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First High-Fidelity Earphones 

For monitoring a broadcast program, where the operator cannot be in 
- a speaker-equipped control room, he has to rely on earphones. Until 25c 
- now there have been none that satisfy high quality requirements of 
=  the best stations. See page 46 for article about this new developmen t. Per Copy 
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TYPE 57 TYPE 59 TYPE TB TYPE TJ 

Mica Transmitting Capacitors Types 50 to 59 
Hermetically sealed in ceramic tubings, as illustrated 

above, the type SO to 59 series is extremely adaptable 
and can be mounted in either a vertical or horizontal 
plane. Series, series-parallel or any other circuit 
combination can be readily obtained by bolting to-
gether the low resistance cast aluminum terminal 
end plates of these capacitors. Available in a complete 
capacity range at voltages up to and including 50,000 
volts. Capacitors in this group are used as neutral-
izers, padders in tank circuits and wherever low 
capacity condensers of high voltage characteristics are rating without injury to the capacrtor. Available at 
required. voltages from 600 to 25,000 volts D.C. 

Leading broadcast stations, government departments and transmitting- equipment manufacturers 
standardize on Cornell-Dubilier capacitors. C-D capacitors have established their dependability 
through years of consistent unfailing service. 
For more than twenty-seven years the world's largest exclusive manufacturer of capacitors. 

Catalog 127 gladly furnished on request. 

Mica - Paper - Dykanol - Wet and Dry Electrolytic Capacitors 
CORNELL-DUBILIER ELECTRIC CORP. • SOUTH PLAINFIELD, N. J. 

Dykanol TransmittingCapacitors Types TJ &TB 
Impregnated and filled with non-inflammable 

Dykanol, and hermetically sealed in welded steel con-
tainers, these capacitors will not be affected by climatic 
conditions. Glazed porcelain insulators of ample size 
assure a sufficient margin of safety to withstand the 
most exaggerated peak voltages. The extraordinarily 
high dielectric strength and dielectric constant of 
Dykanol has made possible not only the compact mm-
struction of these capacitors, but also has permitted 
their operation at voltages fully 10% above the unit'i, 



MARYS RIGHT-- I'M NOT 
GETTING ANYWHERE. I 
OUGHT TO TRY A NEW 
FIELD TO MAKE 
MORE MON  

I HAVEN'T HAD A RAISE 
IN YEARS - - GUESS I 
NEVER WILL - - I'M READY 

TO GIVE UP 

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

NATIONAL RADIO 
INSTITUTE SAYS THEY 
TRAIN MEN FOR RADIO 

RIGHT AT HOME 
IN SPARE TIME 

Fix/ out how practical it is to 
Train at Home for a 
)1Good RADIO Job 

tit 

Ill send a sample lesson FREE 
Du >ou •arit 

to make more 
money? I'm sure 
1 can train you 
at home in your 

J.E. SMITH, President spare time for a 
Nationalliatiloinstituto good Radio Job. 
Established 1914 1 will send you 
• :ample lesson absolutely FREE. Ex-
amMe it, read it, see how easy it is 
to understand even if you've never had 
any technical experience or training. 
Many Radio Experts Make 

$30, $50, $75 a Week 
Radio broadcasting stations employ en-

gineers, operators, station managers and 
pay up to $5,000 a year. Spare time 
Radio set servicing pays as much as $200 
to $500 a year. Full time Radio servic-
ing jobs pay as much as $30, $50. $75 a 
week. Many Radio Experts own and 
operate their own full time or part time 
Radio sales and service businesses. Radio 
manufacturers and jobbers employ testers, 
inspectors, foremen, engineers, servicemen 
paying up to $8,000 a year. Radio opera-
tors on ships get good pay, see the world 
besides. Automobile, police, aviation, com-
mercial Radio, loud speaker systems offer 
good opportunities now and for the future. 
Television promises many good jobs sours. 
Men I trained are holding good jobs in 
all these branches of Radio. 
Many Make $5, $10, $15 a Week 

Extra its Spare Time While 
Learning 

Almost every neighborhood needs a good 
spare time serviceman. The day you enroll 
I start sending you Extra Money Job 
Sheets. They show you how to do Radio 
repair jobs; how to cash in quickly. 
Throughout your training I send you 
plans and ideas that have made good 
spare time money-200 to $500 a year— 
for hundreds of fellows. I send you 

(1--3UCK UP, BILL, WHY NOT 
TRY AN INDUSTRY THAT'S 
GROWING --WHERE THERE'S 
MORE OPPORTUNITY 

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

SAY -- THIS WAY OF LEARNING IS GREAT. I'M 
GOING TO ENROLL. THEN I CAN BE A SET 
SERVICING EXPERT- - OR GET A JOB IN A 

BROADCASTING STATION --OR 
INSTALL LOUDSPEAKER 
SYSTEMS. THERE ARE A 

LOT OF GOOD MONEY-
MAKING OPPORTUNITIES 

IN RADIO 

bpui•ial Radio equipment si OW YOU ilias 
to conduct experiments, build circuits il-
lustsating important Radio principles. My 
training gives you practical Radio expe-
rience while learning. 

Get My Lesson and 64-Page 
Book FREE—Mail Coupon 
In addition to my Sample Lesson, I 

will send you my 64-Page Book, "Rich 
Rewards in Radio." Both are free to any 
follow over 16 years old. My book points 
œtt Radio's spare time and full time 
opportunities and those coming In Tele-
vision; tells about my Training in Radio 
and Television; shows my Money Back Agree-
ment; shows letters from nien I trained, 
telling what they are doing and earning. 
Find out what Radio offers YOU! MAIL 
TUE COUPON in an envelope, or paste 
it un a penny postcard —NOW ! 

J. E. SMITH, President 
National Radio Institute, Dept. 71 M4 

Washington, D. C. 

THANKS. I'VE BEEN STUDYING 

ONLY A FEW MONTHS AND 

I'M ALREADY MAKING 
MONEY IN 

MY SPARE , 
TIME. THAT'S I 
$10 EXTRA e, 

WEEK 

YOU SURELY KNOW 

RADIO. MINE 

NEVER SOUNDED 

BETTER 

....1 , ! 

11 

\ 

Oil BILL. TM SO GLAD 

YOU SENT FOR THAT 

FREE LESSON AND 

PROVED TO YOUR-

SELF THAT YOU 

COULD LEARN 

RADIO AT HOME 

• 

1, E. SMITH, President, Dept. 71M4 
National Radio Institute, Washington, D. C. 

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

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

NAME  

ADDRESS 

CITY  

AGF 

STATE 2FR. j  

RADIO W ORLD, September, 1932. Published monthly. Vol. XXX. No. 6. Whole No, 708 Address, 145 West 
45th Street, New York, N. Y. Subscription price, $2.50 per annum (foreign, $3.00). Single copy, 25c. Pub-
lished 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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FREE EQUIPMENT LIST 
Listed below are some of the things you can have free with 
your purchases of National Union radio tubes. If you don't see 
what you want, ask for it! 

Equipment You Can Have Tubes You Buy Per Week 

Carrying Case   2 
Clough-Brengle 0M-A Freq. Modulator  11 
Clough-Brengle 81-A Freq. Modulator  6 
Clough-Brengle Signal Generator.  6 
Clough-Brengle 85-A   5 
Clough-Brengle CRA Oscillograph  15 
Clover Remote Control Cable Kit  4 
Communication Inst. Audio Oscillator  3 
Electric Clock   4 
Hickok 0S-11 Oscillator  8 
Hickok No. 99 Tube Tester  8 
Hobart Cabinet (100 Drawer) .  5 
J.F.D. Remote-O-Cable Replacer  7 
Precision No. 600 Electronometer  7 
Ranger 640-740 Volt-Ohm-Milliammeter  4 
Ranger 557 Signal Generator  3 
Ranger 735 Volt-Ohm-Milliammeter   3 
Readrite No. 430 Tube Tester  3 
Royal Portable DeLuxe Typewriter  10 
Service Manual (any volume except 2 and 7)  3 
Simpson All-Wave Signal Generator  8 
Simpson Set Tester No. 225  5 
Simpson Set Tester No. 250  6 
Simpson Roto-Ranger Tester No. 220  9 
Simpson Roto-Ranger Milliammeter No. 201  5 
Simpson Roto-Ranger Milliammeter No. 202  5 
Shop Coat   2 
Supreme No. 525 Soldering Tool   2 
Supreme No. 450 Set Analyzer   6 
Supreme No. 510 Meter Kit   3 
Supreme No. 400 Tube Tester   7 
Supreme No. 590 Multi-Meter   8 
Supreme No. 580 Signal Generator   10 
Supreme No. 550 Radio Tester   10 
Supreme No. 500 Automatic   12 
Supreme No. 585 Diagnometer   17 
Supreme No. 585 Diagnomoscope   26 
Triplett 1503 Multipurpose Tester   8 
Triplett 1250 Vacuum Tube Voltmeter  6 
Triplett 1240 Condenser Tester   4 

1 Year 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
1 Year 
2 Years 
1 Year 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
1 Year 
2 Years 
2 Years 
1 Year 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
1 Year 
1 Year 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 
2 Years 

I want the items checked! How can I get them? RW-937 

I Name   

I Address   City   State ... 

CHECK! FILL IN ! MAIL TO NATIONAL UNION RADIO CORP. 
570 LEXINGTON AVE., NEW YORK CITY 
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DEVELOPED for 
HIGH FIDELITY 

AND ONLY 

FROM FACTORY 

TO 

YOU! 
A 30 WATT AMPLIFIER 
COMPLETELY ASSEMBLED BUT NOT WIRED 

USES the new 1221 Sylvania non-nncrophonic input pen-
tode which permits full gain of this powerful FOUR-

STAGE AMPLIFIER to be utilized. 

Push-pull 6L6 beam power output with two input channels 
and faders for any type of microphone, radio or phonograph 
pick-up. 

A RARE OPPORTUNITY FOR THE SERVICE MAN 

Just what you need for rentals. Delivers anything from a whisper to full auditorium 
volume and handles from one to four speakers, maintaining its perfect clarity at 
full volume. This powerful K-30 amplifier has an overall gain of 114 DB with 
a curve which is practically flat from above 10,000 cycles to well below 100, being 
only 21/2  DB down at 50 cycles. 

If your PA income is being limited by lack of power equipment here is your 
chance to get in the real money with some heavy duty installations which will 
make a reputation for you. 

K-30 HIGH FIDELITY AMPLIFIER; assembled complete less only $ / 45 wiring, chassis cover, and less tubes  
Wiring diagram and instructions supplied. 
Ventilated heavy gauge chassis cover, as illustrated  $3.25 
Complete set of matched Sylvania tubes—(1) 1221, (3) 6C5, (2) 6L6G, (1) 5Z3  $4.10 

EASTERN RADIO & TELEVISION COMPANY 
136 Liberty St., New York, N. Y.—Dept. RW-9 
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i "I'll show you how to get the jobs that 
other Radio men can't handle" 

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

It Actually Sets You Up In 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. 
Men taking my training right now are actually 
earning $10, $15, $20 a week and more in 
'pare time—while they learn. Men who have 
graduated are holding down loba paying $60 a 
week and up. 

Make More Money Quick 

My course is arranged so that you get prac-
tical lessons right at the start. Quickly, you are 
ready to begin servicing sets. Useful, simple 
job sheets show you every step to take. And you 
have the equipment to handle these Jobs 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 just about to enter Radio, now 
la the time to start taking this thorough. 
easily-learned course. Everything is clear. Every-
thing practical. You learn bonne,' methods, 
gain self -confidence. get the satisfaction that 
nothing but quick cash in the pocket can give 
you. 

Get the Facts 

Your future in Radio can be rich and ham 
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 facts. Act nowt Fill in and mall 
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. 

SPRAYBERRY'S 

MASTER SERVICE COURSE 

FOR SERVICEMEN ONLY 

A new 45 lesson Course on Radio Service work. 
Describes the actual how to do it way. Prac-
tical, modern and easy to understand. Every 
serviceman needs this Special Service Course 
Nothing like It in print. Represents years and 
years of experience at actual Radio Service 
work. 

SEND TODAY FOR CATALOG. FILL IN 

COUPON AT RIGHT—CATALOG DESCRIBES 

BOTH COURSES. 

Terms ste low as $3 per month. 

A. H. L A NO I 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 so little money" 

EDWIN A. GAMMON. Auburn, Maine. writes: 
"Your come is so thoroughly good and practical that 
it is hard to pick out one part that in better than 
any other. Due to the knowledge I have gotten from 
it I have been deluged with work for the last month, 
achieving good results with radios which had been 
unstkeessfully tackled by other service men. You 
deserve all the credit. and I 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 pries). I sta now alai« 
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 BOOK! 
My free book has started 
hundreds of men on the 
road to success in Radio 
and happiness in life. It's 
crammed with facts you 
can't afford to miss—filled 
with TRUE STORIES of 
men that I put into 
Radio. Get this book and 
read it. If others can 
succeed in Radio, so can 
you — it's all in getting 
started right. So get the 
right start TODAY—mail 
this coupon for YOUR 
copy of this great FREE 
BOOK! 

MAIL COUPON TO WASHINGTON TODAY 
SPRAYBERRY ACADEMY OF RADIO, 
F. L. Sprayberry, President, 
35-K University Place, NW., 
Washington, D. C. 

Please send me, without obligation. "More Money in Radio" and complete 
facia about "our new type of trdinInir. 

NAME  AGE  

ADDRESS   

CITY   STATE  
(posh:, II/is coupon on a penny postcard and mail TODAY,/ 
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The Importance of 

CONSTANT IMPEDANCE 
Controls in 
Public Address 
Circuits 

W HY use constant impedance controls? A 
good question, and one that most radio 

servicemen and many public address installers 
would find difficulty in answering. We shall 
endeavor to explain why constant impedance 
controls must be used if performance commen-
surate with the investment is to be realized 
from a public address installation. We shall 
also explain how to connect such controls in 
circuit. 
For purposes of explanation consider any 

source of power, an ordinary dry cell, for ex-
ample. All dry cells generate voltage, or elec-
tromotive force, and possess internal resistance. 
Now if no load is placed across a dry cell's 
terminals, a high resistance voltmeter will 
measure the electromotive force (e. m. f.) gen-
erated by the battery with negligible current 
drain. Now let a heavy-duty variable resist-
ance of low value be connected across the cell 

FIG. I 
E is a cell or 
battery across 
which is a low-
ohmage rheo-
stat, so that con-
siderable current 
flows. The am-
meter I reads 

the current. 

and be varied from maximum to minimum 
values while current values for each resistance 
setting are observed. Our circuit would look 
like Fig. 1. In this illustration I is the ammeter 
for reading current at various settings of R, 
the external variable resistance. The internal 
resistance of the cell is indicated by r. The bat-
tery e. m. f. is indicated by E. 

CURRENT AND POWER DETERMINED 
By Ohm's law, the current drawn from the 

battery will equal the no-load e. m. f. of the 
battery divided by the total resistance of the 
circuit. This can be expressed by the equation 

I = 
E 

R-Fr 

Knowing the e. m. f. and the internal resist-
ance of the cell, we can calculate or observe 

(I) 

By William H. Fritz 
Centralab 

the values of current that correspond with dif-
ferent settings of R, also the power dissipated 
in this load resistor. The general equation for 
power is 

p =   (2) 

For our particular case, the power dissipated 
in the load resistor can be written 

P= 
\2xR 

R-Fr 
(3) 

This is obtained by substituting for I from 
equation (1) in equation (2). The internal 
resistance of a typical dry cell is about .05 ohm 
and the no-load e. m. f. about 1.5 volts. We can 

"e( 

1? 

11 

-10 

9 

8 

7 

6 
.O1 .0? .03 .04 .05 .06 .07 .08 .09 
EXTERNAL L040 RES/S74//CE ONA1S 

""--..... 1. 

MAX. POWER 01/TPIT ( 

ORYCEll 
E __ 

.1 

FIG. 2 
Output power is compared to various settings of 
the rheostat in this curve. This illustrates the prin-
ciple that if maximum power is to be transferred, 
the resistance of the load must equal the internal 

resistance (.05 ohm) of the generator. 

substitute these values in equation (3). So do-
ing, gives us 

P — 
1.5 

+ .05 ) X  R 

(Continued on following page) 

(4) 
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(Continued from preceding page) 
Substituting values for R in equation (4), 

we get the following tabulation for values of 
output power, P, corresponding to different set-
tings of R. 

Ohms 
.01 
.02 
.03 
.04 
.05 
.06 
.07 
.08 
.09 
.10 

Watts 
6.25 
9.2 
10.7 
11.1 
11.25 
11.2 
11.0 
10.7 
10.4 
10 

MOST POWER WHEN R r 
These values, when plotted with power out-

FIG. 3 
Simplest form of typical 
sound installation. A 
microphone feeds a 
transformer primary. 
The secondary works 
into an amplifier. The 
speaker is connected 
to the amplifier through 
a matching transformer. 

100 -0_ 
Aitceoeionit-

put as a function of external load resistance, 
form the curve shown in Fig. 2. 
This curve illustrates a very important prin-

ciple, namely, if maximum power is to be 
transferred from a generating source into its 
load, the resistance of the load must equal the 
internal resistance of the generator. Now how 
does all this apply to public address circuits? 
We have been talking about direct current bat-
teries and load resistors. The currents flowing 
in microphones, transmission lines, amplifiers 
and speakers are alternating at voice and music 
frequencies. 

Fortunately the same principle applies, 
whether we are dealing with direct current and 
plain resistance, or alternating current and com-
plex impedances. The principle as stated for 
direct current would be altered somewhat when 

14 

FIG. 4 
Z is the impedance of the source of alternating 
voltage, and to this source is connected a load 
impedance, Z, of equal value. Dotted line in-
dicates the usual place for injecting an attenua-

tor at A. 

alternating current is considered. It would be 
something like this: If maximum power is to 
be transferred from an alternating current 
source to an external load, the numerical value 
of the load impedance must equal the numerical 
value of the internal impedance of the gener-
ator. Now that we have some idea of the im-
portance that impedance matching bears in pub-
lic address circuits, we can proceed with the 
application of the principle. 

Fig. 3 illustrates a typical sound installation 
of the simplest form. A carbon microphone with 
an internal impedance of 200 ohms is connected 
to the input of a conventional amplifier. The 
master gain control, usually connected as a 
grid potentiometer in the first or second ampli-
tier stage, controls the volume in a perfectly 
satisfactory manner. A 200 ohm to grid input 
transformer is used at the amplifier input, and 
a plate to 8 ohm output transformer is used 

SPEA I{ FR 
WITH e -a-
vo/cc (OIL 

8_12 
OUTPUT 

200n AmPziP/Fe 
INPUT 

between the last stage tube plates and an 8 ohm 
speaker voice coil. At every junction of the 
three components in Fig. 3, impedance match 
is maintained. Under these conditions maximum 
output will be realized for any input at the 
microphone. 

MORE COMPLEX EXAMPLES 
It all sound installations were as simple as 

the one illustrated in Fig. 3, there would be 
no need for constant impedance attenuators, 
for all attenuating is done by means of. the 
master gain control, which is a part of the 
amplifier proper. Most sound installations in-
clude two or more microphones or two or more 
speakers, in various combinations at input and 
output circuits. This is where constant impe-
dance controls come into play. Before show-

FIG. 5 
The same source and load are present as in Fig. 
4, but a constant-impedance control is inserted 
in the line. Volume now may be controlled from 
maximum to zero, yet the impedance in either 
direction through the control is constant and equal 

to Z ohms. 
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ing actual circuits with controls in place, we 
shall digress a little to illustrate how a con-
stant impedance control operates. 

Consider an alternating source of voltage 
of Z ohms internal impedance. This is con-
nected to a load impedance of the same value. 
Fig. 4 illustrates this circuit. If the source is 
a microphone and the load is the amplifier in-
put, it is frequently desirable to put an antenu-
ator in the circuit at the point indicated by the 
dotted line, A-A, to control the volume level. 
While volume is varied from zero to maximum, 

FIG. 6 
Middle Z is always 
in series with the 
line voltage, except 
for maximum and 
zero voltage set-
tings, hence impe-
dance is inconstant. 

the impedance looking in either arrow direction 
through the control must equal Z ohms for all 
settings. 

Fig. 5 shows the same source and load as 
Fig. 4 with a constant impedance control in-
serted in the line. With this set-up, volume 
can be controlled from zero to maximum level, 
while the impedance in either direction through 
the control is constant and equal to Z ohms. 
Ordinary potentiometer controls do not main-

tain constant impedance when they are rotated. 
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FIG. 7 
in this curve the volume control positions, in de-
grees, are plotted against the effective impedance 
of A and B, in ohms, showing that for Z-200 ohms, 
the variation is from 100 to 200 ohms, or 50 per 

cent. 

To illustrate this statement, we show a circuit 
in Fig. 6 with a potentiometer connected across 
the line as an attenuator. For all cases except 
zero and maximum volume positions, the upper 
part of the potentiometer resistance is in series 
with the line and the remainder or lower part 
shunts the load. If we assume that Z is 200 
ohms and we plot the combined impedance of 
the potentiometer and load resistance against 
rotation, we obtained a curve like the one 
shown in Fig. 7. The control does not main-
tain constant impedance because the sum of the 

series and shunt portions of the control must 
always equal the maximum resistance of the 
control. 

L PAD, PRO AND CON 
A control with separate resistance sections 

of the correct values for the series and shunt 

Schematic and 
pad. A is the 
This maintains 

FIG. 8 
pictorial representations of an L 
series leg and B the shunt leg. 
constant impedance looking out 
but not looking in. 

legs operated by a common shaft will maintain 
a constant load impedance on the source re-
gardless of the shaft position. Such a control 
is known as an L pad. 

Fig. 8 shows an L pad, both schematically 
and pictorially. A is the series leg and B the 
shunt leg. By using the correct values and 
properly tapering the resistance sections, an L 
pad will provide straight line attenuation and 
constant impedance looking through the control 
into the load. The L pad has one disadvantage, 
however. It does not maintain constant impe-
dance looking from the load side back into the 
source. 
The ideal constant impedance control is one 

that maintains constant impedance in both di-
rections and provides straight line attenuation 
when it is rotated. By straight line attenuation, 
we mean that it attenuates any signal passing 
through it in direct proportion to the percentage 
of knob rotation. At the most counter-clock-
wise position the attenuation is infinite, the 
output is zero, and the impedance in either 
direction through the control equals the nomi-
nal line impedance. At the most clockwise posi-
tion the attenuation is zero, the output is maxi-
mum, the previous impedance relations still 
hold, and there is no loss in the pad. In this 
position conditions are exactly the same as they 
would be if the control were entirely out of the 
circuit. 
There are three fundamental circuits that can 

be used to approximate closely the functions 
of an ideal constant impedance control. They 
are the T pad, the ir (pi) pad and the delta-T 
pad. Fig. 9 shows the three types, both sche-
matically and pictorially. Notice that both th? 
T and ir types of control require three separate 
variable resistors operated by the same shaft. 

(Continued on following page) 
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(Continued from preceding Page) 
The delta-T pad, only recently made available 
to the trade by Centralab, requires two tapered 
variable resistors and two fixed resistors of the 
same resistance value as the line impedance. 
With this arrangement, a constant impedance 

currents. The inherently higher noise level of 
wire-wound controls can be tolerated, because 
no amplification follows the control in output 
circuits. 

Fig. 10 illustrates in simple form a typical 
multiple-source amplifier. Our problem is to 

PAO 7 PAD DELTA T P,4,9 

FIG. 9 
The three types of pads, T, pi and delta-T, each shown both schematically and pictorially. 

control is available at little more than a good 
potentiometer costs. 

PRACTICAL APPLICATIONS 
The discussion thus far has been devoted to 

reasons for using constant impedance controls 
and how constant impedance controls are made. 
The next step is how to apply the principles 
previously discussed. There are two general 
classes of constant impedance controls: input 
circuit and output circuit types. Input circuit 
controls do not dissipate appreciable power. In 
many mixer panels the power level is below 
standard zero level of .006 watt, so power han-
dling capacity is not of prime importance. The 
chief requirement for input circuit controls is 
low rotational noise level. Carbon type units 
are well suited to this application. Output cir-
cuit controls, such as are used for individual 
control of speakers, have opposite requirements. 
Power handling ability takes precedence over 
noise level. For most output applications, con-
trols should be wire-wound to carry the heavy 

rn  
rn 

MA/A/ 
AMPL/F/FR 

FIG. 10 
Simple form of a typical multiple-source amplifier. 

mix the inputs from all four sources to any 
desired degree. Such systems are widely used 
to pick up various orchestra sections one at a 
time or simultaneously. 

Fig. 11 is a detailed sketch of connections 
from microphones through the mixing panel to 
the amplifier input for the same circuit. Assume 
that four 200 ohm velocity microphones are 
used and an amplifier with a 200 ohm input 
transformer is available. Fig. 11 shows a con-
venient method of mixing all four inputs and 
still maintaining the impedance relationship. 
The controls used in this illustration are 200 
ohm delta-T pads, but 200 ohm T pads can be 
substituted without changing the circuit. As 
long as the lines from microphone to mixing 
panel are short (25 feet or less), the circuit 
will perform as shown. 

EQUALIZING METHODS 
When long lines are used, either balanced 

200 to 200 ohm mixer transformers must be 
inserted in the four input lines ahead of the 
mixing controls, or H pads must be used in 
the mixing panel to preserve circuit balance. 
Long unbalanced lines will result in hum pickup. 
In the mixer panel shown the input from each 
of four channels can be independently con-
trolled. The fifth attenuator controls the level 
of the entire input. The ultimate in perform-
ance and flexibility is realized with a mixer of 
this type. 

It is possible to go on and on enumerating 
mixer panel combinations, but every case is 
different, so something that can be applied in 
all cases should be helpful. The circuit of Fig. 
11 is a common series-parallel arrangement with 
two parallel branches each made up of two 200 
ohm impedances in series. 
The resultant impedance of this combination 
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can be calculated by the series-parallel formula. 
In general this is 

1 
R =  

1 1 1 1 
—+—+—+. • • -I- — 
Z2 Z2 Z, 

Where Z1, Z2, Z3, etc., are individual parallel 
branch impedances and R is the resultant im-
pedance. For Fig. 11, Zs = Z2 = 2 X 200 ohms, 
since two 200 ohm lines are in series in each 
branch. The resultant impedance is 

1 1 
R = = = 200 ohms. 

1 1 

2 X 200 2 X 200 2 X 200 

This resultant impedance exactly matches the 
input to the amplifier. As much as 25% mis-
match is not perceptible to the ear, as far as 
the introduction of distortion into the system 
is concerned. 

In general, when we have n parallel branches 
each consisting of m equal units of Z impe-
dance, the resultant impedance, R can be found 
by this formula 

R = — X Z 

For example, the resultant impedance of three 
branches, each consisting of two 200 ohm im-
pedances in series is 

2 
R.= — X 200 = 133 ohms 

3 

The correct input impedance to match this 
network would be 133 ohms. The resultant 

FIG. I 
The microphone is assumed at 
upper right. The input is made 
to the primary of the microphone 
transformer, the secondary of 
which has 200 ohms impedance, 
center-tapped. A convenient 
method of mixing all four inputs 
and still- maintaining the impe-
dance relationship is illustrated. 
The controls are 200-ohm delta-T 
pads, but 200-ohm T pads may 
be used without changing the 

circuit. 

impedance of two branches each containing 
three 200 ohm impedances in series is 

3 
R = — X 200 = 300 ohms 

2 

These examples illustrate how the same total 
number of identical input lines can be juggled 
to match different input transformer primaries. 
When all input lines are in series, n= 1. 

Then 
R=mXZ 

This is familiar to everyone, for it illustrates 
how series impedances are added to give the 
total impedance. When there is only one line 
in each branch of a parallel system, m= 1. 
Then 

R = --
n 

These formulas are presented to show how 
impedances can be matched in mixer panels. To 
have them apply, it is only necessary to have 
equal input line impedances. The best method 
of attack is to start with the incoming line im-
pedances and using the above formulas, cut and 
try until the input impedance of the amplifier is 
matched, or nearly so. 

CONSTANT IMPEDANCE OUTPUT 
CONTROLS 

We have pointed out the need for constant 
impedance input controls. There is just as great 
need for constant impedance output controls. In 
most multiple speaker installations it is desirable 
to control the volume level of individual speak-
ers. To control the volume of any one speaker 
in a group operating from a single amplifier 

(Continued on following Page) 

14/X/N6 PANEL 

200-e2-AMPL/F/ER 
INPUT TRANSFORkfER 
CENTER ?TAPPED 
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(Continued from preceding page) 
without affecting the level of the other speakers, 
use constant impedance controls. Hotels, hos-
pitals, schools and factories are typical cases 
where this type of control is desirable. 

Fig. 12 shows pictorially how eight magnetic 
speakers, each with an impedance of 1,000 ohms, 
would be connected to match a 500 ohm ampli-
fier output transformer. The same formula for 
resultant impedance applies for speakers as well 
as input lines. For Fig. 12, n, the number of 
parallel branches, equals 4; m, the number of 

EACH SPEAKER: /000-n-

equal impedances in series in each branch 
equals 2; Z, the impedance of each speaker 
equals 1,000 ohms. Substituting in the resultant 
impedance formulas previously given, we get, 

2 
R=—X Z =—x 1,000 = 500 ohms 

4 

To work out different speaker combinations, 
take the available amplifier output impedances; 
use the resultant impedance formula and know-
ing the speaker impedances, cut and try until 
the resultant impedance of the speaker network 
equals, or nearly equals, the output impedance. 
Thus far we have not shown how to connect 

individual controls to speakers. In all cases, 
L pads will satisfactorily control speaker vol-
ume. Fig. 13 shows how to connect an L pad 
to control a single speaker, also how to install 

At right, the connection 
is shown for an L pad, 
made to a speaker. Such 
pads are entirely accept-
able for controlling speak-

ers. 

1.114/PI/F/ER 

OUTPUT 

a control for each speaker in Fig. 12. In all 
cases the speaker impedance governs the choice 
of L pad. Use a control designed to match the 
speaker voice coil or driving coil impedance. 
Usual ranges of speaker L pads are 1,000 to 
2,000 ohms for magnetic types and 5 to 50 ohms 
for electro-dynamic or permanent magnet-
dynamic speakers. 

A FIVE-POINT PLAN 
In laying out a required speaker system fol-

low this outline in designing the layout: 

FIG. 12 
Here we have eight speakers, composed 
of four pairs. Each pair consists of units 
in series. All four series combinations 
are in parallel with the amplifier. Each 
speaker has 1,000 ohms impedance, or 
the impedance looking into the amplifier 

is 500 ohms. 

1. Note the available amplifier output impe-
dances. 

2. Note the impedance value of the speakers 
to be used. 

3. Use the resultant impedance formula to 
cut and try for a series, series-parallel, or par-
allel speaker network that matches the amplifier 
output. 

4. Obtain output L pads to match speaker 
impedances, being sure that the power rating 
of the controls is adequate for the application. 

5. Proceed with the circuit and installation 
as shown in Figs. 12 and 13. 
The power rating note stressed in step 4 is 

of great importance, •especially with 40, 50 
or 60 watt amplifiers. If all speaker impedances 
in an installation are equal, the maximum power 
dissipated by each can be simply found by divid-
ing the total maximum output by the number of 

SINGLE" SPEAKER 

e i000-m SPEAKERs 
1000-el- !OW 12 "PAOS 

FIG. 13 

Below are shown the L-pad 
controls of the individual 
speakers shown in Fig. 12. 
The impedance of the pads 

are 1,000 ohms each. 
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RIGHT OR W RONG? 
Propositions 

Marconi, who died recently, reduced to practice the theories of Maxwell, proved that 
1 • radio waves shoot off into space instead of following the curvature of the earth, and 
o as therefore the inventor of radio. 

2 The reason why test oscillators are commonly provided with a single note for 30 per 
• cent. modulation is that 30 per cent. is the approximate average of the modulation per-

( entage of a complex audio wave at a station that is capable of even 100 per cent. modulation 

3. 

4. 

5. 

Sun spots always adversely affect radio reception, and always occur in cycles. 

The biggest developments in radio are still taking place in the standard broadcast band, 
while short-wave and ultra-wave improvements have practically ceased. 

Noise-reducing antenna systems work on the principle that they cancel out the noises 
that are picked up by them, and thus free reception of much interference. 

Answers 

1 Wrong. Marconi contributed much to the dramatization, polularization and utilization • of radio, but no one person invented it. Hertz, not Marconi, reduced the Maxwell 
formulas to practice. Marconi introduced still more practice and proved that the wave's 
penetration over long distance includes the curvative of the earth. 

2. 

3. 

Right. The percentage modulation capability is one thing, the momentary percentage 
modulation is another, and constantly changing, because of voice and music at the studio. 

Wrong. Sometimes no adverse effects are noticed. Not all the sun spots occur in 
cycles. The predominant ones do. 

_I Wrong. Developments are taking place in all frequency divisions of radio, and also in 
-r• audio realms, but the high or ultra-frequency developments may be the most important 
because opening up new channels for communication. 

Wrong. The principle on which noise-reducing antenna systems work is that the an-
tenna is placed free and clear of the noise fields, which are usually rather close to 

ground, and that a transmission line is used to conduct to the set the energy picked up by 
the antenna. A transmission line is a coupling system that does not pick up or radiate and 
that carries energy from source to destination almost without loss. 

speakers. For example, if 10 identical speakers 
are operated by a 60 watt amplifier, each L pad 
should be designed to dissipate at least 6 watts. 
Where speakers of unequal impedance are used 
in the same installation the power dissipated 
by each will have to be calculated. The choice 
of output control will depend upon the power 
dissipated by each individual speaker. Rhetori-
cal formulas that will be helpful in this phase 
of the work are: 

1. Speakers in series dissipate power in pro-
portion to their impedances. If two speakers 
are in series and one has twice the impedance 
of another, the one with the higher impedance 
will dissipate twice the power that is dissipated 
by the one with lower impedance 

2. Speakers in parallel dissipate power in 
inverse proportion to their impedances. If two 
speakers are in parallel and one has twice the 
impedance of another, the one with the higher 
impedance will dissipate one-half the power 
that is dissipated by the one with lower impe-
dance. 

It has been our aim to outline the definite 
need for constant impedance controls, describe 
how constant impedance controls are made, and 
show how they should be used. The methods 
described have been general in nature to have 
the widest application. Particular installations 
should be more readily laid out and installed 
with a thorough knowledge of the factors dis-
cussed. 
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TESTS 
of Insulating Materials 

By R. Burns 
Materials Engineering, Bell Telephone Laboratories, Inc. 

FIG. I 
Air conditioning tests can be made in desiccator jars. The humidity of the air is controlled by the 

solution in the base of the jar. 

'J' HE electrical and mechanical properties of I- insulating materials may vary greatly with 
changes of temperature and humidity, exposure 
to light or immersion in liquids. An increase of 
humidity usually degrades the electrical char-
acteristics while moderately high ambient tem-
peratures, which are ordinarily accompanied by 
a low relative humidity, frequently result in im-
provement. Mechanical strength is quite likely 
to be decreased by drying out and the dielectric 
constant of some insulating materials may be 
somewhat affected by high temperatures. 

In choosing suitable insulating materials all 
of these factors have to be taken into considera-
tion and attention must be given not only to the 
conditions under which tests are made but also 
to those to which the material has been sub-
jected for some time prior to the tests. Hence 

the need for conditioning to provide a common 
background for the material regardless of its 
history and thus assure reproducible results. 

Conditioning tests are not ordinarily severe 
enough or carried far enough to provide com-
plete equilibrium of the material, because this 
would be uneconomical, in many cases, in view 
of the time required. All that is necessary is 
to approach the condition of stability so nearly 
that variations in the results are small com-
pared with the requirement value. 

THE EXPOSURE TESTS 
Where exposure tests are made they are 

usually chosen to approximate as nearly as 
practicable the conditions likely to be encoun-
tered in actual nse, but the testing time can 
sometimes be shortened by using more severe 
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FIG. 2 
Insulating materials are exposed on a roof rack and measurements "before" and "after" compared. 

exposures than those expected in service. In 
determining the extent and type of the condi-
tioning exposure it is necessary to select tests 
which will not affect the inherent characteristics 
of the materials significantly. It is also de-
sirable that conditions be chosen which can be 
easily and economically controlled during such 
tests. 

Test specimens are generally dried by expos-
ing them to air over a desicator or to moderate-
ly high temperatures. The latter is preferred 
whenever practicable since it requires less time 

LIGHT AFFECTS HARD RUBBER 
Exposing materials to controlled humidity and 

temperature is far more difficult since large 
testing apparatus frequently necessitates condi-
tioning a room of substantial size, in which the 
temperature and the relative humidity can be 
closely maintained. For less extensive but 
more precise work, such as the measurement 
of critical electrical properties, the vapor pres-
sure method is widely used. This consists of 
exposing the specimens in a closed chamber 
which contains a dish of sulfuric acid or salt 
solution. The air above such a solution will be 
humidified a definite amount, depending on the 
kind of salt used or the concentration of the 
acid solution. In such a closed chamber the 

relative humidity will stay constant as long as 
the temperature does. 
Although drying and humidifying are highly 

significant for many materials, there are notable 
cases where other forms of conditioning are 
necessary. Hard rubber, for example, which 
is extensively used as an insulating material, is 
very sensitive to light. In studying its physical 
and electrical properties samples are exposed 
to the radiation from a quartz mercury-vapor 
lamp, or, if more time is allowed, to sun lamps 
or natural sunlight. One lamp shown used is 
of the mercury vapor type. The photo-chemi-
cal action is primarily due to ultra-violet light. 
Since this short wavelength radiation is not 
present in sunlight at the earth's surface, how-
ever, the results obtained with this kind of lamp 
have to be used with discretion. For exposure 
to direct sunlight, apparatus and materials are 
mounted on racks and exposed on the roof or 
some other outdoor place. Sometimes it is 
desirable to protect the racks by housings to 
keep out rain. 

It is frequently necessary to combine dry-
ing, humidifying and exposure to light in one 
conditioning cycle. In other cases the speci-
mens are exposed continuously to high humidity 
for long periods while in still others the 
humidity is varied daily. 
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FINALLY A TRANSCEIVER CALLED "BUGLESS" 

.5 

_rz. e ON/14 

33 

After many experiments M. N. Beitman, service authority, finally got all the "bugs" out of a portable 
transceiver, whereupon the diagram above resulted. The 3 volts for filament are from two No. 6 dry 
cells in series. The audio choke was the secondary of an AFT. Conventional coils for 5 or 10 meters 

are used. 

The sending on the set diagrammed above is done with switches at position S, the receiving at 
position R. It is usual to gang the switches, to make one control do, when three would be 
required. The on-off switch (lower right of center) is separate. 

SEPARATION AND SHIELDING ARE IMPERATIVE 

Measurement of attenuation at high frequencies is a serious problem, and some recent advances have 
been noted. A method was set forth in last month's issue. By this method the input and output sec-
tions of the measuring set (above) are in separate shielded compartments, with space for the appa-

ratus under test and the standard attenuator. 
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FROM NOTHING MUCH 
TO SOMETHING GOOD 
IN TELEVISION By Ralph R. Beal 

Research Supervisor, 
Radio Corporation of America 

THE ELECTRONIC SYSTEM TRACED FROM CRUDE 

START TO PRESENT HIGH-DEFINITION PICTURE 

Mechanical systems of television having been eclipsed by electronic methods, the following article 
lays a substantial basis of an understanding of television "with no moving parts." The author is in 
charge of the television transmitting and receiving experiments of RCA, performed in conjunction 
with the subsidiary NBC. The article is reprinted from the "Journal" of the Society of Motion 
Picture Engineers, to whose convention the author in person addressed his remarks in Hollywood. —EDITOR. 

TELEVISION and motion pictures have in 
common the objective of reproducing on 

a viewing screen images which, to the eye, ap-
pear to have uninterrupted motion. While some 
of the fundamentals through which this ob-
jective is attained in 
the two arts may be 
closely related, others 
are widely different 
Objectively and to 
some extent techni-
cally, the problem‘, 
parallel in the illu-
mination of the sub-
ject, in creating the 
illusion of motion, in 
realizing an acceptable 
standard of definition 
and in obtaining ap-
propriate brightness 
and size of reproduced 
image on the viewing 
screen. An outstand-
ing difference appears in the system by which 
the reflected light from a subject is transmitted 
to the viewing screen. 

In motion pictures, the reflected light from 
a subject is converted to a film record. Trans-

FIG. I 
The elements of 
an electronic sys-
tem suggested about 
1875 by Carey. The 
object is the cross-
field at left. A lens 
projects the image 
on a photo-cell bank. 
Each cell has its am-
plifier to actuate a 

separate lamp. 

RALPH R. BEAL 

IMAGE OF VIEW 
PALLS ON FRONT 
Of 1014:" TO C RLLS 

mission from the filin record to the viewing 
screen is effected through the agency of light. 
In television, transmission is effected through 
the agency of electricity. Reflected light from 
a subject is converted into electrical impulses. 
These may be transmitted by radio or by special 
cables from the point at which a subject is lo-
cated to a point far removed from that locality, 
and then reconverted into light images on the 
viewing screen. The reproduced image may 
originate from a subject or from a film record 
of a subject. 

The development of a television system by 
which images of high definition may be trans-
mitted electrically and reproduced on a viewing 
screen has required intensive research by RCA 
for more than ten years. This research has 
passed through many stages, beginning with 
early mechanical arrangements and advancing to 
the present all-electronic system which is now 
under field test in the New York City area. 
Some of the requirements of a high definition 

system may be indicated by a brief description 
of a system patterned after a suggestion made 
by Carey about 1875. The elements of this sys-
tem are illustrated in Fig. 1. A pickup area is 

(Continued on following page) 
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(Continued from preceding page) 
constructed of a bank of photoelectric cells and 
a viewing screen of a like number of incandes-
cent lamps. Each photocell in the bank is con-
nected by an electric circuit through an ampli-
fier to the correspondingly positioned lamp in 
the viewing screen. The light image to be 
transmitted is focussed on the bank of photo-
cells. Electric current then will flow through 
the circuits connecting those of the photocells 
which receive light to the corresponding lamps 
in the viewing screen. A reproduction of the 
subject will appear as an illuminated picture. 

A LIMITED SYSTEM 

In this system, the amount of detail which 
can be transmitted is limited by the physical 
dimensions of the individual photocells in the 
pickup area. Each photocell represents an ele-
ment of picture area and the details in any area 
of the picture smaller than the area of the 

photocell cannot be transmitted. An electrical 
circuit is required to transmit information con-
cerning the brightness of each element of pic-
ture area. As the amount of detail increases, 
the number of electrical circuits increases. Such 
a multiple circuit method is not practicable for 
transmitting images electrically over long dis-
tances. A single channel must be employed for 
this purpose. This requires methods which in-
volve dividing the light into elements, convert-
ing the illumination on each element into elec-
trical impulses, transmitting these impulses in 
orderly sequence and reconverting them into 
appropriately positioned light on the viewing 
screen. 

In the RCA high definition television sys-
tem, the first step in this process occurs in the 
"Iconoscope," which converts the light image 
into electrical impulses. The final step takes 
place in the "Kinescope," which transforms the 
electrical impulses into a light image on the 
viewing screen. 
The "Iconoscope" which is illustrated in Fig. 

2, consists of an electron gun and a photosensi-

tive mosaic in a highly evacuated glass enve-
lope. The electron gun produces a fine pencil 
or beam of electrons which is focused to a spot 
on the mosaic. This beam is moved horizon-
tally and vertically and so caused to scan the 
mosaic. The motion of the scanning beam is 
produced by appropriately applied electromag-
netic fields. 

CONSTITUTION OF MOSAIC 

The mosaic consists of a vast number of 
tiny electrically isolated photosensitized silver 
globules. These cover one side of a thin sheet 
of mica. The other side of the mica is covered 
with a conducting film, and this film is con-
nected to a single lead. The mosaic may be 
thought of as a very large number of minute 
photocells, each of these shunted by an elec-
trical condenser which couples it to the common 
signal lead. When the mosaic is illuminated, 
these condensers are charged positive with re-

FIG. 2 

The Iconoscope consists of 
an electron gun and a 
photo-sensitive mosaic in a 
highly-evacuated glass en-
velope. The electron beam 
is focussed to a spot 
moved horizontally and ver-
tically to scan the mosaic. 
Electro-magnetic fields im-
part the motion to the 

beam. 

spect to their equilibrium potential, due to the 
emission of photoelectrons. This positive charge 
is proportional to the quantity of light received. 
The electron beam as it scans the mosaic 

from left to right drives to equilibrium the ele-
ments over which it passes and thus releases 
the charges and induces current impulses in 
the signal lead. The train of current impulses 
thus generated constitutes the picture signal 
output of the "Iconoscope." These current im-
pulses will appear in orderly sequence as the 
electron beam scans the area of the mosaic, 
one horizontal line at a time from top to bottom. 
It is in this order that the current impulses 
are transmitted as television signals. Fig. 3 is 
a photograph of a representative "Iconoscope." 

In the "Iconoscope," the charging process in 
any specific element of the mosaic continues for 
a time equal to the picture repetition interval; 
that is until the beam, in the process of scan-
ning, returns to that element. The electrical 
charge stored in the condenser increases with 
this passage of time. The greater the electrical 
charge, the greater will be the current impulse 
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FIG. 3 

A representative 
Iconoscope. The ter-
minals are located 
at the base and also 
at heads on the 
glass envelope. The 
tilted mosaic on 
which the electron 
stream from cathode 
plays is in practice 
reflected on a mir-
ror on a console 

receiver. 

induced in the signal lead. This storage princi-
ple makes the "Iconoscope" a very effective 
pickup device for television. 

NOW AS SENSITIVE AS FILM 

The sensitivity of the "Iconoscope" is of great 
importance in picking up a wide variety of 
scenes, both indoors and out, under practical 
lighting conditions. This sensitivity, at the pres-
ent stage of development, is about the same as 
that of ordinary negative film. Research in 
progress is disclosing methods by which it may 
be possible greatly to increase the sensitivity. 
The color response of an "Iconoscope" de-

pends upon the activation schedule used in pro-
ducing the mosaic and upon the composition of 
the photosensitive material. The color response 
characteristic may be varied over a range com-
parable with that covered by photographic 
emulsions available for motion picture work. 
The color response characteristic of a repre-
sentative "Iconoscope" is shown in Fig. 4. 
The "Iconoscope" and its associated optical 

parts, correspond, in the RCA Television sys-

»0 

100 

o 

o 

tern, to the camera in motion pictures. This 
unit of equipment is called the "Iconoscope" 
camera. "Iconoscope" cameras having the same 
elements but differing in physical form are used 
for direct pickup of indoor and outdoor scenes 
and for the transmission of motion picture film 
material. 
A photograph of an "Iconoscope" camera for 

use in indoor studios is shown as Fig. 5. The 
camera may be moved about the studio during 
a performance; it is raised and lowered by a 
motion driven mechanism; the usual provisions 
are made for following the motion and action 
of the scene; it is silent in operation. The 
"Iconoscope" moasic is about 4" x 5" or about 
six times larger than one 35-mm. motion picture 
frame. Therefore the "Iconoscope" camera 
lenses are of greater focal depth than those 
employed in motion picture cameras. Present 
"Iconoscope" cameras are equipped with lenses 
of 6.5" or 18" focal length. Fig. 6 shows this 
camera with the housing raised. The picture 
signals and the necessary power supply currents 
are carried by a cable which connects the camera 

(Continued on following page) 

FIG. 4 

The 454 Iconoscope 
has an inverse char-
acteristic with fre-
quency—most sensi-
tive around 5,000 
angstroms, and least 

around 8,000. 
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to the system. A wide band pre-amplifier for 
amplifying the picture signal produced by the 
"Iconoscope" is included in the camera. 

MODULATION AS TO SOUND 
The picture signals generated by the "Icono-

scope" in the camera are amplified and deliv-
ered to the radio transmitter. These signals 
are caused to modulate the carrier wave of 
the transmitter in a manner analagous to that 
employed in sound broadcasting. The radio 
signal thus produced is picked up at the dis-
tant point by the receiving antenna and deliv-
ered to the television receiver. Here it is re-
stored to its original form as a train of im-

FIG. 5 
Indoor type Iconoscope camera. It may be moved 
about, raised and lowered, and follow the move-
ments of the character in the usual "pursuit" 

fashion. 

pulses. These impulses are fed through ampli-
fiers to the "Kinescope" which transforms them 
into a light image on the viewing screen. 
The "Kinescope" is an evacuated glass enve-

lope which contains, as the essential elements, 
an electron gun and a luminescent screen. The 
electron gun produces an electron beam similar 
to, but of greater current carrying capacity 
than, the gun in the "Iconoscope." Light is 
produced when the electron beam bombards the 
luminescent screen. The amount of light thus 
produced is proportional to the current in the 
beam. The electron beam is caused to scan the 

viewing screen by appropriately applied electro-
magnetic fields. 
The scanning beams in the "Iconoscope and 

the "Kinescope" are accurately synchronized. 
The team beams are on corresponding points of 
the mosaic of the "Iconoscope" and of the lu-
minescent screen of the "Kinescope," at any in-
stant. The brightness of a point on the lumin-
escent screen is proportional to the current in 
the bombarding beam. This current is pro-
duced by voltages related to the picture signals 
generated by the "Iconoscope." 

SYNCHRONIZATION OF BEAMS 
These picture signals represent, by electrical 

impulses, information concerning the brightness 
of each picture element. Since the electron beam 
in the "Iconoscope" and "Kinescope" are in 
exact synchronism, the brightness of any point 
on the "Kinescope" screen will be a function of 
the brightness of the corresponding point on 
the mosaic of the "Iconoscope." Thus the im-
age projected as the mosaic of the "Iconoscope" 
will be reproduced with exactness on the view-
ing screen of the "Kinescope." 
The electron beams in the "Iconoscope" and 

"Kinescope" are synchronized by transmitting 
synchronizing impulses at the end of each scan-
ning line and at the end of each picture or 
frame. A synchronizing amplifier in the re-
ceiver separates the synchronizing signals from 
the composite signal by amplitude selection, 
separates horizontal and vertical synchronizing 
signals from each other by frequency selection 
and delivers the impulses to the respective de-
flecting oscillators in proper amplitude and 
polarity for synchronization. The requirement 
of accurate synchronization between the scan-
ning beams at the transmitting and receiving 
ends of the circuit is one of the important fac-
tors necessitating a uniform standard for all 
television systems to be used in broadcasting 
services in this country. 
As in motion pictures, the degree of technical 

perfection of the reproduced image may be 
measured in part by the detail it contains. To 
produce a system which will transmit and re-
produce pictures of acceptable detail has pre-
sented one of the most severe problems in tele-
vision. The solution was found in the all-
electronic system. 

NUMBER OF ELEMENTS IMPORTANT 
The amount of detail which can be trans-

mitted by a television system depends upon the 
number of picture elements resulting from the 
scanning process. The number of picture ele-
ments depends upon the number of lines by 
which a complete picture is scanned. A picture 
element has a height equal to the distance be-
tween the centers of adjacent scanning lines, 
that is, the scanning line pitch, and a length of 
56% greater than its height, for equal horizon-
tal and vertical resolution in the picture. The 
number of picture elements, hence the amount 
of detail, increases with the number of scanning 
lines. In a system which employs the "Icono-
scope" and other electronic devices the number 
of scanning lines, hence the picture detail, may 
be greatly increased over that obtainable by 
earlier devices and methods. The "Iconoscope" 
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FIG. 6 

The Iconoscope camera with the housing raised. A cable carries power and 
picture signals to the instrument. 

mosaic does not limit the detail because many 
of the tiny photosensitive elements in the mosaic 
contribute to a single picture element. 
The detail which may be obtained by differ-

ent numbers of scanning lines is indicated at 
Fig. 7. These are synthetic representations de-

veloped in the course of the studies of the sub-
ject. Pictures of less than 60 lines were used 
in early experimental systems. The electronic 
system embodying the "Iconoscope" and other 
electronic devices produces pictures of satisfac-

(Continued on following page) 
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(Continued from preceding page) 
tory detail with 441 scanning lines. This amount 
of detail corresponds approximately to that ob-
tained with 16 mm. motion picture film. A pho-
tograph of an actual 441 line television picture 
is shown as Fig. 8. This is a photograph of 
an image on the viewing screen of the "Kine-
scope." The picture was transmitted by the 
RCA system now under test in the New York 
City area. 

NATURALNESS AND NO FLICKER 

In television, as in motion pictures, two con-
FIG. 7A siderations are involved in determining the rate 

The 60-line scanning of the early mechanical sys- at which the scanning operation must be re-
terns yielded a result like this. The subject is a peated. The rate of repetition must be great 

Mickey Mouse cartoon, enough to give the appearance of reasonably 
continuous and natural motion in the repro-
duced scene and it must be great enough to 
minimize unsteadiness or flicker in the repro-
duced picture. Continuity of motion is main-
tained with a repetition rate of 16 pictures or 
frames per second. At least 48 frames per sec-
ond are required, however, to minimize flicker 
unless some artifice is employed. Motion pic-
tures are projected at the rate of 24 frames 

FIG. 7B 
Doubling the scanning lines improves detail and 

definition. This is an electronic result. 

FIG. 7C 
At 180 lines the separate lines begin to be in-
visible a+ reasonable distance from the screen. 

FIG. 7D 
At 240 lines the picture begins to produce results 

freed from some earlier objections. 

FIG. 7E 

A photographic enlargement of the cartoon, where 
foreground definition alone is retained. 

per second and the artifice to reduce flicker 
takes the form of an extra blade on the shutter 
which interrupts the light while the film is being 
pulled down from one frame to the next. Thus, 
as far as flicker is concerned, the projection is, 
in effect, at the rate of 48 frames per second. 
Such an artifice is not applicable in television. 

Some other method must be devised. Interlaced 
scanning is employed in the RCA system. This 
provides satisfactory freedom from flicker. In 
interlaced scanning, instead of scanning the pic-
ture in adjacent lines from top to bottom, alter-
nate lines covering the entire area of the picture 
are first scanned and then the beam returns and 
scans the omitted lines. The entire picture is 
scanned 30 times per second, but the picture 
area is covered in alternate lines 60 times per 
second. 
Another requirement for consideration in tele-

vision is the relation which should exist between 
the frequency of the power supply to the trans-
mitter and receiver and the repetition rate. It 
is desirable that the repetition rate be an integral 
divisor of the power line frequency. This h 
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FIG. 8 

Naturalness and no flicker are 
the results of 441 lines and in-
terlaced scanning. The camera 
faced the mirror of the ex-
perimental receiver when this 
photograph was taken of the 
televised image of Betty Good-

win, television announcer. 

necessary to minimize certain synchronous in-
terference effects which otherwise might be 
detrimental to the picture. The television trans-
mitter and receivers of the RCA field test sys-
tem operate from a 60 cycle power supply. 
Hence a repetition rate of 30 frames per second 
fulfills the requirements. 

WIDE BAND NEEDED 

It should be noted that although the scanning 
beams of the "Iconoscope" and the "Kinescope" 
must be in exact synchronism, it is not neces-
sary for the frequencies of the power supplies to 

the transmitter and the receiver to be synchron-
ous, that is, interconnected, provided they have 
the same nominal frequency and both systems 
are regulated in frequency accurately enough 
for the operation of electric clocks. 
The transmission electrically of high defini-

tion images over a single channel requires very 
wide frequency band apparatus and circuits. 
This is occasioned by the rate at which informa-
tion must be transmitted concerning the bright-
ness of a very large number of picture elements. 
A 441 line picture with an aspect ratio of 4 to 
3, as transmitted by the RCA system, will con-

(Continued on following page) 

FIG. 9 

The equipment in the 
Radio City televis-
ion studio as used 
for program work. 
The Iconoscope cam-
eras, of which two 
are plainly visible 
in center, pick up 
scenes in sequence, 
by being suitably 
switched in as de-
sired. At left an 
operator is guiding 
a standard veloc-
ity microphone sus-
pended from the 
end of the boom. 
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tain 165;357 picture elements, for equal resolu-
tion horizontally and vetically. This is derived 
from the product of the square of the number 

FIG. II 
The film projector equipment. 

of scanning lines and the aspect ratio, divided 
by 1.56, the dimension of the picture element 
in terms of scanning line pitch. 

When 30 pictures per second are scanned, in-

FIG. 10 

The control room. This adjoins the 
studio and occupies an elevated Po. 
sition. From this room the different 
cameras are switched in, in fact all 
sound and sight monitoring is per-

formed here. 

formation must be transmitted concerning the 
brightness of 30 x 165,957 or 4,978,710 picture 
elements each second. One cycle of the picture 
signal provides such information for two pic-

ture elements; hence the total frequency band 
required for transmitting a picture as above 
described is about 2,500,000 cycles. This is the 
width of the frequency band which must be 
amplified and carried by the apparatus and cir-
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cuits in the system. It is the frequency band 
by which the carrier wave of the radio trans-
mitter must be modulated. The total radio 
transmitting channel width will be 5,000,000 
cycles when the carrier is modulated by the pic-
ture signal. This is equal to the combined 
widths of 500 sound broadcasting channels of 
10,000 cycles each. 

WHEN THE ULTRAS ARE USED 
Channels of such great width are not availa-

ble in the frequency spectrum now • used for 
radio services. For this and other reasons re-
lated to technical requirements, the ultra high 
frequencies or ultra short waves are used, for 
television. Frequencies above 30 megacycles 
(wavelengths of less than 10 meters) are em-

FIG. 12 
The film projection room has its own separate control room. 

ployed. Ultra short waves have quasi-optical 
properties in propagation. The range over which 
satisfactory high definition television pictures 
may be reliably transmitted by ultra short waves 
is limited practically to the distance of the hori-
zon from the height at which the transmitting 
antenna is placed. Under some abnormal con-
ditions, pictures may be received over greater 
distances for periods of very short duration, 
but primarily television stations will serve local 
areas. The signals from the stations in these 
local areas will be stable and will have about 
the same intensity during the day and night 
hours, and during the seasons of the year. 

Television networks for the simultaneous dis-
tribution of programs originating at one point 
will consist of interconnected local stations. The 
circuits which interconnect these stations must 
be capable of transmitting the very wide fre-
quency band required for high definition tele-
vision. Existing circuits, either wire or radio, 
cannot fulfill this requirement. Now facilities 
must be provided and while wide frequency band 
circuits either cable or radio, are feasible tech-

nically, to provide them for extensive, nation-
wide networks becomes an economic problem 
of magnitude. 

NEW METHODS FOUND 
The development of a high definition tele-

vision system has required technical advancés 
over a broad front. Fundamental research in 
the field of electronics was very important. 
Extensive research in an unexplored portion of 
the radio frequency spectrum was required to 
determine the laws of propagation of ultra short 
waves and to produce methods and devices by 
which they may be applied. Entirely new 
methods and apparatus had to be produced for 
picking up images, and converting them into 
electrical impulses for transmission. Ne 

methods and devices were required for amplify-
ing, transmitting and receiving the very wide 
frequency bands on ultra short waves. The 
fundamental character of the work and its ex-
tensiveness constitute practically the develop-
ment of a new art. 
The technical advances made through a step-

by-step program of research in the laboratory 
and practical tests in the field, have been incor-
porated in the television system RCA now has 
under experimental test in the New York City 
area. The equipment provided for this field 
test is installed under conditions which closely 
correspond with the requirements of a tele-
vision broadcasting service. The field tests are 
comprehensive in scope. They embrace studies 
of the functioning of the equipment under field 
conditions, the collecting of engineering in-
formation and data related to signal and noise 
levels within the service area; experiments to 
develop program technique and observations on 
receivers in the field by technical personnel. 
This system is now using standards of which 

(Continued on following page) 
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the essentials are 441 lines per frame, a frame 
frequency of 30 per second, a field frequency of 
60 per second (interlaced), negative polarity 
of transmission and a video-audio (picture-
sound) carrier frequency spacing of 3.25 mc. 
The picture signals are transmitted on a fre-
quency of 49.5 mc. and the sound at a fre-
quency of 52.75 mc. 
The studios in which artists perform and 

from which motion picture film is transmitted 
are located in the RCA Building, Radio City. 
The radio transmitting equipment is installed 
in the Empire State Building and the transmit-
ting antenna on top of the building. The pic-
ture signals from the Radio City studios are 
sent to the radio transmitter in the Empire 
State Building either by coaxial cable or by 
ultra short wave radio relay. The accompany-
ing high fidelity sound is carried over special 
cable circuits. 

TELEVISION STUDIO 
The terminal equipment at Radio City in-

cludes three "Iconoscope' cameras for direct 
pickup in the artists' studio and two motion 
picture film projectors of special design, each 
with its "Iconoscope" camera. This equipment 
includes the video or picture signal amplifiers 
and the deflecting and control apparatus for 
each "Iconoscope" camera, the "Kinescope" 
monitors, the synchronizing generators, the line 
amplifiers and other associated apparatus. 
The equipment in the Radio City television 

studio is shown in Fig. 9, as it is used for a 
program transmission. In the scene shown in 

the photograph, the "Iconoscope" cameras are 
employed to pick up scenes to be transmitted 
in sequence by switching from one camera to 
the other. The switching operation takes place 
in the studio control room, which is located in 
an elevated position at one end of the studio. 
The sound which accompanies the picture is 
picked up by a standard velocity microphone 
equipped with a windshield and attached to a 
boom. 

FIG. 13 
The synchronizing supply is pic-
tured. The video line amplifiers feed 
the signal to the Empire State 

Building. 

The studio is about 30' x 50' with a ceiling 
height of about 18 ft. It is an NBC studio 
formerly used for sound broadcasting. The 
studio is equipped with incandescent lamps of 
various types, having a total power consumption 
of more than 50 kw. The lighting equipment 
is flexible to enable comprehensive studies of a 
variety of effects in experimental programs. 
Rifles, floods and focussing spots with ratings 
between 2 and 5 kw. each are most numerous, 
although there are several large units of special 
design. Key lighting and back lighting units 
are suspended from fhe ceiling; modeling lights 
are operated on the studio floor. The present 
sensitivity of the "Iconoscope" requires an in-
cident light intensity on a set of about 1,000 
to 2,000 ft. candles. 

STUDIO CONTROL ROOM 
Adjoining the studio and at such an eleva-

tion that the operating engineers have a clear 
view of the studio scene, is the studio control 
room. This control room is shown in Fig. 10. 
The sound and video signals from the studio 
are monitored in this room. The scenes are 
picked up by the "Iconoscope" camera and re-
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produced on the two monitoring "Kinescopes" 
shown at the left of the photograph. One 
monitor shows the scene being transmitted and 
the other the scene picked up by the second 
"Iconoscope" camera preparatory to transmis-
sion. The operating position in the foreground 
of the photograph controls the sound from the 
studio. The video controls are at the opposite 
end of the control board. The racks of equip-
ment behind the engineers include the video 
amplifiers and the synchronizing and control 
equipment associated with each "Iconoscope" 
camera. 

FILM STUDIO 
Motion picture film material originates in a 

film studio in another part of the National 
Broadcasting Company plant. This studio con-
sists of two rooms, in one of which are in-
stalled two special 35 mm. motion picture pro-
jectors and other supplementary equipment, and 
in the other, two "Iconoscope" cameras with 
video and monitoring and control apparatus. 
The projectors are so designed that standard 
24 frame motion picture film is used to produce 
television pictures at 30 frames per second. In 
these projectors a changing rate of intermittent 
drive is used for the picture portion of the 
film and a constant 24 frame rate of feed for 
the sound portion. Pictures from the projectors 
are focussed on the mosaics of the "Iconoscopes" 
cameras located in the same control room be-
yond the partition separating the two rooms. 
The film projector equipment is shown in Fig. 
11. 

FILM STUDIO CONTROL ROOM 
A control room is associated with the film 

projection room. A view of this room is shown 
in Fig. 12. The equipment in the film studio con-
trol room includes two "Iconoscope" cameras 
with their video voltage amplifiers and associated 

FIG. 14 
The inter-building ultra short wave 

radio relay transmitter. 

synchronizing and control equipment and audio 
equipment for the control of sound from the 
film. The two "Iconoscope" cameras are so 
mounted that they may be shifted from side to 
side for use with either of the film projectors 
in the adjacent room. 

SYNCHRONIZING 
The panels containing the electronic synchron-

izing generator equipment, and the video line 
amplifiers which feed the viedo signal to the 
Empire State Building are shown in Fig. 13. 
This equipment is installed in the main equip-
ment room of the National Broadcasting Com-
pany plant. 

INTER-BUILDING TRANSMISSION 
The inter-building ultra short wave radio 

relay transmitter (Fig. 14) is installed on the 
10th floor of the RCA Building. It operates 
on a frequency of 177 megacycles and has a 
channel width adequate to carry the full video 
frequency band. Equipment is provided for 
monitoring the signal at this point. The trans-
mission distance between the two buildings is 
approximately .9 mile. The signal obtained at 
the Empire State Building is free from noise, 
and pictures transferred by radio relay are as 
satisfactory as those for which the coaxial cable 
is used. 

EMPIRE STATE BUILDING 
CONTROL PANEL 

The coaxial cable and radio relay channels, 
and the channel for the sound accompanying the 
picture from the studios in Radio City terminate 
at the Empire State Building control board. 
(Fig. 15). From left to right the control board 
consists of the sound channel panel, a video 
monitoring panel, the radio relay receiver panel 
and battery and switching panels. The video 

(Continued on following Page) 
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monitor may be switched either to the radio 
relay or the coaxial cable channel. 

TRANSMITTERS 

The video and audio transmitters installed in 
the Empire State Building are shown in Fig. 

FIG. 15 
The coaxial cable and relay channels. 

16. The video and audio transmitters are en-
tirely separate and are specially designed for 
high power operation on ultra high frequencies. 
The modulator of the video transmitter is 
capable of handling the wide side bands re-
quired for the video frequencies. Both trans-
mitters are coupled to a common transmission 
line which is connected to the single antenna 
on top of the building. 

ANTENNA 

This antenna produces a horizontally polar-
ized field with a pattern essentially circular 
in the horizontal plane. The antenna has a 
power gain in the horizontal plane of about 
2.1 or 3.2 db. as measured with reference to 
a vertical dipole. The Empire State Building 
having a height in the order of 1,250 feet pro-
vides a location from which a maximum trans-
mitting range may be obtained. The distance 
from the antenna to the horizon is approxi-
mately 43 miles. Fig. 17 shows a view of 
the Empire State Building transmitting an-
tenna. 

EXPERIMENTAL FIELD TEST RECEIVERS 
The experimental field test receivers resemble 

in appearance a console broadcast receiver. Fig. 
18 is a photograph of the type of receiver now 
in use. This receiver is of the superheterodyne 

type and has a tuning range of 40 to 84 mega-
cycles. It receives the picture and the accom-
panying sound. The "Kinescope" is mounted 
vertically and the television image is viewed 
in the mirror mounted inside the cover of the 
cabinet. Tuning is accomplished by a single 
knob controlling the radio frequency circuit and 

the single oscillator which heterodynes both 
carriers to produce two intermediate f requen-
cies. 
Of the seven knobs on the front of the re-

ceiver the center knob tunes the picture and 
the accompanying sound. The three knobs on 
the right, from top to bottom, are the sound 
volume control, the treble tone control and the 
bass tone control. The three knobs on the left, 
from top to bottom, are the picture contrast 
control, the detail control and the background 
brightness control. These receivers operate on 
the ordinary 110 volt, 60 cycle power supply 
and draw about 350 watts of power. 
These receivers have been used to produce 

two sizes of pictures. For the first few months 
of the tests, the picture size was 51/2 " x 
At the present time most of the receivers have 
"Kinescopes" which produce pictures 7rA" x 
10" in size. Fig. 18 shows a 9" Kinescope 
which produces a 51/2 " x 71/2 " picture. A 
"Kinescope" about 121/2 " in diameter is required 
to produce a 71/2 " x 10" picture. The shape of 
the picture, defined by the aspect radio 4 to 3, 
is the same as that used in motion picture prac-
tice. 

COLOR AND BRIGHTNESS 
The brightness of the reproduced picture is 

such that it can be viewed in a moderately 
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lighted room. The color of the "Kinescope" 
screen depends upon the composition of the 
fluorescent materials. Many screen colors have 
been produced. At the present time a slightly 
greenish yellow screen and a more nearly white 
screen are being used. The present yellow 
screen used for the 7" x 10" picture has a 
brightness in the high lights of about 4 foot 
lamberts. This may be compared with the 

FIG. 16 
The video and audio transmitters in the Empire State Building. 

tentatively proposed standards of 7 to 14 foot 
lamberts for the brightness of motion picture 
theatre screens. 
The optimum viewing distance for a 441 line 

picture of the 7" x 10" size is in the order 
of three to four feet. At this distance the line 
structure is not resolved by the eye. The screen 
angle or the angle subtended by the picture 
at the eye is about 20 degrees. At a viewing 
distance of 12 feet, the screen angle is about 
5 degrees, which in general, is in the order 
of magnitude of the minimum acceptable screen 
angle in motion pictures. The size and bright-
ness of the 7" x 10" picture of 441 lines 
appears to reasonably satisfy the requirements 
for pictures to be viewed in the home by the 
average family group. 

PROGRAM MATERIAL 
In connection with television program tech-

nique, it is too early to accurately predict the 
technique which ultimately will develop in tele-
vision programming. It is clear to those who 
are closely associated in the development of a 
system that, although some parts of the pro-
gram technique may parallel the technique of 
the stage, motion pictures and sound broad-
casting, it will be distinctive from any of these. 
In effect, a new art form must be created. 

In general, television program material may 
fall under three principal classifications. These 
are direct pickups from indoor studios and 

other points, outdoor pickups and motion pic-
ture film. Spontaneity eventually may be an 
important element in television programming. 
The televising of outdoor events as they occur 
is entirely feasible under the light conditions 
which prevail during fair weather. Studio pro-
gram and motion picture film probably will 
find liberal use in television programming but 
here again the requirements peculiar to tele-

vision will affect the nature and composition 
of the material. 
The field tests in the New York City area 

are contributing to further technical advances. 
Pictures of 441 scanning lines have been trans-
mitted and satisfactorily received within a serv-
ice area having a radius of 30 miles or more 
from the Empire State Building. Good pictures 
are regularly received at one observing point 
in a suburban home over a distance of 45 miles. 

MUCH WORK AHEAD 
Much remains to be done. When it will be 

completed cannot be accurately predicted. The 
engineering information and data collected and 
the experience gained from operating the sys-
tem under field conditions are pointing the way 
toward the realization ultimately of a high 
definition television broadcasting service. 
This new service, just as have many new 

services in the past, will supplement and not 
supplant existing services or agencies which 
represent older arts. The telephone did not 
supplant the telegraph; it supplemented it. 
Sound broadcasting did not supplant the thea-
tre and motion picture. On the contrary, it 
increased public interest and appeal in them 
and thereby contributed to their advancement 
and financial profit. And so it will be with 
television. When it is successfully accom-
plished, we will have added another service to 

(Continued on- following Page) 
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the continually growing list. There will be 
some things which television can do that previ-
ous arts cannot do; a few things which it can 
do better than they; but there will be many 
things which they can continue to do which 
television cannot do. We may therefore wel-

FIG. 17 
Tower of the Empire State Building, with the 

television antenna system at top. 

come the advent of a great new public service, 
which will come not to displace but to aug-
ment our agencies of entertainment and in-
formation, thereby making the world a more 
interesting place in which to live. 

FIG. 18 
Experimental television receiver. 
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Port-au-Prince, Haiti 

* * 

I am a serviceman and greatly appreciate 
your splendid magazine. 

ESTEVAO TAMA S, 
Travessa Cassiano. 19, Rio de 

Janeiro, Brazil, So. Amer. 

* * * 

I think you have a very fine magazine. I 
get it every month. 

GEORGE RENN, 
819 Lanvale Street, 
Hagerstown, Md. 

* * * 

Congratulations for your interesting paper. 
H. Graoz, 

4, Rue de Ridder, 
Paris (14.), France. 
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SOLUTIONS OF AUDIO BEAT 
FREQUENCY PROBLEMS 

Safeguarding Low 
Frequencies Practi-
cally to Zero 

Avoidance of Dead 
Spots 

Insuring Adequate 
Facts on Output in 
Cycles and Volts 

er`HE type of audio oscillator that gives the 
most nearly uniform output voltage over 

a continuously variable range, that may readi-
ly have excellent frequency stability, and thus 
meets important requirements, is the beat fre-
quency oscillator. 
This sort of oscillator is familiar to all who 

have any experience in radio. In discussing the 
measurement instrument we respectfully refer 
to the sounds as frequencies, but when the same 
general condition obtains in a receiver, and the 
sounds constitute interference, we refer to them 
contemptuously as squeals. If one operates a 
regenerative receiver so that the detector tube 
nearly "spills over" in tuning in a station, we 
may hear no program, but a sustained audio 
note, alterable by turning the tuning condenser 
knob just a trifle. In certain forms of radio 
reception, relating to messages, where the car-
rier is taken off and put back on the air at 
intervals representing the dots and dashes of 
code, the receiver has an auxiliary oscillator 
working at a frequency only a little different 
from some other radio frequency in the set. 
Thus when the carrier is "on," a note equal to 
the difference is heard. This form of transmis-
sion and reception is known as continuous wave 
(c. w.) and the carrier, itself unmodulated, is 
given all the attributes of code modulation by 

By H. J. Bernard 

A battery-operated beat frequency oscillator, Fe represents the r-f oscillator that may be tuned 
to different frequencies, and Ff the r-f oscillator that has a fixed frequency. With no more than 
stray coupling, the audio frequencies, Fa, can be heard in the 'phones, though weakly, while 
with intentionally introduced coupling between the r-f oscillators the note is much louder, but 

the lowest frequencies disa ppear. 

If the coils used for the diagram of the battery-operated beat frequency oscillator are 
of the intermediate frequency type, primary and secondary tuned, the condensers may be 
left across these coils, and the capacities built up to .00035 mfd. The audio frequency span 
would be around 20,000 cycles. 
The A and B supply common to both tubes, the capacity of wiring and other effects, intro-

duce coupling even without any special coupling unit. 
The fixed-frequency oscillator, at right, is used as the detector, also. All leak-condenser 

oscillator circuits detect well. No zero adjustment method is shown, but one may be intro-
duced, as explained in the text, either visual or aural. 

the on-and-off operation. In this way great dis-
tance may be economically covered. 

FIT FOR BIG BOOK 
So it is not something unfamiliar that we 

are dealing with, but the same condition where-
by one frequency is fixed, at least temporarily 
so, and the other is adjustable continuously, 
but both maintained fixed at any moment of 
observation. 
The two radio frequencies are nearly alike 

and combined in a detector tube, the output of 
which is the audio note equal to the difference 
between them. So if the two radio frequencies 
are fa for the higher and fi for the lower, the 
tone frequency f. equals f, minus f. Surely 
there could not be any theory easier and simpler 
than that. It is the same as two plus two, ex-
cept that it is a case of four minus two. There 
are some other exceptions. Hardly could a 
ponderous volume be written about four minus 
two, but one could written about beat fre-
quency oscillators. 

We hear a great deal about adding machines. 
Perhaps it is not well known that there are also 
subtracting machines. Of course the beat fre-
quency oscillator is a subtracting machine. One 
frequency is taken from another, leaving a dif-
ference. But the mechanical machine will give 
you only one answer, for all it does when set 
for subtraction is to subtract, and you can rely 
on the accuracy of the answer. The electrical 
device that operates on the difference principle 
can and does contribute spurious answers along 
with genuine ones, and defy you to distinguish 
between them. Also the electrical device may 
have dead spots. That is a case of "no answer." 

A STANDARD SETTING REQUIRED 
It would be very exasperating to construct an 

elaborate beat frequency oscillator, only to find 
thaf at two places on the dial, each covered by 
relatively large displacement, nothing is heard 
save the residual hum of a too inexpensively 
filtered rectifier. Moreover, squeals superposed 
on the intended squeals are present, or spurious 

Substantially Same 
Voltage Output at 
All Frequencies 

High Capacities In-
sure High Stability 

Strictly Sine-Wave 
Output Obtained 

ones actually almost drown out the genuine, 
just as the parasite may take over the host in 
entirety. Many troubles can be experienced. It 
is far more serious a stroke of engineering than 
four minus two would indicate. 
However, if the dead spots are eliminated. 

and if the oscillators are stable, some method 
must be used for setting the device to a pre-
determined frequency. Since the whole operation 
depends on differences, and differences are 

(Continued on following page) 

Zero Adjustment 
For the battery type audio oscillator 

amplification would be required, and ad-
justment for zero difference made with 
a ray indicator tube, biased three volts 
negative and coupled by a resistor-con-
denser to a-f output. 
For the ac-dc type, only on a.c., but of 

any frequency, is the finite adjustment 
made. Zero adjustment would require a 
meter or a ray-indicator tube. 
The a-c model follows the ac-dc model, 

but is good for only 50-60 cycle line fre-
quency, not, as the universal is, for all 
line frequencies. 
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Ac-dc or o-cal ed universe model of a beat frequency oscillator, covering 0-10,000 cycles. 
Enough output s provided so that the note is heard loudly in the 'phones, even though the 
coupling between the r-f oscillators is so loose that a frequency difference of one-tenth of a 

cycle could be established without locking. 

In this audio oscillator the output voltage is raised to two volts by amplification. All the 
tubes are of the 6A7 type because they happened to be around when the experimenting was 
done. 

Because resistance-coupled audio-frequency amplification is used, and the r-f oscillators 
themselves draw little plate current, the total B current drain is small. That makes hum 
filtration easier, so that the .01 meg. resistor replaces a choke, but resistance-capacity filters 
are needed additionally, and these are shown as B plus returns interrupted by another re-
sistor, with the capacity from resistors' joint to B minus. 

The two coils L are equal, of 40 microhenries inductance, and tapped near the line end, 
for cathode connection. The upper r-f oscillator is the variable one, across which is a .0024 
mfd. fixed condenser, plus a trimmer of the air-dielectric type, large enough to bring the 
total real capacity, including everything, up to .0025 mfd. (2,500 mmfd.), hence the differ-
ence between the two stated values is .0001 mfd. or 100 mmfd. The required capacity is 
assumed established correctly. 
The next step is to adjust the fixed-frequency r-f oscillator, so that there is either no 

practical difference in frequency between the two r-f oscillators, meaning zero beat, or that 
there is a means of adjustment to some other standard. Though the diagram does not re-
veal it, such a system prevails. The line hum can be heard a little if the attenuator is at 
a very low resistance setting, and at the same time the generator output is reduced almost 
to zero. Therefore the attenuator is turned until the two notes of equal amplitude, though 
somewhat unequal frequency, are heard together, and the adjuster, a 100 mmfd. air trim-
mer, is turned until the two frequencies are audibly the same. With a little practice it is 
easy to have the two come in very close agreement. 

(Continued from preceding page) 
dangerous to accuracy, one point, accurately 
calibrated for a particular frequency, must 
be referred to, time and again, to compensate 
for any changes in circuit constants and condi-
tions. Tiny though these original changes are, 
the frequency differences they introduce may 
cause an intended tone to be 50 per cent in error, 
or more. 

If one frequency is 700 kc and another is 
700.06 kc, the difference is .06 kc, or 60 cycles, 
and may be compared to the line frequency of 
the power supply for a satisfactory standard. 
Visual methods are commonly used, whereby 
the frequency difference is made zero, or as 
nearly that as practical, denoted by a steady 
shadow angle following a moving one, or a 
meter needle or a line standing still, or nearly 
so. Thus the adjustments favor some low fre-

quency, because the inaccuracy would be worse 
at the low than at the high audio frequencies. 

SAFEGUARDING ACCURACY 

We can imagine the second frequency men-
tioned above as being intended for 700.06 kc, 
yet because of a large temperature change or 
some extraordinary moisture in the air affect-
ing condenser plates or tuning coil, respectively, 
the second frequency was 700.1 kc. Surely a 
small difference, only .04 kc, yet the audio mix-
ture is equal to 700.1 — 700 = .1 kc, the con-
denser setting is calibrated for 60 cycles at that 
position, and the error is 67 per cent. By care-
ful adjustment the 60-cycle reading is made to 
coincide with the 60 cycle generation and then 
the accuracy is 5 per cent. or a little better and 
is maintained through the scale. 

Differential Interference 
Customers Satisfied 

Cured by Inexpensive Method 
By R. K. 

UNTIL recent months the signals from the 
two local broadcasting stations in the 

writer's district presented no particularly diffi-
cult problems in the way of interference to the 
experimenter or serviceman. At that time these 
stations used fairly low power, 1,000 watts, one 
operating at 1,230 kc and the other on 1,400 kc. • 

It will be noted that their frequency difference 
is 170 kc. The transmitters were located some 
twenty miles apart, one being north of the city, 
and the other south. 

NO HELP FROM WAVE TRAP 
Some months ago, both stations received per-

mits to move and increase power to 5,000 watts 
for daytime operation. The new transmitters 
were located about four miles apart, and both a 
short distance north of the city. Immediately 
set owners began .to experience the usual troubles 
that arise when local stations increase power, 
especially those listeners residing on the North 
Side within a few miles of the transmitters. 
The most trouble was experienced by owners 

of receivers having 175 kc intermediate ampli-
fiers, in that both stations were received simul-
taneously when the receiver was tuned to any 
frequency in the broadcast band above 1,230 kc, 
that is, 1,230 to 1,500 or 1,600 kc. It will be 
recalled 1,230 kc is the frequency of the lower 
of the two stations. Although the most public-
ity has been given the 465 kc intermediate fre-
quency in the past two years, there is a large 
number of 175 kc superhets still in use, and a 
large percentage of receivers requiring service 
are of that type; so it was considered desirable 
to find an inexpensive, easily applied solution. 
It can be seen therefore that strong stations 
differing in frequency by approximately the fre-
quency of the intermediate channels, can pro-
duce a mixture that sends the modulation of 
both through at the i. f. level. This may be 
called differential interference because due to 
the difference equalling the i. f. 

CHANGE OF I.F. HELPED SOME 
Since the writer's own receiver was of this 

type and the trouble was present in a very ob-
noxious form, the trouble-shooting was con-
ducted at odd times on this set. The tube com-
plement of this reciver is typical of most of its 
kind, that is: 58 r. f., 2A7 converter, 58 i. f., 
and a 55 or 2A6 as detector-amplifier, with as-
sociated power amplifier. Like the receivers of 
most radio men it is usually in an experimental 
state, and is used as a proving ground most of 
the time. 
As a first step a 175-kc trap was installed in 

Wheeler 

the antenna circuit, but this did not reduce the 
interference. 
Next the intermediate frequency was shifted 

to 185 kc, which greatly reduced the interfering 
signals, but this was not considered desirable 
as it was necessary to adjust the i-f transformer 
condensers to a point where their setting was 
not stable, and could not be relied upon to hold 
permanently. Also, enough mistracking was 
introduced to cause several undesirable birdies 
at lower frequencies. 
The receiver was connected to a 45-foot flit-

top antenna, which was not considered exces-
sively large, but it was obvious from the number 
of birdies between 1,000 and 1,500 kc that the 
input was somewhat too great. The antenna 
length was reduced physically until the birdies 
and local interference were eliminated, but the 
signal strength of out-of-town stations was re-
duced too much, the set noise and hiss of the 
mixer being much too prominent when such sta-
tions were received. Better results were ob-
tained by using a 75-foot antenna with a .0001 
mfd. variable condenser in series, which was 
adjusted until the desired results were obtained. 
In this specific case the required series capacity 
was approximately 35 mmfd. However, the 
overall results were not considered satisfactory 
as the out-of-town stations were still too weak. 

LOADING COIL DID TRICK 
Antenna transformers with high and low im-

pedance primaries were tried, with negligible re-
sults, nor did the degree of shielding affect the 
results. While the high-impedance primary 
resonates at a lower frequency, outside the 
broadcast band, thus reducing the sensitivity 
somewhat at the higher frequencies, apparently 
the increased voltage drop due to the high-im-
pedance primary compensates to some extent for 
the loss of sensitivity. 
After some consideration of all the facts learn-

ed from these experiments, the writer decided 
that the pickup at the higher frequencies must 
be reduced, and a ready way to do this was to 
increase the electrical length of the antenna by 
installing the almost forgotten loading coil. An 
antenna transformer with a 15-turn primary was 
installed, with a 2 millihenry coil in series with 
the antenna, not inductively couped to the trans-
former, and the most satisfactory results were 
obtained. The birdies at the high frequency end 
of the band were largely eliminated and the in-
terference between the two local stations en-
tirely disappeared. The signals from out-of-
town stations were sufficiently strong to over-
ride the receiver and tube noise. 
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1 he same considerations app ying to the univer al type oscillator are applicable to the a-c-
operated device, though here the output is greater. The device has earphone jack, also separate 
output nonconductive to d.c.. besides speaker connections, and was designed by Dr. Harry 

Smeikal for scientific development. 

For scientific development Dr. Harry Smejkal, optometrist, required an audio oscillator, 
so designed one that would give a flat characteristic over the span of 0-10,000 cycles, and 
providing for plugging in earphones, or using a filtered output, as for oscillography, and 
besides including speaker service. However, when the coupling between the two oscillators 
was so loose that the radio frequencies remained independent down to practically zero dif-
ference, then there was scarcely enough output strength for good response from the speaker, 
although fully adequate for 'phones, or for input to any audio amplifier. 

It is not generally appreciated how small is the audio output from a beat frequency oscil-
lator by itself, and how great therefore is the need for amplification. Always one stage is 
found necessary. Here two stages are used. Thus instead of the quarter-volt output con-
sidered minimum requirement for many tests, between two and three volts output are ob-
tained, while safeguarding very low frequencies. 
The capacities of circuit and tubes accumulate, so there is sufficient high audio frequency 

filtration due to this sum capacity, and the radio frequencies will not get through. However, 
a .00005 mfd. condenser is put at the audio output of the lower tube at left, simply as extra 
precaution. 

The particular reference point is so-called 
zero frequency in so many instances that the 
device for establishing the coincidence is called 
a zero adjuster, but any low frequency may 
be used, provided a standard, such as a line fre-
quency, in a synchronized power supply system. 
The word zero refers then to the difference. 
The stability so vitally necessary in such a 

twin oscillator is almost invariably obtained by 
using a high ratio of capacity to inductance 
in the tuned circuits. Sometimes coils as com-
monly found in intermediate-frequency trans-
formers are used, and the capacity increased by 
using a tuning condenser of, say, .00035 mfd. 
and putting across it a fixed condenser of equal 
capacity. 
Thus the variation is from .00035 mfd. to 

.0007, a capacity ratio of 2 to 1, and a f re-
quency ratio of 1.4, or one component of the 
system might be tuned from 50 kc to 70 kc. The 
difference is 20 kc and represents the audio 
span, no matter if the zero difference is estab-
lished at 50 kc or at 70 kc. That is, two oscil-
lators are required. One is fixed at, say, 70 kc. 
The variable oscillator covers 50 to 70, and the 

low audio frequencies are crowded, because the 
differences on which these depend take place 
near the high capacity position of the variable 
condenser, where capacity change is large, hence 
frequency difference large_ So the practice is to 
tie down the two circuits at the minimum 
capacity setting, or close thereto. In that way 
the low frequencies, concerning which accuracy 
is most greatly risked, are more readily repeated 
according to a pre-calibration. 

0-10,000 CYCLES FOR SERVICING 

The example cited accounted for a difference 
of 20 kc. Since there is practically no limit, 
except that established by definition where audio 
frequencies cease and radio frequencies start, the 
difference might be 50 kc or 100 kc, etc. We 
are interested in audio frequencies only. Also 
we want the measurements to be made as ac-
curately as possible, and that requires the best 
possible spreadout under the circumstances. 
Since we are interested in audio channels in 
receivers and transmitters, or in power ampli-

(Continued on following page) 
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(Continued from preceding page) 
fiers alone, we want to make measurements only 
up to the highest frequency intendçd to be passed. 
That would be 10 kc for nearly every example, 
so we select automatically 10 kc as the upper 
frequency limit of the difference, especially as 
10 kc is the frequency by which adjacent car-
rier channels are separated in the standard 
broadcasting spectrum. Thus by keeping the to-
tal span of frequencies small we do not use 
up valuable dial space for frequencies of no 
value to the present instrument's acoustical pur-
poses. 

It can be seen that the capacity ratio is estab-
lished by using a large fixed condenser across 

The dead-spot trouble will be the first one to 
be considered. One inserts earphones to test the 
new audio oscillator, and while the sound is all 
right at the start, it stops at two or even per-
haps three places, and not for just one little 
division of the dial, but for a broad expanse. 
To avoid the principal cause, the smaller in-
ductance coils are used. Much trouble was ex-
perienced with dead spots until coils of 28.5 
millihenries, 2.05 millihenries and one millihenry 
were discarded and instead coils of 40 micro-
henries used. It can be imagined what hap-
pened to the intensity of the oscillation when 
across only 40 microhenries was a fixed capacity 
of .0024 mfd, plus a tuning condenser of .00014 

, / / 

/ / / 
/ / 

Front view of Dr. Harry Smejkal's audio oscillator shows two variable condenser knobs, one for 
60-cycle adjuster, the other for calibrated Frequ encies resultant from the beat of the two radio 
frequencies. The on-off switch is at lower left, next the voice coil shorting switch when using 
'phones. next the 'phone jack, and then two binding posts for filtered output. The two insulators are 
for taking out radio frequencies, after a circuit rearrangement, not included in the diagram. The 
meter may be in the cathode leg of the last audio tube, and may be used as zero beat indicator. 

the variable condenser in the adjustable fre-
quency circuit, and since the same coil may be 
used in the fixed frequency circuit, the total 
capacity in this instance would be equal to the 
minimum capacity present in the variable-fre-
quency oscillator. The inductance is selected so 
that the span is 10 kc or so. Or, if the proper 
inductance is at hand, the capacity ratio capaci-
ties are selected so that the same resultant fre-
quency difference of 10 kc accrues. 

AVOIDING DEAD SPOTS 

It would seem attractive to use large induc-
tance coils, for the large capacity condensers 
usually at hand (.00035 mfd. etc.) could be used 
readily, but if for any reason the radio fre-
quencies are low (30 or 40 or 50 kc or so), then 
the audio notes could produce harmonics of suf-
ficient intensity to beat with one or both of 
the radio frequencies producing them, causing 
squeals superposed on squeals, or, if the phases 
are opposite, actual dead spots. 

infd. Coils build up intensity of oscillation; con-
densers across the coils, when increased in 
capacity, reduce the intensity. 
So we come to the second most obvious 

trouble, and that is, we reach a certain low fre-
quency, say, 150 cycles, or perhaps 100 cycles, 
and the audio tone disappears. At first one may 
suspect this is due to the headphones, since it 
is well known their sensitivity at 100 cycles is 
very low. Then we recall that low sensitivity 
does not mean we can't hear anything, since 
headphones are among the most sensitive in-
struments we use. No, the loss of response is 
due to the fact that zero frequency difference 
is established too soon. The common impedance 
of the two oscillators is too great, so when the 
radio-frequency difference becomes relatively 
small, the higher impedance oscillator takes 
hold, and both oscillators oscillate at one fre-
quency. This is called locking. Hence there 
is no difference in frequency and no response, 
though the dial reading is at 150 kc. And there 
should be response. 
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Some form of intentional coupling is usually 
present in the early experiments, but with the 
sensitivities of modern circuits one finds that 
the stray coupling is sufficient, therefore the 
diagrams herewith show no specially introduced 
coupling. The impedance common to both r-f 
oscillators always will be sufficient to yield the 
note, and since a main consideration is to con-

within the accuracy limit of 5 per cent., which 
is good for an audio beat frequency oscillator. 
A strange thing may have happened. To be 

able to attain zero beat we dispensed with formal 
methods of coupling and seemed to have left 
all to chance, though there is no chance about 
it. Yet the signal may be gone, all along the 
line! Can't he heard on earphones! No, the 

Here is the rear view of Dr. Smeikars audio oscillator. The zero beat method of adjusting the two 
r-f oscillators is being used by Sidney S. Fleischman, laboratory technician. Either the zero-beat or 

the 60-cycle standard may be used, or both. 

tinue response down to practically zero f re-
quency, only weak coupling will do this. 

STRAY COUPLING SUFFICES 
For instance, if the intention is to have the 

frequencies adjusted to zero for accuracy, it is 
necessary to be able to produce or approximate 
zero. Establishing real zero frequency differ-
ence is almost impossible, but as close as one 
can get to zero, passes satisfactorily for zero 

tubes have not stopped oscillating. Room noise 
masked the sound. It is there, all right, but so 
weak that it is almost of no use. And so we 
come to the third trouble—not enough volume. 

MORE OUTPUT NEEDED 
When the two oscillators are coupled as 

weakly as they should be, and the audio 
tone is taken simply from a detector— 

(Continued on following page) 
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(Contiuited from preceding page) 
which in fact may be one of the two r-f tubes, 
usually the fixed-frequency one—microvolts out-
put may be expected and this is not enough. 
You can not put the output into an audio am-
plifier and load it up to the standard (.05 watt), 
test output, neither can you light a lamp with a 
few microvolts or do any number of other acts 
deemed advisable. And so you must resort to 
amplification. The practical audio beat fre-
quency oscillator must have a built-in amplifier. 
Come we now to thé fourth problem. If we 

must have amplification, we must have linear 
amplification, or, for the whole practical audio 
range, 50 cycles to 10,000 cycles, or .05 kc to 
10 kc, the amplification should be the same. 
That is a difficult attainment, but can be ap-
proximated. At least the even amplitude that 
prevailed at detector output remains equal over 
a very large part of the 9,950 cycle span, fall-
ing off being present below 150 cycles and above 
8,000 cycles. The results below 150 cycles can 
be improved considerably by using large in-
ductance chokes in series with plate load re-

These are views of a four-tube beat frequency oscillator, which is the same as the universal eve-
tube model, except that an amplifier tube is omitted. There is still plenty of output for satis-

factory phone use, and feeding audio amplifiers, around one-quarter volt. 
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sistors, and very large bypass condensers across 
biasing resistors (25 mfd. or more), while the 
response above 8,000 cycles can not be im-
proved, but amplification made flatter only at 
the expense of the lower frequencies. This is 
because high-frequency audio attenuation is due 
to the inherent capacities across the audio am-
plifier tubes, and the wiring capacity. 
The inter-element capacities and other capaci-

ties accumulate, so that with a two-stage am-
plifier there may be all-sufficient capacity for 
bypassing the radio frequencies. Otherwise these 
frequencies too would go through the amplifier, 
which handles all frequencies, and perhaps cause 
trouble. 

If one has to solve what is here tabulated as 

To do this, therefore, get a sheet of cross-
section paper, let the notation along the bot-
tom be in terms of degrees, 0-180, and on the 
upright, put the audio frequencies, 0-20,000 or 
30,000. The upright should be long, as only 
0-10,000 will be desired, though the extra fre-
quencies may show up because the capacity ra-
tio of tuning is too great for the inductance. 
It is assumed the circuit will be arranged so 
that practically 0-10,000 cycles occupy the whole 
dial spread. 
When the points are established the curve is 

drawn. For the circuits shown the curve will 
not be so far from a straight line. The radio 
frequencies are written at left, and afterward 

It is entirely practical to use a much smaller tuning condenser than .00035 mfd. or .00014 mfd., for 
even a three-plate condenser, capacity around 20 mmfd., will suffice. However, there will not be 
as good stability, because the total capacity in the tuned circuit is small, or the radio frequencies 

prohibitively high. 

the fifth problem, that of calibration, he may 
have a good six hours' work ahead of him, 
hence should allot a working day to the task. 
The object is to get the frequencies right. No 
guesswork is allowed. The easy solution af-
forded by much lower frequencies, which yield 
abundant harmonics in the broadcast band, is to 
evaluate the radio frequencies of the variable 
oscillator, establish the fixed oscillator at the 
highest of these, and then for audio calibration 
simply use the difference between the known 
radio frequencies. While very numerous points 
will not be found, nevertheless sufficient could 
be obtained from very low original radio fre-
quencies to enable drawing a curve from which 
all desired frequencies are obtainable by extra-
polation. Harmonics to the fiftieth or more 
would be required. 

are changed to audio resultants, by subtracting 
the variable from the fixed frequency. It has 
been consistently recommended that the fixed 
frequency equal the high extreme of the vari-
able, hence the specified sequence obtains: all 
other radio frequencies of the variable are lower. 
While the radio-frequency method just out-

lined has been recommended for low radio fre-
quencies that yield harmonics beating in the 
standard broadcast band, if one has a short-
wave receiver, some very high frequency is ac-
curately tuned in, preferably by using the har-
monic of a generator that is itself made ac-
curate by beating with a standard-band broad-
cast station. Then the accuracy is good, and 
the harmonic situation obtains, e.g., harmonics 
of the variable frequency section of the intended 
beat oscillator will furnish responses. 
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NEW PRODUCTS 
Triplett's Precision 

Line Greatly Enlarged 
Many new instruments have been added to 

the continually-expanding Triplett line, manu-
factured by Triplett Electrical Instrument Corn-

The Triplett oscilloscope. 

pany in its most modern, air-conditioned factory 
at Bluffton, O. Triplett has forged to pre-
dominant instrument leadership. 
An exclusive turret type mounting is used in 

the complete oscilloscope with 2 in. screen. 
This is Model 1690 and has a linear sweep from 
15 to 25,000 cycles, besides all standard oscilli-
scope features. 
An outstanding signal generator for extreme 

accuracy and zero leakage is Model 1630. Triple 
shielding where necessary eliminates all possi-
bility of even negligible leaks. 

Large, widely spaced dial (direct-reading 
vernier type) from 100 kc. to 30 mc. (in six 
ranges) has total scale length of 52% in. 
Accuracy A' to 1%. Each coil is individually 
calibrated and tracked for linearity over the 
entire range. A continuously variable attenu-
ator of the pad type offers steps from zero out-
put to full output. 
Model 1631 is the same as Model 1630 but in 

addition incorporates electronic frequency modu-
lation, for use with all cathode-ray oscilloscopes 
in alignment applications without separate fre-
quency modulator. 
The Model 1601 De Luxe Set Tester has the 

following features: 
25,000 Ohms Per volt. 
D. C. Volts-10-50-250-500-1000-2000 at 25,000 

ohms per volt. 
A. C. Volts-10-50-250-500-1000-2000 at 1000 

ohms per volt. 
D. C. Current-250 Microamperes; 1-10-50-

250-500 milliamperes; 1 and 2 and 20 amperes. 
Resistance-0.500 low ohms, backup circuit; 

0-20,000 and 0-200,000 ohms; 2 and 20 
megohms. 
Condenser Tester—Ranges for capacity check-

ing, .0001 to 30 mfds. Electrolytic leakage test. 
Free Point Tester—Makes all series and 

parallel meter connections through five sockets 
with standard RMA markings. 

Modernistic Indicating Instrument — Newly 
engineered indicating instrument in beautifully 
designed case. Extra large dial and easily 
readable scale. (Tester also has shadowgraph 
meter for line voltage control.) 

This season most Triplett test equipment is 
furnished with beautifully colored etched panels. 
Testers of the 1500 series are furnished with 
fine quality silver and black panels while the 
popular Master units will be supplied with at-
tractive silver, black and red etched panels. 
Model 1770 tests all automotive and home 

battery radio receiver vibrators under actual 
performance conditions. Load of 5,000 ohms, 
recommended by vibrator engineers, is applied. 
Three scale meter: 0-10 volts scale shows input 
voltage to the vibrator; good-bad scale shows 
output; scale marked 0-100 per cent shows per 
cent of output voltage as reflected by the change 
in input voltage. Low damped meter permits 
needle to follow voltage fluctuations caused by 
faulty vibrator contacts. Metal case with black 
wrinkle finish is larger than regular Master unit 
size, 11X"x7X"x4". Attractive etched panel in 
black, silver and red combination. Attached 
leather strap carrying handle. 
A new and improved Model 1241 condenser 

tester also is announced. 
Besides there is a series of de luxe laboratory 

test panels. 

Slide-Out Power Packs 
in Operadio P.A. Unit 

A 25-watt, mobile public-address system, 
Model 132-BAC, has been brought out by Op-
eradio Manufacturing Co. It uses beam power 
tubes, provides electronic mixing of one micro-
phone and one phonograph, and includes a hand 
type dual-diaphragm crystal microphone. It 
can be used, however, with velocity, velotron 
and high impedance microphones. Two 12-inch 
permanent-magnet speakers, specially designed 
for public-address work, are included, and the 
power packs are interchangeable for 6 volts 
d. c. and 110 volts a. c. These packs are sepa-
rate units, the one not desired being slid out 
and the one desired, carried extra, being slid in. 
The finish is backed black stipple. Specifica-
tions and further details are obtainable from 
Laurence A. King, Dept. RW, Operadio Manu-
facturing Co., St. Charles, Ill. 
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National Union Leads General Electric Offers 
With 2" Tube for 'Scope New Radio Outlet 

National Union factories have swung into 
production on the new National Union cathode-
ray tube, Type 2002. This size tube is being 
widely used in smaller oscillograph units and 
will find its way into other application where 
compact size combined with complete perform-
ance of larger size Cathode Ray Tube is a 
factor. The new National Union Type 2002 is 
being produced after many months of labora-
tory experimentation in which structural fea-
tures were developed to permit use of the small 
bulb size. List price is $7.50. 

Rating and characteristics of the new tube 
are as follows: 
GENERAL CHARACTERISTICS: 
Screen size  2 inches 
Overall length  Wr inches 
Number of deflection plates 4 (2 common) 
Base medium octal 8-pin-based same as 1" tube 
Pin 1: Anode No. 2 plates Pin 5: Control grid 
D2 and D4 Pin 6: Lower plate D3 

Pin 2: Heater and cathode Pin 7: Heater 
Pin 3: Anode No. 1 Pin 8: 
Pin 4: Upper plate D1 

Screen  short persistent 
Color of screen greenish 
Type of cathode indirect heater 

ELECTRICAL CHARACTERISTICS: 
Heater voltage (A.C. or D.C) 63 volts 
Heater current 6 amperes 

MAXIMUM RATINGS: 
High voltage electrode (anode No. 2)....600 max. volts 
Focus electrode (anode No. 1) 300 max. volts 
Grid voltage never positive 
Grid voltage for current cut-off  —60 approx. volts 
Power per sq. cm. of screen 10 max. rnilliwatts 

TYPICAL OPERATING CONDITIONS: 
Anode No. 2 voltage 400 500 600 volts 
Anode No. I voltage  80 100 120 volts 
Grid voltage adjusted for suitable spot. 

DEFLECTION SENSITIVITY: 
Plate D1 and D2 21 .17 .14 mm/volt D.C. 
Plate D3 and D4 23 .19 .16 turn/volt D.C. 

C-D House Organ Aids 
Servicers and Experimenters 
A new and interesting magazine for the radio 

serviceman, amateur, engineer and experimenter 
is maintained by the Cornell-Dubilier Electric 
Corporation. The publication, entitled "The 
C-D Condenser," is printed in digest form and 
sent free. 

Highlights of the magazine include feature 
articles on technical subjects, biographies of 
personalities well known in the radio indus-
try, a reading guide to current radio magazines 
and "The Radio Trading Post," a free market 
place where sellers, buyers, swappers, job-
offerers and job-seekers can meet to mutual ad-
vantage. 
To receive copies of "The C-D Condenser," 

released bi-monthly, applicants send their name 
and address to the C-D Condenser, Cornell-
Dubilier Corporation, South Plainfield, New 
Jersey. 

An outlet for noise-reducing or doublet an-
tennas, which eliminates the wiring connections 
characteristic of most radio receivers installed 
in the home, was announced by General Electric 
Company. The outlet affords separable attach-

A new combination outlet for antenna-
ground and power connections. 

ment for ground and antenna (two-wires), and 
power leads for a radio set. Leadin wires are 
thereby eliminated. 
The new outlet has three slots in the upper 

portion, one for ground, two for the doublet, 
with the usual power connections below. A 
metal divider is attached securely to the body 
of the outlet to separate the low and high ten-
sion circuits. A special cap is also available, 
with polarity prongs arranged so as to prevent 
antenna and ground circuit from connecting with 
the power side of the outlet. The circuit con-
nections are clearly indicated on the face of the 
outlet. 

AC-DC Patent Allowed 
To Harry G. Cisin 

Patent Office issued Patent 2,086,526, to 
Harry G. Cisin on a circuit that permits inter-
changeable operation of radio sets and other 
electronic devices from the ordinary 110-volt 
house-lighting circuit regardless of whether 
alternating or direct current is supplied. It 
has the further advantage of doing away with 
bulky and expensive power supply and filament 
transformers. 
Many of Mr. Cisin's technical and construc-

tional articles have appeared in this publica-
tion. Mr. Cisin is the designer of the well 
known line of Air Scout All Wave Receivers 
and is the head of Allied Engineering Institute, 
98 Park Place, N. Y. City. 
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Hickok Announces New General Electric Enters 
Volt-Ohm-Ammeter Intercommunication Field 

The Hickok volt-ohm-milliammeter, model 
4955-S, is a new instrument, equipped with one 
of the Hickok square meters. 4" scale length, 

for general testing on both a-c and d-c circuits. 
A special low ohms range tests r-f, i-f and voice 
coils. 
The instrument has high sensitivity (350 

microampere movement), a rotary switch, elim-
inates jacks, and has contact resistance so low 
that it does not affect readings. 

Scale ranges are as follows: a-c and d-c volts, 
0-10, 0-60, 0-250, 0-500 and 0-1000. Ohms, .05-
30, 15-10,000, 50 ohms to 1 meg, 500 ohms to 
10 meg, d-c milliamperes, 0-1, 0-5, 0-50, 0-500. 
A resistor built in to permit reading to 10 meg. 
with external battery. The a-c voltmeter serves 
also as output meter, using same scale as a-c 
volts. 
The instrument is guaranteed within 2% ac-

curacy on all ranges. Adjustment can be made 
for changes in rectifier efficiency. 
The panel is engraved Bakelite. The steel 

case measures 7" x 41A" x 3%". The unit is 
complete, self-contained, with rheostat to adjust 
meter to batteries. Four-foot leads fit all tube 
sockets. The manufacturer is The Hickok Elec-
trical Instrument Co., Cleveland, Ohio. 

Superior Has New BFO 
and "Infinite" Voltmeter 

Two new products announced by Superior 
Instruments Company, 136 Liberty Street, New 
York City, are an audio beat frequency oscil-
lator, 0-10,000 cycles, and an infinite resistance 
voltmeter for measuring a.c. and d.c. For a.c. 
measurements a thermionic detector is used. The 
audio device has a two-stage amplifier, total five 
tubes. The other measures 0-1.5-5-15-50-100-150 
volts, a.c. or d.c. 

A new intercommunication system, known as 
the "Handy-Phone," is being made by the Gen-
eral Electric Co. Essentially a loud-speaker 
phone system, the new apparatus is designed 
for use in offices, hospitals, stores, homes, or 
any similar place where speedy voice com-
munication is desired. 
The system consists of one master station 

and from one to four remote speaker-phone sta-
tions. The remote stations may be located at 
any points within 2,000 feet of the master unit, 
or at greater distance with special arrange-
ments. 
An individual at the master station of the 

Handy-Phone may have two-way conversations 
with any of the remote stations, or may speak 
to all of them at one time. He turns the five-
point selector switch to the desired position, 
presses down the "talk-listen" control lever, 
and speaks. When he is ready for his answer, 
he releases the lever and it automatically re-
turns to the "listen" position. Remote stations 
may talk back to the master station without 
the operator using hands, switches, or keys. 

How Long Life Is Built 
Into Compact Condenser 

The photograph shows the "inside" story of 
one of Cornell-Dubilier's popular etched foil 
dry electrolytics. This extremely compact and 

View of the C-D etched foil condenser, with con-
tainer partly broken away to expose the internal 

construction. 

efficient unit, type JR, is first dipped in wax, 
then encased in an inner cardboard container 
which is vacuum impregnated. Into the space 
between the inner liner carton and the con-
denser section is poured a special chemically 
pure asphalt compound which surrounds and 
hermetically seals the condenser unit. 

After passing C-D's rigid test requirements, 
this sturdy condenser is sealed in an attractive 
silvered cardboard container, equipped with 
universal flanges for mounting in the tight 
places you never thought you could fit a con-
denser. 

HAUBENS BACK FROM TRIP 
Maxwell M. Hauben and his young wife just 

returned from an ocean trip to Mexico. Mr. 
Hauben is president of Eastern Radio and Tele-
vision Co., N. Y. City. 
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Allied Features Knight 11 
As Outstanding Receiver 

Among the new Knight Radios featured by 
Allied Radio Corporation, 833 West Jackson 
Boulevard, Chicago, is the Knight 11 with 

View of fhe Knight II console. 

automatic dialing, shown in the accompanying 
illustration. Favorite domestic stations are 
tuned "quick as a flash" by means of this 
unique device. The Knight 11 tunes three 
full bands: 16 to 54 and 52 to 178 meters for 
short-wave domestic and overseas programs, as 
well as amateur and police signals; and 174 to 
560 meters for American and Canadian stand-
ard broadcast programs. 
Other advanced features are: giant color-

band dial, metal tubes, 9 watts power output, 
12-inch electro-dynamic speaker, automatic fre-
quency control, automatic tone control, auto-
matic volume control, interstation noise silencer, 
3-gang tuning condenser, r-f pre-selection and 
double push-pull audio. The console cabinet 
measures 41" high, 261/2 " wide and 141/2" deep. 
The Knight 11 is one of the 53 Knight radios 

featured in the 156-page Allied catalog. 
The Allied business has been steadily in-

creasing, so that greatly enlarged quarters are 
being occupied. Thus it is assured Allied will 
retain its reputation for "lightning delivery." 
Its radio stock is one of the most comprehen-
sive in the world. 

FORUM 
THE GROUND SITUATION - 

We seem to have different results with 
grounds out here than experienced by A. J. 
Ward who wrote an article on grounds in the 
August issue. Not all mortals see eye to eye, 
of course. 
I find no fault with the intention of the 

author and appreciate the difficulty of establish-
ing a true ground when living in tall buildings. 
The part which I object to is the statement 

that with the ground off the r-f noise level is 
lower when caused by electric motors and 
kindred electrical interference. We live in the 
northeasternmost part of Connecticut, where 
there is considerable electrical interference from 
power lines and probably coming great dis-
tances along that path. In fact, there are sec-
tions here where the interference is so severe 
that some of the listeners can get only one 
station without too much interference. 
The nearest station to this locality is about 

20 miles airline. And not too powerful at that 
—WTAG of Worcester, Mass. Good noise-
reducing antennas have been successful only if 
the ground terminal is connected to a water 
pipe ground. It might appear from the above 
that all we do is ground out the noise that 
comes through the power transformer but auto-
mobile radio sets in the same locality pick up 
the interference as well as the home sets. I 
have grounded the car frame as well as the set 
chassis and obtained much better results, i.e., 
a lower noise to signal ratio when the chassis or 
r-f input primary of first stage is grounded to 
earth through a water pipe or equivalent 
ground. 

In conclusion, Mr. Ward is correct when he 
says "it is elusive," but from a practical view-
point good old Mother Earth is useful in rural 
as well as urban centers here in bypassing mo-
tor noises and electrical interference away from 
"audibility." 

VALMORE M. LA PIERRE 
(Serviceman), 

68 Groveland Avenue, 
Putnam, Conn. 

Optimistic Note Sounded 
By Kranz, Head of Thor's 
Michael Kranz, head of Thor Radio, 65 Cort-

landt Street, reported business good, especially 
so for Summer, but said he looked for the real 
new set buyers just after Labor Day. 
"The models for 1938 are so beautiful, the 

tone so marvelous, that even the most casual 
listener is captivated into buying," he continued. 

"Ease of operation is a big selling point this 
season." 
He demonstrated this feature by tuning in 

several different stations merely by pressing 
buttons on the cabinet panels. 
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First Hi-Fi Earphones 
Developed for Monitoring Broad-
casts and Sound Movie Recording 

By F. S. Wolpert 
Transmission Instruments Development, Bell Telephone Laboratories, Inc. 

I N connection with electrical recording, trans-
mission, and reproduction of speech and pro-

gram material in the sound picture and broad-
cast fields, the ability to monitor in a satisfac-
tory manner at various points is essential in 
the production of a high-quality performance. 
When recording sound for a talking motion pic-
ture, for example, it is essential to be able to 
determine at the time the recording is made as 
nearly as possible how the sound will be repro-
duced in the theatre when the picture is shown. 
In other words, it is desirable to see the action 
on the set and to hear the corresponding sound 
as it would come from the loudspeakers in the 
theatre. For this purpose, a monitor room or 
portable monitor booth is frequently provided 
on the sound recording stage. There are many 
circumstances, however, such as outdoor loca-
tions, where the use of a monitor room or booth 
is impossible. It is also recognized that greater 
facility of recording operations may be obtained 
on the sound stage if the mixer can be seated in 
the open alongside the director rather than in 
the booth or distant monitor room. For these 
purposes, it is necessary to use a pair of head-
phones for monitoring in place of the usual 
loudspeakers. 
The work of a mixer consists in determining 

whether the sound picked up by the microphone 
will make a suitable sound record, adjusting 
the volume to a suitable amount, and making 

F. I 
The high-quality headset 
used for monitoring in the 
broadcast and sound pic-

ture fields. 

sure that no undesirable sounds are picked up. 
In addition to his own personal judgment of 
sound quality he must be equipped with sound 
reproducing apparatus capable of giving him a 
faithful indication of the sound transmitted to 
the recording machine. 

BROADCAST APPLICATION 
Very similar to the sound recording job is the 

work of the technician in operating speech input 
equipment in broadcast studios or remote pickup 
points. In transmitting the program material 
over telephone lines, such as the extensive na-
tion-wide networks, it is important that the test 
room forces at the various intermediate offices 
be able to check the quality of transmission in 
connection with identifying and locating troubles 
and other service difficulties. 
Up until recently it has been necessary, in 

order to monitor on a high-quality basis, to 
make use of loudspeakers comparable with those 
used in theatres and high-grade radio receiving 
sets. The headphone receivers which have been 
available for monitoring purposes have not been 
satisfactory for a quality job. Most telephone 
receivers in common use give rather low re-
sponse at low frequencies, a high peak in the 
neighborhood of 1,000 to 2,000 cycles, and ex-
tremely low response at frequencies above these. 

Considerable progress has been made within 
the past few years in the development, design 
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and manufacture of moving coil receivers (ear-
phones) for various applications. These receiv-
ers are characterized by a wide frequency range, 
uniform response, and very little non-linear dis-
tortion, so that they are particularly suitable for 
use in monitoring sound records. A receiver of 
this type, known as the D-97689, has recently 
been developed particularly for this purpose. It 
is intended to replace the less efficient and more 
expensive moving coil receivers previously avail-
able. A photograph of the new receiver form-
ing part of the D-97690 high-quality headset is 
shown in Fig. 1. 

EARPHONE CONSTRUCTION 
The construction of the receiver is shown in 

Fig. 2. The moving coil element is made of 
aluminum ribbon wound on edge and insulated 
with a varnish enamel which serves also as an 
adhesive for holding the adjacent turns together. 
It is cemented rigidly to the diaphragm and the 
leads are brought out between paper insulating 
washers. The coil is located in the air gap of 
the magnetic field produced by a permanent 
magnet of cobalt steel. The gap is between an 
outer pole plate and an inner dome-shaped pole 
piece, which are concentrically aligned to make 
the gap uniform. 
The diaphragm is made of duralumin and ha,, 

a dome-shaped center portion which extends to 
inner edge of the coil. Beyond the coil the 
diaphragm is so shaped that its effective radiat-
ing area and its efficiency are increased. The 
flexible outer surface is held around its peri-
phery by the clamping elements of the receiver 
frame. The diaphragm and coil vibrate sub-
stantially as a piston throughout the desired 
frequency range and are relatively free from 
other modes of vibration. 
The action of the diaphragm under the in-

fluence of the varying current in the moving coil 
depends on the characteristics of the diaphragm, 
of the air chambers in front of and behind it, 

(Continued on following page) 
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Telephone Receivers 
Are Wolpert's Specialty 

F. S. Wolpert was graduated from the New-
ark College of Engineering in 1927 with the 
B.S. degree in Electrical Engineering. After 
a year of sales engineering work with the 
Weston Electrical Instrument Corporation, he 
joined the technical staff of the Bell Telephone 
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Laboratories, Inc., and became associated with 
the Apparatus Development Department in the 
preparation and issuance of manufacturing 
specifications. 

In 1930 he was transferred to the Transmis-
sion Instruments Group in the Research De-
partment, where he has been engaged in the 
development and design of earphones both of 
the moving coil and magnetic types. 
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and of the air chamber formed between the cap 
and the ear. The overall frequency response 
characteristic of the instrument depends largely 
on the design of these elements. By suitably 
proportioning these parts the response may be 
made to approach very closely to the necessary 
requirements for modern sound picture record-
ing. 

CIRCUIT REPRESENTATION 
The characteristics of the diaphragm and coil 

alone can be represented electrically as a simple 
resonant circuit of resistance, inductance and 

--AAA/- '000 

FIG. 3 
Equivalent electric circuits corresponding to the 
moving-coil receiver: above, for the coil, dia-
phragm, and ear cavity; below, circuit for the 

complete receiver. 

capacitance, as shown in the upper part of Fig. 
3. The inductance represents the mass of dia-
phragm and coil. The two capacitances repre-
sent the stiffness of the diaphragm and that of 
the ear cavity. The response of these elements, 
as measured on a closed coupler, would be sim-
ilar to the Curve A of Fig. 4. 
The chamber below the diaphragm is totally 

enclosed except for an acoustic resistance ele-
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ment consisting of a series of holes covered by a 
silk screen. A rubber gasket is provided to seal 
off this air chamber and to hold the acoustic 
resistance unit firmly in place against the pole-
plate. 
The air chamber in front of the diaphragm 

is enclosed except for a group of small holes in 
the dome-shaped center portion of the cap grid. 
It is through these holes that the sound waves 
pass after leaving the receiver diaphragm. They 
also provide additional resistance, mass, and 
stiffness, which affect the response of the re-
ceiver. A layer of bolting cloth placed over the 
grid holes excludes metallic dust from the inter-
ior of the receiver and helps to protect the dia-
phragm from injury. The equivalent electrical 
circuit for the complete receiver is shown in the 
lower part of Fig. 3. Curve B of Fig. 4 shows 
a typical frequency-response characteristic curve 
for a receiver of this type. 

FLEXIBLE CHARACTERISTICS 
The characteristics obtainable with a moving 

coil receiver are very flexible since the design 
of the acoustic networks associated with the 
diaphragm may be readily modified without 
changing the overall dimensions. Once the fun-
damental requirements to be met by a receiver 
are known, it is possible to obtain the charac-
teristics desired by changing the design of these 
elements. In the D-97689 monitoring receiver 
they were adjusted to produce substantially uni-
form pressure in the ear chambers over a fre-
quency range from 100 to 6,000 cycles. 
The receiver unit is housed in a black phenol 

plastic case with spring contacts to engage flat 
strips terminating the coil leads on the receiver. 
A sponge rubber ear-piece is cemented to the 
metal cap, and serves to reduce external noise 
and also to improve the low frequency response 
by providing a tighter seal between the receiver 
and the ear. The receiver is slightly larger than 
the monitoring receivers of previous design, but 
it is about 15% lighter. 
Many favorable comments have been received 

from sound technicians in the motion-picture 
field on the performance of these receivers when 
used with monitoring circuits. Considerable 
thought has been given to simplifying their man-
ufacture, and their resulting lower cost, com-
pared with moving coil receivers of previous 
designs, opens up many fields of use, particular-
ly where high quality is of prime importance. 

A 

\ 
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FIG. 4 
Frequency-response char-
acteristics for the D-97689 
receiver: curve "A" shows 
the response of diaphragm, 
coil, and ear cavity alone: 
and curve "B" shows the 
response characteristic of 

the complete receiver. 
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RADIO CONSTRUCTION 
UNIVERSITY 

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

CURES FOR INTERNAL FADING 
AM told that the greatest amount of trouble 

1 is due to internal fading. Will you please 
give a few pointers on the cause and cure?— 
L. E. E. 
By such fading is meant any change of intens-

ity of the received signal that is not due to 
transmission. A large variety of causes may 
produce such fading. The most troublesome 
fading is intermittent, the on-and-off popping 
type. Neither is this traceable to any common 
source. One of the first things to suspect when 
there is fading is some paper-dielectric bypass 
condenser. Condensers filtering screen and 
plate voltages (outside the main B supply fil-
ter), especially with resistance in series to 
maximum B plus, are particularly suspicious. 
The reason is too low a voltage rating conden-
ser is used, and when the set is turned on, there 
is practically no current flow through the series 
resistor, so the full B voltage appears across 
the condenser of too-low rating. When check-
ing condensers that have resistances across 
them it is necessary to disconnect the resistor 
from the circuit. It is sufficient to open one 
resistor lead. Also resistors themselves are 
fading contributants, particularly in the grid 
circuit of the last stage (power tube). Let 
this be one of the first resistors checked. An 
ohmmeter in the megohm range may be used. 
Seldom is the fading due to coils. The type 
of fading from which the word fading was 
originally derived, due supposedly to out-of-
phase reception of carrier wave components, 
may be minimized by use of automatic volume 
control, but there is no known cure for such 
fading. Some individuals and laboratories, how-
ever, are working on the problem. 

* * * 

JUSTIFICATION FOR I.F.B. 
ON what basis does inverse feedback deserve 

its reputation for reducing the distortion 
to a very low level?—Q. G. 

Inverse feedback consists of taking a part of 
the amplified audio voltage and returning it to 
a prior audio stage, in such a way that the 
phases are opposite. Gain is sacrificed consid-
erably, distortion reduced proportionately, but 
such feedback is becoming popular because gain 
is not such a great consideration any more. 
Tube improvements permit atoning for the sac-
rifice in gain at small expense. Thus the power 
output may be brought up to what it was be-
fore, with extra driving, yet distortion reduced 

from 5 per cent. to 1.5 per cent, or less. It 
turns out that the percentage distortion is re-
duced at the same rate that gain is reduced, but 
that when the compensating gain is added, the 
previously reduced figure of distortion percent-
age stays reduced, and does not go up with the 
gain in amplification. 

* * * 

SUPER-REGENERATOR 
W HAT is wanted is a super-regenerative 

one-tube battery circuit, that will perk in 
the broadcast band, also above in frequency.— 
A. L. 

• Ooofo P. F. C. 

.009 Ai/Y. FOR tOKC 
•006 4,/fd. FOR CRC 

ék super-regenerator that works at frequencies 
.ven as low as in the standard broadcast band. 

The diagram is given herewith. The tapped 
coil GTP is selected for the desired reception 
band. This and the 28.5 millihenry coils are 
commercially obtainable. 

* * * 

WHAT LISSAJOUS FIGURES ARE 
W HEN causing patterns to appear on the 

screen of a cathode-ray tube, just when 
are the figures of the Lissajous type, and when 
are they of the other type, whatever the name? 
—L. R. L. 
When frequency comparisons of a harmonic 

nature are made on the 'scope, one frequency 
injected into one set of plates, the other fre-
quency into the other set of plates, the patterns 
are said to be simple, so long as the phase is 
the same. Whenever the two frequencies are 
not integral multiples or submultiples of each 
other, i. e., not 1:1, 2:1, 3:1, etc., or 1:2, 1:3, 
etc., but nonharmonic multiples or submultiples, 
as 3:16, 2:15, 2:9, the figures take the name 
of Lissajous, for the Frenchman who first re-

(Continued on following page) 
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(Continued from preceding page) 
vealed their significant relationships. By ex-
tension his name is applied to all non-simple 
figures, including harmonic relationships where 
phases differ. 

* * * 

AUTOMATIC FREQUENCY CONTROL 

‘V 11 ILL you kindly give avery pithy expla-
nation of the automatic frequency con-

trol ?—L. A. M. 
This consists of a method of preventing mis-

tuning of a radio receiver, by causing the cir-
cuit itself to select the stronger of two stations 
and adjust itself to bring in the single station 
with best fidelity. This is accomplished by set-
ting up a circuit that affects the local oscillator 
tube in the receiver, to change the frequency, or 
make the mechanical setting of the dial right 
for the stronger station. Thus two tubes may 
be used, one for discriminating between too 
high and too low off-resonant frequencies; 
second, a control tube to translate the discrimi-
nation into equivalent inductance change of the 
local oscillator's tuned secondary. This it does 
by manipulation of phases, whereby the phase 
change is produced by bias alteration, and is such 
phase shift as would be accomplished if the 
inductance were truly altered. When the con-
trol tube applies the correction, the local oscil-
lation frequency is made right for the dial po-
sition, both r-f and oscillator frequencies. The 
r. f. is right because there has to be a certain 
amount of broadness or bandpass to give leeway 
to the local oscillator's shift by the control tube. 
The reason for a. f. c. is that, despite indicating 
devices, so many users of sets permit the sets 
to be tuned off resonance, which results in con-
siderable distortion in modern receivers, par-
ticularly those having automatic volume con-
trol. 

* * * 

LINEAR METER ? 
N the construction of a multiple meter ar-
rangement, since I intend to fix up my own 

scale, is it safe to assume the meter is linear 
on d.c.? Can the multipliers be regarded as 
constant factors, after the meter resistance 
becomes negligible?—R. G. 

It is not safe to assume that the meter is 
linear. It is likely to be otherwise. A good 
way to check this is to get ten equal resistors, 
put them in series, and have them of such value 
that they will drew far more current from the 
source than will the meter you intend to ar-
range as voltmeter. Then adjust the voltage to 
full scale by an extra rheostat in series with 
the chain, and insert the series or limiting re-
sistor in the meter circuit that exactly estab-
lishes this intended full-scale deflection. The 
voltage is determined by another and quite ac-
curate meter, kept in circuit while the rest of 
the work is performed. The voltage distribu-
tion along the series network is in equal steps. 
Say full scale was 10 volts. Now the jumps 
are 1 to 10 volts. If the meter has a scale read-
ing simply 0-10 linearly, check the settings 
against the known voltage. If there is lack of 
coincidence there is reason to believe lack of 
linearity exists in the meter, the only other pos-
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sigility being that the scale is non-linear but 
the meter is linear. This could be checked in-
dependently. Because meters normally are not 
linear, readings from about two-thirds to full-
scale are favored for accuracy, which accounts 
for so many scales, at small increments of volt-
ages, in some meters. 

* * * 

READING A.C. FROM D.C. 

As I have no high-frequency measuring 
equipment, can you suggest some way that 

I may obtain known output volts from some 
a.c. device, to be used for calibrating some 
other device?—R. C. W. 

The, only method we know of accomplish-
ing your otherwise difficult requirement is to 
set up a radio-frequency oscillator, at any 
known frequency, and provide a resistive-loaded 
output. In series with the plate put a d.c. cur-
rent meter of suitable sensitivity and buck out 
the d.c. component of the plate current, also 
bypass the meter. The meter reading equals the 
voltage of the second harmonic of the genera-
tor frequency. The method was set forth in 
detail in the July issue. 

* * 

THE OSCILLATING RECTIFIER 

I S it true, as I have head, that a rectifier tube 
can be made to oscillate, and if so, why and 

how ?—K. R. 
We believe it is true, although we have not 

actually performed the test. The possibility ap-
plies to the mercury-vapor type of rectifier, 
which has a negative resistance slope, and there-
fore could be made to oscillate, as does the dy-
natron and the positive mu oscillator for the 
same general reason. In fact, the gurgling in-
terference present when such rectifiers are in-
tended for use as rectifiers, and requiring 2 mil-
lihenry chokes to smooth out the trouble, may 
be oscillation due to the negative characteristic. 

* * * 

SOLDERING TO NICKEL PLATE 

M V soldering operations sometimes include 
nickel-plated pieces and I have consider-

able difficulty in making a proper joint.—I. L. 
' Nickel and solder do not mix well and natur-
ally you have trouble. It is advisable to re-
move nickel plating at the point where the 
soldered contact is to be made. It is not good 
practice to solder to the plated part. It can be 
done but is not reliable 

COEFFICIENT OF COUPLING 
comETi Mrs I run across the expression 
Li coefficient of ccupling, symbol k, in refer-
ence to coils, and I would like to know what 
is the proper expression for this.—W. D. C. 

If k is the coefficient of coupling. M the mu-
tual inductance, and Ll and L2 the respective 
self-inductances of which M is the mutual, then 
k = M VLiL.2. In other words, the coefficient 
of coupling is the ratio of the mutual inductance 
to the square root of the product of the self 
inductances. 

LINEAR DB METERS 
SUALLY meters are shown with db scales 
that are not linear, whereas recently I have 

noticed some meters, though for db purposes 
only, that do have a linear scale. Will you kind-
ly explain how this is accomplished?—D. D. M. 
The usual d-c ammeter is designed to have 

equal spacing on the scale for equal increments 
(changes) of current. This is obtained by hav-
ing the moving coil, to which the pointer is 
attached, rotate in an air gap of equal flux den-
sity throughout. The flux is constant, so the 
torque on the coil will be proportional to the 
current. Since the pointer acts against a spring 
providing a restoring force proportional to the 
deflection, equal deflections are obtained for 
equal increments of currents. To maintain this 
evenness of scale, though the meter applies to 
db only, which are not proportional to current, 
but to the logarithm of a ratio, the width of the 
air gap is varied from one extreme position 
of the coil to the other extreme position. The 
flux, therefore, instead of being the same at all 
positions of the coil, would increase toward the 
positions of greater loss. The right-hand ex-
treme of such a scale would be marked 0 db 
loss, the position for maximum current. The 
decrease in current for successive losses be-
comes less and less and thus linearity is retained. 

* * * 

ACORN TUBE IN VTVM 
!AV been trying out a 956 in a high-fre-

I E quency tube voltmeter but do not seem to 
gat the expected results. Will you please give 
me the pertinent characteristics?—M. J. B. 
The 956 is a 6.3-volt heater-cathode glass 

tube of the remote cutoff type and requiring 
a special socket. It is intended for operation 
to .7 meter. Perhaps your trouble is you use 
the tube more as an ampEfier than as a de-
tector. Try the following: plate volts, 250; 
screen volts, 100; negative grid bias adjusted 
until the plate current equals 1.75 ma (requires 
usually minus 10 volts). The tube is of the 
acorn type and has very small element capaci-
ties: grid to plate, .007 mmfd.; grid to cathode, 
2.7 ninth'. and plate to all other elements, 3.5 
minfd. 

* * * 

I.F.'S NEARLY ALIKE 
p LEASE state the intermediate frequencies 
a of the following receivers, as I assume them 
to be the same from experience: 

(a) United Motors Service, Model 2035; 
(b). Wells-Gardner, Model 6V.—L. A. E. 
The intermediate frequencies are (a) 262 kc 

and (b) 262.5 kc. 
* * * 

PHASING SPEAKERS 

W HAT is meant by the phasing of a loud-
speaker and what is a method of having 

multiple speakers properly phased ?—C. D. S. 
By phasing of speakers is meant that they 

work in step. When multiple speakers are con-
nected together and mounted near each other or 

(Continued on following page) 
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one another, the bobbins should operate in 
synchronism. If a 1.5-volt dry cell is connected 
across voice coils, whether these coils be in 
parallel or in series, the cones should all move 
in the same direction. 

* * * 

WRONG VOLTAGES READ 

I 

1)0 not seem to be able to justify the WM-
nionly accepted voltage relationships in the 

series heaters of ac-dc sets. I use an electro-
magnetic a-c voltmeter.—W. D. C. 
The commonly accepted considerations are 

correct. Your voltmeter draws so much cur-
rent that when you insert it across a tube heater, 
or across a chain of heaters, you cause so much 
more current to be drawn that you upset the 
true voltage conditions as exist in the operating 
receiver and set up a new and false set of 
voltages, which persist until your voltmeter is 
withdrawn. 

* * * 

NEW ACOUSTICAL IDEA 
CENTLY I have been reading about the 
infinite baffle approximation by some 

acoustical treatment, and would like to have an 
explanation of this.—R. F. G. 
You probably refer to the bass reflex prin-

ciple, which tends to create a condition some-
thing like that of an infinite baffle, and in some 
instances superior to what an infinite baffle 
would be. It has been recognized that a large 
baffle is required for low notes. The bass re-
flex principle achieves in a cabinet of acceptable 
dimensions the reproduction of sounds lower in 
frequency and more accurate in character. The 
principle involves the coupling of a cone type 
speaker to an aperture, in an otherwise totally 
enclosed cabinet, so that an acoustic circuit is 
accomplished. The enclosed volume is as an 
element of this circuit. In this manner the 
pressure delivered at the back of the speaker 
diaphragm (which otherwise performs its nor-
mal function) causes a compression within the 
enclosure. This compression acts on the air in 
the aperture and through oscillation creates an 
auxiliary source of sound. This auxiliary or 
driven source of energy is restricted to the 
relatively narrow band of frequencies in which 
it is wanted. Thus one or more octaves of low-
frequency response are acquired. 

Big New WGY Plant 
to Have Vertical Aerial 

Excavation for the studio building of WGY, 
Schenectady, N. Y., outlet of the NBC-Red 
Network, was begun, with the expectation that 
one of the oldest broadcasting stations in the 
country will be operating in one of the most 
newest plants by late December. The building 
is a part of NBC's recently announced plans 
for expansion and improvement in key cities of 
the Blue and Red Networks. 
Work also has started on a new, 600-foot 

vertical radiator antenna at WGY's transmitter 
site in South Schenectady, which is expected 
to result in a material increase in the station's 
effective area of coverage. 

G.E. Engineers in Cars 
To Test 5-Meter Pickup 

ALBANY, N. Y.—Workmen erected a 20-foot 
pole atop the State Office Building preparatory 
to the installation of a short-wave, high-
frequency transmitter, which may solve some 
of the problems bothering radio engineers to-
day. 

Costing the General Electric Company ap-
proximately $20,000, the equipment will be in-
stalled as an experiment. 
The transmitter will operate on five to seven 

meter wavelengths and will have a receiving 
radius of about 30 miles. 

Unlike the ordinary radio wave used in 
broadcasting commercial programs, these high-
frequency waves are similar to light waves. 
They travel in a straight line to the horizon, 
bounce off buildings and other obstacles in the 
same manner as a mirror reflects a beam of 
light. These peculiarities are some of the things 
General Electric engineers hope to understand 
more fully. 

Engineers in automobiles will circle the office 
building in a 30-mile radius. In each automo-
bile there will be a portable receiving set. These 
engineers will observe receiving results. In 
localities where the best results are noted, a 
more permanent receiving station will be tem-
porarily erected for further observation and 
measurement. 

P. W. Mack Represents 
One Firm 23 Years 

Friends recently congratulated P. W. Mack, 
sales representative, of 1270 Broadway, N. Y. 
City, on his completion of twenty-three con-
tinuous years representing Murdock headphones. 
When he started at it in 1914 there were only 
twelve dealer customers in the United States. 
Mr. Mack also represents in New York and 

New England the Beede meter manufacturer, 
Precision Instruments and the Wirt Co., of 
Philadelphia, resistor manufacturers. Mr. Mack 
was one of the executives of Acme Apparatus 
Co. in the lush days. 

Gadget Bulletin Issued 
The Radio & Technical Publishing Co., 45 

Astor Place, N. Y. City, has just issued a two-
color bulletin which gives complete descriptions 
of the new "Home-Radio" and "Auto-Radio" 
twin pocket trouble shooter gadgets, which have 
just been devised by Alfred A. Ghirardi, author 
of "Radio Physics Course," "Modern Radio 
Servicing," etc. 

RCA BUYS RAY TUBE PATENT 
Allen B. DuMont Laboratories, Inc., of Up-

per Montclair, N. J., has sold U. S. Patent No. 
2,014,106 to the Radio Corporation of America. 
This patent covers the combination of cathode-
ray tube and three-element vacuum tube in a 
single glass envelope, the basis of the electric 
eye tuning indicator. 
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300MegacyclesNowUseful 
Special Tube Extends Transmission 
Spectrum-100 Watts at 150 Mc 

20 DB Cain as Amplifier 

By A. L. Samuel 
Vacuum Tube Development, Bell Telephone Laboratories, Inc. 

THE development by 
the Laboratories of 

an amplifier tube capable 
of handling a moderate 
amount of power at fre-
quencies as high as 300 
megacycles per second 
now makes possible an 
appreciable extension oi 
the usable portion of the 
radio-frequency spectrum. 
The use of conventional 
vacuum tubes at these 
very high frequencies has 
been found unsatisfactory 
because of certain effects 
which at lower frequen-
cies are of secondary 
importance. For an ap-
preciation of these ef-
fects, certain concepts are 
necessary. 
One of them has to do 

with the time required for 
the electrons to travel 
from the cathode to the 
anode within the tube 
structure. This time is the 
so-called electron-transit 
time. At low frequencies 
it can be neglected; at 
high frequencies it must 
be considered. One effect 

Tel'• 

.44 

FIG I 
View of the tube that extends the usable spectrum to 300 megacycles. 

it produces is a lag in the phase of the output 
current with respect to the grid potential. 
The calculation of this delay is complicated 

by an important distinction which must be 
drawn between the rate of arrival of electrons 
at the plate and the plate current. As an elec-
tron approaches the plate it induces in that 
plate an image charge. The magnitude of this 
charge varies with the proximity of the elec-
tron to the plate. The flow of current in the 
conductor to provide this charge actually con-
stitutes the plate current. Viewed in this light 
the component of plate current due to any given 
electron commences to flow when this electron 
leaves the cathode and ceases to flow at the 
instant of the electron's arrival at the plate. 
Nevertheless, the net effect of the transit time, 
as may be shown by a detailed analysis, is to 

produce an appreciable phase difference be-
tween the grid potential and the plate current. 

EFFECT OF GRID LOADING 
A further consequence of the finite transit 

time is that under operating conditions (that is 
with alternating potentials on the tube elec-
trodes) the electrons arriving at the plate will 
usually have velocities greater than the velocity 
corresponding to the potential of the anode at 
the instant of their arrival. 
The excess energy corresponding to the 

greater velocity is obtained from the alternating 
component of the electrode potentials, and its 
dissipation at the plate in the form of heat de-
creases the useful output obtainable from the 
tube. Part of this energy comes from the grid 

(Continued on following Page) 
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circuit, and is responsible for the so-called in-
put impedance or active grid loading. The 
practical effect of this input loading in an am-
plifier is to increase the power demands placed 
upon the input supply. Its effect is by no means 
negligible even at only moderately high fre-
quencies, and at ultra-high frequencies this in-
put loading becomes of major importance. 
A second important concept for the correct 

understanding of ultra-high frequency tube de-

FIG. 2 
Perspective sketch of the new high-frequency 

double pentode. 

CONTROL GRID 

CREEN GRID 

SUPPRESSOR GRID 

sign has to do with the increased importance 
played by the interelectrode capacitances and 
the lead inductances. The difficulties encoun-
tered in the use of the simple three-element 
tube as an amplifier at moderately high fre-
quencies as a result of feedback or singing 
caused by the interelectrode capacitances are, 
of course, well known. Such difficulties are 
greatly increased at higher frequencies. They 
may be largely overcome by the use of a multi-
element tube structure. At ultra-high fre-
quencies, lead inductances common to both in-
put and output circuits firoduce a similar effect, 
and so must be avoided in the tube design. 

TWO RATES DIFFER 
The large charging current required by the 

interelectrode capacitances at high frequencies 
affects the cathode design. At low frequencies 
the rate at which electrons leave the cathode at 
any instant is identical with the rate at which 
they arrive at the anode. At high frequencies 
this is no longer true. The peak instantaneous 
emission may greatly exceed the value that 
would be required for operation under identical 
voltage conditions but at a lower frequency. 
The high charging current is also responsible 
for an increase in the resistance losses in the 

tube leads. The resistance of these leads is, 
of course, greatly increased at high frequencies 
because of the so-called "skin" effect. Result-
ing losses decrease the efficiency of the tube 
and may, in a power tube, produce enough local 
heating to cause a more or less rapid deteriora- • 
tion of the lead-to-glass seals, which may ulti-
mately destroy the vacuum. Short, heavy leads 
are therefore required for ultra-high frequency 
operation. 
The interelectrode capacitances together with 

the lead inductances are responsible for still 
another difficulty. The frequency to which the 
input and output circuits of an amplifier may be 
tuned is set by the natural. frequency formed 
by the interelectrode capacitances and their as-
sociated lead inductances. For most practical 
purposes the operating frequency of an amplifier 
must be well below these values. This places 
an upper limit on the permissible values that 
the interelectrode capacitances and lead in-
ductances can have. 

REDUCTION OF DIMENSIONS 
Many of the factors which have been dis-

cussed can be compensated by reduction in di-
mensions. It can be shown, in fact, that if 
all the dimensions of a vacuum tube are re-
duced in the same proportion, the trans-con-
ductance, plate current, and amplification fac-
tor for fixed electrode potentials will remain 
unchanged while the values of interelectrode 
capacitances, lead inductances, and electron-
transit time will be reduced in direct propor-
tion to the reduction in size. 

Unfortunately, a reduction in dimensions 
without a corresponding reduction in all operat-
ing voltages is possible only at the expense of 
an increased demand on the emission capabilities 
of the cathode. The required emission per unit 
area must vary inversely as the square of the 
linear dimensions. Added to this is the in-
creased demand caused by the high-frequency 
charging currents already discussed. 
The available emission is fixed by the char-

acter of the cathode surface, and cannot easily 
be increased. A proportionate reduction in 
cathode dimensions, therefore, is not feasible. 
Furthermore, the proportionate reduction of the 
anode dimensions would require an increase in 
the power dissipation per unit area—again in-
versely proportionate to the change in linear 
dimensions. While the heat-dissipating ability 
of the anode can be increased in a number of 
ways, most of these will increase the tube 
capacitances. The high grid temperatures which 
may result from the reduction in dimensions 
also makes necessary the introduction of cool-
ing provisions. Because of these effects one 
must combine a reduction of dimensions with 
the introduction of special mechanical arrange-
ments to overcome the otherwise harmful ef-
fects of this reduction. 

TUBE'S CONSTITUTION 
All these factors have necessarily been taken 

into account in the development of the new 
tube. As may be seen in Fig. 2, and some-
what in Fig. 1, it consists of two relatively large 
concentric metal cylinders and two sets of tube 
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elements diametrically opposite each other out-
side the outer cylinder. The cylinders act as a 
shield between the input leads to the control 
grid and the output side of the tube, as sup-
ports for the screen and suppressor grids and 
as a radio-frequency by-pass condenser between 
them, and as low-impedance leads intercon-
necting the two sets of screen and suppressor 
grids. 
The control grids are of an unusual design, 

consisting of a cooling fin to which are attached 
loops of tungsten wire encircling the thoriated 
tungsten filament. One of these is shown in 
Fig. 3. These control grids project through the 
slots in the cylinders and are in turn surrounded 
by loops of wire attached to the inner and 
outer cylinders and acting as the screen and 
suppressor grids respectively. The control grids 
are supportedly directly on their leads which 
project through one face of the tube envelope. 
The semi-cylindrical anodes are also supported 
directly on their leads which project through 
the opposite face of the tube envelope. This 
unusual construction is made desirable by the 
ultra-high-frequency requirements which have 
just been described. 

THE CHARACTERISTICS 
In spite of the unusual form of the tube, 

electrically it is the equivalent of two conven-
tional negative-grid, pentode tubes. Its per-
formance at frequencies as high as 300 mega-
cycles is quite comparable with the perform-
ance of conventional tubes at much lower 
frequencies. 

TABLE 
Operating Characteristics and Constants of the Double 

Pentode Tube 
Filament current (each side)  5.0 amperes 
Filament potential (each side)  1.5 volts 
Rated anode dissipation (each anode) 15 watts 
Rated screen dissipation (each side)  5 watts 
At Anode and Screen Potentials of 500 Volts and 
Anode Current cf 0.030 Ampere —Characteristics of 

each Side 
Transconductance   1250 microinhos 
Anode resistance   200,000 ohms 
Normal control grid potential  —45 volts 
I nterelectrode Capacitances (When Properly Mounted) 
Direct control grid to control grid  0.02 mmfd. 
Direct plate to plate  0.06 mmfd. 
Total control grid to ground (each side)  3.8 mmfds. 
Total plate to ground (each side)  3.0 mmfds. 
Control grid to plate (each side)  0.01 mmfd. 

Lead Inductances 
Total grid to grid  0.07 microhenry 
Total plate to plate 008 microhenry 

Rating as Class A Amplifier 
Max. direct plate potential  500 volts 
Max. direct screen potential  500 volts 
Max. continuous plate dissipation (each)  15 watts 
Max. continuous screen dissipation (total) 10 watts 
Max. output at 150 megacycles with dis-
tortion down 40 decibel.  1 watt 

Nominal stage gain at 150 megacycles  20 decibels 
Nominal control grid potential  —45 volts 

Rating as Class B Amplifier 
Max. direct plate potential  500 volts 
Max. direct screen potential S00 volts 
Max. space current (total)  150 milliamperes 
Max. continuous plate dissipation (each) 15 watts 
Max. continuous screen dissipation (total) 10 watts 
Max. output at ISO megacycles   10 watts 

Operating characteristics and constants are 
listed in Table 1. Special attention is directed 
to the values of interelectrode capacitances and 
lead inductances. It will be observed that while 
the interelectrode capacitances are low they 
have not been reduced in proportion in the re-

FIG. 3 
One of the grid structures of the new tube shown 

slightly more than three times actual size. 

cluction of operating wavelength. A more im-
portant feature, however, is the reduction of the 
lead inductances. 

For a tube which is to be used at ultra-high 
frequencies, certain characteristics not ordinari-
ly considered are of particular significance. One 
of the most important of these is the active 
grid loss which, as already mentioned, comes 
about because of appreciable electron transit 
time. Fig. 4 gives a plot of the push-pull input 
shunting resistance of this tube as a function 
of frequency. The value of 30,000 ohms at 150 
megacycles is to be compared with 2,000 ohms, 
a typical value for two conventional tubes in 
push-pull. At 300 megacycles the input re-
sistance of the twin pentode is still above 6,000 
ohms, while for conventional tubes it is so low 
as to make them entirely inoperative. The 
variation in the input resistance with the operat-
ing conditions of the tube for a constant fre-
quency of 150 megacycles is shown in Fig. 5. 
It is evident that if a high value of input re-
sistance is to be realized, high anode potentials 
with low space currents must be used. The 
reduction in the filament-grid spacing made pos-
sible by the unusual construction is in a large 
measure responsible for the improvement in the 
input resistance just noted. 

SOMETHING DOING AT 500 MC 

A characteristic measurable only at the op-
erating frequency is the interaction between the 
input and output circuits which results from 
the residual value of the gridplate capacitance. 
This reaction differs from that predicted for the 
low-frequency capacity measurements on a cold 
tube because of the inductance of the screen-
grid lead, and because of the electron space 
charge. The reaction can be measured by ob-
serving the variation in the input impedance 
resulting from the tuning and loading of the 

(Continued on following page) 
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(Continued from preceding page) 
output circuit. Experimentally determined 
values are given in Fig. 6. 
The double pentode tube has been found 

useful as a high quality class A amplifier, as a 
class B amplifier, as a frequency multiplier, and 
as a modulator at frequencies of 300 megacycles 
per second and below. Its performance in these 
various modes of operation is quite comparable 
to the performance of conventional pentodes 
of similar ratings at much lower frequencies. 

(Continued on following page) 
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Author an Expert on 
High-Frequency Tubes 

A. L. Samuel, after getting an A.B. degree 
from the College of Emporia (Kansas), went 
to the Massachusetts Institute of Technology 
where, as the result of a cooperative course 

with the General Electric Company, he received 
all S.B. degree in 1925 and an S.M. degree the 
following year. He remained as an instructor 
in the Electrical Engineering Department for 
two years. In 1928 he joined the technical staff 
of the Bell Telephone Laboratories, Inc., work-
ing on the early development of gas-filled tubes 
until 1931. Since then he has been engaged 
in research and development work on vacuum 
tubes intended for use at ultra-high frequencies. 
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FEEDBACK of I.F.'s 
Second ELIMINATED  
Harmonic 

By Little Extra Shielding about Detector 

By R. K. Wheeler 

TN the carefree days of radio some ten or 
1 twelve years ago, little more was needed 
than a kit of Neutrodyne essentials, a little 
mechanical skill, and a neighborhood reputation 
as a "radio expert," for a man to turn out a 
fair receiver to deliver to an eager buyer, and 

A typical diode second detector. 
Parts enclosed in a shield are evalued 
in square at bottom. The volume 
control ordinarily is 500,000 ohms. 
The biasing resistor is 1,000 ohms 
for transformer audio, 5,000 ohms for 
resistance audio, with 25 mfd. across. 

collect a hard-earned $150! Selectivity and in-
terference problems as we have them today did 
not exist, and practically no consideration was 
given to tone quality. 
However, with the rapid advancement of the 

radio art, both in transmitters and receivers, 
these happy days as rapidly disappeared, and the 
results demanded from receivers multiplied and 
became increasingly difficult of solution, and 
apparently the skill and ability of many home-
constructors and experimenters have not kept 
pace, but fall far behind the requirements of 
impartial judgment. It is the writer's opinion, 

YOL. CONTROL 

Li 

SH/E20 

50000.n. 
R2- 100000-n. 
Ci - .0001 Ahrd. 
C2 -.000/Mid. 
C3 - .05eld. 

based upon several personal inspections, that 
very few of the home-built receivers remotely 
approach the ideal of 100 per cent all-around 
performance, in regard to sensitivity, selectivity, 
tone-quality, freedom from squeals and other 
irregularities. 

NEEDS ATTENTION, SAYS MILLEN 
The last named trouble—squeals—seems to 

be most commonly prevalent in home-built 
superheterodyne receivers, and not entirely ab-
sent from many commercially-made receivers. 

(Continued on following page) 

(Continued from preceding page) 
Stable operation with some gain has been ob-
tained at frequencies as high as 500 megacycles. 
When operating as a class A amplifier at 150 
megacycles, an output of 1 watt is obtained with 
the distortion 40 decibels below the funda-
mental. Under these conditions the stage gain 
is 20 decibels. Outputs of 10 watts with a 
plate efficiency of 60 to 70 per cent and a gain 

of 10 db result when operation is Class B. 
The development of this tube demonstrates 

that power amplifier tubes of the negative-grid 
type are usable at higher power levels and fre-
quencies than have been reported previously. 
This type of development removes a practical 
barrier which, up to the present, has prevented 
the successful utilization of frequencies that ex-
tend above one hundred megacycles. 
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(Continued from preceding page) 
One source of trouble is always present, the 
squeal from the i-f harmonics, which was com-
mented on as lately as January, 1937, by James 
Millen of the National Company, as a problem 
requiring special attention. 

It has generally been the practice with most 
home builders and many factories to ignore 
this squeal as an unavoidable evil, and generally 
only half-hearted attempts are made to correct 
it, although of course in some laboratories the 
problem is given serious attention and satis-
factorily solved. 
The author experienced this difficulty with his 

own receiver, which is generally in an experi-
mental state, seldom remaining intact for more 
than a few weeks at a time. Experiments and 
research are conducted in spare moments, when 
the writer takes a "postman's holiday" and does 
some radio work at home. However, it is 
felt that the experience and knowledge gained 
are well worth while, being of considerable aid 
in solving problems arising in the service busi-
ness. 

FEEDBACK LOOP LOCATED 
In this case the i-f was 180 kc, and a very 

strong squeal was present on WGN, at 720 kc. 
At the same time a sort of choked quality was 
present in the output, which strongly indicated 
feedback to the r-f input. It was suspected 
that both conditions were due to the same cause, 
and a number of corrections was attempted 
without benefit. 

Practically all types of filters commonly sug-
gested for such conditions were installed with-
out worthwhile results, and it was fairly obvi-
ous that the feedback was not through the 
power-supply, or carried by the receiver wiring. 
It was finally found that the feedback was ex-
ternal, that is, transmitted through the air to 
the input of the receiver, and bits of shielding, 
placed experimentally around the components 
of the diode detector circuit, reduced or elimi-
nated the squeal, and at the same time cleared 
up the audio tone quality. 
The tuner chassis was the common type, with 

the bottom open, and a small strip of shielding 
across the bottom directly over the diode socket 
and associated parts, reduced the feedback ac-
ceptably. The final step was obvious, that is, 
complete shielding of all parts in the diode 
circuit. The two load resistors, the two .0001 
mfd. condensers, and the .05 mfd. coupling con-
denser were all installed in a small shield can. 
and all troubles from that source were 
eliminated. 

METHOD OF CHECKUP 

The double .0001 mfd. condenser supplied by 
Philco is very convenient for this purpose, be-
ing enclosed in a Bakelite case with hole for 
a single mounting screw, and at the same time 
is sufficiently spaced from the chassis. When 
the above-mentioned parts are installed it is 
good practice to have them at least one-half 
inch from the walls of the shield can in order to 
avoid any possible loss of high frequencies. 

After this solution was found, several com-
mercial receivers were checked, and the same 

conditions existed in many instances, in varying 
degrees, especially in the receivers in the lower 
price ranges. Where the i-f was 450 kc the 
squeal was heard at 900 kc, and where the i-f 
was 465 kc the squeal was present at 930 kc. 
A convenient way to check for this condition 

is to put the receiver in operation with antenna 
attached, turn the dial until the squeal from 
the harmonic is heard. Then vary the position 
of the leadin, with relation to the chassis, par-
ticularly that part where the second detector 
is located, and if there is any noticeable variation 
in the intensity of the squeal, the feedback is 
external, and the shielding should be done as 
indicated. 
As a rule it is not absolutely necessary to 

include the coupling condenser in the shield, but 
if space permits it may be done as a precau-
tionary refinement. 
Although not generally used in many com-

mercial receivers, it will be found that the sec-
ond .0001 mfd. condenser, connected at the joint 
of the load resistors is well worth installing. 
There are generally other advantages to be 

obtained by eliminating this external feedback, 
other than eliminating the harmonic squeal. 
When the nuisance is present it will usually 
be found that there is a general tendency toward 
instability in the r-f or i-f stages, and that the 
tone quality is affected to a certain extent. The 
correction is well worth the small amount of 
material and labor required. 

Speaker Covers a Mile; 
Aids Safety at Beach 

Atlantic City, N. J. 
A powerful new loudspeaker capable of pro-

jecting speech and music upwards of a mile 
with full clarity was demonstrated by RCA 
Victor engineers for the first time recently as 
a valuable new means of promoting safety on 
Atlantic City's beaches. City officials witnessed 
the demonstration. 

Chief value of the new development, accord-
ing to RCA, is that lifeguards will be able to 
maintain more complete control over the beach 
areas and adjoining waters by directing the 
powerful beam of sound on a movable swivel 
to the desired spot. By this means bathers and 
even watercraft can be warned away from dan-
gerous tides, order maintained on the beaches, 
lost children located and other beach patrol 
services greatly facilitated. Other possible uses 
for the new sound projector have been devel-
oped. 

Two Books by Rider 
"Aligning Philco Receivers," by John—r. 

Rider, 1440 Broadway, N. Y. City, gives tabu• 
lated data on 9,000,000 receivers. The jacket 
mentions 8,000,000, but between the time it was 
prepared and the actual date of publication, 
the figure went up a million. Cloth cover, 136 
pages, this $1 book is of value to servicemen. 
Another and later dollar book by Rider is 

"Automatic Frequency Control Systems," 
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1-°ets1 FOR DEALERS, SERVICE MEN 

AMATEURS, RADIO BUILDERS 

SOUND MEN 

61 new 1935 E.NIGUT Radios with 
Push-Button Tuning, AFC, Beam 
Power Tubes, Armchair and Plastic 
models! All Wave, Dual Wave, 5 to 
16 tulies—AC. AC-DC, 6 .Volt, 32 
Volt , Battery and Auto sets! 

o • pii.fflomp • 
# 

III — *fe w- LI 
In one book, over 12.000 exact dupli-
cate and replacement parts--clearly 
indexed—specially arranged for split-
second reference—saves hours of time 
over ordinary catalogs! 

32 new kits Preis 1 Tube Begin- 26 new ronununieations sets -- largest 
tiers to 14 Tube All Wave Super! selection of Amateur gear in Radio! 
We can supply matched kits for New RCA 111, new Bathers( ters, new 
building any circuit described in any Utah X-mitters--latest transmitters, 
radio publication. Write to us for receivers, and transceivers—in factory-
Free Parts Lists, built and kit form! 

23 KNIGIIT "Integrated" P. A. Sys- Every type of test instrument! New 
tems—every unit perfectly matched! 2" Cathode Ray Oscilloscope, tube-

18 to 60 watts—permanent, portable, checkers, set-testers, analyzers, °sell-
' r mobile—for 110 Volt, 6 Volt and lographs, meters; new Build-Your-
, Universal operation. Also Own test Instrument kits! 
I KNIGHT Intercom Systems, 

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

qt.; 71e1).0 qtà amelile• 
164 PAGES PACKED WITH VALUES! 
Send for this great new 1938 ALLIED 
Catalog today! It's new with Radio's 
latest 1938 developments !—It's differ-
ent from any other radio catalog ever 
published! It's complete with Every-
thing in Radio! 
Here's everything you need--in one big book 
—164 pages, over 12,000 items, separate Radio, 
P. A., Service, Amateur-Experimenter sec-
tions. It's Radio's easy-to-read, easy-to-shop, 
easy-to•order-from catalog--send coupon now 
for your copy—it's FREE! 

FASTER SERVICE-LOWER PRICES 
ALLIED buys in huge quantities and shares 
the savings with you. That's why ALLIED's 
prices are lowest, ALLIED's service is fastest 
—that's why thousands of Servicemen, Radio 
Builders, Amateurs, Dealers buy exclusively 
at ALLIED. Save time, trouble and money--
order from ALLIED's 1938 Catalog! 

FREE 
ALLIED RADIO GOBI'. 
Dept. 16-J I 
833 W. Jackson Blvd., Chicago  

I , me your FREE 1938 Catalog. I 

II _,. Send me free parts lists fur   

I Name   I 
IAddress   I 

City  -,•!.ffi ....... I 
L J 

Send 
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CLASSIFIED 
ADVERTISEMENTS 
7 cents e word. $1.00 minimum. 

AMATEUR RADIO, Commercial Radiotelephone and Radio-
telegraph licensee, complete training. Resident and correspond-
ence courses. Every graduate • licensed operator. NEW YORK 
WIRELESS SCHOOL. 1123 Broadway, New York. 

SELL: HARVEY RK20 KNITTER. Commercial rack, power 
supply, xmitter. antenna unit in one rack. FBXA 80 and 
40 coils. Peak pre-selector. speaker, monitor, power supply, 
bug. Everything in he salon. Firs $100. Plus freight, takes 
all. Dept. RW-8, 940 Northampton, Banal°, N. Y. 

TRADE: EASTMAN MODEL 20 CINE 8 MOVIE CAMERA 
for good standard ham receiver or xmtr. parts. W6MUP, 
Dept. RW-8, Nogales. Ariz. 

TRADE: USED $144 SUPREME AAA-I D1AGNOMETER for 
Grafter. Recomer, or what have you? Herbert Wallis. KWTO, 
Dept. RW-8, Springfield. Mo. 

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 TUBES, YEAR GUARANTEE, 25 cents to 50 cents, 
postpaid. Radio Tube Mart, 4207 North Jefferson, Spokane, 
Washington. 

RADIO WORLD AND POPULAR MECHANICS 
MAGAZINE — Radio World is $2.50 a year, and 
Popular Mechanics Magazine is $/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. 

INDUCTANCE BOOK 
Free! 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 "The Inductance Authority," by Edward 

M. Shiepe. This $2 book sent free, postpaid, with 

supplement, on receipt of $5 for a 2-year sub. 

scription for RADIO W ORLD. 

RADIO WORLD, 145 W. 45th st.. N.Y. C. 

CHASSIS—CABINETS 
PANELS éSL CANS 
STANDARD SIZES ON HAND 
SPECIAL SIZES MADE TO ORDER 

KORROL RADIO PRODUCTS CO. 
232 Greenwich St. R.W.-9-37 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 technical magazines that 
cater to experimenters, service men and students. for one year 
each, at a saving of $1.50. The regular mail 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, 145 West 45th Street, N. Y. City 

INVESTIGATE 

The Delta Signal Generator 
BEFORE YOU BUY! 

Years of technical development have resulted in ties 
precision signal generator shown, having semarkable fre-
quency stability. It embodies all requirements for properly 
servicing any and all sets, with or without AVC. With 
this instrument, which covers all frequendes from 90 kr. 
lo 31 megacycles on fundamentals only isix bands by 
switching, and no dead-spots!), the efficient service man 
can shoot either an RP or Al" signal into any part uf 
the circuit to see if it functions satisfactorily, as well a, 
line up his I-P channels. 
The generator operates on 110 volts AC or DC. uses 

air-cooled metal tubes for oscillator, modulator and recti-
fier, and is provided with attenuator and modulation 
switch. It is contained in a shielded metal cabinet wit), 
a beautiful etched aluminum panel. 
COMPLETE. WIRED AND TESTED MODEL $15.95 
Same as above, less tubes  14.15 

PROMPT SHIPMENTS 

DELTA RADIO COMPANY 
Dept. R.W. 9 

135 Liberty Street, New York, N. Y. 

RADIO SERVICING SHORT-CUTS 

and Money Making Ideas 
A completely new and different book tell' mow radios 
may be repaired quickly with the absolute minimum et 
test equipment. Proves that by an actual test II out of 
10 radios can be fixed with simple tools and volt 
ohmmeter. The autoor, M. N. Reitman. for years in 
the servicing profession, realized and kept data on 
these tacts. Page after page of practical information. 
Many real money-making ideas and hints applicable to 
all sets. 

Principles of 

PUBLIC ADDRESS SYSTEMS 
The only practical handbook on P. A. Covers In detail 
everything about Sound, from various microphones to 
loudspeaker placement. Many examples and circuit 
diagrams. 

MATHEMATICS OF RADIO SERVICING 
Introduces and explains the use of arithmetic and ele-
mentary algebra in connection with problems found In 
radio servicing. Numerous examples taken from actual 
radio eases. Plainly written and easy to undaritand 
Size: 8% a 11 lo. 

PRICE 50c EACH 

SUPREME PUBLICATIONS 
3727 West 13th St., Chicago, Mu& 
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MILLION "" TESTER 
FEATURES: 

I. Emission 
2. Metal Tabes 
3. Shorts Hot 
4. Leakage Hot 
5. Resistance 
6. ElectrolytIcs 
7. By-pass Con-

densers 
8. D'Arsonval 

Meter 

MODEL CP 

$133>5iET 
MODEL TM, with large 3" square 
D'Arsonval Meter and Continuous 
Line Voltage Adjustment, $i e 
Net   U ." 

Ycrur Jobber's Name and 20% Deposit 
Required on All Direct Orders. 

Send for Free Literature! 

MILLION Radio and 
Television 
Laboratories 

595 Union Street, Chicago, Ill. 

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 letter so 
that he will receive it the day before his birthday 
telling him of your generosity and thoughtfulness. 
For $2.50 a year in the United States he will be 
reminded of your unselfishness every time the magazine 
arrives. RADIO WORLD, 145 West 45th Street, 
New York, N. Y. 

\ NEWEST TEST EQUIPMENT 
,,•-,..-- TOOLS - BOOKS \\ RA. Dip i?EctIvE 
' AUTO sErs es 

NEWEST BOOK The Radolek 1937 
Profit Guide is the 

most complete and up-to-date radio parts book ever 
published. 164 pages of radio buying information. 
Technical information and helps for servicemen are 
featured throughout the book. 

12,000 PARTS The Right replacement items 
for every radio that you will 

service A complete new selection of Receivers, Ampli-
fiers, Test Equipment. Tubes. Tools. and Books—al-
ways in stock--ready for prompt shipment. 

FASTER SERVICE Radolek SPECIAL-
IZES in serving 

the radioman. Our organization is geared-up to serve 
you beat—to give you what you want when YOU want 
it and at the RIGHT PRICES. This BIG new book 
is FREE! Send for your copy NOW! 

601 W. Randolph, Chicago, Dept. G-10 1 
di Send me the Radolek Radio Profit Guide FREE. 

111 Name   

II Address 

I Serviceman? O Dealer? D Experimenter? D 111 

'MIMI • MI BIM MIME MI 1.11 

The New ALLMETER 

for Rapid, Accurate 10"  Measurements 

The ALLMETER is a multi-purpose meter, 
1,000 ohms per volt, d'Arsonval movement, for 
measuring a.c. and d.c. volts, a.c. and d.c. cur-
rents, capacity, decibels, resistance and in-
ductance. 

Volts and milliamperes, 15-15-750. 
Capacity, .01-50 mfd., including electrolytics. 
Decibels, for total change of 42 db. 
Resistance, .03-500 and 500-500,000 ohms. 
Inductance, 5 to 1,000 henries. The Allmeter. 21 instruments in one. 

ORDER DIRECT FROM 

SUPERIOR INSTRUMENTS CO. 136 Liberty St.., New York, N. y 
Dept. RW9 

Send for our free Catalogue PV, in colors, describing our complete line. 
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TELEVISION 
"TELEVISION WITH CATHODE RAYS," 
by Arthur H. Halbran. Farnsworth and 
Zworykin systems fully explained. The treatment 
is mathematical. It is a book for the well-
grounded radio man who has vision, the man 
who wants to be among the first to cash in when 
the pictures go on the air commercially, but is 
not for novices. 100 pages or more of supplemen-
tary data. Price $2.75 postpaid including Supple-
ments). 

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

When writing to Advertisers please 

mention that you saw the Advertise-

ment in RADIO WORLD. 

SPECIAL 2-FOR-1 OFFER 
RADIO WORLD 

Radio World is $2.50 a year (12 issues), 25c, per 
copy. Canada and foreign, $3.00 yearly. Offers of 
Radio World and other worthwhile publications for 
one full year on each (NET): 

CI RADIO WORLD and SHORT-WAVE and TELE-
VISION, $3.50. 

CI RADIO WORLD and POPULAR SCIENCE 
MONTHLY, $3.50. 

Ci RADIO WORLD and RADIO-CRAFT (12 is-
sues), $3.50. 

C) RADIO WORLD and RADIO INDEX (monthly, 
10 issues), stations, programs, etc., $3.50. 

13 RADIO WORLD and SERVICE (monthly), $3-50. 

CI RADIO WORLD and EVERYDAY SCIENCE AND 
MECHANICS (monthly), 13.50. 

ID RADIO WORLD and BOYS' LIFE (monthly, 12 
issues), /3.50. 

CI RADIO WORLD and TRUE STORY (monthly), 
13.03 

CI RADIO WORLD and LIBERTY (weekly), $.3.05, 
U. S. only. 

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  

CI If renewing an existing or expiring subscription 
for RADIO WORLD, put cross in square. 

CI If renewing an existing or expiring subscription 
for other magazines, put cross In square. 

Special Trial Offer for Radio World only: $1.03 for 
5 months. postpaid. Mail order with remittance to 
Radio World Office. NET. 

RADIO WORLD, 145 W. 45th St., New York 

It's NEW! It's NIFTY! 

WS INFINITE! 

THE VOLTMETER THAT 
OUTVOTES THEM ALL 
Imagine anything so fine as this: 

A six-range d-c voltmeter of the no-current-draw 
type. 

A six-range a-c vacuum tube voltmeter, of tile 
no-current-draw type, and nonreactive at that! 

A circuit built around a 0-500 microammeter that 
of itself would be 2,000 ohms per volt, nearly 
5 inches clear across, and by our method be-
comes infinite ohms per volt. 
An enot mous meter! A stupendous circint 

development! An outstanding and compelling 
instrument that reveals to you, with maximum 
accuracy, the voltage that exists in any circuit, 
a.c. or d.c. A device that measures the voltage 
across tuned circuits as well as across a dry cell , 
The same accuracy throughout, all in a voltmetet 
that is as sensitive as any made anywhere or 
earth, and as sensitive as man ever will be able 
to make any voltmeter, no matter what wonders 
science may bring forth. 
The INFINOMETER opens to servicemen 

for the first time the opportunity of owning an 
infinite resistance voltmeter for d.c. combined 
with a vacuum tube volmeter that is an infinite 
impedance voltmeter for a.c. and that measures 
all frequencies with impartial accuracy, to 50 
megacycles. 
Own for the first time a meter that draws no 

current from any measurement you make and 
that enables you therefore to read the voltage 
across a diode resistor, no matter how tiny the 
current through that resistor, no matter how high 
the resistance. A-v-c voltages quickly measured, 
trouble located that otherwise balks you. And 
measure voltage of any frequency, including pet , 
stage gain. r.f., if., or al. Complete wth 2 tubes. 
A.c. and d.c.Ranges: 0-1.5-5-
15-50-100-150 
All at No Current Draw.$ 

The Infinometer 
(Shpg. Wt. 10 lbs.) 
Net Price   

The INFINOMETER works on 50-60 cycles a.c. 

of 91:/130 line volts. 
Models for 40 cycles, $2.00 extra. 
Models for 25 cycles, $3.00 extra. 

Order Direct From 

SUPERIOR INSTRUMENTS CO. 
Dept. RW-9 — 136 Liberty Street 

Tel.: REctor 2-3247 New York City 
Send for Our Free Catalocur in Colors. 
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DeLuxe Superior 

GENENIETER 100 Kc to 100 Mc 

With Variable Audio 

LL the refinements that you would demand of a costly 
Signel Generator are embodied in our new GENE-
METER. First in importance is accuracy. The 

GENEMETER has it—Y2% on intermediate and broadcast 
hands, 2% on short waves. Modulation must be present or 
absent by switching. It is. And, besides, the audio is 
variable. Direct reading in frequencies, it permits response 
measurements of amplifiers 

FEATURES: 

1. Direct reading in frequencies. 100 kc 
—22 mc. in five bands, all funda-
mentals, by front-panel switching. 
Ultra band by harmonies to 105 me, 
also direct-reading. 

2. Direct reading in frequencies, 25-
10.000 cycles, in three bands, all 
fundamentals, by front - panel 
switching. 

3. R.F. and A.F. outputs Indepen-
dently obtainable alone, or with 
A.F. (any frequency) modulating 
R.F. 

Output meter for connection across 
primary of receivers' output trans-
former for peaking with modulation 

5. R.F. Is subject to attenuation, and 
oscillation leakage in minimum. 

6. Condenser and other leakages test-
ed, to 100 megohms. 

7. Main dial protracted on 71/2 " 
diameter, used full size, with pre-
cision pointer (no parallax), and 
4-to-1 vernier planetary drive. 

It All services on 90-130 volts ac. 
or d.c. 

Shipping weight, 10 lbs. 

.4 o 
Complete with Four Tubes 

Dependable Tube Tester 
The Superior Tube Tester 

Price Is only.. $ 10 40 
Shipping weight, 10 lbs. 

* FEATURES * 
Tests all 4, 5, 6, 78-7L and octal base tubes. 
Tests all Diodes, Triodes, Pentodes and Tetrode re-
ceiving tubes, as well as many transmitting types. 
Will check diode, triode and pentode sections of com-
posite tubes separately. 
Separate Neon Test for leakage or shorts between 
elements. 
English reading meter, with "BAD-7-GOOD" scale. 
Minimum number of adjustments, without impairing 
efficiency or accuracy of test. 
Rugged, foolproof construction. Built for a lifetime of 
use. 

ORDER DIRECT FROM 

SUPERIOR INSTRUMENTS COMPANY 
DEPT. RW9—I36 LIBERTY ST., NEW YORK, N. Y. 

Pr* SEND FOR OUR FREE 
CATALOGUE IN COLORS! 
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MID-SUMMER SALE 
Thors Annual Clearance 
Thor's once-a-year Clearance Sale is your opportunity 
to buy brand new merchandise at prices especially 
marked down to clear our shelves before the fall season. 
Every unit brand new and guaranteed 100%. Quantities 
are limited, so get your order in now. 

GENERAL ELECTRIC model E-91, 9 tube 3 band superheterodyne chassis with 
speaker and tubes. 10 watt output, new colorama dial, sentry box, bass and treble 
compensation, sliding rule tuning scale and automatic volume control. Uses 3-6k7, 
1-6a8, 1-6j7, 1-6c5, 1-6h6, 1-616, 1-5z4, all metal tubes. Preselection on all bands, 
2 I.F. stages and full coverage from 16 to 550 meters. Chassis size: 14" long, 

81/2 " high, 9" deep. Complete with tan and gold escutcheon plate, en 9 " 
9 GE metal tubes, GE 8" dynamic speaker. List price $79.50. NOW... qp‘ ..)0 

RCA-VICTOR model 67M1 Auto 
radio. Compact single unit radio 
with metal tubes, built-in dy-
namic speaker and full vision, 
non-glare, illuminated dial. Tre-
mendous volume-9 watts output 
—more than most home sets. Im-
proved AVC tone control. Custom 
plates to match the dash of any 
car. Measures 10" long, 7" high, 
7" deep. Complete with 6 RCA 
tubes and all mountings $25.45 
and accessories  

AMERICAN BOSCH model 604 
Midget radio. 5 tube 2 band 
"super" using new 25B5 output. 
Covers full amateur, police and 
broadcast. Built-in aerial, dy-
namic speaker, improved AVC 
and many other features. Meas-
ures 11" long, 6" deep, 7" high. 
Complete with 5 Raytheon tubes 
and aerial. List price, 9.2.85 
$31.95. NOW  

Genuine Astatic crystal pick-
ups. Best for tone model S-8.. 

Hi-fidelity magnetic pickups, 
weight, finely• balanced, hi-im-
pedance   

Thor line noise filter. Removes 
made static from lines or 
motors. Easily attached  

Order 
Direct 
from 
this 
Ad. 

Mail 
Orders 
Filled. 

24-Hour 
Service. 

$4.95 
light 
$3.49 

man-

ROA-VICTOR model 67M2 Auto 
radio. A deluxe 2 unit receiver 
with Magic Voice 8" dynamo 
speaker in separate case. Non-
glare full-vision dial and all new 
features. Beautiful tone-9 watt 
output. Dial to match any car. 
Set measures 10" by 7" by 7". 
Speaker 9" overall. Complete 
with all-metal tubes, mountings 
and accessories. List $29.45 
price, $64.95. NOW  

ARVIN 7 tube all-wave chassis, 
tubes and speaker. A 3 band 
"super" covering full range from 
16 to 550 meters. All metal tubes 
with 2 stage audio system em-
ploying driver stage. A few still 
left from original lot previously 
advertised. A real buy for the 
ham or set owner. Good tone re-
production from all broadcast as 
well as phono pickup. Chassis 
measures 14" by 8" by 9". Com-
plete with 7 metal tubes. 10" 
dynamic speaker. Was $10.05 
$24.50. NOW  

General Electric all-ware aerials, com-
plete with set coupler. Fits all sets. 
Improve distance and reduce $2.79 
noise level   

New Shure Zephyr Pickup. Latest im-
provement in phonograph reproduction 
Extremely light weight, off center pin 

$1.49 to insure minimum needle $6.p 
scratch   

THOR RADIO INC. 
65 CORTLANDT ST. N . Y. C. 
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AUDIO 

B. F. O. 
0-10,000 
Cycles. 

0 
OUT. , 

OUT,U, YOL,5 

The AUDIOMETER has Superior's Lifetime Black Crinkle Finish, fired in a vast fur-
nace. Windowed dial cutout, smart marked panel and leather handle aid in producing 

the fetching appearance. 

Our New Audio Oscillator 
Is Record-Breaking! 

IT is sad news to you when stock you own 
crashes below its previous lowest level, good 

news when some instrument you need is pro-
duced at a selling price far below the lowest 

previously recorded. Such a record-breaking 

fact attends the introduction of our audio beat 
frequency oscillator, the AUDIOMETER. This 

precision device covers 0-10,000 cycles, with 
direct-frequency reading 8-1 vernier dial (plus 

costly planetary drive) and direct-reading out-
put volts, 0-2 volts. Besides the attenuator, or 

output voltages control, there are on-off switch, 

zero frequency adjuster (lower center) and two 
output tip jacks. There are five tubes, of which 

two serve as amplifiers. 

13 RILLIANTLY engineered, so output is a 
perfectly stable, pure sine wave at all fre-

quencies, and there are no dead spozs, weak 
spots or soft spots, the AUDIOMETER is 
carefully made in our modern factory by un-
hurried experts. It has two separate tubes as 
r-f oscillators, an abnormally large ratio of 
capacity to inductance in both, a rectifier and 
a two-stage audio amplifier. Hence full 2 volts 
output are obtained, about eight times the volt-
age delivered by the usual beat frequency 
oscillator that costs from twice to ten times as 
much. Besides being an outstanding engineer-
ing achievement, the 
AUDIOMETER has a si 40 
most fetching appearance. 
Complete, with test leads. 
(Shipping weight, 7 lbs.). 
Net price   

WHY OUR PRICES ARE SO LOW 
We make everything we advertise and we advertise everything we make. Anybody can buy our 

merchandise at the advertised price, nobody can buy it for less. Nobody else makes a cent out of 
the sale. This policy of only one profit enables customers to save up to 50 per cent. So it is not 
strange that our precision apparatus costs half or less than other apparatus, and often renders 
additional services. Our policy is popular with servicemen, whom we address regularly in Radio 
World. Radiocraft and Shortwave and Television, in the vastest space used in any of those 
magazines by any advertisers the year 'round. 

Send for Our Free Catalogue In Colors. 

ORDER DIRECT FROM 

SUPERIOR INSTRUMENTS COMPANY 
DEPT. RW9 - 136 LIBERTY ST., NEW YORK, N. Y. 
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CLEARANCE SALE 
FARRAND 8" 

INDUCTOR DYNAMIC 

SPEAKER — $1.49 

PEERLESS (HI-FI) 
12" DYNAMIC 

(G VOLT-1000 OHM) 

SPECIAL — $5.25 

PERFECT PHONO 
PICKUP 

SPECIAL — $2.95 

JENSEN 12" 
AUDITORIUM DYNAMIC 
SPEAKER (2500 OHM) 

SPECIAL — $4.95 

DUO MAGNETIC 
8" SPEAKER IN 

SQUARE CABINET 

SPECIAL — $1.75 

A.C.-D.C. MIDGET 

METAL BASES 

SPECIAL —10c. 

BEEDE 2" 
(VOLT-OHM-MIL) 

01 MA 
BAKELITE CASE 

SPECIAL — $2.95 

BUDDY "2" 

2-TUBE A.C. and D.C. 

SHORT WAVE KIT 

15-2000 METERS 

COMPLETE KIT 

LESS TUBES 

$4.50 

GENERAL ELECTRIC 

MOTOR AND TURNTABLE 

SPECIAL — $4.95 

GENERAL ELECTRIC 

MIDGET A.C.-D.C. 

CHOKE — 25c. 

PILOT MIDGET COND. 

.00014 MFD. 

SPECIAL — 35c. 

CROWE 21/2" 

AIRPLANE DIAL 

SPECIAL — 29c. 

3 GANG .00035 

TUNING CONDENSER 

SPECIAL — 39c. 

MIGNON AUDIO 
(i 12 TO 1-5 TO 1) 

AUDIO TRANSFORMER 

SPECIAL — 25c. 

BEEDE LARGE FAN 
(VOLT-OHM-MIL) 

0-I MA 

SPECIAL — $4.19 

ULTRA MODEL 1AI 
PRECISION SIGNAL 

GENERATOR 

— $12.50 

SEND FOR 

CIRCULAR 

9-W 

FARRAND 12" 

INDUCTOR DYNAMIC 

SPEAKER — $1.95 

PEERLESS (HI-FI) 

12" A.C. DYNAMIC 

SPEAKER — $7.50 

LINE NOISE 
FILTER 

(LIMITED QUANTITY 

SPECIAL — 49c. 

JENSEN AUDITORIUM 
12" A.C. DYNAMIC 

SPEAKER 
SPECIAL — $7.95 

DUO MAGNETIC 

8" SPEAKER IN 

GOTHIC CABINET 

SPECIAL — $2.25 

FREE MANUAL 

With 

Every Purchase 

UTAH 8" 
(ALL OHMAGES) 

DYNAMIC SPEAKERS 
SPECIAL—$1.49 

POWERTONE 801 

VOLT OHM MILL 

METER —$5.75 

HAMMARLUND 

.00014 MIDGET COND. 

SPECIAL — 49c. 

POWERTONE ELECTRIC CORP. 
177 GREENWICH STREET, NEW YORK, N. Y. 
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STANDARD "SUPER -PRO" 
POWER SUPPLY CHASSIS 

STANDARD "SUPER -PRO" 
RECEIVER CHASSIS 

DESIGNED and built with the fa-
mous HAMMARLUND pains-

taking care and skill, the new "Super-
Pro" provides a new, outstanding 
degree of efficiency on 10 meters! Us-
ing two stages of R.F. on all five 
bands, including the 20 to 40 mc. band, 
this model affords a sensitivity of 0.8 
micro-volt (30% modulated) with a 
signal to noise ratio of 6 to 1 on 28 
mc.! In addition, the image rejection 
ratio on 28 mc. is 150 to 1! A 
special electrical band spread 
system spreads the 28 to 
30 mc. band over 90 divi-
sions of the dial. 

SEND 

FOR THIS 

BULLETIN 

STANDARD "SUPER -PRO 
IN METAL CABINE" 

Other unusual new "Super-Pro" features are 
—direct tuning accurate to within 1/2 %; cali-
brated band-width, beat oscillator, sensitivity, 
and audio gain controls; stand-by, A.V.C.-Man-
ual, C.W.-Mod. switches; 8 metal and 8 glass 
tubes; separate humless power supply; rugged 
self-contained tuning unit with trouble-free cam 
knife switch, etc. Tuning range of 10 meter 
model from 1.25 to 40 mc. Model for .54 to 20 
mc. range, with all of above features, also made. 
Either type available in crystal or standard 
form, for table or rack mounting. 

Complete details appear in special "Super-Pro" 
bulletin. Mail coupon below for your free copy! 

HAMMARLUND MFG. CO., INC. 
424-438 W. 33rd St., N. Y. City 
D Please send me new "Super-Pro" 

bulletin. D Please send me new "37" catalog  

Name   

Address   

City   State  RW-9 
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A NEW 5" VOLT-OHM-MILLIAMMETER 
Accuracy Guaranteed Within 2% 

daticm 
ttument 

for your 

EST PANEL 
For Radio Service Engineers, Ama-
teurs, Experimenters and all Elec-
trical Laboratory Workers. 
This is an instrument that will 
stand out on your test panel. It 
is large, has a long, easily read 
scale, and is built to precision 
accuracy. 
It is a real economy for those who 
are able to anticipate future 
needs. 
Instrument reads 10 - 50 - 250 - 500 - 1000 
Volts, 1 - 10 - 50 - 250 Milliamperes; Low 
ohms, .2 to 500; High ohms to 100,000. 
Body, 43/8"—Flange, 51/4"—Body Depth, 
I'/2"—Scale Length, 31/8" Also avail-
able in 3" round and 4" square instru-
ments. 

• • • 

FOR MORE INFORMATION 

SEE YOUR JOBBER OR WRITE FOR CATALOG 

» 

TRIPLETT FACTORY—BLUFFTON, OHIO - 
I THE TRIPLETT ELECTRICAL INSTRUMENT CO. 

I279 Harmon Ave., Bluffton, Ohio 

ID Please send me complete Information on Triplett Model I 
521. I: 1 am also interested in   

I Name   

Address 

I CIO'  

eft Lesi77%' 
PACCI:4iOn 

ELECTRICAL I NSTR M ENT11 
State 


