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9 
for this PACKARD/ 

SUPER 8-$250A.C. 
ELECTRIC RADIO SET. 

Direct From Our Factory 
Today's greatest radio! A 
truly sensational offer! 
The Eight -tube PACKARD 
A. C. Electric Radio -a 
regular $250 set -shipped 
to any home in the U. S. at direct from factory 
price of only $99. And to prove our claims we 
will ship this set to your home on 

$5000.00 
CASH BOND 
to Back Our 

GUARANTEE 

The PACKARD Engineers 
have invented this most unusual, powerful SUPER - 
Eight Tube Radio. Astonishing volume and tone quali- 
ty. Remarkable selectivity and long- distance recep- 
tion. Leading radio engineers unanimously agree that 
there is no better radio made - regardless of price. 

Let us prove this by shipping a set to your home on 30 
days' trial. Examine the set from A to Z. Let the most 
exacting critics pass on its merits. And if, after the 30 
day trial period, you are convinced that the Packard 
Eight -tube Electric is fully the equal of any console 
radio set selling up to $250 -then, and only then, need 
you decide to keep it at our factory price of only $99 
-otherwise, return it. 

This marvelous set combines every new scientific de- 
velopment in receiving sets -possessing beauty, refine- 
ment, durability. Gets everything on the air from coast 
to coast -from Mexico into Canada, loudly, clearly, 
and distinctly. Only one dial to tune in all stations. 

You Save the Jobbers', Dealers' 
and Salesmen's Profits 

The PACKARD Radio is shipped direct from our factory. 
All the in- between profits are deducted from the price of the 
set and instead of paying $250 you pay only $99. Quantity 
production, economy in selling, and only a small profit 
for the manufacturer makes this astounding offer possible.. 

MAIL COUPON NOW FOR 
30 days' free trial offer 

WORLD'S GREATEST RADIO 
Genuine Walnut Console Cabinet 

Eight powerful A. C. tubes and one genuine full - 
wave rectifying tube -nine tubes in all. Supreme 
quality throughout. Simple to operate. Connect the 
plug to electric socket and turn switch. Only one 
dial to tune. One hundred per cent electric. Hand- 
some walnut cabinet -two -tone genuine DUCO fin- 
ish. Metal trimming finished in old gold. Marvel- 
ous built -in, powerful speaker. Size of cabinet is 54 
inches high, 27 inches wide. 

Packard Radios are also 
made for BATTERY OPERATION 

PRICED AS LOW AS S53 

Don't miss this opportunity. Mail coupon at once for complete inform- 
ation about the PACKARD A. C.- S TUBE ELECTRIC RADIO and 
our liberal 30 days' free trial offer. No obligation on your part. Our 
$5,000.00 cash bond backs up our guarantee. 

PACKARD RADIO CO. 
2323 Milwaukee Ave. Dept. 530 Chicago, Ill. 

mast o o 
Packard Radio Company 

I 2323 Milwaukee Ave., Dept. 53o Chicago,I11. 
I am interested in Packard Radios and your $5,000.00 

Bonded 30 days' free trial offer and guarantee. Send 
® full details. 

Name 

Address 

City___._ ___ State 
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The Lincoln 8 -80 Steps Out the Year Round 

TUNABLE 
11. STAGES 

4SCREEN 
GRID 
TUBES 

ONE 
SPOT 

N EW 
AUDIO 

Selectivity Plus Marvelous Tone Quality 
High Amplification Without 

JUST another super? Decidedly not! The Lincoln 8-80 is 
not even similar to any super heretofore offered. We chal- 
lenge the whole world of radio engineers to point out any 

one receiver incorporating the many advantages and new prin- 
ciples unique to the 8 -80. 1T IS NEW and different from the 
antenna hinding post to the loudspeaker tip jacks -a new screen- 
grid first detector, a radically different three -stage, screen -grid 
intermediate -frequency amplifier and a revolutionary audio 
system. Yet it is remarkahly simple, more heautiful and goes 
together easier than any other set you've ever seen. It stands 
alone, a radically new triumph of engineering hased on sound 
common sense. 

The remarkahie new Lincoln screen -grid, intermediate-fre - 
quency amplifier is the secret of the astonishing performance 
of the 8 -80. Gone are the well -meant hut clumsy methods of 
the past -complicated shielding "lahoratory matched" trans- 
formers that are never matched when the set is finished, 
matched sets of tubes. and all of the heretofore "necessary 
evils" from which you tried in vain to obtain real reception. 

Lincoln has suhstituted in their place tunable I. F. stages. 
screen -grid tubes, and a minimum of scientifically designed 
shielding that is a component of the parts, far more effective yet 
scarcely noticed. 

After you have built the Lincoln 8 -80 you turn four little 
knohs on the intermediate transformers, just as you would 
tune an ordinary T. R. F. set and in a few seconds you have 
overcome the greatest fault in super construction. You actu- 
ally peak the transformers yourself to the point where they 
operate at greatest efficiency for you, not in a lahoratory test 
outfit, hut right in your own set you compensate entirely for 
every difference in wiring and tuhe characteristics- impossible 
with other transformers. Though perfectly matched, the shield- 
ing is so well designed that with correct voltage the 8 -80 can- 
not oscillate and will not squeal or howl- perfectly stable oper- 
ation. All this means that now for the first time, you can 
build a receiver that will start right out bringing in distant 
stations, one after another, 10 K.C. apart, with no squeals and 
no interference and yet retain all of the side hands for perfect 
tone quality. 

Not only in selectivity and quiet operation is the Lincoln 
8 -80 supreme. Its new audio transformer, utilizing the revo- 

Distortion 
lutionary Clough System to the fullest extent, gives it infinitely 
hetter tone, far more volume and less distortion than an) other 
type of transformer can possibly provide. The effective trans- 
formation ratio per stage -exclusive of tuhe gain -averages 4.4 
to 1, 50c-0 greater than that of any other and more expensive 
transformers, and with all this -true reproduction, fidelity of 
tone, and positively uncanny realism. 

Even in appearance, the 8 -80 is far ahead of any factory - 
huilt receiver at anywhere near its price. The heautiful Lincoln 
112 two -tone metal shielding cabinet (89.25 additional) houses 
the completed receiver and at the same time provides 100% 
perfect shielding. 

It is ALL of these features that make the 8 -80 the sweetest 
super you've ever tuned. And that is positively what it is! In 
the Lincoln offices in a reinforced steel and concrete huilding- 
the most difficult type for radio reception -the 8 -80 consistently 
brings in stations 2000 miles distant at night, and 400 miles in 
daylight! And this is done in Chicago, through a barrage of 
thirty or more high -power local stations and with only a 15 
foot inside antenna. Nashville, Pittsburgh, Shreveport, Atlantic 
City, Dallas, New York City. all come like locals, and most of 
them with no antenna at all -only a ground connection. Sta- 
tions from all points of the compass will fill your log night 
after night. 

The price of the complete kit for the 8 -80 is $92.65. And the 
set you build from it will give these same results, for every set 
huilt tunes easily and positively to peak efficiency, thanks to 
the new principle of William 11. llollister -an old -timer in the 
game who demonstrated "wireless" to college professors hefore 
Marconi first hridged the Atlantic. And all his experience, 
ranging over a quarter of a century, has gone into the 8 -80. 
It OUGHT to he some set -AND IT IS! 

LINCOLN GUARANTEES THAT THE 8-80 WILL GIVE 
BETTER RESULTS THAN ANY OTHER EIGHT -TUBE SUPER 
YOU CAN BUILD. 

If you want an evening full of straight- from -the -shoulder 
super- heterodyne dope written by an engineer who has played 
with every super going in the last few years, send 25 cents for 
William II. Hollister's "Secret of the Super" using coupon below. 

Have you seen the new Lincoln power supplies? There are two: one for B voltage only and one for A, B. 
and C voltage for AC tubes. Each one comes in a beautiful brown crystalline steel shielding case. B 
current of SO to 60 m.a.-plenty for any ten -tube set -at 180 to 200 volts. with 22f. 90 and 135 avail- 
able -also 22 -90 variable, Type 1108 lists at $43.50. type 110ABC at $46.00. They're fully guaranteed, 
and are described in detail in the big catalog which the coupon below will bring you. 

LINCOLN ENGINEERING SERVICE ON STANDARD KITS 

DO YOU KNOW 
THAT 

you can huy the really finer standard kits -those that have come up to the rigid stand- 
ards of performance set by the Lincoln Lahoratories at standard prices, and at standard 
discounts if you are a professional sethuilder or dealer? The Lincoln Engineering Ser- 
vice means a lot -you are assured not only of same -day shipment, hut you have the 
double assurance of factory inspection, plus Lincoln inspection -and Lincoln offers you 
only complete kits that exhaustive tests have proved to he right -and then fully guaran- 
tees each to you. 

Order to-day for immediate shipment any of the following Lincoln -Guaranteed complete kits: 
Sargent -Rayment Seven (S -M 710) kit . 

S-M 720 Screen Grid Six 
S-M 720 Screen Grid Six -factory wired . 

1929 Lahoratory Superheterodyne. 

. .8120.00 
72.50 

. . 102.00 
95.70 

Tyrman 80-super-less power pack 
Tyrman 72 receiver kit 
Tyrman 72AC, with power pack 
Scott World's Record 9 -tube S. G. super . 
H. F. L. Isotone 10 -tube super 

$134.50 
98.50 

153.50 
i138.10 
195.00 

IINCt4N RADIO CUII4DIRATICN 
329 SOUTH WOOD ST. - CHICAGO - ILLINOIS. 

Setbuilder agents are wanted in 
every community, We have a 
most interesting plan which you 
will find highly profitable. Write 
for complete details, or use the 
coupon. 

LINCOLN RADIO CORP.. 329 South Wood St.. Chicago, Ill. 
Send me your big free catalog. listing a complete line of 

1929 kits for custom building. 
Let me have details of your agency plan. 
Enclose find 25c. for which send me William H. Hollis- 

ter's new book. ''The Secret of the Super. 

Name 

Address 

Authorized Distributors for Lincoln 8 -80 
WESTERN RADIO MFG. CO. 

128 W. Lake St. Chicago, Illinois 
W. C. BRAUN COMPANY 

564 W. Randolph St. Chicago, Illinois 
WALTER ROWAN COMPANY 

833 W. Washington St. Chicago, Illinois 
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IF YOU DON'T LIKE 
THE BRUTAL TRUTH 

bette:- not read this page! 

f 
Silver -Marshall unconditionally guaran- 
tees the new S -111 Clough system audio 
transformers to give greater amplification, 
much finer tone, and far less distortion 
than any standard transformers made by 
any other American transformer manu- 
facturer. 

Contrast this straight- from - the -shoulder guarantee with 
the advertising phrases used by other manufacturers -not 
one dares offer the guarantee that S -M has given for two 
consecutive years -ever since the first 220 transformers 
were produced. And with impartial comparative tests 
S -M engineers have been demonstrating to thousands that 
the new 223, 225, 226, 255, and 256 transformers are far 
superior to any and all other makes. 

Naturally, not all fans have been able to attend S -M demonstrations at the R.M.A. Trade 
Show and in the larger cities. It is perhaps hard for you, satisfied as you may be with the audio 
equipment you have been using, to believe that any transformers can be as far ahead of all other 
types as are the new S -M's. So we can only say to you: "Buy a pair of 225 and 226's, or a pair of 
255 and 256's; hook them up and test them. Then, if you're not satisfied that they are better 
than anything you've ever heard, return them to the factory for full credit." The fan unwilling 
to accept such an offer and who says, "The old stuff I'm using satisfies me" must simply be a man 
opposed to progress, content to stand still, and it is not to him that S -M appeals. But the open - 
minded and progressive fan, ever seeking something better and finer, will find in the new S -M 
transformers a quality of reproduction beyond his fondest expectations. 

Take the case of the manufacturer of America's most expensive high -class sets, seeking the 
best possible audio amplification for an ultra -fine receiver. After testing all standard high grade 
transformers, this manufacturer's engineering staff went on record with the statement that S -M's 
large and small transformers are the finest of all transformers they had ever tested over a period 
of fifteen years! Or consider the case of the chief engineer of the largest independent manufac- 
turer of theatre and auditorium amplifying systems, a man who has tested and analyzed all 
standard audio transformers -and finally selected the new S -M audios as the most perfect known 
audio system. Men who know, not guess, all acknowledge the supremacy of S -M audio transformers. 

This is a strong statement to make, but we back it up with a guarantee such as no other manu- 
facturer has ever offered for audio transformer equipment. 

We dislike to tread upon the sensitive toes of other transformer manufacturers, but we know 
what the new S -M audios will do. And so do these other manufacturers! One of them recently 
approached us. "Look here," he said in substance, "we're both making audio transformers. Let's be 
friendly. We're not going to say anything about hysteretic distortion in our 
advertising, and we wish you wouldn't make an issue of it." But S -M is 
neither to be cajoled nor threatened. For the first time in the history of 
commercial audio transformer design, Silver - Marshall has eliminated 
hysteretic distortion, and the new S -M transformers give a sharpness and 
definition to bass and treble alike such as has never been known before. 

Do you remember when transformer "curves" used to climb "way up in 
the air "? Maybe you've noticed that most manufacturers are now advertising 
audio transformers with a high frequency cut -off. Two years ago S -M was 
first to introduce this feature. At first scoffed at by other manufacturers, it 
was eventually adopted by practically all! Two years ago S -M also intro- 
duced the first really large models of audio transformers -a feature which 
more and more competing manufacturers have copied of late. And in the 
new Clough system under which the 223, 225, 226, 255 and 256 transformers 
are made S -M has again introduced revolutionary improvements just two 
years aìi ad. When you buy S -M audio transformers, you're getting the best -S -M unconditionally guarantees this to you in a straight- from -the -shoulder 
way that no other manufacturers have ever dared to adopt. No matter what 
audio transformers you have or are using, S -M guarantees you better results 
with the new 223, 225. 226, 255 and 256 models. 

For the finest possible tone. the new S -M 225 first stage and 226 second stage types at $9.00 
each are utterly unequaled. Their two stage curve is shown at E. with its rising bass charac- 
teristics and 5,000 cycle anti -hiss cut -off. The two smaller types. S-M 255 first stage and 256 
second stage, are unconditionally guaranteed finer than all other types on the market, and give 
the curve D -see how much better they are than three sets of standard competitive eight and 
ten dollar types, shown at A. B, and C under the same operating conditions. 

Other outstanding values in new S -M kits, parts, and accessories are illustrated 
and described on the pages that follow. Several of out cooperating distributors who 
recognize S -M quality and S -M leadership join us in presenting the 1929 S -M line. 

SILVER- MARSHALL, Inc. 
838 W. JACKSON BOULEVARD. CHICAGO, U. S. A. 

11 

At the S -M factory there is always in operation a com- 
parison amplifier. If you're in Chicago, ask to have 
your favorite transformers compared against the new 
S-M's- then they'll be your favorites: Remember-all 
other transformers give hysteretic distortion -only the 
new S -Al's are free from i:. 
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ISILVER -MARSHALL, INC. 
838 W. Jackson Blvd., Chicago, Ill. 

/OW 4170 WOO 

.Send Complete Catalog -FREE, with sample 
copy of "The Radiobuilder." 

.Send information about the S-M Authorized 
1 Service Station franchise. 1 

I ....Enclosed is 10c for five selected S-M construe- 1 

tional Data Sheets on new products. 
I ....Enclosed is 50c for the next twelve issues of I 

"The Radiobuilder" (or $1.00 for the next I 

twenty -five issues). 

1 Name I 

i I 

wr 

Address 

I I 

L.- _ ..J 
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SM What Is This Year's 

Greatest `Value? 

THE 720 Screen Grid Six! 

OF ALL the radio sets the S -M Laboratories have ever tested, of all 
the sets that have borne the S -M endorsement in the last four years 
-yes, of all these and more -we believe the new 720 Screen Grid 

Six to be the finest all -around set of them all. 

That's a man -sized recommendation. And you can bet it's some set when 
S -M gets squarely behind it and tells you that you'll find the biggest radio 
value to -day in this new Screen Grid Six. This is as it should be, for the new 
receiver is a simplified and improved design of the Shielded Grid Six that 
took the country by storm this past winter and spring -the only receiver 
that anyone ever dared to offer with an unqualified guarantee of absolute 
satisfaction or your money back! And now S -M tells you that the new 
Screen Grid Six is an even better set! 

It's the kind of a set you can build in an evening, with its pierced metal 
chassis and positive fitting- assembly. And the thrills begin when you put 
it on the air. Station after station will come in with local volume, you'll 
really find positive 10 K.C. selectivity; and tone -well, like those who have 
tested it already, you just won't be able to help sitting back and telling 
the world "Baby, that's a radio set." Three stages of tuned, shielded screen - 
grid R.F. amplification, a detector, and two stages of the new S -M audio transformers that 
have taken the country by storm -two vernier drum dials in a beautiful antique brass 
control escutcheon, individually copper- shielded R.F. circuits, a rigid die -cast gang con- 
denser -look these features over and you'll realize why the 720 cuts through the toughest 
interference regularly -why it gives 10 K.C., selectivity and almost unbeatable DX. 

Remember that S -M backs the 720 to the limit -assures you that you can't get more 
actual radio at twice the cost. And -S -M passes on to you right now the production 
savings of a big season, and prices the 720 kit at only $72.50 complete, or $102.00 cus- 
tom -built with cabinet. For the kit, the new metal shielding cabinet is $9.25 additional. 

Did you ever see as much actual screen grid 
radio value for only $72.50? 

Better get your order in now -720's are hard to get, so great is the demand. 
Here are the trimmest short wave sets ever 

-the new "RoundtheWorld" kits. 

Tune Over the "Thrill 'Band" with an S-M Short Wave Set 
HAVE you had your taste of the "thrill band" -the wavelength band from 17 to 200 meters? Down on 

these low waves are the foreign broadcasters -English 5SW with Colonial programs- Dutch, French, 
German and other rebroadcast programs. Down there you can hear KDKA, WGY, and WLW programs 
when static blankets out their regular waves. And television -the low wave band is its busy nursery. 
You can hear amateurs in almost every country, all in an evening -if you have an S -M "Round- the -World" 
short wave set. S -M "Round- the -World" kits build up into such neat, trim, snappy receivers -with screen 
grid R.F. amplification, and one dial tuning -that you just can't help getting the thrill of your life as you 
tune one. 

The "Round- the -World Four" is a complete four -tube regenerative (non- radiating short wave receiver 
kit with aluminum shielding cabinet. It has one screen grid R.F. stage, a regenerative, non -radiating 
detector, and two high -gain Clough audio stages. It tunes from 17.4 to 204 meters with four plug -in coils, 
and can bring in five continents in an evening. The kit is $51.00, complete with cabinet, coils, and full instruc- 
tions -ready for immediate shipment. 

The 731 "Round- the -World" Adapter is the two -tube, R.F. amplifier and detector, less the two stage 
A.F. amplifier of the above set. With an adapter plug, it converts any set to long- distance short wave 
reception. Price, complete with cabinet and four coils (17.4 to 204 meters) $36.00. The 732 "Round -the- 
World" Essential Kit contains the two tuning and tickler condensers, the four plug -in coils, coil socket, 
and three R.F. chokes, with full instructions for building a one, two, three or four tube short wave set. It 
costs but $16.50 complete. 

Choose any one of the three kits you prefer, and step out into the "thrill band!" 

Besides the sets and kits above described, we can make prompt shipment from stock 
of all S -M products, including the 710 Sargent -Rayment Kit; 740 and 740 AC Coast -to- 
Coast Kits; S -M Unipacs and Power Supplies, Audio Transformers and other parts. Best 
discounts quoted to the trade. Fill out and mail at once the coupon at the right, and 
get our big new catalog, FREE. 

WHOLESALE RADIO SERVICE CO. 
6 Church Street, New York, N. Y. 

New 5 -prong plug -in 
coils, for short and broadcast waves. 
Wound on forms of 
threaded, moulded 
bakelite. 

r _- ® - ' Wholesale Radio Service Co. 
6 Church St., New York, N. Y. ' Please send at once your new free catalog' 

1 
listing S -M and many other highest -quel- 1 
ity radio kits, parts and supplies, as adver- 
tised in Oct. "Radio Broadcast." 

Name 

Street No. 

Town 

LMI VIE I=I =MEMN INN- Ella 

, 
t : 
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RADIO'S FINEST 
PRECISION RECEIVER 

"The Sargent- Rayment Seven" 
ASTATION tuned in for every ten kilocycles -a hundred stations heard in 

one summer evening, in the heart of Chicago interference -that is the 
performance record of the 710 Sargent -Rayment Seven -latest master- 

piece of these inventors of a unique receiver system of past popularity. 
The 710 Sargent -Rayment Seven is a precision laboratory radio receiver for 

the veteran fan. It has been designed throughout as such. It is like a battleship 
stripped for action, shorn of every piece of surplus gear. The thick aluminum 
shielding and chassis, finished in satin silver and trimmed by black instru- 
ment name plates with white engraving gives to the appearance a beauty and 
dignity in keeping with the set's fine performance. Electrically, the receiver 
consists of five sharply tuned circuits in a four -stage screen grid R.F. amplifier, 
all tuned by a single illuminated drum, and provided with individual verniers. 
One knob turns the set on and off -another controls volume from zero to 

maximum. There are no other controls. Following the R.F. amplifier are the detector and the A.F. amplifiers, using the new S -M 255 
and 256 audio transformers which provide unequalled tone quality and high volume in a perfect circuit balance with the 251 tone filter 
which is included. Each circuit is individually shielded, bypassed, and isolated from all others. The set goes together simply and posi- 
tively, with clear direct wiring. It is a joy to build, so workmanlike is its design and layout. 

To the fan who appreciates and values really fine performance, in a truly precision receiver of great individuality and distinction, we 
unhesitatingly recomraend the 710 Sargent -Rayment Seven. The kit for this receiver, appoved by the designers and exclusively man- 
ufactured by Silver -Marshall, Inc., is priced at $130.00 complete with cabinet and walnut finish moulding. 

Note: All our customer will be supplied as rapidly as possible with the Approved Sargent- Rayment kit, but since speed of produc- 
tion is necessarily limited by the extreme precision required in every part of this unique receiver, orders should be placed at once by 
those desiring to be early on the ground with the Sargeant- Rayment Seven. 

740 COAST-TO -COAST FOUR. MEDIUM 
OWER HIGH 

VOLTAGE 
ES 

B and ABC Power Units for 
Radio Sets 

'TO the thousands of fans for wbom the four -tube, R.F. amplifier, regenerative 
detector and two -stage audio amplifier is the time- tested standard of receiver 

comparison, the new Coast -to -Coast Four offers the finest performance yet at- 
tained with this remarkable circuit. A screen grid R.F. amplifier stage, im- 
measurably finer coils than ever before, the new Clough high -gain audio system, 

and an all -metal assembly, make the 
"740" the biggest $51.00 worth of radio 
set you've ever listened to. 

Through summer static, the Coast -to 
Coast Four plays on the speaker New 
York, Florida, Texas, and California 
stations, cutting through local Chicago 
interference only 10 or 20 K.C. away. 
Its tone quality is sucb as only S -M 
transformers can provide. Housed, like 
the 720 Six, in the new S -M 700 table - 
model metal shielding cabinet, it harmo- 
nizes bcautifully with any home furnish- 
ings. 

Despite this demonstrated superiority, 
in every respect, over all other sets in its 

price class, the 740 complete kit costs but $51.00; or the 740AC kit, $53.00 com- 
plete. The 700 cabinet is $9.25 additional. 

We go emphatically on record that no matter what set you build or buy, the 
740 Coast -to -Coast Four is the best dollar for dollar value you can find around 
fifty dollars. It goes together easily and simply, performs with a vengeance, and 
for the professional setbuilder provides a low- priced set that will outdemon- 
strate ready -made sets at twice its price. 

`' 
° 1. - ' __ ̀-- 6 

S -M 676 Dynamic Speaker Amplifier 
This is a single stage power amplifier especially for use as a third stage. 

after any radio set, to boost volume and tone to give extra fine results with 
standard dynamic loud speakers. It uses one UX281 rectifier and one UX250 
super -power amplifier, and has binding posts for receiver output connections, 
loud- speaker cord tips, and also for the dynamic speaker field, The 675 Ampli- 
fier operates any dynamic speakers having a 90 to 120 volt DC field, to which 
it supplies necessary power. Added to any set equipped with a dynamic 
speaker, it will provide a marvelous improvement in tone and volume. Price, 

.676 WIRED, $55.00; or 676 in KIT form, $49.00. 

Western Radio Mfg. Co. 
The Big Friendly Radio House" 

128 West Lake Street Chicago, Illinois 

S -M 670B Reservoir Power Unit has five 
different B voltages, of 22, 90, 135, and 180 
volts fixed, and one variable voltage ranging 
from 22 to 90 volts. It will deliver up to 60 
M.A. to operate any standard receiver, and is 
specifically recommended for S -M receivers. 
Type 670ABC is the same unit with 11, 2 ¡. 
and 5 volt A.C. filament supply added, and 
is a complete ABC power plant for an A.C. 
tube equipped receiver. Both use one UX280 
rectifier. Price, 670B, WIRED, $43.50, or in 
kit 'arm $40.50. Price 670ABC power sup- 
ply WIRED, $46.00, or, in kit form, $43.00. 

675ABC High Voltage Power Unit 
S -M 675 power unit is a high voltage power supply delivering 450 volts 

maximum. It is provided with an adapter which allows a UX210 or UX250 
super -power tube to be used in the last stage of any receiver at all, to which 
the 675ABC supplies 22 fixed, 22 to 90 variable, and 90, 135, and 450 volts B power, 
as well as A and C power for the power tube, and 1z and 21 volts A.C. for A.C. 
tube filaments if used. It is the. biggest power unit value ever offered, and costs 
but $58.00 WIRED, or $54,00 in kit form, less one UX281 rectifier tube. 

Full Line of S -M Products 
We carry every kit or part mentioned 
in this section. Prompt service is as- 
sured. Maximun discounts to dealers. 
Send the coupon now. 

r------- 
WESTERN RADIO MFG. CO. 
128 W. Lake St.. Dept. SB -10 
Chicago, Ill. 

Please send at once your new FREE 
catalogue listing S -M parts and kits as well 
as many other highest -quality radio products. 

- 

L 

Name 

Address 

City 

State - -.J 
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Nine Tubes 
(6 Screen Grid) 

--and What CAN'T They DO! 

The 1929 Laboratory "Super" 
THREE stages of screen grid radio -frequency amplification, a 

screen grid first detector, two stages of 65kc. intermediate screen 
grid I.F amplification, and a super -powered second detector 

-all copper shielded -working into an audio stage using the new 
Clough system -no wonder the 1929 Laboratory receiver spins rings 
around the best of superheterodynes! 

And all of this tremendous amplification, with selectivity -that 
makes stations literally snap in and snap out, is controlled by 
two vernier drum dials, and a "volume" and a "sensitivity" knob. 
No wonder it's easy to bring in stations from Maine to Florida, 
Texas, California, and Canada all in one evening. No wonder a log 
of a hundred stations can be piled up with this ultra -selective, ex- 
traordinarily sensitive screen -grid super that has out -performed 
every other superheterodyne tested against it! 

For the fan who wants real "super" results without squeals and 
station repeats clogging up his dials, the Laboratory Super is the 
set. Just imagine a super that can be tuned from one end of the dials 
to the other right in Chicago without a single local station repeat- 
ing, and yet be able to use a 65 kc. intermediate frequency with all 
the tremendous amplification this frequency, plus screen -grid tubes, 
gives. No wonder the new Laboratory Receiver is the set you've 
been looking for -a set so sensitive that you can out -demonstrate any 
other super with it at any time at all. And it has the ultra -fine tone 

that can be gotten only from the new S -M audio transformers and a 
stage of external light socket, push -pull 210 or 250 Unipac amplifi- 
cation, the highest powered, finest toned amplification that money 
can buy! 

If you've built lots of supers, and know what real results are, this 
set will give you a new thrill for distance, selectivity, tone. 

Despite its absolutely startling performance, the parts, mostly of 
S -M manufacture with all that this implies, cost but $95.20 complete, 
less Unipac amplifier which is not absolutely essential. And the 
overwhelmingly superior results the Laboratory Super will give, no 
matter what you compare it with, make it outstandingly the finest 
superheterodyne money can buy. 

UNIPAC POWER AMPLIFIERS 
Single Stage Unipac 

Amplifier 
Either of two S -M single stage 

power amplifiers replaces B batteries 
on any receiver and adds a stage of 
super -power amplification. Type 681- 
210, the most powerful amplifier made 
for home use, employs 2 -UX210 or 
UX250 power tubes in push -pull, two 
UX281 rectifiers, and a UX874 regu- 

lator tube. It supplies 45, 90, and 135 volts B to the radio receiver. A 
lower -powered unit is the 681 -250, using only one UX210 or UX250 
amplifier tube, but identical with the 681 -210 in other respects. Price, 
681 -210 WIRED push -pull Unipac $102.00; or 681 -210 KIT, $87.00. 
Both are ideal for the Laboratory super. Price 681 -250 WIRED Unipac, 
$96.50; or 681 -250 KIT, $81.50. 

Two Stage Unipac Amplifier 
Two complete two stage super -power Unipac Amplifiers, for am- 

plification of radio set detector output or phonograph record pickup 
are the finest and most powerful of their types. S -M 682 -210 uses one 
UX226 first stage tube, two UX210 or UX250 super -power tubes in a 

push -pull second stage, two UX281 rectifiers, and a UX874 regulator 
tube. It supplies two stages of power amplification and 45, 90, and 135 

volts B power for a receiver, and A.C. filament power too. Type 
681 -250 is the same Unipac except that it uses only one UX210 or 
UX250 tube in the last stage. 682 -210 WIRED push -pull Unipac lists 
at $117.00; or 682 -210 KIT at $102.00. The 682 -250 WIRED Unipac 
lists at $111.50; or 682 -250 KIT at $96.50 ready to assemble. 

Fill Out the Coupon and Mail It to Us 

Public Address Unipac 
For coverage of crowds of 1,000 to 

10,000 people, indoors or outdoors, with 
one to twelve loud- speakers, the 685 
Public Address Unipac is the only light - 
socket amplifier now available. It uses 
one UY227, one UX226, one UX250, and 
two UX281 rectifiers in three stages for 
microphone, radio, or record pick -up am- 
plification. It is the ideal self- contained, 
portable or permanent amplifier for con- 
ventions, theatres, churches, etc. Prices: 
685 WIRED Unipac, $160.00; or 685 
KIT, ready to assemble, $125.00. 

We carry a complete line of S -M Parts and Kits, including all 
the big new headliners for immediate shipment; 720 Screen 
Grid Six Kit, $72.50; 720 Custom -Built Receiver, $102.00; 710 
Sargent- Rayinent Kit, $130.00; 740 Coast -to -Coast Four Kit, 
$51.00; 730 Round -the -World Four Kit, $51.00; Complete Parts 
for 9 -tube 1929 Laboratory Receiver $95.20. All can be shipped 
at once. Also the new Unipacs, power supplies, audio transfor- 
mers, and other parts. Our new catalog will be a revelation to 
you -use the coupon and get it now! LIBERAL DISCOUNTS 
TO THE TRADE. 

i 

SETBUILDERS SUPPLY CO. 
Romberg Bldg., Madison and Market Sts. 

CHICAGO 

FEMME alaiM of a- -tiM -aa-.i 
I SETBUILDERS SUPPLY CO.. Dept. 19 -2 

Romberg Bldg., Madison and Market Sts. 
1 Chicago, Ill. 

' Send me at once, free, your new catalog listing 
I S -M and other radio parts. cabinets, consoles, 

and accessories of highest quality. 
I 

Name..... ...... .............. ......... I 
1 

Address ......... . .. ....... ........ 

' TON II `gîte ................ 
ZINIMMMOIIIN ...a 

I 
1 

ILLINOIS 1 
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720 "Screen Grid Six" Kits 
710 "Sargent- Rayment Seven" 
1929 "Laboratory Super" Parts 

ALL new S -M kits and parts are winners ! We have one of the largest stocks in 
the world of S -M apparatus -as well as of all other lines known to the set build- 

ing trade. Send for our free catalog showing wholesale prices on all the latest 
parts, kits and A C sets. 

Allied Radio Corporation is the headquarters for high quality radio equipment. 
Ask us for data sheets on "Round the World" short wave kits, S -M Unipacs, 
and other popular circuits in which S -M parts are specified. 

ALLIED RADIO CORPORATION 711 W. Lake St., Chicago, Ill. 

SMD 
Sargent - 
Raynient 7 

1929 Laboratory Parts. 
Complete parts for these famous 
receivers now in stock. Get our 
special prices to Professional Set 
Builders and Dealers. 

TELEVISION! 
Write for our very latest litera- 
ture on T E L E V I S I O N. The 
newest developments as shown 
in our catalog will surprise you. 

Our 1929 Catalog! 
All the latest developments in- 
cluding Television, described in 
our NEW FREE 1929 Catalog, 
just completed. Lowest prices 
on all new nationally advertised 
kits, sets, accessories, cabinets, 
etc. Get the BEST in RADIO 
-AT THE BIGGEST SAVING. 
Complete stock carried. No de- 
lays. Write for catalog TO -DAY. 

Walter Rowan Co. 
Dept. 102 833 Washington Blvd. 

Chicago, Ill. 

PAOLO F U E 
PREVENTS DAMAGED TUBES, COILS, 
D BATTERIES AND EIiMINATORS. 25-4 

OAR PARK MFG CO BOX 524 OAK PARK, III. ruSES 104 

HOOK -UP BOOK FREE 
Improve your reception with 

CARBORUNDUM 
Stabilizing Detector Units, 

Grid Leaks and Resistors 
THE CARBORUNDUM COMPANY 

DEPT. D2, NIAGARA PALLS. N. Y. 

Imi)1ovetl 
Reception 
Marvelous tone quality 
from the lowest to the 
highest note when your 
Power Amplifier is 
equipped with a Potter 
Condenser Block. 

No. 
T2900 
where 

one 250 
Type 

Power 
Tube 

is used 

$20.00 

No. 
T2950 
where 
two 250 
Type 

Power 
Tubes 

are used 

$22.50 

Highly EfFieient -Long Life 

The Choice of Leading 
Radio Engineers 

Isk your dealer for full information 

POTTER MFG. CO. 
North Chicago, Illinois 

BOOKS by TELEGRAPH 
to and from 

Doubleday Doran Book Shop in 
New York Cleveland Kansas City Springfield St. Louis 

Do You Rim Your Radio -or Does It Run You? 
110 you control your loud speaker volume to 
ht the occasion -from soft, mellow musical 
background to loud. sharp, fascinating and 
attention- arresting entertaining? The 
GATEWAY TO BETTER RADIO" tells 
how to make the radio do you bidding, how 
to avoid distortion, deals with a hundred and 
one things. 25c a copy and worth it many 
times over. From your dealer or direct from 

('LAROSrAT MFG. CO., Inc. 
Specialism ix Variable Resistors L 2N3.7 N. Sixth S1.. Ilrooklro. N. Y. 

Whether you 
want purer tone 
or clearer DX, 
you will get it 
with Quality 
Televocals. All 
standard types. 
Ask for them at 
your dealers. 

Televocal Corporation 
Televocal Building 

Dept. B -3, 588 12th Street 

West New York, N. J. 

ev ca 
Quality Tubes 

This is a good lime lo subscribe for 

RADIO BROADCAST 
Through your dealer or direct, by the year only $4.00 

DOUBLEDAY, DORAN & CO., INC. GARDEN CITY, N. Y. 

ROBERT S. KRUSE 
Consultant and Technical Writer 

103 Meadowbrook Road, West Hartford, Conn. 

Telephone Hartford 45327 
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SM Official Wholesale Distributors 

QUICK 
Get your Silver- Marshall Parts from W. C. Braun Company 
We are wholesale distributors for all Silver -Marshall products, 
shown and catalogued on the four pages in the Silver -Marshall 
section of this issue of Radio Broadcast. Also complete parts 
for set builders of the 720 Screen Grid Six Receiver. A complete 
stock of parts is on hand for immediate shipments to fill dealers' 
requirements anywhere. 

Everything in Radio 
We carry the largest and most carefully selected line of radio 

goods in the country -the lines of the leading manufacturers of 
sets, parts, kits and accessories. 
Mail orders given special attention. We are fully equipped to 
serve dealers on mail orders promptly and efficiently. Our new 
dealers' catalog lists over 4000 items in radio, electrical goods, 
sporting goods, auto supplies and allied lines that keep the 
dealers' business humming twelve months of the year. Write 
for free copy of this catalog on your letterhead and learn about 
our successful dealer plan. 

581 Çadk W. Randolph St. 
I LLI LAOIS 

am Get it 
of Us! 

10 KC Selectivity 

O 
UR stock is complete -we have the new S -M 

720 Screen Grid Six and other S -M Kits - 
as well as all other quality parts and acces- 

sories on the market. 24 -hour service. 

Send us your orders for t he "Fastest Service West of 

the Rockies " -you'll be a regular customer from then 

on. Get acquainted with "The Radio Parts Jobbers" 
of the Northwest. 

SET BUILDERS: Write for our catalog and 

discount sheets. Maximum discounts to all dealers. 

WEDEL COMPANY 
Established 1888 

520 Second Avenue 
Seattle, Washington 

Why not subscribe to Radio 
Broadcast? By the year 
only $4.00; or two years, 
$6.00, saving $2.40. Send 
direct to Doubleday, Doran 
& Company, Inc., Garden 
City, New York. 

SM IT'S 
HERE! 

FO 
R Q U I C K. prompt service 

on Silver- Marshall and other 
standard parts lines, write us. 

We ship the same day order is received. 

Dealers and Set -Builders write for our 
New Big Catalog just off the press - 
it's free. 

Maximum Discounts. 

KEYSTONE RADIO CO. 
111 N. 4th Street 
Philadelphia, Pa. 

/Námmarlund 
Roberts 

,t'i14t O il :/juitt_ 
Radio 

Hammarlund Hi -Q 29 
Authorized Official Distributors 

Silver -Marshall Kit Headquarters 

National Television 

WE are ready to ship all parts specified 
in this publication, as well as those 

parts called for in other leading radio papers. 
Tie up with a house that is amply financed 
to carry a complete and varied stock of 
merchandise. Royal- Eastern has been in 
business since 1897 -31 years -and we are 
known to have the fastest shipping facili- 
ties in New York. Send for our new 1929 
trade catalog. There is a copy for you. It 
is chock full of all the latest radio and 
television developments, as well as kindred 
electrical lines. We feature only nationally 
advertised merchandise. All kits are in 
stock -Send your order to- day -Prompt 
shipment is assured. We know you will like 
our service! 

Royal- Eastern Elec. Supply Co. 
16 West 22nd St., New York City. 

Write Doubleday, Doran & Company, Inc., 
Garden City, Long Island, for a list of their 

NATURE 
BOOKS 
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SM\ -for performance 
GRAYMORE 

for Service ! 

720 SCREEN GRID SIX 

Here is a set which, in appearance alone, 
is worthy to stand with factory products 
selling at several times the price. But look 
further into the Screen Grid Six- examine 
the four tuned circuits -the n e w high - 
selectivity S -M 140 antenna coil -the rigid 
diecast gang condenser -the screen grid r. f. 
stages individually shielded in neat copper 
cans -and finally the marvelous new audio 
transformers. Then you will have some idea 
of the 720's overwhelming superiority in 
actual reception. 

When we get hold of a set carrying the S -M 
guarantee, and are able to offer it at a list 
price of only $72.50 for the complete kit (the 
700 cabinet is $9.25 entra)-or the entire set 
custom -built in this cabinet and tested in 
the S -M laboratories at $102.00 -then we say 
it's a bargain. Order yours now! 

710 SARGENT- RAYDIENT SEVEN 

A station tuned in for every ten kilocycles, 
-a hundred stations heard in one e etiing- 
that is the performance record of the 710 
Sargent-Ray ment Seven- latest masterpiece 
of the inventors of the "lnfradync." The 
710 is a precision laboratory instrument for 
the veteran fan. The thick alu in 
shielding and chassis give beauty of a 
strikingly appropriate type. Other features 
responsible for this unusual performance 
include five sharply tuned circuits in a four - 
stage screen grid r. f. amplifier, all tuned by 
a single illuminated drum, and provided 
with individual verniers. Each circuit is in- 
dividually shielded, bypassed, and isolated 
from all others. New S -M transformers in. 
sure unbeatable tone quality. 

The approved 710 Sargent -Rayment kit is 
priced at $130.00; with cabinet wired 
complete, $175.00 

GRAYMORE ships promptly, from stock, not only the 720 and 710 kits or wired sets above 
described. but all other S -M products- including the 730 "Round- the -World" Short -Wave 
Four; the 740 "Coast -to- Coast" Four for either DC or AC tubes; the Unipac Power Ampli- 
fiers including the new 685 Public Address Unipac; Medium and High Voltage Power Supplies; 
the new Clough System Audio Transformers, and many others. 
Send for our catalog showing S-M and other prominent lines of high -grade radio products. 
Discounts to Dealers. 

GRAYMORE RADIO CORPORATION 
142 Liberty Street, New York City 

Please send your catalog and best trade discounts on S -M 
lines of radio merchandise. 

Name 

L 

and other leading 

Address 

GRAYMORE RADIO CORPORATION 
142 Liberty Street New York City 

THE MIRACLE OF 

THE RADIO WORLD! 
Newest Guaranteed 7 -Tube 
1 -Dial Console Set -Worth $200 
BUY 1929 
DIRECT . MODEL 

A BIG 
VALUE 

COMES 
COMPLETE 

ALL ELECTRIC, RADIO 
30 DAYS' FREE TRIAL! 

A Wonder 
Bargain! 

Buy direct 
from factory. 

$200 
VALUE 
Outperforms 
seta selling at 
2 and 3 times 
our low price. 
Includes con- 
sole shown, 
made of com- 
bination wal- 
nut; A. C. 
electric set, 
all tubes. 
built -in mag- 
netic speaker 
and aerial 
equipment, 

COMPLETE 
Nothing Else to Buy 
Powerful Reception- Amazing Torte! 
Remember -30 days free trial. You be the Judge! Worth 
$200 and looks it! Only one dial to tune-- iltumtaatedl 
Marvelous mellow tone. Selective and gets distance 
easily. The radio sensation for quality. price and per- 
formance. Mail coupon today for our big, money -saving 
Free Catalog, before you buy any radio or accessories! 

Battery Sets 
Our low factory prices on 
the complete line of Dia- 
mond Electric and battery 
operated radios shown In 
catalog will amaze youl 

Our New FREE 
Catalog -Just 

Published --Shows 
You How To 

SAVE HALF! 
Diamond Radio Company 

Dept. 220 - 820 S. Clinton St., Chicago, Ill. 
MAILTHIS COUPON TODAY! 
Diamond Radio Company, Dept. 220 
820 S. Clinton St., Chicago, Ill. 

Please send me your Free Catalne of Diamond radios and details of your 30 Day FREE Trial offer 

Name 
Address 

LCity State 
J 

ALO 

No. 502. 

ELECTRIC 
PICKUP 

Price $5.00 
Here is an improved type of Electric Pickup for elec- 
trically reproducing music from phonograph records 
through radio sets or power amplifiers. Fits A.C. or 
D.C. sets with UX or UV sockets. Cornes complete 
ready to work and is sold with a money back guarantee. 
Na -Aid also makes a complete line of sockets, adapters 
and power amplifiers. Write for complete catalog. 

Alden Manufacturing Company 
Brockton Massachusetts 

AT LAST! JEEMS SUPER TROUBLE SHOOTER 
the easy method for locating trouble in your superheterodyne. This handy chart, comprising 16 
symptoms, 130 possible causes, is highly recommended by professional set builders as a valuable 

asset in the work shop. ACCURATE, SURE, COMPLETE, PRACTICAL. By mail 50e. 
ROBERTS RADIO SERVICE CAXTON BLDG. CHICAGO, ILLINOIS. 

'Round the World With New 
Karas Short Wave Receiver 

Enjoy the thrills of hearing stations thousands of miles 
away. Karas engineers have developed short wave equip- 
ment to highest point. Easy to build. Easy to tune with 
Karns Micrometric dials. 63 to 1 ratio. Uses Karas con- 
densers built like a fine watch. Karas coils and audios - 
standard of the world. Send today for complete informa- 
tion and construction blue print. Free. 

KARAS ELECTRIC COMPANY 
4033K1 N. Rockwell Street, Chicago 

Nane 

St. and No 

Cltr and State 
4033K1 

Aerovox Condensers and Re- 
sistois )cave, been firmly. estab. 
lisped as The Specified .Products.. - 

I>!R Ike ' more discriminating. 
mannfactnrers. 

. . 

Write for the. Research Worker, 
a free'monihly publication that 
will keep you" abreast. of. Radio's 
latest developments.. - 

ERpvox 
- "Built Bence 

® Wan:91y Brooklyn, N. Y. 



RADIO BROADCAST ADVERTISER 3'25 

Confidence in Poly met quality. 
Confidence in Polyniet service. 
Confidence in Polv met 

dependability. 
Confidence in Poly-met to produce the 
best in every electric set essential led to 
the adoption of Poly met by two- thirds of 
the R. C. _A. licensed radio manufacturers. 

Its the "little bit more" put into Poly - 
met Products that brings the results 
which inspire this Confidence. 

We don't ask } our confidence 'vil we've 
won it. 

Send for our new catalogue showing the com- 
plete line of Polymer electric set essentials. 

POLYMET MANUFACTURING CORP. 
597 Broadway, New York City 

POLYMET 
PRODUCTS 

SM Prompt Deliveries 
on all new S -Y 

Kits and Parts 

The S -M line -up 
for 19 29 is unbeat- 
able. Greatest 
values are offered 

the set- builder. 

SEND for Hammer's Catalog and dealer discounts. 
For years we have specialized in furnishing set - 

builders with the fastest selling equipment at rock 
bottom prices. 

Let us show you what Hammer Service really means. 

We have in stock the S -M 710 "Sargent- Rayments "; 
72o "Screen Grid Sixes "; 730 "Round the World" 
Kits; 740 "Coast to Coast" Fours; S -M Unipacs, 
power supplies and all parts, also all other leading 
lines at maximum discounts. 

S. HAMMER RADIO CO. 
142 Liberty Street New York, N. Y. 

Out -Selling All Other Kits! 
Sargent - Rayment 
Screen Grid Seven 

Designed by the 
Inventors of the 

Infradyne 

Manufactured by 
Silver -Marshall, Inc. 

A Real "DX" 
Getter with 

10 KC Selectivity 

Single Dial Control 
Verniers for Long Distance Tuning 

A Station for Every Dial Degree 
That is the average performance of the Sargent-Rayment Seven over the entire 
dial. Under average conditions loo stations per night can be heard with it. 

The Sargent-Ravment Seven has an amplifier composed of four screen -grid 
tubes. There is no regeneration. No "grid suppressors" or other counteracting 
devices are used to stop oscillation, the oscillation is fundamentally eliminated 
in the circuit design thus allowing every bit of tube amplification to be retained 
for useful work. Under these conditions are we unreasonable when we claim 
that this receiver has more power, more sensitivity and more selectivity than any- 
thing else ever offered for sale? Watch the DX records go to smash this winter! 

WRITE FOR FREE BOOKLET 
Save your own time and get better results by buying this kit already built up, wired, and 

tested, ready to operate. Look over the prices listed below and see if it will pay you to build one. 
Every set fully guaranteed. 

Grained Aluminum Mlodel,.kit $130.00, built -up $150.00. Brown. crackle crystalline model, 
kit $140.00, built -up $160.00. Except for the finish, the models are identical in every respect. 

Supplied in two fin- 
ishes, grained alu- 
minum and crackle 
crystalline. The 
crackle crystalline 
finish is known as our 
De Luxe Model and is 
put out only by us. 

s 
Radio Constructors Corporation 
357 Twelfth Street, Oakland, Calif. 

Please send me at once full details regarding the Sargent - 
Rayment Seven. I am a dealer or professional set builder and 
buy my supplies from the jobbers listed below. 

Name 

Address 

City and State 

Name of Jobber 

Name of Jobber 

If you send this by AIR MAIL we will answer same way. 
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This Offer is Good Read It 
The Citizens Radio Call Book and Radio Broadcast offer you a combined subscription 
rate whereby you can now get both of these magazines at a saving of $1.95. Radio 
Broadcast and Citizens Radio Call Book are today the two best buys in radio magazines. 
The combination covers every field of radio. The Citizens Radio Call Book contains live 
radio information together with a complete list of all broadcasting stations, schedules 
and wave -lengths. The construction articles, circuit diagrams and detailed information 
on all popular circuits is of the utmost value to the home constructors, professional set 
builders and radio service men. 

Radio Broadcast supplements the Call Book by giving you each month throughout the 
year a complete review of the whole radio situation. Radio Broadcast contains the news 
and interpretations of current radio events as well as exclusive special articles by the 
foremost radio engineers of today. The combination of Radio Broadcast and Citizens 
Radio Call Book can not be equalled from the standpoint of radio theory and practical 
data on every known phase of radio. 

Send $4.25 For Both and Save $1.95 
These radio magazines if purchased at any newsstands would cost you a total of $6.20 a 
year. (4.20 for 12 issues of Radio Broadcast and $2.00 for 4 issues of Citizens Radio 
Call Book). By subscribing to both in combination you save $1.95 over the newsstand 
price of both magazines. If you are a subscriber to Radio Broadcast or to Citizens Radio 
Call Book you can still take advantage of this low combination rate of $4.25. We will 
extend your subscription for one year. Don't miss this opportunity! 

Send $4.25 Today 4 4 4 Mail Coupon Now 

Radio Broadcast, Garden City, N.Y. 
Enclosed is $4.25 for which please send the next twelve issues of Radio Broadcast and also one 
full year's subscription to Citizen's Radio Call Book (4 issues). 

NAME 

ADDRESS 

I am a subscriber to Please extend my subscription one year. 
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Adaanc:, Firepla:e Co., Detroit 

..'..'fit 
-- 

HERE'S the newest thing in dyna- 
mic 11 speakers an attractive fire- 

place screen or handsome picture 
speaker - -- that you can 
easily build yourself. 
Either will be a worth- 
while addition to your 
home, and you have a 
thoroughly dependable 
dynamic unit, the latest 
thing in radio, as well. 

The fireplace baffle 
board comes in gum wood, 
walnut or mahogany, or 
unfinished for you to do 
in any color to match any 

Decorative 
and 

Efficient 
Dynamics 

Showing the fire- 
place and wall 
picture speakers. 

easily assembled. When assembled it is 
3o inches high and 36 inches wide. 

The picture speaker comes in several 
beautifully oil painted de- 
signs on velvet or will be 

Color! Tone! 
Everyone is using color in their 

homes now. With either our fireplace 

or picture speakers you can have 
color that will harmonize with your 
home color scheme. 

And our speaking units will give 

you a richness, a clarity of tone you 

usually associate with speakers much 
higher in price. Get our prices 
today. 

decorative 
plan. It is sent knocked down and is 

painted to your own de- 
sign at no extra cost. In- 
cluding frame the size is 
24 x 34 inches. A six -inch 
magnetic speaking unit of 
standard make is used. 

Enjoy your radio to 
the fullest this winter 
with these splendid and 
decorative speakers. We 

furnish everything. Write to -day for 
our remarkably low prices. 

BRYDEN PRODUCTS, Inc. 
2559 Bellevue Ave. Detroit, Mich. 
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Television -Its Progress To -day - 

A Nine -Tube Screen -Grid Super 
The March of Radio - - - - 
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AMONG OTHER THINGS. . 

READERS who did not see our announcement in this space 
last month with respect to the change in our publication 

date and who failed to see our October issue when they ex- 
pected may be somewhat confused. Effective with this number, 
RADIO BRoADcAsr is on sale at all good newsstands on the first 
of the month. That is easy enough to remember. 

THE issue before you now contains an unusually wide range 
of material, and in the descriptions of receivers offered the 

constructor in kit form for the present season, is especially 
complete. Our November issue promises a story on present 
trends in radio progress, a description of a new audio amplifier 
system, two articles on television, the first of a series of practical 
articles on radio service for men actually facing the music, and 
a variety of constructional articles. These are in addition to our 
popular departments which will run as usual. 

AFEW of our readers who carefully classify the contents 
of each issue feel that each article should be classified 

according to the Dewey decimal system when published. At 
one time our excellent British contemporary, Experimental 
Wireless,. classified their articles this way, but has since discon- 
tinued the practice. RADIO BROADCAST is quite willing to serve 
its readers, but we feel that this classification would appeal to 
all too few. The editor would be glad to hear from those who 
favor the scheme -and from those who prefer the status quo. 

AND here we group many miscellaneous matters; read 
them, but remember, you were warned! . .. The complete 

set of "R. B. Lab. Data Sheets" in book form -No. r rgo- 
is now available at $1 per copy from the Circulation Depart- 
ment of this company.... We shall soon start a special depart- 
ment, along lines similar to "Our Readers Suggest -" to be 
made up of practical contributions from radio service men and 
professional set builders. Quite a few interesting contributions 
are already in the office and readers who desire to submit any 
ideas that seems to them worth while passing on are invited to 
do so. The same general rules hold for these contributions as 
for the "Readers Suggest" department.... How many readers 
are interested in the problems of series -filament connection for 
a.c. operation? We should like to hear from readers who have 
done some work along this line, or from those who would like 
an article devoted to the subject.... In the past few weeks, our 
mail has contained a number of simple questions about radio 
which we are thinking of answering in a short article composed 
simply of the questions and their answers. We invite the sub- 
mission of short and particularly troublesome questions which 
readers would like to see treated in this way.... A radio house 
in Sao Paulo, Brazil, informs us that they are expanding and 
desire exclusive American agencies for radio apparatus in Brazil. 
Manufacturers who wish to get in touch with this house may 
write the editor.... Our request in the August "Strays" for 
methods of testing for hard and soft tubes has brought two 
answers. One may be found in this number on page 348, in the 
"Strays" department, and the other on page 364 in the depart- 
ment "Our Readers Suggest -" 

TWO of the writers in this issue who have investigated the 
use of the screen -grid tube with various kinds of coils, 

arrive at conclusions which are different -but most interesting. 
The stories concerned are by Bert Smith and Glenn Browning. 

-WILLIE KINGSLEY WING. 
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Lowest Wholesale 

Set Builders 
Set Builders and experimenters will wel- 
come an association here where tremen- 
dous stocks of practically all of the 
nationally advertised lines are carried - 
coupled with an organization trained to 
serve. Immediate shipments are assured. 
Silver -Marshall - Hammarlund- Roberts- 
Aero- Tyrman and practically all of the 
latest kits and parts are available. Your 
orders, large or small, will be handled 
with a promptness and dispatch that 
should prove a revelation to you in Radio 
Service. 

Dealers 
Dealers who line up with Allied Service 
will never disappoint their trade on de- 
liveries. Our immense stocks in Sets, 
Parts, Kits and Accessories enable you 
to render real service to your trade. Im- 
mediate shipments insure rapid turn -over 
-eliminating the necessity of carrying 
large stocks on hand -and this along with 
lowest market prices will prove an ideal 
connection for the live dealer. 

Allied Radio Corporation is composed of a large corps of trained men 
who have had years and years of experience in radio. They know how 
to get results. Their great fund of experience is now available for your 
benefit. They know the newest improvements, the up -to- the -minute 
demands of the trade and are ready to give you personal, helpful service. 

50,000 FEET OF RADIO 
50,000 square feet of floor space in a large exceptionally complete in kits, parts and 
modern building is devoted exclusively to sets of every description, Here are found 
radio. Floor after floor is filled with a the latest improved designs and styles in 
tremendous stock of every variety that is radio equipment. 

NEW A. C. SETS AND KITS 
New A. C. sets priced as low as $35.45. of the nationally advertised lines in parts 
Also a wonderful array of beautiful con- and kits are available here for immediate 
soles ranging in price from as low as $12 shipment. New A. C. Sets, Power Dyn- 
up to $200. A complete assortment of the amic Speakers -all the latest and newest 
famous Silver -Marshall parts and kits -in in Radio is here at prices that actually 
stock ready for your call. Practically all defy competition. 

LOWEST WHOLESALE PRICES 
Tremendous sales volume coupled with a 
rapid turnover to the thousands of radio 
dealers throughout the country who have 
come to depend on Allied Service enables 

IMMEDIATE 
The Allied organization is trained to ser- 
vice. Real team work from executives and 
department managers to stock clerks and 

us to go into the open market and buy for 
cash -at tremendous savings -and these 
savings are passed right on to you in the way 
of better merchandise and lower prices. 

SHIPMENTS 
office boys -all animated by a desire to 
serve -to make Allied service Radio's 
most dependable service. 

Send for Large, Free, New, Illustrated Catalog "A-1" 

AIIiedi'Radío CORPORATION 
Wholesale Radio Distributors 

711 West Lake Street Dept. A -1 Chicago, Illinois 
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11 Itere Radio Progress Begins 
These views in the laboratory of the Arcturus Radio Company give a graphic picture of the organi 'ed experimentation 
that, goes on before a technical advance is announced to the radio public. At the top is thc testing room. where every 
characteristic of a radio receiver or vacuum tube may be accurately measured. Precision condensers, oscillators. 
resistance and inductance standards, and gain measuring equipment fill this experimenters' paradise. The circle 
inset. shows a corner of thc chemical laboratory, where experiments are carried on with the gases and metals that 
make up a vacuum tube. At the bottom is a complete tube factory in miniature, where the engineers can build any 
tube they want at a moment's notice. The man at the left is bending over a vacuum tube pump for exhausting experi- 
mental tubes. At the extreme left are racks in which tubes are given life tests. Such scenes as this may be duplicated 

in the laboratory of any wide -awake radio manufacturer. 
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A RADIO MOVIE DEMONSTRATION 
Dr. Frank Conrad, Assistant Chief Engineer of the Westinghouse Electric and Manufac 
curing Company, with the transmitting apparatus with which he recently demonstrated the 
radio transmission of moving pictures. At the right is the light source; next to it are the 
scanning disc and focusing lenses; at the left are the film reels and (in the cylindrical can) 

the photoelectric cell 

Television Its 

IJI KE the search of the ancient philoso- 
I11. phers for the elixir of life, television has 

been for years an inspiriting dream of 
man. Although its first fruits in experimental 
demonstrations have been shown only in the 
past few years, the principles on which these 

demonstrations have been built have been work 
of several generations of scientific endeavor. 
The scanning disc, for example, which is an es- 

sential part of all the systems being utilized in 

this country to -day, is the invention of 
Nipkow, and dates back to 1884. To a 

considerable extent the problems which it 
was necessary to solve to make the recent 
demonstrations possible have been asso- 

ciated with the applications of already 
known principles, but the future devel- 
opment of the art will be the result 
of research -the systematic pursuit of 
knowledge -or the result of some new 

television tool, and it seems likely, to the 
writer, that such is necessary to make 
television really practical. 

Enough has already been done in tel- 
evision, however, to excite the interest 

are now on of everyone. Some stations 
the air with television, and some are get- 
ting ready to go on, so that dyed- in -the- 
wool experimenters will find it hard to 
resist the temptation to set up apparatus 
to receive the broadcasts -even though 
their quality and program interest is neg- 
ligible. For the benefit of these experimenters, 
and also for those interested only in the thrill of 
"looking in," we here report the progress of televi- 
sion in this country to date. The questions that 
immediately pop into one's mind -how good 
are the results, what stations are transmitting, 
how much does the receiving apparatus cost - 
are answered as fully as possible. In order that 

Progress Tooday 
By HOWARD E, RHODES 

Radio Broadcast Laboratory 

the article might be written with a background 
of experience, the past few weeks have been 
spent collecting data and personally seeing 
several demonstrations. 

TELEVISION DEMONSTRATIONS 

THE first television demonstration seen by 
the writer which showed promise of being ap- 

plicable to home use was the demonstration by 
Dr. E. F. W. Alexanderson at the Schenectady 

Essentially similar apparatus was used for part 
of the American Telephone & Telegraph Com- 
pany's demonstration, with the difference that 
synchronization in the latter case was accom- 
plished by means of synchronous motors -a 
more scientific method of holding the receiver in 
step with the transmitter, but also much more ex- 
pensive. To the Telephone Company television 
constitutes a method of communication comple- 
mentary to the telephone, and its interest is 

to develop a system giving quality repro- 
duction. Therefore it cannot consider any 
system in which synchronization is not 
positive and automatic. In the same 
classification fall the more recent tests of 
this company in which actual outdoor 
events were televised. The apparatus used 
was entirely beyond the scope of the ex- 
perimenter. The experimenter must de- 
pend upon other sources for television 
signals -and who knows but that some 
interesting results might come from his 
work. Even the greatest are sometimes 
caught napping! 

More recently we saw a demonstration 
at the laboratory of the Daven Company, 
which has employed Mr. P. H. Kober, a 
former associate of Doctor Alexanderson, 
to develop television apparatus for them. 
In the Daven laboratory, a complete tel- 
evision transmitter and receiver have been 
constructed, similar in operation and re- 

sults, so far as the writer can see, to that dem- 
onstrated at the General Electric Laborator- 
ies. Synchronization of the receiver with the 
transmitter is accomplished by means of a 

rheostat in series with the motor. across which a 
push- button switch is placed. The resistor is 
adjusted so that the motor tends to turn at 
slightly below the correct speed; pressing the 

IN THE July and August issues this magazine published 
two articles by Mr. R. P. Clarkson which set fortb quite 

clearly the fundamental problems associated with televi- 
sion. By no stretch of the imagination could Mr. Clark- 
son be considered optimistic in his outlook, and by some he 
is probably considered decidedly pessimistic in regard to 
the present methods of approach to the problems of televi- 
sion. It should be realized, however, that Mr. Clarkson was 
writing from the point of view of one who wished to bring 
this science from its air -castle fancies back to terra firma. 
The present article bas a different purpose. It is the result 
of a careful survey -in many cases. by personal visits -of 
the stations now broadcasting, or about to broadcast televi- 
sion, and its aim is to give the reader information on who is 
doing the work, bow it is being done, and what results have 
so far been accomplished. -THE EDITOR. 

ofab 

plant of the General Electric Company. This 
company through three of its stations is now 
transmitting television signals in accordance 
with the schedule given in Table 1. The receiver 
in this demonstration consisted of a scanning 
disc with a neon tube back of it, the disc being 
turned by a motor and manually synchronized 
by varying the resistance of a rheostat. 
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TABLE I: WHO IS ON THE AIR WITH TELEVISION SIGNALS 

Call 
Letters 

Wave-No. of Holes Location length in Disc Meters 

Speed of 
Disk. 

(R. P. M.) 
No. of Pictures 

Per Second 
Schedule of Trans- 
missions (E. S. T.) 

WGY 

2xAF 

2RAD 

3xK 
WRNY 

2xAL 
9xAA 
(WCFL) 

WMAC 

4xA 
(WRFC) 
1XAY 
(wLEX) 

8xAv 

Schenectady. N. Y. 379 

Schenectady, N. Y. 31.4 

Schenectady, N. Y. 22 
Washington, D. C. 46.7 
New York City 326 

New York City 32 
Chicago. III. 61 

Chicago, Ill. 447.5 

Memphis, Tenn. 

Lexington, Mass. 62 

Pittsburgh, Pa. 62.5 

24 

24 

24 
48 
48 

48 
48 

45 

24 

48 

60 

1260 

1260 

1260 
900 
450 

450 
900 

900 

900 

900 

960 

21 

21 

21 

15 

7.5 
15 

15 

15 

15 

16 

Sunday, 10:15 -10:30 
P. M. Tuesday, Thurs- 
day. Friday, 1:30 -2:00 
P. M. 

Monday, Wednesday, 
Friday, 8-9 P. M. 

5 -10 minute periods 
every hour station 
is on air 
10 to 11 A. M. Daily 
except Sunday 
Probably 11:30 -12 
P. M. Daily 
Irregular 

9:30 P. M. Daily 

Irregular 

button short -circuits the resistor so that the 
motor tends to revolve slightly above the correct 
speed. Successful synchronizing then becomes 
a matter of getting the knack of pressing and 
releasing the button at such intervals as to hold 
the disc at exactly the correct speed. And this is 

no small job! More anon about synchronizing. 
As will be pointed out, Jenkins, in our opinion. 
has a better method. 

At the Daven Company's laboratory a pretty 
young lady was asked to sit in front of the televi- 
sion transmitter located in one corner of the 
room while the rest of us moved over to the 
opposite corner where the television receiver 
was located, the transmitter and receiver being 
connected electrically by wire. The young lady 
smiled, winked, smoked a cigarette (these mod- 
ems!) and we saw it all in the receiver. The 
color of the received image is pink -the char- 
acteristic glow of a neon lamp. As we recall it, 
the size of the picture appeared to be about 3" 
by 3 ". 

On August 21, this company held a public 
demonstration in connection with station woR. 
A demonstration for the public, interested in 
practical television, and with little or no interest 
in experimental television, had to be arranged in 
the form of a show. In this instance puppets 
were used, as in Punch and Judy ;since they are 
small and their entire movements can readily be 

reproduced in a small space. The experimenter 
doesn't care very much about what is sent, being 
interested in how good the results are, but this 
demonstration possibly gives us some idea of the 
technique that will be developed for the first 
television programs. 

A`journey to Washington, D. C., to the private 
laboratory of C. Francis Jenkins, provided one of 
the most enjoyable days of the investigation. 
On July 2 Jenkins began the broadcasting of 
radio movies -i. e., transmitting from a strip of 
motion picture film -from his experimental 
short -wave station, 3xK, going on the air every 
Monday, Wednesday, and Friday night. He 
has gotten the cooperation of many experimen- 
ters, and up to the present his pictures have been 

received as far west as Chicago and north 
as far as Boston. 

Jenkins demonstrated two different 
types of television receivers. One of these 
uses a drum type scanning disc, which 
has the advantage that it can be made 
much smaller in size than a flat scanning 
disc designed to give the same size picture. 
The drum disc which we saw consisted of a 

cylinder about 7" in diameter and about 4" 
long. with 48 small scanning holes punched 
in its peripheral wall and arranged in the 
form of a four turn helical. A neon light 

source containing four small plates each about B" 
square is located in the center, and quartz rods 
extend from each hole in the wall to the neon 
tube. This drum with its 48 quartz rods cannot be 
cheaply made and for the first television experi- 
ments a flat scanning disc will prove satisfactory 
and more economical. We therefore leave a more 
complete description of it for a later date. Jenkins 
also had in operation a receiver using an ordinary 
flat scanning disc from which satisfactory recep- 
tion could be obtained. This receiver, a pic- 
ture of which appears in this page, used a small 
48 -hole scanning disc, the source of light being a 

small G. E. neon lamp. This lamp gives a picture 
probably not more than about ;" high and about 
Z" wide -quite small. 

The method of synchronizing is interesting 
and we found it quite easy to hold the picture 
stationary. The arrangement used is indicated 
in Fig. i. The scanning disc, D, is mounted on a 

shaft which revolves in the bearing, B. The mo- 
tor, M, is mounted on a block of wood at a small 
angle to the disc as indicated, and the mounting 
block fitted with a slider, fitting into a groove on 
the baseboard. The screw, S, enables the operator 
to move the motor to the left or right, parallel 
to the disc. The end of the motor shaft is fitted 
with two flanges, F, about 2f" in diameter with a 

rubber disc, R, clamped between them. This 
rubber disc may be made by cutting a 21" or 3" 
diameter disc from an old automobile inner tube. 
The motor is so located that the rubber disc 
bears against the scanning disc at a point about 
3" from the center of the scanning disc. The mo- 
tor which may be any type, a.c. or d.c., is con- 
nected to the line without the use of a resistor 
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and the speed of the disc is adjusted by turning 
the screw, S, thereby moving the motor assembly 
further away from or nearer to the center of the 
scanning disc. With this arrangement the motor 
runs constantly at normal speed; at least, it runs 
much more uniformly than when synchronizing 
by means of a resistor in the motor circuit - 
the method mentioned previously. We recom- 
mend that those who decide to do some televi- 
sion experimenting, start off with this method - 
although since we are experimenting everyone 
has a perfect right to try any and every method 
he can think of to obtain easy synchronizing. 

Jenkins at present transmits silhouettes, al- 
though he expects soon to transmit ordinary pic- 
tures. Silhouettes were used at first so as to keep 
the side band frequencies within a limit of about 
plus or minus 5000 cycles. The short -wave chan- 
nels now being licensed for experimental televi- 
sion are ioo kc. wide, and in a band of this width 
it is possible to transmit the wide band of fre- 
quencies essential for transmitting high quality 
half -tone pictures. To date, Jenkins has always 
sent out the same program -a little girl bouncing 
a ball. In reception the girl and the ball will 
show up black, silhouetted against the pink 
background of the neon glow. 

A trip was made to Boston a few days later 
and at this point we succeeded in receiving 3xK, 
Jenkins' station, and getting recognizable images 
on a television receiver constructed by James 
Millen. Static marred reception considerably, 
but apparently had less effect on television recep- 
tion than on ordinary broadcast reception which 
was very poor at the time. At this time we used a 

large 2' disc made by the National Company and 
a Raytheon Kino -Lamp, from which combina- 
tion can be obtained pictures about i á" square. 

This test at Mr. Millen's home was made on a 
Friday between the hours of 8 and 9 P.M. E. S. T. 
during one of Jenkins' regular transmission 
periods. Static was very bad, and during the 
latter half of the demonstration there was 
thunder and lightning. In spite of this, plus con- 
siderable fading, what we considered fairly good 
results were obtained. The transmission started 
off with an announcement in both code and 
phone telling what the program consisted of, 
after which the actual transmission began. The 
incoming signals contained components of all 
the frequencies in the audio band, but the char- 
acteristic note in the loud speaker seemed to be 
about 2000 cycles, probably because the ear is 
most sensitive to this frequency. 

At various times during the hour, especially 
during those moments when the signal was strong, 
the silhouettes of our little girl with the bouncing 
ball could be easily recognized. The static pro- 
duced a lot of black spots and lines on the picture 
but did not prevent one from recognizing the 
image. In this test a short -wave tuner followed 
by a three -stage high -quality transformer-cou - 
pled amplifier was used. Theoretically, results 
would have been better with a resistance -coupled 
amplifier but the improvement would not be 
noticeable unless good strong signals without 
any fading were being received. This test is of 
interest for it gives one some idea of what can be 

expected, and it also indicates the perhaps obvi- 
ous fact that television reception will be satis- 
factory at any point at which a good loud- 

speaker signal can be received. 
While at Boston we had hoped to 

see a demonstration from the local 
station, wLbX, which has obtained 
a short -wave television license as 

JENKINS' SCANNING APPARATUS 
This rear view of Jenkins' receiving apparatus shows the scanning 
disc, neon lamp, and driving motor. The screw at the left varies the 
speed of the disc by moving the friction drive motor along its surface. 

indicated in Table i, but the new 
Soo -watt short -wave transmitter 
was not yet ready. Before this art- 
icle is published WLEX will probably 
be on the air with regular programs. 
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Station WRNY of New York has 
installed a television transmitter and 
are transmitting programs through their 
regular broadcasting station and their 
short -wave station, as indicated in Table 1. 

According to a recent release from the 
Westinghouse Electric and Manufactur- 
ing Company, the experimenter will soon 
be able to look to the station this company 
operates for programs of radio movies - 
it will be noted from Table 1 that this 
company has obtained an experimental 
license. A demonstration of radio movies 
was held in Pittsburgh on August 8th -a 
demonstration which we, unfortunately, 
did not see. The system used was in one 
respect at least, unusual: a mercury arc 
lamp, magnetically controlled by the 
incoming signals, we understand, was 
used in place of the neon tube, the advantage be- 
ing that much more light can be obtained from 
the arc than can be obtained from the neon tube 
so that brighter images are possible. The neon 
tube doesn't give any too much light. On the 
other hand, it seems likely that the arc will be 
more expensive than the neon tube. 

Incidentally, the statement in the Westing- 
house release to the effect that the demonstration 
held August 8th, 1928, "was the world's first 
demonstration of radio movies and possibly the 
most astounding of the many advances in the 
science of radio announced in the past year," is 

rather surprising since, as mentioned previously, 
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JENKINS' SCANNING DRUM 
This view of the scanning drum shows clearly the quartz rods 
extending front the boles in the surface of the drum to ibe neon 
lamps in the center. The wire connections to the four -element 

neon lamps are seen at the right 

FIG. I. HOW JENKINS CON- 
TROLS THE DISC SPEED 

Jenkins has been transmitting radio movies ever 
since July 2nd. Furthermore, in the May, 1927, 
issue of the Bell Laboratories Record we read, 
among other statements, that during research in 

television, "a strip of motion picture film was 
projected from a standard machine upon a 

photoelectric cell. The moving picture of this 
film was then re- created for an observer by re- 
ceiving equipment involving a suitable neon tube 
and a scanning disc." But whether first or last 
the Westinghouse tests are of interest to experi- 
menters as another possible source of television 
signals. 

APPARATUS FOR RECEPTION 

TABLE I sums up the situation with ascom- 
plete a list as could be obtained of those who 

expect to transmit television signals. The table 
also gives the data one must have in order to 
receive the programs. In this connection the im- 
portant facts are the number of holes required 
in the scanning disc and the speed of the disc. 
The column headed number of pictures per sec- 
ond is equal to the speed of the disc in r.p.m. 
divided by 6o. The table shows, among other 
things, lack of coöperation for as many as five 
different scanning discs (or one scanning disc 
with five sets of holes: 24, 36, 45, 48, and 6o) 
would be required to receive all of the stations. 

A complete television receiver consists of a 
tuner, which may be any ordinary broadcast 
band or short -wave set depending upon whether 
the signals to be received are being transmitted 
on the broadcast or short -wave bands. Strong 
signals are required for the operation of the neon 

tube. As a basis of comparison we might say that 
the signals should preferably be strong enough to 
load up a 171A tube with 18o volts on the plate 
and a 40 -volt C bias. If a transformer -coupled 
amplifier is used, three stages instead of two may 
be necessary unless the signals are good and 
loud. A three -stage resistance -coupled am- 
plifier is preferable, however, especially as qual- 
ity improves. An amplifier of this type properly 
constructed will pass the higher frequencies 
which would be cut off by a transformer -coupled 
amplifier. 

The cost of a television receiver disc neon 
lamp and motor will vary, depending upon the 
parts used. Forty or fifty dollars should cover 
it in all cases. Table 2 shows the companies which 
are at present manufacturing apparatus for use in 
television reception. 

Complete details for the construction and 
operation of a television receiver are not given 
here, but will be the subject of a future article. 
In these pages we have aimed merely to make 
clear for the readers of this magazine the present 
status of experimental television. 

CONCLUSIONS 

IN RESULTS, none of the demonstrations 
which we have seen, possibly with the excep- 

tion of those by the American Telephone and 
Telegraph Company, first held on April 7, 1927, 
produces pictures which hold one's interest for 
any length of time. The present appeal of the art 
is not one of receiving good pictures, but is to do 
at home -all by oneself -what is demonstrated 
in the laboratories of a large corporation with 
the aid of a thousand engineers, and a million 
dollars worth of apparatus. When one sees such 
a demonstration, its greatest appeal -of doing it 
oneself -is lost, and there remains nothing but 
comparatively poor reception of the image of a 
person, made pink -faced because of the charac- 
teristic glow of the neon tube in the receiver. 

Television, then, is still the province of the ex- 
perimenter, the man who likes to do h s own 
pioneering. And to the experimenter it should be 
among the most fascinating of all the fields 

of modern scientific advance -because 
its possibilities are so vast, its perfection 
so tenuously in the future, and its tech - 
nique so amenable to new ideas and new 
ways of doing things. And what does the 
experimenter, the scientific enthusiast, get 
out of it? To the world at large, perhaps, 
pep and a hearty laugh are the attributes 
of the stock promoter, a fish -tail hand- 
shake and absent -mindedness the con- 
comitants of the scientific outlook. 
Such views, however, must be held by 
persons who have never been on the in- 
side. The scientist and experimenter get as 
much fun out of peeping through a spec - 
trobolometer (a device for measuring the 
energy associated with a spectrum) as 
does the baseball fan when he catches 
the ball that Babe Ruth knocks into the 

stands. They merely get their joy out of life in 
different ways. C. Francis Jenkins is a shining 
example in the field of television of the man who 
is carried on by the sheer joy of being on the in- 
side of a great development. He is sixty years 
old, and has been working some twenty -five 
years on photo broadcasting, television and a 
host of other things, yet he still retains an en- 
thusiasm which seems to charge his whole staff. 
Jenkins' attitude, that of getting a thrill out of 
working with something new, and putting to- 
gether stuff that frequently utilizes some gadgets 
from the junk box, is that of a born experimenter. 
Do you want to experiment with television? 
Then answer this question: Can you get a kick 
from twisting dials and rheostats for a couple of 
hours to get finally some fleeting, perhaps hardly 
recognizable image in the viewing window of a 
scanning disc? Or do you have to see the previ- 
ously mentioned Babe Ruth knocka homer to get 
a thrill? 

Although the cases aren't exactly synony- 
mous, think of the thrill Galileo got out of look- 
ing through his glass -the first telescope. As a 
young lad, Galileo used to watch the candela- 
brum in the cathedral swing slowly to and fro; he 
timed its motion by the pulse beat in his wrist, 
and thought of using such a device for the 
measurement of time. In later life he invented 
the telescope, and with it saw thousands of stars 
never before seen by man. In 1610 he wrote to 
Kepler: 

"Oh, my dear Kepler, how I wish that we 
could have one hearty laugh together! Here, at 
Padua, is the principal professor of philosophy, 
whom I have repeatedly and urgently requested 
to look at the moon and planets through my 
glass, which he pertinaciously refuses to do. 
Why are you not here? What shouts of laughter 
we should have at this glorious folly! And to 
hear the professor of philosophy at Pisa labor- 
ing before the Grand Duke with logical argu- 
ments, as if with magical incantations to charm 
the new planets of the sky." Some joy is surely 
to be derived from doing what hasn't been done 
a thousand times before. 

TABLE II: WHO IS MAKING TELEVISION APPARATUS 

= Name of Manufacturer Apparatus =. 

3 

Daven Corp. 

Insuline Corp. of America 

National Co. 

Raytheon Mfg. Co. 

Interstate Electric Co. 
.11IM.I1.1ilm.1I.1111,,..,..1...7....11,1111.1.111, 

Motors, scanning discs (either 24, 36, or 48. holes), neon tubes, rheo- 
stats for controlling motor speed, completely assembled resistance- 
coupled amplifiers. Complete kit for about $45.00 

Complete kit listing for $52.50, containing scanning disc with either 
24, 36 or 48 holes, motor and control apparatus, magnifying lenses 
(to make the picture appear larger), hardware 

48 -hole scanning disc. Price: $15.00 

Kino Lamp. A neon lamp with 11" plates for use in television 
receivers. Price: $12.50 

Type M2V Baldor television motor. Price: $23.00 



Nineorrube ScreenoGrid Super 
By ROBERT BURNHAM 

FIG. i. THE RECEIVER WITHOUT THE CABINET 
Compact construction makes this nine -tube super- heterodyue occupy a smaller 
space than most receivers of the same number of tubes. All the tubes except 
the antenna input and audio tubes are housed in the shield cans in the rear. 

W71TH the steady increase in the number 
of broadcasting stations operating in 
the frequency band of 55o to i 50o kc. 

that has taken place in the last several years, the 
efficacy of the super- heterodyne system of recep- 
tion has gradually dwindled, for the characteris- 
tics of the typical super are such that the effec- 
tive selectivity of the oscillator dial is practically 
halved due to the basic principle of the system. 
This and the accompanying fact that the average 
super -heterodyne, besides repeating stations at 
two or more points on one of the two tuning 
dials, will bring in a multiplicity of heterodyne 
squeals, has militated against the advantages of 
this system, such as the high amplification 
possible, until to-day it is quite safe to say 
that a good 6 -tube screen -grid t.r.f. receiver 
will outdistance an ordinary 7 or 8 -tube 
super -heterodyne in the matter of actual 
distance reception, primarily due to the 
greater effective selectivity rather than 
to the greater sensitivity of a t.r.f. set. The 
usual method of obviating repeat points 
upon a super -heterodyne is to use an inter- 
mediate frequency so high that the sepa- 
ration upon the antenna tuning dial of 
two stations which may be heterodyned 
by a single given oscillator adjustment is 

so great that the repeat point is either be- 
yond the required oscillator range (for the 
majority of signals) or so far separated 
as to impose no undue selectivity re- 
quirement upon the antenna circuit. This 
system in a measure vitiates the princi- 
pal advantage of the super -heterodyne 
which is the higher amplification, ob- 
tainable at low radio frequencies, than 
may be had at such high interme- 
diate frequencies as are encountered 
in the r.f. amplifier of a t.r.f. set or 
as are necessary in the i.f. amplifier 
of a successful one -spot super. This 
factor makes some one -spot super - 
heterodynes actually inferior to a good 
t.r.f. set of two less tubes! 

Bearing in mind that a low intermediate fre- 
quency is necessary to realize the full amplifica- 
tion possibilities of the super -heterodyne system 
and that the frequency changing feature of the 
super -heterodyne must in no way be relied upon 
to provide adequate selectivity under present 
broadcast conditions, the receiver pictured and 

described herewith was developed. As it has been 
developed, this receiver does not depend upon 
the selectivity usually obtained in the interme- 
diate- frequency amplifier at the expense of tone 
quality, or upon the apparent selectivity result- 
ing from the frequency changing action. To pro- 
vide a high degree of selectivity, the input to the 
first detector has instead been designed to provide 
in itself practically all of the selectivity required 
for this rather unusually sensitive set. This end 
is attained through the use of a 3 -stage radio - 
frequency amplifier, tuned by a 3 -gang condenser 
to any desired wavelength. This amplifier is suf- 
ficiently selective in itself to provide effective 

effect of'heterodyne squeals has been practically 
done away with, even when the receiver is oper- 
ated in such congested centers as New York and 
Chicago. 

THE DESIGN OF THE RECEIVER 

IN FIGURE I, the receiver is seen with the 
cabinet removed. The set has been designed 

to be enclosed in a console or table cabinet to suit 
the builder's fancy, though it is particularly 
adapted to the new S -M metal cabinet which 
adds to the effectiveness of the shielding in the 
set. Figure 4 shows the details of the receiver 
assembly with the copper stage shields which 

enclose all r.f. circuits removed, and 
with all parts labeled as in the parts 
list. In Figure 2 is the schematic circuit 
diagram of the receiver, while Figure 3 

shows the set with tubes in place but 
shields removed. 

The receiver consists essentially of 
a three -stage broadcast band t.r.f. am- 
plifier employing three screen -grid tubes 
and a screen -grid first detector. Coupled 
into the screen lead of the first detector 
is the oscillator, which is of conven- 
tional type. Following the first detector 
is the two -stage 65 -kc. intermediate am- 
plifier and the second detector. All of 
these circuits are individually shielded 
in small copper cans with removable 
sides and tops for easy access. Following 
the second detector is a single stage of 
audio amplification utilizing the new 
Clough system. The receiver is intended 
to operate with an external power am- 
plifier in order to provide a high degree of 
tone quality. Because of the desirability 
of a 2 i o or 25o type output tube to prevent 
overloading it has been thought best to 
omit this last stage tube from the receiver 
assembly. Despite the apparent complica- 
tion of the r.f. amplifiers involved, the 
control of the receiver is simplicity itself, 
for the 3 -gang t.r.f. amplifier condenser is 

controlled by the left -hand drum dial of Figure 
I, while the oscillator condenser is controlled by 
the right -hand dial. Sensitivity of the t.r.f. am- 
plifier is controlled by the small knob at the lower 
left of the control panel escutcheon, RI. This ad- 
justment takes the form of a potentiometer 
which varies the screen -grid potential of the 

MANY of us have probably operated a super-hetero- 
dyne which would tune -in a single powerful local 

station at four and sometimes six or more points on the 
dial. This condition is due to two factors: (a) insuffi- 
cient selectivity in the tuned circuits preceding the first 
detector, and (b) the generation of harmonics by the oscil- 
lator. There are two methods of overcoming these difficul- 
ties. One of these methods is to raise the frequency at which 
the intermediate amplifier is designed to operate to a 
value such that the second point (and the harmonics) of the 
oscillator cannot, for practically all dial settings, beat with 
any station except the one desired to produce the proper 
frequency to be amplified by the intermediate amplifier. 
This method was used in the receiver described by Mr. 
W. H. Hollister in the September issue. 

The second method of making fool -proof the operation 
of a super, uses one or more stages of ordinary r.f. am- 
plification ahead of the first detector, so that practically all 
the required selectivity (as well as some gain) is obtained 
in this amplifier; the intermediate amplifier then func- 
tions to amplify greatly the signal without being also 
called upon to supply all of the necessary selectivity. The 
receiver described in this article employs this second 
method. 

-THE EDITOR. 

oes 

selectivity and at the same time a high degree of 
r.f. amplification. By this means the super- 
heterodyne system has been freed of any draw- 
back resulting from oscillator dial repeat points 
attendant upon the use of the low intermediate 
frequency necessary to provide really high am- 
plification; and at the same time the disturbing 

334 

terio 



OCTOBER, 1928 

Ant. 

A 
CO 

A NINE -TUBE SCREEN -GRID SUPER 

-Shield_-- 
I7;- 

¡- 
i2 13 

G S i C G S3 IIC G 
L 

C P 

r 

--T 
P G G 

13 

1 T4 
R9 r3 

335 

P 
RS 

G 0 
F2 F2 

R 

s1 
TC1 rR 

s 
C 

F 
4 

R6 

TC3 7`R 

L 

C, 2 TC4 
C1 CI1 

Note: Metal base board & shields 
used as a common negative 
lead 

Gnd Chassis B 

tubes. A similar potentiometer, R2, at the lower 
right of the control panel escutcheon carries an 
on -off switch attachment and serves to vary the 
screen potential of the two intermediate am- 
plifiers. The r.f. amplifier employed is very 
similar to that found in the 6 -tube receiver de- 
scribed upon pages 281 -283 of the September is- 
sue of RADIO BROADCAST, except that in this 
super -heterodyne a dummy input tube is utilized 
to simplify tuning (since there is amplification 
and sensitivity to spare) and a screen -grid first 
detector is employed. The 222 tube is used here 
for a number of reasons, among them the fact 
that the effective selectivity of the first detector 
circuit is somewhat greater than would be the 
case were a 201A to be used with the same circuit 
arrangement. 

The receiver is mounted upon a steel chassis 
21 e" long, 91 s" wide, and e" deep. At the left end 
(as in Fig. 4) is the first r.f. tube. Its grid circuit 
is connected across an antenna resistance, R12, 

attached beneath the chassis to ground and an- 
tenna binding posts BPI and BP2. This tube feeds 
the two tuned r.f. amplifier stages utilizing tubes 
S2 and S3, while S3 feeds the detector stage in- 
cluding tube S4. The three tuned circuits are 
identical and employ r.f. transformers having 
secondaries consisting of 98 turns of No. 29 
enameled wire wound upon a threaded bakelite 
tube in a space 14" in di- 
ameter and II" long. These 
secondaries are tuned by 
sections TCI,TC2,TC3 of the 
o.00035 -mfd. die -cast gang 
condenser (each section is 
equipped with an individual 
trimmer). The r.f. trans- 
former primaries are wound 
with 35 turns No. 38 wire 
upon a i4" tube placed at 
the filament end of the sec- 
ondary. Individual io-ohm 
filament resistors are used 
for each of the first four 
screen -grid tubes and the 
screen -grid and plate cir- 
cuits are bypassed by 
-mfd. condensers to 

provide very short r.f. 
paths and thus prevent 
disturbing interstage coup- 
ling. In preliminary tests 
it has been found that 
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FIG. 2. THE SCHEMATIC DIAGRAM 

if the plate lead of the detector tube, 54, is 
removed from the P post of the first inter- 
mediate- frequency transformer and instead is 
connected to post No. 2 of the first -stage audio 
transformer, that the t.r.f .receiver resulting will 
provide very satisfactory distance reception over 
a range of several hundred to one thousand miles 
or more, and selectivity which in itself is consid- 
erably greater than that obtained from many 
ready -made receivers. This arrangement may be 
resorted to for preliminary testing of the re- 
ceiver. (While a screen -grid detector tube would 
not work into an ordinary audio transformer at 
all satisfactorily, the characteristics of the 
Clough audio system are such that a screen -grid 
detector may feed directly into a transformer of 
this type with a quite satisfactory resultant 
frequency characteristic.) 

fhe oscillator coil, L4, has a grid winding 
equivalent to the r.f. transformer secondaries 
and in addition a coupling coil consisting of 
35 turns of No. 34 d.c.c. wire on a ii" tube and 
a tickler coil wound in a slot at the bottom of the 
form consisting of 35 turns of No. 34 d.s.c. wire. 
The grid winding of the oscillator is shunted by 
the o.00035 -mfd. condenser, TC4, controlled by 
drum dial D2. A small r.f. choke coil, L6, is 
placed directly under the oscillator coil base with 
its axis at a right angle to the axis of the oscillator 

Cable W 

coil. (l he oscillator and t r.f. coils are wound 
upon moulded S-M plug -in forms which fit any 
standard 5 -prong tube socket.) 

In working upon the intermediate amplifier, a 
number of different transformer designs were 
evolved and tested, and in the course of this 
work the possibilities of standard i.f. transfor- 
mers now on the market were investigated. The 
S-M 210 transformers which are normally broad- 
band iron core types were found to give excellent 
results with screen -grid tubes and due to their 
comparatively small primaries, functioned as 
rather sharply tuned transformers, giving an am- 
plification of 65 per stage at 65 kc. and a band 
width of about to kc. at forty per cent. of max- 
imum amplification -a quite satisfactory charac- 
teristic for an intermediate amplifier. 

The intermediate amplifier tubes are S6 and 
S7, the second detector Se, and the three i.f. 
transformers are T1, T2, T. The second detector 
employs a grid condenser and leak for rectifica- 
tion, while the first detector has really no means 
provided to effect rectification. While this may 
seem peculiar, it was observed in operating tests 
that due to the effect of the impressed oscillator 
voltage, very satisfactory detection was ob- 
tained even though none of the usual precautions 
were employed in the circuit to insure it. This 
being the case, it was thought best to take ad- 

vantage of this propitious 
condition and discard the 
usual adjuncts to rectifica- 
tion, such as grid condenser 
and leak or C battery, 
which seemed only likely 
to add complications with- 
out any resulting gain to 
the receiver. 

In actual operation this 
9 -t u be super -heterodyne 
operating into a pow e r 
amplifier stage has allowed 
reception of weak out- 
of-town stations within 
to kc. of any Chicago local 
station when the receiver 
was operated in residential 
districts. In comparative 

FIG. 3. WITH THE SHIELDS REMOVED 
Screen -grid tubes are used in the three r.f. stages, the first detector stage, and the two if. stages. A 
ex -3o /A tube is used for an oscillator, and 1 12A tubes in the second detector and first audio sockets. 

tests against other receiv- 
ers, it was found that this 
super -heterodyne w o u I d 
in every case show a con- 
siderably higher noise level 
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when adjusted to maximum sensitivity. This 
condition was thought to indicate a very satis- 
factory degree of sensitivity indeed -a value so 
high that it could not be utilized in the warm, 
summer weather due to the high noise level. 
During preliminary tests small 5o and wo-watt 
stations loon or more miles away were received 
with loud speaker volume, and the more powerful 
stations on the Atlantic and Pacific coasts, and 
in fact in all parts of the country. were received 
with excellent volume whenever the noise level 
was low enough to let these stations be separated 
from the noise. 

CONSTRUCTION AND OPERATION 

THE construction of the receiver itself is quite 
i simple. The parts employed in the model 

described herewith are listed at the end of this 
article, the listings being accompanied by the 
designating letters seen in the various illustra- 
tions and in the circuit diagram. Despite the 
apparent complexity of the circuit, the receiver 
is very simple to put together for it is built up 
upon a very ingenious pierced steel chassis which 
is available in the open market. On this chassis. 
which incidentally is suited to the mounting of 
a number of different types of receivers, all neces- 
sary wiring and mounting holes are pierced so 
that to assemble the set it becomes necessary 
merely to put the various parts in the different 
stage shields as seen in the photographs and then 
to bolt these stage pans to the chassis itself, along 
with a few other parts. The wiring is quite easily 
handled, as all leads are short and direct and the 
use of the metal chassis as the A minus, B minus 
and C plus common circuit return eliminates a 

large number of connecting wires. The only parts 
mounted beneath the chassis are the three 1 -mfd. 
bypass condensers, Clo, CII, C12, the antenna re- 
sistance, R12, and the rheostat, Rio, (the ad just - 
ing screw of which is visible in Figure 4). The 
connecting cable used simplifies the battery con- 
nection to the receiver and eliminates the multi- 
plicity of binding posts ordinarily used for this 
purpose. 

The testing and operation of the receiver is 
most simple, it being necessary after it has been 
assembled, wired, and checked, merely to connect 

FIG. 4. THE RECEIVER SEEN FROM ABOVE 

the necessary A and C batteries (or light- socket 
power units) to the battery cable and then to 
connect the proper leads of the cable to the B- 
voltage binding posts of a single -stage power 
amplifier and B supply. (The receiver may not 
be operated satisfactorily from dry B batteries, 
since the current drain on the 45 -volt circuit is 
approximately 3o milliamperes- though the to- 
tal current drain of the whole receiver is only 4o 
mA). A good standard B -power supply should be 

used for the set if a power amplifier is not em- 
ployed, though the latter is distinctly desirable 
since it is never wise in the interests of good tone 
quality to operate a loud speaker directly out of a 

single audio stage following a detector tube. 
Nevertheless, this may be done for test purposes 
and until the builder can afford an amplifier, for 
the receiver will give very good loud speaker 
volume without the use of a power output stage 
(which should preferably be a 210 or 25o push - 
pull stage). 

In operation, stations are tuned in upon the 
Selector I and Selector I I dials, and volume and 
stability is adjusted by means of the two small 
knobs on potentiometers R1 and R2, the set is 
turned off by turning R2 to the off position. The 
stations will be received at only one point upon 
the left -hand dial and at two points upon the 
right -hand dial. This condition, however, is no 
disadvantage, for the selectivity of the r.f. ampli- 
fier is so great that there is never any possibility 
of two stations, for which a single oscillator set- 
ting will serve, coming through the receiver at 
one time -the short -wave t.r.f. amplifier abso- 
lutely prevents this usual source of super diffi- 
culty. This receiver cannot be operated at max- 
imum amplification adjustments except in loca- 
tions having a most unusually low noise level 
and under the best of weather conditions, for the 
sensitivity of the receiver is such that in ordinary 
residential districts noises not heard on most 
receivers can be brought in with ear -splitting 
volume; and of course many weak stations ordi- 
narily not heard come in with them. This, how- 
ever, is no disadvantage, for by turning down the 
gain controls of the receiver local programs can be 
received with quietness, freedom from interfer- 
ence, and satisfying tone quality obtainable from 
few other radio sets. 

LIST OF PARTS 

Pr HE substitution of electrically and mechan- 
1 ically equivalent parts may be made in the 

list below, at the builder's choice. The apparatus 
in kit form, with all the necessary hardware, is 
obtainable from several mail order houses, at 
about $96.00 list price. 

B -1 S-M 701 universal pierced chassis 
BPI, ßP2-2 moulded binding posts, consisting 

of áz screw, nut, and moulded top 
C1 to C3-7 ; -mfd. midget bypass condensers 
Cs -1 0.00015 -mfd. grid condenser with clips 
C9 -1 o.002 -mfd. bypass condenser 
C10. C11, C12-3 1 -mfd. bypass condensers 
D1 -t S-M 8o6L (left) vernier drum dial 
Dr--t S -M 8o6R (right) vernier drum dial 
E -I S-M 809 dual control escutcheon 
JI. J2-2 Yaxley 420 insulated tip jacks 
LI. L. L4-3 S.M 132B plug -in r.f. transformers 
L4-1 S.M 132C plug -in oscillator 
L; -1 S-M 275 choke 
RI, R2 -2 Yaxley 3000 -ohm midget potentio- 

meters, type 53000 
R3 to Rs-6 Carter RUio lo-ohm resistors 
R9 -1 2- megohm grid leak 
R10 -1 Carter A3 3 -ohm sub -base rheostat 
R11 -I Carter HZ ,-ohm resistor 
R12-1 Durham 150,000 -ohm resistor 
SI to Ss -8 S -M 511 tube sockets 
S9 -t Naald 481 XS cushioned tube socket 
SHI to SH7-7 S-M 638 copper stage shields 
SW -I Yaxley 500 switch attachment 
T1, T2, T3 -3 S-M 210 long -wave transformers 
T4 -1 S -M 255 first -stage a.f. transformer 
TC1, TC2, TCa- t S -M 323 3-gang condenser, 

0.00035-mfd. in each section 
TC4-1 S-M 320R o.00035 -mfd. Universal con- 

denser 
4 S-M 512 5-prong tube sockets 
I S-M 708 10-lead, 5 -foot connection cable 
2 S-M 818 hook -up wire (25 ft. to carton) 
I Set Hardware (furnished by Set Builders 

Supply Co.) 
To make the set operative, the following acces- 
sories are necessary: 

6 cx-322 tubes 
2 CX -112A tubes 

1 CX -301 A tube 
Power amplifier (210 or 25o push -pull prefer- 

able) 
B -power unit (135 volts maximum) 
Source of A and C voltage 
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The Low -Power Stations Plead 

A T THE recent series of hearings before the 
Federal Radio Commission, a hundred 
stations attempted to show cause why 

tney should be allowed to continue in operation. 
The evidence proved to be a most comprehensive 
presentation of the case of the smaller broadcast- 
ing station. So eloquently did some of the owners 
of the condemned stations present their story 
that many a hard hearted enemy of 
broadcasting congestion felt that means 
must be devised to take care of as many 
worthy local stations as possible. Not 
only must the rights of listeners to good 
reception be considered but also that of 
communities to broadcast. 

The whole question is: To what de- 
gree shall good reception for the greatest 
number and the widest areas be sacri- 
ficed to the self -imposed wish of a 

minority of communities to broadcast? 
No one would oppose extension of broad- 
casting facilities to any community, how- 
ever small, did not such a policy inevitably re- 
strict enjoyable listening to that limited number 
within the high grade service area of a local sta- 
tion. But even disregarding the listener's rights 
entirely, how many of the insatiable host of radio 
advertisingstations, most of them parading before 
the commission as altruistic local service stations, 
could be accommodated were the entire broad- 
casting band devoted to their exclusive use? 

In spite of the obvious local sentiment for the 
continuance of some of these community stations, 
the statement remains unrefuted that no great 
number of them can be taken care of without 
making high -power broadcasting impossi- 
ble. From the engineering standpoint, the 
capacity of the ether is strictly limited to 
a definite number of stations of a given 
power per channel, separated by a definite 
minimum distance. As early as March 24, 
1927, a member of the staff of RADIO 
BROADCAST presented to the Federal Ra- 
dio Commission a comprehensive plan for 
broadcast station allocation which defi- 
nitely appraised the station capacity of the 
broadcast band and provided for equitable 
distribution of channels by areas. The plan 
proposed that the United States be divided 
into areas 5oo miles square, and laid out 
a definite quota of high -power, regional 
and local stations of various powers which 
could be accommodated for simultaneous 
operation in each area. It pointed out that 
the Commission's first task was to ap- 
praise the capacity of our 89 broadcast 
channels and then allot their facilities 
equally to specific areas. Only now is the 
Commission beginning to do all of these 
things. 

With respect to local service stations, 
the plan pointed out that 5o -watt stations, 
providing " high grade" service for three 
miles and "satisfactory" rural service for 
22.5 miles, were adequate to meet the 
requirements of local communities broad- 
casting for the benefit of a particular city 
and its environs and would make it possi- 
ble to provide such facilities for the great- 

est possible number of cities. Several stations of 
that power can be assigned to the same channel, 
if separated by a minimum of 5oo miles. Were 
all of our 89 channels assigned to this service ex- 
clusively, there would be a maximum of 1157 
local service stations. The maximum area receiv- 
ing satisfactory service would be 1,839,630 square 
miles, or approximately half the area of the 

Their Case 
nels to super -power stations endowed with 
exclusive channels. This would provide a maxi- 
mum of 89 stations of 50,000 or ioo,000 watts. 
A station of 50,000 -watt power has a "high 
grade" service range of 90 miles and a "satis- 
factory" service range of 36o miles. The total 
area receiving "satisfactory" service coverage 
from 89 such stations would be 36,236,350 square 

miles. Therefore, were these stations 
spaced equidistantly, there would be 
twelve 50,000 -watt stations within 36o 
miles of every point in the United States. 
The high -grade service coverage would 
be 13,747,830 square miles.. In other 
words, the listener would have a choice 
of four stations within high grade ser- 
vice range and twelve within satisfac- 
tory service range, no matter where he 
was located. With 1157 50-watt sta- 
tions, only 8o99 square miles of the 
United States would have high grade 
service. 

Any plan of allocation is a compromise be- 
tween these extremes. Either few communities 
will have radio as a medium of expression, while 
the listener, no matter where he is located, will 
have a considerable choice of powerful stations, 
or else many communities will have opportunity 
to place themselves on the air for local service 
while the actual area getting high grade service 
would be significantly reduced. 

The table on this page, taken from Using Radio 
in Sales Promotion, gives the average number of 
stations per channel, their minimum separation 
and their service ranges and areas. The average 

of one and a half stations per channel of 
5000 watts is based on the fact that two 
stations of such power may be placed at 
diagonal extremes of the United States, 
while in any other location the 5000-watt 
station must have an exclusive channel. 
The table also shows that there is no 
gain in frequency space by reducing the 
maximum power from 1oo,000 to Io,000 
watts, or any other such figure, as is often 
suggested, because a Io,000-watt station 
takes as much ether space as a loo,000- 
watt station. 

The most important argument against 
the high -power station is that the total 
number of radio broadcasting stations in 
the United States is reduced in proportion 
to the number of high -power stations per- 
mitted. A few large stations naturally 
tend toward the centralization of broad- 
casting in a few organizations, because 
high -power stations are unprofitable un- 
less they draw upon the finest possible 
program sources and the most fruitful 
revenue producing programs. The other 
extreme is in the establishment of many 
community stations of low power and 
necessarily of low program merit. 

It is our opinion that the low- poVver 
station should be encouraged in sparsely 
populated sections where there is no rea- 
sonably good service from high grade 
stations, but that in populous areas, 
with many independent broadcasting sta. 
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STATION POWER AND SERVICE RANGE 

Station 
Power in 

Watts 

No. in 
U. S. per 
Channel 

Separation 
in Miles 
(min.) 

Range 
Miles 

Area Served 
Sq. Miles 

Nigh 
Grade 

Satis- 
factory 

Nigh 
Grade 

Solis - 
factory 

50 
500 

13 500 
1250 

3 
10 

22.5 
65 

7 
314 

1590 
13,273 

5000 1.5 3000 30 160 2827 80,427 
50.000 or 1 6000 90 360 154,470 407,150 

over 
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United States. Assuming equal geographic spac- 
ing, there would be a carrier on every dial setting 
of the receiver, but a program of satisfactory 
strength could be received in half the area of the 
country on but one dial setting. The other half 
of the country would have no "satisfactory" ser- 
vice whatever. No allotment would be made 
to higher powers on this basis, so that the listener, 
tiring of his one local station, could not take 
advantage of high grade regional stations. 

The other extreme which could be adopted 
would be to give virtually no consideration to 
the rights of communities by assigning all chan- 

JUST BEFORE MAKING RADIO HISTORY 
At Signal Hill, Newfoundland, Senatore Marconi, in the center, 
Mr. G. S. Kemp (left) and Mr. P. Paget (right) are pictured with 
a basket containing a balloon that they hope will carry an an- 
tenna on which to receive radio signals from Poldhu, England, 
Time: December, rgor. The balloon was carried away in a 
gale, but a kite was used, and the historic letter " S" cache through 
from England -the first transatlantic radio signal ever received. 
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tíons, the standard should be reasonably high. 
Radio, after all, is not for the benefit of the broad- 
casting station management or owner, but for 
the listener. To the average listener it represents 
a greater sacrifice to restrict the range of 
regional and national stations, a real program 
loss to immense areas, than to lose the chamber 
of commerce and the local glee club program, 
indifferently released by an inadequately fi- 
nanced and low -power local broadcasting station. 

The evidence brought before the Commission 
in behalf of the local stations was almost entirely 
drummed up by the station managemerts them- 
selves and tended to produce an exaggerated 
conception of their local service, not always 
shared by the listeners. The large, loyal follow- 
ings and the program merit of the high grade, 
high -power stations is axiomatic and has never 
required substantiation in the form of affidavits 
by politicians. Let us place the right of the lis- 
tener to hear above that of the politician to shout. 

SPECIFIC EVIDENCE FOR THE SMALL STATION 

MOST of the evidence brought before the 
Commission was in the form of impas- 

sioned speeches by station owners, supported by 
local politicians. Senator Curtis of Kansas, 
for instance, swore out an affidavit in behalf of 
wcL of New York City, a station notorious for 
consistently wretched quality of transmission 
and mediocrity of programs. The one occasion 
on which it really attracted attention to itself 
was when it proposed to broadcast the mutter- 
ings and shriekings of the inmates of an insane 
asylum. With such examples as these, the Com- 
mission undoubtedly dis- 
counted greatly any evidence 
put into the record by poli- 
ticians whose objective was ob- 
viously to win local sentiment 
rather than to help broadcast- 
ing. 

Some stations were able to 
show specialized local service 
of considerable merit. It is for 
just such stations that we urge 
a limited number of local ser- 
vice channels. The fact that 
good local stations are sup- 
ported by local advertising ac- 
counts is to their credit, in that 
it assures their economic inde- 
pendence and the fact that, in 
the opinion of advertisers at 
least, they have substantial 
audiences. 

In the most unfortunate 
plight were those stations 
charged with excessive fre- 
quency deviation. Some of these 
were able to show that they em- 
ployed the utmost diligence in 
checking their frequencies 
against crystal oscillators pur- 
chased from companies of the 
highest repute. Because the 
crystals were inaccurately cali- 
brated or because months were 
mysteriously required for their 
delivery to the station, these 
stations had no means whatever 
of maintaining themselves upon 
their assigned frequencies. Their 
difficulties were further compli- 
cated by the fact that, at the 
higher frequencies, stations are 
assigned with closer geographic 
spacing and the effects of devia- 
tion are more disastrous as the 
frequency increases. In so 
many instances were the sta- 
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tion's troubles laid at the doors of incompetent 
crystal grinding that alarmists were ready to 
charge that a conspiracy was on foot to destroy 
smaller stations by supplying them with inac- 
curately calibrated crystals. 

Without an accurately calibrated crystal, it is 
impossible to maintain a station on its frequency. 
Only by diligent observation and constant check- 
ing against an accurate crystal can a station 
maintain its correct position in the broadcasting 
spectrum at all. Occasional deviation is unavoid- 
able; consistent deviation inexcusable. The pres- 
ent standard of 50o cycle maximum deviation 
is reasonable, but license revocation for a few 
violations is entirely too drastic a measure in the 
present state of the art. Suppliers of crystals, in a 

position to grind them to the accurate require- 
ments of broadcasting, are few in number. In- 
stead of accepting the responsibility attendant 
upon that position and giving the substantial 
aid they might to the conscientious broad- 
casters, these few suppliers allow months to pass 
between the acceptance and filling of an order 
and are not above blaming the Government's 
measures, rather than the defects of the crystal, 
when a crystal is found to be off frequency. 

Regulations for Television and Pic- 
ture Transmission 

CONSIDERING the rapid spread of 
picture broadcasting from coast to coast 
and the known intention of a great many 

additional broadcasting stations to undertake 
television and the broadcasting of radio picture., 
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this fall, the Commission's announced intention 
to apply regulation to this new form of program 
is a matter of general interest to the broadcast 
listener and the management of broadcasting 
stations. 

There are two classes of image transmission 
to consider: (I) those systems involving the use 
of the conventional radio telephone broadcasting 
equipment, capable of radiation upon the stan- 
dard broadcast channel without infringing upon 
neighboring channels; and (2) those using new 
methods of transmission and attempting the 
radiation of an excessive number of image im-. 
pressions so that they radiate signals audible 
on neighboring channels. 

Before regular audiences are established for 
the latter type, which appears to include every 
attempt at television transmission so far made, 
regulatory orders should be issued which defi- 
nitely limit all transmission in the broadcast 
band to a maximum channel width allowable 
without interference with neighboring channels. 
The Commission would be placed in a most 
embarrassing position if it found broadcasting 
disrupted by television signals, after thousands 
of listeners had equipped themselves with scan- 
ning discs and neon tubes in the attempt to re- 
ceive these signals as television images. There 
should be no attempt to throttle the develop- 
ment of television, but traffic evils in the ether 
cannot be safely disregarded. The Commission 
is fully empowered by the Radio Act to "regulate 
the kind of apparatus used with respect to its 
external effects and the purity and sharpness of 
the emissions from each station and from the 

apparatus therein." It may 
therefore require that trans- 
missions in the broadcast band 
be kept within definite io-kilo- 
cycle limitations. Certain tele- 
v i s i o n transmissions in the 
broadcast band can now be 
heard twenty, thirty and even 
fifty kilocycles above and be- 
low the channel assigned to the 
station radiating them. 

As for picture transmissions. 
however, which do not involve 
any new character of signal with 
respect to "external effects and 
purity and sharpness of emis- 
sions," the Commission's juris- 
diction is limited to their 
bearing upon public conve- 
nience and necessity. Picture 
transmissions made with the 
conventional radio telephone 
broadcasting stations are purely 
matters of program. They are 
for a special class of broadcast 
listener whose radio receiver has 
a picture -making attachment, 
but these listeners are no more 
a special class than are owners 
of farms for whom special farm 
programs are radiated, or for- 
eign language groups which are 
often favored by special pro- 
grams of no interest to any 
other listeners. 

The Commission is distinctly 
barred from regulating radio 
programs. I t is doubtful whether 
the Commission may prescribe 
that a station shall not serve 
those of the radio audience de- 
siring to receive pictures except 
within certain limited hours. 
any more than it may restrict 
the time devoted to philo- 
sophical lectures, jazz music 

THE MOST SOUTHERLY STATION 
Until Commander Byrd gets to work in the far south, this station at Prince Olaf Harbor. 
South Georgia, will have the honor of being the most southerly of radio - telegraph stations. 
It employs a 5oowatt Marconi telephone -telegraph transmitter, and it is used to control 
the movements of whalers in antarctic waters. This photograph was taken in the summer, 
when for a short time the snow partially disappears and a few plants may be seen. 



OCTOBER, 1928 

or direct advertising. Picture broadcasting is a 
general service of pictures into the home. For 
the present, this is a service principally to ex- 
perimenters and pioneers -the same class which 
initiated the broadcast boom in 192o -and it is 
unfair to pass special regulations restricting the 
service to that growing group. 

However, in one sense. the desired objective 
of the Commission to restrict picture signals to 
hours such that the public, seeking musical 
entertainment, shall not be too frequently dis- 
turbed by picture signals, has already been 
attained. Ninety per cent. of all picture trans- 
missions take place during daylight hours when 
the stations involved have heretofore been cus- 
tomarily silent. No program director is prepared 
to force picture signals upon an audience pre- 
dominately interested in tone reception, espe- 
cially between the hours of eight and eleven in 
the evening, and the maximum weekly schedule 
of the stations now broadcasting pictures through 
out the United States involves less than twenty 
minutes of actual picture signal per week. This 
is certainly not too great a concession to the 
experimenter who looks forward to the day that 
illustrated radio programs will be received in 
every broadcast listener's home. In spite of the 
doubtful validity of a regulation applying pro- 
gram restrictions, there is really no opposition 
to the Commission's proposed course in limiting 
the number of picture transmissions permissible. 
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Here and There 
clarmanwn orminunnu.rnuaramormluen 

THE Army Air Corps, according to F. 
Trubee Davison, Assistant Secretary of 

War for Air, will install radio beacons at Mitchel 
Field, N. Y., San Francisco, Cal., San Antonio, 
Texas, Uniontown, Pa., Dayton, Ohio, and 
Washington, D. C. Experiments prove that the 
range of these beacons may be extended up to 
2000 miles, if required. 

CHIEF Radio Supervisor W. D. Terrell 
has issued an order to amateur and experi- 

mental stations, effective October 1, that they 
use the intermediate "w," if located in con- 
tinental United States, and "k," if in our terri- 
tories or insular possessions, in accordance with 
the plan adopted by the International Radio 
Telegraph Convention. 

ASTUDIO is being installed in the new 
administration building of the Board of 

Education of Pittsburgh, Pa., in order that 
educational programs may originate there for 
radiation by KDKA. Practically every school in 
Pittsburgh has been equipped with a receiving 
set and, at specified times, lessons on a particular 
subject will be broadcast to all pupils of all 
schools of a certain grade. Educational work 
of this nature has been carried on in England for 
several years. More than 4000 schools in London 
and 1)aventry are equipped to receive programs 
radiated through the British Broadcasting net- 
work. 

Another experiment along educational lines 
was conducted for a period of six weeks last 
season by WEEI of Boston, and will soon be re- 
sumed on a more elaborate scale. From one 
to one -thirty o'clock on Tuesday and Thursday 
afternoons, the students of the S. A. Day Junior 
High School of Newtonville held classes in the 
assembly hall before the loud speaker. The suc- 
cess of the project was so marked that many 
schools were equipped with radio receivers dur- 
ing the summer. The subjects taught last season 
were French, poetry, music. science, history, and 
geology. 
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HOW IT'S DONE IN JAPAN 
Nipponese broadcasters use Western apparatus (in this case a Marconi to- kilowatt transmitter), but they 
manage to create the atmosphere of a Japanese print even in so mechanistic a background as this. The 
photograph shows the modulator and amplifier panels of Station JOBK at Osaka, one of Japan's leading 

broadcasting stations. 

CONTRIBUTIONS ranging from fifty cents 
to two dollars were received by Tex Rick- 

ard as expressions of thanks from members of 
the radio audience for making possible the broad- 
casting of the Tunney -Heeney fight. Rickard, 
upon receipt of these donations, expressed the 
opinion that they were evidence that the broad- 
casting companies have been receiving something 
good for practically nothing for a long time. His 
contract with the N. B. C. soon expires and the 
probabilities are that Rickard's peace confer- 
ences will not be broadcast for some time to 
come. Eventually, however, a commercial 
sponsor will probably be found for them. 

THE Columbia Broadcasting System has 
concluded arrangements with Station wASC, 

operated for some years by A. H. Grebe & 
Company, to become its alternate New York 
key station on the evenings that WOR is not avail- 
able. Columbia chain programs have thereby 
become nightly affairs. WOR has also relinquished 
Sunday afternoons and evenings in favor of 
wAsc. 

ADVERTISERS are spending from ten to 
twelve million dollars yearly in presenting 

good will programs through radio, according to 
Frank A. Arnold of the National Broadcasting 
Company. This, it seems to us, is greatly under- 
estimated, since it does not take into account the 
money spent on local stations for advertising 
announcements. 

THE number of stations deleted from the 
list of broadcasters as a direct result of the 

notification to show cause, served on 164 stations, 
amounted to but 36. All but 57 of the cited sta- 
tions appeared at the hearings with witnesses 
and affidavits, and 21 stations filed affidavits 
by mail. 

CAPTAIN S. C. HOOPER has been made 
Director of Naval Communications to 

succeed Rear Admiral Craven, who has been 
made commandant of the naval training station 

at Great Lakes, Ill. Captain Hooper has been 
temporarily assigned to the Federal Radio 
Commission as short -wave expert. 

A LIST of frequency assignments for special 
services on short waves was announced by 

Captain Hooper, just prior to his appointment as 
Director of Naval Communications. Six chan- 
nels were reserved for communication between 
airplane and ground stations; five channels for 
communication between ships, ship -to -ship and 
coastal stations by radio telephony; one channel 
for police departments; three marine calling 
frequencies; two groups of frequencies compris- 
ing eleven channels for experimental purposes; 
five for geo- physical purposes; six for railway 
communication between engine and caboose; 
four for scientific expeditions and yachts, in addi- 
tion to their usual calling frequencies; three for 
portable stations and twenty for power line 
control. This latter generous allocation should 
certainly satisfy the power companies. 

A PPEARING before the Federal Radio Corn- 
mission on May 14, 1928, to request a 

great number of Too-kilocycle width channels for 
television purposes, Dr. Alfred N. Goldsmith 
of the Radio Corporation of America stated: 
" Radio television is at a stage where it is pre- 
pared to leave the seclusion of the research labor- 
atory and to enter into the daily affairs and uses 
of men. Intensive development work of an ex- 
perimental nature has already been carried on 
and transmission of television material is at 
hand through confidential experiments and trans- 
missions carried on at Schenectady, Pittsburgh, 
and New York. In other words, television is not 
a vague and remote project, but, while still 
experimental, is an imminent and plausible 
possibility." 

After pointing out that uninformed television 
broadcasters would transmit an endless series of 
unsatisfactory pictures which would benefit only 
oculists in the proportion that they would ruin 
the eyesight of the public, Dr. Goldsmith con- 
tinued: "In the interests of saving both the 
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vision and the television of the public, only an 
experienced and responsible organization, such 
as the Radio Corporation of America, should be 
granted license to broadcast television material, 
for only such organizations can be depended 
upon to uphold high ideals of service." If these 
statements are universally accepted, all but the 
R. C. A. will quit the television field. 

AMONG the suggestions made for increasing 
the number of local communities which 

may be represented in the ether by 'broadcasting 
effusions, came one from Senator Edwards of 
New Jersey to the effect that 25 channels be 
set aside for stations of 5000 watts power o. 
more, leaving 52 channels for 50o-watt stations 
and 12 channels for stations of 25o watts power 
shared with Canada. The average number of 
5oo-watt stations which can be accommodated 
on a single channel is not higher than three, al- 
though there is a theoretical maximum of six, 
so that the Senator's plan provides for about 15o 
5oo-watt stations and for from 25 to 5o stations 
of greater power. The seemingly liberal plan 
therefore represents an even more drastic cut 
than that proposed by the engineers. 

IN THE appointment of Louis G. Caldwell of 
11 Chicago as Chief Counsel for the Federal 
Radio Commission, and Dr. J. H. Dellinger, 
former Chief of the Radio Division of the Bureau 
of Standards, as Chief Engineer, the Commission 
has recruited to its ranks two of the most eminent 
and competent men in their respective lines. 
Caldwell, who is in no way related to his name- 
sake, the Commissioner for the first district. has 
made a most exhaustive study of radio law and 
has represented important broad- 
casting interests. Dr. Dellinger's 
reputation as a scientist requires no 
rehearsal to any radio enthusiast. 
He has been a public servant for 
many years and, unlike most of those 
few qualified to act in an advisory 
çapacity on technical matters to the 
Commission, has no former associa- 
tion which might be deemed a dis- 
qualification by radical persons. 

THE Bell Telephone Laboratories 
demonstrated, on July 12, a new 

photoelectric cell which is considera- 
bly more sensitive than any similar 
device sofarshown publicly. The orig- 
inal television transmitter and re- 
ceiver, demonstrated over a year ago, 
were used in the newer demonstra- 
tion, and by application of the more 
sensitive photoelectric cell, a full size 
figure in motion was successfully tele- 
vised. The new cell greatly increases 
the range of vision of the eye of tele- 
vision and places even greater empha- 
sis on the still unsolved problem of 
conserving the frequency or channel 
space required totransmit a television 
image of sufficient detail to have real 
entertainment value. 

ANEW Japanese broadcasting 
station has been opened at Ku- 

manoto of 10 kilowatts power, oper- 
ating on 38o meters. The call letters 
are JOCK. 

OUR commercial attaché in Lon- 
don reports that an American 

radio receiver, having five tubes, de- 
livered at London at a cost of forty - 
five dollars, must then pay royalties 
of fifteen dollars to the Marconi Wire- 
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less Telegraph Company. These royalities tend to 
curtail American radioexports to England. Ameri- 
can exports in 1926 to that country amounted 
to $55.375 in sets and $34,089 in tubes. 

IM PROVEM ENT in the naval communica- 
tions system is indicated by the fact that the 

average time of messages between the Pacific 
Coast and the Philippines has been reduced 
to one hour and fourteen minutes in May, 1928, 
as compared with seven hours and five minutes, 
the average obtaining in June. 1926. 

THE Radio Communications Board of the 
Philippines decided to issue licenses only to 

short -wave telegraph stations for remote dis- 
tricts where the services thereby established will 
not compete with that offered by the Bureau of 
Posts. Seven stations will soon be placed in 
operation by that body. 

R ECOGNITION of radio broadcasting as an 
agency for political propaganda has been 

accorded by the major political parties through 
the appointment of Joseph Israel I I as radio 
director for the Democratic National Committee 
and O. P. Gascoigne to a similar office for the 
Republican National Committee. 

BEGINNING with a single installation in 
June, 1925, the Lighthouse Service now 

has in operation twenty radio beacons along the 
shores of the Great Lakes. In fair weather, these 
stations transmit signals four times daily for a 
half hour, permitting the taking of compass 
readings. During heavy weather, they maintain 
a continuous compass service. 
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ACOMPANY has been formed in Sidney 
to take over the control of two local broad- 

casting stations which were suffering from lack 
of program variety and tendency to duplicate 
features. This is the first step in merging all 
Class A stations in a single system. It is said 
that only the state -controlled station at Queens- 
land will remain outside the pale, if the plan of 
the new company is successful. 

TH E International News Service expects to 
exchange press reports with Europe from a 

station to be located at 59th Street in New York 
City. Reception will be conducted at Leafields, 
where re- transmission to all parts of Europe is 
possible. The United Press will not attempt to 
use radio in competition with existing com- 
munication systems, but will utilize its station 
at Garden City for expeditions, important broad- 
casts and similar special services. 

A T A meeting of the International Circula- 
tion Managers Association, it was brought 

out that radio summaries of news features helped 
newspaper circulation, but that radio has cut 
the sales of extras on important scheduled events, 
such as prizefights and baseball games. 

O NE million shares of Baird Television, Ltd., 
at five shillings a share, were subscribed 

to by the English public recently. These shares 
have risen in value upon circulation of a rumor 
that the American rights to Baird Television 
had been purchased. This public support of the 
issue appears surprising in the absence of any 
regular broadcasting of television images, and 
in the face of the hostile attitude of the British 

trade press, which issued an unan- 
swered challenge to Baird to make 
a public demonstration of television 
by radio, posting a prize of five 
thousand dollars. 

A Delaware charter has been filed 
by the American Baird Television 
Corporation with a capital stock of 
a million shares of no par value. No 
doubt the public will soon be in- 
vited to participate in this enterprise, 
possibly in advance of any demon- 
stration of Baird equipment. 

WHAT'S DOING ON THE Pr1TOMAC 

This open -air laboratory is part of the Bureau of Standards equipment for 
testing the field strengths of broadcast transmissions, in an effort to help 
in unraveling the present station allocation muddle. The transmi! ter is two 
miles to the south, across the Potomac near Washington, and the engineer is 

making a record of the field strength of various broadcasts. 

ICENSED broadcast listeners in 
` J Germany on April 1, 1928, 
totaled 2,234,732, as compared with 
hut 2000 on January 1, 1924. The 
license fee paid by these numerous 
listeners amounts to fifty cents a 

month each and the government 
budget for the support of the nine 
broadcasting stations maintained in 
that country amounts to $12, 500,000. 

THE British BroadcastingCorpor- 
ation showed a total income of 

$4,508,130 for 1927, of which about 
four million was from licenses and 
the balance from publications and 
other sources. Of this revenue, 
$2,438,640 was spent for program 
material. The system was on the air 
during the year for a total of 68,000 
hours. There were 20 hours of break- 
down. The number of listeners 
amounted to 2,395, 174, an increase 
of 217,000 over the previous year. 
Apparently, the numbers of listeners 
in England and Germany are about 
equal, but three times as much money 
was spent in serving the German 
system as the British. 

-E. H. F. 
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The Master 
Hi -Q Receiver 
in Its Cabinet 
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The 66111 °Q 2999 -A eceiver with a 
andopass v F. Amplifier 

I N THE design of a modern broadcast re- re- 
ceiver it is conceded that quality of 
reproduction and selectivity are of prime im- 

portance. Also, in most cases, a high degree of 
radio-frequency amplification is a distinct asset, 
if it can be secured without loss of stability and 
without affecting the preceding qualifications. 
N high -gain r.f. amplifier preceding the detector 
tube increases the sensitivity of the receiver as 
a whole. Great sensitivity is highly desirable 
from two standpoints. First, it enables the set 
owner to receive programs from very distant 
stations when he feels so inclined, and second, 
it makes possible quite satisfactory reception 
from local and moderately distant stations on a 
very short indoor antenna even in unfavorable 
locations. 

Unfortunately, these three prime requisites of a 

fine receiver, quality of reproduction, selectivity, 
and sensitivity, are by no means independent of 
each other. For example, the modern high - 
quality audio transformers now available make 
possible the construction of a practically perfect 
audio amplifying system. If a power tube is 
used in the last stage of such an amplifier and 
its output fed into one of the better type speak- 
ers, the audio amplifying and reproducing 
system leaves little to be desired. However, 
this system can only amplify and reproduce what 
is fed into it by the detector tube, which in turn 
receives the signal from the radio-frequency 
amplifier. Hence it is evident that even a perfect 
audio system cannot provide a high quality 
output from the loud speaker if distortion is in- 
troduced in the r.f. amplifier due, let us say, 
to excessively sharp tuning, technically known 
as "side band cutting." 

In the same way selectivity and sensitivity are 
incompatible. One of the reasons for this condi- 
tion is not generally understood, and is even 
more seldom taken into consideration. The 
average receiver owner or experimenter bases his 
judgment almost entirely on the "apparent" 
selectivity. This is quite natural, in view of the 
fact that the actual selectivity of a receiver can 
only be determined by a series of very careful 
measurements. The apparent selectivity of the 

By D. K. ORAM 
Hammarlund Mfg. Co. 

OLD timers in the radio game who remember OLD 
difficulty in getting a lot of current into 

the antenna without the double bumped resonance 
curves which usually resulted from their efforts 
may be shocked to learn that a use bas been found 
for such broadly tuned circuits. Since Dr. F. K. 
Vreeland gave bis paper on band selector circuits 
before the I. R. E. we have been waiting for the 
receiver that would put into practice such ideas, 
which consist briefly in making use of the "flat 
top" tuning effect of closely coupled tuned circuits 
or of the "staggering effect" of several circuits tuned 
to slightly different frequencies. 

The present Master Hi-Q receivers employ two 
band -pass filters -that is, two circuits tuned to the 
sane frequency and coupled together, with the result 
that the resonance curve is very flat over a range of 
frequencies controlled by the constants of the circuit 
and with very steep sides, so that unwanted stations 
bave more than usual difficulty in making their 
presence beard. -THE EDITOR. 

ordinary radio set decreases as its sensitivity 
increases. Therefore, of two receivers having 
exactly similar "actual" selectivity and one 
having, say, three times the sensitivity of the 
other, the set having the higher sensitivity (or 
amplification) will invariably seem broader or 
less selective. This principle is very clearly 
shown in Fig. I. Curve A is the response curve of 
the less sensitive receiver when tuned to boo 
kc. Assuming that no boo -kc. station is on the 
air at the time no sound will be heard from the 
loud speaker, as the sensitivity of the set is not 
great enough to bring the 58o -kc. station (which 
is assumed to be on the air at the time) above 
audibility. Curve B represents the response 
characteristic of the more sensitive receiver, and 
under the above mentioned conditions the 58o- 
kc. station will now be heard, since the increased 
amplification of the more sensitive receiver is 

sufficient to bring the signals above audibility. 
Thus it is quite easy to understand why the 
more sensitive of the two sets will appear to be 
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less selective, although in reality one is equally 
as selective as the other. 

THE ADVANTAGE OF THE SCREEN -GRID TUBE 

THE new 222 type screen -grid tube with its 
high amplification factor and extremely low 

plate to grid capacity would at first glance seem 
to be ideal for use in r. f. amplifiers. The manufac- 
turers of these tubes state that a voltage step -up 
of forty or more per stage is obtainable at 
broadcast frequencies. In addition the plate-to- 
grid capacity is said to be of the order of one - 
fortieth of a micromicrofarad or about one -four 
hundredth as great as that between the plate 
and grid of the 201A type tube. Therefore 
the appearance of the screen -grid tube, with a 
capacity so small that neutralization is un- 
necessary, was welcomed by set designers, and 
many circuits using them made their appearance. 
Many of these sets did have enormous amplifica- 
tion, making possible quite satisfactory recep- 
tion on very short antennas. The selectivity of 
these sets, however, left much to be desired -so 
much so that the tube acquired the reputation of 
causing broad tuning. 

In planning the set to be described the na- 
tural advantages of the screen -grid tube were 
carefully considered, and the various methods 
of overcoming the apparent disadvantages were 
also investigated. Two stages of r.f. amplification 
were decided upon as sufficient, as they could 
reasonably be expected to produce an overall 
voltage gain of more than one thousand. In order 
to achieve a high degree of selectivity with this 
amount of amplification some special form of 
tuning is necessary. The conventional antenna 
coupler and two interstage t. r. f. transformers 
were found to be wholly inadequate in the 
matter of selectivity, although the amplification 
was good. The tuned plate- impedance coupling 
condenser and grid leak arrangement specified 
by the manufacturers of the tube was passed 
up for the same reason. Calculation showed that 
it was quite feasible to tune both the grid and 
plate circuits of these screen -grid tubes. This 
is one of the marked advantages of this type of 
tube, since an attempt to tune both grid and 
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plate circuits of an ordinary amplifier tube in- 
variably results in uncontrollable self -oscillation. 
When both grid and plate circuits are tuned a 

two stage r.f. amplifier has a total of five tuned 
circuits, including the grid circuit of the first 
tube. This increased number of tuned circuits 
would naturally provide a marked increase in 
selectivity. In fact the scheme looked so good on 
paper that an experimental receiver was con- 
structed embodying these ideas. The circuit dia- 
gram of the experimental model was sub- 
stantially the same as that of the finished re- 
ceiver shown in Fig. 5. On test, this model per- 
formed in a truly remarkable manner, greatly 
exceeding expectations. The r. f. gain was very 
good- enough to bring in many distant stations, 
including one on the Pacific Coast. The selectiv- 
ity was such that more than a dozen distant sta- 
tions were received while the local stations were 
operating. This test was made last May using 
a 75 -foot antenna located in midtown New York. 

THE COUPLING TRANSFORMERS 

T HE remarkable performance of this receiver 
can best be understood by consideration of 

the principles involved in its design. The inter - 
stage r.f. transformers are quite unique, in that 
they consist of two exactly similar coils. 
One constitutes the primary of the trans- 
former and is connected in the plate cir- 
cuit of the preceding tube, and the other 
coil acts as the secondary and is con- 
nected to the grid of the following tube. 
Each coil is tuned to resonance with the 
desired signal by means of a 0.00035 - 
mfd. variable condenser. Due to the rather 
unusual mounting arrangement the mu- 
tual inductance or coupling between 
primary and secondary is very small. 
However, this does not mean that the 
energy transfer from primary to secon- 
dary is inefficient. On the contrary, when 
two tuned circuits are coupled to each 
other, the maximum secondary voltage is 
obtained when the relation (274)2M2= 
R.1R2 is satisfied, where f is the frequency 
to which both circuits are tuned, M is the 
mutual inductance in henrys, and R1 

and R2 are the effective radio-frequency 
resistances of the primary and secon- 
dary, respectively. In the case of the 
coils used in the receiver under discus- 
sion the maximum secondary voltage is 
obtained with a coupling coefficient of 
the order of one per cent. The physical 
arrangement of the coils, as shown in 
Fig. 3, was chosen because it seemed 
the simplest way to secure such loose 
mechanical coupling while still keeping the 
coils close together, thus conserving space. 

RADIO BROADCAST 

Due to the inherent characteristics of loosely 
coupled tuned circuits each of these doubly 
tuned r.f. transformers really constitutes a band 
pass filter. This is quite clearly shown in Fig. 2. 
In this figure is shown the tuning characteristic 
of one of these double -tuned loosely coupled 
transformers. The dotted line represents the 
response curve of one tuned circuit alone, and the 
solid line that of both circuits properly coupled. 
It will be noticed that the dotted curve of the 
single circuit is a typical resonance curve; very 
sharp on the top at exact resonance and sloping 
gradually toward zero as the frequency is in- 
creased or decreased. On the other hand the 
solid curve of the double circuit is quite broad 
and almost flat on the top 
over about seven kilocycles. 
but slopes more steeply on 
the sides and the response lo 
approaches zero much 
more rapidly above and be- 
low the resonant frequency. 
These curves in Fig. 2 are 
based on actual measure- 
ments of one of the new r.f. 
transformers used in the 
Hammarlund- Roberts "Hi- 
Q 29 

While one of these double - 
tuned r.f. transformers pro- 
vides an unusual degree of 
selectivity, the use of two 
such stages in cascade re- 
sults in a vast improvement. 
As an illustration note that 
the response of an inter- 
fering signal at 20 kc. below 
resonance on the solid curve 
of Fig. 2 is but 9 per cent. 
or about Ili of the re- 
sponse at the frequency 
for which the set is tuned. 
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sponse curve. The top of the curve remains sub- 
stantially the same as shown in Fig. 2; the sides 
become much steeper and the response ap- 
proaches the zero line at a much more rapid 
rate. 

[These percentages, when reduced to losses 
in TU, give interesting figures. At 20 kc. off 
resonance, for example, the discrimination of a 

single resonant circuit -using Mr. Oram's 
percentages -is 14 TU, while the doubly tuned 
circuit gives an additional 8 TU or a total loss of 
22 TU. When these signals are passed through 
an additional doubly tuned circuit this becomes 
44 TU, and if the antenna stage has a discrimina- 
tion of io TU at 20 kc. the total selectivity factor 

becomes 54 TU, which is 
the difference between sig- 
nals from two stations at 
an equal distance from the 
receiver but differing in 
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This is for one stage only. After going through 
the second stage, however, the intensity of 
this interfering signal will have been reduced 
to AT per cent., or about Th. At the same time 
the addition of the second stage does not ma- 
terially affect the shape of the top of the re- 

100 

80 power by a ratio of 
250,000.-THE EDITOR 

The width and flatness of 
70 

S0 

the top of the solid curve 
shown in Fig. 2 has an im- 
portant bearing on the 
quality of the received 
speech and music. This is 
due to the fact that broad - 

.o 

x 

cast stations do not trans- 
mit on a single frequency, 

30 but rather on a band of 
frequencies. The width of 
the side bands varies some- 
what, depending on the 
transmitter adjustment s 

10 and also on the type of pro- 
gram being broadcast. 

1010 1020 1030 They are, however, gener- 
ally conceded to be about 
five kilocycles wide for high 
quality transmission. It is 

therefore apparent that the receiver should be 
capable of amplifying a band of frequencies with 
substantial uniformity if the program is to be 
received faithfully. Hence the desirability of the 
wide flat top on the overall response curve of a 

high -grade receiver. When the top of the re- 
sponse curve is sharp instead of flat all 
the frequencies in the band are not amp- 
lified , lied equally. Consequently certain of 
these frequencies reach the detector much 
stronger than others with the result that 
even the most perfect a.f. amplifier and 
loud speaker will be unable to repro- 
duce the program with its original quality. 

The two double -tuned r.f. transformers 
used in the Hammarlund- Roberts Hi-Q 29 
necessitate the use of four variable con - 
densers -one to tune each of the four 
coils. Since all four of the tuned circuits 
are identical these four variable con - 
densers are rotated by a common shaft 
actuated by a new model drum dial 
having a smooth positive drive without 
backlash. The tuned input circuit to the 
grid of the first screen -grid tube, often 
referred to as the antenna coupler, is of 
the conventional type having a tapped 
primary making it adaptable to different 
length antennas. The variable condenser 
tuning this antenna coupler is on a sep- 
arate shaft and has a separate drum dial, 
thus enabling this circuit to be tuned to 
exact reasonance with the received signal. 

so 

FIG. 3. AN R. F. COIL 
Both primary and secondary of this interesting transformer are 

to diameter and i " long, wound with silk covered wire, 
about 8o turns of No. 28 wire being used. The detector input coil 
has a tap at about the twentieth turn front the grid end, as indi- 

cated in Fig. S. 

OTHER DESIGN FEATURES 

THE volume control is quite out of 
the ordinary and is made possible 

only b y the characteristics of t h e 

screen -grid tubes. It consists of a 
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too,000 -ohm potentiometer, RI, connected 
across the 45 -volt B supply. The center 
tap of this potentiometer provides a variable 
voltage which is impressed on the screen grids 
of the two r.f. amplifier tubes. The amplification 
obtainable from these tubes varies within wide 
limits as the voltage on the screen grids is 
varied, being at maximum around 45 volts and 
dropping rapidly as the screen -grid potential is 

reduced. This provides a very smooth control of 
volume within wide limits without affecting 
quality or tuning In the slightest degree. 

While the screen -grid tubes have a very low 
value of capacity between plate and grid, thus 
almost entirely obviating the tendency to feed- 
back through the tubes themselves, this 
advantage is nullified if feedback occurs in 
other parts of the receiver. Taking this 
into consideration, every effort has been made to 
isolate all circuits in which coupling might result 
in instability. The negative bias for the grids of 
the r.f. tubes is secured by the drop across 
individual to-ohm resistors, Rs and R8 in 
series with the negative leg of each screen -grid 
tube filament. Since the screen grids of both 
these tubes are biased by the too,000 -ohm 
potentiometer, R1, 5000 -ohm isolating resistors, 
R10 and R11, are inserted in the lead to each of 
the screen grids, which are in turn bypassed 
by means of separate o.5 -mfd. bypass condensers, 
Cs and C10. The plate circuits of these tubes are 
likewise isolated by individual filters consisting 
of separate radio-frequency choke coils, L1 and 
L2, and bypass condensers, Cg and Cu. In addi- 
tion to the above mentioned precautions the en- 
tire r. f. end of the receiver is thoroughly 
shielded. Each stage is entirely enclosed in a 
snug fitting aluminum box which is securely 
fastened to the metal chassis. The screen -grid 
tubes are so located that the leads to the control 
grids are as short as possible and well removed 
from the plate leads, which are also very short. 
By placing these tubes between the cans as 
shown in Fig. 4 the can sides are used also as 
tube shields, effectively preventing coupling 
between the tube elements and other parts of the 
circuit. This arrangement provides the minimum 
coupling between output and input circuits, 
which is extremely important. 

The audio amplifier is of the conventional 
type consisting of two stages transformer 
coupled. The a.f. transformers, T1 and T2, 
have a very flat frequency characteristic over 
the -usual a. f. range. An r.f. choke coil is placed 
between the plate of the detector tube and the 
first a.f: transformer to prevent any stray r. f. 
voltages from getting into the a. f. amplifier. 
A 171 type tube is recommended for use in 
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FIG. 4. HOW THE INSTRUMENTS ARE MOUNTED 

the last stage, although other types may be 
used if suitable A, B and C voltages are 
available. 

A. C. OPERATION 

ALTHOUGH the above description is based 
on the battery operated model, a complete 

all electric model has been developed. Arc- 
turus a.c. screen -grid tubes are used and some 
slight changes in wiring are required. Otherwise 
the operating characteristics and set perfor- 
mance of the a.c. and d.c. models are identical. 
Constructional data on the a.c. model may be 
obtained from the kit manufacturers, or through 
RADIO BROADCAST. Fig. 4 is a top view of the 
a.c. set, which is similar in general appearance 
to the d.c. model. 

LIST OF PARTS 

T HE parts used in the d.c. laboratory 

model of the Master Model "Hi -Q 29" re- 
ceiver are listed below. The coil data is given in 
Fig. 3 in case it is desired to make these at 
home. All the other parts are of standard design, 
and substitution of other makes of equivalent 
parts may be made. 
A1, A2, A3 -i Hammarlund coil set, No. HQ -29 
C1 to C5 -5 Hammarlund midline condensers, 

0.00035 mfd., No. M L-17 
Cs-I Sangamo fixed mica condenser, 0.00025 

mfd 

C7-1 Sangamo fixed mica condenser, o.00 I mfd. 
C8 to C11 -4 Parvolt bypass condensers, 0.5 mfd., 

series 200 
J -I Pair Yaxley insulated phone tip jacks, No. 

422 
LI, L, L3 -3 Hammarlund radio -frequency 

chokes, No. RFC-85 
RI-1 Carter " Hi -Pot" potentiometer with 

switch, 100,000 ohms, No. I I -S 
R2 -I Durham Metallized resistor, 2 megohms 
R3, R4, R5 -3 Amperites, No. I -A 
Rs, R7, R8, R9 -4 fixed filament resistors, 10 ohms 

(included in foundation unit) 
R10, R11 -2 fixed resistors, 5000 ohms (included 

in foundation unit) 
T1, T2 -2 Thordarson audio transformers, No 

R -300 
Y -I Yaxley Cable Connector and Cable, No. 

66o 
2 Hammarlund knob -control drum dials (wal- 

nut), No. SDW 
5 Benjamin Cle -Ra -Tone sockets, No. 9040 
2 Eby engraved binding posts 
1 "Hi-Q 29 Master" foundation unit (panel, 

shields, chassis, shafts, binding post strips, 
clips, fixed resistance units Rs, R7, R4, R9, R10 
and R11, resistor mounts, and all special 
hardware required to complete receiver.) 
To place the set in operation the following ap- 

paratus is necessary. 
2 CX -322 tubes 
2 CX -301A tubes 
t cx -371A tube 
Source of A, B, and C voltage (6 volts A, 45, 

90, 135 volts B, 41 and 27 volts C) 

CX-301 A Cx-371 A 

15 Turns 60 Turn 
No.24 No.24 

3" Diam 

1-A-B+C 
2- C 4'h 
3- C 27 
4+B90 
5+B 135 
6+B 45 
7+A 

Rs 

A2 A3 
80 Turns No.28 

113/16 Dian. 

FIG. 5. THE CIRCUIT OF THE "HI -Q 29" 
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THE COMPLETED TRANSMITTER 
The transmitter is shown here with one set of plug-in coils and condensers (except the roteter 
coils, which are shown in Fig. 2) and with the small loopandlamp used testing the 

oscillator and amplifier circuit. 

AMATEURS are a curious lot -years 
ago they should and could bave had 

just such a 1Q20 transmitter as Mr. Kruse 
describes in ibis article, a transmitter that 
stays on the wavelength to which it is set, one 
which delivers a good note, and in which 
vagaries of antenna height or power supply 
are prevented from affecting the frequency of 
transmitted signals. The transmitter is an 
oscillator- amplifier set -up that can be put 
on the air "as is" or that can be used with 
an external r.f. amplifier employing bigger 
tubes. Or, as a later article will describe, the 
present apparatus can be modulated by voicc 
and thereby provide rapid continunication 
over medium distances. 

-THE EDITOR. 

MY` 

GOOD friend H. B. Richmond once 
said that it is good practice to discount 
warnings of radio troubles by 90 per 

cent. in most cases but by loo per cent. if a com- 
plete disaster is announced. 

The rule has worked well for four years. It 
happens that during those four years I have 
probably written or edited as many stories about 
American short -wave radio as anyone. For both 
reasons I have the utmost confidence in applying 
Mr. Richmond's entire loo per cent. discount 
to the present predictions of the calamities that 
are to befall amateur radio transmission when the 
bands are narrowed on January 1, 1929. 

There is absolutely nothing to these dangers 
except state of mind. No legal lightning will 
strike the transmitting antenna; no one will be 
arrested for owning a microphone; no startling 
new apparatus will be needed. 

A set not good enough for 1929 was certainly 
never good enough for 1928; therefore, the set to 
be described is no more of one year than of the 
other. Furthermore it is in no way revolutionary 
except in being so laid out as to permit the use 
of all of the "practical" bands. Incredible as it 
may seem, such sets seem not yet to have been 
built, although their design involves nothing new. 

THE "PRACTICAL" BANDS 

IT IS necessary at the beginning to gain some 
understanding of the importance of breaking 

away from the vicious habit of "choosing a 
wavelength" or a pair of wavelengths, building a 

transmitter for them, and then settling down un- 
til removed by force. The active experimenter 
is not quite as guilty of this practice as the more 
stationary "message handler." Unfortunately 
the beginner is very likely to hear the latter 
(who is constantly on the air) and to follow him 
into the unhappy scramble on 4o and 8o meters. 
As a result howling bedlam exists in those bands 
and its occupants are sure they cannot spare 
even one kilocycle from either band, whereas 
1929 will cut the 4o -meter band from woo to 
300 kilocycles. 

The present situation in the amateur bands, 
with respect to wavelength allocations, is 
summed up in Table I, on this page. 

Analyzing this table, it seems at first that the 
available space has been reduced from 15,000 
kc. to X485 kc., and the amateur deprived of 
half his territory. However, of the 15,000 kc. 
available to the amateur in 1928, the bands 
actually used were only 4000 kc., and this in- 
cludes the almost uninhabited 150 -200 meter 
band. The wavelengths below io meters were 
vacant -some 11.000 kc. of ether space. Now for 
1929 the available space on the to, 20, 40. 8o, 
and 18o meter bands amounts to 3485 kc., and 
this does not include some 4000 kc. on the 
5 -meter band which is crying for development. 

We see at once that the saddest possible way 
of looking at the thing is that we will drop from 
4000 to 3485 kilocycles. Somehow that outlook 
fails to depress me. It seems as if the beginner 
will find quite as much room as before, while the 
present station owner has but to bring his equip- 

TABLE I 

AMATEUR CHANNEL ALLOTMENTS 

1928 1929 

Width in 
kc. 

Wavelength 
in meters 

Width 
in kc. 

Wavelength 
in meters 

500' 150-200 285t 175-200 
500' 75-85.7 500t 75 -85.7 
1000' 37.5-42.8 300t 41.1 -42.8 
2000' 18.7-21.4 

9.99-10.7 
400f 20.8 -21.4 

2000 20001 10.0 -10.7 
4.69-5.35 8000 4000 5.0= -5.4 

1000 0.7477-0.7496 Below 
5 not 

reserved 
4000 kc. 3485 kc. 

used now practical 

'Bands used in 1928. BBands practicable in 1929. 
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ment up to the requirements of a year ago in 
order to be perfectly ready for 1929. 

PRELIMINARIES 

THE discussion and the table will have made 
clear that we should have a set and an an- 

tenna capable of operating at a variety of wave- 
lengths. Having set the transmitter squarely on 
one of those wavelengths we are ready to begin 
telephone or telegraph transmission with the 
certainty of reaching someone. 

The beginning of the whole business is this 
ability to set to a known wavelength with a 

transmitter which will thereafter stay on that 
wavelength. Since we propose to work in 5 and 
possibly 6 bands it would be very expensive, 
complex and time -consuming to do this thing 
with crystal control, nor is that necessary if a 

suitable wavemeter is permanently stationed 
alongside the transmitter. 

It is perfectly possible to build a suitable wave - 
meter, but it is a difficult job even for the ex- 
perienced experimenter who is assisted by cali- 
bration from a quartz crystal or else some new 
standard frequency schedules from our good 
friends of the Gold Medal Station wcco -9x1= 
9wi. It is much more satisfactory to purchase an 
"amateur band wavemeter." 

While the wavemeter is coming we have time 
to explain to the newcomer in transmitting 
what is required in the way of licenses. Two li- 
censes are required, both being issued by the 
Federal Radio Commission through the various 
Supervisors of Radio under Mr. W. D. Terrell, 
Chief of the Radio Division of the Department 
of Commerce. The first license to be obtained is 

the amateur operator's license. One should ac- 
cordingly write to the Supervisor of Radio for 
the particular district in which one lives and re- 
quest information as to the manner of obtaining 
the operator's license. 

The papers received in reply will explain how 
the operator's license is obtained and at that or 
a future time one is advised as to the station li- 
cense which will state the station call and also 
the wavelengths at which it may operate. None 
of the examinations are hard, nor need any fear 
be felt with regard to the test on code reception, 
since the necessary skill can be acquired at odd 
times by listening to short -wave stations and 
ships with a plug -in coil receiver. If there is any 
hurry the thing can be done more rapidly by a 
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week or ten days of tutoring with an operator 
and a buzzer. I t is well if the tutor is very steady, 
and rather undesirable if he is fast, or thinks he is. 

THE QUESTION OF POWER SUPPLY 

HAVING 
done with rumors and law we may 

now get down to radio. There is space 
in this article neither for the fundamentals of 
transmission nor for a technical display of equa- 
tions and curves, and the reader may therefore 
assume the evil preliminaries to have been 
completed before his arrival. The circuit of the 
transmitter is shown in Fig. t, and is a simple 
variation of the Colpitts oscillator which permits 
placing fairly large capacity across each of the 
tube capacities whose variations ordinarily cause 
wavelength changes. Even with such a circuit 
the greatest steadiness is not obtained unless 
it is protected from the variations of the antenna 
system and from changes in filament and plate 
voltage. The antenna variations can be kept 
from tie oscillator (to a very large degree) by 
interposing a stage of neutralized r.f. amplifica- 
tion; our set accordingly consists of a receiving 
tube used as an oscillator with a somewhat 
larger tube acting as amplifier. That idea is, 

of course, very far from new and has during the 
last few years been carried out in many forms. 

To avoid the effects of voltage variation, the 
use of the oxide filament type of tube represented 
by the ux -I 12, or the ux -2oIA tube with the 
thoriated filament, is recommended. Both of 
these tubes can stand slight variations in fila- 
ment voltage without much effect on frequency. 
These are used where storage battery filament 
supply is used for the oscillator, which is, of 
course, desirable for the greatest steadiness. 
Since a storage battery is more or less of a nui- 
sance one may wish to use alternating current fil- 
ament supply. A wide variety of tubes have been 
tried on a.c. supply by the author, and very much 
the best, when both steadiness and life are con- 
sidered, have been the Arcturus Type 28 and 
Type 3o. Please understand that I am not criticiz- 
ing other small tubes, which are doubtless per- 
fectly good for their normal purposes. 

The oscillator plate supply is obtained from a 

18o-volt battery of dry cells, which can be of the 
size represented by the Burgess type 2308, or of 
the larger size. This practice was first hauled out 
of the laboratory and into transmission practice 
by Mr. Willis Hoffman of the Burgess Labora- 
tories. (NOTE: A special heavy -duty lo8 -volt 
unit cataloged PL -5728 has just been put on 
the market by Burgess for this purpose.) By 
providing a very steady oscillator these de- 
vices start the whole set off in the right direc- 
tion. 

THE CIRCUIT LAYOUT 

THE oscillator may be a 201 A, t 12, 1I2A, 
Arcturus Type 28, or even 226 tube. The 

amplifier may be a 112, 171, 21o, 25o, or Arc- 
turus Type 3o tube. Consequently rheostats have 
been omitted entirely in the diagram and dis- 
cussions and are to be supplied externally or else 

built in when the builder has found his pet tube 
combination. The set as it stands is meant for a 

2o1A, 112, or Arcturus Type 28 tube in the os- 
cillator socket and a 112, 171, or Arcturus Type 
3o tube in the amplifier socket. It has, however. 
been run with a 112 in the first socket and a 

210 or 25o tube in the second socket. The oper- 
ation was satisfactory, but the stopping con- 
denser, Cs in Fig. 1, in the amplifier plate circuit 
becomes rather warm at voltages above 300. 
For regular operation with the 210 or 25o as 

amplifiers it should he replaced by a Sangamo 
woo-volt type. With these changes the 
amplifier plate voltage may be carried as high 

O -o 
180V. B 

Osc.JC e ,C^ Amp. 

1, CP 

C 

X Y 

FIG I. THE SCHEMATIC DIAGRAM 

as 600, provided that a similar change is made in 
the plug -in loading condensers for the amplifier. 

I t will be noticed from the photograph 
at the begining of this article that the panel 
shows three peculiarities which may as well 
be explained now. The antenna meter is a 

Weston thermo -galvanometer of the well -known 
model 425 which gives full scale reading with a 

current of 1 1 5 milliamperes. The antenna current 
is ordinarily much larger and the meter is then 
shunted by a short piece of wire whose length is 
found by trial (starting with a very short wire). 
When working with very short waves in the har- 
monic manner explained later the current is 

sometimes very small, but nevertheless the 
shunt should be in place until one is satisfied 
that it may be removed without damage to the 
meter. Secondly, it will be noticed that the an- 
tenna tuning condenser, below and to the right 
of the meter, has no dial. This is my per- 
sonal preference to which the reader is not 
bound, though I prophesy he will find a dial 
worthless. Finally we have the three binding 
posts which have to do with three methods of 
keying, of which more later. 

Since it is impossible to guess just what sort 
of a scale the prospective builder desires he is 

given the opportunity of pleasing himself by so 
arranging matters that both the coils and the 
fixed loading condensers are readily exchanged or 
removed. Thus any one of the coils may be used 
with or without a loading condenser and addi- 
tional coils can be manufactured at will on home- 
made forms or by cutting sections from the 10- 

turns-per-inch Hammarlund "stovepipe" coils 

THE GENERAL RADIO WAVEMETER 
The wavemeter has coils to cover ad the amateur 
wave bands. The small U- shaped coil in the box is 

for the 5 -meter band 
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and equipping them with the same General 
Radio spring plugs with which those shown are 
furnished. the coils to be used in the oscillator 
are center -tapped, the center -tap being brought 
to a third spring plug for which a socket is added 
in the oscillator coil mounting. To permit all coils 
to be used in any position an extra hole is drilled 
in the amplifier coil mounting to accommodate 
this plug. 

Table 2 shows how all the standard bands can 
be reached with a set of Aero transmitting coils 
plus a pair of single -turn copper strip coils such 
as are shown in Fig. 2 for the to meter band. 
The coils illustrated are about 31 " in diameter. 
They are made of strip about h" thick and ö" 
wide. All the bands are well spread out on the 
dial and will be quite O. K. for 1929, especially 
as the dials can be read to one part in woo. 

On the 10 -meter band it is advantageous to use 
heavy wire or strip in the tuned circuits, not to 
reduce resistance but to have less inductance in 
the leads and therefore a bit more in the coil. 

It will be noticed that no arrangement has 
been made for changing the amount of power fed 
from the oscillator to the amplifier except by 
making changes in the size of the feed con- 
denser, Cf. Taps on the coil L1 are a nuisance and 
are therefore avoided. This does not mean that 
C; should be tinkered with after the right adjust- 
ment for a given amplifier tube has been found. 
On the contrary it should be left severely alone 
thereafter since changes in it will shift the wave- 
length calibration, which is not serious but 
rather confusing. Ci may be a small variable 
condenser but this is not recommended for the 
reason just mentioned ; if a change is really needed 
the screw terminals of the Sangamo condenser 
always permit it. A capacity of 5o or too mmfd. 
will meet all needs. For the 210 as amplifier the 
larger capacity is recommended. 

OPERATION 

FOR its normal operation the set needs only one 
meter which is placed in the antenna circuit. 

One must admit that it would be somewhat more 
convenient to operate the set during the first 
few days if at least one more meter were avail- 
able. However, the receiving set will serve the 
same purpose, though a bit less conveniently. 

Everything being assembled and the filaments 
lighting satisfactorily, one should begin by re- 
moving the amplifier tube and making sure that 
the oscillator tube does really oscillate. This can 
be done by listening with the receiving set and 
tuning either the transmitter or the receiver 
slowly. They should not be too close together 
nor should the antenna be connected to either 
one. If the signal is not found in this way a 
milliammeter or a pair of phones may be put into 
the plate supply lead at the point marked W in 
Fig. 1 and the tuning process repeated. At 
resonance a click in the phones or a jump of the 
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meter will be encountered. 
The phones are to be pre- 
ferred since with them the 
observer can recognize the 
familiar sound occasioned 
by an oscillating tube. Do 
not leave the phones in the 
plate circuit long, even with 
a 201A, and do not use them 
at all with larger tubes. 
Fortunately, such oscilla- 
tors usually work promptly. 
If any doubt remains it may 
be removed with a very 
simple device consisting of 
a small flashlamp or a panel 
light to the terminals of 
which is soldered a single 
turn of wire about 3" in 
diameter. This is hung on 
the end of the oscillator 
coil, L1, and will usually 
light promptly unless the lamp is too large 
or too closely coupled to the coil, L1. If no 
light can be obtained with any of the various 
coils in place everything should be gone over 
carefully and as a final resort a different grid 
leak may be tried. 

Since the r.f. amplifier is very much like those 
used in reception it has the same troublesome 
habit of wanting to go into oscillation. 

To make sure of this point one removes the 
lamp -and -loop from Lt and hangs it on the end 
of L2, after which the oscillator is started but the 
amplifier plate supply is left off, although it is 
best to light the amplifier filament. By careful 
tuning of Ca it should be possible to cause the 
lamp to light in the new position. Since the ab- 
sence of plate supply for the amplifier prevents 
amplification it is clear that the power is being 
fed through from the oscillator by capacity effect 
between the plate and grid of the amplifier tube. 
This can be neutralized by adjustment of Co 
until the lamp is out. The adjustment must be 
made without bringing the hand near Cn, which 
calls for some sort of a wooden screwdriver 
whittled from a dowel or the like. The lamp will 
probably go out over quite a wide range of CD. 
The condenser should accordingly be set in the 
middle of this space. It is best to repeat the ad- 
justment with several coils and with different 
settings of C1, G-, and Ca to obtain the best 
average adjustment. 

PIG. 2. THE LAYOUT OF PARTS 

The coils, LI and L2, are the special coils used for covering the to-meter band. They are 
described in the text. Only the plug -in mounts for the oscillator and amplifier loading con- 

densers, Cio and C6 are shown in Ibis picture 

A SIMPLE ANTENNA SYSTEM 

HAVING an oscillator and amplifier in opera- 
tion, one is ready for the antenna. There is a 

general belief that to work on five or six wave- 
bands it is necessary to have as many different 
antennas. Fortunately this is not correct, and a 

single antenna system of normal dimensions will 
give a good account of itself on 5, 10, 20, 40, 8o 
and 180 meters. 

An antenna system can be made to oscillate 
electrically at a variety of frequences without 
the necessity of changing its length each time. 
Thus if we desire to work at 4o meters we need 
not have an antenna which is " just made" for 
that wavelength, but can just as well use one 
which tunes to 120 meters naturally. The 
third harmonic of this wavelength is 40 
meters on which we desire to work. 

This is exactly what is to be used with 
this set -a regular broadcast receiving an- 
tenna about too feet long from the end of 
the lead -in to the tip end of antenna. In 
addition a 75 -foot counterpoise will be nec- 
essary and a good ground connection. When 
on the 18o -meter band the antenna and 
counterpoise wires are connected together 
at the point of connection to the antenna 

coil L. and a ground is attached to the ground 
post. In addition a small loading coil may be 
necessary. On the other amateur bands the 
ground is not used and the counterpoise is at- 
tached to the ground post, the antenna to its 
proper post, and the loading coil not used at all. 

The antenna should be 20 feet or more above 
ground and may be as high as 6o feet. The coun- 
terpoise wire should be not closer than 6 feet to 
ground or any other solid material. 

The practical method of getting the trans- 
mitter on the air is to tune the oscillator to the 
desired wavelength by means of the wavemeter, 
then to tune the amplifier to that same wave- 
length, as shown by the best response of the wave - 
meter when placed at that end of the set, and 
finally to adjust the antenna tuning system so 
that current shows on the antenna meter. 

The movable antenna coil, Ls, is not a device 
for obtaining the largest possible antenna cur- 
rent, which, as a matter of fact, does not give as 
good performance as does a slightly smaller an- 
tenna current. A rough general rule is to start 
with the coil L3 at about 45 degrees and after 
the largest possible antenna current is obtained 
by adjustment of the various tuning condensers 
this coil may be tilted back to a position giving 
about 8o per cent. of the largest current. 

No rule is good in transmitter adjustment until 
one bas checked the result by listening with an os- 
cillating receiver. This should be done without a 

receiving antenna, and the receiver should not 
be in the same room with the transmitter. In 
most cases it will be found that it is preferable 
to detune the antenna slightly, rather than to 
secure the 20 per cent. drop entirely by tilting 
of L. An adjustment that is satisfactory on a 

fair day may not answer through wind and rain. 
On the first bad day the whole series of adjust- 
ments should be checked. 

In order to make precise adjustment and 
reading practical the set is given dials which 
not only have a smooth slow- motion mechanism 
(generally miscalled a "vernier ") but in addition 
have a true vernier scale which permits reading 
to one tenth of one division of the dial scale. 

TABLE 2 
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MICROPHONE AND KEY 

FOR several years there 
has been a rather tire- 

some controversy as to the 
desirability of the micro- 
phone and voice against the 
key and code. It is some- 
what hard to see why a con- 
troversy is necessary, since 
both schemes have ad- 
vantages and disadvantages 
which every man should be 
free to weigh for himself. 
Briefly the phone is rapid 
but has a relatively short 
reliable range, whereas the 
key makes up for its slow- 
ness by a very materially 
greater range and a superior 
ability to work through 
interference and static . 

This at once suggests the use of phone on those 
waves which are most reliable over limited dis- 
tances and the use of the key for longer distance 
work. There is, however, no reason for being ar- 
bitrary about it and I personally feel that an 
unfairness was committed in recommending the 
removal of phone from the 20 -meter band and 
its restriction to the top pair of bands, which in 
effect restricts it to local and semi -local work. 

It will be seen that the various factors inter- 
lock so that unavoidably one must consider the 
question of modulation as a whole, including 
both the key method and the voice method. This 
will be done in a future article. For the present, 
however, the transmitter can be put on the air 
by strapping X and Y(Fig. 1) and keying between 
them and Z or by strapping Y and Z and keying 
between them and X. Short key leads are ad- 
visable. 

LIST OF PARTS 

The parts used in the model of the transmitter 
illustrated are as follows: 
A -1 Antenna meter. Any o-1 ampere type or 

Weston model 425 thermo -galvanometer 
with shunts 

Cl, C2 -2 National Equitune condensers, 0.00025 
mfd., ganged on same shaft 

Ca, CI -2 National Equitune condensers, o.00025 
mfd. 

Co -I Bypass condenser, 0.01 mfd. (see text, 
P. 345.) 

C6-i Sangamo mica loading condenser equipped 
with General Radio spring plugs, 0.00025 mfd. 

C;-2 Filament bypass condensers, 0.006 mfd. 
Cs-1 Fixed condenser, O.005 mfd. 
C9-1 Oscillator grid condenser, 0.0002 mfd. 
Clo-I Sangamo oscillator loading condenser, 

0.00025 mfd. See note on Cs. 
C11 -I B- battery bypass condenser, 0.01 mfd. 
Cr-1 Feed condenser, 0.0001 mfd. 
Ca-1 Hammarlund neutralizing condenser 

Set of plug -in coils as described in 
Table 2. 

L3-1 Aero hinged antenna coil 
R1 -2 Carter center -tap resistors, 15 ohms 
R2, R3-2 Tobe Veritas grid leaks, 7500 ohms 
RFC2, RFC2, RFC3, RFC4-4 National type 

0o Universal chokes 
ABC-Oscillator filament supply posts 

For d.c. connect B & C 
For a.c. leave B blank, connect A to D 

and C to F 
DEF- Amplifier filament supply posts 
XYZ-Control posts. Use for phone and 

telegraphy 
2 National Vernier dials 
2 General Radio sockets, type 349 
Composition front panel, 7" x 21" 
Composition base board, 8" x 21" 

The tubes which may be used and the power 
supply are discussed in the text. 

Band 
(Meters) Ose. Coil Amp. Coil 

10 1 turn special 1 turn special 
20 3 turn standard 3 turn standard 
40 3 turn standard +C 3 turn standard +C 
40 8 turn standard 8 turn standard 
8o 8 turn standard +C 8 turn standard +C 

180 16 turn standard +C 17 turn standard +C 

C = 0.00025 -mfd. plug -in condenser. 



TWO American pat - 
Two Interesting ents which should in- 
Patents terest technical readers 

are quoted and illus- 
trated in Radio (Berlin) for July, 1928. 
The first (No. 693,646) is shown in Fig. 1, 

slightly redrawn, and was issued to Fritz 
W. Falck of Los Angeles. It is composed 
of a system to prevent distortion due to 
core saturation in an audio amplifier. The 
idea is to use two transformers as shown 
and to divide the load so that either 
transformer will be adequate to "separ- 
ately handle the current without dis- 
tortion." 

The second patent (No. 148,975) given 
mention in the July issue of Radio 
(Berlin) has been granted to a well known 
worker in radio fields, Dr. Lewis M. 
Hull, and consists of a two -grid tube 
circuit, the second grid being used in con- 
nection with an external inductance to 
impress upon the second grid "a com- 
pensating voltage of proper phase and 
amplitude to oppose feedback currents 
flowing through the capacities of the tube 
between anode and control grid." 

The diagram in Fig. 1 illustrates Doctor 
Hull's scheme. It has been seen many 
times within the last year in foreign pe- 
riodicals, which have done considerably 
more with multi -grid tubes than has been 
done in the United States. Technicians 
will see the purpose of the extra grid 
and the coupling coil -to do away with 
the necessity of neutralizing the grid - 
plate capacity of the tube. 

Such a circuit cannot be used with our screen - 
grid tubes since they have been designed with an 
entirely different purpose in mind, i. e., to de- 
crease the inherent grid -plate capacity to such 
a low figure that danger from unwanted oscilla- 
tions is minimized. 

"Strays" 

from the 

Laboratory 

'Radio as a 
Scapegoat 

IT HAS become necessary 
for the Royal Meteorological 
Office to answer the many 
people of England who feel 

that broadcasting has something to do with 
weather. The prevalence of bad weather in 
England has been laid to the influence of the 
radio signals which of course cover that land, 
and in spite of the loud "no" which the Royal 
Meteorological Office answers to such ideas, it 
is probable that people will go on blaming 
the radio for everything that seems out of 
season or out of keeping with their plans and 
pleasures. 

It is difficult for people to believe that radio is 

something that falls under the laws of nature, 
just as automobiles or flat irons do. Not a 

week passes by but what some doctor, or lawyer, 
or teacher, who ought to know better, approaches 
us with some argument like this: "Now, I don't 
know anything technically about radio, but 
wouldn't this be a good idea ?" and then he 
launches forth on some impossible or already old 
scheme. The fact that the laws 
of transmission and reception are 
well known, and that methods 
of attaching coils, condensers and 
tubes together are already printed 
in books, never causes the would - 
be radio inventors a moment's 
pause. And when some engineer 
tells them that their scheme is 

not worth wasting time on, they 
always feel he is liable to steal 
the idea and hasten for this rea- 
son to find another and less trained 
ear for their schemes. 

SERVICE men often run 
AScreenGrid into strange and interesting 
Mystery problems. Suppose you were 

called out to look at a screen - 
grid tube receiver which seemed pretty "dead" 
although all of the tubes burned with normal 
brilliancy, voltages were correct, there were no 
opens or shorts, etc? Would you finally trace 
the trouble to lacquer on the small metal cap 
on top of one of the screen -grid tubes and to 
which a wire should normally have made an 
electrical connection? A case of this sort came 
to our attention recently; once the lacquer was 
scraped off and proper electrical connection 
made, the receiver, needless to state, came to 
life. 

THE rapidity with which 
Mortality Among such tubes as the 171's burn 
the eA. C. Tubes out when their filaments are 

operated from a.c. may give a 

clue to the real reason why a.c. tubes seem to be 
shorter lived than battery tubes. The fault is not 
with the tubes, it lies with poor power line 
regulation. At times the line voltage is high, and 
naturally the filament voltage is high. Some 
tubes decrease in life by 5o per cent. when the 
voltage across the filament increases ten per 
cent. 

Mr. A. O. Viereck, of Springfield, Mass., states 
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that 171 tubes lasted less than ioo hours 
for him until he hit upon the plan of 
placing a resistance in series with the 
filament, and turning it so that the fila- 
ment was just bright enough to prevent 
distortion. At the time of writing the 
letter his 171 "still was going strong," 
although it had been in use for over two 
months. 

A still better remedy, of course, is to 
put a resistance in the 110 -volt line which 
feeds the receiver. This may be set so 
that the voltage to the power equipment 
is below the point where too frequent 
tube replacement becomes necessary due 
to overloaded filaments. 

Few people realize that considerable 
power must be dissipated within the tube 
and that overloading its filament or plate 
circuits is vastly more important, econo- 
mically, than overloading its grid with 
a.c. voltages. A ten per cent. increase in 
line voltage produces a 20 per cent. in- 
crease in power used up in the filament 
and an equal increase in power required 
by the plate circuit. The filament must 
bear the brunt of all this increase, and 
unfortunately it does not have the margin 
of safety that is found in a machine rated 
in kilowatts. 

NOT long ago we read 
Engineers as with considerable 
Salesmen interest the statement 

of the head of a well 
known eastern university that the av- 
erage salary of the graduates of this 

institution of the class, let us say, of 1910, is 
kept down to a rather low figure by the salaries 
of men now engaged in teaching, those in govern- 
ment service and those who are engineers. 

It is only too true that engineering as a pro- 
fession does not pay so well as selling bonds, or 
real estate, or selling anything, for that matter. 
However, it is encouraging to note from time to 
time the increasing appreciation for the work of 
the engineer and the laboratorician. The follow- 
ing statement comes from a vice -president of one 
of the largest banking institutions in New York 
City and is quoted from Science, April 27, 1928: 

"When any New York banker is called upon 
to finance any corporation or business, es- 
pecially one based directly or indirectly upon 
scientific pursuits, the first investigation made is 
in regard to the attitude of the institution toward 
the advancement of scientific knowledge. If 
there is maintained a scientific laboratory with 
a generous regard for the advances in pure 
science, the security is, to that extent, considered 
good. But if no attempt is being made to keep 
up with, or a little in advance of, the develop- 
ments in science, then no considerable loan wil' 
be risked upon such a venture. Permanent busi- 
ness success is too intimately linked with scien- 
tific attainment to make any other attitude 
safe." 

We chatted recently with the executive of a. 

radio company whose name is every- 
where a synonym for quality, for 
honest dealing and for the genial 
friendliness of its personnel. This 
organization is making changes in 
its methods of merchandising which 
will practically eliminate its present 
selling organization -the non -tech- 
nical salesmen, who as far as salaries 
go rate much higher, in general, 
than engineers. 

"\Ve have found," stated this. 
executive, "that our best sales- 
men are our engineers. They know FIG. i 
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what they are talking about, what the organ- 
ization they are "selling" needs; they can get 
into laboratories where no salesman would 
get even a pleasant look. They talk on equal 
terms with the chief engineer or director of re- 
search of the greatest organizations. Not one of 
our engineers goes out in the field who does not 
return with an armful of orders." 

The Arcturus Radio company has recently 
decided to employ graduate engineers in their 
sales department. Mr. L. P. Naylor, Sales 
Manager, says: 

"We need them on the road quite as much as 
in the lab. A. C. tubes are in a way a highly 
technical development -as well as something 
new. Reactionary dealers often bring up specious 
arguments against their use which can be an- 
swered authoritatively only by an engineer. And 
besides, the logical mind of the technically 
trained man is psychologically well grounded 
for sound salesmanship." 

And so it looks as though the engineer may 
come into his own after all. Our idea of a good 
way for a young man to divide his time in college 
is to spend about three years in engineering 
school and three years in business school. He 
could then get a job selling bonds for the technical 
apparatus he, as an engineer, has designed. 

We gloat over Mr. Naylor's final words, "the 
logical mind of the technically trained man is 

psychologically well grounded, etc." They may 
help to tide us over those bad moments when our 
classmate of the class of so-and -so, who sells 
real estate, invites us for a ride in the park in his 
new Packard. 

Testing for 
Soft Tubes 

lates to our recent 
for soft tubes: 

Tubes which contain gas. popularly called 
soft tubes, can be detected with the circuit 
shown in Fig. 3. The test is made by touching 
lead a to the grid lead as shown, thus short - 
circuiting the grid leak. If a click is produced in 
the phones the tube is soft. Absence of a click 
indicates a hard tube. 

The test described is based on the fact that.in 
gaseous tubes there is some ionization produced 
in the tube even at low and moderate plate 
potentials. The ionization is caused by electrons 
striking the gas molecules and breaking them in 
pieces, some of which are positive (ions) and 
Tome negative (electrons). The positive ions are 
attracted by the negative grid, causing a grid 

THE following quotation 
from a letter from Professor 
Frederick Emmons Terman, 
of Stanford University, re- 
request for methods of testing 

current to flow through 
the grid leak. Short - 
circuiting the grid leak 
alters the grid potential 
by eliminating the volt- 
age drop of the grid cur- 
rent in the grid leak, 
thus causing a change of 
plate current, and a click 
in the phones. When 
there is no gas in the 
tube, no positive ions are 
produced, and as elect- 
rons will not flow to the 
negative grid, there is no 
grid current, no voltage 
drop in the grid leak 
due to grid current, and 
hence no click in the 
phones on shorting the 
leak. 

In carrying out the 
test a leak of at least a 
megohm should be used. 
It is also desirable to 
use a rather negative C 
battery, such as three or 
more volts. Soft tubes, 

such as the 2ooA, will draw a considerable 
electron current at grid voltages of one or two 
negative, and upon increasing the C bias the 
grid current goes through zero and changes direc- 
tion, being positive ion current beyond about 22 
volts. To make certain a suspected tube is soft, 
it is desirable to test it at two grid voltages to 
insure that the reversal point of zero grid cur- 
rent is avoided. 

With 45 volts on the plate and minus 3 volts 
on the grid, a 201A tube gives substantially no 
click, while a 2ooA tube, which contains much 
more gas, produces quite a thump. 

Short -Wave 
Reception 

OUR ONLY comment to this 
letter lifted from World Radio 
(England) is that Mr. Bell 
either has a magnificent DX 

receiver or a grand location. 

I should like to report on short -wave re- 
ception in America. As everyone knows. 
short waves are no good over short distances. 
Consequently, reception of U. S. stations is 
poor. To tabulate: 
United States. 

2x AF: Very fine in daylight; hardly audible 
at night. 
2xAD: Always poor, especially at night. 
8xe: Very fine in daytime. 
8xtc: Excellent on some nights. 
8xAL: Excellent on some nights. 
2xAL: Good only in daytime. 

Australia. 
2ME: Excellent with loud speaker strength 
5 :30 -8 :3o A. M. E. S. T., relayed 5sw re- 
cently; 5 sw coming 2o,000 miles. 

Java. 
ANH: Good volume, 7-8 A. M. 

Holland. 
PcJJ and PCLL: Always received with a 
strong signal, almost any hour. 

England. 
5sw on 24 meters relaying 5xx. I have 
left this till the last 
for I want to write at 
some length about it. 
5sw as received in 
this part of America is 
simply phenomenal. 
Using (o-V -2) every 
evening I can easily 
run the loud speaker 
5 -7 P. M. E. S. T. 
5sw at 5 P. M. is 
as strong a signal as 
wEAF, 50 kw. (too 
miles east), 492 m. 
5sw 7:30 -8:30 A. M. 

is received with good 
headphone strength. 
But from 2 -7 P. M. 
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(when England is in darkness and America 
in daylight) 5sw is as regular and depend- 
able as many of our U. S. stations. One 
would think we were in the British Isles. 

Big Ben is an old friend. We have been in 
the Savoy Hotel, Carlton Hotel, Ambassador 
Club, New Princess Restaurant, Hotel Cecil, 
and other places. 

Some of the best programs are the organ 
recitals from Bishopsgate and Southwark 
Cathedral and the National Symphony con- 
certs. 

Now a word about the medium wave- 
lengths. 2L0 is the most consistent. Spain 
is next. I will tell about one night (January 
21) which was a fine night for European 
reception: -(These stations were on accord- 
ing to World Radio). (After 5:3o P. M. E. S. T., 
dark here): - 
303 meters Nurnberg Drowned out by 

WGR. 
306 Fair dance music. 
312 Carrier wave. 
326 Drowned out by 

W PGH. 
Very fine. 
Fair. 
Very fine - dance 

music. 
375 Fair. 
38o Good. 
385 Good. 
396 Drowned out by 

W PAP. 
Drowned out by 

w LIT. 
Frankfurt Good. 
Langenberg. Under WRC. 
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2BE 
5N0 
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EÁ17 
Stuttgart 
2ZY 
Hamburg 

405 `4 5sc 

428 et 

47 o t' 
492 t' 5GB Under WEAF. 

It is unfortunate that WRC and WEAF are 
always on, making reception of these last two 
impossible. 

RAYMOND M. BELL. 
55 Wilson Street, Carlisle, Pennsylvania 

IN ENGLAND the argu- 
The Remler A. F. ment as to whether the parts 
Amplifying System of a radio system should each 

be perfected or whether the 
whole system should have a "flat characteristic" 
has assumed much greater proportions than any 
such discussion in this country. This is due, no 
doubt. to the fact that few radio manufacturers 
prepare a complete tuner, or amplifier, or other 
assembly of radio equipment, but have been more 
interested in selling a part such as an audio 
transformer or a coil. 

The curves in Fig. 2 represent the frequency 
characteristic of the new Remler audio -frequency 
amplifying system -about which we shall have 
an article in the near future. It is composed of 
two stages, as usual, each of which distorts 
somewhat. When combined, however, the de- 
fects of one stage are taken care of by the 
other so that a very good characteristic results. 
The advantage of such "matching" of one unit 
to another lies in the greater over -all amplifica- 
tion that can be secured. For example it is not 
possible to build at reasonable cost a 6.5 to I 

audio transformer that will not fall off in voltage 
step -up at low frequen- 
cies. When added to an- 
other stage which rises 
at the low end the result 
is as shown. 

The average gain of a 

two -stage audio system 
using high grade parts is 

+45 about 5o TU. This curve 
shows that the Remler 
amplifier has a gain of 57 

TU or a difference of volt- 
age step -up of from 30o to 

IT FOR TESTING approximately 71o. 

-KEITH HENNEY 

FIG. 3. A CI RCU 
LIARD AND SOFT TUBES 
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OF MANY different receivers 
described during the past 
few months in the various 

radio publications, one that has 
obtained unusual popularity is the 
National Screen -Grid Five, an article 
on which appeared in the May issue 
of RADIO BROADCAST (pages 20 -22). 

With the advent of the a. c. screen - 
grid tube, it now becomes possible to 
redesign this receiver for complete 
a. c. operation without sacrificing 
any of the meritorious points of the 
d. c. model. 

In redesigning the set for c. 

operation it was found desirable to 
divide it into three separate units 
-the tuner, the amplifier, and the 
power supply. Such a division was 
made for two reasons -improved 
performance and convenience. 

Satisfactory performance requires 
that the a.c. "hum" be reduced to 
an extremely low value, possible 
when the position of the power box 
relative to both the tuner and the audio 
plifier can be adjusted. Such an arrange- 
ment is also convenient, as it permits the 
tuner being mounted in a small cabinet and 
placed on a small table, while the rest of the 
apparatus is located in some out -of- the -way 
closet, bookcase or chest. Or again, the tuner 
may be placed in the upper part of a small 
console cabinet with the amplifier and power box 
in the lower or "battery" compartment. 

Another advantage of the separate unit ar- 
rangement is the simplicity of construction for 
the person who wants a set capable of quality 
performance and yet does not want to become 
involved in the construction of a power amplifier. 
All that is necessary for such a person to do is 
assemble and wire the 2 -tube tuner, which, due 
to the design, is most simple, and then connect 
up a standard ready built amplifier, power box, 
and speaker. 

But in the end what really counts is the per- 
formance of the receiver. Everyone is interested 
in tone quality. The city dweller is also 
vitally interested in selectivity, which in this 
tuner is such that it enabled the author in a 
recent test at the Hotel Stevens in Chicago to 
get any of the local stations without interference 
even from KYW, which is only a * block or so 
away. In congested areas like Chicago and New 
York the reader should not, however, expect 
distant station reception through the locals. 
Some experimenters may get a few dx stations 
while the locals are on, but those who don't 
should not be disappointed. In smaller cities 
such as Boston, however, no trouble is had in 
breaking through the locals. With careful tuning 
the writer can tune out the local wNAc and bring 
in wit only to kc. above at almost any time. 

am- CrHIS article gives the construction of an 
1 a.c. model of a screen -grid tuner, a d.c. 

model of which was described in the May, 
1928, issue of RADIO BROADCAST. Mr. 
Millen, in this article, describes the use of this 
tuner in conjunction with a completely a.c. 
operated transformer- coupled audio ampli- 
fier using type 25o tubes in push -pull. It is 
interesting to note that the author recommends 
the use of about 30o volts on the plates of the 
25o tubes so as to make possible the use of a 
less costly power supply than would be re- 
quired if 50o volts were to be supplied to each 
of the tubes. 25o tubes in push -pull with 300 
volts on the plate can supply to the loud 
speaker about 4 watts, which is more than 
sufficient for any ordinary installation. 

-THE EDITOR. 

WPG, WGY, WEAF, four or five of the Chicago 
stations and any number of others are received 
with fair regularity. 

THE TUNER 

THE 2 -tube tuner described in this article is 
quite similar to the model described in the 

May issue of RADIO BROADCAST, with the differ- 
ence that this set is for complete a. c. operation 
whereas the former model was for battery opera- 
tion. This set consists of a regenerative detector 
preceded by a stage of r. f. amplification using 
a CeCo a. c. screen -grid tube. The detector is a 

type 227 tube. The two tuning condensers, Ct 
and C2 in Fig. I, are ganged together to a com- 
mon drum dial and variations in the first tuned 
circuit, due to the effect of the antenna circuit, 
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are compensated by means of the 
antenna trimmer, which is a small 
movable winding, L2, mounted in- 
side the secondary, Lt. Those who 
want to may of course construct 
the set using two separate dials, 
making it a dual control receiver, 
in which case the antenna trimmer 
will be unnecessary. 

The screen -grid tube is coupled to 
the detector circuit by means of an 
r. f. transformer especially designed 
for the circuit, the primary, L3, con- 
sisting of 55 turns of No. 38 wire, 
slot wound and located at the fila- 
ment end of the secondary, L.4. The 
latter coil is made of 90 turns of No. 
28 wire on a tube 2" in diameter. 
The tickler, La, has 22 turns on a 

movable form located at the grid 
end of the secondary. The antenna 
coil, LI, has 65 turns of No. 28 
wire on a 2" tube; the coil Lß con- 
tains 12 turns. 

To prevent instability due to 
coupling in the plate supply the B plus lead to 
the plate of the screen -grid tube is bypassed to 
the cathode by a i-mfd. condenser, C,, and volt- 
age for the screen grid is fed to the tube through 
an r. f. choke coil, Le; this circuit is also bypassed 
to the cathode by condenser C2, which has a 

capacity of i.o mfd. To prevent hum the heaters 
of the two tubes are grounded by the connection 
between ground and the 25-ohm center -tapped 
resistor, R. 

In assembling the tuner first mount all the 
parts on the sub -panel as indicated in Fig. I 

and 2. The coils, tuning condensers and drum 
dial are all obtained as a single unit mounted on 
an aluminum girder frame and can be simply 
screwed fast to the sub -panel. The two choke 
coils, Le and Lr, are mounted in clip holders. 
As indicated in the Fig. I the sub -panel is sup- 
ported at the rear end on two small brass pillars 
so as to leave space under the sub -panel for the 
location of the bypass condensers and the several 
other pieces of apparatus and to permit most of 
the wiring to be done under the panel where it 
does not affect the appearance of the completed 
set. 

In mounting the apparatus and wiring the 
receiver, frequent reference should be made to 
circuit diagram, Fig. 3, and Figs. I and 2 Any 
type of hook -up wire or bus bar may be used. 
For the receiver illustrated in this article bus bar 
was used. The wiring is a simple, straightfor- 
ward job and no difficulties will be experienced if 
care is exercised in the construction of the set. 

As the a. c. 222 tube is of the 2.25 -volt heater 
type, similar to the type 227 detector tube, one 
heater voltage is required. This same voltage 
can be used for lighting the dial light, small dial 
lights with 2.5 volt filaments now being obtain- 
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FIG. 1. TOP AND BOTTOM VIEWS OF THE TUNER 

able from the manufacturer of the dial. It will 
be noted that a single ii -volt flashlight cell is 
used to obtain bias for the control grid of the 
type 222 tube. While it is possible to obtain this 
voltage by means of resistors and a condenser it 

was felt that the additional expense of this ar- 
rangement was not warranted. 

The practice of locating the volume control at 
the end of an extension cord rather than on the 
panel proper is becoming quite general, but 
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whether the actual control is located on the 
panel or at the end of an extension cord does not 
affect the type of control which is recommended 
for use with this receiver. The volume control 
consists of RI and R2 in Fig. 3, an arrangement 
for varying the positive bias on the screen grid 
of the type 222 tube. R1 has a value of moo ohms 
and R2 a value of 5000 ohms. 

THE AUDIO AMPLIFIER 

ANY good audio amplifier may be used with 
the screen -grid tuner as just described. 

The writer uses the push -pull amplifier illus- 
trated in Fig. 4. This amplifier uses the new 
National Veritone audio transformers which 
have cores of a special nickel -steel alloy, for 
by the use of such a core material it becomes 
possible to reduce very materially the bulk of 
the transformer and at the same time to improve 
its frequency characteristic. 

It will be noted from the Fig. 4 that 
four sockets are provided in this amplifier. The 
additional socket is of the UX type and is con- 
nected in parallel with the UY socket in the 
first stage. Therefore, when the amplifier is used 
with a tuner employing. d. c. tubes, a type I I2A 
tube may be used in the first stage in place of 
the 227. 

The C- biasing resistors located in the amplifier 
base are of such values as to provide automatic- 
ally the proper C bias to either the type 210 
or 25o power tubes, regardless of the plate voltage 
used. Where high volume is desired and the 
use of high plate voltage is not objectionable. 
then it is recommended that a pair of type 210 
tubes be used in the power stage. For home use, 
however, far more than sufficient volume is ob- 
tainable when using 25o type tubes at about 
30o volts. It is not necessary to use 50o volts on 
the plates, for with 30o volts as delivered by the 
power box shown in Fig. 5, it will not be possi- 
ble to overload the tubes at normal volume 
levels. The power output will be about 4 watts. 
Onè of the great 'advantages of push -pull ampli- 
fication, in addition to improved tone quality 
as the result of the reduction of harmonic dis- 
tortion, is the fact that a relatively low plate 
voltage suffices to give a large undistorted power 
output. 

If more than one speaker is to be operated at 
one time, regardless of the type of amplifier 
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This diagram corresponds with the circuit diagram, Fig. 3, with the exception that the volume control re- 
sistors, R1 and R2 are not shown, since, as indicated in the text, some constructors may want to locate this 

control at the end of a flexible lead. 
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being used, it is most important that they all be 
connected so that they work together, i. e., in 
phase with one another. Such a relation is ob- 
tained by reversing the leads to those loud 
speakers which are out of phase. 

THE POWER SUPPLY 

AS HAS already been pointed out, the reason 
for separating the amplifier and power 

supply is to reduce the a. c. hum to the lowest 
possible value. A hum level hardly noticeable 
with the ordinary cone loud speaker will be 
quite objectionable with a dynamic cone. 

In the author's opinion, a power unit capable 
of delivering Soo volts to the plates of a pair of 
25o tubes is unnecessary, as well as quite costly; 
for the 4 -watt output which two 25o tubes in 
push -pull will deliver with 30o volts on their 
plates is ample for all home installations. 

The National power box, shown in Fig. 5, 

uses a single type 28o full wave rectifier, and 
the output of the unit is about 30o volts at a 
current drain of loo milliamperes. Each B volt- 
age is adjustable by means of the small levers 
which control the position of moving contacts 
on a wire wound output potentiometer. In addi- 
tion, a. c. filament voltages of 1.5, 2.25, and i.5 
are provided. The filament windings are supplied 
by a separate transformer completely shielded 
from the high -voltage B transformer. A safety 
switch is provided which shuts off the power 
whenever the cover is raised sufficiently to ex- 
pose the terminals. 

NOTES ON OPERATION 

IN HOOKING up the various apparatus, the 
power box should be located at least two feet - 

preferably a little farther -from either the set 
or the amplifier, and should be moved around 
until the position of minimum hum is obtained. 
A.good ground connection must also be 
made to the B minus terminal on the 
power unit. The a. c. supply cord should 
be kept well away from any other leads 
and especially from the input side of the 
audio amplifier. If the a. c. type of dyna- 
mic speaker is used, it also should be 
placed as far as possible from the audio 
amplifier and tuner in order to prevent 
the picking up of stray leakage flux from 
the field supply transformer and rectifier. 

Under no condition should one of the 
special shields now on the market be used 
over the a. c. 222 tubes, as such shields 
prevent proper heat radiation and will 
ruin the tube in a very short time. 

Very excellent performance from the 
tuner may readily be obtained with a 

short wire connected directly to the con- 
trol grid of the type 222 tube (the cap 
on top of the tube) as an antenna. In 
fact, such an antenna is to be recom- 
mended for use wherever extreme selec- 
tivity is desired. Where the set is not 
located very close to any broadcasting 
stations, however, a zo' or 25' indoor an- 
tenna may be used. Such an antenna 
should be connected directly to the tap on 
the antenna coil. Where the conventional 
5o' to 6o' outdoor antenna is to be used, 
the series antenna condenser, C must 
be employed as in Fig. 3. Such an antenna 
will be found of considerable aid in in- 
creasing the range and volume output of 
the receiver on distant stations in any 
location where local interference, power 
leaks, and other sources of noise are not 
bothersome. 

When the receiver is first put into 
operation, the antenna trimmer should 
be set in mid -position, the set screws on 
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FIG. 3. THE SCHEMATIC DIAGRAM 

the tuning condensers loosened, and then some 
local station should be carefully tuned -in by 
moving by hand the two tuning condensers 
separately. This process is necessary in order 
to get the two circuits in step. The set screws 
are then tightened, and any slight variations on 
other stations may be compensated by means of 
the trimmer. If the two circuits are not properly 
lined up, broad tuning and lack of sensitivity 
are certain to result. 

In tuning for distant stations. the use of re- 

L7 

o 

generation in the detector circuit will be found of 
great assistance. As a result of the use of the 
screen -grid tube in the r. f. stage, the set will 
not radiate and the detector may, if desired, be 
permitted to oscillate, in which case stations may 
be picked up by their carrier waves, without an- 
noying the neighbors. 

I n order to obtain smooth regeneration 
it is advisable to try several different values 
of grid leaks and also different values of 
detector plate voltage. 

1-I6. 4. THE: N \"IIONAL l'OVvER AMPLIFIER 

FIG. 5. THE NATIONAL POWER BOX 

LIST OF PARTS 

TH E list of parts given in this article 
indicate those used in the model illus- 

trated. A substitution of other equivalent 
parts is possible. 

Cl, C2, L1 to L5 -1 National tuning unit, 
No. 222. 

4, L7-2 National r. f. chokes, No. 9o, 
with mounts 

C3, C4 -2 Tobe bypass condensers, 1 mfd. 
C5 -1 Sangamo fixed condenser, o.000l 

mfd. 
C6-1 Sangamo fixed condenser, o.001 

mfd. 
C7-1 Sangamo fixed condenser, o.00025 

mfd. , 

R1 -1 fixed resistor, woo ohms 
R2-1 variable resistor, 5000 ohms 
Ra -1 General Radio center -tapped resis- 

tor, 6o ohms 
R4 -1 grid leak, with mount, 2 megohms 

2 General Radio 5 -prong sockets 
1 Westinghouse Micarta front panel, 

7 "x18" 
1 Westinghouse Micarta sub -panel, 

7 "x17" 
1 1-volt flashlight battery 
I Ceco a. c, 222 tube 
1 Ceco N 27 tube 
1 2.', -volt dial lamp 

To make the set operative, an .\ power 
supply of 2.25 volts a. c., a B supply of 
18o volts, and an audio amplifier and 
loud speaker, are necessary. In the hook- 
up described, a National push -pull power 
amplifier was used, with a dynamic 
cone, and the A and B power was 
supplied by a National Power Box, No. 
25oAB. The power amplifier uses 2 

Ceco L5o tubes and 1 Ceco N 27 tube, 
and the power box 1 Ceco R8o tube. 
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THIS department began enlightening the 
world in the March, 1925, issue of RADIO 
BROADCAST. At that time broadcasting was 

full of uncertainties and worries, with all its 
statesmen trembling for its commercial future, 
and their constituents ready to drink shoe polish 
every night. The present stability of the broad- 
casting business cannot be ascribed to the publica- 
tion of this department, which now amounts to 
a total of 17o,000 words, or the length of two 
novels, with several Saturday Evening Post 
stories left over. But neither can any man say 
that our writings have interfered with the 
development of the field. 

Without misgivings, therefore, we now present 
some general discussions in branches of technol- 
ogy allied to broadcasting. This is in line with 
our previous policy of not confining our subjects 
to broadcasting proper. We have ranged over 
considerable portions of the radio telegraphic 
art, wire telephony, television, and public ad- 
dress work. In other words, we have gone wher- 
ever the vacuum tube went, and that is pretty 
far. But then. the broadcaster who aims to know 
only his own business is likely to find that he 

does not know even that which he thinks he 

knows- another application of the Parable of 
the Talents. 

At this time the application of sound effects 
to the movies is undergoing rapid development. 
This article is not a contribution to the engineer- 
ing of the subject, which, naturally, contains its 
own intricacies. It is intended merely to give a 

semi -technical, general picture of what is going 
on. 

The commercial methods of synchronizing 
sound and motion pictures utilize two basic 
methods of recording and reproducing the sound: 
phonograph records, and photography or other 
marking on the film. In either case what has been 
done is substantially the addition of a public 
address system, properly synchronizec, and 
actuated by a sound record instead of a micro- 
phone, to the moving picture equipment, in the 
reproducing process; while in the recording job 
we add the audio portion of a broadcasting equip- 
ment to the motion picture camera, precautions 
being taken similarly to keep the two in step. 

The phonographic method is simple but does 
not provide absolute synchronization, since the 
film and disc remain separate entities throughout 
and synchronization depends on the coupling 
affected between them. Photographic methods of 
recording the sound on the picture film give 
more assurance in this regard. but entail modi- 
fications in the picture in order to make 
room for the sound record. This is, however, 
a perfectly feasible device in practice. 

In all sound picture recording where 
microphones are used in the moving picture 
studio they must be placed out of range of 
the camera, or, if they are within the picture 
field, they must be hidden or camouflaged 
so that they will not appear in the picture. 
In some news reel work the microphone is 
allowed to show in the picture. but this is a 

special case. Fig. i shows how a talking or 
vocal record of a performance may be 

made simultaneously with the picture. The 
microphone is placed just above the field 
taken in by the camera, but close enough 

Sound Motion Pictures 
to the performer to pick up the sound effectively. 
The output of the microphone is faithfully am- 
plified in all its essential frequencies, just as in 
broadcast practice, through as many stages as are 
required to get a few watts of audio energy, and 
with the usual precautions against overloading. 

If phonograph disc recording is employed the 
resulting audio energy is used to cut the record. 
The fundamental practice does not differ from 
electric phonograph recording as described in 
various technical publications during the last 
few years. The discs are larger, 16 " -2o" sizes 
being used in place of the usual commercial 
10 " -12" records. During recording the wax is 
usually viewed through a microscope in order 
to control the excursion of the stylus, which 
must vibrate through an amplitude sufficient to 
over -ride noise in the low portions of the music, 
without cutting into the adjacent groove during 
loud passages. An audio monitoring check is of 
course used at the same time. A common driving 
motor for the camera and the turntable on which 
the wax is mounted may be employed. By means 
of gears such a machine, running at a constant 
speed of, usually, 12oo r. p. m., may be made to 
take the film through at a standard speed of go 
feet per minute, while the turntable revolves 
at 33 r. p. m. By means of electromagnetic 
governing methods the speed of the motor may 
be kept very constant. If it is desired to separate 
the sound and picture recorders individual 
motors may be used; these usually operate on 3- 
phase alternating current and are of the syn- 
chronous type, especially designed for the pur- 
pose. In the reproducera common drive is always 
used for the camera and phonograph turntable. 
In one commercial form an ingeniously designed 
motor generator operating on 6o- cycle, 3- phase, 
110- or 220 -volt a. c., with the speed controlled 
through a small 72o -cycle generator on the same 
shaft, furnishes the driving power for the repro- 
ducer. 

In sound film phonograph work recording is 
generally done starting from the inside of the 
record. The space at the center permits a better 
start to be made, and the higher peripheral speed 
on the outside is an advantage in the handling of 
the loud passages which usually come at the end 
of a number. The records are plainly marked for 
start and finish. The start is made with the driv- 
ing power off, the needle set at the beginning of 
an inside spiral on the disc, and the starting 
frame on the film similarly in the aperture of 
the motion picture projector. At least two pro- 
jectors are provided in the theatre for continuous 
operation. The amplifier portion may or may not 
be in duplicate also. In the larger houses dupli- 
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cate amplifier equipment is naturally provided, 
whatever system of sound reproduction is in- 
stalled. 

When the sound record is photographed on 
the film the picture must make room for it, as 
shown in two sound film strips reproduced in 
Fig. 2. The sound track is only about one 
tenth of an inch wide, and in a standard 
film width of 1.3779 inch (35 millimeters) it is 
not difficult to accommodate the sound as well as 
the visual record. In Fig. 2 the sound tracks 
appear next to the left hand lines of sprocket 
holes. The picture frames may be allowed to re- 
tain the same ratio of length to height, in which 
case they must be optically reduced in printing, 
or, in the photography, a little strip may be sliced 
off one side, the height remaining the same. 

The picture and sound may be recorded on the 
film in one operation, but this entails the com- 
plication of forcing the camera men and the audio 
recording men to work in close proximity. Usu- 
ally it is preferable to place the camera in a 
sound -proof booth (when required) and to locate 
the sound recorder in another booth where a 

monitoring speaker may be kept in operation. 
The two machines are run by synchronous motors 
as previously explained, the starting point on 
each film being indicated by a light marker. 
Separate sound and picture negatives are thus 
produced; these are combined photographically 
and positive prints containing both records, 
properly synchronized, may thus be turned out. 

There are two principal methods of recording 
the sound by means of light modulation. One is 
known as the variable density method; the re- 
sulting record consists of lines of different de- 
grees of darkness the full width of the sound 
track, the record being made by admitting light 
to the film with an intensity proportional at 
each instant to the loudness of the sound. Or, 
alternatively, the sound record may be of the 
variable amplitude type, in which the whole 
width of the sound track is occupied only by the 
loudest sounds recorded, and vibrations of lesser 
amplitude are recorded in correspondingly 
narrower zigzags. Both these forms of marking 
are shown in Fig. 2. The latter form of mark- 
ing is similar to an oscillogram, and is, in 
fact, made by means of a galvanometer 
on the order of an oscillograph. The number of 
bands in the variable density record, and the 
number of peaks in the variable width method, 
in a given distance along the film, is of course 
proportional to the frequency. 

The method of recording (Fig. 3) is as follows: 
The film is run through the recorder at the 

standard speed of 90 feet per minute. The 
microphones pick up the sound, which is 

amplified in the usual manner. If a variable 
density record is to be made the output of 
the amplifier varies the intensity of a special 
glow lamp, the light from which is permitted 
to reach the film through a slit less than the 
width of the sound track (loo mils) and 
undera mil wide. In the case of the variable 
width record the audio currents cause the 
element of an oscillographic galvanometer 
to vibrate. A minute mirror mounted on 
the element reflects light from a constant 

FIG. I source onto the film in such a way that the 
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width of the exposure corresponds in loud- 
ness to the sound input to the system. 
The exposure is also made through a 

narrow slit. 
In reproduction (Fig. 4) the film is run 

through the projector at the same speed. 
If the speed in the projector is higher 
than standard, the reproduced notes will 
be sharp; if lower, flat. A constant source 
of light shines through a narrow slit 
similar to that found in the recorder onto 
the sound track of the film. A photo- 
electric cell receives the light passing 
through the sound track. The light it re- 
ceives through the film at each instant 
depends on the density of the record at 
that point, or its width, depending on 

which method of recording is used. In 
either case the output of the photo -electric 
cell should be proportional to the original 
intensity of the sound. The current out- 
put of the cell is only a fraction of a 

microampere, but two or three stages of 
audio amplification bring it up a level 
where it can be handled by amplifiers of 
the usual broadcast type, followed by 
an output stage the size of which de- 
pends on the amount of volume required. 
In one type the output stage, in large houses, 
utilizes four tubes in push -pull parallel, each 
having an oscillator rating of 5o watts; the total 
power delivered to the plates is about 20o watts, 
so it may be conjectured that 3o -4o watts of 
undistorted audio energy are delivered to 
the loud speakers. The power stage is preceded by 
six stages of audio amplification. The usual gain 
controls, meter panels, etc., are on the panels. 

The speakers are mounted above, behind, or 
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FIG. 2. TWO "TALKIE" FILM STRIPS 
The two talking movie film strips, reproduced above in exact s: ¿e, 
show how the sound record is photographed on the film. In the film 
at the left the sound is recorded as a zigzag line at the left of the 
film. In the strip at the right, the sound track at the left of the film 
is made up of bands of varying degrees of darkness extending the full 

width of the sound track 
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on the sides of the motion picture screen. I n 

some cases they are made to "fly" with the 
screen, i. e., the speakers are attached to the 
screen and may be pulled up with it into the 
scenery loft. Or the speakers may be pushed 
around on trucks backstage. The proper number, 
location, and orientation of speakers depends on 
the power of the outfit and the acoustic charac- 
teristics of the house. 

Lord Rayleigh on Sound 

IN THE May, 1928, issue of the I. R. E. 

Proceedings there is a review of Lord Ray - 
leigh's treatise on the "Theory of Sound." 

The book has recently been issued in a revised 
edition, two volumes, 494 pages, by Macmillan 
in London. The I. R. E. review is by Harvey 
Fletcher of the Bell Telephone Laboratories. 
My comments are a review of a review, but there 
is enough substance and inspiration in Ray - 
leigh's classic work on sound to stand that 
attenuation. 

Few broadcasters have the physical back- 
ground to appreciate Rayleigh's book equation 
by equation, but one has only to page it to real- 
ize that one holds the record of a great piece of 
work by a great physicist. Dr. Fletcher points 
out that "The Theory of Sound" has been the 
standard text on the subject for the last 5o years. 
The first edition appeared in 1877, the year in 

which Alexander Graham Bell demonstrated his 
invention of the electric telephone before the 
British Association of Science. The work on 
which the book is based was largely finished, 
therefore, before the invention of the telephone. 
Yet telephone engineers refer to it frequently, 
and no one can write a book on acoustics or 
vibrating systems without leaning hard on Ray- 
leigh. 

I n a second edition which appeared in 1894 
a chapter on "Electrical Vibrations" appeared 
among other additions. This marked the trans- 
ition of the treatment of audio vibrations from 
the mechanical to the electrical aspects. But 
almost all the electrical theorems, however gen- 
eralized and intricate, are found in the differen- 
tial equations of Rayleigh's investigation of 
mechanical vibrating systems. Rayleigh perhaps 
never saw anything like a wave filter or an arti- 
ficial line, but his grasp of the general meaning 
of oscillation was such that his analyses required 
only a little adaptation to be useful in dealing 
with such devices. 

This unity of the acoustic past and present is 
manifested in some of Fletcher's sentences, as 
when he writes, " It is strikingly difficult to trans- 
mit energy of vibration from air to steel, or vice 
versa, for the amount which crosses the junc- 
tion is only o.0000l of that which arrives at it. 
In other words, a transmission loss (sometimes 
called a reflection loss) at a junction between 
air and steel is about 5o TU." Rayleigh ex- 
pressed in Ty tells us why a tuning fork makes 
as little noise as it does, even though it vibrates 
vigorously; fundamentally it is because air and 
steel are such different substances. The same 
loss occurs when we try to transmit oscillating 
electrical energy from one circuit to another 
with widely different constants. 

Another interesting point brought out by 
Fletcher is Rayleigh's evident regard for the work 
of Heaviside, to which he frequently refers in 
the 1894 edition. Six years before the invention 
of the loading coil, Rayleigh discussed attenua- 
tion and distortion along lines, saying, "The 
cable formula ... is an example ... where waves 
of high frequency are attenuated out of propor- 
tion to waves of low frequency. It appears from 
Heaviside's calculations that the distortion is 

lessened by even a moderate inductance." This 
also appeared to Professor Pupin. Rayleigh goes 
on: "The effectiveness of the line requires that 
neither the attentuation nor the distortion ex- 

teed certain limits, which, however, it is 

hard to lay down precisely. A considera- 
ble amount of distortion is consistent 
with the intelligibility of speech, much 
that is imperfectly rendered being sup- 
plied by the imagination of the hearer." 
For this the telephone companies can still 
thank God. 

Rayleigh also pointed out, in Fletcher's 
words, "the definite limitations of a horn 
radiating sounds having wavelengths 
larger than the opening of the horn." 
And, while we are admiring Sabine as he 

deserves, let us not forget the following 
paragraph which Fletcher has quoted 
from Rayleigh: 

In connection with the acoustics of 
public buildings there are many points 
which still remain obscure. It is im- 
portant to bear in mind that the loss of 
sound in a single reflection at a smooth 
wall is very small, whether the wall be 
plane or curved. In order to prevent 
reverberation it may often be necessary 
to introduce carpets or hangings to 
absorb the sound. In some cases the 
presence of an audience is found suffi- 
cient to produce the desired effect. 
In the absence of all deadening 

material the prolongation of sound may 
be very considerable, of which perhaps the 
most striking example is that afforded by 
the Baptistery at Pisa, where the notes of 
the common chord sung consecutively may 
be heard ringing on together for many 
seconds. According to Henry it is important 
to prevent the repeated reflection of sound 
backwards and forwards along the length of 
a hall intended for public speaking, which 
may be accomplished by suitably placed 
oblique surfaces. In this way the number of 
reflections in a given time is increased, and 
the undue prolongation of sound is checked. 

Rayleigh also deduced from the equations for 
the transmission of sound through air of uneven 
temperature that in the usual auditorium, where 
the air is warmer at higher points, sound will be 
refracted upward and consequently a speaker 
will be heard better by listeners above than be- 
low him. 

As the viscosity of the air is small, sound 
waves do not decline rapidly in amplitude. The 
loss is greatest for the higher frequencies. A 
sound having a wavelength of one centimeter 
loses two thirds of its initial amplitude in travel- 
ling through 88 meters, while a graver sound, 
with a wavelength of io centimeters, suffers 
the same attenuation in traversing 8800 meters. 
The attenuation is proportional to the square 
root of the frequency. 

" I t is frequently stated," says Fletcher, end- 
ing his review, which contains more substance 
than many an original paper, "that when a 

treatise on a scientific subject has become 10 

or 15 years old, it is ready for the cellar or the 
garret, its obsolescence being due to the rapid 
advances, which science is making. This book on 
'The Theory of Sound' is certainly an exception. 
lt is now more than 5o years old and it will 
continue to be used for a good many years." 
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A RECEIVER OF STRIKING APPEARANCE 
The SargentRayment receiver, with its aluminum cabinet and panel mounted upon a walnut base 
moulding, and black control knobs, presents an unusual and rather modern appearance which is per, 
haps more in keeping with the electrical age which it typifies than the more conventional wooden cabi- 
nets. The gang condenser control is in the center, and the volume control at the right; the other five 

knobs control the individual trimming condensers for balancing exactly the r. f. stages 

The SargentoRayment Seven Receiver 

TH E receiver described in this article is 
striking in that it departs successfully 
from many of the generally accepted 

tenets of home -built receiver design, and ap- 
proaches the standards set by the higher priced 
factory -built sets costing up into the hundreds 
of dollars. It was developed by Messrs. Sargent 
and Rayment, the inventors of the Infradyne 
circuit which created considerable interest 
several years ago, and it embodies four individ- 
ually shielded stages of t.r.f. amplification, a 
detector, and two audio stages of the Clough 
design. As it has several unusual features it is 

felt that a description of the salient engineering 
points of the design will be of interest to readers. 

From the photographs and diagram it is 
seen that the receiver consists of an aluminum 
shielding assembly which serves the dual pur- 
pose of a cabinet for the entire receiver, and 
individual stage shielding for the different cir- 
cuits of the set. This cabinet is made up of a 
pierced aluminum chassis, with the edges turned 
down, to which are fastened a number of smaller 
formed pans which serve as partitions, thus 
dividing the inside of the cabinet off into seven 
separate and distinct compartments. The as- 
sembly is completed by the front and back 
panels, which are bolted to the chassis and to all 
eight partitions, and finally by an aluminum 
cover, the edges of which are turned over to 
provide tight lap joints when the cover is placed 
on the receiver assembly. All of the metal work is 

of 7/64" aluminum, which provides most satis- 
factory electrical shielding. The complete shield- 
ing assembly alone uses nearly fourteen pounds 
of aluminum; the size is 27g" long. 12i" wide, 
and 88" high. In the picture on this page the 
receiver assembly is shown mounted upon a 
walnut base moulding which trims up the ap- 
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pearance so that the set would not look out of 
place in the average living room. The aluminum 
assembly is finished in attractive satin silver. 

Examination of the different illustrations and 
the circuit diagram in Fig. i shows that the 
amplification progresses from the antenna tun- 
ing circuit in the extreme left compartment of 
the aluminum shielding cabinet, through the 
four stages of tuned r.f. amplification to the 
detector in the sixth compartment. Four screen- 

HE names Sargent and Rayment are 
11 probably familiar to many of our readers 

as the designers of the Infradyne, a receiver 
which has been described by our contempo- 
rary, Radio, on the Pacific Coast. The re- 
ceiver described in this article is of the tuned 
radio - frequency type, employing four stages 
of r.f. amplification with type 222 tubes. The 
audio amplifier contains two transformer 
coupled stages. 

Although all the tuning condensers are 
controlled from a single dial, the set cannot 
truly be considered a single control receiver, 
for to obtain the maximum possible results 
the designers have placed small midget con- 
densers across each tuned circuit. This, we 
feel, is a good idea, for it means that each 
circuit can be definitely adjusted to exact 
resonance. To put together a receiver con- 
taining this number of r.f. stages and have 
each stage in exact resonance with all the 
others throughout the entire broadcast band 
would necessitate exceedingly accurate coil 
and condenser matching. 
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grid tubes are used in the r.f. stages, and a 
201A, or preferably a 112A, for detector. In the 
extreme right compartment is housed the 2 -stage 
audio amplifier and output transformer with the 
volume control. The center compartment of 
the receiver is left vacant except for the drum 
control dial which turns all five of the tuning 
condensers. All stage compartments are 12" 
deep, 61" high, and 48" wide. 

PERFORMANCE I TESTS conducted upon different models of 
l the Sargent -Rayment receiver during the 
period of its development, rather surprising re- 
sults were obtained. On the West Coast, where 
the average receiver capable of giving adequate 
selectivity for other locations generally falls 
down quite badly, due to a number of peculiar 
local conditions, the Sargent -Rayment Seven 
has given positive io-kc. selectivity -that is, it 
will separate distant stations ten kilocycles away 
from local broadcasters. As a specific instance, io- 
kc. separation was obtained on either side of Iwo 
in Oakland, Cal., and in the same location KRLD 
of Dallas was brought in between KFI and KFRC. 
This is very exceptional operation in this local- 
ity. Such selectivity seems to leave little to be 
desired, for the receiver will go down to the noise 
level and bring in on the loud speaker any station 
sufficiently louder than atmospheric noises to be 
distinguished from it. To many radio fans this 
statement does not mean very much because 
upon the less sensitive receiver it is seldom in- 
deed that the noise level observed is ever so 
loud as to drown out signals. This is not true of 
the Sargent -Rayment, for a simple turn of the 
volume control knob will increase its sensitivity 
to a point where weak atmospheric noises come 
in with a roar under conditions which would 
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FIG. I. THE SCHEMATIC WIRING DIAGRAM 
If a í 12A or 2ro tube is used in the power stage, the plate lead of the power stage should be connected to ter- 
minal 3 of the output device, T3: if a 171A or 25o tube is used, to terminal 2. Also note that if ¡8o volts or 
less is used with a i ¡2A or 171A tube in the last stage, the speaker should be connected to terminal of T. 
as indicated in solid lines. If more than ¡8o volts is used -as with a 210 or 25o tube -the speaker must be 

connected through a 600 -volt 2.o -mfd. condenser to terminal 2, as indicated by the dotted lines 

ordinarily be quiet for other receivers. Models 
of the receiver brought to Chicago and tested 
under the trying conditions produced by twenty 
or more local stations in simultaneous opera- 
tion, have brought in as many as one hundred 
broadcast stations in a single evening's tuning. 
One receiver was tuned over the broadcast band, 
beginning at 55o kc. and going up the frequency 
scale. As rapidly as the dial could be turned and 
the verniers trimmed for maximum signal 
strength, new stations could be logged. When 
the evening was over, it was found that a station 
had been logged for every transmission channel, 
beginning at 55o kilocycles and going on up to 
over ¡200 kilocycles before any gaps were found 
(channels upon which no station could be heard). 
This in itself is a remarkable record, and one 
which indicates the high degree of amplification 
that may be had in a carefully designed tuned 
radio -frequency receiver taking full advantage 
of the possibilities of screen -grid tubes and 
adequate shielding. 

CIRCUIT DESIGN 

ALL of the four r.f. stages consist of essentially 
similar tuning coils and tuning condensers 

associated with screen -grid amplifier tubes and 
the necessary bypass condensers and choke coils 
to insure absolute isolation of the various ampli- 
fier circuits. Each stage embodies an r.f. trans- 
former with the secondary wound of 72 turns of 
No.25 plain enameled wire on a threaded bakelite 
tube 24" in diameter, the winding occupying a 

space 21" inches long. The turns are spaced 32 
turns per inch. The r.f. resistance characteristics 
of this coil are most excellent. To each of the in- 
terstage r.f. transformer secondaries is coupled 
a primary consisting of 25 turns of No. 28 d.c.c. 
wire, wound upon a 21" diameter bakelite tube, 
fitting inside the secondary at the filament end. 

Upon close observation, the antenna coupling 
coil. L1 in Fig. 2, will be found to differ slightly 
from the interstage coupling transformers in the 
succeeding r.f stages. This coil is of the tuned 

rejector type, having a primary winding of 
20 turns of No. 28 d.c.c. wire with the turns 
spaced e" apart on a tube 24" in diameter. 
This winding is common to the antenna 
circuit and the grid circuit of the first r.f. 
tube. Surrounding this coil, and coupled closely 
to it, is a second coil which is similar to the 
secondary windings in the succeeding stages. 
This coil is tuned by the first or extreme left -hand 
tuning condenser and serves to reject effectively 
undesired signals, without having its tuning 
greatly affected by various sizes of antenna. 

Examining a typical r.f. stage, it is seen to 
consist of the r.f. transformer; the o.00035 -mfd . 

tuning condenser with its associated 0.000025 - 
mfd. midget vernier condenser; a tube socket 
for the screen -grid amplifier tube; two ; -mfd. 
bypass condensers, and two radio -frequency 
choke coils. Each amplifier circuit is complete 
in its own shielded compartment, and the only 
leads carrying r.f. current running from stage to 
stage are the plate leads. One of the ; -mfd. 

FIG. 2. WITH THE TOP REMOVED 

From left to right are the four r. f. stages, the detector stage, and the two -stage audio amplifier 
housed in one compartment. In this compartment the second -stage audio transformer, T2, is mounted 
on top of the output transformer, T3. The five trimming condensers, Vu, V2, V3, V4, and Vs, are 
mounted just under their respective tuning condensers. The mounting of the remainder of the parts 

above the sub -panel is clearly sbown in this picture 

.w 
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condensers is connected from the screen -grid to 
the grounded shield. and one from the B plus side 
of the r.f. transformer primary to the grounded 
shield. Electrical isolation is further insured by 
the use of two ri. choke coils, one connected in 
the screen -grid lead and one in the plate lead of 
each r.f. amplifier stage. These chokes are 
placed on the under side of the chassis. An addi- 
tional r.f. choke is used in the detector plate 
circuit to prevent any r.f. currents from straying 
into the audio amplifier. 

With all of these precautions, the receiver is 
remarkably stable; however, it is capable of being 
made to oscillate when desirable. A detailed 
analysis of the functioning of the screen -grid 
tubes as r.f. amplifiers indicates that even 
though the plate -to-grid capacity of the screen - 
grid tube has been reduced to an almost negligi- 
ble value, this value is still high enough to allow 
oscillation if sufficiently good circuits are used 
with the tube. As very good circuits have here 
been employed to provide as high amplification 
and selectivity as is possible, the volume control 
has been combined with a stability control so 
that the r.f. amplifier stages may be operated at 
peak efficiency at every wavelength, regardless 
of oscillation tendency. 

Measured amplification curves of the different 
stages show repeater voltage gains varying from 
17 at 55o meters to 3o at 200 meters, these com- 
paratively low values having been selected in 
order that the full merit of the tuned circuit 
might be taken advantage of to obtain the 
selectivity required by modern broadcasting 
conditions. The rising characteristic of the r.f. 
amplifier at short wavelengths is compensated by 
the tuned antenna input circuit, which has an 
opposite characteristic in that it shows greatest 
voltage step -up at 55o meters with a decreasing 
step -up at shorter wavelengths. 

The five tuning condensers, CI, C2, C3, C4, 

and Cs, are all connected together, and are 
operated by a single drum control dial, this con- 
nection being effected by means of the floating 
removable shafts, and flexible couplings arranged 
to link the condensers. The receiver can be tuned 
over the entire broadcast band with the single 
tuning drum, no difficulty being experienced in 
ganging, due to the high accuracy of the double 
spaced condensers employed. I t was felt desir- 
able, however, to equip each stage with individual 
tuning verniers, V1, V2, V3, V4, and Vs, so that 
there would be absolutely no question in the 
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mind of the operator that his receiver could al- 
ways be tuned to absolute peak efficiency on 
any and all wavelengths in the broadcast band. 

NOTES ON CONSTRUCTION 

T HE construction of the receiver is quite 
simple, for there is available for it the com- 

plete shielding assembly, fully pierced, and re- 
quiring only the insertion of some 88 162 screws 
with their nuts and lockwashers, to put it to- 
gether. The use of this large number of screws 
to hold the shielding together is the result of 
an interesting fact discovered during the de- 
velopment of the set. At first an endeavor was 
made to use the simple and attractive corner - 
post type of assembly, attaching these posts to 
the chassis and slipping the partitions, ends, 
front and back panels into the slots of 
these corner posts. The result was a very 
attractive mechanical job, but of very poor 
electrical characteristics, for the electrical joints 
provided between the partitions and the chassis 
(and for that matter between the partitions and 
the corner posts) were of such a variable nature 
as to change the entire performance of the re- 
ceiver. It was necessary merely to strike the 
shielding with the palm of one hand to change 
the electrical contact between the different 
portions of the shielding, thereby altering their 
shielding effects on the circuits. From these re- 
sults it was found that it would be necessary to 
use lap- joints and thick aluminum and to insure 
positive contact at many points, which accounts 
for the use of nine fastening screws to each parti- 
tion. 

The parts, and accessories, used in the 
Sargent -Rayment Seven are listed at the end 
of this article, and being of standard manu- 
facture, may all be procured upon the open 
market, including the especially prepared alum- 
inum cabinet assembly. The coils may be wound 
at home from the data given in the text. The as- 
sembly of the receiver is quite simple, involving 
only the mounting of the parts upon the pierced 
chassis with machine screws, wiring them up, 
and finally, the attachment of partitions and 
front and back panels with the 88 machine 
screws previously mentioned. The wiring of the 
set is surprisingly simple for a receiver of this 
type, as may be seen from a study of the two 
pictures in Fig. 2 and Fig 3. The schematic 
wiring diagram in Fig. 1 also shows the simplicity 
of the wiring. 

LIST OF PARTS 

In the list below the substitution of equivalent 
parts may be made at the builder's choice. 

Cl to Ce-5 S -M variable condensers, 0.00035 
mfd., type 320-R 

C6 to C13 -8 Poly met Bypass condensers, 0.25 mfd' 
C14 -I Polymet Grid condenser, 0.00015 mfd. 
C1s-I Polymet Bypass condenser, 0.002 mfd. 
C16, C17---2 Potter Bypass condensers, i.o mfd. 
D -I National Velvet vernier dial, type F, with 

illuminator 
L1 -, S -M antenna coil, type 141 
L2, La, L.,, Ls -S-M r.f. transformers, type 
L6 to L14 -9 S -M r.f chokes, type 275 

Carter resistor, 3 ohms, type H -3 
R2-, Carter resistor, i.o ohm, type H -1 
Ra -i Grid leak, 2 megohms 
R4-1 Durham resistor, 150,000 ohms, with leads 
Rs--I Yaxley Junior potentiometer, 3000 ohms, 

type 53000 -P 
Yaxley Junior switch, double circuit 

(d.p.s.t.), type 740 
SH -1 S-M aluminum shielding cabinet with 

control legends, type 705 
T1 -1 S-M first -stage audio transformer, type 

255 
T2-1 S-M second -stage audio transformer, 

type 256 
Ta -I SM output transformer, type 251 
VI to Vs-5 S -M midget condensers, 0.000025 

mfd., type 340 
1 S-M walnut finish base moulding, type 706 
1 S-M io -lead battery cable, type 708 

2 cartons S -M hook -up wire, type 818 
7 S -M tube sockets, type 511 

2 Yaxley insulated tip jacks, type 42o 
I set hardware (obtainable from manufacturer) 
The accessories necessary to make the set 

operative are as follows: 
4 cx -322 r.f. tubes 
I cx -301A or, preferably, cx -t 12A detector tube 
I cx -112A first a.f. tube 
1 Cx -371A power tube 
16 -volt storage A battery or A -power unit 

4 45-volt heavy -duty B batteries or a B -power 
unit (180 volts), such as the S -M 67o-B 
Reservoir Power unit 
402 -volt C battery 

141 -volt C battery 

If it is desired to use a cx -35o type power tube 
in place of the '371 in the last stage, a high - 
power A -B -C supply, such as the S-M 675 ABC 
Hivolt Power supply, should be used. In this 
case only the 41 -volt C battery is necessary, 
and a 2 -mfd., 600-volt condenser must be 
placed between the speaker and terminal 2 of 
the output transformer, T3, (See Fig. 1.) 

142 

FIG. 3. THE UNDER SIDE 
This view gives an idea of the simplicity of the wiring of the receiver, resulting from the use of the 
metal chassis as the A minus circuit return. The mounting of the condensers and chokes on the 

under side of the chassis is also clearly shown 
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AN ALTERNATING current is one in which 
the magnitude and direction of flow of the 

current are continually changing. A direct cur- 
rent flows steadily in a given direction and at 
a more or less constant magnitude. The laws 
governing direct current phenomena and ap- 
paratus and the associated circuits are fairly 
simple; Ohm's Law will enable the experimen- 
ter to solve nearly all d.c. problems he runs 
into. The laws of a.c. circuits, on the other 
hand, are more complex -but for this very 
reason provide more enjoyment for the experi- 
menter and those who like to solve problems. 

Home Study Sheet No. 3 shows how Ohm's 
Law is to be applied to some radio problems; 
this Sheet gives the fundamental facts about 
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DEFINITIONS 
At regular intervals the direction of flow of an alternating current 

reverses, and therefore its variations in magnitude are as follows: the 
voltage starts at zero, rises to a maximum in one direction, decreases to 
zero, changes its direction, increases to a new maximum and then falls to 
zero, after which the CYCLEjs repeated. Figure 1 is a representation of 
a single cycle of a.c. voltage. Such a picture is called a SINE WAVE. 
The number of times a second this cycle is repeated is called the FRE- 
QUENCY; the time required for one cycle is the PERIOD. 

House lighting currents are usually of 60 cycles although in some locali- 
ties 25 -cycle and 133 -cycle circuits exist. So slowly do the alternations 
take place on a 25 -cycle circuit that lights burning from them seem to 
flicker, although people who have never seen lights operated from circuits 
of higher frequency seem not to notice the unsteadiness of their own il- 
lumination. Audio-frequency currents have frequencies ranging from as 
low as the ear can hear. about 32 cycles per second, to as high as we can 
hear, about 15.000 cycles per second. Radio circuits have frequencies 
ranging from about 10,000 cycles to as high as 30,000,000 cycles. Long - 
wave transoceanic communication takes place on the lower radio fre- 
quencies. broadcast transmissions on frequencies between 550.000 and 
1,500,000 cycles, short -wave communication from 1,500.000 to 30.000.000 
cycles. A kilocycle is one thousand cycles. 

PLOTTING AN A. C. CURRENT 
O To show graphically what happens when an alternating current flows. 

let us look at Fig. 2 which consists of a circle in which is a rotating arm 
attached to the center and touching the circumference -a rotating radius. 
Suppose the circle moves to the right -carrying with it the rotating arm - 
at a constant speed such that it moves the distance of its diameter in the 
time it takes the rotating arm to make one complete rotation in a counter- 
clockwise direction. Suppose a piece of chalk is attached to the end of the 
arm touching the circle. What sort of figure would it trace out as the two 
motions referred to take place? It would be a wavy form exactly like the 
alternating current curve in Fig. 1. The arm represents (mechanically) 
the rotating armature of an a.c. generator; the movement of the circle to 
the right represents the passage of time. The curve is a graphic represen- 
tation of the changing values of an alternating current. 

PHASE 
Since a complete circle has 360 degrees, we may speak of the position 

of the arm in terms of the number of degrees it has rotated within the 
circle. When it is perpendicular to its starting position it has traversed 
one quarter of 360 degrees or 90 degrees; when it is parallel but pointing in 
the opposite direction, it has gone through 180 degrees. or one ALTER- 
NATION. and so on. These various positions of the rotating arm are 
called its PHASES. Thus we speak of the 90- degree phase. and so on. 

Since the magnitude of the voltage in an a.c. circuit is continually 
changing, it becomes expedient to have a means of knowing what the 
voltage is at any particular instant. At 0 degrees it is zero. at 90 degrees it 
is maximum. at 180 degrees it is zero again. at 270 degrees it is maximum. 
but in the opposite direction, and at 360 degrees the cycle is completed, 
and the voltage is again zero. 

A.C. -INSTANTANEOUS VALUE 
The INSTANTANEOUS value of an a.c. voltage or current is always 

referred to with regard to the maximum value. That is, if we multiply 
the maximum value by some factor which connects it and the phase. we 
shall have the instantaneous value. 

A measure of the instantaneous value is the vertical height of the end 
of the rotating arm above the horizontal axis. The vertical height is 
measured by the length of the line dropped perpendicularly from the end 
of the arm to the horizontal axis; it is known as the vertical component. 
Now let us remove the vertical arm and its accessory lines from its circle 
and make what is known as a vector diagram at the 45- degree phase. In 
Fig. 3 let us label the arm, E (maximum voltage). the vertical component 
e (instantaneous voltage). and the angle which represents the phase. 4). 
Now if we divide the vertical component by the length of the arm. that is, 
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e /E, we shall have a ratio which is defined 
mathematically as the SINE of the angle, 
usually written sin This is the factor which 
connects the length of the arm and the vertical 
component. 

Thus sin Q> = e/E or e = E sin 
The numerical values of the sines of a num- 

ber of angles are given in Table 1. and with 
their use we have a means of calculating the 
instantaneous values of a voltage provided we 
know the maximum value and the phase angle 
in degrees. At 90 degrees the vertical compo- 
nent is equal to the arm E and so the instan- 
taneous value of the voltage at this phase is 
the maximum value. Can you prove this mathe- 

matically, using the data in Table 1? 

EFFECTIVE OR R.M.S. VALUE 
Since an alternating current is reversing at a rapid rate, the needle and 

mechanism of an ordinary d.c. meter would indicate only an average 
value which would be zero. Some other means must therefore be provided 
for comparing an a.c. current with a d.c. current. 

We say, therefore, that an a.c. current is equal to a given d.c. current 
when they produce the same heating effect, and this value of the a.c. 
current is called its EFFECTIVE value. It is equal to the maximum value 
divided by the square root of 2, or 

I max. 
IefC.= 

V 
=Ix.707 

Eefr,=EZ'-Ex.707 
and 

Since the heating effect of a current is proportional to the square 
of the current, we may obtain the effective or heating value over a com- 
plete cycle of alternating current 
by taking the average of the squares 
of several instantaneous values of 
current and extracting the square 
root. This value of current is then 
the square root of the average or 
mean squares of a number of values 
of current. This is abbreviated to 
"root mean square" or r.m.s., which 
is another term for effective value. 
In this expression "mean" and 
"average" have the same meaning. 

The maximum or "peak" value 
of an a.c. voltage is used in deter- 
mining the C bias necessary for an 
amplifier; the r.m.s. value is used 
in all power problems. It may be 
obtained by dividing the maximum 
value by 1.4 or by multiplying 
the maximum value by O. 707. Me- 
ters for use on a.c. circuits indicate 
the effective or r.m.s. values. The 
form of the wave in well regulated a.c. power circuits is nearly a true 
sine wave, that is, one in which the relation between the length of the 
rotating arm (the maximum value E or I) and the vertical component 
(the instantaneous value e or i) is the sine of the angle between the arm 
and the horizontal axis. If the a.c. current is not a true sine wave these 
relations do not hold. 

e 

FIG. 3 

PROBLEMS 
1. Express in kilocycles the values of frequency given in paragraph four 

of this Study Sheet. 
2. Assume that the maximum value of an alternating current is 10 

amperes. On cross section paper plot its instantaneous values through one 
complete cycle by using the data in Table 1. 

3. The effective value of an a.c. voltage is 110 volts. What is the maxi- 
mum value? 

4. What is the effective value of current in a circuit in which the max- 
imum value of current is 10 amperes? 

5. The maximum value of a certain current is 10 amperes. What is the 
phase when the instantaneous value is 5 amperes? 

6. In a certain circuit the effective value of the voltage is 15 volts. 
What is the instantaneous value of the voltage at the 45 degree phase? 

7. Check the relation between maximum and r.m.s. values by getting 
the square root of the average squares of several currents as plotted in 
Problem 2. 

8. It power in watts is equal to (Ir.m.s.) T x R, what is the power used 
up in heating a resistance of 10 ohms when the peak voltage is 10? 

9. Express by means of a vector diagram and in a formula the voltage 
in a circuit at phase 45 when the maximum value is 20. 

10. Tell all you can about what the equation. e = 10 sin 30°. means. 

TABLE 1 

Angle in Degrees Sine 

0 0.0 
30 0.5 
45 0.7 
90 1.0 

120 0.87 
180 0.0 
270 -1.0 
360 0.0 
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N®° 8 

TF THE experimenter wishes to 
know the difference between a.c. 

and d.c. circuits. let him try to 
measure the current flowing through 
a 30 -henry choke when placed across 
the 90 -volt tap of his plate supply 
unit. and then when laced across 
the 110 -volt a.c. line. Evidently the 
choke has a much different effect on 
an a.c. line than it does on a d.c. 
line. What is this difference? 

Let him, too, try to measure the 
current through a 1 -mfd. bypass 
condenser when placed across this 
90 -volt tap, and across the 60 -cycle 
line. Here again we see the differ- 
ence between d.c. and a.c. 

The choke -another name for an 
inductance- passes much less cur- 
rent on 60 cycles than it does on 
d.c.: the condenser passes none at all on d.c. and an appreciable amount 
on 60 cycles. 

RADIO BROADCAST'S HOME STUDY SHEETS 

Alternating Current 
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but 90° or one fourth of a cycle 
apart. 

Since the maximum values of 
the current and voltage are 90° 
apart, we must take this fact into 
recognition when we desire to know 
the instantaneous values of the cur- 

270° 360° rent. If the voltage is at the 150° 
phase, the current is 90° behind it 
or at its own 60° phase. This differ- 
ence of 90° is called the ANGLE OF 
LAG, or the PHASE ANGLE between 
the voltage and the current. The 
instantaneous value of the current 
is expressed by 

i =I sin (6 -90 °) 

EXAMPLE. What is the instan- 
taneous current at the 150° phase 

in an inductive circuit in which the maximum current is 10 amperes? 
i = 10 sin (I50 ° -40 °) - lO sin 60° 

= 10 x .87 = 8.7 amperes. 
Figure 3 is the vector diagram illustrating this problem. It is drawn to 

scale so that the various lengths of line represent the various values of 
current and voltage. 

- - TIME 

FIG. I 

INDUCTIVE REACTANCE 

The opposition to the flow of a.c. currents offered by a coil of wire is 
proportional to its INDUCTANCE, the property of a coil which tends to 
prevent any change in the flow of current. If one could measure the rate 
at which the current flows into a choke coil and the rate at which it flows 
into the same length of wire stretched out straight, he would see that the 
final value of the current was attained much later when flowing into the 
coil. The same fact would be observed were the current flowing out of the 
coil or straight wire. 1 he spark which takes place when the connection 
from a battery to an iron core choke is broken is evidence that the current 
tends to keep on flowing even after the connection is broken. 

How does an inductance tend to prevent changes in current? 
Such a tendency is the result of several fundamental electrical phe- 

nomena. In the first place, when current begins to flow into a coil. lines of 
force fiom each turn of wire extend themselves out from the coil to form 
what is called the magnetic field of the coil. In the second place, whenever 
a line of force cuts across a conductor, or vice versa, a voltage is induced 
in that conductor. 1 hus, when the many lines of force thread their way 
through the coil of wire, each turn of wire is cut by the lines of force from 
the other turns, so that a voltage is built up across the terminals of the 
coil. Now the third fundamental fact is that the voltage, which is called 
the "induced" voltage, is in such a direction that it tends to prevent any 
increase or decrease of current in the coil. 

We have the following phenomena then to explain the effect of induc- 
tance on changes of current: current flows into the coil causing lines of 
force to cut the individual turns of the coil; this in turn induces a voltage 
in the coil which has such a polarity that the increase in original current 
flowing into the coil is retarded. 

When the connection is broken the opposite effect takes place; that is, 
the induced voltage tends to prevent the decrease of current with the re- 
sult that its existence is prolonged. This voltage, then, must be in the 
same direction as the voltage tending to force current into the coil, so that 
across the ends of the coil, or the break in the circuit, a large voltage is 
built up. This voltage consists of the original impressed voltage from a 
battery, for example, plus the induced voltage. This explains the spark 
which takes place and the rather severe shock which may be felt from 

even small impressed 
voltages and a small 
coil. 

It is important to ) note that it is only when 
the current in the coil 
is changing -increasing 
or decreasing -that the 

% 1 lines of force in the mag- 
/ \ nctic field change. And 

I ^ ^ it is only the changes in 

I 

90T t the lines of force that 
1. give rise to induced 
I voltages; hence the re- 

tarding effect of an in- 
ductance occurs only 
when the current flow- 
ing changes. 

Since an alternating current is continually changing, increasing in 
value, reversing its direction of flow, decreasing in value, etc., the op- 
position which inductance offers to its flow is considerable. 

The opposition which an inductance offers to the flow of alternating 
currents is measured in ohms just as resistance is, and its technical term 
is REACTANCE. The reactance of a coil depends upon the frequency of 
the current and the inductance of the coil, and is numerically equal to 
6.28 times the inductance in henries times the frequency in cycles. The 
abbreviation and formula for inductive reactance are 

O' 

FIG. 2 

Xt.=6.28xfxL 
Thus, doubling the frequency doubles the reactance in ohms, so does 

doubling the inductance at the same frequency. 
Since the current into an inductance does not rise to its maximum value 

instantly. there is a lag between the times of maximum voltage and 
maximum current. The maximum current is not reached in a pure induc- 
tance (no resistance) until the voltage has gone through 90° of its cycle. 
The current in an inductive circuit. therefore, is said to LAG behind the 
voltage. This is illustrated in 1 ig. 1, in which the maximum values of the 
current and the voltage are 90° apart. It is also shown in the vector 
diagram Fig. 2 which represents two arms rotating at, the same speed 

CURRENT IN INDUCTIVE CIRCUITS 

Just as the current in a resistance circuit is expressed by Ohm's law. 
whether it is d.c. or a.c., so is the current in an inductive a.c. circuit ex- 
pressed by a similar formula. 

I`Xt-'ti.28 x f x L 

and if the voltage is effective, or maximum, or instantaneous, the current 
will be effective, maximum. of instantaneous. 

PROBLEMS 

1. Plot the reactance of a coil of 0.1 henry as the frequency is increased 
from 100 to I0,000 cycles, and then from 10 to 1000 kilocycles. What 
would the reactance be 
if the inductancc were 1 

millihenry? One henry? 
2. A coil has the 

following dimensions: 
length of winding, 2 
inches; diameter, 3 
inches; number of turns, E =l0 
65. What is its reactance 
to a current of 750 kilo- 
cycles? What current 
would flow through it if -150 
the voltage (effective) 
were 10? (See Home 
Study Sheet No. 2, July 
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3. Make a vector 

diagram for the follow- 
ing condition and solve by means of the formula above. The instan- 
taneous voltage at the I35° phase is 5 volts: what is the instantaneous 
current if the effective current is 5 amperes? The circuit is inductive. 

4. How much inductance must be placed in a 110. volt (effective) circuit 
at 60 cycles to limit the current to I ampere? At 6000 cycles? 

5. The maximum value of the voltage in an inductive circuit is I40, 
the maximum current is 10 amperes. At what phase is the instantaneous 
current equal to 7 amperes? What is the instantaneous value of the 
voltage? What inductance must be added to reduce the maximum current 
to 7 amperes if it is a I33 -cycle circuit? What will be the effective cur- 
rent then? 

6. Can you explain why a 25 -cycle transformer is larger, heavier, 
and more expensive than one built for 60 cycles? What would be the 
result of placing a 60 -cycle transformer on a 500 -cycle circuit? What 
would happen if a 500 -cycle transformer were placed on a 60 -cycle 
circuit? 

7. Suppose you couple a loud speaker to an output tube by means 
of a choke and a condenser. The output a.c. voltage at 1000 cycles is 
50; this appears across the choke which has an inductance of 30 henrys. 
What a.c. current flows through the choke? If the condenser offers no 
impedance to the flow of current at this frequency, and if the loud speaker 
which is, then, shunted across the choke, has an impedance of 4000 ohms, 
how much a.c current flows through it? Suppose the power into the loud 
speaker is equal to the current squared multiplied by the impedance 
of the speaker. What power is going into the speaker? Suppose 2 per 
cent. of this electrical power is turned into sound energy by the speaker. 
How many watts of sound output power comes from the speaker? how 
many micro -watts? 

8. Draw the diagram of a two-stage audio amplifier using 3 -1 trans- 
formers working out of a detector tube which has an impedance of 
20,000 ohms, the power or second stage working out of a tube with an 
impedance of 12,000 ohms and a mu of 8. These plate impedances are 
in series with the impedance of the primary of the following audio trans- 
former. Suppose across the first audio primary is 0.5 Volt at 100 cycles. 
The transformer primaries have effective inductances of 100 henrys. 
Figure the a.c. current in the plate circuit of the detector and the first 
audio tubes. (Combine the tube and transformer impedance by adding 
them.) 

,90*- 
1 =10 Ií.87 
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The 222 Tube as an R. F, Amplifier 

TN THIS, the second article from 
Mr. Browning's notebook on the 222 

tube, the author discusses two common 
methods of coupling a screen -grid tube 
to a detector or to a following amplifier. 
The equations by which Mr. Browning 
arrived at bis conclusions should be 
interesting to the mathematically in- 
clined; the results of those equations 
and the laboratory data will be inter- 
esting to anyone wbo likes to keep up 
to date in radio. 

-THE EDITOR. 

e...0+4r7 

ti THE article on page 252 of Sep- 
tember RADIO BROADCAST the char- 
acteristics of d.c. and a.c. types of 

screen -grid tubes were discussed and 
their performance in untuned amplifiers was 
also considered. It is the object of this 
article to treat of two types of tuned radio- 
frequency amplifiers, one the common radio- 
frequency transformer where a primary and 
secondary winding is used, and the other the 
auto-transformer usually termed tuned imped- 
ance. 

The function of a tuned radio -frequency am- 
plifier is not only to amplify incoming signals but 
also to give the desired amount of selectivity. 
There is also the question of the tendency of the 
preceding circuits to oscillate, which is very 
important with tubes which have a great deal of 
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FIG. 3 
Theoretical and actual voltage amplification curves over the broad- 
cast band for the types of r. f. coupling discussed in this article 

maximum gain may be obtained. (See 
Proceedings of Institute of Radio Engin- 
eers, December, 1926.) 

However, with the screen -grid tube 
the plate resistance is between 400,000 
and 700,000 ohms so that r1 is very 
large and the relation T2 = 111 112 can 
never be satisfied. Of course the primary 
inductance of the r.f.t. may be increased 
up to the point where the distributed 
capacity of the winding itself tunes the 
primary to some frequency in the wave- 
length band. 112 is made as small as 
possible but can never be reduced below 

450 500 550 a value of about 0.003 except with re- 

cerned Fig. I reduces to Fig. 2, where a voltage 
of uEg is applied in series with the plate resist- 
ance, RP, and the primary of the transformer. 
Analyzing this circuit and making certain simpli- 
fications the voltage amplification is 

Where µ 
T 

L11 

L1 

1t1 

'rte 

E v T V'L2 /L1 (I) 
Eg T2 + 111 112 

= amplification factor of the tube 
= coefficient of coupling between 

primary and secondary 
= Secondary inductance in henrys 
= Primary inductances in henrys 

= RP /Leo 
= R2 /L2 
= 2a frequency 

It will be readily seen by equa- 
tion 1 that there is a relation be- 
tween 1h, r2 and T that will make 
the amplification a maximum. 
This relation is 

T2 = 'h, 172 (2) 
for maximum voltage amplifica- 
tion. 

The amplification obtained by 
the transformer and tube when this 
relation is satisfied is 

E µ1/L" /L1 
(3) 

Eg 21r1 rie 

225 VA.C. B67 6135 

ABOVE -FIG. I. TO 
LEFT -FIG. 2. 

The circuit diagram and its 
schematic equivalent circuit for 
a stage of r. f. using a t. r.f. 

transformer 

THE 

capacity between grid and plate. This effect, 
however, is minimized with the screen -grid tube, 
and consequently will not be dealt with at length 
here. 

To determine the design of an r.f. transformer 
for the screen -grid tube the mathematics for a 

one -stage amplifier such as shown in Fig. I 

should be examined and the voltage amplifica- 
tion, i. e., output voltage, E,divided by input, Eg, 
calculated. As far as alternating current is con- 

From this analysis it may 
seen that 1.2 should be as large 
as possible consistent with tuning 
down to the lowest wavelength 
desired. 14 should be as small as 
possible consistent with satisfying 
the relation T2 = r1 112. 

It should be noted that when L1 
is small that r1 is large and con- 
sequently the coupling must be in- 
creased. Thus it is advantageous to 

make the coupling large consistent with keep- 
ing the capacity between the primary and the 
secondary windings small, as this capacity be- 
tween the two circuits has the effect of introduc- 
ing a voltage in the secondary circuit somewhat 
out of phase with the voltage induced by the 
magnetic coupling. 

With the ordinary 199, 201A, 226, and 227 type 
tubes, the plate resistance is sufficiently low so 
that all the above relations may be satisfied, and 

be 
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generation. Therefore, it is essential in 
the design of a transformer for the screen - 
grid tube to make the coupling very 
large. This problem was attacked by the 
writer some months ago and by care- 

ful design the coefficient of coupling was in- 
creased from its usual value of about o.5 to 0.91. 
This factor depends upon the geometrical rela- 
tion between primary and secondary in such a 
way that the shorter the secondary winding with 
the primary in a given position the larger T be- 
comes. The coils which showed a T of .91 were 
wound on a 2" form and had a winding length of 
A". The primary was slot wound and placed 
'-," from the low potential end. 

With these coils in the one -stage amplifier the 
circuit of which is shown in Fig. I, and using a 

CeCo a.c. 22 tube, an amplification of about 20 
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FIG. 4 
The solid curve is the actual resonance curve of the 
transformer shown in Fig. t and 2 at 40o meters. 
The dotted peak is the portion of the calculated 
curve which does not coincide with the actual curve. 
The dot -dash curve is the resonance curve of the 

tuned impedance shown in Figs. 5 and 6 
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FIG. 5 

The circuit of a stage of tuned impedance 
r. f. amplification using a screen -grid tube 

per stage could be obtained. The method of 
measuring this gain was to put in a signal from 
an r.f. oscillator of 0.1 volt, as measured on a 
Rawson Thermal Multimeter, and to measure 
the voltage developed across points 3 and 4 by 
means of a vacuum tube voltmeter. The results 
are shown in Fig. 3. In curve 1 voltage amplifica- 
tion is plotted against wavelength. The theoreti- 
cal amplification as calculated from equation I 

is shown by curve 2. The discrepancy between 
measured values and calculated ones is probably 
due to the capacity between primary and secon- 
dary windings of the r.f.t., as the effect of any 

capacity would be more pronounced on the short 
than on the long wavelengths. 

As a matter of comparison the amplification of 
a 201A tube used in conjunction with a well -de- 
signed transformer is shown by curve 3. Not 
only does the screen -grid tube with the trans- 
former described above give more amplification 
per stage, but furthermore a number of stages 
may be used without neutralization, whereas 
with the 2o1A, careful neutralization is necessary. 

Before considering the amplification given by 
a tuned impedance, let us consider the selectivity 
obtained with the transformer and the Ceco a.c. 
22 tube. The selectivity depends primarily upon 
the resistance, R2, inherent in the coil and con- 
denser in the secondary circuit. However, this 
resistance is increased due to the effect of the 
primary. Instead of considering the resistance 

itself let us consider 
L-(,) 

which is nearly constant 

over the wave band and gives directly the sharp- 
ness of tuning of the circuit. The smaller this 
factor the sharper the circuit tunes. 

For a given amount of amplification the se- 
lectivity of the radio- frequency transformer as a 

whole depends upon the coefficient of coupling, 
so that when it is increased to 
obtain amplification the selec- 
tivity of the transformer is 
also increased. 

The solid curve in Fig. 4 

shows the resonance curve of 
the transformer at 40o meters 
where amplification is plotted 
against capacity of the tuning 
condenser above and below re- 
sonance. The calculated curve 
falls for the most part on the 
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measured curve except that the theoretical 
curve is slightly higher as shown by the dotted 
line. 

Let us now consider the amplification and se- 
lectivity of the screen -grid tube using tuned im- 
pedance as shown in Fig. 5, with the equivalent 
circuit Fig. 6. In this case the gain is given by 

E R2 

Eg 11Z Ra + R2 

so that the smaller the resistance in the secon- 
dary circuit and the smaller rig the larger the am- 
plification. Fig. 3, curve 4, shows the amplifica- 
tion measured while using a 2" coil. The calcu- 
lated curve, 5, in this case is quite close to the 
measured values, 4. However, the apparent se- 
lectivity of the tuned impedance amplifier as 
shown by the dot -dash curve in Fig. 4, is not as 
good as in the case of the transformer. There 
seems also to be another disadvantage in using 
tuned impedance which is due to the tendency of 
the circuits to oscillate when using only two 
stages. The writer has been able to build with 
careful shielding a two-stage r.f. amplifier using 
the transformers described without the slightest 
tendency to oscillate. Regeneration on the de- 
tector was possible with the result that tremen- 

dous signal strength and fine 
selectivity were obtained, while 
with tuned impedance con- 
siderably more care was. 
necessary to get two stages 
to be stable, and even then it 
seemed as if the signal strength 
were no greater than with the 
transformers plus r e g e n era - 
tion, while the selectivity of 
the two systems was not to 
be compared. 

(4) 

FIG 
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WIRELESS DIRECTION FINDING AND DIREC- 
TIONAL RECEPTION. By R. Keen. Iliffe 
Sons, Ltd., London. 490 pages. 1927. 215. 

T HE statement that a given work is in- in- 
dispensable to those interested in the 
subject is a much misused cliché of techni- 

cal book- reviewing, but in the case of Keen's 
"Wireless Direction Finding and Directional 
Reception" it is merely the literal truth. This 
book was first published in 1922 under the title of 
" Direction and Position Finding by Wireless." 
In the second edition the title was changed to 
include directional aerial systems, which had in 
the meantime assumed importance. Keen's work 
is an important contribution to the specialized 
literature or radio. I t is a serious technical job 
and not intended for those to whom radio is a 

plaything. The mathematics is fairly simple, but 
the vectorial and diagrammatic treatment is very 
thorough and obviously designed for the atten- 
tion of engineers and engineering students. 

After an introduction, which includes an 
impartial historical treatment of the subject, 
directional transmission and reception are dis- 
cussed. The wave antenna of Beverage, Rice, and 
Kellogg is described at the end of Chapter 2. 

The third chapter is devoted to " Frame Aerial 

ook Review 
By CARL DREHER 

Reception." This is discussed in detail, such 
topics as " Elimination of Vertical" (the antenna 
effect of a loop, which plays a part in reception) 
being treated. The theory of practical systems 
of this type is comprehensively stated and the 
chapter closes with a discussion of " Fallacies 
in Heart -Shape Circuits," this being a study of 
difficulties found in cardioid- reception circuits 
using a combination of loop and antenna pick -up. 
The following chapter describes the characteris- 
tics of rotating loop installations of the follow- 
ing types: Radio Communication Company, 
Ltd., Societe Française Radio-Electrique, Gesell - 
schaft für Drahtlose Telegraphie (Telefunken), 
Siemens Brothers and Company, Ltd., U. S. 

Bureau of Standards, Washington, Marconi's 
Wireless Telegraph Co., Ltd., Radio Corpora- 
tion of America, and the Federal Telegraph Com- 
pany. The descriptions are quite extensive and 
well illustrated with diagrams and photographs. 
Chapter 5 is devoted to an analysis of the Bel - 
lini -Tosi system, which uses large fixed loops 
for directive transmission and reception. An- 
other chapter goes into the theory and practice 
of map drawing. The radio engineer will have 
his hands full with such terms as "The Gnomonic 
Graticule," "The Retro-Azimuthal Chart," 
"The Orthomorphic Cylindrical Projection "; 

in this chapter and the one following, on "Posi- 
tion Finding and Wireless Navigation," he will 
have it brought home to him that radio direction 
finding is as much a branch of geography and 
navigation as of wireless communication. 

Chapter 9, on "Night Effect and Other Freak 
Phenomena" is of general interest to students of 
the vagaries of radio transmission. In the follow- 
ing two chapters the discussion returns to types 
and characteristics of apparatus on shore and 
afloat. Theory, testing, calibration, and opera- 
tion are considered in turn. Chapter 12 tells 
about "The Aircraft D. F. Installation "; it is 

as complete as possible, but in his preface the 
author says that this chapter "is still necessarily 
very curtailed. Although there has been much 
activity in this direction, there are few concrete 
designs of aircraft D. F. available for inclusion 
here." For this state of affairs the difficulties 
encountered in such installations, as well as the 
indifference of many airmen, are responsible. 

Two more practical chapters, on "Fault Clear- 
ing and Maintenance," and "Notes on Field and 
Nautical Astronomy" complete the work. A 
bibliography of 374 references and an index are 
included. If anything material on the subject 
has been omitted it has escaped the present re- 
viewer. 



One of the Coils Tested 

FOR several years the development of radio- 
frequency amplification has been prac- 
tically dormant, with little, if anything. 

new in sight at the present time. Recent im- 
provements have been confined to the sonic end 
of the receiver, with the result that radio has 
been lifted from a fad to an art, but the old thrill 
of "distance" has passed! No longer do eager 
commuters rush for the morning train to brag 
about the dx of the night before, and no longer 
do "Radio Widows" get divorces because their 
husbands desert them to spend the nights with 
the radio set and the thin elusive signals from a 
transmitter three or four thousand miles away. 

For, strangely, in spite of the fact that re- 
ceivers now average six or seven tubes where 
they used to have perhaps three, and broad- 
casters use ten or a hundred times their former 
power, it is harder and harder to get distant 
stations. 

Many theories have been advanced to ex- 
plain this, but in the final analysis, it becomes 
increasingly evident that the truth must be 
that in the rush for selectivity and quality, de- 
signers have lost sight of sensitivity. The 
science of radio-frequency amplification has 
seen retrogression rather than progress. Nothing 
of any real value has been introduced since the 
Hazeltine neutrodyne system several years 
back, and even that, insofar as the principle of 
neutralization by external capacitative re- 
actance is concerned, was only a variant of the 
earlier Rice system. 

In the years immediately following the intro- 
duction of the neutrodyne, many schemes have 
been advanced purporting to produce the full 
theoretical amplification of the tube and 
transformer, or to enable the tubes to be sta- 
bilized without any loss of efficiency, but all 
have proven impractical, and loo per cent. effi- 
cient radio-frequency amplification con- 
tinues to be a vainly sought chimera. A 
surprising number of manufacturers have 
returned to the oldest method of stabiliz- 
ing known- potentiometer grid control. 
Some are cutting down the plate voltage 
applied to the tubes. Some use variable 
leaks across the tuning condenser, 
broadening the tuning and losing all the 
well known advantages of low -loss coil 
and condenser construction. Practic- 
ally every manufactured receiver to-day 
on the market employs one of the 
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WHENWHEN 
the screen -grid tube was first 

it was heralded by many 
as a panacea for all the ills associated with 
r. f. amplifiers. That such is not the case is 
becoming more and more evident. The tube 
undoubtedly is valuable, but just what can 
be expected of it can be determined only from 
the data obtained from carefully done labora- 
tory investigations. In this article is presented 
some such data indicating the comparative 
gain and selectivity that can be obtained 
from the tube when it is used with different 
types of r. f. transformers. -THE EDITOR. 

'tosser" systems which were so violently, al- 
though justly, condemned a few years ago! 

Small wonder, then. that receivers do not 
reach out for distance now as then! 

That there is still a call for sets which will 
bring in distant stations was distinctly evi- 
denced by the sudden rush when the screen -grid 
tube was announced, and it is decidedly un- 
fortunate that this tube was heralded by so much 
misleading publicity, which led builders to ex- 
pect much that has proven impossible. Many of 
the leading publications carried editorial matter 
describing the great amplification obtainable 
from a tube which would not oscillate, and even 
the largest tube manufacturers and best en- 
gineers in the country allowed statements to 
appear such as "a voltage amplification of 200 
per stage is obtainable. but at broadcast fre- 
quencies the resonant impedance is lower 
reducing the amplification by 25 per cent. of 
this value." 

It may be possible to get such gain from the 
tube in laboratory apparatus, constructed ly 
competent engineers. and under ideal condi- 
tions. but performance of this kind cannot by 
any means be secured from the ordinary broad- 
cast receiver. It has become extremely doubt- 
ful, in the writer's opinion, whether the tube 
in ordinary use in tuned radio-frequency re- 
ceivers operating at frequencies of 50o kilo- 
cycles and higher can produce great deal 
better all around results than the 20IA type tube 
which has been standard for so long a time. 

With all these facts firmly in mind, an in- 
vestigation was recently undertaken with the 
object of determining two things: First. whether 
some existing method of stabilization could not 
be so modified as to give really passable results 
by permitting r.f. amplifiers to be built without 
the intentional introduction of losses except as 
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Transformer under est 

desired for a volume control; and secondly, 
whether this amplification might be obtained 
within appreciable limits of selectivity, regard- 
less of the type of tube used. However, all the 
tests described below utilized the 222 type of 
tube. No new ground was gone over, and 
nothing was developed which did not bear out 
previous empirical design, but there had been 
so much theoretical data published, and so little 
of the results of actual quantitative tests, that 
it seemed that figures obtained through con- 
crete experimentation might be at least refresh- 
ing. 

Prior to commencing any actual work, certain 
limits were laid down as essential if the results 
were to be of any value in designing a receiver 
which could be constructed by the kit builder. 
First, standard apparatus, obtainable by anyone, 
must be employed. Second, the need for any 
complicated balancing, by means of expensively 
accurate apparatus after construction, must be 
avoided if possible. Thirdly, the use of shielding, 
while not barred, was considered undesirable as 
introducing superfluous expense and trouble. 
Last, no involved or critical adjustments of any 
kind were allowable, as a receiver must be in- 
fallibly sure to give good results if the connec- 
tions are properly made, in the hands of the most 
inexperienced operator. 

THE TEST OF COUPLING METHODS 

H E first actual operation was the determina- 
I Lion of the method of coupling tubes, and the 

optimum values to be used in the coupling 
device. For this the set -up shown in Figure I 

was utilized originally, but since the conditions 
in the grid circuit of the amplifier tube were not 
identical with those which would be encountered 
in actual practice, it was found advisable to add 
a second stage, coupled to the grid of the test 

stage tube by a special radio-frequency 
transformer having an absolutely flat 
amplification- against -frequency charac- 
teristic. The use of this stage allowed the 
test stage to be adjusted to operate in 
a manner exactly identical with its 
performance in an actual receiver, per- 
mitting oscillation to take place in the 
same way and at the same point. The out- 
put of a modulated oscillator, variable in 
frequency over the broadcast spectrum, 
was led through an adjustable attenua- 
tor to the grid of the first amplifier tube, FIG. I 
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