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AUTY 
Spra5jue Precision Condensers are 
ihe Siandard of Condenser Qualify 

WHEN critical engineers get together, they all agree that Sprague 
Condensers are superior ... They know that Sprague Condensers 
have stood the severest tests of service - that they can be depended 
upon to perform their duties with unfailing faithfulness. Sprague 
Condensers are designed by the nation's foremost condenser engi- 
neers and assembled by skilled craftsmen ... And here are a few 
reasons why Sprague Condensers are better: 

THE SPRAGUE ELECTROLYTIC CONDENSER 
A single unit allowing maximum flexibility for mounting in circuit. 
No welded or riveted joints in its one piece anode, made of purest 
aluminum. A lower leakage and better power factor than any 
other electrolytic unit, wet or dry. Rigid construction prevents 
possibility of internal shorts. Screw type socket makes for ease in 
mounting. Edge effect 10% of spiral type. 

THE SPRAGUE BLOCK CONDENSER 
Dielectrically superior due to patented paraffin layer process: Rug- 
gedly protected by extra heavy sheet metal can. Impervious to mois- 
ture due to dipping of individual condensers, wrapping of assembled 
block in moisture -proof material, and triple sealing. Highest leak. 
age resistance guaranteed above 5000 megohms per microfarad. 

THE SPRAGUE ONE MICROFARAD UNIT 
Flexible mounting - either unique stud or flange as desired. Cor- 
rectly protected against moisture by double seal and only one small 
open end. Also furnished in midget assemblies using up to five sec- 
tions of low capacity. 

THE SPRAGUE MIDGET 
A compact and unusually strong unit. Tested to high voltage break- 
down- waterproofed with asphalt covering and special process of 
triple impregnation. Easily and quickly mounted ... Dual type of 
winding if desired. 

SPxaGM SPtCiaL,TrtS COMPANY 
QUINCY, MASSACHUSETTS 

SPRAGUE ELECTROLYTIC AND PAPER CONDENSERS 
WILL SOLVE YOUR CONDENSER PROBLEMS 
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SPONSORED BY 

Open this 
-FREE BOOK 

and you open 
the door to 

°CCESS 
in 

AUtO 
OU, too, can be trained for a big -time radio 
job ... Clip this coupon now and send for 

this FREE BOOK ... Read it page by page .. . 

see for yourself why thousands of fellows just 
like you are now making from $50 to $100 a 
week ... why many others earn as high as 
$10,000 to $15,000 a year and even more. This 
free book gives you 40 fascinating pages of 
pictures and text, all about RCA Institutes, 
the only school that is endorsed by the Radio 
Corporation of America ... The school that 
actually sends you radio instruction direct from 
RCA .:. the very source of radio achievement! 

Easy to Learn Radio 
At Home in Your Spare Time 

Let the RCA Institutes Home Laboratory Train- 
ing Course give you the real inside facts of 
radio ... quickly and easily. Use your spare 
time to train for success with the remarkable 

outlay of screen -grid apparatus given to every 
student of this course. You learn how to solve 
every radio problem such as installing, repair- 
ing and servicing fine sets. This is the training 
that will help you to make money in radio! 

RCA Graduates in Big Demand 
For more than 20 years, there has been a well - 
paid position in Radio waiting for practically 
every graduate of RCA Institutes. This is a 
record unequalled by any other school. Only 
the vast resources of RCA could give you this 
practical training . . . 

Send for this Free RCA Book 
"Radio ... the Field 

of Unlimited Opportunity" 
Start today on the road to Success in Radio ... 
Send for this FREE BOOK. Every page is 
packed with pictures and text telling you all 
you want to know about RCA Institutes, the 
oldest and foremost Radio training organization 
in the world. Radio can easily be YOUR ROAD 
TO SUCCESS . . . That's why you should 

Clip this Coupon NOW 

RCA INSTITUTES, INC. 

Formerly 
Radio Institute of 

America RVI 

RCA INSTITUTES, Inc. 
Dept. RB-4, 76 Varick Street, New York 

Gentlemen: Please send me your FREE 40 -page book 
which illustrates the brilliant opportunities in Radio 
and describes your laboratory- method of instruction 
at home! 

Name 

Address 
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... among other things 

Elmer Brown, who writes in this issue about air- 
craft radio developments since 1929, has been with 

the RCA as an engineer, first at Van Cortlandt Park, 
New York, and now at Camden where he specializes 
in competitive receivers, special receivers and equip- 
ment. He has been with Magnavox, the U. S. Navy, 
and several West Coast distributors. Jesse Marsten 
admits that just thirteen years ago, he took his first 
commercial job in radio at the old Marconi plant at 
Aldene, N. J. "Thanks to the U. S. Navy and the 
Signal Corps," says Marsten, "enough work was pro- 
vided to give us the experience that Mr. Wegeant, 
then the chief engineer, promised Carl Dreher and me 
as compensation for accepting $10 a week. With the 
formation of the RCA out of the remains of the Mar- 
coni Company, I joined Dr. Goldsmith's research staff 
at C.C.N.Y. This staff was the nucleus of the RCA 
Technical and Test Department." For the past three 
years Mr. Marsten has been chief engineer of Freed - 
Eisemann. During the last eight years C. H. W. Nason 
has been with Federal Telephone and Chas. Freshman 
Companies in engineering work and has also done some 
consulting. He is at present developing television trans- 
mitter systems and audio-frequency amplifiers for Jen- 
kins His chief claim to faine is his operation of amateur 
station 3rK and that he was one of the last of the 
amateur fraternity to lay down the reactionary banner 
of "The Spark Forever." Thomas E. Piazze was born in 
Arequipa, Peru, and came to this country in 1926. He 
is intensely interested in development of mechanical 
devices and for the past eighteen months has been 
in the mechanical department of the Technidyne Corp. 

The Balkeit Radio Company, of North Chicago, 
was never in bankruptcy we have been informed 

by R. L. Eglaston, now vice president of the company. 
It was incorrectly stated on page 251 of our March is- 
sue that Balkeit was involved in a bankruptcy action. 
This report reached us from a source which we 
believed to be correct and was printed in good faith.We 
greatly regret this occurrence and offer our sincere 
apologies to the Balkeit Company and its dealers. 
Set Data Sheet No. 36 in our January issue showing a 
Fada receiver indicated a 171A tube in the first a.f. 
stage whereas a 227 type is the tube actually employed. 

For coming issues we can forecast, in addition to all 
our regular features, the following: an article by 

W. R. G. Baker, chief engineer of Radio-Victor, on 
engineering personnel problems; R. S. Kruse describes 
"R39," a new insulating material; H. D. Oakley, an 
attenuator for the signal generator; R. C. Hitchcock 
on design data for output transformers; Jesse Marsten 
on measurements of antenna -coupling systems in broad- 
cast receivers; Baron von Ardenne on a system for 
measuring vacuum tube characteristics using the 
cathode -ray tube. 
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PILOTRON S 
These tubes, built to satisfy professional 
radio engineers and custom set builders, 
will surely satisfy your customers. "Good 
Sets Deserve Pilotrons, Others Need Them "! 
Pilot Radio and Tube Corporation, 
323 Berry Street, Brooklyn, N. Y. 

PLUG in a Falck Claroceptor between wall 
socket and radio set and eliminate 

"static" from motors, street cars, telephones 
and electrical appliances. This new improve- 
ment by a pioneer radio parts manufacturer 
grounds and thus blocks out line interference 
noise and radio frequency disturbances. Also 
improves selectivity and distance. Requires 
no changes in set. Measures just 3A x 5A x 
2/ inches. Thousands now all over America 
use the Claroceptor for clearer A. C. recep- 
tion. Get one right away -at radio parts 
dealers. Write for descriptive folder. 

$7.50 complete with 
cord and plug 

CLAROCEPTOR 
Built by ADVANCE ELECTRIC CO. 

1260 W. Second St. Los Angeles, Calif. 
JOBBERS and DEALERS, GET OUR PROPOSITION 

...r. ..,... 

SINGLE i rf- 9/l6" 
TANDEM 1 

lßß "'j Licensed by 
Technidyne Corp. 

U. S. Patents 
1034103- m34104. 

The New ELECTRAD 
MODEL «B" Super- TONATROL 

Superior Dual -Unit Volume Control 

THE New ELECTRAD Model "B" Super - 
TONATROL solves volume control prob- 

lems for manufacturers. It has all of the 
features of the original Super -TONATROL in 
more compact form with single or double units. 

The unique method of insulating the shaft from 
the contact arm (shown above) provides com- 
plete circuit isolation between units. 

The resistance element is permanently fused to 
the surface of a vitreous enameled steel plate and 
dissipates a full 3 -watts. A pure silver floating 
contact provides amazingly smooth stepless vari- 
ation, with absolute freedom from noise. 

Completely enclosed Bakelite case for either panel 
or baseboard mounting. Practi- 
cally immune to changes of tem- 
perature and humidity. 

A Prominent 
Radio Engineer's* 
Endorsement of the 
Super - TONATROL 
"-it gives me great pleas- 
ure to write you this un- 
solicited testimonial, and 
to congratulate you upon 
the production of the 
Super - TONATROL, by 
far the smoothest, longest 
lived and otherwise most 
perfect commercial volume 
control it has been my 
pleasure to encounter. 

`Name on request. 

Single or tandem units can be 
made with all usual resistance 
ratings with uniform or ta- 
pered curve. 

Manufacturers mail Coupon 
for Data and Blueprint. 

175 Varick. St., New York, N.Y 

ELECTR 
ELECTRAD manufactures a complete line of 
resistances and voltage controls for all radio 
and power supply requirements, including 
Television. 
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PROPER power control is necessary to propel your 
automobile through the winter drifts. 

The music from your radio receiver, wallowing 
throrgn the sleets of static and the storms of internal 
selt-hinicted noises, needs ample power PROPERLY 
CONTROLLED. 
That's where the scientifically calibrated CENTRA- 
LAB volume control plays a major part in the 
proper performance of your radio. 
For smooth, quiet operation insist that your radio 
be CENTRALAB equipped. 

Write Dept. 218 -E, for free booklet "Volume 
Control, Voltage Controls, and Their Uses." 

CENTRAL RADIO LABORATORIES 

Dept. 218 -E, Keefe Ave., Milwaukee, Wis. 

Heavy 
going 

. 'II IIIIII! il 

IIll '.i¡'IL^ - 

i//ii/íw 
.(`uWlmuuurr 

THIS shows the exclusive rocking disc 
construction of Centralab volume 

control. "R" is the resistance. Contact 
disc "D" has only a rocking action on 
the resistance. Pressure arm "P" to- 
gether with shaft and bushing is fully 

insulated. 

!ATTENTION! 
SERVICE MEN 

Quality Replacement 
Blocks and By -Pass 

Units 
for 

Radio Receivers 
"B" Eliminators 

Power Supply Units 

POTTER GROUND CLAMP 
VISE GRIP CONTACT -EASY TO 

INSTALL - RUST PROOF 
PERMANENT -MODERN 

Electrical devices such 
as the radio, electric ice 
machine and oil burner 
require grounding. 
Every telephone and 
electric service installa- 
tion also requires a 
ground. The ground 

wire for each should be attached to a water 
pipe or ground rod with a Potter Ground Clamp 
for best results. The standard clamp fits 34 inch 
and % inch pipe. Installation is as easy on pipe 
close to wall as in open space. 

Price 20e 

Standard Pkg. 25 

The Potter Co. 
North Chicago, Illinois 

A National Organization at Your Sereice 

3 0 8 

r1 Y' 
ears 

IA Leadership 
y made under 

All radio tubes are Lee De Forest 
basic De Forest 

Auctions include 

but only velopments 
of the 

all the latest o atories. 
De Forest 

FOREST RAD NO 
wOEltsEY 

Build Your Own 
Voltage Multiplier 
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10 50 100 250 500 1000 - Volta 

The Super Akra -Ohm wire -wound Resistor 
is especially adapted for use as a Voltage 
Multiplier as shown in the above diagram. 
It is carefully designed to insure an accuracy 
of 1 per cent and a constant permanency of 
calibration. Its use is also highly recom- 
mended for Laboratory Standards, High 
Voltage Regulators. Telephone Equipment, 
and Television Amplifiers, Grid and Plate 
Resistors, etc. 

500 to 80,000 ohms $1.50 
90,000 to 150,G00 ohms 2.00 

175,000 to 250,000 ohms 2.50 
300,000 to 500,000 ohms 3.00 

SHUNTS for increasing the range of 
milliammeters, $3.00 each. 

Let us know your requirements. Specify 
make, model and range of instrument. 

ASK FOR BULLETIN 62 -A 
containing voltage multiplier data for the 
use of Super Akra -Ohm Resistors with 
milliammeters. 

rr 
w..s 

super, 
I ANAAOHH 

V'hmllilt11VssI UllgoC®ll 
ELECTRICAL SPECIALTIES V\\l 700 PPR1<6R 4VENUE /{/ V\ 

Q'l7 i ngmlale..P3. I 

S AC 
Tube Troubles 
at the Source 
Every A. C. set owner is a prospect 
for the Vitrohm Unit. It saves A. 
C. Tubes and insures full tube life. 
Cuts costly service calls and cus- 
tomer complaints due to tube fail- 
ure. Send your order today for 
twelve units packed in three color 
counter display carton. 

WARD LEONARD ELECTRIC CO. 
MT. VERNON NEW YORK 

Retails for 
$2.00 
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For sets using 65 watts or less 
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INDUSTRIAL CHANGES - Colonial 
merges with Valley Appliance, of Roch- 
ester, combining, it is said, " the best fea- 
tures of each " from sales down through 
engineering. Fulton Cutting is chairman 
of the Board, I. G. Maloff, chief engin- 
eer, and W. S. Symington, president. 
Magnavox reorganized as a Delaware 
corporation to facilitate, it is darkly 
hinted, a merger. Erla, of Chicago, is 
said to be out of receivership; Marti, of 
East Orange, is reorganized and will sell 
sets direct to power companies in and 
near New York. Temple, of Chicago, 
was bought by a syndicate headed 
by Leonard Welling, formerly a New 
York Majestic distributor. Bremer- Tully, 
of Chicago, is discontinued as a sales 
organization and present Bremer -Tully 
sets are being unloaded. 

THE NEWS PARADE -President Hoo- 
ver reappointed the entire Radio Com- 
mission, seemingly ignoring the strong 
opposition to some members which has 
developed, based on their record as 
radio administrators. All have been 
confirmed by the Senate. Gen. Saltz- 
man was chosen chairman. Passage of a 
Communications Commission Act ap- 
pears inevitable and this Commission 
would have radio as only one of its com- 
plex problems. 

In the last year, said President Rich- 
mond of RMA, 25 per cent. of the radio 
manufacturers maintained price levels, 
35 per cent. cut prices, and 40 per cent. 
were in financial difficulties. This state- 
ment, made before the Cleveland Con- 
vention of the N. F. R. A., was not re- 
ceived kindly by the attending lumin- 
aries who felt that such public frank- 
ness was not politic. 

f 

SOME OF the events in the 
world of radio in recent 
weeks may have escaped 
you. A few of the more 
important, to our way 
of thinking, are presented 

on this page. 

by United Motors Service which has 3000 
authorized service stations and 27 "con- 
trol branches" in the United States .. . 

Willard Battery service stations will in- 
stall and service Transitone automobile 
radios. 

LICENSES: MORE AND LESS. -Two 
tube manufacturers signed R.C.A. licen- 
ses, Cable and Perryman. Fourteen tube 
makers now hold an R.C.A license. 
DeForest and Arcturus are not licensed. 
... On January 1, the R.C.A. licenses of 
Walbert, of Chicago, were cancelled. 
Shortly after, however, tuned-radio- 
frequency and electric -phonograph li- 
censes were granted by R.C.A. to the 
Story 4 Clark Radio Corporation, of 
Chicago, and to the Transformer Cor- 
poration of America, Chicago. 

RADIO ON TRAINS -Radio installa- 
tions on important trains continue. 

. Stromberá Carlson's automatic- volume- 
control model has been supplied to Chi- 
cago, Burlington and Quincy for three 
new trains added by the C. B. & Q. 

AUTOMOBILE RADIO- Michael Ert, 
retiring president of N.F.R.A., told 
members of his association that the in- 
stallation of radio receivers in automo- 
biles offered great profit possibilities to 
the radio industry in the coming years. 
... New Hampshire State Commissioner 
of Motor Vehicles Griffin says: "New 
Hampshire is against automobiles equip- 
ped with radio which can be operated 
while the car is in motion. This depart- 
ment is satisfied that the greater per- 
centage of accidents is due to inattention 
of drivers, and where a radio is being 
operated while the car is in motion it 
certainly would tend to divert the at- 
tention of the operator ".... Sales and 
service of the Delco automobile radio, 
made by General Motors, will be handled 

APRoBLEMs -On every hand, those 
who struggle with radio problems refer 
decisively to the automobile industry as 
a perfect example of a well- managed in- 
dustry. Says Norman G. Shidle, direct- 
ing editor of Automotive Industries: 
"The most vital questions in the minds 
of factory executives now seem to relate 
to dealer relations in one way or an- 
other. Some of the questions getting 
most attention are: 

1. Gearing car output to dealer and con- 
sumer demands. 

2. Dealer discounts. 
3. Service policies, particularly as to 

whether factory or dealer shall pay 
labor charges on parts replaced during 
the standard warranty period. 

4. Junking plans. 
5. To reimburse or not to reimburse 

dealers for any of losses on cars in stock 
at time new model is announced. 

6. To reimburse or not to reimburse deal- 
ers for losses on cars in stock when a 
price -cut is made. 

7. Possibilities of non -cancellable con- 
tracts. 

8. Closed territories. 

Write your own comment. 

VOICE IN THE WILDERNESS -Out of 
the millions of good and earnest words 
expended at the Cleveland convention 
of the National Federation of Radio 
Associations came a resolution to enlist 
the Association actively in the case of 
better broadcasting. Says the resolution, 
in part: "... Good broadcasting is the 
foundation of the radio industry and 
should have our support on all situations 
arising that affect it, 

"Be It Therefore Resolved, that a 
standing committee be appointed . . . 

for the purpose of coöperating with the 
National Association of Broadcasters 
and to be ready to make recommenda- 
tions to this association at any time." 

Dealer discounts, tube policies, or 
exclusive' wholesale territories don't 
matter much if the radio listeners don't 
listen. 

THE PENTODE AGAIN -News from 
the trademark division, U. S. Patent 
Office: application "Ser. No. 293,289. 
Radio Corp. of America, New York, N. 
Y., filed December 5, 1929. Trade Mark: 
`Pentode' for electrical vacuum tubes 
and valves. Claims use since November 
25, 1929." . . . R.M.A. engineering 
division argues that the pentode will not 
permit any accomplishments not possi- 
ble with present tubes. For "pentode" 
read "screen -grid tube." How well the 
argument fits set designs of the season 
just closed! ... The industry discussion 
raging around the pentode may have the 
effect of bringing holders of opposing 
points of view to the conference table. 
Several such meetings have already been 
held and further discussions between 
tube and set makers are in prospect. 
Conferences before the fact are rare in 
radio business where the practice has 
been to wait until the die is cast... . 

Says Oscar Getz, of Sleinile: "... I feel 
that it is time that the radio manufac- 
turers should take a hand in the control 
of their own destinies." 

NEW MODELS AND A TREND -SmCe 
we last met, in the phrase of Nation's 
Business, United Reproducers has an- 
nounced a new model, x -70, to sell at 
$149.50, less tubes. U. S. Radio ¢ 
Television announced the Apex seven - 
tube set complete with tubes at $101.00, 
and Sparton, Model 589 to sell at $159.85 
complete with tubes. If two manufac- 
turers of radio receivers offer models 
this early in the season priced with 
tubes, is it a Trend? Our answer is a 
slightly hesitating "Yes." 
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THE WIDESPREAD use of radio during the 
last seven years for entertainment pur- 
poses in the home has created a new ap- 
preciative audience for music. At the same 
time experience has developed certain 
limitations in the use of radio which prove 
annoying to those in whom the desire for 
such musical entertainment has already 
been developed. 

In communities a hundred miles or more 
from broadcasting stations, where the sig- 
nals are relatively weak, there oftenti mes de- 
velops considerable disturbing noise due to 
power line leaks, electric railways, and mis- 
cellaneous electrical industrial apparatus. 
It is unfortunate that these noises tend to 
become most pronounced in damp or wet 
weather due to electrical leakage over in- 
sulators or between power lines and trees 
or other foliage through which they pass, 
as it is just during such weather that most 
people desire to stay at home and be enter- 
tained by their radio. 

The last seven years experience with ra- 
dio broadcasting has also demonstrated 
that there are some sections in the United 
States where, for periods of from one to 
six months during the year, radio recep- 
tion conditions are unfavorable due to 
normal static disturbances from electric 
storms. In such regions, and especially in 
sections remote from the more powerful 
broadcasting stations, a demand has grown 
up for musical entertainment to supple- 
ment the radio in the home, indicated by 
a growing proportion of sales of radios 
equipped with phonographs. 

New Interest In Phonograph 
Radio broadcasting from its first appear- 

ance proved a tremendous novelty. People 
were very enthusiastic over the variety of 
up-to -date music and information that 
radio could supply for the home. These 
features proved powerful enough to cause 
everyone to overlook almost entirely the 
importance of the phonograph. However, 
the improvement in tone quality resulting 
from tying up the phonograph with the 
radio set, together with a certain novelty 
value in the combination, has already 
created a new interest in the phonograph. 

Sales of the new electrically recorded 
records have been increasing rapidly and 
it is thought that this results not only 
from the superior tone quality and rela- 
tive convenience of the electric phono- 
graph, but also from a strongly stimulated 
desire for some pieces of music frequently 
heard over the radio, or else brought to 
mind from long ago. 

We believe that a more rapid growth of 
phonograph use will naturally follow now 
from the introduction of any device tend- 
ing to make the operation of the phono- 

AN 
AUTOMATIC 
RECORD CHANGER 

By THOMAS E. PIAZZE 
Technidyne Corporation 

graph easier and more convenient. There 
is no doubt but that the quality of music 
obtainable from tiood electrically recorded 
records reproducing through the modern 
magnetic pick -up unit and audio amplify- 
ing system with a quality loud speaker, 
as used in broadcast radio sets, is as good 
if not better than that which may be se- 
cured from the average radio broadcast 
program. Certainly when receiving condi- 
tions are bad the absence of noise tends 
to make phonograph reproduction a fa- 
vorite. 

Simplified Operation 
Any device tending to reduce the atten- 

tion necessary for phonograph operation 
tends to increase the enjoyment to be had 
from a phonograph program. Such things 
as electric- turntable operation, eliminat- 
ing the necessity of rewinding; or the use 
of special needle points which need only 
to be changed every fifty or hundred 
records go part way towards easing phono- 
graph operation. 

Many sales people experienced in the 
phonograph field believe that the greatest 
obstacle to the more widespread use of 
the phonograph is the necessity for get- 
ting up every three or four minutes to 
change the record. A recent attempt has 
been made to minimize this annoyance 
by building an electric turntable into a 
small end -table so that the record change 
may often be arranged near at hand. This 
involves the separation of the playing 

instrument into two parts connected by 
electric cables and is not always conveni- 
ent. Neither does it fully avoid frequent 
attention to the phonograph. 

This undoubtedly suggests, why has 
not the automatic record changer come 
more into use? We asked a sales represen- 
tative of one large phonograph company 
not marketing an automatic record 
changer why his company did not have 
one. The answer is instructive. He said, 
"So far, using an automatic phonograph 
has been like going out for a ride in a poor 
automobile; you might as well walk." 
This represents the nub of the question. 
No small-sized record changer so far has 
proved reliable for home use. We would 
add also that probably little sustained ef- 
fort has been exerted to create an auto- 
matic record changer which is simple, fool- 
proof, and capable of handling the variety 
of records, even of one nominal size, to 
be found on the market. Possibly those 
charged with such development were es- 
pecially interested in creating a machine 
which would handle the records manufac- 
tured by their own company and were 
not much concerned with what would 
happen if records of other manufacture 
were inserted. 

Record Changing 
Realizing some years ago that the stimu- 

lation of an active demand for automatic 
record- changing phonographs would be 
relatively easy with an instrument which 

MOTOR 
SPEED 
CONTROL 

RECORD 
REPEAT 
CHANGE STARTING KNOB 

REJECT BUTTON 
ON -OFF SWITCH 

MANUAL 
MAGAZINE 
DISCHARGE 

VOLUME 
CONTROL 

The important parts of the Technidyne automatic record 
changer are identified in this close -up view of the instrument. 
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A Description of a Simple Mechanism 
Handling all Types of Phonograph Records 
in Which the Time Between Selections Has 
Been Reduced to Ten Seconds. Developed 
in the Technidyne Laboratories. 

was at once universal, compact, economi- 
cal, and fool- proof, the Technidyne Cor- 
poration set about the development of an 
ideal automatic record changer. This has 
been achieved and demonstrations have 
recently been made for leading manufac- 
turers. A description of this machine show- 
ing the principle of its operation follows: 

The record changer is shown assembled 
in the pictures on pale 310 and the motor 
unit with turntable is shown at the top 
of this page. 

The record is picked' up and discharged 
by the turntable rotating bodily with 
the motor. Fig. 1 to 7 help in explain- 
ing the operation. Fig. 2 shows the records 
stored in a magazine ready to be played 
with the turntable in its normal position. 
Fig. 3 shows the turntable rotated through 
90° and a record ejected from the storage 
magazine and resting against the turn- 
table. Fig. 4 and 5 indicate the turntable 
rising and picking up the record. 

Fig. 2 -Step one: records stored 
in magazine and turntable in 

its normal position. 
In Fig. 4 it will be noted that the center 

pin on the turntable is pushing against 
the record and Fig. 5 shows the record 
falling back against the turntable with the 
center pin in the hole of the record. 

Fig. 6 shows the record in the normal 
playing position with the pick -up resting 
on it. 

Fig. 7 shows the turntable tilted through 
90° with the push -rods pushing the rec- 
ord off the centering pin so that it can 
drop into the discard magazine below. 

Figs. 5 and 6 indicate how the record 
rises underneath the pick -up thus elimin- 
ating the necessity of any mechanism for 
raising or lowering the pick -up unit. 

How It Works 
In Fig. 1 there is shown a record maga- 

zine, A, a motor and turntable, B, and a 

tone arm C. The magazine A has a ca- 
pacity of about twenty records and is 
loaded through a slot in the front of the 
cabinet. The machine is started from the 
position shown in Fig. 2 by a push- button 
control. The first operation of the machine 
is when the empty turntable tilts over 
through an angle of 90° at which point a 

Fig. 1- Schematic drawing of 
the record changer. A, record 
storage magazine; B, motor and 

turntable; C, tone arm. 

record is ejected from the magazine, A, 
and falls on fingers, D, with the upper 
part of the record resting on the edge of 
the turntable as shown in Fig. 3. The 
turntable rotates back to its normal play- 
ing position. During this motion the cen- 
tering pin slides up the record below the 
center hole, bearing against the record 
as shown in Fig. 4. 

As the turntable continues to rise to its 
normal position the pin engages the hole 
in the record as shown in Fig. 5. During 
the remainder of the motion towards the 
playing position the record is carried on 
the pin and finally deposited on the turn- 
table, as in Fig. 6. After a record has 

Fig. 3 -Step two: turntable ro- 
tated 90 degrees and record 

ejected from magazine. 

been played, an automatic control oper- 
ates to engage a one -revolution clutch, 
starting the tilting operation. The turn- 
table moves down with the record and at 
a certain angle the discharging fingers E 
disengage the record from the pin, and the 
record falls down to a discard magazine as 
shown in Fig. 7. 

All Records Accepted 
Any record may be played over one or 

more times by turning a change -repeat 
knob. This disconnects the mechanism of 
the record -storage magazine from the tilt- 
ing motor so that no records are ejected 
for pick-up. It also disconnects the arms 
pushing the record off the center pin so 
that the record to be repeated stays on 
the table. 

The tone arm and pick -up unit are quite 
free of mechanism. The pick -up is raised 
by the record rising underneath it as the 
table comes back to the horizontal posi- 

Fig. 4. -Step three: turntable 
rising to pick up record ejected 

from magazine. 

tion. This action is relatively gentle even 
though the entire cycle of change occupies 
only 10 seconds. This is because this part 
of the cycle corresponds to the crank (which 
tilts the table) operating in the region near 
dead center. 

The pick -up unit is pushed inwardly by 
a light spring up to a stop so that the 
needle contacts with the outer edge of 
the record as the record rises, then the 

Tspring 
lifts the pick -up clear of the stop. 

his outer edge is a blank margin, but the 
pick -up is impelled slowly inwards to- 
wards the first sound groove by a small 
radial component of record motion under 
the needle, secured by placing the tone 
arm center slightly inside the tangent to 
the record circumference at the needle. 
This arrangement forms a simple way of 
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Fig. 5 -Step four: turntable 
picks up record with center pin 

while returning to position. 

insuring the playing of all records 
at their beginning and without 
loss of time. 

Automatic Control 
The device for initiating the 

record change when a record has 
been completed is of primc impor- 
tance. It must be quick, unfailing 
and unerring. Since various makes 
of records have different terminat- 
ing grooves, all at different internal 
diameters, a quite universal device 
is required. The problem is com- 
plicated by the small motions, 
accelerations and the great di- 
versity of normal sound groove 
spacings. 

The Trigger Release 
The Technidyne automatic con- 

trol is a simple solution for this 
problem which is based on new 
mechanical principles. One of these 
new principles is that a smooth 
shaft will slip through a fairly tight 
bearing at a certain low axial speed 
very easily when the shaft is rotating but 
great resistance is offered for higher axial 
speeds. 

A trigger release is held stopped on a 
smooth rotating shaft by a pin held bal- 
anced in unstable equilibrium on an arm 
rotating with the tone arm. When the 
tone arm either stops moving or acceler- 
ates at the end of a record this pin falls 
off and permits the trigger release to ro- 
tate with the shaft and start the tilting 
cycle. The pin falls off in a half second 

Fig. 6 -Step five: turntable, 
phonograph record, and tone 
arm in normal playing position. 

Fig. 7 -Step six: turntable is 
tilted to reject record in the 

discard magazine. 

Close -up view of tilting motor. 

when the needle enters a special terminat- 
ing groove, and in about 6 seconds when 
the tone arm stops duc to the needle en- 
tering the last closed groove of a record 
with no special terminating groove. 

The development of the Technidyne 
automatic record changer was guided by 
the desire to secure a machine which, be- 
sides being simple in construction and 
operation, would be able to handle the 
great number of different makes of records 
now on the market. Records of one nominal 

BOOK REVIEWS 

size, say ten -inch records, vary in 
thickness and diameter as between 
different manufacturers. Records 
will oftentimes become slightly 
warped due to their being stored 
edgewise in too hot a location, as, 
for example, next to a radiator. 
Great flexibility and reliability in 
handling such records has been 
secured in the Technidyne device 
by a full utilization of the prin- 
ciple of three -point suspension. 
In the record- storage magazine 
the record is first supported at one 
point below and two points above. 
During the operation of loading 
on the turn -table the record is 
supported at two points below 
and one point above, the upper 
point being the center pin of the 
turntable. Large variations in 
record diameter and thickness 
are permissible because the record 
remains in leaning engagement 
with the center pin of the turn- 
table as the table rises. The pin 
must slide by the center hole of 

the record at some time, and then the 
record must be picked up by the turn- 
table and placed in position. 

While there are undoubtedly many other 
good ways of mechanically performing the 
record changing operations we are confi- 
dent that many records will be automati- 
cally changed the Technidyne way before 
inventive genius develops another system 
providing the easy and natural sequence 
of motions resulting from the use of the 
system herein described. 

RADIO LAW. By W. Jefferson Davis. 
Published by Parker, Stone & Baird 
Co., Los Angeles, Cal. 364 pages. 

The recent work Radio Law by W. Jeff- 
erson Davis is not to be confused with The 
Law of Radio by Stephen C. Davis. The 
new volume analyzes the influence of many 
recent decisions which define the powers 
of the Federal Radio Commission and the 
rights of broadcasting stations. 

Its author is a member of the Air Law 
Committee of the American Bar Associa- 
tion and, on the very first page, generously 
disposes full credit for the passage of the 
Radio Act of 1927 exclusive! to that 
organization. This is indeed a fine tribute 
to the months of work performed by the 
Radio Coördinating Committee appointed 
by L. B. F. Raycroft and usually consid- 
ered responsible for the acceptance of the 
compromise act finally adopted. 

The book is obviously that of a lawyer 

writing about radio and not a radio man 
writing about law. For example, he states: 
"Radio began as a curiosity, became the 
obsession of small boys, progressed to the 
stage of a popular amusement, and then 
suddenly flowered into the most over- 
whelming industry in the history of com- 
munications." Actually, radio has been a 
recognized method of communication for 
three decades and had a commercial com- 
munication history of twenty years before 
broadcasting became "a popular amuse- 
ment." 

However, these are small objections to 
a book which presents not only such a 
comprehensive history of radio regula- 
tion in the United States but a brief sum- 
mary of its progress in Europe. The Radio 
Act is, of course, analyzed and supported 
by interpretations of the Commission's 
legal department on various sections. 
State and municipal regulations of recep- 
tion and transmission; important copy- 

right decisions; a comprehensive study of 
the work of the Washington Radio Confer- 
ence of November, 1927, with the lengthy 
convention quoted in full; rules for hear- 
ings before the Commission; legislative de- 
fects in the prescribed procedure; the char- 
acter and effect of General Order 40; and 
the problems of radio legislation as an- 
alyzed by the American Bar Association's 
Committee on Radio Law, are some of the 
subjects adequately covered in the vol- 
ume. The index is particularly complete, 
making the volume a handy reference for 
lawyers handling radio cases. 

A reading of the book makes obvious 
the fact that the most important deci- 
sions controlling the future operation of 
powers of the Federal Radio Commission 
are yet to be made and that antazinfly 
slow progress has been made in defining 
the position and powers of the Commis- 
sion during its three ears of operation. 

-Edgar H. Felix. 
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MEASUREMENTS OF 
HIGH-FREQUENCY 
RESPONSE 

By JESSE MARSTEN 
Chief Engineer, Earl Radio Corporation 

Sideband Suppression as a Function 
of the Characteristics of the R.F. 
Amplifier, Detector Circuit, and 
Audio -Frequency Amplifier. Discussion 
is Based on Measurements of a Num- 
ber of Modern Commercial Receivers. 

HIGH- QUALITY REPRODUCTION of sound 
presupposes an overall fidelity curve which 
is flat, or reasonably so, from 60 to at 
least 5000 cycles. There are two methods, 
generally speaking, of arriving at this 
objective. One is to design the component 
parts of the entire system so that they 
all have the desired flat characteristic. 
The other is to design the component parts 
so that one compensates the deficiencies 
of the other. The tendency among design- 
ers is generally towards the former. 

While very notable gains have been 
made towards a realization of this goal, 
an examination of the fidelity curves of 
representative radio sets reveals that, so 
far as the receiver chassis is concerned, 
the rhapsodies of our advertising brethren 
are hardly justified. "True," "Lifelike," 
"Realistic," "Natural," -that is what we 
would like the sound reproduction from 
our radio sets to be. We have a long way 
to go before such adjectives will be war- 
ranted. 

Engineering Problems 
There have been and still are numerous 

factors which have militated against se- 
curing the best grade of sound reproduc- 
tion from radio sets, and our engineering 
compromises are simply concessions to 
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these factors. These are gradually being 
overcome with resultant improvement in 
quality, and the point has been reached 
where the most important failing is the 
lack of high frequencies. It may be worth 
while to review very cursorily the chang- 
ing trends in audio -frequency reproduc- 
tion over the past few years. 

The early battery receivers had audio - 
frequency amplifiers which were woefully 
lacking in low frequencies, and high fre- 
quencies above 2000 or 3000 cycles. These 
deficiencies, unfortunately, were further 
accentuated by the horn -type loud 
speaker, then in vogue, which had similar 
failings. The result was "tinny" quality. 
The transition to the balanced- armature- 
driven cone loud speaker gave consider- 
able improvement in low- frequency re-. 
sponse, and also extended the high range 
somewhat. Bigger and better audio -fre- 
quency transformers appeared on the 
scene, and the advent of the low- imped- 
ance output tube of the 171 type improved 
matters still further. 

By this time, just before the introduc- 
tion of the a.c. tubes, high -gain, shielded, 
radio - frequency amplifiers were well de- 
veloped, employing three and four stages 
of amplification. For weak signals the 
noise level in such high -gain receivers was 
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too great, and in order to reduce tube 
hiss and atmospheric muck, the higher 
audio frequencies were deliberately sup- 
pressed, either by the use of high -fre- 
quency filters or otherwise doctoring the 
audio -frequency system -a typical case 
of compromise mentioned above. This 
loss in high- frequency response was ac- 
centuated somewhat further by side - 
band suppression in the r.f. amplifier. 

The A. C. Tube Enters 
With the introduction of a.c. tubes a 

further loss in the range of audio -fre- 
quency reproduction was temporarily en- 
countered, this time at the low- frequency 
end. The object, of course, was reduction 
of hum. However, the use of the 227 - 
type tube and improvement in filter sys- 
tems, remedied this condition, and the 
almost universal adoption of the electro- 
dynamic loud speaker resulted in quite 
satisfactory low - frequency performance. 
The console type of cabinet had also ar- 
rived. By this time the dear public had 
learned what it wanted in the way of tone. 
The cry arose for "mellow tone." Fre- 
quencies above 2000 or 3000 cycles were 
not wanted. Loud speakers were even sold 
with filters in them to cut out everything 
over 2000 cycles, should the receiver hap- 
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pen to pass these frequencies. The public 
got what it wanted in an avalanche of 
"boom- boom." Low frequencies, loud 
speakers resonant at low frequencies, and 
cabinet resonance, all contributed to the 
" mellow tone" which was ac- 
centuated by lack of appreciable 
highs. 

After a year or so of the 
"mellow tone" there were signs 
of a turn about. This meant 
high frequencies. Much was said 
about high- frequency loss in the 
grid -leak detector system. Band - 
pass filter systems were advo- 
cated to eliminate sideband 
suppression in the radio -fre- 
quency amplifier. Then came 
the a.c. screen -grid tube and 
with it predictions of greatly 
improved tone quality. The ad- 
vertisements proclaimed it 
widely. We were to have a new 
era in tone quality. 

Improved Design 
There followed, indeed, very 

major improvements in re- 
ceiver design, but they did not 
appear in the fidelity curves. 
High -gain radio -frequency 
amplifiers permitted the use 
of the "high- level" C -bias 
detector and one audio -frequency stage. 
The elimination of the grid leak and con- 
denser was to improve high -frequency re- 
sponse. The use of a low -gain audio - 
frequency amplifier (one a.f. stage, or two 
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a.f. stages one of which was a low -gain, 
resistance -coupled stage) would better 
low- frequency response and also improve 
high- frequency response. However, no 
such improvement, in general, was ob- 
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10000 

good down to 60 cycles. But, except in 
one case, the high -frequency a.f. perform- 
ance is noticeably poor. 

The fidelity curves given here have been 
plotted using as ordinates "Percentage 

Transmission," 400 cycles being 
the reference frequency. This 
unit has been chosen in prefer- 
ence to the decibel because it 
shows up deficiencies much more 
conspicuously. A really poor 
fidelity curve doesn't look half 
bad on paper when plotted in 
decibel units. It may be as- 
sumed that the frequency char- 
acteristic curve of the audio- 
frequency amplifier in any re- 
ceiver coincides with the fidelity 
curve of the receiver at 1200 
kc. since in all receivers ex- 
amined sideband suppression at 
this frequency plays practically 
no part. All fidelity curves were 
taken the same way with out- 
put resistance loads appropriate 
to the output tubes used. The 
method employed is that de- 
scribed in the suggested I. R. 

10000 E. standards. Information rela- 
tive to sensitivity and selec- 
tivity of each receiver is con- 
tained on each curve sheet. 
The sensitivity is expressed 

in microvolts input required to give 50 
milliwatts output. The selectivity, in 
accordance with accepted practice, is ex- 
pressed as the resonance band width in 
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served in a number of receivers examined, 
especially as regards the high- frequency 
response. The low- frequency response, 
in general, was satisfactory especially 
down to 100 cycles. In some cases it was 
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Automatic grid winding machines. 

Stem forming machine. 
(Left) Mounting vacuum tubes. 

ici 

General view of assembly floor where vacuum tubes are mounted. 

Sealing, exhausting, basing, and soldering. 
(Below) Automat ic aging rack. 

Close-up view of exhaust machine. 

The seven pictures on this page were taken in the factory of the Ken-Rad 
Corporation, Owensboro, Ky., and show the wide range of equipment 
required for the manufacture of radio vacuum tubes in a modern plant. 

TUBE MANUFACTURING EQUIPMENT IN THE KEN-RAD FACTORY 
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The MARCH 
How Should We Advertise Radios? 

Let's Reform Before We are Stamped Unreliable 

Misleading Radio Advertising 

The National Better Business Bureau recently compiled 
a list of the superlatives most frequently used by leading radio 
manufacturers in national advertising. The survey proved 
what everyone appreciates fully, that the industry is uni- 
formly making the same hyperbolic 
claims for its product. The public 
knows that thirty or more brands can- 
not each be the "best" and that the 
claims of superiority of the cheaper 
sets can hardly be based on fact. There- 
fore, the effect of the large amounts 
spent for advertising is at best de- 
veloping mere name familiarity. 

The alternatives to a policy of advertising radio receivers 
by means of glittering generalities have become quite familiar. 
A halo is built around a coined word which means absolutely 
nothing, claims of technical superiority are based on a point 
which is in no way distinctive or unusual, and technical data 
is presented in a form which is usually correct but often quite 
misleading. 

In the hope of being able to offer a specific suggestion for 
avoiding superlatives and basing advertising claims on a foun- 
dation of fact, we discussed the possible use of the procedure 
formulated by the Institute of Radio Engineers for rating 
radio receivers as a basis for making advertising claims with 
the chief engineer of a major manufacturer, who is a prominent 
leader in writing the standards of the radio industry. The three 
qualities which can be rated under the I. R. E. procedure are 
sensitivity, selectivity, and fidelity, the three basic factors de- 
termining a radio receiver's performance. But, it was pointed 
out, there is no specific way of evaluating the relative value 
of these qualities. An arbitrary system of 
rating must therefore be assumed in plotting 
comparisons of these qualities, which may 
easily produce misleading or meaningless 
results. It is somewhat like trying to judge 
the personalities of two men by charting 
such of their qualities as perseverance, in- 
tegrity, and the knowledge each has of his 
business. With such a system of rating, a 
plodding bookkeeper might outrank a capable executive. A. 

common denominator is required to make valid comparisons. 
The fidelity of an audio- frequency system can be measured 

conveniently by comparing its electrical input and output. Such 
measurement, however, does not represent the overall fidelity 
of the complete receiver, as it fails to take into account the 
effect of the radio-frequency amplifier in cutting off side - 
bands and the ability of the reproducer to convert the range 
of audio frequencies supplied it into sound. Advantage is 
taken of public ignorance of these facts. The actual audio- 
frequency quality which the user experiences is dependent 
upon sound waves released by the reproducer and not upon 
the characteristics of the audio- frequency system alone. 

Tonc quality is the subject of the greatest advertising 
abuses. The best reproduction is attained by equalized gain 
over a band from 50 to 5000 cycles. Exaggeration of any part 

of that range is undesirable and " colors" or modifies fidelity 
by a process of distortion. Wide range of response is of no 
significance unless accompanied by an accurate statement of 
the gain throughout the band. A boast of special quality of 
reproduction of one kid or another is usually an admission of 
unequalized gain or narrow response band. A receiver which 

is superior in selectivity and sensitivity 
alone is almost certain to be inferior in 
its fidelity as measured at the listen- 
er's ear. 

Furthermore, the possession of the 
maximum audio-frequency range is 
a questionable advantage. Some of the 
best receivers employ an artificial 
cut-off below 5000 cycles because that 

reduces the background noise and secures a better overall 
musical effect than is attained by permitting reproduction of 
higher frequencies. Sensitivity, likewise, can be excessive, 
contributing not only an unnecessary background noise but 
also rendering the receiver more liable to cross -talk from sta- 
tions on neighboring channels and reducing the amplification 
of the higher frequencies. 

Perhaps the most insidious type of misrepresentation is 
that based on scanty though correct engineering data. Under 
the cloak of laboratory measurements, entirely unjustified 
claims are easily made. A receiver is advertised with its re- 
production described by actual figures for low- and high - 
frequency limits. Sometimes the low- frequency limit is so low 
that it could not be attained without a baffle considerably 
larger than can be made a part the average console cabinet. 
A claim based on the frequency range of the audio-frequency 
amplification system means little or nothing; a fidelity curve 
of its performance but little more. The only quality curve that 

means anything is a comparison of the 
A modulated radio - frequency input with the 

TRUTH sound output of the reproducer through- 
out the audio -frequency range. 

All of this leads us to no constructive 
purpose except perhaps to explain why 
generalities and superlatives predominate 
in receiver advertising. The most we can 
hope for at this time is a definite trend 

toward dignified and artistic advertising and an early end 
to the present era of flamboyance. 

One suggestion can be adopted from the automotive indus- 
try which has somewhat the same problems as radio in fmding 
valid advertising claims. Few of the quantity producers corn- 
pare their cars with those of competitors by claiming to make 
the best or the finest or insisting on superiority in any parti- 
cular phase of performance. Comparisons are usually made 
only over their own last year's models to show the features 
wherein improvements have been made. Why not be satisfied 
with a statement that the latest models of a receiver line are 
the finest made in the company's history and refrain from 
comparison with those of competitors or of the general stand- 
ards of the industry? Let us reform radio advertising while the 
public still regards it merely with tolerant amusement and 
before it is definitely stamped as unreliable and misleading. 

AA A 
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OF RAIIIO 
The Pentode's "Greeting" by the Industry 

A Suggestion -Move the 50,000 Watters Inland 

The Coming of the Pentode 

The radio industry treated the announcement of the avail- 
ability of the heater -type pentode rather rudely. The Radio 
Manufacturers' Association promptly issued a statement to 
the effect that the new tube will bring about no improvement 
in performance, that its use in Europe is accounted for by the 
fact that royalties are collected on the basis of number of 
tubes in a receiver, and that the tube is unlikely to make pos- 
sible reductions in the cost of receiver manufacture. As long 
ago as March, 1928, William Dubilier reported the existence 
of a German pentode receiver, giving good loud speaker re- 
production, with a retail selling price of $12.00. 

The industry naturally shivers with apprehension 
very thought that its present designs may 
be forced into obsolescence. The alternating - 
current tube promptly raised mountains of 
selling resistance to battery receivers; simi- 
larly the screen -grid tube made the three - 
element type unfashionable. With the high 
cost of research, preparation for manufac- 
ture, and marketing of new lines, and with 
the still substantial stocks of unsold receivers 
in the hands of manufacturers, jobbers, dealers, 
price merchants, progress is as unwelcome as 
Market crash. 

The screen -grid tube just as appropriately could have been 
greeted with the argument applied to the pentode, to the ef- 
fect that the performance of a pentode receiver can be equalled 
with existing types of tubes. 

The resistance of the industry to the pentode tube is a weh 
come sign. Both a.c. and screen -grid receiving sets were 
marketed on too wide a scale before satisfactory performance 
could be assured the consumer. For once the industry is not 
welcoming innovation with undue haste. However, the very 
tube and set manufacturers who issue publicity to counteract 
sentiment toward the pentode are at the same time working 
feverishly in the laboratory to perfect the tube and receivers 
using it. The longer this process is preferred to the usual course 
of merchandising half -engineered receivers to an unsuspecting 
public, the greater will be the ultimate contribution of the 
pentode in broadening the market for radios. It is quite doubt- 
ful that the first pentodes to appear have ideal or perhaps even 
useful characteristics. A tremendous amount of work must be 
done before the pentode itself is fully developed and before the 
art of using it is acquired by set designers. 

High Power vs. City Areas 
Finding that the New Jersey State Radio Commission made 

it too hot for the Columbia Broadcasting System's proposed 
50,000 -watt trans - 

- oo- mitten for WABC, 
4 : % the system's en- 

n. gineering talent 
", ;.' - directed its anen- 

t-gig: tion to the present 
location of its 5000 - 
watt transmitter. 

at the 

Protests were then heard from radio dealers and listeners in 
Brooklyn and Queens, objecting to any increase in power in 
that location. 

The facts of the matter are that the metropolitan area of 
New York is much better served by 5000 -watt stations lo- 
cated as near to the center of the area as possible, than by 
50,000 -watt stations sufficiently removed to avoid incon- 
veniencing a large part of the public. No one questions the 
fact that roots, within a few miles of Manhattan, delivers 
the highest value of field strength to a larger percentage of 
the metropolitan area than any other station, while two 
stations of 50,000 and 30,000 watts respectively, located at 
its fringe, deliver an inferior signal at the opposite rim of 
the circumference of the area. 

It is wholly uneconomic to locate 50,000 - 
watt stations near metropolitan centers; 
they should be several hundred miles from 
either coast. We need only consider the 
example of wLw, several hundred miles 

s °` from the Atlantic seaboard, which gives 
incomparably the best rural service of 
any station in the country at the present 
time. 

It has also been demonstrated clearly that, when the 
Commission comes out in support of a desirable engineering 
trend, the broadcasting fraternity manifests an active spirit 
of coöperation. The very trend toward the removal of high - 
powered stations from the center of the metropolitan areas 
and the efforts of various managements to acquire several 
stations in their areas for the purpose of consolidation is evi- 
dence of the Commission's influence. Of course, this influence 
has suffered a serious blow because of the fact that, after en- 
couraging purchases of stations for purposes of consolidation, 
the Commission has failed to support them. Indeed, it is, in 
one instance at least, terming such a consolidation as an 
attempt at monopoly even though the original purpose of the 
grouping was a response to the expressed desire of the Com- 
mission to help in eliminating stations. 

However, experience has proved, first, that high -power 
stations, close to the eastern and western seaboards, are 
uneconomic, while they render their greatest service when 
located at the center of the country and, second, that large 
metropolitan areas are better served by medium - and low - 
powered stations in their center rather than by a high - 
powered station some distance away. 

Broadcasting Achievement 
At the Senate hearings on the Couzens bill, William S. 

Paley testified that the Columbia system is giving 75 per cent. 
of its time on the air to " service programs made available at 
its own expense." 
Prior to 1928, the 
system lost $205,480; 
during 1928, $172,000, 
and the accounting 
for 1929, it is antici- 
pated, will show a 
(Conf inued on page 349) 
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Pertinent Notes on 
CHARACTERISTICS OF TELEVISION SIGNALS 

By C. H. W. NASON 
Jenkins Te!etision Corporation 

THE DEVELOPMENT of television during the 
past two years has progressed rapidly. 
To say that we have passed the penod of 
high- pressure development would be pa- 
tently unwise; rather it might be said that 
television is in the same position to -day 
as was the broadcasting of music a decade 
back. Much has been written of television 
and it is the purpose of this article to re- 
view certain fundamental conceptions 
and facts regarding the television signal, 
its generation, transmission, and recep- 
tion. 

In considering the electrical aspects of 
the television signal we will accept as a 
basis the following facts: a vertical corn- 
position of 48 scanned lines; a degree of 
horizontal definition equivalent to 64 
elements in a picture area having an aspect 
ratio of 3/4., as in a standard motion- picture 
frame; and a picture frequency of fifteen 
per second. The picture is to be scanned 
from left to right and from top to bottom 
as in reading the printed page. This degree 
of definition allows for a `head- and -shoul- 
ders" image equivalent in detail to a 
newspaper half -tone having an area of 
;" by 1 ". The effect of motion is to increase 
the apparent detail by some fifty per cent. 

These standards are based upon our 
ever -present compromise between the 
ideal and the possible. Increasing the 
number of scanned lines, the horizontal 
definition, or the picture frequency, results 
in a widening of the frequency band to be 
covered and a further encroachment upon 
the capabilities of contributing apparatus. 

The lowest frequency transmitted is 
the picture frequency, 15 cycles. The high- 
est frequency present in a picture of the 
degree of definition noted above is half 
the number of picture elements multiplied 
by the frequency of repetition or- 

48 X 64 X 15 23,240 cycles. 
2 

Proper delineation of photographic filin, 

directly scanned images, etc. requires that, 
in the case of radio transmission, r.f. cir- 
cuits and a.f. amplifiers pass this entire band 
of frequencies without discrimination or dis- 
tortion. Thus it may be seen that the am- 
plifiers of accepted usage are unsuited for 
this service. Short -wave receivers in their 
ordinary form, used without regeneration, 
are suitable for the reception of silhouettes 
or "shadowgraphs," such as are now being 
transmitted on regular schedule in the 
eastern part of the country; and such re- 
ceivers will allow the reception of a passa- 
bly good picture, but one lacking in sharp 
vertical lines, should such arise. 

R.F. amplifier circuits have been de- 
veloped which are capable of transmitting 
the entire band employed without serious 
attenuation of the high frequencies and 
represent an extreme engineering refine- 
ment of the theory of coupled circuits. 

Origin of Signal 
The transmitted signal has its origin in 

light impulses directed upon a photo- 
electric cell by means of a beam of light 
varied by the changing density of a photo - 
graphic film or by the degree of light re- 
flected from an illuminated scene. 

This television signal differs widely from 
that of sound broadcasting, both in form 
and in its method of propagation. The 
primary signal impressed on the amplifier 
input from the photo -electric cell is 
a fluctuating unidirectional voltage of the 
form shown in Fig. 1. The voltage from 
the cell is ostensibly proportional to the 
illumination, the actual d.c. component 
about which the variations are effective 
being a function of the background density 
of the scene such as to bring the impressed 
voltage from the cell into the form in Fia. 2 
where arbitrary values are indicated. The 
signal wave is therefore as shown in Fig. 3, 
and minus the d.c. component occurs in 
the form shown in Fig. 4. 

The wave shown in Fig. 2 consisted of 

the wave shown in Fig. 4 lus a continuous 
voltage of value a + b /2. The transients 
effective in the circuit reside in the alter- 
nating component shown in Fig. 4, since 
the impedance of the amplifier input cir- 
cuit, as shown in Fig. 5, is infinite to zero - 
frequency components, i.e., no portion of 
the steady state direct current may flow. 

Aperture Distortion 
We have considered the necessary char- 

acteristics of al. and r.f. amplifiers for 
television service and have noted the gain - 
frequency performance required. There is, 
however, a distortion present not due to 
circuit deficiencies. For example, actually 
the form is altered by aperture distortion 
of the wave caused by the passing of the 
aperture over a change, in hght intensity, 
for a square aperture will not give a rectan- 
gular wave form as shown in Fig. 6, as is 
desired, but alters the wave form in the 
manner indicated in Fig. 7. where T' 
the time required for the passage of the 
aperture over the line in the picture cor- 
responding to the origin of the change in 
light intensity. 

A Fourier's analysis of the wave form in 
Fig. 8 gives - 
e= 

Tr 
¡Sinwl 
` , J Stn wt dur 

This differs from the instantaneous values 
for the rectangular form by the factor 
within the parenthesis, the distortion front 
the ideal being one of amplitude versus 
frequency, with but slight phase distor- 
tion over the spectrum. It is necessary, 
therefore, to correct over the frequency 
band for the factor - 

Sin w 1 
w 

The equations for the round aperture 
are more involved, "Sin" being replaced 
by the Bessels function of the first order 

The latest Jenkins transmitting scanning system with shielded ampli- 
fiers and a synchronously driven pick-up for transmitting "radio talkies." 
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The Frequency Band Required for Televi- 
sion. Mathematical Discussions of the 
Various Frequency Components. Neon- 
Tube Circuits. Methods of Synchronizing. 

which is far beyond the scope of this 
article. The numeric values are substan- 
tially the same as those for the square aper- 
ture and they may be taken as equal 
without serious error arising from the 
assumption. 

The effect of the aperture distortion as 
shown in Figs. 7 and 8 may be evaluated by 
use of the Fourier's theorem which states, 
briefly, that a complex wave may be 
analyzed as being composed of a number 
of sine waves of differing wavelength, 
amplitude, and phase superposed one 
upon the other. 

Size of Aperture 
The aperture as applied to the scanned 

scene should preferably be 1/48 of the 
total height, as overlap or spacing between 
the scanned lines is not desirable except 
in special cases. This clearly defines the 
factor T' and the frequency discrimination 
may be computed algebraically. This 
amplitude -frequency distortion may be 
compensated by a corrective network 
having little distortion of phase. Fig. 11 
page 357) illustrates the distortion oc- 

curring. Variations in the overall charac- 
teristic of plus or minus 20 per cent. are 
allowable without noticeable deterioration 

of the image. Phase distortion el 4)) with 

frequency is not permissible in a degree of 
more than 10 to 20 miscroseconds except 
at the low frequencies where phase varia- 
tions with frequency may be fairly large. 
This latter form of distortion is not usually 
found except where long land lines are em- 
ployed for the transfer of the signal or 
where transformers are employed as coup- 
ling elements. Corrective networks have 
been developed which will compensate 
phase distortion without affecting the 
other charactcristics of the circuit. 

As was noted, the d.c. component of the 
initial signal is a function of the general 

tone of the trans- 
mitted scene or the 
character of its 
background. Proper 
reception of the im- 
age is dependent, 
therefore, upon the 
initial illumination 
of the neon tubes 
and must be ob- 
tained by adjust- 
ment for the most 
pleasing appearance 
or by previous 
knowledge of the 
characteristics of 
the scene. Neon 
tubes employed in television reception 
must be essentially free from any effects 
of hysteresis, and their curves must be 
linear over a wide range. (See Fig. 12) 

The Neon Tube 
The neon tube may be adjusted for the 

proper background density by varying 
the plate current of the output tube. 
This may be done by adjusting the grid 
bias of the output stage, together with the 
plate voltage in such a manner as to con- 
tinue the operation of the tube at a favor- 
able point on its characteristic curve ac- 
cording to the circuit diagram in Fig. 9. 
A more suitable method, though more 
profligate in battery use, is shown in Fig. 
10 where any tendency toward improper 
operation of the tube is avoided. Here the 
steady plate current of the vacuum tube 
is balanced out of the neon tube circuit. 
"R," as indicated, is made equal to the 
plate resistance of the tube, and the volt- 
age of the balancing battery is adjusted 
for the desired current through the neon 
tube. 

The neon tubes now on the market pre- 
sent varied load according to their me- 
chanical construction and the gas with 
which they are filled. Those available have 

The shielded room in which television signals 
are measured at the Jenkins Television Corp. 

an a.c. impedance of anywhere between 
1000 and 8000 ohms. The d.c. resistance 
of the tube involves a voltage drop which 
must be taken into account wherc economy 
of voltages is a factor, but in general the 
high- impedance type is preferable when 
considered as the load circuit of a vacuum 
tube, as a load impedance considerably 
higher than that of the plate circuit of 
the output tubes usually employed in the 
output stage means that there will be but 
little curvature to the dynamic character- 
istic of the circuit. 

The same characteristics which make 
the d.c. drop high, keep the inter -element 
capacitance of the tube down and render 
the impedance mostl y resistive even at the 
highest frequencies encountered. 

Synchronization 
The synchronization of the scanning 

mechanisms at the transmitting and re- 
ceiving ends presents an involved problem 
not only in the field of communications 
engineering, but in electrical and mechani- 
cal engineering as well. The simplest 
method is adaptable only where the a.c. 
power networks at the transmitter and 
receiver are interconnected. In this case it 

(Continued on page 357) 
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The eight schematic drawings shown above explain the physical aspects 
of the radio television signal and show two typical neon -tube circuits. 
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An "exploded" view of the Bosch automobile 

radio chassis. 

THE AUTOMOBILE radio receiver is older 
than broadcasting. Indeed, the combina- 
tion of a motor car and a radio receiver was 
so obvious that many of us made suitable 
sets in the days when there was nothing to 
be heard save dots, dashes, and static. 
When entertainment broadcasting arrived 
installations were made in larger numbers 
but without any popular response, despite 
pictorial publicity in magazines and news- 
papers. The lack of any general response 
was due to apparatus limitations, not to 
any lack in the idea. 

Many months ago the Radio Frequency 
Laboratories, Inc. initiated the familiar 
process of measurement, calculation, and 
test which resulted in a working model of 
a broadcast receiver for use in automobiles. 
After suitable road and laboratory tests, 
this model was turned over to the engineer- 
ing department of the American Bosch 
Magneto Corporation where it became the 
basis for additional work. A production 
model was developed and this also required 
much measurement and testing by W. F. 
Cotter and B. V. K. French under the di- 
rection of Chief Engineer 
L. F. Curtis. 

This production receiver 
is discussed in this article. 
The background for the 
earlier work on the Bosch 
automobile receiver may 
be obtaincd, to some ex- 
tent, from reading the pa- 
per by Paul O. Farnham, 
given at the Eastern Great 
Lakes District Conven- 
tion, I.R.E., Nov. 19, 
which wills pear shortly 
in the I.R.E. Proceedings 
under the title "A Broad- 
cast Receiver for Use in 
Automobiles." A paper on 
the same subject by W. D. 
Loughlin has been given 
limited circulation in the 
R.F.L. "Preliminary En- 
gineering Report, No. 3." 

The Conditions 
It is evident that the 

automobile receiver must 
operate with a very lim- 
ited antenna and yet 
deliver a moderate loud 

AUTOMOBILE 
RECEIVER 
DESIGN 

BY ROBERT S. KRUSE. 
Radio Consultant 

Complete Description and Discussion of 
the Characteristics of the Bosch Auto- 
mobile Radio Receiver. Special Prob- 
lems in the Design of Such Receivers. 

speaker signal. A very simple calculation 
shows that the sensitivity must be equal 
to that of a good broadcast receiver; in 
other words, the set must have a sensi- 
tivity in the region of perhaps 20 micro- 
volts total input when it is giving an out - 
put of 80 milliwatts. This rating, not the 
I.R.E. standard, is used because this power 
output gives reasonable volume, a depart- 
ure to be explained later. This performance 
must be obtained with economy of space, 
weight, and battery demand. Furthermore, 
the construction must be dirt-proof and 
unaffected by vibration, and, auxiliary to 
the main problem is the need for a semi - 
remote control and the suppression of 
ignition noises. 

General Arrangement 
There are several points of interest in 

connection with a typical Bosch automo- 
bile receiver installation. In the first place, 
a "roof" antenna is not used and the dash 
is left wholly unchanged except for the 
mounting of a small control unit. The set 
itself is supported by flanges resting in 

rubber -lined channels which in turn are 
carried by brackets bolted to the engine 
bulkhead. The loud speaker may be 
mounted directly on the set or may 
be located in another manner which will be 
explained in a later paragraph. Unlike 
some forms of mounting this system does 
not require reconstruction of the car, nor 
any special design for a new car. No exist- 
ing car has yet been found in which the 
equipment cannot be installed. At this 
writing all service stations of the Am- 
erican Bosch Magneto Corporation are 
equipped to make radio installations on all 
types of automobiles and several manu- 
facturers of cars have listed the set as 
standard factory equipment. 

Collecting signal voltages and at the 
same time avoiding the pick -up of too 
much ignition and generator noise is a 
problem which has caused the appearance 
of various types of antennas on motor cars 
for the last 15 years or so. The antenna has 
usually been concealed in the car roof - 
certainly the poorest place that could be 
conceived. Placed between the grounded 

rooffight and the grounded 
metal portions of the roof 
(extended up from the 
car sides), the effective 
height cannot exceed a few 
centimeters. Furthermore, 
the location is one nearly 
ideal for the collection of 
the maximum ignition 
noise, since the antenna is 
above and the counterpoise 
(car frame) below the igni- 
tion system. Also, the 
dome light wiring contrib- 
utes noise to a roof antenna 
which is difficult to filter 
satisfactorily. In addition 
to this the antenna cannot 
be installed in a used car 
except by tearing down 
the roof upholstery. 

The use of the "sub -car" 
antenna (consisting of a 
metal plate under the car), 
shown in Fig. 1, altogether 
avoids the last difficulty, 
decreases the ignition noise 
materially by collecting 
the signal in the clear space 
below the car frame, has 
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Fig. I- Schematic drawing of a typical Bosch motor car 
radio installation. 
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an equal or better "effective height," and 
offers a special advantage of its own. This 
special advantage is that the antenna is 
near the set and therefore the lead -in wire 
is short and moderately clear of grounded 
(connected to frame) metal parts. The ca- 
pacity of the lead -in wire is accordingly 
moderate and does not vary extremely 
from one installation to another, thereby 
making it possible to secure tuning con- 
denser alignment without the need of 
anything beyond the normal trimming 
condenser on each section of the gang 
variable condenser. 

The antenna system is electrically equiv- 
alent to Fig. 4, where Car if the capacity 
between the antenna plate and the car 
frame, C., is the capacity between the 
earth and the antenna plate, and Cer is the 
capacity between the earth and the car 
frame. A signal arriving at the car will pro- 
duce r.f. potentials across all three of these 
capacities, the combination of which will 
be effective in supplying voltage to the 
receiver. In the average installation the 
antenna -frame capacity, Car, has a value 
near 0.000125 microfarads, across which is 
shunted the resultant of the other two 
capacities in series. This resultant is also 
about 0.000125 microfarads in the average 
installation. 

Thus the whole is in one sense equiva- 
lent to a capacity of 0.00025 microfarads 
connected across the input terminals of 
the set. This accounts for the somewhat 
vague statement on Fig. 5: "Antenna 
through 250 mmfds." 

Actually the r.f. energy is fed from an- 
tenna to set through a simple r.f. trans- 
mission line, the purpose of which is to 
permit the transfer to be made at such a 
low, potential that capacity effects are of 
no importance, regardless of the distance 
between set and antenna. There is a step - 
down r.f. transformer at the antenna 
and a step -up terminating transformer in- 
side the set, the latter appearing as the 
first transformer in the general diagram 
of connections, Fig. 3. Between the two 
transformers is the shielded two-wire 
line in which the potentials are so low 
that the length of the line and its location 
with regard to metallic parts of the car is 
of little importance. In its present form 

224 

Fig. 2 -This apparatus is used 
to determine the effect of con- 
tinued vibrations on receiver 

performance. 

this r.f. transmission system produces 
materially better signal strengths than 
were obtained with the antenna led di- 
rectly to the set in the usual manner of 
motor car sets. 

The Receiver 
Having arrived at the set we find, as 

expected, that it is enclosed in a substan- 
tial metal case. The design of this case is 
such that access to the tubes is obtained 
by loosening three knurled thumb screws 
and removing the upper portion of the 
front, which also carries the intertube 
"fences." There are no loose tube shields 
or cans. If for any reason the various re- 
sistors or by -pass condensers require in- 
spection they may be reached by removing 
the lower portion of the casing. Both of 
these points are made quite clear by the 
"exploded" view of the receiver, the head - 
ing illustration. This picture also shows the 

arrangement of parts in the lower compart- 
ment where the fixed r.f. transformer is 
located. 

In the "exploded" view it will be seen 
that the upper portion of the casing carries 
the loud speaker, The tuning control of the 
set is by means of a gang condenser the 
shaft of which terminates in a spiral gear, 
meshing with another gear in the small 
housing seen at the upper right of the main 
body of the set. From this point the con- 
trol is carried to the control head on the 
dash by means of a splined shaft of ad- 
justable length, connected to the control 
head and to the set through universal 
joints. This seemingly complex arrange- 
ment was chosen after experience which 
thoroughly disclosed the unsatisfactory 
performance obtained from flexible shafts 
of the simpler design. The principle diffi- 
culty about such shafts is that they intro- 
duce considerable "slack" or "give," 
making it impossible to calibrate the dash 
control, since a station tuned -in at 56 
when turning in one direction may appear 
at 51 when tuning in the reverse direction. 
In addition to this there is the troublesome 
tendency of the usual flexible shaft to 
"wind up" and then suddenly "flip" the 
tuning unit in the set forward, making it 
difficult or impossible to stop at a desired 
point. 

The right -hand knob on the control head 
operates the vernier dial, which is of the 
"line -of -light" type. This type of dial 
permits correct reading from any position 
in the car. The opportunities for parallax 
with ordinary dials are excellent and the 
precaution is worth while since it is risky 
for a driver to lean to the right in reading 
the tuning scale. The translucent scale. 
though having only 100 divisions, covers 
an arc of 312 degrees, thus providing great 
ease of tuning. To provide this ease of 
adjustment a reduction of 3.25 to 1 is 
introduced between the tuning knob and 
dial scale and an additional 5.6/1 reduction 
is placed between the tuning knob and 
three -gang condenser. The left -hand knob 
on the control head operates the volume 
control rheostat and at the lower center 
of he control head is a key -switch which 
may be used to lock the set when desired 

The design of the set is such that di ri.,g 

0.002 250,000 OHMS 

224 224 224 MFO 112A 

20.000 
OHMS 

500 
OHMS 

0 XO 

O 

SCR TATH. 
/// // / / / / / / / / / / / / / / / / / /// 

e e 
0.5 MFG,. / /// // 

25.000 " 
OHMS 

1.0 
MFQ 

PLATE 

0 0001 
MFO, ó 
- 0ö MFh 

w 

I 
o 

Tr 0.5 MFG. 
// / / / / / / /// 

,500.000 
OHMS 

N 

0.02 
MEO 

o 
FRAME 
TERM. 

A 
HIGH 
TERM 

00 

S 
O 
s 
ó 

02 
O= 

+SCR B+ 

Fig. 3 -The complete schematic diagram of the Bosch motor car receiver chassis. 
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manufacture it may be sub -assembled, the 
main set body forming one assembly with 
the tuning gang -condenser in place, while 
the second assembly consists of the section 
carrying sockets, r.f. transformers, output 
choke, and the various resistors and fixed 
condensers. The removable portions of the 
case are handled independently, as are the 
control head and the control shaft. 

The design of the mounting brackets is 
such that when desired the set çan be re- 
moved !from the 
car either with 
or without the 
brackets. The 
alignment con- 
densers are ac- 
cessible when the 
set is in place. 

The Circuit 
To be of any 

real use to the 
average auto- 
mobile own e r 
an automobile 
r a'd i o receiver 
must not merely 
perform within 
40 or 50 miles of a station but must be 
useful in a goodly percentage of all the 
possible locations in the United States, at 
least. It has been said that under motor- 
car conditions this calls for sensitivity of 
the order of 20 microvolts at the antenna, 
for 80 milliwatts of audio- frequency out- 
put. This performance calls for a voltage 
gain in the vicinity of 2,000,000 between 
antenna and loud speaker, using the cus- 
tomary reference to equal impedances at 
input and output. This may be obtained 
in a reasonable nwnber of stages with 
screen -grid tubes by allowing some of the 
gain to take place in the detector and audio - 
frequency amplifier. 

The first question to be decided is that 
of the number of r.f. and a.f. stages to be 
employed. By general agreement a single 
a.f. stage is preferable if the amplification 
of the r.f. system is adequate. On the 
other hand, multiplication of the r.f. 
stages cannot be carried to extremes since 
this tends to increase the size of the set 
by adding bulky r.f. transformers and 
condensers. In the Bosch automobile re- 
ceiver three r.f. stages are used to secure 
a voltage gain of about 60,000. With 20 
microvolts input this amplifier delivers 
about 0.6 volt to the detector. 

From the diagram of connections (Fig. 
3) and also the pictures it will be seen that 
the coupling between the first and second 
r.f. tubes is of the "untuned" variety. 
Special design of this broad -band trans- 
former permits a gain -curve which is not 
only comparable to that of a good tuned 
transformer as to height but also has an 
advantageous shape. Inspection of the 
chart of sensitivity curves (Fig. 5) will 
show a general tendency of the tuned 
stages to drop off toward the low- frequency 
end in the familiar manner. The broad- 
band transformer is accordingly designed 
for maximum response in the region of 600 
kilocycles, causing a sharp divergence be- 
tween the "fast- grid" and "second- grid" 
curves, and a nearly flat curve for the an- 
tenna. Thus, the fixed coupling is not a 
mere concession to space limitations but a 
means of obtaining a desirable response 
curve for the set as a whole. 

The selectivity obtained with three 
tuned circuits in an amplifier with such 
high gain would not be satisfactory for 
ordinary home use. It is to be remembered, 
however, that the pick -up is very limited 
and the general level quite low so that the 
"useful selectivity" (the term is admit- 
tedly home -made) is entirely satisfac- 
tory. 

The construction of the broad -band 

- 

transformer is simple. It consists of a 
grooved form in which two wires are 
wound together, one later to act as primary 
and the other as secondary. The winding 
is a "random" one. The purpose of wind- 
ing in a number of slots instead of a single 
large groove is to secure an improved L/C 
ratio and a higher output voltar for the 
grid of the second tube. The winding speed, 
tension, wire size, type of insulation, num- 
ber and form of grooves and number of 

General view 
of receiver 

chassis. 

o -- 

turns all contribute 
sponse curve. 

The screen grids of the r.f. tubes are 
maintained at a fixed potential by a tap 
from the plate battery at 90 volts. Control 
by variation of the screen voltage is not 
regarded as suitable since the sensitivity 
of an r.f. amplifier varies in anything but a 
linear manner when the screen voltage is 
changed. The control is accordingly re- 
ferred to the cathode bias which is ob- 
tained by plate- current drop through an 
adjustable resistor in the control head. 
This rheostat has a maximum value of 
20,000 ohms, which is adequate in the 
presence of very strong signals. In series 
with the volume -control resistor is a 500 - 
ohm fixed resistor to provide a minimum 
bias suitable for weak signals. 

Detector and A.F. Amplifier 
The fourth screen -grid tube is operated 

as a "plate" detector and adds somewhat 
to the overall r.f. gain. The cathode bias of 
this tube is obtained in the usual way 
through IR drop. The screen -grid is sup- 
plied with a positive bias from the same 
battery tap which feeds the other screen 
grids in the set. However, an 0.5- megohm 
resistor is placed in the lead to the screen 
grid causing the bias to assume a "rest" 
value below 90 volts. For low signal levels 
on the detector -grid, the screen -grid voltage 
is such as to provide maximum sensitivity. 
For strong signal levels, the d.c. screen -grid 
voltage, as well as the d.c. plate voltage, 
is lowered so as to maintain a reasonably 
large margin of difference. In this way a 
higher audio -frequency output may be 
obtained before the plate circuit of the 
detector is overloaded. At the same time, 
for large impressed signals, the response of 
the detector will be nearly a linear function 
of the input voltage. 

to determine the re- 
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Where space and weight limitations are 
as severe as in the automobile receiver the 
most practical coupling to follow this type 
of detector is the resistance-capacity - 
resistance type. In order to prevent radio - 
frequency feedback originating in the de- 
tector plate circuit and coupling with the 
r.f. amplifier, a "PI" section filter is in- 
serted at the plate of the detector tube. 
This filter consists of an 11- millihenry 
choke and two 0.0001 -microfarad con- 
densers. In series with the grid of the audio- 
frequency tube is placed an 0.25- megohm 
resistor, the function of which is to modify 
the character of an audio -frequency over- 
load in the grid circuit of thé last tube, 
and incidentally to provide another section 
of r.f. filter in the detector plate circuit. 
The effect is quite unmistakable and iin- 
rnediately calls attention to the volume 
control, but does not mistreat one's ears as 
unmercifully as an ordinary overload. This 
is not equivalent to saying that the full 

i output of the tube is in any way sacrificed. 
On the contrary, the tube is being operated 
with 180 volts on the plate, with proper 
grid bias, and is as thoroughly capable of 
delivering its rating as in any other re- 
ceiver. 

The Audio Level 
Most motor cars have closed bodies and 

the automobile receiver designer assumes 
such a body in making his design. Even a 

i large sedan is very small when considered 
as a room and the sound levels to which 
we are accustomed may be obtained with 
a relatively small a.f. output from the set 
and loud speaker. In addition to this, the 
dimensions of the ordinary car are such 
as to introduce a tendency towards strong 
low- pitched resonances. This can be under- 
stood easily by recalling the deep rum- 
blings of many sedans of 5 or 6 years ago. 
In such a space a normal a.f. system would 
be wholly intolerable; in fact one may say 
that a good a.f. system for this purpose 
must be one which will sound very weak 
on the low notes when operated in the 
open. This is fortunate since the low notes 
are the ones which usually enforce the use 
of large output tubes with their resultant 
heavy battery drain and bulky loud 
speakers. Since dry -cell batteries must be 
used in the present automobile receivers 
it is most fortunate that the conditions 
not only permit the 112A -type tube but 
almost enforce its use -especially as its 
gain is some three times that of the 171A- 
type tube. 

Special Circuit Features 
Some motor cars have the negative ter- 

minal of the storage battery "grounded" 
to the frame, while others ground the 
positive. Provision is made for this by a 
circuit arrangement shown in the general 
circuit diagram. The B- is not returned 
to the A battery but to the junction point 
of one of the series pairs of 224 heaters. 
Thus if we assume the A battery to be 
reversed the bias of the 112A tube will 
simply be shifted from a point 21 volts 
removed from A+ to a point 21 volts 
removed from A- or a total shift of 
approximately 1 volt. Even at the "Bat- 
tery gassing" potential of 71 volts the 
112A tube filament operates at a voltage 
very slightly above 5, hence the change in 
bias is negligible. The plate voltages are 
all changed slightly but the percentage is 
unimportant, as is the change in screen - 
grid voltages. The cathode bias of the 
224 -type r.f. tubes is changed very slightly 
hut this merely necessitates altering the 
setting of the gain (volume) control for 
a given signal. Even for weak signals the 
change is small enough to escape notice 
under ordinary conditions. 

It is accordingly satisfactory to install 
the set "as is" in any car regardless of A 
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battery simply grounding the 
"frame A terminal and connecting the 
"high" terminal to the remaining side of 
the A battery. 

The choice of the proper audio -frequency 
output tube has been discussed sufficiently, 
and the 112A -type tube is considered satis- 
factory from all standpoints, including 
filament demand. In the r.f. portion of the 
system the present standard types of tubes 
leave no choice except that between the 
screen -grid 222 type and the screen -grid 
224 type -since the 201A and similar tubes 
are clearly incapable of providing a gain 
which will give comparable performance. 
The 222 is somewhat attractive because 
of its low filament demand but its ex- 
tremely microphone nature and associated 
fragility rule it out. Also, like the 201A, it 
is rather hopeless in a situation where the 
A potential varies rapidly from 6 to 71 
volts as the engine speed changes. Both the 
201A and the 222 will follow these voltage 
changes rapidly and give intolerable shifts 
of intensity unless specially protected. Of 
the present tubes the 224 is by far the best. 
The considerable time -lag of the heater - 
emitter system comfortably smoothes over 
the voltage fluctuations, also normal 
performance of the tube can be obtained 
over a wider range of fixed voltages than is 
possible with the 201A or 222. Thus a 
partly "flat" battery or one being steadily 
overcharged is not fatal. The use of three 
224 heaters in series has been proposed 
repeatedly, but when the IR drop in the 
leads is allowed, such an arrangement is 
on the ragged edge and will drop rapidly 
in performance whenever the battery is 
"down." 

The 0.02- ruicrofarad low -inductance con- 
denser across the A battery terminals of 
the set is an r.f. bypass. 

The Loud Speaker 
The loud speaker is a free -edge cone 

designed for motor car conditions; that is 
to say, for such a response -curve as will 
result in satisfactory reproduction inside 
a motor car, and to survive the severe me- 
chanical and climatic treatment received. 
It is enclosed in a stamped steel shell, 
strong enough to stand up under accidental 
kicks and jars when mounted on the set 
under the cowl, but sc finished that it 
presents a good appearance when mounted 
on the ceiling or in an upper rear corner 
of the car. The cone itself is waterproofed 
and survives exposure to sprays. The per- 
forated rear shell is constructed in a man- 
ner which provides a sufficient number of 
openings to prevent resonances inside the 
shell. Dirt and bugs are prevented from 
entering through the openings by a cloth 
sack which is shown in place in the ex- 
ploded view of the set. By careful de- 
sign the overall thickness of the shell has 
been kept down to 21 inches. When 
mounted on the set the whole projects but 
10 inches from the bulkhead. This sounds 
larger than it is-or rather the space under 
the cowl is larger than one ordinarily 
thinks The leg room in a small car such 
as the Essex coach is not noticeably inter- 
fered with by such an installation. 

A bracket is supplied with the set by 
means of which the loud speaker may be 
mounted on the ceiling or in any other 
position in the car interior. A phone cord 
is also provided so that the loud speaker 
may be connected to the set as before by 
means of the same pin jacks. The loud 
speaker lead does not carry the plate sup - 
pl voltage and may be run as desired. 

For compactness the location of the loud 
speaker on the set is an advantage but 
there are acoustic difficulties. The space 
under the cowl tends to cause " boomy" 
resonances; also there may occur what we 
have called "overcoat attenuation," 
whenever the right -front seat is occupied 

by anyone wearing a heavy overcoat which 
obstructs the free radiation of sound. This 
is most noticeable in the rear seat. 

Battery Supply 
The filaments are supplied through an 

armored cable from the car's storage bat- 
tery. The plate supply is obtained from 
four medium -duty 45 -volt B battery 
blocks carried in a metal battery box under 
the car, as shown in Fig. 1. This box has a 

charge assume the form of a pulse rather 
than a train of oscillations. Such resistors 
are supplied with the set. They have stand- 
ard terminals and are readily applied. 

Since dirty charging -generator commu- 
tators may cause noises, or disturbances 
may wander into the set from the ignition 
switch, a pair of by -pass condensers is pro- 
vided for shunting across these two units. 

There is no other shielding or alteration 
of the ignition system, yet the noise level 

with full sensi- 
tivity is barely 
perceptible at 
the low -frequency 
end of the tuner 
scale and rises at 
the high -fre- 
quency end only 
sufficiently to per- 
mit one to hear it 
with the car sta- 
tionary and no 
signals arriving. 
The level is lower 
than that of the 
hum from a good 
a.c. receiver. 

To test the effect 

This view illustrates the mounting 
of the r.f. and a.f. transformers. 

gasket to make it weatherproof. The cable 
to the set is again an armored one. The 
total filament current taken from the car's 
battery is 3.75 amperes. 

Ignition Interference 
Even with sets of very modest perform- 

ance, motor car installations have been 
characterized by extensive ignition shield- 
ing and numerous by -pass condensers 
under the hood. These things are almost 
unnecessary in Bosch installations, despite 
the unusually high amplification. This has 
been partly accounted for by the collector 
system and the armored cables from bat- 
teries, as well as the metal case for B bat- 
teries. The A battery by -pass condenser 
at the set contributes also. As the writer 
has said many times in other papers, the 
electrical disturbances set up by a motor 
car are mainly on wavelengths below 10 
meters. A broadcast -wavelength receiver 
with good selectivity, well shielded, and 
maintained well away from any tendency 
toward oscillation is inherently rather 
opaque to such disturbances. 

However, the severity of the interfer- 
ence may be reduced greatly by intro- 
ducing a high resistance between the spark 
coil and the distributor and the distributor 
and spark plugs, thereby making the dis- 
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of continued vi- 
bration without 
unreasonable de- 
lay the machine 

shown in Fig. 2 has been used. It consists 
of a spring -mounted platform which carries 
two bearings in which revolves a shaft 
carrying an eccentric weight. The shaft is 
revolved at 1800 r.p.m. by means of a flex- 
ible shaft connected to the motor. The set is 
secured to the spring -mounted platform, 
either in the position shown or in the nor- 
mal mounting position. The present con- 
struction survives this vibration test in- 
definitely without damage to either set or 
tubes. 

Many road tests have been made over 
trips of some length. Also there has been 
much testing in and about different cities, 
as many sets will certainly be used princi- 
pally under city conditions. 

Because Hartford, Conn. -the writer's 
home town -is universally considered a 
radio "hole," the Bosch receiver has been 
tested repeatedly in this vicinity. The 
scene of the first tests was a location ro- 
mantically named "Buena Vista" and 
considered good -for Hartford. Here it 
was found that good loud speaker volume 
could be obtained from Wsz at Spring- 
field, Mass. (27 miles), Waz, Bound Brook, 
N. J. (100 miles), WNAG, Boston (perhaps 
110 miles), WGN at Chicago (900 miles), 
and wMAQ, also at Chicago. Several other 
stations, received rather well, were not 
identified for lack of time. 

It is usualy rash to predict radio results 
by analogy. However, the writer has been 
carrying receivers about by bicycle. train, 
wagon and motor car for the past 19 years 
and during this haphazard exploration of 
some 25 states has gained much confidence 
in the belief that Hartford stands well 
down at the bottom of the scale of radio 
reception. It seems not too rash to suggest 
that the quite good performances obtained 
in many tests about Hartford are reliable 
indicators of a materially better perform- 
ance at almost all other points, an opinion 
confirmed by a number of other observers. 

Speaking for himself, the writer offers 
the opinion that at a majority of the places 
in the United States satisfactory entertain- 
ment- reception would be possible during 
the hours when any amount of broadcast- 
ing is going on- assuming always that 

i there is no local thunderstorm and that 
the road is not too villainous. If the 
prediction has the sound of a free adver- 
tisement, let it be so. I assure you that it is 
actually quite free, and given in apprecia- 
tion of a really nice piece of work. 
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Rear view of audio-frequency 
voltmeter. 

WHILE ENGAGED in activities concerned 
with the development of audio -frequency 
amplifiers it is necessary to have at hand 
apparatus by which the values of input 
and output voltages of the amplifier can 
be determined. There is very little diffi- 
culty associated with input voltage de- 
terminations. It may be accomplished, 
for instance, by measuring the audio - 
frequency current flowing through a re- 
sistor of known value across which are 
connected the input terminals of the am- 
plifier, the voltage being the product of 
the current and resistance. But determina- 
tions of output voltage are not accom- 
plished as easily. To the output terminals 
of an amplifier is connected a load which 
in measurement practice usually is a re- 
sistor, and in service some sort of loud 
speaker. Now any device placed across 
this load for the purpose of measuring the 
voltage across it must satisfy three con- 
ditions: the current passed by the device 
must be very small compared with that 
flowing through the load; the indications 
of the device must be independent of 
frequency over the audio-frequency range 
(30 to 10,000 cycles); and the indications 
of the device must be controlled by the 
effective rather than by the peak or aver- 
age value of voltage across the load. 

A voltmeter has been de- 
veloped to satisfy these three 
conditions and also to cover 
a sufficiently large range of 
voltages to adapt it to meas- 
urements identified with 
phonograph and broadcast 
ain lifters. 

The two pictures accom- 
panying this article show 
the external appearance and 
the arrangement of the vari- 
ous parts of the voltmeter. 
An additional feature of 
this apparatus is a unit called 
the load device. This occu- 
pies the bottom panel of 
the voltmeter. The useful- 
ness of this device may be 
judged from a consideration 
of the conditions under 

Some DeveloIInents in 
IIIGR- FREQUENCY 
MEASURING EQUIPMENT 

By H. D. OAKLEY 
General Electric Company 

which measurements on a.f. amplifiers 
are made. 

Audio -frequency amplifiers make use 
of vacuum tubes and, when making meas- 
urements to determine their characteris- 
tics and power output, it is usual practice 
to terminate the amplifier (i.e., load the 
output tube) with a resistor the value of 
which is specified by the tube manufac- 
turer. It is convenient, therefore, to have 
a variable resistor with which any value 
of resistance likely to be used in the meas- 
urements can be easily and quickly ob- 
tained. Also when using a resistance load 
it is wise to supervise proceedings with a 
loud speaker or a pair of phones connected 
across the load resistor -being certain, 
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Voltmeter Errors 
ERRORS DUE TO MULTIPLIER RESISTOR 

Multiplier Ratios Per Ceni. 

Nominal True Error 
1 1 o 
2 2.001 0.05 
5 4.98 0.4 

10 10.01 0.1 
20 19.90 0.5 
50 49.7 0.6 

100 99.8 0.2 
200 199.0 0.5 

FREQUENCY ERRORS 
(Multiplier Tap 1. 

Frequency 
in Cycles 

Input held at 0.9 volt) 
Meter Per Cent. 

Reading Error 
30 0.875 2.8 
60 0.892 0.9 
80 0.897 0.33 

100 0.900 0.00 
200 0.901 0.11 
500 0.902 0.22 

1000 0.905 0.44 
2000 0.905 0.44 
5000 0.905 0.44 
7000 0.905 0.44 

10000 0.900 0.00 

2MFD. UX-112A 2 MFD. 

however, that the impedance of the loud 
speaker or phone circuit is many times that 
of the load resistor so that no appreciable 
errors will be introduced in the measure- 
ments. There is still another condition en- 
countered in this class of measurement. 
It has to do with the type of output cir- 
cuit used in the amplifier. For example, in 
some amplifiers the d.c. supply for the last 
tube passes through the load resistor but 
in others it does not. When this second con- 
dition prevails, the supply must reach the 
tube through a high -impedance reactor and 
the load resistor must be connected to the 
output tube through a low- reactance cap- 
acitor. The circuit for this second condit- 
ion is called the shunt -fed type, the first 
being the series type. 

The loading device attends to all these 
little details. It consists of a decade resis- 
tor box with which any desired value of 
load resistance can be obtained, a large 
reactor and large condenser for shunt fed 
circuits, pin jacks for a loud speaker, a 
100,0GO -ohm resistor which can be in- 
cluded or excluded from the loud speaker 
circuit, and two key switches. Each switch 
has three positions, those for one being 
"Choke," `Neutral," and "Resistance," 
and for the other "Monitor," "Neutral," 
and "Loud speaker." On the front of the 
loading device are two binding posts 
marked "High" and "Low." The output 
terminals of the amplifier upon which 
measurements are to be made are con- 
nected to these. Fig. 2 shows five circuits 
which may be obtained with this device 
and it also indicates the positions of the 
two key switches for each circuit. 

Circuit No. 1 (Fig. 2) is the shunt -fed 
type with the loud speaker monitoring 
connection and is obtained by throwing 

one switch to the "Choke 
position and the other to the 
"Monitor" position. Notice 
that there are 100,000 ohms 
in series with the loud 
speaker, thus preventing the 
loud speaker circuit from 
producing an appreciable 
effect on the load of the 
amplifier under measure- 
ment, since the load resist- 
ance never exceeds the value 
of 10,000 ohms and is usually 
around 4000 ohms. It is ob- 
vious from Fig. 2 how the 
other circuits are obtained 
and it is only necessary to 

o name the circuits. Circuit 
aw No. 2 is the series circuit with 

HIGH monitoring connection; Nos. 
3 and 4 are, respectively, 
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Fig. 1- Circuit of A.F. voltmeter and loading 
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PART II 
A D escription of the General Electric A.F. Voltmeter Used 
in Connection With the Generator Equipment Described 
Last Month. Part III Will Consider the Attenuator. 

the shunt and series connections but with 
a loud speaker instead of a resistance as 
the load; and No. 5 is the calibrating 
or cut -out circuit. With circuit No. 5 
all parts of the loading device are cut 
out and the voltmeter terminals (1 and 2) 
are connected directly to the high and 
low binding posts of the loading device. 
With this circuit calibrations of the volt- 
meter can be made, or voltage determina- 
tions effected with the voltmeter operat- 
ing independently of the loading device. 

The middle panel contains nothing but 
the plate battery of the voltmeter tube. 
The six -volt filament battery is external 
and is connected by a cable. 

The Voltmeter Panel 
The top panel contains all the units 

which constitute the voltmeter, with the 
exception of the indicator. This is a mi- 
croammeter connected to the voltmeter by 
a cable. 

The voltmeter proper consists of three 
parts; an amplifier, a multiplier, and an 
indicator. The amplifier is a single tube 
whose bias voltage, plate -load impedance, 
and plate voltage are so related that it 
operates as class "A" or linearly. In other 
words, conditions have been fixed so that 
when an alternating voltage is impressed 
on the grid of the tube there appears in 
the plate circuit a current whose shape 
is identical with that of the impressed 
voltage and the ratio of whose amplitude 
with respect to that of the impressed volt- 
age remains constant as the amplitude of 
the voltage is changed. Now if there be 
placed in the plate circuit a device that 
will measure the effective value of this 
current, and if the proportionality factor 
between the current and the impressed 
grid voltage be known, then 
the effective value of the 
grid voltage is easily deter- 
minable. For this device, a 
thermocouple is employed. 
It is connected to the plate 
circuit through a transformer 
so designed that the proper 
value of impedance is intro- 
duced in the plate circuit to 
make the tube operate as a 
linear amplifier. The circuit 
diagram (Fig. 1) shows a 
switch connected across the 
heater of the couple. This is 
for protecting the heater from 
excessive currents that may 
exist while adjustments are 
being made during a series 
of measurements. 

The voltmeter indicator, 

a microammeter, is con- 
nected to the junction 
of the thermocouple. 
The scale of this meter 
has been marked in 
terms of volts; the full - 
scale mark is 1 volt and 
the lowest 0.2 volt. 

A range of 0.2 to 1.0 
volt is not sufficient to 
endow the voltmeter 
with any great amount of usefulness in 
amplifier measurements so there has been 
provided a multiplier with which the range 
has been extended to 200 volts. This is 
a resistor provided with a number of taps 
which are brought out to the contact but- 
tons of a switch. The voltage to be meas- 

External appearance of the audio frequency 
voltmeter. 
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Input 
Vollage 

Voltmeter Errors 
INDICATOR SCALE ERRORS 

(Frequency of Voltage 100 Cycles) 
Scale 

Reading 
Per Cent. 

Error 
1.0 1.0 0.00 
0.9 0.9 0.00 
0.8 0.802 o 25 
0.7 0.701 0.14 
0.6 0.600 0.00 
0.5 0.501 0.20 
0.4 0.40 0.00 
0.3 0.30 0.00 
0.2 0.20 0.00 

ERRORS DUE 

Filament 
Voltage 

4.5 
5.0 
5.5 

Plate 
Voltage 

123 
135.5 
147.5 

TO FILAMENT AND 
VARIATIONS 

Meter 
Reading 

0.899 
0.900 
0.897 
Meter 

Reading 
0.82 
0.90 
0.955 

PLATE VOLTAGE 

Per Cent. 
Error 
0.11 
0.00 
0.33 

Per Cent. 
Error 

9.0 
0.0 
6.0 

CIRCUIT NUMBERS AND SWITCH POSITIONS 

1- CHOKE - MONITOR 

HIGH 

75H. 

LOW 
3- CHOKE- L.S. 

(LOAD RESISTANCE SET ON 
OPEN sruD) 

Ú oz 
aa óÑ 

W 
¢ 

ured is impressed across the entire resistor 
and by means of the switch the grid of the 
voltmeter tube is connected to that part of 
the resistor across which there exists a 
potential of not more than one volt. The 
taps have been calibrated so the ratio of 
the voltage across the whole resistor to 
that across the tap is known. Therefore, 
to determine the value of the voltage im- 
pressed across the resistor it is merely 
necessary to multiply the scale reading 
of the indicating meter by the value of 
this ratio. To build a satisfactory mul- 
tiplier required very careful design. Its to- 
tal resistance (100,000 ohms) has to be 
high enough so that it does not affect the 
circuits to which it may be connected. It 
must not possess either inductance or ca- 
pacity, otherwise its tap ratios would be 
subject to variations with changes in 
the frequency of the impressed voltage. 
The multiplier as finally developed fulfilled 
these conditions in a very satisfactory 
manner. The tap ratios have been adjusted 
to the values of 1, 2, 5, 10, 20, 50, 100, and 
200. These give a nice overlapping of read- 
ings on the meter so that when going from 
one tap to the next readings at the ex- 
treme ends of the meter scale are avoided. 
The zero tap is simply a safety posi- 
tion. When the switch is on this tap the 

grid of the tube is short 
circuited and cannot be sub- 
jected to excessive volt- 
ages. 

There have been included 
in this article data by which 
the magnitude of the various 
errors of the voltmeter can 
be judged. In service, the 
greatest errors arise from low 
plate voltage. Therefore the 
instrument is equipped with 
a double -scale voltmeter and 
two -position switch with 
which both the filament and 

GLOW plate voltages can be checked. 
The plate battery is made 
up of large units and will sup- 
ply energy for a long period 
of time before replacement 
is necessary. 

2- RESISTANCE -MONITOR 

HIGH 

' 
41 

o*-o-OLOW 

<1_ 
óm 

HIGH 

LOW 

HIGH 

4 - RESISTANCE -L .S. 5 -RESISTANCE 
(LOAD RESISTANCE SET ON (LS. SWITCH IN NEUTRAL 

OPEN Sruo) POSITION) 
(LOAD RESISTANCE SET ON 

OPEN STU/ 

Fig. 2- Circuits obtainable with loading device. 
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MEASUREMENTS ON 
BAND -PASS FILTER CIRCUITS 
By W. T. COCKING 
Radio Engineer, The Receptite Co., London. 

Mr. Cocking, an English engineer 
whose writings have frequently appeared 
in foreign publications, presents in this 
article the results of some quantitative 
measurements on band-pass filters with 
various types of coupling. Although simi- 
lar arrangements have been thoroughly 
analyzed mathematically there has been 
an unfortunate lack here and abroad of 
definite laboratory data. An article deal- 
ing with the mathematical consideration's 
in the design of band-pass filter circuits 
was published in February, 1930,11ADIo 
BROADCAST, pages 212 -214. 

IN MOST present -day sets the tuning is car- 
ried out by a number of cascade tuned 
circuits, and, although it is easy to obtain 
very high selectivity in this way, it is not 
possible to obtain good fidelity as well, un- 
less a prohibitively large number of such 
circuits are used. 

The band -pass filter, either alone or in 
conjunction with a number of cascade 
tuned circuits, offers a solution of the 
problem, for, when its components have 
suitable characteristics it gives high values 
of selectivity without serious suppression 
of sidebands. 

In this article consideration will be 
given chiefly to the capacitatively coupled 
filter, as it is usually far superior to the 
inductively coupled filter. Fig. 5 (A and 
it) shows two different ways of obtaining 
inductive coupling, and (c) the usual con- 
nections for a capacitatively coupled filter. 

Provided that the values of the compon- 
ents are suitably chosen, the results with 
both types of inductive coupling are ab- 
solutely identical; and they may be cal- 
culated from the same formula, equation 
(1) below, and this equation is also ap- 
plicable for capacity coupling. It is ac- 
curate only when both primary and sec- 
ondary circuits are identical; that is, the 
total primary circuit inductance must be 
equal to the total secondary circuit in- 
ductance, the total primary circuit ca- 

Some Definite Quantitative Figures on Capacitatively 
and Inductively Coupled Filter Circuits. Band Width as 
a Function of Circuit Constants. Characteristic Curves 
With Typical Circuit Arrangements. 

pacity must be equal to the total secon- 
dary circuit capacity, and the effective 
r.f. resistance of both circuits must be the 
same. 

( 2 
1 

CE j[ {R +X2- (.+L-Zc) +4R (LoL-)c5] 
( ) 

R effective r.f. resistance in ohms of coil, 
when connected in circuit. 

L = total inductance in henries of primary 
circuit and also of secondary circuit, 
since both are identical. 

C = total capacity of primary circuit in 
farads and also of secondary circuit, 
since both are identical. 

E = voltage induced in series with primary 
circuit. 

e = voltage developed across secondary 
tuning condenser. 

e/E = gain of circuit. 
X = reactance of coupling component, 

= wM for mutual inductance coupling, 
= wwL for iuductive coupling, 

= - 1 for capacitative coupling. 

At the frequency at which toL = 1 /wc 
the formula reduces to- 

-5c (2) 
E R2+ X2 

and it is obvious that the quantity e/E 
is greatest when- 

R. X 

Substituting, we get- 
R/ 1/ C (4) 

f 
E 2R2 2R 

But for an ordinary series -tuned circuit- 

7= c 
E R 

Hcnce the efficiency of the band -pass 
filter, with optimum coupling, is exactly 

(3) 

(5) 

11 

Z10 

o 

CURVE A= 600 KC. CAPACITATIVE AND INDUCTIVE COUPLED 
FILTERS. 

CURVE D =1200 KC. CAPACITAT IVE COUPLED FILTER 
CURVE C =1200 KC INDUCTIVE COUPLED FILTER 

IOArAlv r11 =NMP MillWAVM 

/ \ 
30 20 10 0 10 

KC- OFF RESONANCE 

Fig. I 

20 30 

tos 

one -half of that for the ordinary series - 
tuned resonant circuit. 

The usual simple formulas, depending 
upon the coefficient of coupling, k, for 
calculating the frequencies of the two 
peaks in the tuning curve of a filter are 
inaccurate, since they neglect the effect 
of the coil resistance. The peaks occur 
approximately at the two frequencies for 
which- 

2 
2 R +X2=(.,-/C) (6) 

but if R is high, the term 4 R2 (COL -1 /wc)2 
in the denominator of equation (1) appre- 
ciably affects the peak frequencies, in 
some cases to such an extent that the 
curve becomes single peaked. 

At any one frequency it will be seen 
that capacity coupling gives exactly the 
same results as inductive, since at that 
one frequency the reactance of the cou- 
pling condenser is the same as that of the 
coupling inductance. The negative sign 
for capacity reactance makes no differ- 
ence to the numerical result, for where - 
ever X occurs in the denominator of equa- 
tion (1) it is always squared. The change 
of sign in the numerator merely indicates 
that the output voltages from the filter 
are in opposite phase in the two cases. 

Capacitative vs Inductive 
The difference between the two methods 

of coupling is important in the practical 
case, where a wide band of frequencies 
must be covered with a fixed value for the 
coupling component. It has been shown 
above, equation (3), that for the optimum 
coupling the reactance of the coupling 

to 
z o 

J a î 
tos 

IAN= 

CURVE A = 600KC - CURVE B = 1200 K C -, 
2 

10 
30 20 10 0 10 

KC. OFF RESONANCE 
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component must be equal to the r.f. re- 
sistance of the coil. Now the latter, with 
the usual design of coils, varies in a man- 
ner roughly proportional to frequency; 
but the reactance of the coupling induc- 
tance is also proportional to frequency. 
Therefore, the optimum coupling can be 
maintained over a wide band of frequen- 
cies. If capacity coupling be used, how- 
ever, this is impossible, for the reactance 
of a condenser is inversely proportional 
to frequency. It can be seen, therefore, 
that when it is desired to maintain op- 
timum coupling over the whole tuning 
range of a receiver, there is no alternative 
to inductive coupling. 

In most cases, however, it is desirable 
that the coupling should be greater than 
the optimum, which always gives a single - 
peaked tuning curve. With a greater value 
of coupling a double -peaked curve is 
obtained, and this can be used to compen- 
sate the usual loss of sidebands in follow- 
ing cascade tuned circuits. If the peaks 
are arranged to occur at frequencies 10 
kc. apart, audible notes of 5000 cycles 
will be reproduced at greater strength than 
notes of 50 cycles; and when this is done, 
it is obviously desirable that the peaks 
should occur at the same distancc apart 
over the whole tuning 

is 
of the re- 

ceiver. This, however, s usually impos- 
sible. 

In what follows it is assumed that tun- 
ing is carried out by means of variable con- 
densers; it is not applicable to the rare 
cases where variometers, or a combina- 
tion of variometers and 
variable condensers, are 
used. 

Band Width 
At whatever fre- 

quency wL = 1 /6)c, at 
a frequency 5 kc. dif- 
ferent from this the 
value of wL -1 /wc re- 
mains approximately 
constant; consequently, 
the quantity R2 + X2 
of equation (6) must 
also be constant in 
value over the whole 
tuning range of the re- 
ceiver, if the band width 
is to remain constant. 
It will be seen that 

Table I- Essent 

variation in band width. The coupling 
reactance is smallest when the resistance 
is greatest, and vice versa; consequently, 
the value of R2 + X2 tends to remain con- 
stant. Indeed, by suitable design of the 
coils it is possible to make it quite con- 
stant, but this is not desirable, since the 
necessary increase in r.f. resistance at the 
higher frequencies would make the cir- 
cuit very unselective. It is quite possible, 
however, to affect a compromise. 

Coupling Variation 
When á capacitatively coupled filter is 

used, however, the coupling does not re- 
main constant; it is considerably less at 
high frequencies than at low, and this can 
be used to compensate the low selectivity 
of both primary and secondary circuits at 
high frequencies. It is quite possible to 
design a circuit which will give constant 
selectivity over the entire broadcast band 

Table II- Characteristics of English A.C. Screen -Grid Tubes 

Type Max. Plate 
Voltage 

Screen 
Voltage 

Grid -plate 
Çampmafa 

Plate 
Resistance 

Amplification 
Factor 

Mutual 
Conductance 

Mazda Ac /so 
Mullard s 4v. 
Cossor MsG-41 
Marconi s.8 
Marconi Ms 4 

150 
150 
150 
150 
150 

60 
70 
60 
80 
70 

0.005 800,000 
1,330,000 

200,000 
200,000 
500,000 

1200 
1000 
400 
160 
550 

1.5 
0.75 
2.0 
0.8 
1.1 

0.014 
0.0045 

All the above, with the exception of the Marconi s.8 tube, are of the indirectly heated cathode type. 
with heaters requiring a current of one ampere at four volts; they are fitted to the new English five - 
pin base. The s.8 tube is of the directly heated type with a filament requiring 0.8 ampere at 0.8 volt; 
it is fitted to the four -pin base. 

From this it would seem that the only 
difference between capacitative and in- 
ductive coupling is that the variation of 
band width with frequency is less with 
the former. There is, however, another 
difference, and this also is due to the 
difference in the variation of reactance 
of the coupling components. It is well 
known that the ordinary tuned circuit is 

of frequencies, or even one which is more 
selective at the higher frequencies. 

In order fully to appreciate the differ- 
ences between capacitative and inductive 
filter circuits, it is necessary to compare 
the resonance curves at different frequen- 
cies. In Fig. 1 are shown three curves; 
Ais for a frequency of 600 kc. and is for 
both inductive and capacitative filters, 

B and c are for a fre- 
quency of 1200 kc. and 
are for capacity and 
inductance coupling,re- 
spectively. For both 
filters the coil induct- 
ance was 240 mh., the 
r.f. resistance at 600 kc. 
was 10 ohms, and at 
1200 kc. was 20 ohms. 
The coupling induct- 
ance in the inductive 
filter had a value of 
4.7 mh., and the con- 
denser in the capacita- 
tively coupled filter had 
a capacity of 0.015 mfd. 
-values which give the 
same degree of coup- 
ling at 600 kc. The 

essential figures for selectivity.' gain, and 
sideband variation are given in Table I. 

ial Figures for Selectivity, Gain, and Sideband Variation 

Description Frequency Amplification Selectivity Sideband Variation 
per cent. 

Inductive filter 600 kc. 39 33 15 
M = 4.7 mh. 1,200 kc. 47 10.5 6 
Capacitative filter 600 kc. 39 33 15 
CI = 0.015 mfd. 1,200 kc. 33 30 26 
Amplifier. two Mazda 600 kc. 14,000 112 61 
a.c. /SG tubes in tuned 
plate circuit 

1,200 kc. 43,000 25 29 

Amplifier and Inductive 600 kc. 540,000 3,700 54 
filter 1,200 kc. 2,021,000 262 24 
Amplifier and Capacita- 600 kc. 540,000 3,700 54 
tive filter 1,200 kc. 1,435,000 736 47 
Capacity filter in an- 
tenna circuit, capacity 
filter in plate of first a.c. 600 kc. 234,000 11,600 15 
SG tube, and tuned plate 
for second r.f. amplifier. 

1,200 kc. 604,000 4.360 54 

Five tuned circuits in all 

with inductive coupling this quantity is 
much greater at high than at low frequen- 
cies. Neglecting the effect of the resistance, 
when the two peaks are 10 kc. apart at a 
frequency of 600 kc. they will be 20 kc. 
apart at 1200 kc.; the increased r.f. re- 
sistance at high frequencies, which always 
occurs in practice, increases this varia- 
tion in band width. 

With capacity coupling, however, the 
case is exactly opposite. Neglecting the 
resistance, the band width at 600 kc. is 
double that at 1200 kc.; but in this case, 
the effect of the resistance is to reduce the 

less selective at high frequencies than at 
low, and this is partly due to the increased 
coil resistance. It is also well known that 
with any filter circuit a decrease in the 

increases ncreases the selectivity. When 
an inductively coupled filter is used with 
ordinary coils, the coupling remains con- 
stant at all frequencies; both primary and 
secondary circuits are less selective at 
high than at low frequencies, and, since 
the coupling is constant, the variation in 
selectivity is accentuated. It is about 
the same as that with two cascade tuned 
circuits. 

CAPACITATIVELY 
COUPLED FILTER 

AMPLIFIER 

Fig. 3 

Greater Selectivity 
The immense superiority of capacity 

coupling is at once evident; both filters 

higive 
the same results at 600 kc., but at the 

gher frequency, the selectivity with ca- 
pacity coupling is nearly three times that 
with inductive, being 30 instead of 10.5. 
At 600 kc. it is 33 with both circuits. These 
figures for selectivity are obtained by 
dividing the filter output voltage at reson- 
ance by the output voltage at a frequency 
40 kc. different from resonance, the input 
volta a being the same for both frequen- 
cies. This method of expressing the selec- 
tivity is used throughout this article. The 
amount of sideband cutting is called the 
sideband variation, and is expressed as a 
loss in percentage. With band -pass filters 
it is sometimes a high -note loss and some- 
times a high -note accentuation; the upper 
sideband limit is taken as 5000 cycles. 
The ratio e/E has been defined earlier, but 
it must be remembered that it is not the 
actual amplification from the antenna to 
the grid of the first r.f. tube; the actual 
amplification depends upon the method 
and degree of coupling to the antenna, 
as well as the antenna constants. 

Returning to the consideration of Fig. 
1. It can be seen that the amplification is 
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nearly the same with all three curves, 
being slightly greater with inductive 
coupling at the higher frequency. The side - 
band variation, however, is very differ- 
ent; at 600 kc. it is 15 per cent., and is in 
the form of a high -note accentuation. At 
1200 kc., with inductive coupling it is 
only 6 per cent., but with capacity cou- 
pling there is a high -note loss of 30 per 
cent. This difference in the amount of 
sideband variation at different frequen- 
cies is not the disadvantage it may at first 
appear to be; as will be shown later, when 
considering the applications of the filter 
to a tuned r.f. amplifier, it is rather an 
advantage than otherwise. 

Coupling Tubes 
The band -pass filter may be used with 

very similar results as a means of coupling 
two tubes in a r.f. amplifier. It is usually 
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unnecessary to do this, however, as it is 
but rarely that more than one filter is 
needed in a receiver; and if only one filter 
is used, it should always be included in 
the antenna circuit, owing to the greater 
freedom from "cross- talk" which can 
then be obtained. The formula necessary 
for calculating the amplification given by 
a tube with a filter in the plate circuit is 
given below, where the symbols have the 
same meanings as before- 

" 
A = 

lf2 
(7) 

)- ).Jc}2] 

r( / 
{RP I 

\R 

2 +z 2 (L --)(.42) +i_ c 
( 

Ll i- {(..,- /c / \2RR P'1c 
A = amplification 
RP = tube plate resistance 

= amplification factor 
At the frequency at which wL = 1 /wc 

this reduces to 

.A. 
u 

(2 

RP (R2+ 
%2\+ l R 

1 c 

(8) 

since X2, /wc in the right -hand bracket of 
the denominator is usually negligible in 
comparison with the other terms. 

When the tube has a plate resistance 
greater than about 500,000 ohms, it is 
sufficiently accurate for most purposes 
to calculate the shape of the tuning curve 
from equation (1), and the amplification 
at resonance from equation (8). The re- 
sults will show the selectivity and side - 
band variation as being slightly higher 
than is actually the case, but the error 
is usually inappreciable. Of course, if the 
tube has a low plate resistance the correct 
formula (7) must be used, and this will 
always give correct results. 

Plate -Circuit Filter 
The remarks made earlier in this ar- 

ticle on the respective merits of inductive 
and capacitative couplings apply with 
equal force to the plate- circuit filter. The 
only difference in the results is due to the 
damping exerted by the tube's plate re- 
sistance on the primary circuit of the filter. 
If this resistance is high, as it usually is 
with good modern screen -grid tubes, the 
difference is very small. 

With modern screen -grid tubes, how- 
ever, sufficient r.f. amplification for most 
purposes can be obtained with two stages, 
with the usual methods of coupling the 
tubes. This amplification is sufficient to 
permit the use of one filter, but it is not 
usually great enough if two filters are used; 
since the loss of amplification in each 
filter must be at least 50 per cent. The 
curves of Fig. 2, A and B, show the am- 
plification and selectivity of a particular. 
r.f. amplifier at frequencies of 600 kc. 
and 1200 kc., respectively. The amplifier, 
the skeleton circuit of which is given in 
Fig. 3., consisted of two Mazda AC /SG 
screen -grid tubes coupled by the tuned 
plate circuit, with coils having an induc- 
tance of 240 mh. and a r.f. resistance at 
600 kc. of 10 ohms, and at 1200 kc. of 20 
ohms. The tuned plate circuit was adopted 
because, owing to the high plate resis- 
tance of these tubes, no greater amplifi- 
cation could be attained by the use of a 
transformer nor could the selectivity be 
increased to any great extent. In addition, 
the tuned plate circuit allows of very 
simple switching arrangements being used 
to change from one wave range to another. 
This is a very important point in de- 
signing receivers for use in England, for 
every set must be able to receive not only 
on the normal waveband of 200 -550 me- 
ters, but on the 1000 -2000 -meter wave- 
band also. The characteristics of English 
a.c. screen -grid tubes are given in Table H. 

Amplifier Characteristics 
It will be seen that the amplification 

given by this amplifier is very high; at 
1200 kc. it is 200 per stage, and this with 
perfect stability. Now it is obvious that 
if this amplifier were preceded by a normal 
single tuned antenna circuit, it would re- 
sult in poor selectivity at the higher fre- 

Fig. 5 

quencies, for each of the three tuned cir- 
cuits would give greater selectivity at the 
low frequencies. In addition, the sideband 
loss would be far too high, for with only 
two circuits it is 60 per cent. at 600 kc. 
The results, when the amplifier is pre- 
ceded by a filter, however, can be seen 
from Fig. 4, in which curve A is for a fre- 
quency of 600 kc., and for either capacity 
or inductive coupling in the filter; curve 
B shows the results with capacity cou- 
pling at 1200 kc., and curve c for an in- 
ductively coupled filter at the same fre- 
quency. It is included so that a compari- 
son can be made between inductive and 
capacitative coupling. The values of the 
coupling components are the same as 
those mentioned earlier. The input volt- 
age for these curves is such that the out- 
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put voltages at resonance are the same for 
all three; in this way the differences in 
selectivity and sideband variation may be 
seen readily. The figures for amplifica- 
tion are given in Table I, but it must be 
remembered that these figures show the 
amplification of the voltage induced in 
series with the primary circuit of the 
filter= not the voltage in the antenna. 

Selectivity Variation 
The superiority of capacity coupling 

is even more obvious in these curves than 
it is in those for the filter alone, for the 
poor selectivity of inductive coupling at 
the higher frequencies is accentuated by 
the same defect in the amplifier. With ca- 
pacity coupling the selectivity varies in 
a 5-1 ratio between 1200 kc. and 600 kc., 
but with inductive coupling this ratio 
is 14 -1. Not only this, but an advantage is 
gained in fidelity also. The high -note loss 
at 600 kc. is 54 per cent. with both 
methods of coupling; at 1200 kc. it is only 
25 per cent. with inductive coupling, and 
47 per cent. with capacity coupling. It 
is decidedly an advantage that the loss 
should remain constant over the whole 
tuning range of the receiver, for it makes 
it possible to compensate it by increased 
amplification of the upper audible fre- 
quencies in the a.f. amplifier. Although, 
with the loss of 50 per cent. given by this 
particular arrangement, it is rather 
doubtful whether any great increase in 
fidelity would result from such compen- 
sation, as the ear is very tolerant of a 
high -note loss. It is probable that a loss 
of this order is unnoticeable by the aver- 
age ear. 

The curves of Fig. 6 show the results to 
be expected from the same amplifier, but 
with a capacitatively coupled filter substi- 
tuted for one of the tuned plate circuits. 

(Continued on page 149) 
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THE INVESTOR 
LOOKS AT RADIO 

By BERKELEY A. CATER 
Chief Statistician, Blumenthal Brothers 
Members, New York Stock Exchange 

The First of a Series of Articles Considering the 
Speculative and Investment Values of Radio Stocks. 
This Installment Considers Conditions in General; 
The Next Article Will Analyze the Position of R.C.A. 

IT IS PROBABLE that more money has been 
made and possible that more has been lost 
in radio than in any other development in 
this generation. Surely, any industry 
which has so profoundly affected so many 
people is worthy of our brief attention. 

The growth of the industry has been 
truly fantastic and has naturally aroused 
public interest not only in actual receiving 
apparatus, but also in securities of radio 
manufacturers. In many cases large profits 
were realized, both because of the growth 
of the industry and the rapidly rising 
stock market, but in almost as many cases 
losses were equally great. The unknown 
element of mystery in radio was indirectly 
responsible for successful pool operations 
in many radio stocks, for it is well - 
known that such operations are seldom 
successful in stocks lacking an air of mys- 
tery, as pool operators work on public 
fancy rather than facts. 

Investor vs. Speculator 
If we were to attempt to survey the 

situation in radio strictly from the in- 
vestor's point of view we could not pro- 
ceed much further, for few, if any, of 
the common stocks of radio companies are 
entitled to true investment ratings. Admit- 
ting that in many cases the difference be- 
tween investment and speculation is not 
clearly definable, we believe that to enjoy 
an investment rating a common stock 
must (a) participate in the earnings of a 
stable and necessary industry, (b) pay a 
reasonable dividend in relation to earnings 
and market value, and (c) have paid that 
dividend for a number of years, in de- 
pression and prosperity, thus indicating a 
substantial reserve. A few radio stocks 
will undoubtedly attain investment rating 
within a few years; and a few are now 
reasonably attractive as a speculation for 
long -term holding. A modification of our 
title to "The Speculator Looks at Radio" 
would thus seem necessary. As we are not 
interested at the moment in any particular 
company or the advantages of owning a 
particular set, we shall limit the discussion 
to the financial condition of the industry 
as a whole and its prospects for the future. 

Although the development of radio in 
this country has been phenomenal, it has 
been typical of the extremes of American 
commercial enterprise, both enjoying the 
advantages and suffering the disadvan- 
tages of our aggressive manufacturing and 
sales policies. The industry has grown so 
rapidly that it has suffered from lack of 
balance and at the moment cannot be 
said to be in a thoroughly healthy con- 
dition. This is in spite of the fact that radio 
broadcasting and receiving have reached 
a very high state of perfection in this coun- 
try and are being improved to fulfill the 
best artistic and commercial requirements. 

Of the 24,000,000 homes in the United 
States, 12,000,000 or more are believed 
to be equipped with radio receiving sets. 
Of the remaining 12,000,000, several mil- 
lion will never be able to afford sets and a 
small portion will never want them. As 
the sale of radios in 1929 was estimated at 
from 3,000,000 to 3,500,000 sets, it is 
obvious that at this rate of production 
every prospective purchaser could be sup- 
plied within a few years. This growth in 
the manufacture of receiving apparatus 
has been far more rapid than was healthy 
and may be compared to an over -grown 
child that has not yet reached its 
strength. 

Frequently we are told that without the 
drastic decline in the stock market, radio 
sales would have continued to advance as 
rapidly as in the past, but if we consider 
the facts as they are, we shall arrive at a 
less favorable conclusion. It is true that the 
break in the market did seriously affect 
sales in November, as compared with Octo- 
ber. However, recovery was noticeable in 
December, largely because of the holiday 
trade, but it was still not sufficient to dis- 
pose of stocks on hand. It is estimated that 
more than 1,000,000 sets are being carried 
over which must before long be thrown on 
the market. [Sale of these sets is felt to be 
proceeding at a steady and satisfactory 
rate -Ed.] The beginning of this liqui- 
dation has already become apparent in 
some of the larger centers, where radio 
prices have been cut materially. Although 
the break in the market with its conse- 
quent loss of buying power to the average 
investor had some affect on radio sales, 
it may more truthfully be said that it re- 
vealed an unsound condition in the indus- 
try which would inevitably have become 
known at a later date, and probably with 
more unfortunate results. 

Industry Problems 
The problems facing the industry are 

therefore (a) to dispose of stocks on hand 
without a price war, and (b) to improve 
receiving apparatus so materially either 
in reception or appearance that the re- 
placement demand will take care of pro- 
duction. That this task will not be easy 
may be realized when we consider that 
the combined manufacturing facilities of 
all companies in the field could produce 
annually over 15,000,000 sets. 

It is possible that the answer to the 
question lies in sales overseas, especially 
in countries where the average per capita 
wealth is high, but there are definite 
reasons why such sales cannot increase as 
rapidly as was the case in the domestic 
market. These reasons are briefly that (a) 
wavelengths in many countries are dis- 
similar to our own, necessitating a differ- 
ent type of apparatus, (b) delivery cannot 

he made quickly, (c) American .manu- 
fact,urers are loath to extend credit facili- 
ties to overseas dealers, and (d) the landed 
cost of American sets is much higher than 
sets made by European manufacturers. 
Although exports of radio apparatus in 
1929 reached a total of $23,122,141, a 
gain of $11,060,662 over 1928, the greater 
part of our exports went to Canada, Aus- 
tralia, and the more prosperous South 
American countries where merchandise of 
quality can be sold because of relatively 
high average wealth. 

In Europe the prospects are much less 
hopeful, for the quality of our merchan- 
dise is not as a rule sufficiently better to 
warrant the extra cost. 

A Comparison. 
The radio industry may be compared 

in a number of respects with the auto- 
mobile industry in its early stages. Of the 
many early manufacturers, only a few of 
the strongest have survived. Automobiles 
have apparently nearly reached a state of 
perfection, changes being of a non -essential 
nature, such as color or body design, but 
automobiles of necessity will wear out 
and must be replaced. The contrary is true 
of radio apparatus for, with the exception 
of tubes, and in some cases, batteries, 
there is little deterioration. Offsetting the 
fact that radios are much cheaper than 
automobiles and may reach the saturation 
point sooner for that reason, is the possi- 
bility of further perfection making existing 
apparatus practically obsolete. In this 
field lies the hope for the industry. Which 
tendency will be stronger can be answered 
only by the course of future events. 

Other Weaknesses 
Not all the ills of the industry should be 

attributed to over -production for some 
companies have lacked one or more of the 
requisites for success, such as skilled re- 
search engineers, wood advertising and 
merchandising policies, and strong financial 
backing. The market value of the stocks of 
some companies has been made still 
weaker by pool operations which in some 
cases appear to have received the support 
of the managements, and it is doubtful if 
any radio stocks have escaped some ma- 
nipulation. The recent receiverships, of Earl 

(Continued on page 345) 
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View of radio transmitting and receiving apparatus in a modern Navy airplane. 

AIRCRAFT RADIO DEVELOPMENT 

THE FIRST telephone transmis- 
sion from plane to ground was 
accomplished in England during 
the summer of 1915 by Major 
Prince and Captain H. J. Round. 
A cw tube transmitter was used 
for this notable achievement. 
Since that time, radio has come 
to play an increasingly greater 
part in the development of commercial 
aviation. 

Ignition noise has prohibited the use of 
highly sensitive receivers until very re- 
cently. This necessitated the use of the 
long, trailing -wire antenna which was un- 
satisfactory on account of landing prob- 
lems, time involved in reeling the antenna 
in and out, frequency variation, losing the 
antenna, and other factors. Mechanical 
vibration and noise has made the choice 
of non- nlicrophonic tubes a necessity. 
The problems of construction, instrument 
mounting, and dependability are also dc- 
pendent upon the extreme amount of 
vibration encountered. The placement, ac- 
cessibility, and servicing of the component 
parts must be considered. The apparatus 
must be simple and fool- proof, because the 
average pilot and mechanic are not expert 
radio operators and only thc larger com- 
mercial planes can accommodate a special 
radio operator. Frequency choice is im- 
portant, and depends largely upon the 
purpose of the equipment. Continuous 
communication with ground stations along 
standard airways must be considered. The 
apparatus must be able to withstand thc 
unusual climatic, humidity, and tempera- 
ture changes encountered during any kind 
of flight. Tuning must be accomplished 
with heavy gloves at times. A locking 
device is frequently necessary to prevent 
"creeping of tuning," especially for beacon 
work. The apparatus must be extremely 
light, shock -proof, and compact. The 
power supply should be such that thc 
equipment can be operated during emer- 
gencies, such as a forced landing. Sufficient 

A Summary of the Factors Influenc- 
ing the Design of Aircraft Transmit- 
ters and Receivers. General Require- 
ments of Receivers for Aircraft Use. 
Sensitivity, Fidelity, and Band Width 
Characteristics of a Typical Receiver. 

By ELMER L. BROWN 
Engineer, Special Equipment Division, 

RCA - Victor Co., Inc. 

output of the receiver is necessary for oper- 
ating a beacon- indicating device. 

The trailing wire type of antenna, which 
has been used until very recently for both 
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the dirigible type of airship and 
the heavier- than -air type of craft, 
had several distinct advantages 
as well as disadvantages. Its use 
is confined largely to the lower 
frequencies, and it is compara- 
tively satisfactory around 300 kc. 
It is possible with this type of an- 
tenna to communicate over com- 

paratively long distances with a minimum 
of power. However, it is necessary to reel 
this antenna out when communication is 
desired and to reel it in when communica- 
tion is finished. The maintenance cost of 
this type is large, and the hazards encoun- 
tered when flying at low altitude make it 
undesirable. It is also impossible to use it 
when a forced landing must be made. 
The air resistance of this antenna increases 
the drag on the ship and materially re- 
duces its speed. It is impractical for mili- 
tary use, as a plane cannot be stunted. 

Effective shielding of ignition systems 
makes it possible to use receivers with a 
sensitivity as high as 5 microvolts per 
meter. Sensitivity greater than this is un- 
desirable, as with it one is enabled to get 
down to the noise level with a short ver- 
tical -rod antenna. The vertical antenna is 
justified by its elimination of physical 
hazards, burdcns of operation and mainte- 
nance, and a substantial reduction in 
beacon errors. A streamlined duralumin 
vertical antenna 2 or 3 meters in height, 
triangular and guyed to the upper wing and 
fuselage, has much less wind resistance 
than a trailing wire, and is still short 
enough not to interfere with putting the 
plane in the hangar. This typc is particu- 
larly satisfactory for high- frequency work, 
as it is rigid enough not to cause swinging 
of the signals. This eliminates the use of a 
kite for emergency landings as was neces- 
sary with the trailing -wire type. A modi- 
fied T or V type of antenna can be used 
successfully with larger ships and dirigi- 
bles. Almost any type of rigid structurc 
can be used with dirigibles. 
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The schematic diagram of a typical air -beacon receiver 

Three types of radio receivers are in 
general use by aircraft. These are: 

(1) Military type that is required to 
cover a broad band of frequencies. 

(2) The average commercial beacon and 
radiophone receiver required to cover the 
comparatively narrow band from 285 
to 350 kc. 

(3) The high -frequency receiver that 
operates on frequencies above 
1500 kc. 

The first type has rather rigid 
specifications and usually requires 
the use of a specialist in operat- 
ing. 

The second type is a standard 
tuned- radio -frequency receiver, 
and usually consists of three 
tuned stages of screen -grid radio - 
frequency amplification, a detec- 
tor, and two stages of audio - 
frequency amplification with 
sufficient output to operate a 
beacon- indicating device. 

The third type usually consists 
of a regenerative receiver employ- 
ing plug -in coils for the different 
frequency bands and sufficient a.f. 
amplification for easy reception 
above the mechanical noises. 

The general requirements of a 
radio receiver for aircraft use are 
as follows: 

1. Single dial control. Fixed 
tuning. 

2. Rugged volume control. 
Capable of remote installation. 

3. Sufficient shielding to limit 
signal pick -up to that of the an- 
tenna. 

4. Rugged construction in or- 
der to be immune from vibration en- 
countered. 

5. Non -microphonic construction. 
6. Rigid condenser plates. Wide spacing 

with plates of at least 0.025 -inch stock is 
usual practise. 

7. Non -microphonic tubes. Tubes of 
the heater type such as uy-227 and uy-224 
are particularly adapted for aircraft use. 

(The great demand, particularly by the 
aircraft industry, for a non -microphonic 
low- current -consumption tube has resulted 
in the development of the ux -864 type. 
This tube has approximately the same 
characteristics as the ux -199, except that 
it uses an oxide -coated filament requiring 
0.250 amperes at 1.1 volts. This tube is 
extremely rugged, non -microphonic, and 

beacon indicator, jack for phones, and 
necessary cable connections. 

10. Of such size and dimensions which 
permit installation in whatever space is 
available. 

11. Sufficient sensitivity to get down 
to atmospheric noise level with a 2 -meter 
vertical -rod antenna. 

12. Sufficient fidelity. Beacon signals 
are modulated from 40 to 120 
cycles and the voice ranges from 

View of a wind- driven motor generator. 

economical in operation.) It is understood 
that a complete line of low- current, low - 
voltage, non -microphonic tubes are being 
developed. 

8. Accessibility or ease of servicing. 
The receiver mounted on a track with a 
locking control is quite satisfactory. 

9. Dash control. This consists of vol- 
ume control, on-off switch, tuning device, 

300 to 3000 cycles. 
13. Must have sufficient out- 

put to operate a beacon course - 
indicating instrument. Ten volts 
of audio frequency with a load 
impedance of 4000 to 7000 ohms 
is sufficient. 

14. A fair amount of selectivity 
is necessary, although the prob- 
lem is not yet as bad as that on 
the broadcast frequencies. 

15. A well -designed helmet to 
exclude mechanical noises. Use of 
sponge rubber caps is satisfactory. 

16. Should be satisfactory for 
both visual and aural beacon re- 
ception up to 150 miles with a 
2 -kw transmitter on the ground 
on the 333 -kc. band, using an 
antenna 2 meters high on the 
plane, and the bonded metal 
members of the plane for a 
counterpoise. 

17. The total weight, including 
a 5 -pound duralumin antenna 
and a 10 -pound battery, should 
not exceed approximately 35 
pounds. The battery used for the 
navigating and landing lights 
may be used for the filament 

supply of the receiver. 
Plate rectification with automatic grid 

bias is desirable when used with a visual 
indicator. Reversal or lack of course in- 
dications may result if the input is in- 
creased through values corresponding 
to the maxima of the curve into the regions 
of the negative slope. An automatic bias 
prevents this. The sensitivity and selec- 
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tivity of the receiver are also better with 
plate rectification. 

The Transmitter 
The type of transmitter used depends 

naturally upon many factors. Roughly, a 
radio -phone will cover about one -third 
the distance of a radio -telegraph trans-. 
mitter of the same power, but will weigh 
about 20 per cent. more. However, these 
figures are only rela- 
tive, since range vs. 
weight varies consider- 
ably with equipment. 

The transmitter is 
governed by the same 
requirements as the re- 
ceiver in regard to rug- 
ged construction, flex- 
ible mounting of parts, 
accessibility, dimen- 
sions, and frequency 
stability. In the latter 
case crystal control is a 
great aid. 

A range of at least 100 
miles of consistent com- 
munication is accep- 
table for commercial 
aircraft flying in 
standard airways, since 
stations are located 
every 200 miles, and 
beacon marker stations 
with auxiliary equip- 
ment every 100 miles. 
A combined cw and 
radiophone transmitter 
seems to be the desirable 
thing, because few pilots 
have the time or pa- 
tience to learn the code 
sufficiently for expert 
operation of a straight 
cw transmitter. As 
planes become larger 
and the pay -load ques- 
tion is of less import- 
ance than at present, 
sufficient weight may be 
allowed for a radio- 
phone of sufficient 
power to communicate 
over fairly long dis- 
tances. 

The wind -drivcn 
generator is giving 
way to the more recent type which is 
direct coupled or geared to one of the 
plane motors. A voltage regulator keeps 
the output practically constant. These 
generators vary in output from 500 watts 
to 2 kw, and both the filament and plate 
supply currents are delivered by them. They 
are available for both a.c. and d.c. out- 
put. In some cases the high voltage de- 
livered is 500 cycles or so. 

Possibly the power supply of greatest 

value lies in a separate small gas engine - 
driven generator. This could be used for 
ordinary communication service, and 
would be invaluable as an auxiliary. 
Several types have been developed, but 
a great deal of experimental work is still 
to be done in this field. A small two -cycle, 
two -cylinder motor of about 2 H.P. is 
about right for most commercial purposes. 

A battery -driven dynamotor may also 

ignition and mechanical noises made the 
cross -coil beacon necessary. This beacon 
consists of two coil antennas disposed in 
two vertical planes fixed at an angle from 
each other. In a simple form the two -coil 
system is free to be rotated about a vertical 
axis. When the two coils are similarly 
excited with a modulated radio -frequency 
current, signals of equal intensity will be 
heard on a receiving set when situated 

along either one of the 
two vertical planes 
bisecting the angles be- 
tween the planes of the 
coils. At other points, 
the signal intensity 
from each coil will be 
different. 

A mechanical device 
can transmit the letter 
N (- ) on one loop and 
the letter A ( -) on the 
other, and they are so 
interlocked that a con- 
tinual buzz is heard 
along the equisignal 
zone. A deviation of 
from 1 to 3 degrees from 
the course will result in 
one or the other letter 
becoming distinctly pre- 
dominant. 

The advantages of 
this type of beacon are: 

1. No zone of max- 
imum or minimum sig- 
nal strength. 

2. Location of course 
found by the compar- 
ison of two signals. 

3. A plane may be 
guided along a given 
airway without regard 
to wind drift. 

4. When considerably 
off course, the beacon 
furnishes a definite sig- 
nal allowing plane to 
return to former coarse. 
Valuable when plane 
must make detours or is 
forced off course. 

5. Used on national 
airways. 

6. Ordinary receiver 
and antenna may be 
used. 

The disadvantages are: 
1. "Plane effect" or angle of plane 

causes slight error. 
2. "Night effect" or shifting of equisig- 

nal zone at night makes it undesirable for 
night flying. 

(Continued on page 358) 
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A mechanical description of aircraft beacon receiver type ÁR1286. 
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be used to advantage for an auxiliary 
power supply, and will furnish power as 
long as the lighting battery lasts. 

Frequency Choice 
The standard allocated frequency band 

for radio beacon service is from 285 to 
315 kc., and that for aircraft radio com- 
munication is from 315 to 350 kc. The 
design of a receiver to cover this compara- 
tively narrow band of frequencies is com- 
paratively easy and most commercial 
aircraft receivers are designed for this use. 

The 500 -kc. band may be used for dis- 
tress or emergency signals. Frequencies 
around 3000 to 4000 kc. are good for fairly 
long- distance low -power communication 
and are not much affected by fading, skip - 
distance, directional effects, type of an- 
tenna, and other phenomena characteristic 
of frequencies higher than this. These 
frequencies will undoubtedly prove of 
great value in the future of aircraft radio. 
Frequencies as high as 11,000 kc. have been 
used with very good success for long -dis- 
tance, low -power communication on trans- 
oceanic flights and expeditionary flights. 
However, they were naturally affected 
by skip -distance, etc. 

Radio Beacons 
The radio beacon of to -day is as prac- 

tical and perfect as the ordinary magnetic 
compass. High noise level caused by the 
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STRAYS FROM THE LABORATORY 
Sun Spots and Radio 

A correspondent questions the correla- 
tion between solar activity (sun spots) 
and radio reception and at the same time 
wonders if the steadily declining field 
strengths from distant stations are not due 
to a "saturation" or overloading of the 
ether. We sent these doubts and sugges- 
tions to Dr. Pickard whose speculations 
on the interesting questions and long con- 
tinued measurements on WBBM'S field 
strength have won him great credit. Dr. 
Pickard's answer is a chapter in the book 
of fundamental knowledge of radio. Dr. 
Pickard's curve (Fig. 1) shows such definite 
relation between solar activity and radio 
reception as to leave no doubt. Dr. Pickard 
says: 

"Signal strength at night from distant 
stations hás been on the down -grade for at 
least the past three years. But the correla- 
tion of this decrease with solar activity 
has been proven beyond any doubt. and 
irrespective of any hypothesis. Many 

- thousands of reception measurements, 
taken systematically over periods of 
years, have shown such high correlation 
with measures of solar activity that the 
relation of sun and reception is as certain 
as the relation of moon and tide. 

"But 'etheric overloading' is a harder 
problem. If the entirely hypothetical `ether' 
really had the properties of matter, it 
might, of course, have definite tensile 
strength, and perhaps also exhibit fric- 
tional or hysteretic losses, in which case it 
would either break up or heat under severe 
loading. But the majority of modern 
physicists do not believe there is an `ether'. 
Instead, our present -day view is that what 
we call electromagnetic waves are merely 
energy quanta shooting bullet -wise across 
empty space. According to this view over- 
loading has no physical meaning; how can 
we overload a void by merely projecting 
more quanta through itP 

"This reasoning may not be convincing 
to everyone, particularly those who still 
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cling to their `ether'. So, avoiding all 
assumptions as to the existence of proper- 
ties of the medium, let me present some 
evidence from the experimental side. 
First, consider the well -known fact that a 
station hundreds or thousands of kilo- 
meters distant can be well received even 
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directly under the antenna of an operating 
high- powered transmitter. Measurements 
of the field strength of the distant station 
show no change when the local transmitter 
is thrown on and off. Yet, the field im- 
mediately around a high- powered trans- 
mitter is enormous as compared with that 
from the distant station, and if there were 
any such thing as overloading, such a test 
would show its presence. 

"But far more severe tests have been 
made. A pair of metal terminals may be 
placed in a tube exhausted to the limit of 
modern vacuum technique, and a field of 
the order of a million volts per centimeter 
can be impressed without breaking down 
the intervening space. In fact, when such a 
tube finally does pass current, it is because 
electrons are bodily torn from the metal 
terminals; not because the space between 
is in any way overloaded. Recently very 
great magnetic fields, of the order of a 
million or more gauss, have been produced 
by heavy transient currents in small coils. 
But the space traversed by this intense 
magnetic field shows no sign of distress. 
Such electric and magnetic fields, viewed as 
strains or loads upon a medium, are mil- 
lions of millions of times greater than the 
average loading produced by the radio 
stations of the world, and still nothing 
happens. 

"Finally, consider the space just beyond 
the sun's surface, traversed by the intense 
radiation from the photosphere and by the 
solar gravitational and magnetic fields as 
well. Heavily loaded as is this space by 
both waves and fields, during a solar 
eclipse we find the light from a distant star 

goes through unchanged, save for the slight 
Einstinian bending caused by the gravi- 
tational field." 

British Heater Tubes 
An article in January 8, 1930, Wireless 

World entitled "A New Method of De- 
tection," while somewhat misleading in 
title, since no new method of detection is 
described, gives some interesting data on 
English heater -type tubes. American set 
engineers have long wondered at the high 
values of mutual conductance secured by 
foreign tube manufacturers, which cannot 
all be laid to the fact that tubes "over 
there" are measured at zero grid bias and 
not under operating conditions. 

The Marconi and Osram su.4 is called a 
general- purpose tube, has a plate resistance 
of 3000 ohms, and an amplification factor 
of 6. At a grid bias of 23 and a plate 
potential of 200 volts the plate current 
is 19.5 milliamperes. It will turn out about 
750 milliwatts. 

The auk has a resistance of 8000 ohms 
and a mu of 16. Its resistance is suffi- 
ciently low that it may be used with a 
transformer output with about double the 
voltage amplification secured from our 
heater -type general- purpose tube. 

Both of these tubes are very good, 
having mutual conductances of the order 
of 2000 micromhos (at zero grid bias). 
The heater consumes 1.0 ampere at 4 
volts. 

The smi4 makes a good grid- circuit de- 
tector as the curve in Fig. 2 shows. With 
an r.m.s. input signal of about 2.75 volts 
it will deliver about 8 volts of a.f. at 50 
per cent. modulation. The circuit con- 
stants are given on the curve. 

A Correct ion 
On page 223 of the February issue curves 

were given showing the selectivity and 
sensitivity characteristics of Radiola 21 
and 22 receivers. Unfortunately the 

(Continued on page 349) 
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An untuned amplifier used by the author in his experiments with cathode -ray gibes. 

MEASURING PERCENTAGE MODULATION 
Using the Cathode -Ray Tube for Determining Percen- 
tage Modulation. Desirable Characteristics of a Tube 
Used for This Purpose. Method of Procedure and Some 
Typical Examples of the Results Obtained by the Author. 

The cathode -ray tube has always been 
a most useful device in laboratory measure- 
ments on all kinds of pulsating or alternat- 
ing currents. Additional uses for the tube 
are always being found and in this article 
Mr. von Ardenne (who has contributed 
several articles published in the Proceed- 
ings of the Institute of Radio Engineers) 
describes a method of using the cathode - 
ray tube in the measurement of percentage 
modulation. 

Tim DETERMINATION of the percentage of 
modulation with the Braun tube may be 
made by two procedures: (1) the method 
of standing figures and (2) the direct 
taking of the modulation -time curve. 

The procedures included in the first 
group are the older and have been de- 
scribed numerous times in the last few 
years. A superficial explanation of the gen- 
eral method for the production of standing 
figures is as follows: the high -frequency 
to be demodulated is fed to a rectifier and 
the low frequency so obtained is coupled 
to one of the sets of plates of the Braun 
tube, while the high frequency is coupled 
to act on the cathode ray at right angles 
to the low frequency. If an oscillograph is 
made of a high- frequency transmitter in 
this way, with the modulating current 
having a constant frequency and ampli- 
tude, and if the high -frequency axis is 
made the horizontal one, then a figure is 
to be expected which has for its maximum 
and minimum widths the corresponding 
limiting values of the modulated high fre- 
quency. If the demodulated low frequency 
of the transmitter is put on the vertical 
plates of the tube without time lag, then 
a stationary trapezoid is obtained on the 
fluorescent screen. The parallel sides, a and 
b, lic horizontal and the percentage modu- 

By BARON MANFRED 
VON ARDENNE 

Fig. 1 -The photographic result 
of experiments with standing 

figures. 

lation of the transmitter can be computed 
immediately from the expression- 

Ii = 
a 
a-b 
+ b 

The advantage of the method lies in the 
possibility that tubes with very weak 
fluorescent spots eau be used successfully 
when the photographic exposure is made 
long enough. On the other hand, a long 
photographic exposure is necessary, and 
in this fact lies a limitation of the use of the 
trapezoid method, if the transmitter is 
excited only with a constant amplitude of 
low- frequency power. If the amount of 
modulation varies, then the height of the 
trapezoid also changes so that a measure- 

ment of the parallel sides is no longer 
possible. If a broadcast transmitter is 
used, in which not only the amount but 
also the frequency of the modulation varies 
then the whole trapezoid changes. This 
will be true particularly at higher frequen- 
cies, since phase displacements take place 
in the coupling elements of the rectifier 
and amplifier which completely change 
the boundaries of the trapezoid. Further- 
more, the trapezoidal form is only obtained 
with very small high- frequency amplitudes, 
since with larger amplitudes at the input of 
the rectifier, the corners are rounded off. 

The Second Method 
The second method is free from these 

disadvantages. It consists in producing a 
time axis by means of a rotating mirror or 
a moving film. Naturally this method can 
be used for any sort of modulation curve, 
including those of broadcast transmitters, 
and at the same time it will allow observa- 
tion of peak values of excitation. How 
important such a control is in order to 
maintain a small amount of distortion in 
the detector of the receiving set is gen- 
erally understood. Since the envelope of 
the modulated high frequency is visible 
on the film or in the rotating mirror, the 
sinusoidal form can be seen beautifully 
when the excitation is from a low - 
frequency oscillator and the complex shape 
when it is due to speech. 

For photographing the modulation 
curve, it is very important to have a tube 
which ives a very bright fluorescent spot. 
The brilliancy of this spot determines the 
highest speed at which the film can be 
moved, and therefore the highest modula- 
tion frequency which can be recognized on 
the film. For direct observation of the 
modulation on a rotating mirror a bright 
spot of light is also very desirable, since 
this permits observations in daylight. In 
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Fig. 2- Schematic diagram of the 
apparatus used by the author in 

the experiments he describes. 

the following paragraphs a cathode -ray 
tube is described which was developed in 
the author's laboratory and which is 
particularly suited to measurements of 
this type due to the markedly greater 
brightness of the spot. 

The Apparatus Used 
In making the experimental modula- 

tion pictures shown on these pages the 
most important piece of apparatus was, of 
course, the Braun tube. This tube, which 
is shown in Fig. 3, has a fluorescent plate 
made of a material which fluoresces in 
blue -violet, and therefore is very active 
photographically. The picture, Fig. 3, was 
taken in the dark and shows clearly the 
path of the cathode ray in the tube. To 
the right the ray, coining from a concen- 
tric cylinder, passes through two systems 
of condenser plates placed at right angles 
to each other. The top of the tube is 
illuminated due to the impact ionization 
of the small amount of rare gas present. 
The beam produces on the fluorescent 
screen an extremely strong point about 
0.75 mnm in diameter. 

In operating the tube it is 
important to keep the leads 
to the condenser plates short 
and the condenser plate's 
themselves must be small. 
By separating the leads a 
sufficiently small capacity 
can be obtained to hold up 
the impedance so the device 
will have no frequency char- 
acteristic, even at high fre- 
quencies. 

The heading picture shows 
the untuned amplifier used 
with the cathode -ray tube. 
To the left is a tuned circuit 
in front of a multi- stage, 
high- frequency a m p l i f i e r 
whose gain is accurately 
known and can be in- 
creased to a voltage ampli- 
fication of 50,000. After 
the amplifier, which con- 

1000 

tains six resistance -coupled stages, is a 
second tuned dircuit which, in turn, is 
connected to the horizontal plates of the 
Braun tube. The sensitivity of this arrange- 
ment is so great that a strip of light 3 to 
4 cm wide can be obtained from a broad- 
casting station 1000 to 2000 km (600 to 
1200 miles) away. The circuit, therefore, 
can be used to observe the modulation of 
distant stations. 

The arrangement in use at present is 
shown in the schematic of Fig. 2. It con- 
sists of a powerful transmitter using plate 
modulation which can be excited by an 
oscillator and power amplifier. The per- 
centage modulation can be adjusted by 
means of f.the potentiometer P and can 
be marked conveniently on [the dial from 
zero to a complete overload. The rectifier 
shown after the modulator was only used 
in investigations of the method of standing 
figures. For the method used in taking 
photographs of Fig. 4 the rectifier D was 
omitted. 

The determination of the percentage 
modulation has been made by both meth- 

ods. As a source of modulated high - 
frequency power both the modulated 
oscillator of the laboratory and local and 
long- distance broadcasting stations w ere 
used. The result of the tests of standing 
figures is given in Fig. 1, and in making 
this particular picture the local oscillator 
was used to supply power. A trapezoid 
with straight lines for its sides was ob- 
tained. In order to obtain this figure two 
stages of resistance -coupled amplifica- 
tion were used after the rectifier D. In 
this way it was possible to make the input 
voltage of the rectifier extremely small by 
a loose coupling with the oscillator, and 
thereby reduce the curvature of the recti- 
fier characteristic to such an extent that 
the rounding of the corners of the trape- 
zoid would not be noticed. The percentage 
modulation from the two sloping sides 
where a = 35 mm and b= 11 min is 

(a - bl or 43 per cent. 
a -Fb 

It is obvious that the trapezoid method 
can also be used for broadcasting stations. 

However, it is only in the 
case of picture transmission 
stations, where the trans- 
mitter is modulated with a 
constant frequency, that the 
results are particularly good. 

The method providing a 
visible indication of modula- 
tion was used for both the 
modulator and the broad- 
casting stations. The plate 
voltage employed was 1500 
and this gave (sufficient bril- 
liancy to enable making 
photographs with nor normal 
film and a 1:1.5 opening. 
Fig. 4 (A, B, and c), show the 
curve of modulation against 
time for different degrees of 
modulation, obtained with 
the potentiometer P in 
Fig.2. The demodulated 
low frequency was 800 

(Continued on page 360) 
Fig. 3 -The Braun cathode -ray tube 
photographed in a dark room. 

Fig. 4- Oscillograph curves taken on signals of various degrees of modulation. 
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AUTOMATIC VOLUME CONTROL 
A General Description of How Automatic Volume Con- 
trol Circuits Function. Some Details of Experiments on 
Circuits by the Author. 

By A. C. MATTHEWS, JR. 

A VOLUME CONTROL On a radio receiv- 
ing set has three distinct functions to 
perform, that is to compensate difference 
m volume of stations at various distances; 
to compensate any variations in signal 
strength due to slow fading, and to adjust 
the volume level to the desired intensity. 
An automatic volume control accomplishes 
the first two objectives inherently, while 
the last function is left to the particular 
likes of the operator. The setting of the 
volume level, however, is made only once 
and thereafter all stations within the 
range of the receiver are reproduced with 
the same degree of intensity, assuming, of 
course, that their percentage of modulation 
is nearly the same. 

Several types of automatic volume con- 
trols have been proposed in the past and 
the following are referred to as examples 
of the various types. 

1. Plate current of the output tube in 
series with a ux -199 filament arranged so 
as to vary the bias on a precedinf tube, 
thus preventing overload and limiting 
the volume. (Proc. I.R.E. March, 1928, 
p. 281.) 

2. Varying the plate voltage on the 
radio-frequency amplifier by means of a 
control shunting the loud speaker. (RADIO 
BROADCAST, March, 1929.) 

3. Adjusting the radio -frequency ampli- 
fier bias by means of a two-element rectifier 
tube. (Proc. I.R.E. January, 1928, p. 30.) 

4. Varying the bias on the radio - 
frequency amplifier by means of a three - 
element tube connected in a simple recti- 
fier circuit. (Proc. I.R.E. March, 1929, 
p. 511.) Of the four systems referred to, 
the author prefers the last mentioned 
method, since it has several advantages 
over the other types. 

Experience has taught us that in order 
to provide automatic volume control 
without introducing distortion the device 
must operate on the carrier wave. Any 
variation in the carrier wave strength must 
be compensated by an inverse variation in 
radio-frequency amplification. The type 
of automatic volume control described in 
this article meets this requirement and is 
exclusively for use with the a.c. screen - 
grid tube (uv -224). Since it is permissible 
in screen -grid receivers for the volume 
control to vary the screen -grid potential, 
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it was thought advisable to devise some 
scheme whereby this method might be ac- 
complished automatically so as to compen- 
sate any change in signal strength, thus 
giving us an automatic volume control. 

As may be seen in the accompanying 
diagram, the carrier signal is applied to a 
rectifying circuit and the rectified a.c. 
component is impressed back on the 
preceding amplifier screen grids, thus 

This article by Mr. Matthews, 
formerly a radio engineer with the 
Stewart- Warner Corporation, de- 
scribes some experiments on auto- 
matic volume control circuits for 
use with screen -grid tubes. The 
control system which is described 
operates automatically and varies 
the amplification of the r.f. ampli- 
fier tubes by varying the voltage 
applied to the screen grids of the 
screen -grid tubes. 

-THE EDITORS. 

regulating their amplification inversely 
with the original signal. In other words, 
when a signal on the regular detector 
exceeds a certain predetermined value the 
bias on the volume- control tube is reduced 
and its plate current increases. This in- 
crease in plate current is used to obtain a 
voltage drop across a 25,000 -ohm resistor, 
thus decreasing the screen grid potential 
on the r.f. tubes and thereby reducinif the 
overall amplification. Since the amplifica- 
tion curve of the screen -grid tube slopes 
rather rapidly as the screen -grid potential 
is increased, this makes a very effective 
volume control. 

The circuit constants of the volume - 
control tube have been arranged so as to 
adjust the time constant of the circuit 
correctly in order that no appreciable time 
lag will occur when the carrier wave sud- 
denly varies in intensity. However, the 
time constant is not high enough to pre- 
vent correct operation on low modulated 
frequencies. 

Since the volume -control tube must 
have its plate at the same otential as the 
screen -grids of the r.f. amplifier, it is neces- 
sary, in order to_obtain the correct plate 
voltage on the uY -227 volume -control 
tube, to take off voltage taps at-60 and 80 
volts on the power -supply unit. This puts a 
potential of approximately 135 volts on 
the plate with respect to the cathode. 

The volume level may be set at any 
predetermined value by adjusting the bias 
on the volume -control tube. Fig. 2 shows 
curves taken with and without the automa- 
tic volume control. A, B, and C show the 
peak voltages on the first a. f. grid at 
three different volume- control settings. 
With the volume control in the position 
for maximum signal the sensitivity of the 
set is not impaired in the least, in fact the 
only indications that an automatic volume 
control is being used are due to the absence 
of fluctuating signals and the usual blast- 
ing encountered when tuning through a 
local carricr wave. Also when the scnsi- 

tivity of the set is being taxed a noticeable 
fluctuation in the background noise will 
be very much in evidence as the sensitivity 
is varied in order to compensate the de- 
crease in signal strength. This one dis- 
advantage, however, is more than offset 
by the many desirable features of this type 
of volume control and in the opinion of 
the author it is negligible. Curve D shows 
the peak voltage on the first a.f. grid with 
the automatic volume control discon- 
nected. The sudden change in curve D is 
due to detector overload. 

When the volume is once adjusted all 
stations within the receiving range of the 
set are reproduced with the same volume 
providing the modulation of all the sta- 
tions received are nearly alike. This is very 
convenient when tuning through the car- 
rier of a local station since very bad blast- 
ing will occur unless some sort of limiting 
device is utilized. When using this type 
of volume control the plate current of the 
r.f. amplifier is at a minimum when the 
receiver is tuned exactly to resonance and 
since the volume does not fluctuate it is 
difficult to tune the receiver unless a plate 
milliammeter is used as a resonance in- 
dicator. 

Recent Changes 
Since doing the laboratory work de- 

scribed in the preceding test certain slight 
modifications in the circuit constants have 
been found desirable. Although these 
changes do improve the practical opera- 
tion of the circuit, they do not alter the 
operating characteristics of the system, so 
the curves of Fig. 2 still apply. 

The first change found necessary was 
reducing the capacity of the coupling con- 
denser from 250 micromicrofarads, as indi- 
cated in Fig. 1, to 100 micromicrofarads. 
The smaller capacity helps to prevent any 
grid rectification from occurring when re- 
ceiving strong signals. 

Also it is general practice now to operate 
the screen -grid tubes at a screen potential 
of 75 volts instead of 67 volts as originally 
specified by the tube manufacturers. The 
higher operating potential requires the use 
of a somewhat larger plate resistor for the 
volume- control tube, but, as stated pre- 
viously, this does not alter the essential op- 
erating characteristic of the control circuit. 
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FACTORS GOVERNING AMPLIFICATION 

THE VACUUM TUBE is unique among 
modern machines in that it amplifies 
power, differing in this respect from a 
transformer which amplifies voltage at 
the expense of current or vice versa. 
Strictly speaking this is not true, i.e., 
the tube and associated apparatus, 
considered as a whole, does not am- 
plify power. For example, if you cal- 
culate the total power going into a 
tube, say a 245 -type power tube, and 
calculate the total useful power corn- 
ing out you will see that there is an 
overall loss of power. But if you neglect 
the filament power and the waste of 
power in heating the plate and con- 
sider only the input power fed to the 
tube as compared to the useful output 
power, you will see there is amplifica- 
tion. 

What actually takes place in the 
amplifier is something like the follow- 
ing; a small amount of power is utilized 
to operate the tube acting as a valve 
which releases a large amount of 
power from a local battery. 

Example: In Fig. 1 consider a power 
tube getting its input voltage from a.c. 
flowing through a resistor, and feeding 
power into a load resistance. The in- 
put voltage is the product of the cur- 
rent and the resistance. The output 
power is the product of the current 
squared through the load and the load 
resistance. Thus, 
Input voltage 
Input power 
Output power 
Output current 

Output power 

Output power 
Input power 

Ei = IiRI = Eg r.m.s. 
Pi = Ii2Ri 
Po = Io2 Ro 
Io = µEg/(Ro + Rp) _ 
il.Ev/2Rp if lip = Ro 
1.12 EQ2 

4 Rp 
E12 II2 R12 /12 Ri 

4 Rp Ii2 Ri 4 Rp 

Putting the proper values for a 245 - 
type power tube into this equation, the 
power gain, i.e., the ratio between 
power output and power input, is 
about 15 times. 

Coupling Devices 
The tube, no matter how much am- 

plification it may produce standing by 
itself, is useful only when connected 
with associated apparatus. We put a 
voltage into the tube and extract some 
power out. This voltage must be put 
in by means of accessory apparatus; 
the power output must be delivered to 
some load apparatus. 

The usual means of coupling one tube 
to another are well known to every ex- 
perimenter, viz., resistance, inductance, 
or transformer, but it is not every ex- 
perimenter (or engineer either) who, 
without a great deal of hemming and 
hawing, can tell you how many stages 
are necessary to deliver a 
certain amount of power 
into a given load when the 
input is known, or how 
much is the overall gain of 
a two -stage, transformer - 
coupled amplifier, or 
whether it is better to put 
a transformer stage ahead 
of a resistance stage when 
combinations are used. 

I n resistance -coupled 
amplifiers, about 75 per 
cent. of the amplification 
factor of the tube can be 

realized. The amplification factor is a 
term which indicates the output voltage 
which would exist across an infinite re- 
sistance load if one volt were impressed 
on the tube. Unfortunately an infinite 
resistance load is unattainable and some 
of the total voltage available in the plate 
circuit of the tube is used up in heating 
the plate of the tube and is not em- 
ployed usefully. Therefore, not all of 
the voltage amplification of the tube 
can be used. If the load resistance is 

al Rp 

t 

Fig. 1 

three times the tube resistance, three 
times as much voltage will appear 
across the load as across the tube (we 
are speaking of a.c. voltages), and 
therefore the voltage amplification will 
be mu X 75 per cent. 

In a transformer -coupled circuit, the 
primary inductance into which the 
tube works is very high and, because 
of the fact that the total impedance 
in the plate circuit must be obtained 
by taking the vector sum (see "Home 
Study Sheet" No. 10, Nov. 1928), 
the actual voltage amplification ob- 
tained will be about 89 per cent. of 
the mu of the tube if the reactance into 
which the tube works is twice the tube 
resistance in ohms. This will be true at 
the frequency at which the reactance 
of the transformer is twice the tube 
resistance, and, since the maximum ob- 
tainable is only 100 per cent., the vari- 
ation in amplification can be only be- 
tween 89 per cent. and 100 per cent. 
At all frequencies higher than that at 
which the transformer reactance is 
twice the tube resistane, the ampli- 
fication will be greater than 89 per 
cent. of mu and will approach 100 per 
cent. as a maximum. 

A Typical Problem 
Suppose then you have a detector 

capable of putting out one volt, and 
that you need to have 50 volts on the 
input of a power tube to deliver the 
required amount of power. How many 
stages of a.f. amplification, each using 

3:1 

J1=8 

u 
4611. 21.6 

411, 

410 41I 

3:1 

+ - I + 
Fig. 2 

April, 1930 . 

a three -to-one ratio transformer and a 
tube with a mu of 8, are necessary? 
What C biases will be necessary? The 
circuit is in Fig. 2. It is only necessary 
to calculate the voltage input to the 
first a.f. stage by multiplying the 
voltage across the a.f. transformer pri- 
mary by the turns ratio, then, by mul- 
tiplying this voltage by 90 per cent. 
of the mu of the tube, you get the a.c. 
voltage across the primary of the next 
transformer and so on until the voltage 
available for the power tube grid is 
ascertained. 

Now suppose you want to use two 
resistance stages and one transformer 
stage -if, for example, two transformer 
stages give not quite enough amplifi- 
cation. Should the transformer or the 
resistance stages corne first or should 
the arrangement be first a resistance 
stage, then a transformer stage, and 
finally a resistance stage? The way 
to solve this problem is to make dia- 
grams of the three possible cases, fig- 
ure the voltages that will appear on the 
grid of each tube, and therefrom find 
what the C bias on these tubes must be. 

If the transformer stage comes first, 
the voltage on the grids of the follow- 
ing tubes will be rather high, which 
will require high values of C bias, and 
because of this high bias a high plate 
voltage will be needed. Since these 
tubes are fed through plate resistors 
in which there is a drop in voltage of 
one volt per thousand ohms for each 
milliampere plate current, a large plate 
battery will be required. For example, 
suppose the voltage on the grid of a 
resistance- coupled stage calls for a C 
bias of 3 volts. If the tube has a high - 
mu this will call for a plate potential 
of probably 180 volts (so there will be 
a sufficiently long straight portion of 
the characteristic to handle the 3 -volt 
input), and if the tube takes 0.5 mA. 
at this voltage working through 200,000 
ohms, a plate battery potential of 280 
volts will be necessary. 

On the other hand, if the input volt- 
age to this tube is quite small, for ex- 
ample, when worked directly from the 
detector, a small C bias will be neces- 
sary, a shorter portion of the char- 
acteristic need be straight for distor- 
tionless amplification, and hence lower 
plate battery voltages are required. 

Thus if a combination amplifier is 
to be constructed it is better to place 
the resistance stages before the trans- 
former stage. 

Overall Amplification 
Very few radio workers have much 

conception of the total amplification at- 
tained in modern radio receivers. They 

do not know how this 
J1 =3 voltage gain is distributed. 

They do know that the 
advent of the screen -grid 
tube has shifted the pro- 
portion of amplification 
that exists before and 
after the detector. But 
how much? This is an- 
swered in "Engineering 
Sheet" No. 34. This sheet 
also considers the amplifi- 
cation which may be ob- 

- ' T tained in circuits using 
present types of pentodes. 

Ra=2Rp 
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CALCULATING AMPLIFICATION OF PENTODE RECEIVERS 

THE ADVENT OF two new tubes, the 
screen -grid pentode and the power pen- 
tode, is sufficient cause to sit down and 
calculate the present gain of receivers, 
and what will happen if set designers 
choose to use these new tubes. 

The new screen -grid tube is roughly 
1.25 times as good as present -day 
screen -grid tubes. That is, it will de- 
liver about 1.25 times as much am- 
plification. The power pentode is about 
5 times as sensitive as a 245 -type tube. 
That is, to deliver 2000 milliwatts it 
requires only 12 volts input whereas 
the 245 -type tube requires 50 volts to 
deliver about the same power output, 
1600 milliwatts. 

Suppose a receiver, Fig. 1, has push - 
pull 245 -type tubes working directly 
from a detector through a transformer 
with a turns ratio of 5 to 1. Across the 
secondary of the input push -pull trans- 
former is required 100 volts if the 
power amplifier is to be "loaded up." 
Therefore, a potential of 100 _ 5 or 
20 volts is needed across the primary. 
This is the a.f. voltage the detector 
must deliver. Fhis calls for a power 
detector, i.e., a highly biased detector 
probably of the 227 type. At 22 per 
cent. modulation and working into 
200,000 ohms, such a tube will deliver 
one volt a.f. for each volt r.f. put on 
its grid. If the modulation reaches 100 
per cent., as it may from many modern 
stations, the output will be roughly 5 
times the r.f. input voltage. This is 
the maximum voltage that will never be 
reached and should be just enough to 
put 100 volts across the two push -pull 

40J1V 

10 1 

transformer. How many stages are 
necessary? Three stages will give a 
total of 27,000, more than is necessary. 
Therefore, somewhat looser coupling 
to the antenna can be used with in- 
creased selectivity and greater freedom 
from unwanted noise, or a smaller an- 
tenna can be used (the ice pick, for 
example, as one manufacturer-Silver- 
Marshall- advertises.) 

Think back to receivers of a few 
years ago which had a resistance- 
coupled buffer stage between antenna 
and the set, in which there was a 

40uv 

1 

10.1 

input must be 12 _ 40 or 0.3. In other 
words, substituting a screen -grid de- 
tector in place of a low -mu tube and 
transformer causes a gain in sensitivity 
in the ratio of2to 1 (6DB). 

In addition to this gain in sensitivity 
there is a possible saving in money due 
to the substitution of a condenser - 
resistance coupling unit in place of a 
transformer. In Fig. 2 is the complete 
screen -grid -detector, pentode- output- 
tube receiver. We now need a gain of 
only 750 in the r.f. amplifier in place 
of 10,000. If each tube gives a gain of 

DET-227 5' 1 

R F AMP. 
GAIN= 
10,000 

RF TOA,F =1:5 
@ 100% MOD. 

Fig. l 

voltage gain of perhaps 3, plus two r.f. 
stages using 201A -type tubes. What 
was the total amplification up to the 
detector? About 500 at a maximum 
unless there was considerable regenera- 
tive amplification. This meant that a 
grid leak and condenser detector, which 
is about 10 times as sensitive as a C- 
bias detector, was necessary. Then 

R F AMP. 

GAIN= 
750 

224 PENTODE 

12 12 

R F TO A.F = 1:40 
@ 100 9bMOD 

Fig. 2 

tubes. Thus, if the input to the de- 
tector is 100 per cent. modulated, the 
r.f. voltage to deliver 20 volts a.f. 
need be only 4 volts. 

A Practical Case 
We need, therefore, an input r.f. 

potential to the detector of 4 volts. 
Now suppose we are situated in the 
field of a transmitter such that across 
the antenna appear 40 microvolts. 
How much amplification must there 
be between the input to the set and 
the input to the detector? Obviously 
the amplification is 4 volts divided by 
40 microvolts or a total voltage ampli- 
fication of 100,000. Now between the 
antenna and the input to the first r.f. 
l.ube there is usually a gain of 10, so 
between the first r.f grid and the de- 
tector grid there must be a voltage 
gain of 10,000. 

Suppose it is possible to obtain a 
voltage gain of 30 per stage from a 
screen -grid tube and its accompanying 

came two stages of transformer -coupled 
a.f. amplification with an overall gain 
of about 72. What was the total volt- 
age amplification? 

Now suppose you use a pentode 
power tube requiring only 12 volts to 
deliver 2000 milliwatts. If worked 
from a detector with a four -to-one 
transformer the detector output need 
be only 3.0 volts, and at 100 per cent. 
modulation the r.f. input to this de- 
tector need be only 0.6 volt instead of 
4 volts; thus we can get along with 
one -seventh (1/6.7) as much amplifica- 
tion in the r.f. amplifier. 

Suppose you want to use a screen - 
grid detector which has a conversion 
factor of about 40 to 1, i.e., a 100 per 
cent. modulated r.f. signal of one volt 
will deliver 40 volts a.f. It must be 
coupled to the power tube through a 
resistance (because of the tube's high 
resistance) and so the gain in the 
transformer will not be secured. We 
need 12 volts output and so the r.f. 

245 

245 

30, two stages will be somewhat more 
than enough and we have a receiver 
with two r.f. stages using screen -grid 
tubes, a screen -grid detector, and a 
pentode power tube -four tubes in 
place of present-day sets using five or 
more (usually more) tubes. 

Such a receiver represents no great 
advantage over present sets. The re- 
duction in the number of tubes needed 
may make necessary greater filtering 
to reduce the a.c. hum in the output; 
and because fewer parts are required 
does not mean that these parts may not 
have to be better, thus keeping the total 
cost at approximately the same figure. 

If the screen -grid tube of the future 
is better than present tubes of this 
type, still fewer stages may be pos- 
sible, but it does not seem likely that a 
single r.f. tube will ever take the place 
of two stages as it is too difficult to 
pack into one tube and its circuit all 
the gain required. The problem of cal - 
culating the voltage gain in a receiver 
or amplifier has been illustrated by this 
"Engineering Review Sheet " -and 
that was the object in view. 

Problems 
1. Four milliamperes of current at 

1000 cycles are fed through a 10,000 - 
ohm input resistor. The voltage across 
this resistance is applied to a 245 -type 
power tube whose amplification factor 
is 3.8 and whose plate resistance is 
2000 ohms. The output load is 2000 
ohms. Calculate the input and output 
power and the power amplification. 

2. The power obtained from a tube 
is a maximum when the output resist- 
ance is equal to the tube resistance, as 
in Problem 1, but the maximum un- 
distorted power is secured when the 
load has twice the tube resistance. 
Calculate the power into a 4000 -ohm 
load and notice how little power is lost 
in not exactly "matching" the tube 
and load. 
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