 
the spread in element magnitudes—the ratio of 
the smallest to the largest values of inductance 
and capacitance—must vary directly as the 
square of f. Since the maximum values are 
constant, this means that the minimum values 
must also vary inversely as the square of the 
frequency. To maintain the same loss over the 
the pass band, the Q of the coils, or the ratio 
of their reactance to their effective resistance, 
must vary directly with f. The Q of the capaci-
tances is not generally a matter of any concern 
since it is usually many times that of the in-
ductances. 

DIFFICULTIES AND SOLUTIONS 
.Difficulties are encountered as an effort is 

made to build good filters at higher and higher 
frequencies. The best Q obtainable at reason-
able cost for inductance coils is usually be-
tween 200 and 300 in the frequency range from 
100 to 100,000 cycles, and the very small values 
of inductance and capacitance required at the 
higher frequencies are of the same magnitude 
as the inductance of the short lengths of con-
ductor used to •connect the filter sections, and 
as the stray capacitances within the filter. When 
the inductance and capacitance of the connecting 
leads of a filter become appreciable with respect 
to the actual coils and condensers, the filter 
ceases to be the same group of elements that its 
design called for, and it thus ceases to behave 
in the proper manner. Also, when very small 
inductances are required because of very high 
mid-band frequencies, it becomes difficult to ob-
tain coils of precisely the value desired. 
There are two means that can be employed 

to 'overcome partially some of these difficulties - 
encountered with coil and condenser filters. 
These two means, however, do not affect the 
• Q's of the coils to any great degree, and their 
application, therefore, permits coil- and con-
denser filters to be applied to higher frequen-
cies than would otherwise be possible provided 
the value of Q obtainable is not the limiting 
faCór.' - 

USE OF TRANSFORMER 
One of these means is the introduction of an 

impedance transformation within the 'filter it-
self. The results obtained are equivalent to 
the insertion of ideal transformers au desired 
points internal to the filter, so that the magni-
tudes of certain elements may be increased or 
decreased as desired within limits depending 
on the filter. This results in removing the re-
strictions due to the maximum and minimum 
values of inductance and capacitance. Imped-
ance transformation usually results in a modifi-
cation of the filter schematic, but the charac-
teristics of the filter remain unaltered. 
The second means employed to make filters 

of coils and condensers applicable to higher 
frequencies is the use of shielding. By the 
proper use of shields, the effects of distributed 
inductances and capacitances, which exist be-
tween the inter-connecting leads, may be local-
ized at definite points, and made to become 
part of the actual values required. The ca-
pacitances between the shields and the con-

necting leads are made to serve as actual cir-
cuit elements. 
Another method of providing filters for higher 

frequencies is the use of sections of coaxial 
conductors as the filter elements. The values 
of Q associated with the inductance of such 
conductors are some ten times greater than for 
ordinary coil inductances so that considerable 
improvement is possible. 

QUARTZ AND Q 
These methods all fail at high frequencies 

for band filters with sharp cut-offs, because 
coils with sufficiently high Q's can not be ob-
tained. - Fortunately, however, quartz crystals 
.connected in an electrical circuit provide effec-
_tive inductances that have Q's a hundred times 
as great as those of coils. For frequencie 
from about 50 kc to 2000 or 3000 kc, filters ma) 
be made which use quartz crystals in place of 
the coils and some of the condensers. 
By these various means many of the inherent 

limitatians to the use of band filters at high 
frequencies have been removed. The particu-
lar means employed will vary with the condi-
tions, but the overall result is that these filters, 
instead of being largely restricted to a mid-
band frequency of perhaps 150 or 200 kc, may 
now be employed for frequencies many times 
higher. 

Tube Tester Can Play 

Pranks That Mystify 

A LITTLE trouble arises now and again in 
the use of an emission type tube tester, 

especially when a certain tube tests O.K. on a 
tester of certain make, and on another tester, 
of same make, and -same production run, the 
same tile checks N.G. The serviceman blinks 
and wonders why. 

It is well recognized that the emission type 
tester fills a need, but is not infallible. Also, the 
testers do not always Rive the same reading for 
the same tester manufacture, and certainly not 
for different makes, though the tube is identical, 
therefore, no single criterion exists. Moreover. 
an emission tester may show a tube as being 
good which is bad, or may read bad for a tube 
that is good—unusual possibilities, to be sure, 
but true nevertheless. Despite all these short-
comings, the emission tester is handy and use-
fulness, but certainly cannot be called definitive. 
Power output testing is more satisfactory. 

The only reason power output testers aren't 
universally used is that they cost much more. 

ADJACENT TUBES COUPLE 
T S there any coupling between tubes that are 

of the glass type and fairly close together? 
Yes. Especially is this true if one or both 

of the tubes is an oscillator, or, if either or 
both are amplifiers, are worked at high gain. In 
some beat-frequency audio oscillators the two 
radio-frequency oscillators are sometimes pur-
posely coupled by this method. 
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able load resistance selected so that full-scale 
deflection obtains on the meter. An adjust-
ment that is made necessary by line voltage 
variations, or differences in different locali-
ties, is made by a series rheostat of 10,000 
ohms. This is assumed to be wire-wound, 
though it may be of any higher value in which 
wire-wound units are made, as under some 
circumstances, to appear later, it may be neces-
sary to put more current through it than the 
diagram would indicate. The second short in 
Fig. 1 affects line voltage selection. 
When the rectifier is instituted and supplied, 

the meter terminals themselves are exposed to 
the positive and negative binding posts, hence 
any unknown resistance, if small enough, say, 
less than 2,000 ohms, will cause some deflec-
tion. First the test leads are shorted for f ull-
scaling, then the unknown inserted. This is 
known as the kickback method of resistance 
measurement, because pointer is assumed at 
maximum and reads less for unknowns. As 
crowding results for relatively high unknown 
resistance values, not more than 500 ohms 
maximum is advised. The high resistance 
scale will read well below 500 ohms, any-
way. So there will be abundant overlap. 

THE HEATER KEPT ALIVE 
The very same binding post facilities now 

permit the use of the meter for current pur-
poses at its unreduced sensitivity, 500 micro-
amperes. Of course the rectifier is discon-
nected. The imprint on Fig. 5 gives the proper 
directions for doing this. 

Incidentally, no switch is included to interrupt 
the line feed to the heater, but this was done 
intentionally, so that an extra switching opera-
tion would be avoided, although for sufficient 
reason the switch could be included. The 
other measurements are not molested if the 
heater keeps going, also tube life is not short-
ened unless the emission current is drawn, and 
moreover with heater always working, no time 
is lost in waiting for it to heat up if one de-
sires to switch from a d-c to an a-c measure-
ment. 
High resistance is measured by feeding the 

line to the rectifier, but leaving the load re-
sistance circuit incomplete. For purpose of 
establishing full-scale deflection, as in any 
other ohmmeter, the two test leads in the 
proper posts (Fig. 6) are shorted, and then 
the unknown is introduced. It is possible to 
read much higher resistance this way than by 
using the unknown resistance in series with 
the line feed to rectifier. That is, the un-
known is preferably in the d-c circuit. Some 
small deflection is obtainable even at 5 meg. 

• THE IMPEDANCE MEASUREMENTS 
,,,For capacity and inductance determinations, 
the d-c circuit of the rectifier is complete of 
itself, but the a-c line feed is interrupted. 
Again, for full-scale deflection close the proper 
binding posts (Fig. 7). Unknown capacities 
and inductances will reduce the current flowing 
on the a-c side, therefore reduce the a-c voltage 
delivered to the rectifier, and thus reduce the 
direct current that the electromagnetic meter 
passes. 

The capacity measurement method is not 
perfection, and perhaps some readers will want 
to offer suggestions for improvement. The 
method does have respectable precedent, how-
ever. Its shortcoming, if you care to call it 
that, consists of the fact that it is an impedance 
measuring system, and ascribes the whole effect 
of the impedance to the capacity reactance. For 
a condenser of very high merit, including mica 
dielectric and paper dielectric, there is reason 
for such a procedure being acceptable. But 
if the condenser has high leakage, as even some 
passable electrolytics may have, then there may 
be an error in the capacity measurement, be-
cause capacity reactance alone may have too 
small a relative effect on the impedance. 
The total opposition to alternating current 

flow offered by all sources constitutes the im-
pedance, whereas the capacity reactance de-

lAlfd 

600v. 
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SSat1,283 S18,S2off.S3atAC S4atl 
measurements 15-150 -p00 volts A C 

FIG. 3 

For reading a-c volts a condenser-diode rectifier 
is used, where the former multiplier resistor, Rm, 
now is a load resistor to complete the d-e circuit, 
while a.c. is applied between cathode and recti-
fier plate, through a stopping condenser. One of 
two short circuits in Fig. I prevents this, too, from 

being done. 

pends only on capacity at a particular fre-
quency (here deemed 60 cycles for all pur-
poses), so the capacity reactance must have 
an extraordinarily high relative effect on the 
limiting the current flow, compared to the ef-
fect of the resistance, for the impedance method 
to be justifiable. 
As for voltage drops, the high capacity con-

densers will drop less voltage, and therefore 
their breakdown need not be feared in making 
the tests for capacity, whereas the small ca-
pacity condensers will likely be mica-dielectric, 
or perhaps paper-dielectric, and naturally would 
be such as will stand 100 volts or more. The 
usual mica condenser will stand 1,000 volts 
and the usual paper condenser 200 volts mini-
mum. 

INDUCTANCE MEASUREMENT 
The inductance determination is also based 

solely on impedance, although other compo-
nents than inductive reactance figure in that 
impedance. The situation is the same as that 
for condensers, except that the higher the in-
ductance the less current flowing, whereas the 
higher the capacity the greater the current. 
The load resistor limits the maximum current 
to meter full scale, representing infinite capac-
ity, or a short circuit. 

(Continued on following Page) 
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(Continued from preceding page) 
The inductance readings are not deemed to 

apply well to values below 10 henries, and 
measurements may be made to 1,000 or even 
2,000 or more henries. The inductance is cal-
culated either from the experimentally obtained 
capacity calibration, or from an experimentally 
determined resistance calibration, where the 
resistance is additional to the rheostat in se-
ries with the a-c line. The inductive reactance 

— 
S5a14,5and6.Sland S2 off. S3atO.0 S4at1 

Measurements:15-150-1500 Ma, 0.C. 

FIG. 4 
By shunting the meter for d-c purposes, currents 
of a higher order than those permitted by the 
meter alone are measured. The typographical 

error in Fig. I affects this service. 

of one henry at 60 cycles is 376.8 ohms, and 
so, for acceptable approximation, the henries 
are plotted as one each for each 380 ohms re-
sistance, so 3,800 ohms would be taken as 10 
henries and used as minimum. 

Since coils in the audio range are considered, 
many of them chokes through which direct cur-
rent passes, and since the greater the direct cur-
rent the lower the inductance, though the coil 
itself is held intact, a provision should exist 
for permitting application of the d.c. at which 
the coil is to be worked. In fact, the coil may 
be a speaker field in a set and the measurement 
is to be made then and there. It can be done, 
because the line is blocked against d.c. by the 
two 1 mfd condensers, provided the second short 
circuit is removed from Fig. 1. 

WHAT ABOUT D-C LINES? 

Of course, inductance and capacity can not be 
measured if the line supplying the device is d.c., 

IfVfd. , 
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S5a17. S1and S2 on S3at A C.S4 at 2 
Measurement • Low Ohms 

V. 
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FIG. 5 

Output posts pick up the meter terminals. Posts 
are first shorted, the 10,000 ohm rheostat adjusted 
for full-scaling, whereupon with posts freed, the 
unknown is inserted and the meter theoretically 

kicks back. 

although all other measurements may be made, 
including a-c volts and a-c power and amperes. 
It does not actually appear from Fig. 1, nor in 
the breakdown for high resistance, Fig. 6, that 
line d.c. can be used for this measurement, but 
if the stopping condensers are shorted, the cir-
cuit is continuous to d.c., and the rectifier may 
be floated or not. It is well worth considering 
whether a switching operation should be in-
cluded for this, say, as a rear cabinet wall ac-
modation, or whether there is not enough d.c. in 
use for house, office and factory wiring through-
out the country to justify such inclusion. 
Wattage measurement is unusual in service 

instruments, and perhaps some other service 
would be preferred, thus releasing a position 
on the main switch, and of course there is the 
eleventh position still open. Or, if you think that 
wattage is really important, two positions for 
wattage, instead of one, may be used, thus con-
suming the eleventh possibility. 
Those considering the circuit seriously might 

give attention to the wattage measurement 
method. It consists of putting a small resistance 
across the lowest voltage range, and since this 
resistance value is known, and the voltage drop 
is known from the meter calibration, the wat-
tage may be computed. The present method 

S5atZ Sland S2off.S3 at D.C.S4at 1. 

Measurement • 500 Mm-oamperes D.C. 

FIG. 6 
The same post and switch positions as for Fig. 5 
permit using the meter at its own sensitivity. 500 
microamperes. This particularly exposes the meter 
to possibility of damage through erroneous exter-
nal use, so be careful. The switching present for 
Fig. 5 is released to some extent, as imprinted by 

the draftsman. 

requires a separate scale for wattage, which 
follows current-squared values, and a separate 
scale for 10 amperes. 
Weigh carefully whether a lower voltage 

range than 15 volts is valuable, and if so, how 
can it be accommodated to a-c, if the rectifier's 
resistance then becomes sizeable compared to 
the load resistance, whereupon a scale or multi-
plier for d.c. would not apply to a.c. There 
could be a separate scale for the low a-c volt-
ange range only. Then, too, the wattage meas-
urement could be made to better advantage with 
a smaller resistor placed in parallel with the in-
put. (Fig. 8). Say the lowest range is 5 
volts, easily worked for d.c. not so readily for 
a.c., because of the inertia of the rectifier. 

LOWER RESISTANCE SHUNT 

However, if it can be done by some ready 
means, or by application of resourcefulness. 
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using either tube or other rectifier, it is open 
to admission as a means of improvement. Then 
10 amperes still could be the current, say 
through .5 ohm and the watts would be 50 
watts, sufficient maximum for measuring the 
power dissipation of nearly all receivers in a 
serviceman's shop and increasing the accuracy. 
As it is, power consumed isn't measured in serv-
ice practice, although the measurement is often 
a ready key to trouble existing in a set, particu-
larly if the standard wattage rating is known. 
Even if it is not known accurately, it can be 

55at8 S1andS2on 53at AC S4at 2 
Measurement High Resistance 

FIG. 7 
The usual method of high resistance measurement 
is followed. After full-scaling by shorting, insert 
the unknown to complete the resistance load on 

the d-c circuit. 

estimated closely enough from experience, and 
if wattage runs much too high or too low, the 
clues are numerous enough to be of great value 
to a serviceman, although beyond the scope of 
the present article. 
The wattage and high amperage measure-

ments are applicable to d.c. as well as to a.c. 
The switching has to be done properly (Fig. 
9), and the right binding posts used. Wherever 
there is any unusual use of binding posts, the 
correct ones to use are identified by a bracket 
in the breakdown diagrams, none of which in-
cludes the three purposely-introduced errors in 
Fig. 1. 
Well, there we have the circuit, discussed 

SSat9. S1andS2on,S3at A C Sae. 
Measurements. Capacity and Inductance 

FIG. 

Capacity and inductance are measured by bring-
ing one side of the line to the minus binding post, 
and swinging the feed around to the plate side of 
the rectifier through the unknown and the meter. 
Full-scaling applies as for high resistance, by 

shorting. 

piecemeal, and offering quite some service when 
errors are eliminated, although no idea is held' 
that it is even nearly final. 

LIST OF LIMITATIONS 
As it will soon be time to consider original 

improvements, the reader should bear in mind 
the limitations imposed: 

The meter must be 0-500 microamperes, of 
" 100 ohms resistance. 
o The meter scale must be assumed to be 
L. only large enough to provide room for nine 
calibrations. This has an important bearing on 
using separate scales for a.c. and d.c., because 
six calibrations would be used that way, leaving 
only three more, although some of the six could 
be used for currents. 

*) 
The main switch (S5) may consist of two or 
• more circuits, but of not more than eleven 

positions. 
While a tube rectifier does not have to be 

used, it is preferable to avoid rectifier react-
ance. Also it is essential that the circuit be 
simple, and that it shall not be costly to build, 
for by putting in switches, coils, tubes, con-
densers, transformers, etc., without regard to 

MIS 

Insert shorting 
bus 

— — + 

Ayt1(1).C) 

SSat13.S1and S2 off 53at QC. S4at3. 
Measurements 10 Amperes OC.,150Watts D.C. 

FIG. 9 
The connections are for wattage measurement for 
d.c. If the lowest voltage range is 15, and that 
is used in the wattage test, a condition develops 
whereby full rated wattage could not be measured 
unless the source had a drop of at least 15 volts. 
Thus 150 amperes from a 6-volt storage battery 

could not be measured. 

cost, almost any measurement could be made. 
That is not the point. Bear in mind that ac-
curacy is an outstanding consideration, simpli-
city comes next and economy next. 
The tube rectifier was included because the 

a-c measurements are practically non-reactive, 
at least to 1,000 kc. Even at higher frequencies 
the error is not serious, although when one 
goes into multiple megacycles the input capacity 
causes a wide departure of the read voltage 
from the real voltage. Thus the device is a vac-
uum-tube voltmeter, even though it does use 
some current. But this it draws only at the 
peak of the wave. During the rest of the posi-
tive alternation the a.c. created by the peak 
action on the rectifier closely equals that peak 
in voltage value, but during the rest of the al-
ternation bucks the a.c. and there is no current 

(Continued on following page) 
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drawn from the unknown. When the negative 
alternation is on plate, the rectifier does not 
draw any current because it is not functioning. 

MORE CALIBRATIONS 
Little attention need be paid to the values of 

resistors, as it is assumed that correct ones are 
to be inserted, so that any who want to suggest 
other ranges or purposes may do so, and ex-
plain why, without having to compute any 
values. Also, the fact that the meter has a stated 
resistance is of no significance for any pur- , 
poses except where the meter itself is to be 
shunted, unless a very low voltage range is to 
be included, when 100 ohms might be sizeable 
compared to the required total multiplier resist-
ance. This would require higher current 
through the 10,000 ohms in the a-c line, as 
mentioned previously. 

Services that are applicable by computation 
and thus may be included on the scale should 
be suggested. However, as an example is to be 
given, it should be borne in mind that this par-
ticular suggestion need not be made, as it will 
not count. What are wanted are your own 
ideas. 
The extra service that could be included 

would be to establish some acceptable zero level, 

S5at10. Stand S2 off. S3 at A.C. 54at 3. AXA.C.) 
Measurements 10 Amperes A.C.,150 Watts AC 

FIG. 10 
Here wattage is measured for a.c., with the same 
limitations. Some suggestions are very welcome 
regarding the wattage measurements, including 

power decibels. 

and install calibrations for decibels up and 
down, based on a-c voltage ratios. 
What would be worth while would be a way 

to include ratios for power (not for voltage), 
where the unknown works into definite imped-
ances at rated power. Now .006 watt is stand-
ard output at which receiver sensitivity is meas-
ured. Not only because the rectifier draws a 
little current, for that is of no particular ac-
count in power output work, but because for 
500 ohms load the voltage would have to be 
less than any current-drawing rectifier at pres-
ent will indicate without amplification, there a 
distinct limitaiton placed on the decibel power 
calibration as the circuit stands. So this part 
of the decibel situation is wide open to your 
ingenuity. 

OPPORTUNITY FOR ALL 

It must be borne in mind that other imped-
ance values are used than 500 ohms, and that 

Data on Which Curve 

For %M Was Based 
The percentage modulation curve is 

based on application of the formula for 
a single tone, for eleven different percent-
ages calculated from 0 to 100 in steps 
of 10. The tabulation of the eleven 
points follows : 

%M 
100   
90 
80 
70 
60 
50 
40 
30 
20 
10 
o   

E (up) E (down) 
5.0   0 
4.75   .25 

  4.5   .5 
  4.25   .75 
  4.0   1.0 
  3.75   1.25 
  3.5   1.5 
  3.25   1.75 
  3.0   2.00 
  2.75   2.25 

2.5   2.5 

Note that the sum of E (up) and 1, 
(down) always equals 5. 

Only the 5-volt a-c scale is considered, 
with 2.5 volts as the zero level, and the 
needle moving either up or down, de-
pending on the type of oscillator generat-
ing the carrier. 
However, assuming a-c voltage scales 

of 5-50-500-5,000 volts, due to decimal 
repetition, the zero level could be 2.5, 
25, 250 or 2,500 volts, and the percentages 
would still apply. Unknown input has to 
consist of carrier alone, adjusted to pro-
duce zero percentage indication, then 
modulation added, the new voltage caus-
ing the reading to be in percentage 
modulation. 

a tapped transformer, with primary facing the 
meter, and secondaries selected for matching the 
load, offers a possibility. However, the decibel 
power consideration must not be assumed to be 
stressed strongly, for it may not be of great 
importance. You will decide that for yourself. 
Some readers will be able to handle some 

parts of the problem and not other parts. For 
instance, without mathematical training one can 
not handle the decibel problem satisfactorily. 
There is no need to withdraw from the case, for 
the most important improvements will possibly 
concern the most important servicing aids that 
the instrument can afford, and decibels are 
hardly yet among these. 
The problem therefore offers possibilities to 

everybody. Any suggestions are welcome. All 
will be given close attention. Diagrams need 
not be included, if the reader deems the sugges-
tion scarcely requires illustration. So think 
over the case. When you develop any sugges-
tion, send it in. If another idea strikes you, 
even one quite different, or an improvement on 
the first one, send that in. Send in as many 
suggestions as you like. The field is open. And 
there's money in it—maybe for you! 
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FICTITIOUS MR. I. GILLESPIE 
MAKES UNFACTITIOUS REPLY 

As an aid to readers who intend to tackle the problem set forth in the accompanying 
article, I decided to follow a current song and sit right down and write myself a letter. It is in 
the spirit of another song, this one for boys, wherein the name of the fictitious but boastful 
character is appended as signatory: 
Mr. H. J. Bernard, 
RADIO W ORLD, 
145 West 45th Street, 
New York, N. Y. 
Dear Sir: 

My suggestions are: 
(1) Use a lower voltage scale than 15, say 5. 
(2) Use more than three voltage scales, for better definition, say 5, 50, 150 and 500, 

which also brings most commonly encountered high d-c voltages within the best accuracy 
range of the highest voltage scale; thus the extra voltage reading uses up the eleventh 

position. 
(3) With the 5-volt a-c scale as basis, introduce a calibration for percentage modulation 

(single tone). This requires no extra switching. 
Use a three-deck switch for Sa to simplify operation and safeguard the meter. This 

eliminates a control, so adds no cost. 
The lower voltage scale requires its own multiplier resistor, and the scale may have to 

be calibrated separately, a.c. unlikely to duplicate d.c. for lack of linearity on that range. 
The four voltage scales will give better value on work that servicemen most frequently 

perform, i.e., voltage measurements. Currents are not nearly so often measured. 
The curve drawn on semi-log paper is based on the formula for percentage modulation 

C deck on Sj suggested by "I. Gillespie," who also eliminated one short from Fig. I but not the other. 

with single tone, %M--.--100d±Ea, where M is modulation, d is the difference between voltage 
leadings, carrier unmodulated and carrier modulated, and Ea is the voltage of the carrier 
unmodulated. The curve is based on unmodulated carrier volts input to meter equalling 2.5, 
thus falling at midpoint on the proposed 5-volt scale. (Curve is on following page.) 

The formula applies to modulation upward, the usual instance encountered in servicing, 
also for downward. For modulation that reduces the amplitude, the unmodulated carrier 
voltage is subtracted from the carrier voltage. Reading the ordinates at left from bottom to 
top gives the modulated carrier volts for upward modulation, and reading them down at 
right gives the modulated carrier volts for downward modulation. The adjustment to 2.5 
volts zero level the operator performs by changing the coupling between unknown and 
instrument, through coils, condensers or otherwise. 

The tester diagram adheres to the one you printed, as far as pertinent, except that the 
third deck, C, is added. Your two decks for Sa are left in their relative positions for sim-
plicity of designation. You will note absence of danger to the meter. By using the a-c 
(±) post and the d-c minus (—) post for unknown input for inductance and capacity, in-
stead of using both d-c posts, 1 mfd. condenser you show, from the upper side of the a-c 
line to the rheostat, may be omitted, for the 600-volt condenser, already present, is made to 
serve the purpose. I. GILLESPIE 
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Four Easy Rules to Follow 
I N the foregoing article the main objectives were set forth for instituting a volt-ohm-

milliammeter that also provides additional services, and a basic working diagram given. 
Just to make things a bit harder, and more interesting, two short circuits were purposely 
put into Fig. 1, the basic diagram, also a typographical error purposely made by the 
draftsman in his imprinting of that diagram. However, there are enough hints distributed 
throughout the text to enable a radio-wise technician to get rid of the shorts and fix up 
the typographical error. The corrections may be discussed in letters and diagrams submitted. 

The four rules to follow are simple: 

1. Letters should be typewritten or handwritten on one side of the sheet only. 

2. If diagram or diagrams are to go with the letter, enclose them in the same envelope 
with the letter. 

3. If, in case letters and diagrams are not acceptable, their return is desired, be sure to 
,nclude enough return postage. 

4. The editor of RADIO W ORLD will be sole judge of everything and his decisions will be 
Final 

For each letter accepted and printed, $5 will be paid, plus 8c. a word for each word 
in the letter as printed. For each diagram accepted and printed, $5 additional will be paid. 
Checks will be mailed immediately on publication of the issue. There is no time limit on 
submissions. 

5 

4 

3 

.r7 —1— 

2.5- -• 
0 to 20 

 11111111  

30 40 so 60 70 8'0 /00 
`7041 

When unmodulated carrier input is adjusted to a-c meter used on the 5-volt scale, so that needle 
reads exactly at midscale (2.5 volts), any change in amplitude, whether in grid-leak-controlled 
self-excited oscillators, or fixed-biased, or semi-fixed biased oscillators, may be expressed in terms 
of percentage (for single tone), by consulting the chart. For any non-reactive a-e meter having 
5-volt scale this curve applies to a comparison of unmodulated and modulated carriers for 

percentage modulation. 
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THE VOLUME 
EXPANDER 

In Improved Form Fulfills Real Need 
By Tom Waite 

nouglas Radio 

View of the built-up ex-
pander, with the volume 
control and level con-
trol bar handles shown 
in foreground, also line 
switch and use - disuse 
switch, latter marked SPDT 
at upper right in diagram. 
It is convincing to com-
pare the difference be-
tween expander included 
and expander excluded, as 
may be done by throw-

ing SPDT. 

W HEN a station broadcasts a program it 
does not allow the modulation of• the 

carrier, or effect of the audio frequencies on the 
transmission, to follow in every respect the 
sounds as created before the microphone. The 
ratio of intensities is far too great, as developed 
by a symphonic orchestra, for instance, for the 
capabilities of the transmitter. 

If the single-tone modulating voltage is equal 
to the carrier voltage alone, then the addition 
of the modulation makes the amplitude twice 
that of the carrier alone, which represents 100 
per cent. modulation, whereas the symphonic 
orchestra might produce intensities that appear 
at the output of the modulator as requiring a 
modulated carrier being five or more times the 
amplitude of the carrier alone. 
As any percentage modulation in excess of 

100 is merely another name for distortion, the 
station would become very successful in sending 
out a lot of distortion, which is exactly what it 
does not want to do. Nor does the listener de-
sire any such disservice, either. 

AUTOMATIC STOP ON EXCESS 
So there must be some remedy, some means 

of preventing the modulation from exceeding 
the modulating capabilities of the transmission, 
and there is. It is known as compression, which 
means that audio values too intense to be 
handled distortionlessly are automatically re-
duced in intensity, so that their values fall with-
in the capabilities of the system. 

If compression were not practiced there would 
not be nearly so much enjoyment of fine music, 
or even speech or other broadcasts where there 
is a considerable change in the amplitude level 
of the source of sound, as where a speaker 
changes from half a whisper during meditative 
passages, to feverishly excited words uttered 
with deep breath, in passages that may have 
more fervor than logic in them. So it is not 
only the symphonic orchestra that is the "of-
fender," but any group or individual before the 
microphone could conceivably cause trouble. 
However, the automatic regulator takes care of 
that. 
Not only in broadcasting, but also, and to a 

greater extent, in recording is compression prac-
ticed, because the capabilities of the record are 
more severely limited in this respect. The de-

(Continued on following Page) 
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(Continued from preceding Page) 
gree to which the reproducing needle may safe-
ly vibrate being one of these, so we again face 
the problem of having music particularly, and 
sometimes song and speech, toned down by an 
automatic process. 

EXACT DUPLICATE 
The same general situation obtains in a steam 

generating plant, where the governor prevents 
the boiler from developing too much compres-
sion. The moment that a certain pressure level 
is reached, say, 30 pounds in a home plant, a 
relay trips, and the boiler lets off steam. This 
may be considered the "100 per cent modulation 
point" to which the boiler is restricted. 
Now, with the boiler we do nothing to re-

capture the excess, for it has gone into the 
air, has vanished, and we have no means to re-
capture it. But when what is taken out of the 
radio program, or out of the rendition for mak-
ing recording is desired to be restored, this may 
be done, by using a principle which is the re-
verse of the compression method, and is known 
as expansion. So if everything that was com-
pressed were equally expanded we would have 
the exact amplitude duplicate of what took 
place before the microphone, otherwise we 
would not. 
There is a certain zest and depth that attends 

the precise reproduction of the original broad-
cast or recording, vigorous passages become 
lifelike and vital, and the feeling is experienced 
that one is in the studio, right beside the micro-
phone. 

"THAT SOUND" 
It is often quite easy to tell the difference be-

tween an original rendition and a reproduction, 
whether by phonograph or by radio. A person 
remarks he can tell the difference by "that 
sound." In the early days of both phonograph 
and radio that meant a very irritating sort of 
distortion, which in singing had nasality, and 
in music a kind of tinniness attended by semi-
squeaky vibration. But in later years, with 
such fine quality possibilties in both radios and 
phonographs, the severe distortion criterion dis-
appeared, but the expression "that sound" may 
still remain, to distinguish the natural from 
the unnatural. 
Although persons not versed in the ways of 

broadcasting and of recording might not know 
the real difference, if they were musically 
trained they could tell it by that indefinable 
something which, still "that sound," dis-
tinguished the real from the unreal. With the 
explanation that the suppression of amplitude of 
the more energetic passages was the cause, they 
might feel that they had struck the truth at last, 
for with every other factor of distortion elimi-
nated, this tampering with the peaks of some of 
the audio is necessarily and frankly a form of 
distortion, and for fidelity and realism must 
have its compensation. 
While with radio receivers the need for the 

expander may be less, it is still present, while 
with phonograph reproduction that need is really 
of importance. So the volume expander has 
come to find a place in the category of acousti-
cal science, and as its circuit becomes more and 

more nearly perfected, the popularity of the de-
vice increases. 

It so happens that the expander circuit, basi-
cally the same since first introduced, has under-
gone improvements, until to-day it is offered as 
something that readily provides the remedy for 
which the tone-conscious listener had been seek-
ing, perhaps even without knowing just what 
he had been seeking, except that it was some-
thing to overcome the obvious presence of "that 
sound" which distinguished the original from 
the duplicate. 
The basis of the operation is the utilization of 

the properties of the 6L7, a multi-grid tube, the 
third grid of which greatly controls the con-
ductance. 

HOW TO MAKE CONNECTIONS 
Referring to the circuit diagram, it will be 

seen that two binding posts are market "Input" 
and two are marked "Output." To the Input 
posts either phonograph pickup or tuner output 
is connected. If a pickup is being used, then 
the connection is made directly, and needs no 
further explanation. However, if a receiver 
is being used, the detector output is no longer 
fed directly to the audio amplifier of the receiv-
er, for the output posts of the expander, in 
either example of radio or phonograph use, are 
connected from grid to ground in the audio am-
plifier. A receiver naturally would have its 
own amplifier, but for a pickup an amplifier 
would have to be provided. 
Therefore the connections for phonograph use 

are very elementary, but for radio use, while 
simple, require that the detector be disconnected 
from the audio amplifier, and output of the de-
tector connected instead to the upper input post 
in the diagram. It is assumed that the plate or 
anode load on the detector is complete, and that 
a transformer or stopping condenser intervenes 
between detector output and expander input, so 
there will be no d-c short circuit. Assurance 
against audio short-circuit is then automatically 
provided. 

DIVIDED OUTPUT 
Now the output of phonograph pickup or 

radio receiver detector is divided, the full value 
of signal voltage being applied to the grid of 
the 6C5 in the expander, for audio amplification, 
while the input to the first grid of the 6L7, 
which is the control normal grid, is subject to 
manual volume control. 
Looking at the lower branch of the circuit, 

consisting of the 6C5 and the 6H6, we find that 
the amplified audio is fed to the diode rectifier, 
which on examination proves to function just 
as any automatic-volume-control tube does. 
That is, the greater the a-c amplitude—and note 
that we are using audio to derive our d.c., and 
not radio frequencies—the more positive will 
the common cathode become. By suitably in-
troducing this voltage change into the 6L7 cir-
cuit, so that the sensitive third grid is swung 
by the control voltage, we have the case of a 
grid being made more positive, the greater the 
audio amplitude. In the usual a-v-c example 
of course a controlled grid is made more nega-
tive, because controlled tubes are returned to the 
plate side of the diode rectifier, cathode being 
grounded. 
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Because we use the a-v-c system backwards, 
and particularly because we apply the d-c vol-
tages to a grid of a tube (6L7) that makes for 
much greater conductance as the voltage on it 
rises, we come finally to the attainment of in-
creased amplitude of response for increased am-
plitude of received audio. That is, the rule of 
the louder, the louder prevails, and that exactly 
expresses the case for expansion, because what 
we are counteracting is a case of the louder the 
softer (beyond a certain limit). 

APPRECIATED BY ALL 

It is necessary of course to establish the limit 
in the expander, so that it jibes with the record-
ing or the broadcast situation, but this is easily 
done by levelling with the 2,000 ohms, using the 
ear as criterion. The effect should be that 
which produces the greatest realism, and partic-
ularly those appreciative of good music will 
find the acoustically correct level, while others, 
too, will enjoy the expander, because the con-
trol will be set so that the results are those 
which most please their ears, which after all is 
the goal, since we listen for purposes of en-
joyment, and what pleases us most is what we 
enjoy the best. 
Every one will appreciate the effect of the 

expander, especially when those crescendoes 
come smashing in with the duplication of origi-
nal fervor, instead of orchestras sounding as if 
they were playing at a monotonous level. The 
purpose of the expander therefore may be brief-
ly expressed as a law to end monotony in music. 
Only the highest-priced receivers and phono-

graph amplifiers have expanders built in, and the 
design herewith lends itself to ready attachment 
to set or amplifier. 

LIST OF PARTS 
Coils 

One power transformer; 115-v. primary; 5-v., 
6.3-v. c.t. and 550-v. c.t. secondaries 

Two 15 henry filter chokes, 500 ohms d-c re-
sistance 

Condensers 
One 10 mfd., 35 volts Two .5 mfd., 400 volts 

One .1 mfd., 400 volts 
Two .05 tnfd., 400 One dual 8 mfd., 550 

volts volts 
Three .25 mfd., 400 One separate 8 mfd, 

volts 550 volts 
(The high capacities just enumerated are 

electrolytics) 
Resistors 

One 500,000-ohm potentiometer 
One 2,000-ohm potentiometer 
One 2,500-ohm, one-half watt 
One 400-ohm, one-half watt 
One 400-ohm, one-half watt 
Three 500,000-ohm, one-half watt 
Two 100,000-ohm, one-half watt 
One 100,000-ohm, one-watt 
One 50,000-ohm, one-half watt 
One 20,000-ohm, one-watt. 

Tubes 
One 6L7, one 6C5, one 6H6 and one 5Y3-G. 

Other Requirements 
One four-prong socket 
Four octal sockets 
One SPST switch 
One SPDT switch 
Two input posts 
Two output posts 
Hardware, grid caps, hookup wire 

The volume expander circuit, in improved form, is an effective corrector of a special type of protec-
tive distortion introduced in the studio. Four tubes are used, and the object is to make amplitude 
values much greater above a certain level than they would be otherwise, to atone for the supres-
sions above that level protectively practised in the studio. 
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A Stabilized Tube 
Voltmeter 

Double Inverse Feedback is Used 
By Capt. Peter V. O'Rourke 

751I 
9 5 Meq. 

10000 a 
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76 30H 200 A. 
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A stabilized vacuumtube voltmeter, using double inverse feedback. The equivalent bridge circuit 
in which the meter M is placed is shown at lower left. R is the rectifier resistance and also may be 

considered the d-c voltage supply. 

VACUUM-TUBE voltmeters usually have 
amplifiers, so that low voltages may be 

read, and the amplifiers must be direct coupled 
so as to enable correctness of readings prac-
tically regardless of frequency. Some types 
measure only a.c., others measure only d.c., 
and still others measure both a.c. and d.c. Any 
of them that have amplifiers must have direct-
coupled amplifiers, which are direct-current am-
plifiers, so as to be non-reactive. 
The tube voltmeter shown in the diagram 

was built for making measurements of both 
a.c. and d.c., no extremely low voltages being 
required, so what turned out to be 3 volts full 
scale rms proved satisfactory. The main point 
about the design is its stability, for where non-
reactive amplifiers are concerned in tube volt-
meters, some measure of instability is neces-
sarily expected. Direct-coupled, or direct-cur-
rent, amplifiers behave that way. 
The circuit diagram contains imprints of 

the measured resistance, voltage and, in the case 
of the meter, current values. The 40 ma desig-
nation under the choke in the B feed refers to 
the rating of the choke, and not to the current, 
through it, which was somewhat less. 

THERE IS NO AMPLIFIER 
No amplifier is used. The 6C6 tube, which 

may seem at first glance to be an amplifier, 
does not have to be in circuit, for the grid 
connection of the 76 may be made to pick up 

one side of the unknown alone, other side of 
unknown to ground, and about the same read-
ing will prevail, because the difference between 
the d-c voltage drop across the 300 ohms is 
about equal to the unknown rms. 
The main consideration of the circuit, estab-

lishing stability and non-reaction, is the in-
verse feedback resulting from absence of by-
pass capacity across the two series cathode 
biasing resistors. So instead of inverse feedback 
once, we have it twice, which increases the stab-
ility, and therefore reduces, or almost com-
pletely eliminates, creepage, which is one of 
the outstanding vices of some tube voltmeters. 

CONNECTION TO 76 
In particular, the circuit consists of an input 

tube, which, during absence of unknown across 
the binding posts, is closed to ground through 
a high resistance. Because there is no grid 
current, closure through this resistance makes 
no difference in reading than shorting grid di-
rectly to ground. As a test for grid current, 
the two methods may be tried, and if there is 
difference there is grid current, and the 300 
ohms would have to be increased. As it is, 
this resistor is pretty low in ohmage for the 
high plate voltage, even though the 6C6 is 
used as a suppressor triode. More conservative 
working than at 27 ma, which reduces tube life, 
might be preferred by some. 
The cathode of the 6C6 is connected to grid 
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of the 76 and thus a low resistance loading of 
the 76 prevails, as in the 76 the measurement 
is actually made in a bridge circuit. 
The negative bias on the 76 is obtained in 

a double manner. First there is a cathode 
series resistor of 10,000 ohms, a fixed unit 
having been used, although this could be made 
variable to increase the range to higher volt-
age, say, to 7 volts, requiring readjustment of 
the 100-ohm potentiometer. The 10,000-ohm 
resistor is returned to ground through the in-
dicating meter, while the positive side of the 
meter is connected to the moving arm of the 
low-resistance potentiometer through a limit-
ing resistor. The object of the limiting re-
sistor is to avoid any considerable shunting 
effect of the meter by the connnection to the 
potentiometer, which, as stated, has low re-
sistance. 
This low resistance is the result of a heavy 

bleeder current in the B supply. Note that 
B plus is returned to B minus through the 
total resistance of the potentiometer, and that 
B minus is not grounded, but the upper side 
of the low resistance potentiometer is. 
The condition for meter reading zero, re-

gardless of how much current is flowing through 
the 10,000 ohms and the 1,500 ohms to B minus 
through the utilized lower part of the poten-
tiometer, is that meter feed from the arm is 
at a point equally negative in respect to ground 
as is the negative side of the meter. The 
current through the meter is from positive to 
minus as fed from the cathode, and from minus 
to positive as fed from the bleeder circuit so 
that when the two currents are made equal, by 
adjustment of the 100-ohm potentiometer, the 
net current through the meter is zero, the 
meter reads zero, and any increase of cur-
rent results from the action of the 76 alone. 
If there were not a heavy bleeder this inde-
pendence would not be so fully preserved. 

SELECTION OF METER 
Another way of looking at the bridge circuit 

is to say that due to the cathode idling cur-
rent positive of the meter is established at a 
certain small voltage, and when the same posi-
tive voltage is obtained from the bleeder cir-
cuit for the negative side of the meter, there 
is no difference in voltage across the meter 
and therefore no current through the meter. 
Any meter of a sensitivity of 1.2 milliamperes 

or more may be used, e.g., 1 ma, and for known 
input of 3 volts rms the meter, if more sen-
sitive, may be shunted by a resistor so that 
exactly full scale is registered. The voltage 
curve then is practically linear, in other words, 
the meter calibration for d.c. may be followed, 
applying any necessary constant factor for a 
full-scale calibration not decimally related to 3. 
Adjustment to a meter of somewhat lower 

sensitivity, say, 2 ma or so, may be made by 
choosing a different value of limiting resistor 
(shown as 1,500 ohms). 
The bridge circuit in which the electromag-

netic meter is nested is d.c. and is shown on 
the diagram, where Rp is the plate resistance of 
the tube, which is the variable; 10,000 ohms 
is the cathode series resistor; 1,500 ohms is 

the limiting resistor; and the 42,000 ohms and 
100 ohms are the series resistors in the bleeder 
circuit. R is the resistance of the rectifier, 
which includes the 200 ohms of the B choke. 

HOW TO USE THE VTVM 
The resistor marked 3 meg. at the input 

should not be any higher, though may be low-
ered to 2 meg. or even 1 meg. Its chief pur-
poses are to close the input, and avoid leav-
ing the 6C6 grid open, which prevents bal-
ance, and for providing d-c continuity when 
measuring a.c. in an external circuit lacking 
d-c continuity. 
The method of use is as follows: Plug the 

primary into the a-c line, open the line switch 
on the instrument, see that the unknown in-
put switch is closed, and put the 100 ohms at 
halfway position. Then introduce the 1,500 
ohms, or other value resistor of that order. 
until the meter reads zero or nearly so. As 
fixed resistors are supposedly used, exact zero 
may not be registered, but get as close to zero 
as conveniently practical. The object here 
is the use of the 100 ohms as effectively as pos-
sible over a wide range. 
Now insert the unknown, whether a.c. or 

d.c., across the input binding posts, open the 
switch at that point, and read the volts on the 
electromagnetic meter. The input switch at 
upper input binding post is left open always 
during measurement, unless needed for d-c 
continuity in a-c circuits, since d-c circuits 
always will have such continuity. 
On a-c the behavior is that of a full-wave 

detector and therefore relative freedom from 
error of reading due to wave form distortion 
is enjoyed. When measuring d.c. put positive 
toward the grid. This is because what detec-
tion takes place in the 6C6 causes a little more 
response to the positive alternation, hence the 
drop across the 300 ohms reads up. 

Plan to Consolidate All 
Service Croups Progressing 
Announcement of the formation of Radio 

Servicemen of America brought a large number 
of applications for membership from existing 
local groups of servicemen including groups in 
Cleveland, Chicago, Binghamton, Denver and 
Duluth. 
These men represent only a small percentage 

of the servicemen in the country who are now 
considering affiliation with the Radio Service-
men of America. The work of contacting the 
various groups and individuals is going ahead 
rapidly, but due to magnitude of task many have 
not been contacted. Any group or individual 
who has not been contacted is invited to write 
RSA, Room 1533, 304 South Dearborn Street, 
Chicago, for application blank and information 
on how to become a member. Where a number 
of servicemen form a group, such groups are 
invited to inquire concerning charters for their 
local groups. 
Jerome J. Kahn, Standard Transformer Cor-

poration, 850 Blackhawk Street, Chicago, is re-
organization trustee. 
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This tube checker, briefly described in the October, 1937, issue, aroused considerable interest. Ques-
tions concerning it are answered in consolidated form in the accompanying article. A table listing all 
the important tube types, with filament volts, and setting of the rheostat. (Selector 2), was printed 

in the October issue 

TUBE TESTER POINTERS 
Questions on Construction and 

Operation Answered 
By Henry Burr 

THE tube tester described in the October, 
1937, issue, the diagram of which is re-

printed herewith, has raised some questions 
which it is the purpose of this article to answer. 
One reader asks whether the bottom view 

or top view of the five sockets is shown. While 
this was not specifically stated, it is common 
practice to prefer the bottom view in diagrams, 
as actual construction and wiring are done 
with this view exposed, and so the view pre-
sented is the bottom view. The sockets were 
terminal numbered according to the code of 
Radio Manufacturers Association, Inc., clock-
wise from 1 to 4, 1 to 5, 1 to 6, 1 to 7 and 1 to 
8, which, to any one familiar with radio, means 
that the bottom view is shown, because 2, 
which is plate practically without exception, 
is to the left of 1. Of course, any one not 
familiar with the code of "rotation" of pins 
could be confused. 
The 5,000-ohm rheostat used for shunting 

the 0-5 Readrite milliammeter, which has 
Good- ?-Bad scale, was stated to be non-linear. 
The question naturally arises, What is the 

taper? It is not standard. However, the rheo-
stat is commercially obtainable for 65c. 

HOW RHEOSTAT READS 
The scale for the rheostat reads 0-100 to en-

compass the full span of the rotation of its 
moving arm, and 0 represents zero resistance, 
or complete shorting of the meter, since the 
rheostat is in parallel with that indicator. 
In the absence of a Good- ?-Bad scale on the 

meter, the operation of the tube checker, to con-
form to the chart for all important tubes, print-
ed in the October issue, may be based on divi-
sion of the meter scale into three equal parts. 
The area for Good is at right. 
The rheostat value, also the meter sensitivity, 

are based on a commercial model tube tester 
manufactured by Superior Instruments Com-
pany, and are related, of course, to the power 
transformer. If the voltage is higher than that 
used in the commercial instrument the readings 
will be too high, or if the voltage is lower, the 
readings will be too low, for correct indication. 
The transformer likewise is based on a line 
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voltage of 117 volts, and while a line voltage 
departure of 5 per cent will not make any ap-
preciable difference in the testing, a much 
wider variation would of course have the same 
effect as a transformer with wrong secondary 
voltages connected to a line of the right primary 
voltage 

A HANDY SOLUTION 

Moreover, the chart is related to these factors 
directly, and applies only when the conditions 
are correct. However, there is a ready solu-
tion. As in a bridge from which the pointer for 
direct-reading has been removed, and the reset 
value is desired, if a known resistor is inserted, 
and the pointer made to indicate that resistance, 
the indicator will be properly set for all pur-
poses. So here if a tube of known first-grade 
quality is used, and the table for that tube con-
sulted in the October issue, an adjustment that 
gives the proper reading for that tube will en-
able correctness for all other purposes. Nearly 
all the way over on the Good part of the scale 
will make the instrument a severe judge of tube 
worth and quality, which is perhaps preferable 
procedure, for if there is any doubt it should 
be resolved against the tube, and a replacement 
made. 
The proper setting referred to, wherein a 

tube of known excellent quality is used as 
guide, affects the rheostat as well as the meter. 
Nothing much can be done about the taper of 
the rheostat, as that is what it is, although the 
departure from linearity is not great, and those 
using linear rheostats will have a workable in-
strument nevertheless, though one that does not 
afford quite as critical an evaluation of all 
tubes as if the proper taper were introduced. 

METER OF DIFFERENT SENSITIVITY 

On occasions this rheostat has to carry con-
siderable current, so only wire-wound types may 
be used. All of these will have sufficient cur-
rent-carrying capacity, or wattage-dissipation 
capability. 

Considering the possibility of using some 
meter of higher original sensitivity, as some 
have done, say 0-1 ma, they have shunted it 
with a proper value resistor to reduce the 
sensitivity to 5 ma, or quintuple the current-
carrying capacity. This is all right. But the 
Readrite meter has a high internal resistance, 
and the shunted 0-1 milliammeter will have a 
very low resistance. Normally the resistance 
of a 0-1 milliammeter is around 30 to 50 ohms,. 
and the proper shunt for 5 ma would be the 
meter resistance divided by 4. For the more 
favorable case of the 50-ohm meter, referring 
only to the smaller departure from high meter 
resistance required, the shunt for the 5 ma 
service would be 12.5 ohms and the effective re-
sistance (meter of 50 ohms paralelled by 12.5 
ohms) be 10 ohms. It would then become 
feasible, instead of shunting the meter with 
the rheostat, to put the rheostat in series, which 
likewise may be done with the 0-5 original 
meter if the transformer voltage is too high, 
again using a tube of known quality as standard. 
But it is preferable to follow the diagram as 
shown, unless use of an already possessed meter 

is of controlling importance, because the chart-
ed values will be more accurately applicable. 

TWO MORE QUESTIONS 
The two remaining questions raised refer to 

the short test and concern the fact that the neon 
tube always lights, and that there are seven 
positions for short tests, only three of which 
(Nos. 4, 5 and 6 in the diagram) are connected 
anywhere. 
Taking up the neon tube first, it is obvious 

that the circuit in which it is placed is continu-
ous, and voltage is applied from the line, at any 
one of these utilized positions, hence there will 
be a glow even if the tube elements are right-
fully "open." However, it will be noticed there 
is a 100,000 ohm resistor in series with the 
lamp, and thus there will be a dim glow, where-
as if the element being tested is shorted there 
will be bright illumination. Moreover, dimness 
is usually accompanied by a glow on only one 
plate of the neon tube, whereas a short causes 
bright ignition of both plates. Leakage less 
than a short is determined by comparison of 
"open" glow and "short" glow. 
For the short test Selector 2 (left center) 

is at right, Selector 1 (not ennumerated on 
the diagram) is for picking up the correct fila-
ment voltage? and Selector 3 is for short test 
(upper position) or for tube test for quality 
(lower position). These positions refer to the 
diagram, but the mechanical operation of the 
switches actually used need not conform literal-
ly to "lower" and "upper" as just set forth. 

VOLTAGE PRECAUTION 

The unused positions for short test are for 
enabling the device to test shorts of any other 
circuits by introducing binding posts or leads, 
or for anticipating tubes with more than eight 
elements, or socket connections, to minimize 
obsolescence. 
The precaution must always be repeated in 

connection with use of a tube tester having 
selective filament or heater voltage supply that 
the right voltage be picked up for the particu-
lar tube to be tested, especially that the applied 
voltage be no higher than that needed. It is 
best practice to select the filament or heater 
voltage (Selector 1) before the tube is inserted, 
throw DPDT to the short test position, and 
after this test is completed, throw DPDT to the 
tube quality test position. 
As can be imagined from the foregoing, the 

article on the tube tester created a good deal of 
interest, and while it is believed that all ques-
tions asked have been answered in consolidated 
form, as well as answers given to anticipated 
questions, nevertheless readers interested in any 
aspect of the tube tester, or who have any 
doubts they want cleared up, are at full liberty 
to write to the author, care RADIO W ORLD, 145 
West 45th Street, N. Y. City, as he will be 
glad to give the queries prompt attention. 

In conclusion, it should be repeated that this 
is an emission type tube tester, that the maxi-
mum filament voltage is 30 volts, also the RMA 
recommendation for plate voltage quality test, 
and that many commercial instruments accord-
ing to the diagram herewith have been produced 
and have proved satisfactory in operation. 
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NEW TUBES INCLUDE • • 
Power Amplifier, Super Control Amplifier 

and a Rectifier, All of G Series 

THREE new glass type tubes were an-
nounced recently. They are: 

6AC5-G, a high-mu power amplifier triode. 
6U7-G, a triple-grid, super-control amplifier. 
6ZY5-G, a high-vacuum full-wave rectifier. 
The 6AC5-G is intended for use in the out-

put of a-c receivers. Two of these tubes when 
operated as Class B power amplifiers are cap-
able of delivering approximately 8 watts power 
output, using an input between grids of 950 
milliwatts. A single 6AC5-G when operated as 
a "direct drive" power amplifier, with a type 76 
tube as driver, can deliver 3.7 watts. 
The 6U7-G is similar to the 6D6. 
The 6ZY5-G is intended for supplying recti-

fied power to radio equipment having relatively 
small direct-current requirements. 
The tentative data on these tubes, according 

to RCA Manufacturing Co., Inc., are as fol-
low: 

6AC5-G 
High-Mu Power Amplifier Triode 

Heater Voltage (A.C. or D.C.) 
Heater Current   
Maximum Overall Length 
Maximum Diameter   
Bulb   
Base 

6.3 Volts 
0.4 Ampere 

4%" 
1 9/16" 
ST-12 

Small Shell Octal 6-Pin 

Static and Dynamic Characteristics 
Heater Voltage   6.3 Volts 
Plate Voltage   250 Volts 
Grid Voltage   +13 Volts 
Amplification Factor   125 
Plate Resistance   36700 Ohms 
Transconductance   3400 Micromhos 
Plate Current   32 Milliamperes 
Grid Current   5 Milliamperes 

MAXIMUM RATINGS and TYPICAL OPERATING 
CONDITIONS 

As Class B Power Amplifier 

Plate Voltage   250 max. Volts 
Peak Plate Current .(per tube) 110 max. Milliamperes 
Average Plate Dissipation  10 mox. Watts 
Typical Operation-2 tubes: 

Unless otherwise specified, values are for 2 tubes. 
Heater Voltage   6.3 Volts 
Plate Voltage   250 Volts 
Grid Voltage   0 Volts 
Peak A-F Grid-to-Grid Volt-
age   70 Volts 

Zero-Signal D-C Plate Cur-
rent   5 Milliamperes 

Effective Load Resistance 
(plate to plate)  10000 Ohms 

Power Output*   8 approx. Watts 

*With peak input of 950 milliwatts applied between 
grids. 

As Dynamic-Coupled Power Amplifier 

76 as Driver 

Operating Conditions: 
Plate-Supply Voltage   
Average Plate Dissipation  
Grid Voltage   
Average Plate Current  
Average Plate Current of 
Driver   

Input Signal to Driver  
Load Resistance   
Harmonic Distortion   
Power Output**   

- — 
**When driver is operated up to the grid-current 

point, it is possible to obtain a power output of 4.3 
watts with approximately 16% distortion. 
:Bias voltage for both the 6AC5-G and the driver is 

developed by the "dynamic-coupled" connection shown 
in the circuit arrangement. The main purpose of the 
25000-ohm resistor is to prevent a current surge when 
the 6AC5-G is warming up. The total d-c resistor in 
the grid circuit of the driver should not exceed 1.6 
megohm. 

Pin Connections 
Pin 1—No Connection Pin 5—Grid 
Pin 2—Heater Pin 7—Heater 
Pin 3—Plate Pin 8—Cathode 
(Pin numbers are according to RMA system.) 

6ZY5-G 
High-Vacuum Full-Wave Rectifier 

Heater Voltage   6.3 Volts 
Heater Current   0.3 Ampere 
Maximum Overall Length  454" 
Maximum Diameter   1 9/16" 
Bulb   ST-12 
Base  Small Shell Octal 6-Pin 

As Full-Wave Rectifier 
Operating Conditions (Con-

denser Input to Filter): 
Heater Voltage   6.3 Volts 
A -C Plate Voltage per 
Plate (RMS)   350 max. Volts 

Peak Inverse Voltage  1000 max. Volts 
Peak Plate Current per Plate ISO max. Milliamperes 
D-C Output Current  35 max. Milliamperes 
When the d-c resistance of each half of the sec-

ondary of the power transformer is less than 225 ohms, 
sufficient resistance should be added in series with 
each plate to provide this minimum of resistance. 

*The d-c potential between heater and cathode should 
be limited to 400 volts. 

Under no condition of operation should the normal 
operating heater voltage of 6.3 volts ever fluctuate to 
exceed a maximum of 7.5 volts. 

with Type 

250 max. Volts 
10 max. Watts 
2 Volts 

32 Milliamperes 

5.5 Milliamperes 
16.5 Volts RMS 
7000 Ohms 

10 Per cent 
3.7 Watts 

Pin 
Pin 1—No Connection 
Pin 2—Heater 
Pin 3—Plate S2 

(Pin numbers are 

Connections 

Pin 5—Plate 2 
Pin 7—Heater 
Pin 8—Cathode 

according to RMA system.) 

Curves revealing the average plate characteristic s of the 6AC5-G, and a diagram for direct drive 
by a 76, apear on oPposite page. 
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Heater Voltage   
Heater Current   
Direct Interelectrode 

Capacitances: 
Grid to Plate (with shield-
can)   0.007 max. itid 

Input   5.2 µµf 
Output   6.8 geLf 

Overall length   4 7/32" to 4 15/32" 
Maximum Diameter   1 9/16" 
Bulb   ST-12 
Cap   Small Metal 
Base  Small Shell Octal 7-Pin 

As Class A, Amplifier 

Operating Conditions and 
Characteristics: 

Plate Voltage   100 250 max. Volts 
Screen Voltages 
(Maximum)   100 100 Volts 

Grid Voltage (Mini-
mum)   —3 —3 Volts 

Suppressor Connected to cathode at socket 
Amplification Factor  375 1280 
Plate Resistance   025 0.8 Megohm 
Transconductance   1500 1600 Micromhos 
Grid Bias for: 
Transconductance :=-- 2 
/mhos   M —M Volts 

Plate Current   8.0 8.2 Milliamperes 
Screen Current   2.2 2.0 Milliamperes 

6U7-G 
Triple-Grid Super-Control Amplifier 

6.3 Volts 
0.3 Ampere 

* * * 

The 6U7-G is similar in performance to the 6D6. 
The 6U7-G has octal base. 

125 

As Mixer in Superheterodyne Circuit 

Operating Conditions with 
Variable Bias: 

Plate Voltage   100 250 max. Volts 
Screen Voltage (Maxi-
mum)   100 100 Volts 

Grid Voltage* (Approx ) —10 —10 Volts 
Suppressor Connected to cathode at socket 

The grid bias shown is minimum for an oscillator 
peak voltage of 7 volts. These values are optimum. 
SThe internal shield in the dome of the 6U7-G is 

connected to the cathode within the tube. 

Pin Connections 

Pin 1—No connection Pin 5--Suppressor 
Pin 2—Heater Pin 7—Heater 
Pin 3—Plate Pin 8—Cathode 
Pin 4—Screen Cap —Grid 
(Pin numbers are according to RMA system.) 

TYPE 

INPUT 

OUTPUT 

PLATE 
SUPPLY 

Circuit for using a direct-drive 76 ahead of the 
6A05-G, for 3.7 watts output at 10% distortion. 
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Equivalent Networks for 
Negative-Grid Triodes 

By F. B. Llewellyn 

Circuit Research, Bell Telephone Laboratories, Inc. 

FIGURE I 

FIGURE 3 

Gt/ 5,E 

FIGURE 2 

G 

FIGURE 4 

,IGURE 6 

FIGS. I TO 6 
Steps in the evolution of the equivalent network of negative-grid, 

three-element vacuum tube. 

THE equivalent net-
work of a vacuum 

tube brings to the mind 
of practically every radio 
engineer a combination of 
resistances and capaci-
tances together with an 
internal generator of volt-
age which can be used in 
calculating the effect of 
the tube in electrical cir-
cuits. When low fre-
quencies only are in-
volved, this network may 
consist simply of a re-
sistance in series with a 
source of voltage. If 
higher frequencies have 
to be considered it has 
been found necessary to 
allow for capacitance be-
tween all three elements 
of the tube and now with 
the advent of very high 
frequencies a further 
modification is required. 
This consists of the addi-
tion of series resistors in 
the internal cathode-grid 
and cathode-plate paths. 

INFINITY 
The concept of the 

equivalent network for 
negative - grid vacuum 
tubes was originally de-
veloped from the relation 
that the plate current of a 
vacuum tube is a function 
of the plate voltage plus a 
constant times the grid 
voltage. This constant is 
the well-known amplifica-
tion factor u, and when 
the non-linear relation-
ship between current and 
voltage in the tube was 
investigated mathematic-
ally for straight amplifi-
cation effects, it was 
found that the tube might 
be represented by the 
equivalent network shown 
in Fig. 1. 
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Here c represents the cathode and p the 
plate of the vacuum tube. Between them the 
internal plate resistance rp acts in series with 
the fictitious generator etovg. This network 
satisfies conditions between the cathode and 
plate only at very low frequencies, where the 
impedance between the grid element and the 
other electrodes is so high that it can safely 
be disregarded in making calculations. 

SYMBOLS EXPLAINED 

With the advent of higher frequencies it 
became evident that the internal tube capaci-
tances played an important rôle in the opera-
tion of the device. The lengths to which early 
workers went to include the capacitance effects 
are illustrated by the complicated formulas 
which they developed. Further study, however, 
showed that the complexity could be largely 
overcome by modifying the simple network of 
Fig. 1 to introduce capacitances between all 
three elements of the vacuum tube. The result 
is Fig. 2, which has been adequate in the past 
for all purposes. 

In comparatively recent years increasing fre-
quencies have required that further changes be 
made. The necessity for revision first became 
evident with the discovery that the impedance 
measured between grid and cathode, when a 
very large condenser was placed between plate 
and cathode, showed an important resistive 
component at very high frequencies. The 
simple combination of Fig. 2 which involved 
only capacitances for the grid-cathode and grid-
plate impedance was no longer valid. 
A modification which overcame this difficulty 

was based on a theoretical analysis of the 
motions of electrons within vacuum tubes. With 
the reservation that it applies strictly to planar 
rather than cylindrical tube structures, the re-
sults should therefore require little further 
change for some time to come. 

MODIFIED DELTA NETWORK 

The theoretical analysis gave at first an 
equivalent network which, on the face of it, 
resembled Fig. 2 only remotely, but which was 
in fact exactly equivalent to it at very low 
frequencies. This generalized theoretical net-
work is shown in Fig. 3. It consists of two 
branches only, which are located respectively 
between cathode and grid and between cathode 
and plate. Both branches contain internal 
generators and, in general, the impedance in 
neither branch is a pure resistance but depends 
on a number of factors, including the time re-
quired by electrons to traverse the vacuum tube. 

Mathematical manipulation of the equations 
shows that the theoretical network of Fig. 3 
may be represented just as well by an infinite 
number of other equivalent networks. Naturally 
our aim is to choose the form which adapts 
itself to the greatest number of practical appli-
cations, and contains the smallest number of 
internal generators. A second consideration in 
the choice is that the network should resemble 
hte familiar delta equivalent of Fig. 2 as closely 
as may be, so that results based on that figure 
may be interpreted readily in terms of the more 
general network. 

Fig. 2 is actually a modified form of a delta 
network. The most general delta would be the 
one shown in Fig. 4, which consists of three 
series branches, each containing an internal 
generator in series with an impedance. When 
the mathematical transformations from Fig. 3 
to Fig. 4 are carried through, a proper choice 
of definitions for the various impedances reduces 
Fig. 4 to the network shown in Fig. 5. Here 
only one internal generator remains, and that 
generator acts in series with the internal plate 
impedance of the tube. Therefore, Fig. 5 does 
not quite conform to the popular network where 
a capacitance is assumed to shunt the internal 
generator by acting directly between plate and 
cathode. However, it can be shown that Fig. 5 
may be transformed to Fig. 6; and by a proper 
choice of the two impedances z' and z", the 
internal generator reduces merely to our familiar 
low-frequency amplification factor multiplied by 
the grid-potential variation. 

Thus, Fig. 6 with the associated definitions of 
impedance represents the generalized form of 
the equivalent network of negative-grid vacuum 
tubes and is valid until the velocity of the elec-
trons approaches that of light or until the dis-
tance between elements of the vacuum tube 
becomes comparable to the free-space wave-
length of any ultra-high frequency considered. 
The expressions for the various impedances in 
Fig. 6 are naturally long and complicated. How-
ever, at frequencies where the effects of transit 
time of the electrons are only moderately im-
portant, the complication reduces enormously 
and we have Fig. 7, which now replaces Fig. 2 
for all ordinary frequencies. The modification 
consists only of the addition of series resistors 
in the internal cathode-grid and cathode-plate 
paths, which avoid the necessity for a phase 
angle in the amplification factor at very high 
frequencies. 

RESISTANCES MASKED 

At low frequencies, the resistances are masked 
by the high reactances of the capacitances in 
series with them, and this is the reason why the 
network of Fig. 2 has served so well in the 
past. The impedance in series with the et-gener-
ator is the well-known internal plate resistance 
as given by the slope of the static characteristic 
of the tube. The capacitances are likewise those 
we have used all along but the mathematics 
now enables their dielectric constants to be com-
puted. Fig. 7 is valid at any of the frequencies 
for which negative-grid tubes are now contem-
plated for commercial application, including 
those where the transit angle is about half a 
radian. 

Perhaps the most interesting aspect of the 
equivalent diagram is the fact that the resistance 
in the grid-plate arm is negative in sign, while 
the one in the cathode-grid arm is positive. At 
first sight, the presence of such a negative re-
sistance may seem disturbing. A rough ex-
planation may be obtained by noting that the 
forces on the electrons which result from the 
grid potential are opposite in direction depend-
ing upon whether the electron is in the region 
between the cathode and grid or between the 
grid and plate. Thus, if the grid potential 

(Continued on following page) 
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(Continued from preceding page) 
accelerates electrons near the cathode, it follows 
that those near the plate are decelerated by the 
grid, and vice versa. Hence, the work done by 

FIG. 7 
Network equivalent of vacuum tubes valid both 

for low and for moderately high frequencies. 

the potential of the grid on the electrons in the 
two regions is opposite in sign. 

RESISTANCE RELATIONSHIP 

The negative resistance in the grid-plate arm 
in many tubes is about ten ohms, while the 
positive resistance in the cathode-grid arm is 
about five times as large. The dielectric con-
stant of the grid-plate capacitance is slightly 
less than unity, and that of the cathode-grid 
capacitance somewhere around 4/3, while for 
the cathode-plate capacitance is slightly less 
than this latter value. The grid-plate capaci-
tance varies in the opposite direction from the 

other two when the operating potentials are 
changed. 
Much has been said and written of late years 

about the active grid loss. This would be 
determined in Fig. 7 by placing a large con-
denser between the cathode and plate and 
measuring the input impedance. As shown by 
the figure, the resistive component arises from 
the resistances in the two arms of the delta 
which are now in parallel. 
An interesting result of this investigation is 

the slight modification required in our conven-
tional network for the negative-grid tube to 
make it accurate even in the ultra-high-frequency 
range. The amplification factor is the familiar 
one used for low frequencies, and at moderately 
high frequencies the only alteration needed in 
the conventional diagram is the addition of two 
small but very important resistances--one in the 
cathode-grid path and another, with negative 
sign, in that between the grid and plate. 

National Union Enters 
Filter Condenser Field 

H. R. Peters, president of the National Union 
Radio Corporation, announced from the com-
pany's New York City headquarters the entry 
of his company into the field of condensers for 
radio service specialists. Said Mr. Peters: 
"We will provide a complete line of electro-

lytic and paper condensers. We have worked 
closely with the service specialist field for sev-
eral years and have studied the condenser prob-
lem closely. We intend to fill a need for a 
quality condenser line which will be merchan-
dised along lines similar to National Union 
radio tubes. The same policies which have 
earned National Union tubes a leading place 
in the radio service profession will be applied 
to the new N. U. condensers." 

FIG. 8 
An investigation is in prog-
ress of the behavior of 
vacuum tubes, for checking 
the equivalent network used 
for closer computations 
than those that obtained 
formerly. The increasing 
importance of higher and 
higher frequencies has 
actuated the improved 

technique. 
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RADIO CONSTRUCTION 
UNIVERSITY 

Answers to Questions on the Building and Servicing 
of Radio and Allied Devices. 

DRY CELL AS VOLTAGE STANDARD 

As I am desirous of having a convenient 
standard of low-voltage d.c., for calibra-

tion purposes, and can not afford the standard 
cell that is accurate to .01 per cent. at no 
current drain, I was wondering if I could use 
a No. 6 or equivalent high-current-capacity 
dry cell ?—K. E. F. 

Yes, that is a suitable choice. In general, 
the e.m.f. of the cell remains the same. The 
apparent voltage may change due to the voltage 
drop across the increased resistance of the cell, 
but this may be circumvented sufficiently by 
using a few fresh cells in parallel, and limiting 
total current drain to 1 ma or less. Also, the 
parallel cells will "average" the apparent volt-
age. Measurements disclose that for an ac-
curacy of 3 per cent. the cell voltage is around 
1.55, instead of the nominal 1.5 volts. A good 
test as to whether the cell resistance is too high 
during a draw of even small current is to 
note the voltage across the cell as only the 
voltmeter current is drawn, and then the volt-
age (again across the cell) when 25 to 50 
milliamperes are drawn. If there is scarcely 
any noticeable change, the cell resistance is 
low enough. Another possibility is to use the 
cell in connection with a true potentiometer 
circuit, where a d-c galvanometer is put be-
tween cell positive and a positive B voltage, 
adjustable to a value where meter reads zero. 
Then the B voltage alone is read and equals 
the cell voltage. A limiting resistor of around 
1,000 ohms protects the meter until current 
is near zero and then is removed for more ac-
curate determination of zero current. 

* * * 

TONE IN MIDGETS 

ADISPUTE has arisen in our family as to 
whether good tone quality is obtainable 

from a small mantle type set, known as a 
midget. I contain that there is not sufficiently 
large baffle area for excellent tone.—K. E. H. 
What constitutes good tone quality may be 

a matter of opinion, since persons depend on 
their own ears for the determination, and their 
ears can not be considered accurate standards. 
However, your position is entirely tenable, and 
the small sets, though they serve a real pur-
pose of convenience and compactness, are not 
high fidelity, can't be at the prices at which 
they are sold, and the other conditions imposed 
on them, and do not compare in performance 

on a fidelity basis with elaborate sets built espe-
cially to attain tonal distinction. 

* * * 

AUDIO OUTPUT PUZZLE 

W HAT is a good way of obtaining audio 
output from a condenser-diode rectifier? 

I refer to the circuit having a stopping con-
denser between preceding tube's plate and recti-
fier anode, and a load resistor in series with 
the rectifier but effectively in parallel with the 
coil.—W. S. E. 
There is no ready way to obtain audio out-

put, as this type of rectifier is used merely to 
influence a d-c meter, or provide d-c output to 
feed a vacuum-tube amplifier. 

* * * 

RUNNING-BOARD AERIAL 

W HEN a running-board aerial is used on 
an automobile, for serving the radio, is 

there not danger that obstructions in the road 
will hit the aerial and ruin it ?—W. D. 

This type of aerial has been used for years 
and is serviceable. The antenna problem has 
been tackled by engineers so that now there 
are special types of antennas for particular 
sets, and receiver and antenna go together, be-
ing matched, at least to some extent. This 
matching could be made true in fact and prob-
ably will be, in years to come. However, as to 
the physical danger to the running-board 
aerial, this is nothing to worry about, if you 
don't mount curbstones to avoid shuttling the 
car when parking at curbside. 

* * * 

FUNDAMENTAL REACTANCES 

W ILL you please give me a few words to help me understand the direction in which 
the fundamental units change in respect to fre-
quency ?—W. F. C. 
The three fundamental units are inductance, 

capacity and resistance. For a series in-
ductance, the impedance increases as frequency 
increases, whereas for a series condenser the 
impedance decreases as frequency increases. In 
other words inductance and capacity work in 
opposite directions. So, for a given frequency, 
the counterpart holds true, that the higher the 
inductance the greater the impedance, and the 
higher the capacity, the smaller the impedance. 
In general, resistance is nonreactive, i.e., in-
dependent of frequency. 
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BRITISH COMPANY 
GIVES DUBILIER 
FINE TESTIMONIAL 
In the early days of William Dubilier's radio 

career, while he was engaged in the develop-
ment of portable transmitters for airplanes and 
motorcycles, certain obvious difficulties were 
presented by the Leyden jars, the only type 
capacitor then available. To overcome these 

William Dubilier, who recently received an illum-
inated address from the Dubilier Electric Co., Ltd. 

difficulties and the inherent impracticability of 
the Leyden jar, Mr. Dubilier endeavored to de-
sign a capacitor that would be more permanent, 
sturdy and stable in electrical characteristics. 
His now famous pioneering efforts led to the 
present highly-perfected fixed capacitor. Had 
it not been for Mr. Dubilier's engineering genius 
and foresight, the radio industry as a whole 
might not have advanced to the position it 
holds as the seventh leading industry in the 
world. 

TRIP TO RUSSIA 
Aware of the importance of his development, 

Mr. Dubilier immediately offered it wholeheart-
edly to the United States Government. Unfor-
tunately the authorities at that time could see 
no immediate value in the Dubilier patents coy-

ering the construction and design of the static 
capacitor. 

In 1910, immediately after the formation of 
the American Dubilier Company, at the invita-
tion of the Russian Government, and at that 
government's expense, Mr. Dubilier was induced 
to travel to Russia on the promise of a large 
contract from that country. 
Having installed a wireless telephone station 

in the Palace of St. Petersburg, and after nine 
months spent in various cities in Russia, Mr. 
Dubilier stopped in England on his return trip, 
and was invited by prominent engineers, sci-
entists, and indeed by the Government itself, 
to demonstrate his static capacitor invention. 
This visit resulted directly in the formation of • 
The Dubilier Electric Company, Ltd., subsidized 
by the British Government, which also placed 
substantial orders for condensers to take the 
place of the Leyden jar. 
Leyden jars at that time were in the hands 

of one central-European nation which, for this 
reason, was able to control indirectly all radio 
communication, including apparatus in use in 
the United States. 

GREW TO GREAT STATURE 
In 1912, the Dubilicr Electric Company, Ltd., 

began production in a small factory on Totten-
ham Court Road, London. From this first 
humble laboratory of two rooms the English 
Dubilier plant steadily grew until today it is 
one of the largest condenser manufacturing 
companies in the world, its resources amount 
to many millions of dollars, its plant covers 
some eight acres, over four devoted to actual 
factory space. 
For laboratory and experimental work a com-

pletely separate brick building has been con-
structed, which is fully equipped with prob-
ably the finest testing equipment in the world. 
Many of the original engineers and crew are 
still with the English company. 

Phillip R. Coursey, who had come direct 
from London University, where he acted as 
assistant to Prof. Fleming, is now Dubilier's 
chief engineer abroad. Mr. Coursey is well 
known in scientific circles and is the author 
of the only books published on the subject of 
condensers. 
William H. Goodman, who organized the 

British company with Mr. Dubilier, is its man-
aging director today. A most impressive group 
of scientists and physicists composes the Du-
bilier staff abroad. Results of all development 
and experimental work are placed at the dis-
posal of the American Cornell-Dubilier Electric 
Corporation--a close cooperation existing be-
tween the two companies at all times. 

GETS ILLUMINATED ADDRESS 
.-\u illuminated address was recently presented 

to Mr. Dubilier by the British company and is 
only one of the many expressions of affection 
and gratitude that organization has bestowed 
upon its founder. 

Fully outstanding has been the progress of 
the American Dubilier Company, established in 
1910, known today as the Cornell-Dubilier 

(Continued on page 58) 
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ALLIED 
e_P_ds 

RADIO'S NEWEST FEATURES 
AT LOWEST PRICES! 

e;f6IeeedektWale:5,5. 
ALLIED leads again in value with 61 
new Knight Radios combining radio's 
newest features at the season's lowest 
prices. Advanced R.C.A. and Hazel-
tine licensed circuits, with Electric 
Push-Button Tuning—a station a sec-
ond, Select-O-Matic Dials, the Electric 
Eye, Automatic Frequency Control, 
Full Voice Speakers—broadcast Studio 
tone quality, world-wide range—all these 
features and many others at prices 
that challenge the industry. From 5 
to 16-tube models—for AC, AC-DC, 
6-volt, 32-volt, battery and auto opera-
tion. ALLIED'S volume and low dis-
tribution costs make KNIGHT radio's 
greatest values, offering biggest profits 
for you. See all models in ALLIED'S 
great 1938 Catalog— 

o 

THERE'S YOUR STATION! 

KITS 

4. 

TERM 
ALLIED'S Catalog of-
fers over 12,000 parts 
—Builder's Kits 
(Write for free Parts 
Lists) — Sound Sys-
tems. Amateur gear, 
Test Equipment, —all 
at lowest prices. 

ALLIED RADIO CORP. 
833 W. JACKSON BLVD., CHICAGO 

KNIGHT 11-TUBE 
Push-Butten Tuning 

.. ONLY 
KNIGHT 6-TUBE 
Push-Button Tuning 
—3 Bands .. ONLY 

$58.95 

$28.85 
Everything in Radio at Lowest Prices 
Whether you're a Dealer, Service Man. Sound 
Specialist, Amateur or Experimenter, you need 
ALLIED'S 1938 Catalog. It brings you every-
thing you need in one great book—Parts, Kits, 
Sound, Amateur, Test Equipment, books, tools, ac-
cessories—every radio requirement spread before your 
eyes. ALLIED'S complete stocks 
and fast service save you time— 
ALLIED's low prices save you 
money. Send coupon today for 
free copy of ALLIED'S 1938 Cat-
alog — radio's complete supply 
guide! 

FREE. ... .g,, ... , ................, .._ 
ALL1ED 'RADIO CORPORATION 1 
Dept. 16-8113, 833 W• Jackson Bl d. 

v 

Chicago, Ill. 
1938 1 

1:3 Send your free Catalog. 1 
CI Send Free Parts Lists ..ter .......... 

.... ................................... 

Narne . .................... . ............ 

Addre,s, ........................ . • • 

City • . ............... . • State.. ........ 
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(Continued front Page 56) 
Electric Corporation. By virtue of a merger 
made in 1933 production facilities extend 
through eleven buildings occupying more than 
thirty-three acres in New Jersey. The labora-

Words of Approval 
RADIO W ORLD is the most practical 

serviceman's magazine in the field. It's 
a radio course in itself. 

OLIVER B. BEAMAN, 
709 New Hampshire St., 
Lawrence, Kans. 
* * * 

Your publication is a serious refer-
ence book that every radio technician 
should have on his bookshelf. 

JEAN W IENER, 
c/o Electric Lighting Co., 
Port au Prince, Haiti 

* * * 
I have read your magazine for the 

past six years. A study of the articles 
convinces me that RADIO W ORLD is the 
best in its field. 

L. COLWELL, 
6548 Greenwood Ave., 
Chicago, Ill. 

KESSLER APPOINTED BY TRY-MO 
Bill Kessler, one of the best informed radio 

parts men in the business, has just been ap-
pointed General Manager of Try-Mo Radio, 
85 Cortlandt St., New York City. 

Kessler has a background that goes away 
back to crystal-set days. 

tories and extensive engineering facilities of the 
Cornell-Dubilier Electric Corporation, as well 
as of the Dubilier Company abroad, are under 
the close supervision and direction of Mr. Du-
bilier. 

Ghirardi's Case Histories 
Reach a Total of 1,500 

After a recent investigation among radio 
service men Alfred A. Ghirardi, author of 
"Modern Radio Servicing," "Radio Field Serv-
ice Data" and other popular radio servicing 
texts, reports that service men are rapidly giv-
ing up the old method of trying to keep Case 
Histories on a file of 3x5 index cards. The 
rapidly increasing number of new sets on the 
market has rendered these "home-made" filing 
systems as obsolete as the even older method 
of pasting miscellaneous clippings in scrap 
books, collecting notes, data sheets, etc. 
Mr. Ghirardi tackled the task of forming 

one central "pool" of Case History informa-
tion which he has published on loose leaf sheets 
which have been inserted in alphabetical and 
numerical order in his "Radio Field Service 
Data" book. The important problem of keep-
ing service men supplied at all times with the 
latest up-to-date Case History data on new 
sets as they come out, has been solved by pro-
viding a regular Supplement Sheet Service to 
his Data Book. 
According to Mr. Ghirardi's publishers, 

Radio & Technical Publishing Company of New 
York City, the latest Supplement Sheets to the 
Data Book brings the total number of Case 
Histories up to well over 1,500! 

Mr. Ghirardi, a former school teacher of 
physics, has made a specialty of writing or ser-
vicing and radio physics. 
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"AN HOUR A DAY 
WITH RIDER" 

John F. Rider has writ-
• ten a series of pocket-

sized books, 60c each. 
with the idea readers 

V will spend an hour • 
day reading and study-
ing them, and th us 
acquiring a full servic-
ing knowledge. Latest 
of these is devoted 
to automatic volume 
control (a.v.c.). The 
subject is fully covered. 
64 pages. Well illus 
trated. Order Cal 
RAVC postpaid (d 6(k 

"ALTERNATING CURRENTS" 
"Alternating Currents in Radio Receivers." Hour-a-Day. 
is a comprehensive book covering the bale functions of 
the various components of • radio receiver. what each 
unit does and how it works. Various types of parallel 
and series resonant circuits, different kinds of coupling, 
inductance, reactance, impedance, and how these elec-
trical phenomena are employed in radio practice, are 
fully explained. 80 pages. Order Cat. RAC. postpaid. 
@ 50c. 

on-

A .V. C. 

A clear explanation of 
what happens when • cir-
cuit is tuned to resonance. 
All types of circuits de-
scribed and how and why 
they work. How these 
circuits should be allgned 
so that maximum effi-
ciency is obtained. Knowl-
edge of the latest high-
fidelity 1-f. amplifiers is 
becoming more and more 
necessary and "Resonance 
and Alignment" tells what 
you should know about all 
this. 64 pages. Order Cat. 
RRA. postpaid, (a) 60e. 

o 

4 

N 

(dine) 

RESONANCE 
and 

ALIGNMENT 

"D. C. VOLTAGE DISTRIBUTION" 
Every receiver contains some sort of d.c. distribution 
system supplying the d.c. voltages from the power unit 
to the elements of the tubes. The many different forms 
Chute systems take are thoroughly described in Rider's 
"D.C. Voltage Distribution." which explains networks 
from the simplest to the most complicated. The calcu-
lations of the value of the resistors and their wattage 
ratings are more clearly described than ever before. 
in this brand new combination of theory and practice. 
64 pages. Order Cat. RDCVD. postpaid. @ 60e. 
[Above four "Hour-a-Day" books are all cif the 
series published to date. All have hard covers. 
The order of their publication is No. 1 A.C.; 
No. 2, Resonance, No. 3, D.C.; No. 4, A.V.C.] 

RIDER'S MANUALS 
vu—(new) Rider's Volume VII has 1600 pagel! 

This is the biggest and best bianual that 
has ever been published. In Volume VII the number 
et manufacturers has been increased and therefore the 
size of the book was ncreased. The greatest collection 
of servicing data ever gathered and not only from the 
large manufacturers, but the smaller ones as well. Not 
only 1936-97 sets, but many old timers. 100-page 
Index   $10.00 
vol. VI— Data on sets produced up to October, 1935— 

the start of the metal tube era—are con-
tained in this Manual. Double-Spread pages are used 
for the more complicated receivers. 1240 pages, $7.50 
Vol. V—Sets manufactured up to October, 1934—and 

older sets, too--are covered in this volume. 
Electrical and mechanical data are given so that every' 
thing is where you want it. 1,200 pages  $7.50 
Vol. IV—In this volume will be found information on 

receivers manufactured up to March. 1934. 
1.060 pages   $7.50 
Vol. Ill—Sets released from the middle of 1932 to 

June. 1933 are presented in this volume 
1,070 pages   $7.50 
Vol. II—Data are here contained on sets manufactured 

between early 1931 and the middle of 1992. 
Many eets unavailable when Vol. I was published 
will be found in Vol. H. 800 pages  16.50 
Vol. I—This volume contains Information on the old 

timers—from 1919 up to 1931—and there are 
still many of these in use today. 1.000 pages  $7.50 
[Order Rider Manuals by volume numbers as 
listed above. Remit with order. Books will be 
sent postpaid.) 

Radio World, 145 W. 45 St, N. Y. City 

COIL WINDING; 

NO COMPUTATION! 
ÇOLENOIDS for all radio frequencies, from 
L., 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 
large 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 $2 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 

40.11.11111Pau  
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NEW PRODUCTS 
Any Position Mounting 

Features C-D Condensers 
Mechanical difficulties in mounting high-volt-

age filter capacitors are entirely eliminated with 
the universal mounting brackets introduced by 

New mounting flexibility of Cornell-Dubilier Con-
densers eliminates the need for brackets. 

the Cornell-Dubilier Electric Corporation. As 
the illustration shows, mounting in all positions 
is easily accomplished. 

Impregnated and filled with dykanol in her-
metically sealed non-corrosive containers, the 
C-D type TJ-U high-voltage filter capacitors 
may be mounted in any position without alter-
ing or affecting the electrical characteristics 
of the unit. The universal mounting brackets 
are supplied at no extra cost with each C-D 
type TJ-U filter capacitor. For catalog listing 
of these new capacitors, write to the Cornell-
Dubilier Electric Corporation, South Plainfield, 
N. J. 

MICA CONDENSER CATALOGUE 
The Cornell-Dubilier Electric Corporation 

has made available to broadcast and radio en-
gineerb. catalog No. 153A, a comprehensive 
folder listing in detail Cornell-Dubilier mica 
transmitting capacitors. This catalog can be 
obtained by addressing request to the Cornell-
Dubilier Electric Corporation, South Plainfield, 
New Jersey. 

Triplett Has Plug-in 
Copper Oxide Rectifiers 

The usual practice has been to build copper 
oxide rectifiers into measuring instruments. 
Line surges, accidental misuse, etc., frequently 
cause burnout of copper oxide rectifier and this 
has heretofore re-
quired not only the 
problem of opening 
up, getting at and 
replacing the cop-
per oxide unit, but 
also recalibrating. 

Triplett's new 
exclusive plug-in 
rectifier makes this 
problem as simple 
as renewing a 
burnt-out fuse. 
The rectifier is 

mounted in a small 
plug with regular 
tube base prongs. 
In the shell with 
the rectifier are the 
necessary calibrat-
ing resistors, mak-
ing possible the in-
terchangeable fea-
ture of the plug-in 
unit. 

If in the future users of Triplett test equip-
ment burn out the rectifier, it will be necessary 
only to order the new rectifier, plug it in the 
tester and be ready for further servicing. No 
need to return tester to factory when rectifier 
goes bad. 

Plug-in rectifiers are now provided for 
Models 1125-A, 1241, 1502, 1503, 1504 and 
1601 testers. 

Triplett has brought out a line of square type 
meters of the precision type that is proving very 
popular. 

11.1 -10110 010u. 11-2- 1000 ..1.,“• 

10,-,111 ,,,, 

Cross section of 
plug-in type rec-
tifier (reduced). 

BIRNBACH ISSUES CATALOGUE 
A new list price Birnbach catalog, the first 

in three years, has just come off the press. 
Profusely illustrated and beautifully printed in 
two colors, it lists more than 3,000 items, in-
cluding a complete line of antennae and antenna 
accessories, insulators of all kinds, sockets, jacks 
and plugs. Wires, conductors and cables are 
covered in completeness. A copy may be had 
by addressing Birnbach Radio Co.. Inc., 145 
Hudson Street, New York City. 
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Hammarlund Announces 
2 to 10 Mmfd. Neutralizer 
Another new condenser for transmitting has 

been developed in the laboratories of the Ham-
marlund Manufacturing Company, Inc. It is a 
neutralizing condenser 
and is called the N-10. 
This newest addition to 
the Hammarlund trans-
mitting condenser fam-
ily is exceedingly com-
pact and designed for 
horizontal adjustment. 

It has heavy alumi-
num round-edged plate;, 
polished over all surfaces, which are mounted 
on a pair of strong Isolantite bars. These 
bars will not shift or pull out of position. The 
movable plate of this condenser is controlled 
by a finely threaded screw, allowing microme-
ter control. A positive locking nut permits ex-
tremely accurate settings. The special design 
of the adjusting screw prevents any possibilities 
of plate touching or short circuits. The capac-
ity range of the N-10 is from 2 to 10 mmfd., 
while the air gap can be varied from 1/16-in. 
to a-in. At the minimum spacing, the peak 
voltage rating is 3,000 volts. The base is 
drilled for 2-hole mounting. The condenser is 
only 2a-in. high by 1 13/16-in. deep. 

Matched Dial Plates 
Made for Yaxley Controls 
Matched dial plates are announced for all 

standard Yaxley controls, rheostats and po-
tentiometers. 
These plates are marked in 100 divisions of 

the active rotation, and are calibrated numeri-
cally from 1 to 10. The rotation covered by the 
terminals and the switch short out is clearly 
marked so that it is easy to set the plates in 
their proper position on the panel. The plates 
are 2/À" in diameter and are finished with pol-
ished aluminum markings against a satin black 
back-ground. 

If the control is of the linear type (Yaxley 
No. 4 taper), a setting of "5" on the plate 
indicates that one-half of the resistance is in 
the circuit. A setting of "1" indicates that 
one-tenth of the resistance is in the circuit, 
etc. When a plate is used with a tapered con-
trol (Yaxley No. 1 or No. 2 tapers) in the 
proper circuit, the calibration is in proportion to 
the audible intensity of the signal—thus a set-
ting of "5" would indicate 50% volume a, 
heard by the ear. 

POWERTONE MAKES CABINETS 
Powertone Electric Co., 177 Greenwich Street, 

N. Y. City, owned by Louis Lager, has added 
a cabinet and table making enterprise to its 
activities. 

Allied Has New Knight Set 
for Trailers and Farms 

A versatile new Knight 5-tube superhetero-
dyne for universal operation from 110 volts 
a.c. or from a 6-volt storage battery is one 
of the latest 1938 models offered by Allied 
Radio Corporation, of 833 West Jackson Boule-
vard, Chicago. 
Designed to meet the needs of automobile-

trailer travellers and of residents in rural areas. 
this new receiver offers a practical solution of 
a former insoluble problem. By using a circuit 
which incorporates a special type built-in vibra-
tor unit and new type tubes the receiver is op-
erated just as efficiently from the storage bat-
tery as from regular a-c line. No circuit changes 
or additional units are required for shifting front 
a.c. to the storage battery or back again. 

Features of this new Knight model include 
a 6-inch permanent magnet speaker, 5-inch 

The new Knight 5-tube superheterodyne for 
trailers and rural areas. 

square airplane dial, tuning range from 175 to 
555 meters, automatic volume control and tone 
control. The tubes are one 6D8G, one 6S7G, 
one 6T7G, one 41, and one 6ZY5G. 
The receiver is housed in the walnut table 

cabinet illustrated. This new Knight model is 
distributed exclusively by Allied. 

Blan's Magnetic Feats 
Being an in% eterate experimenter at heart, 

Michael Blan, who conducts a radio store under 
the title Elan the Radio Man, Inc., at 64 Dey 
Street, New York City, has been tinkering with 
electrogmagnetism for more than fifteen years. 
He now has developed a bar magnetized at four 
poles, so that it is active and inactive by turns, 
as customers make mystifying tests. He also 
has on his counter numerous "sky hooks" and 
other devices, which by magnetism suspend 
small bars apparently in midair, and other de-
vices that appear to be magnetized or nonmag-
netized b turns, according to his whims. 

Blan's dexterity with magetism has been the 
means of attracting to his store not only radio 
customers but also persons who like to learn 
ways of performing parlor tricks with mag-
netism. 
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Now—a high powered 

Radio Engineering 
Library 

—especially selected by radio specialists of 
McGraw-Hill publications 

—to give most complete, dependable cover-
age of facts needed by all whose fields are 
grounded on radio fundamentals 

—available at a special price and terms. 

These books cover circuit phenomena, tube theory, net 
works, measurements, and other subjects—give special-
ized 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 referred to 
often. If you are practical designer, researcher or engi-
neer in any field based on radio, you want these books 
for the help they give in hundreds of problems through 
out the whole field of radio engineering. 
5 volumes, 2891 pages, 2000 illustrations 

1. Everitt.'" COMMUNICATION ENGINEER-
ING 

2. Termini.% RADIO ENGINEERING 

S. Clinifee's THEORY OF THERMIONIC 
VACUUM TUBES 

4, Hund'a HIGH-FREQUENC1 MEASURE-
MENTS 

4- Heaney'. RADIO ENGINFCERINCI HAND-
BOOK 

10 days' examination. Special price. Monthly payments 
$26.00 worth of books cost you only $23.50 under this 
offer. Add these standard works to your library now; 
pay small monthly installments, while you use the 
books. 

r ---;;;;D-;;S-ONTA7,7107A7,C717.07] 
RADIO WORLD, 
143 West 45th St.. N. Y. City. 

Send me Radis Engineering library, 5 vols., for I o days I 
examination on approval. In 10 days I will send $2.50. Plus 
few cents postage, and $3.00 monthly till $23.50 Is paid. 
(ff return hooks postpaid. (We pay postage on orders accom-
panied by remittance of first installment.) 

Name 

Address 

CIty and State 

Position   

Conman1 R.W. 12-87 I 

STATEMENT OF THE OWNERSHIP, MANAGE-
MENT, CIRCULATION, ETC., REQUIRED BY 
THE ACTS OF CONGRESS OF AUGUST 24, 1912, 

AND MARCH 3, 1933. 
Of RADIO-WORLD, published monthly at New 

York, N. Y., for October I, 1937. 
State of New York 
County of New York j. Ss' 
Before me, a Notary Public in and for the State 

and county aforesaid, personally appeared Roland 
Burke Hennessy, who, having been duly sworn ac-
cording to law, deposes and says that he is the editor 
of RADIO WORLD and that the following is, to the 
best of his knowledge and belief, a true statement 
of the ownership, management (and if a daily paper, 
the circulation), etc., of the aforesaid publication for 
the date shown in the above caption, required by the 
Act of August 24, 1912, and as amended by the Act of 
March 3, 1933, embodied in section 537, Postal Laws 
and Regulations, printed on the reverse of this form, 
to wit: 

L That the names and addresses of the publisher, 
editor, managing editor and business managers are: 
Publisher, Hennessy Radio Publications Corporation, 
145 West 45th St., New York, N. Y.; Editor, Roland 
Burke Hennessy, 145 West 45th St., New York, N. Y.; 
Managing Editor, H. J. Bernard, 145 West 45th St.. 
New York, N. Y.; Publisher, H. J. Bernard, 145 
West 45th St., New York, N. Y. 

2. That the owner is: (If owned by a corporation. 
its name and address must be stated and also immedi-
ately thereunder the names and addresses of stock-
holders owning or holding one per cent or more of 
total amount of stock. If not owned by a corporation. 
the names and addresses of the individual owners must 
be given. If owned by a firm, company, or other unin-
corporated concern, its name and address, as well 
as those of each individual member, must be given.) 
Hennessy Radio Publications Corporation, 145 West 
45th St., New York, N. Y.; Roland Burke Hennessy, 
President-Treasurer; Roland Burke Hennessy, Jr.. 
Vice-President; H. J. Bernard, Secretary. 

3. That the known bondholders, mortgagees, and 
other security holders owning or holding I per cent 
or more of total amount of bonds, mortgages, or other 
securities are: (If there are none, so state.) None. 

4. That the two paragraphs next above, giving the 
names of the owners, stockholders, and security hold-
ers, if any, contain not only the list of stockholders 
and security holders as they appear upon the books of 
the company but also, in cases where the stockholder 
or security holder appears upon the books of the com-
pany as trustee or in any other fiduciary relation, the 
name of the person or corporation for whom such 
trustee is acting, is given; also that the said two 
paragraphs contain statements embracing affiant's full 
knowledge and belief as to the circumstances and 
conditions under which stockholders and security hold-
ers who do not appear upon the books of the company 
as trustees, hold stock and securities in a capacity 
other than that of a bona fide owner; and this affiant 
has no reason to believe that any other person, asso-
ciation. or corporation has any interest direct or in-
direct in the said stock, bonds, or other securities than 
as so stated by him. 

5. That the average number of copies of each issue 
of this publication sold or distributed. through the 
mails or otherwise, to paid subscribers during the 
twelve months preceding the date shown above is 

(This information is required from daily publications 
only.) 
ROLAND BURKE HENNESSY, Editor. 
Sworn to and subscribed before me this 30th day 

of Sept., 1937. 
ELIZABETH ANSBACHER. 

Notary Public, N. Y. Co., No. 500. 
(My commission expires March 30, 1938.) 

When writing to Advertisers please 

mention that you saw the Advertise-

ment in RADIO WORLD. 
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What Are Decibels, Anyway? 
What on earth are decibels? Does anybody know? Can the decibel notation be understood 

by anybody except a mathematician versed in logarithms? 
The decibel has caused more comprehension trouble than anything else with which the service-

man has had to contend. Whether the decibel can be understood without an appreciation of loga-
rithms is hard to say, as those who know their log find it easy, and those who don't know their 
log find it hard. 
However, the word decibel has been used for years in radio, and it is easily recognized as 

being a measure of comparison, and so the word passes from lip to lip at least with the reali-
zation that the more numerous the "decibels up," the more sensitivity, and the more numerous 
the "decibels down" the less sensitivity. There is a change, possible in two directions, and sensi-
tivities may be compared with a standard level, say, .006 watt (6 milliwatts). 
What decibel refers to is a ratio, usually a ratio of two powers. Thus any one power level 

may be compared to another power level in terms of decibels. One decibel is one-tenth of a bel. 
The bel is not being mentioned much because it represents far greater value than commonly 
encountered in practice. 

If the larger power is P2 and the smaller power is Pi then db = 10 log,. (P2 P1). Without 
going into the logarithms at all, one may consider that the decibel changes are on the basis of the 
response characteristic of the human ear, so that twice as many decibels up means twice as 
great quantity of sound, and twice as many decibels down means half as much quantity of sound. 
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CHASSIS-CABINETS 
PANELS & CANS 
STANDARD SIZES ON HAND 
SPECIAL SIZES MADE TO ORDER 

KOR ROL RADIO PRODUCTS CO. 
232 Greenwich St. RW 12-37 New York City 

Text-Book for Home Study 

textbook. 
Send for your copy now. 

SUPREME PUBLICATIONS 
3729 WEST 18th STREET CHICAGO, ILL. 

MOM  

This complete, up-to-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 field and 
you can net Into it after studying this 

Size 5V. x II In. Priced at only $1.00. postpaid. 

FREE TO PIPE SMOKERS 
Send for free Copy of "I'll'E & POUCH," 

America's first smoker's catalog-maga-

zine, showing world's finest assortment 

vines and tobaccos; also articles by 

Christopher Morley. John Erskine and 

other eminent authors. Write— 

The PIPE AND TOBACCO GUILD, Ltd. 
Dept. 131 79 Mad i,on Ave., New York. 

USE THESE NEW 

SERVICE SHORT CUTS 
SPEED UP YOUR SERVICE WORK 
s.• ,hese nil,' ins nee "TWIN 
GADGETS" to chow you ,..et ...tin 
v hut teat to make and e hat remedy to 
use for OVER 400 Common Receiver 
['roubles Eaeh Watt is a pocket. 
sited pack of die-cut card. entintad 
toasther and arranged for Ineceo, refer. 
•nce for any trouble apnptona 

Ghirards's 

UBLE SHOOTERS" 
worth weeks of pay' 
They II earn then keep over and 
over again Save yon how e of Rd• 
dlina and tuning Just the flip of • 
Cord end there. your anower on. 
nantly—plain ne the none on your 

fan.. Eanien and handiest little conne. 
aid. you ever car Full directione on 

'50,5 ber'etiP-rt:W!".t t.:." 1;1' =Fs 
RADIO ,rte. one tor AU f 0•RA010 
or”—you need em bots--“, (cop n 
your pocket and use on !Yen/ .etvire 
rail Only_h0c each Mr ,ortiani— 
GUARAPMED •I that' So here e 
-hat to do this very minute to get 
your Gnoyeto—cup • dollar to this 

mwr.i.tiejour name and addreee on it 

RADIO & TECHNICAL PUB. CO., 
Dept. Itierv, 4$ Aster Plate, NewYerts 

Money Back Guarantee 

When writing to Advertisers please 

mention that you saw the Advertise-

ment in RADIO WORLD. 
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RADIO COURSES 
RADIO OPERATING: Prepare for Gov't 
License Exam. • RADIO SERVICING: 
Including Short Wave • AMATEUR CODE • ELECTRONICS •• TELEVISION • 
Day and Evening Classes—Booklet Upon Request 

NEW YORK Y. M. C. A. SCHOOLS 
3A W. 63rd Street, New York City 

INDUCTANCE BOOK 
Fre e ! Every solenoid for every radio. 

frequency or intermediate fre-
quency may be wound of standard wire on stand-
ard form diameters without any computations by 
using "Tice Inductance Authority," by Edward 
NI. Shiepe. This $2 book sent free, postpaid, with 
supplement, on receipt of $5 for a 2-year sub-
scription for RAMO W... 
RADIO WORLD, 145 W. 45th St., N. Y. C. 

SPECIAL 2-FOR-1 OFFER 
RADIO WORLD 

Radio World is $2.50 a year (12 issues), 25e. per 
copy. Canada and foreign, $3.00 yearly. Offers of 
Radio World and other worthwhile publications for 
one full year on each (NET): 

EJ RADIO WORLD and SHORT-WAVE and TELE-
VISION, $3.50. 

0 RADIO WORLD and POPULAR SCIENCE 
MONTHLY, $3.50. 

D RADIO WORLD and RADIO-CRAFT (12 is - 
sues), $3.50. 

RADIO WORLD and RADIO INDEX (monthly. 
10 issues). stations, programs, etc., $3.50. 

D RADIO WORLD and SERVICE (monthly), $3.50. 

D RADIO WORLD and EVERYDAY SCIENCE AND 
MECHANICS (monthly), $3.30. 

D RADIO WORLD and BOYS' LIFE (monthly, 12 
issue.). $3.50-

D RADIO WORLD and TRUE STORY (monthly), 

Select any one of these magazines and get for 
an entire year by sending in a year's subscription 
for RADIO WORLD at the regular price. $2.50, plus 
a small additional amount, per quotations above. 
(Add $1.50 for extra foreign or Canadian postage for 
both publications.) 

Name 

Address 

City and State  

If renewing an existing or expiring subscription 
for RADIO WORLD, put croes in square. 

0 If renewing an existing or expiring subscription 
for other magazines, put cross in square. 

Special Trial Offer for Radio World only: $1.00 tor 
5 months. postpaid. Mail order with remittance to 
Radio World Office. NET. 

CLASSIFIED 
ADVERTISEMENTS 
7 cents e word. $1.00 minimum. 

AMATEUR RADIO, Commercial Radiotelephone and Radio-
telegraph licenses, complete training. Resident and correspond-
ence courses. Every graduate • licensed operator. NEW YORK 
WIRELESS SCHOOL, 1123 Broadway, New Tort. 

WANTED ORIGINAL POEMS, SONGS. for immediate con-
sideration. Send poems to Columbian Music Publishers Ltd.. 
Dept. 95, Toronto, Can. 

HAVE YOU BACK NUMBERS of Radio World. for May. 
August, 1935, or April, June, September, October. 1936? If 
so. please communicate with Radio World, 145 West 45th St., 
New York, N. Y. 

NEW DELUXE SUPERIOR GENEMETER, sell for $10. 
Burns, 1204 East 39th St., Kansas City, Mo. 

INSTRUCTIONS. DISTANCE RECORD CRYSTAL SET. 17 
others. with "Radlobuilder" year —25c. Laboratories. 151 R.W. 
LIbeity, Sun Frdncieco. 

LEARN MOTION PICTURE THEATRE BUSINESS. Home-
Study Training: Management, Advertising, Projection. Free 
catalog. Theatre Institute. Dept. R.W., 345 Washington, 
Elmira, N. Y. 

WE MANUFACTURE ELECTROMAGNETIC DEVICE foi 
locating all metals. Plans for building same $3.00. Meta' 
Prospectors, Dept. R.W., Route 40, Box 1270, Mobile, Ala. 

1.000 BUSINESS CARDS. CARD CASE. $1.50. QSL, SWL 
Cards, reasonably priced. Miller, Printer. Ambler. Parma 

RADIO EXPERIMENTERS AND SET BUILDERS: parts and 
kits of parta for improved Little Giant R235, six tube 11233. 
Pre-amplifier 11228. Portable battery R223. Little Giant 11220 
and 205 and 6 volt R238. Guaranteed specified parts. Lund 
Manufacturing Co.. Dept. R.W.. 43 East Ohio, Chicago. 

MILLION AC-DC ALL 
_ WAVE 

OSCILLATOR 

6-BANDS $1 LINE FILTERS  995 
SEPARATE AUDIO Net 

6" x 7" x 10" Cash 
Price 

Your Jobber's Name and 20% Deposit Required on 
All Direct Orders. 

Send for Free Literature! 

MILLION Radio and 
Television 

• Laboratories 

RADIO WORLD, 145 W. 45th St., New York 595 N. UNION ST., CHICAGO, ILL. 
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ALL WAVE "8" 

4 BANDS - 7.5-550 Meters (450,0mi,c)to 
A Popular Price ALL METAL TUBE SET 

Using The 

MULTI-WAVE AIR TUNED Coil Assembly 

ESSENTIAL TUNING KIT 
1 No. 7504 4-Band Ant., 11.F. and Ose. Coil assembly with 
Band Switch, Completely Wired and Pre-aligned. 1 No. 5782 
Ferrocart 456 ke Input I.F. Transformer. 1 No. 5784 Ferro-
cart 456 kg Output I.F. Transformer. 1 No. 6074 Beat Fre-
quency Ose. Trans. 1 No. 15130 3-Gang .000410-mfd Vari-
able Condenser. 1 No. 182 IS 8' Two-Speed Oval Airplane 
Dial with Second Hand. 1 Complete Set of Instruction 
Sheets. 
Kit Number 7508A $31 -50 
List Price   
FREE.—Write to Department F-2 for our complete 32-page 

coil catalog including 20 modern receiver kits. 

MEISSNER MFG. CO. 
Mt. Carmel Illinois 

A Christmas Gift for Him 
Is your husband, son or nephew 

interested in radio? Why not send 
him Radio World for the coming 
year ? 
We will send him, at your request, 

a Christmas Card, to arrive before 
Christmas telling him of your thought-
fulness in sending a Christmas 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 STREET 

NEW YORK CITY 

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 teehnlcal magazines that 
cater to experimenters, service men and students. for one year 
each, at a saving of $1.50. The regular mall subscription rate 
for RADIO WORLD for one year is $2.50. Send in $1.00 
extra, get "Radio News" also for a year—a new Issue each 
month for twelve months. Total 24 Issues for $3.50 and $5.00 
to foreign countries. 

RADIO WORLD 14$ West 45th Street, N. Y. City 

You need 2 
. . these books 

RADIO SERVICING SHORT-CUTS 
and Money Making Ideas 

A completely new i.nd different book tells hose 
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 
simple tools and volt-ohmmeter. The author. M. N. 
Beitman, for years in the servicing profeesion, 
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: 81/2  x 11 in I 

PUBLIC ADDRESS SYSTEMS 
A practical handbook, full of useful information, 
fully Illustrated. Considers in detail 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 points of importance, including actual circuit 
diagrams of tested P.A. systems. 

Price, 50c each book. 

3727 West 13th St., Chicago, Illinois 
SUPREME PUBLICATIONS 

LOWEST 
PRICES 

GUARANTEED 
QUALITY 

FASTEST 
SERVIC E 

The New 1938 Radolek Radio Profit Guide 
contains complete showings of Radio Repair 
Parts; every repair part for every receiver: 
Newest Radio Receivers in a complete price 
range: New 1938 models of Public Address 
Amplifiers: outputs from 5 to 100 watts— 
Speakers. Microphones. Test Instruments. 
Technical Books, Special Tools. Leading 
Standard Brands! Everything you need in 
the Radio Business. all at Lowest Prices. 
You save money at Radolek! 

Every item you get from Radolek is guar 
anteed. It must be right or ive make il 
right. Standard merchandise produced by 
leading manufacturers with Radoiek's guar-
antee added! 

Everything in Radio promptly when you 
uant it—and exactly what YOU want. 
Radolek's efficient organization insures 
you the fastest service in the Radio busi-
ness. 25,000 servicemen customers depend 
on Radolek service and benefit by Radolek's 
LOWEST PRICES. 

Send now for Radolek Radio Profit Guide. 
It will help you make money. 

--RADOLEK-----
601 W. Randolph, Chicago, Dept. G13 
Send me the 1938 Radolek Radio Profit Guide FREE 

Name 

Address 
Serviceman? Ej Dealer? D Evnerlmenter? D 
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Words of Praise 
I have read RADIO WORLD for eight 

years. If I have not understood all that 
you have published in that time, at least 
all that I have tested has proved to be 
right and a good aid in commercial jobs 
and experiments. 

T. W. JETT, 
1304 East 111th St., Cleveland, Ohio 

RADIO WORLD AND POPULAR MECHANICS 
MAGAZINE — Radio World is $2.50 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 one year 
for $3.75. RADIO WORLD, 145 West 45th Street, 
New York City. 

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 aupplemen• 
tary data. Price $2.75 postpaid including Supple-
ments). 

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

GET OUR FREE 

REFERENCE 
BOOKamei 
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 fur 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. 

New, high-powered 

Radio Books 
Send for them for 10 days' 
examination on approval 

1. Terman's RADIO 

ENGINEERING—New 2nd Edition 
Analyzes electrical circuits and vacuum tubes and 
reduces them to quantitative relations that predict 
with accuracy the performance of radio circuits and 
radio apparatus. Up-to-date second edition just pub-
lished, with new chapter on television and extensive 
other rewritten and new material. 813 pages, $5.50 

2. Eastman's FUNDAMENTALS 
OF VACUUM TUBES 

Discusse, at length the principal types of vacuum 
tubes—high vacuum, mercury-vapor. photo, and sev-
eral special varieties—underlying laws, and engi-
neering analyses of their important applications. 
438 page,, $4.00 

3. Everitt's COMMUNICATION 
ENGINEERING 

Step-by-step analyses of the major problems con-
fronting the radio and telephone engineer, in every 
aspect of the unilateral and bilateral networks. 727 
pages, $5.00 

4. Nilson and Hornung's PRACTICAL 
RADIO COMMUNICATION 

Covers the requirements for all classes of radio 
operator's license examinations, treats long, medium, 
short, and ultra-short-wave radio, includes all classes 
of radio stations—is in general a complete text on 
practical radio communication based on a theoretical 
introduction. 754 pages, $5.00. 

5. Nilson and Hornung's RADIO 
OPERATING QUESTIONS AND 
ANSWERS 

Gives over six hundred typical radio operator license 
examination questions, with full, illustrated answers. 
covering broadcasting, marine, aeronautical, police 
and amateur radio. 389 pages, $2.50 

E--SEND THIS ON-APPROVAL COUPON — I 

McGraw.HIII Book Co., Inc., 330 W. 42 St.. N. Y. C. 
Send me the books encircled below for 10 days' ex-
amination on approval. In 10 days I will pay for the 
books. plus a few cents for postage or return them 
postpaid. (We P8Y Postage on orders accompanied by 
remittance ) 

1 2 3 4 5 

Name   

Address   

City and State  

Position 

ICompany   MY-12-37 
(Books sent on approval in U. S. and Canada onlY./ 

L _ _ _1 


