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Name 

Address 

income in your spare time. Mailing the 
coupon can mean $50 to $75 a week more for you. 

Radio Training Association oí America 
4513 Ravenswood Avenue Dept. SRG-9 Chicago, Illinois 

Radio Training Association of America 
Dept. SRG-9,4513 Ravenswood Ave., Chicago, Ill. 

Gentlemen: Please send me by return mail full details 
your Special No-Cost Membership Plan, and also a coj 
of your Radio Handbook. 

ACT NOW 
If You Wish NO-COST 

Membership 
For a limited time we will give to 
the ambitious man a No-Cost Mem¬ 
bership which need not—should not 
—cost you a cent. For the sake of 
making more money now, and 
having a better position in the 
future, mail coupon below now. 
You’ll always be glad you did. 

Mail Coupon Today £or the 
FREE HANDBOOK 

It is not only chock-full of absorbing 
information about Radio, but it shows 

THE four ■—- 11 I 
plans 1 

shown are but a { 
sample of the many 1 
ways in which our mem- ' 
bers are making $3.00 an 
hour upwards, spare time * 
and full time, from the day they join 
the Association. If you want to get 
into Radio, have a business of your 
own, make $50 to $75 weekly in 
your spare time, investigate the 
opportunities offered the inexper¬ 
ienced, ambitious man by the As¬ 
sociation. 

Our Members Earning 
Thousands of Dollars 

Every Week 
The Association assists men to 
cash in on Radio. It makes past ex¬ 
perience unnecessary. As a member 
of the Association you are trained 
in a quick, easy, practical way to 
install, service, repair, build and 
rebuild sets—given sure-fire money¬ 
making plans developed by us— 
helped to secure a position by our 
Employment Department. You earn 
while you learn, while you prepare 
yourself for a big-pay Radio position. 

The Association will enable you to 
buy parts at wholesale, start in busi¬ 
ness without capital, help you get 
your share of the $600,000,000 spent 
annually for Radio. As a result of 
the Association, men all oyer the 
country are opening stores, increas¬ 

ing their pay, pass-
inglicensed operator 
examinations, land-
ing big-pay posi-

\\Wvi ’ fions with Radio 
makers. 

jTHTSp?^ Below 
RHB I are a îew oí 
BM 1—J the reports 

I iront those now 
cashing in on the 

“40 Easy Ways” 
Clears Frank J. Deutch, Pa. — “Since 

c-» nnn nn joining the Association I have 
' cleared nearly $2,000.00. It is 

almost impossible for a young fellow to fail, 
no matter how little education he has, if he 
will follow your easy ways of making money.” 

$1,100.00 in J- R- Allen, Calif. — “Have 
6 Weeks done over $1,100.00 worth of 

business in the last 6 weeks. 
Next month I am going to open up a store 
of my own. I never knew that money could 
come so fast and easy.” 

$25.00 a Week N. J. Friedrich, N. Y.—“I 
Snare Time have averaged $25.00 a week 
” for the last 7 months even 

though I am not a graduate but just learning.” 

Training Lands F. C. Kirk, N. C.—“Your 
Him Job training has been very 

valuable to me. I landed a 
job with the big department store out here a 
few weeks ago because I had my member¬ 
ship card with me. There were a large bunch 
of applications ahead of me.” 

»ï 

to Make '3 - an Hour 
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Free proof you 
CAN MAKE BIG MONEY 

«RADIO! 

Radio Operator $90—$200per month with all expenses paid. Broadcastoperator $1,800—$4,800 
a year. Radio Repair Mechanic $1,800—$4>000 a year. Radio Inspector $2,000—$4,500 a year. 

a vacuum tube. By means of this marvel¬ 
ous, simplified home training course, 
sponsored by the Radio Corporation of 
America . . . you can now prepare for 
success in every phase of Radio. The re¬ 
markable outlay of apparatus given to you 
with this course . . . enables you to learn 
by actual practice how to solve every 
problem in radio work ... such as repair¬ 
ing,installingandservicingfinesets. That’s 
why you, too, upon graduation can have 
the confidence and ability to command 
big money. 

Only Training Course Backed by Radio 

Corporation of America 

Graduates of this school arc always posted 
in newest up-to-the-minute developments 
in Radio. That’s why they arc always in 
big demand. The progress of Radio is 
measured by the accomplishments of the 
great engineers in the huge research 
laboratories of the Radio Corporation of 
America. This gigantic organization sets 
the standards for the entire industry . . . 
and sponsors every lesson in the course. 

Money Back If Not Satisfied 

This marvelous home-laboratory training 
practically insures your success by pre¬ 
paring you thoroughly in every phase of 
Radio manufacturing, servicing, broad¬ 
casting, photoradiograms, television and 
airplane radio equipment. As a student 
you will receive an agreement signed by 
the president of this school assuring you 

Astounding World-Wide 
Opportunities 

A glorious future awaits you in this huge 
industry. Millions of sets need ser\icing, 
thousands of ships require radio opera¬ 
tors . . . manufacturers and broadcasting 
stations throughout the land arc eagerly 
seeking trained men ... and now, nation¬ 
wide radio telegraph service, telephony, 
television, photoradiograms open up thou¬ 
sands of new and amazing opportunities. 

Magnificent Laboratory Outfit Makes It 
Easy To Learn At Home 

You don’t have to know an antenna from 

on Radio’s glorious 
opportunities . . . writ-

KAIHO INSTITUTE OF AM E It I 4 A 

^SPONSORED BY^ 

RADIO INSTITUTE OF AMERICA 
Dept. R. II. 15. 
326 Broadway, New York, N. Y. 

Gentlemen: Please send me your FREE 50-page book 
which illustrates the brilliant opportunities in Radio and 
describes your laboratory-method of guaranteed instruction at home. 

Why continue to struggle for 
years on a meager salary? Why put off the 
success that can so easily be yours when 
often in 9 months, you—like hundreds of 
other men—can be headed straight for a 
bright financial future? Radio pays big-
salaries from $2,000 to $25,000 a year are 
common. 

of complete satisfaction upon completion 
of your training—or your money will be 
instantly refunded. 

Read This Free Book 

The young men in Radio today will be the 
industrial leaders of tomorrow . . . that’s 
what happened in the automobile business 
. . . in aviation . . . and in every other 
essential industry... Get in on the ground 
floor and climb with this tremendous 
industry! 

Free . . . everything you want to know 
about Radio ... 50 fascinating pages .. . 
each one packed with pictures and de¬ 
scriptions about the brilliant opportuni¬ 
ties in this fast-growing profession. See 
for yourself why R. I. A. training has 
placed thousands of men in well paid 
positions—usually from 5 to 10 days after 
graduation. Mail this coupon now and 
receive your Free Book. 

ten by one of 
America’s well-
known radio 
experts. 

Mail this 
coupon 

FREE! 
This fascinating book 
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How Would You Like to Be 
Another Lindbergh? 

YOU, too, may win huge prizes for 
daring feats of aviation. You, 

too, may earn the honors heaped on 
heroes of the air by admiring 
nations. You, too, may gain the sup¬ 
port and friendship of the great 
financial leaders of the world. But 
you’ve got to start, and start soon! 
Only a little more than 2 years ago 
nobody knew Lindbergh. Only a 
little more than 2 years ago he was 
just an obscure young man trying to 
learn all he could about aviation. 

We Are Looking for 
Men Who Dare! 

Today his fame is probably greater 
than that of any other single man. 
At the age of 27 he stands a model of 
the way to gain fame and fortune 
quickly. 
We are looking for men who dare 

to conquer the air! We are looking 
for men who realize that the quick¬ 
est route to success is in a field of 
endeavor that is new and growing 
fast. We are looking for men who 
want to learn all about Aviation. We 
want to show them how to get 
started right! 

AERO 
ri Mecham« 

Dept. 294a 

381 Fourth Avenue, New York, N. Y. 

These Men Can 
Help You 

With this ideal (to help the youth 
of America learn Aviation) firmly in 
mind, we have brought together a 
staff of men who KNOW Aviation. 
Years of practical experience in the 
Aviation School of Hard Knocks 
have taught them how to conquer 
the air. And now, they want to give 
this knowledge to you in AERO 
MECHANICS, the new magazine 
that tells all about Aviation in easy-
to-read language. Within its pages 
you will learn how a pilot controls 
his airplane; how the propeller 
works; what you have to do to be¬ 
come a flier; how to build model air¬ 
craft; how to build a glider; and 
dozens of other practical, helpful 
bits of information every aviator 
must know. 

Complete Cost Is 
Only $1 

As a special inducement we are 
offering you the next 6 Big issues of 
AERO MECHANICS all for a single 
$1. Simply clip and mail the coupon 
below with your dollar. 
-—--

AERO MECHANICS 
Dept. 294a, 381 Fourth Ave., New York, N. Y. 
Gentlemen : 
I am interested in Aviation. Please send me the next 

6 issues of AERO MECHANICS, for which I 
enclose $1. 

Name. 

Street and Street No. 

City.State. 
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Protect Your Ideas 
Take the First Step Today—Action Counts 
If you have a useful, practical, novel idea for any new article or for an 
improvement on an old one, you should communicate with a competent 
Registered Patent Attorney AT ONCE. Every year thousands of appli¬ 
cations for patents are filed in the U. 8. Patent Office. Frequently two or' 
more applications are made for the same or substantially the same idea 
(even though the inventors may live in different sections of the country and 
be entirely unknown to one another). In such a case, the burden of proof 
rests upon the last application filed. Delavs of even a few days in tiling 
the application sometimes mean the loss of a patent. So lose no time. Get 
in touch with me at once by mailing the coupon below. 

Prompt, Careful, Efficient Service 
This large, experienced organization devotes its entire time and attention 

to patent and trade-mark cases. Our offices are directly across the street from 
the V. S. Patent Office. We understand the technicalities of patent law. 
We know the rules and requirements of the Patent Office. We can proceed 
in the quickest, safest and best ways in preparing an application for a 
patent covering your idea. Our success lias been built 01: the strength of 
careful, efficient, satisfactory service to inventors ami trade-mark owners 
located in every state in the Union. 

Strict Secrecy Preserved—Write 
Me in Confidence 

All communications, sketches, drawings, etc., are held in strictest confidence 
in strong, steel, fireproof files, which are accessible only to authorized 
members of my staff. Feel free to write me fully and' frankly. It is 
probable that I can help you. Highest references. But FIRST—-clip the 
coupon and get my free book. Iio THAT right now. 

No Charge for Information 
On How to Proceed 

The booklet shown here contains valuable information relating to patent 
procedure that every inventor should have. And with it I will send you my 

♦ Record of Invention” form, on which you can sketch your idea and estab¬ 
lish its date before a witness. Such evidence may later prove valuable to 
you. Simply mail the coupon and I will send you the booklet and tin' 
"Record of Invention” form, together with detailed information on how to 
proceed and the cost involved. Do this NOW. No need to lose a minute’s 
time. The coupon will bring you complete information entirely without 
charge or obligation. 

At. the right is a view of mv 
drafting and specification of¬ 
fices, where a large staff of 
experienced experts are in my 
constant employ. 

All drawings and spec¬ 
ifications are prepared 
under my personal su-

nventors^ 

Free Bool^ 

I CLARENCE A. O’BRIEN 
Registered Patent Attorney 

I & Aftorney-at-Law 
I 339-A Security Savings &'Commercial Bank Bldg. 

Washington, I). C. 
—or— 

Suite 1106, Woolworth Bldg. 
NEW YORK CITY 

My Patent Law 
Offices 

Just 
Across 
Street 
from 
u. s. 
Patent 
Office 

ail this Coupon^ 

Clarence A. O^Brien 
Registered Patent Attorney 

& Attorney-at-Laiv 
Member of Bar of: Supreme Court of the Inited States; 
Court, of Appeals, District of Columbia; Supreme Court, 
District of Columbia; United States Court of Claims. 

PRACTICE CONFINED EXCU SIVEEY TO 
PATENT, TRADEMARKS AND COPYRIGHTS 

I Please send me your free book. "How to Obtain 
■ a Patent,” and your "Record of Invention” form 
• without any cost or obligation on my part. 

I 

I 
I 
■ (Important ! Write plainly and address office 

nearest you) 
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Jules Verne Comes Back 
to Life! 

A MAGIC name—Jules Verne ! A name 
that has brought untold joy to untold 

millions. 
Who can fail to remember his famous novels, 

“Twenty Thousand Leagues Under the Sea,” 
“From the Earth to the Moon,” “To the Center 
of the Earth,” and other equally imaginative 
triumphs of this world renowned novelist ? Few 
writers have ever equaled Jules Verne’s vivid 
imagination, and still fewer have been able 
to paint these pictures of the mind so bril¬ 
liantly in printed words. 
And noiv Jules Verne comes back to life! 

Comes back with stories that increase your 
pulse and make your heart pound. For in 
AMAZING STORIES, the magazine of scien¬ 
tific fiction, the famous school of authors who 
have followed in Jules Verne’s footsteps now 
offer you the fertile fruits of their imagination. 
In their colorful minds, the inventions and dis¬ 
coveries still to come are already here. They 
write of a voyage to Venus, that silvery star 
seen so often in the evening sky; of cor¬ 
respondence with a mythical people on Mars ; 
of radio messages from still more distant 
planets; of giant insects and of people who 

THE MAGAZINE 

FICTION 

NEW YORK, N. Y. 
FOURTH AVENUE 

have huge heads and no bodies; of the things 
a man might well see and hear a thousand 
years from now ! 

It’s a thrill you’ve never had! For it deals 
with the Future, and the things your children’s 
children may some day actually experience 
and enjoy. 

Get the next G Big Issues of AMAZING 
STORIES delivered to your home by the post¬ 
man. Read with a relish these profusely illus¬ 
trated stories of a weird, but n 
future. 

As a special inducement we 
offer all 6 Big Issues for a single 
$1. (The news-stand price is 
$1.50). And if you are not con¬ 
vinced AMAZING STORIES is 
worth twice the price, after read¬ 
ing the first issue, we will let you 
keep it FREE, and send your 
dollar back. 

Sit down right now, and fill out 
the coupon below. It is your in¬ 
surance against dull evenings 
from now on ! 

I-
AMAZING STORIES 
Dept. 2509-S, 381 Fourth Ave., New York, N. Y. 
Gentlemen : 

I I enclose $1 for which send me your next 6 
1 issues of Amazing Stories. (Reg. price $1.50) 
I 
I Name. 
I 
I Street. 

City.State. 

impossible 

SIMPLY 
CLIP 
AND 
MAIL 
THE 

COUPON 
BELOW! 
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ELECTRIC PHONOGRAPH 
PICK-UPS 

How to Make Your Radio a Phonograph 

M
ANY of our older readers would 
remember the debates which were 
waged in the pages of radio maga¬ 
zines during the years 1922 and 

1923, with reference to the increasing vigor 
of the competition between radio and the 
phonograph as means of public entertain¬ 
ment. One article in particular (which ap¬ 
peared in the June, 1922, issue of Radio 

The old-fashioned phonograph unit depended 
upon mechanical leverage to produce sounds. 

News) explained that, although radio was 
growing fast and was certain to become a 
great industry, it could never supplant the 
phonograph in public favor. One reason as¬ 
signed was that the radio receiver cannot be 
called upon to reproduce any desired selec¬ 
tion, chosen arbitrarily, at any time, but is 
governed by the station programs which are 
actually being broadcast at the moment 
within its range. Of course, we must recog¬ 
nize the truth of this statement, so far as the 
receiver alone is concerned. 

The same article voiced also some opinions 
ns to the comparative fidelity of the tones 
reproduced by the radio and the phono¬ 
graph, and evidenced some doubt as to 

whether radio reproduction could ever reach 
the perfection of phonograph quality. 
What a surprise a radio “Rip Van Win¬ 

kle” of 1922 would receive if, after sleeping 
peacefully for seven years, he were awak¬ 
ened to be confronted by a modern phon¬ 
ograph equipped with an amplifier of the 
type used so extensively for radio recep¬ 
tion ! Who would have thought, a few years 
ago, that radio would not only soon reach 
the perfection of the phonograph, but pass 
it and even cause the phonograph to be mod¬ 
ified to obtain radio’s degree of “perfec¬ 
tion”? Yet, this is just what has happened. 
The same article discussed the outcome 

of the conflict between radio and the theater 
—and, of course, we all know that the 
vacuum-tube amplifier (the same, funda¬ 
mentally, as that used in the new phono¬ 
graphs) is now being used in the new pop¬ 
ular “talkies.” The tables have certainly 

Optional connections for a volume control. 

been turned; for the question now appears 
to be “Can the phonograph compare with 
radio in quality and fidelity of tone?” The 
best way to answer this question is to com¬ 
pare the two, draw your own conclusions. It 
is not very costly, nowadays, and not at all 
difficult to construct a really good electric 
phonograph. 

The electric pick-up vibrates more freely than 
the older unit; but its output may be ampli¬ 

fied to any volume desired. 

RADIO IN PHONOGRAPH PRACTICE 

The question has been brought up, just 
what differences are there between the old 
ami new methods of phonograph reproduc¬ 
tion? The grooves in a phonograph record 
are so cut that the needle vibrates from side 
to side, as the record turns. In the old 
system, these vibrations are carried to a 
diaphragm by the mechanical motion of a 
lever and a suitable hinge. The vibration of 
the needle causes a corresponding motion of 
the diaphragm, which in turn sets up a vi¬ 
bration of the air in the horn. In this way 
the sound is transmitted to the ears of the 
listener. This system is both low in cost and 
reliable but, unfortunately, it causes a con¬ 
siderable amount of distortion. Both the 

Commercial apparatus for converting a receiver to phonograph 
Use. Left to right, a pick-up with control, an adapter making a 
¡detector the first A.F. stage, a pick-up, a remote-control device, a 

pick-up of a third type, and an adapter which replaces the detector 
tube in its socket. The latter is less used because of the greater, 
advantages obtained by rewiring the receiver. 
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DEVELOPMENT OF SOUND DEVICES 

The history of the electric pick-up (to 
adopt the common term) can be carried 
back as far as 1875, when Alexander Graham 
Bell first developed the telephone; the oper¬ 
ation of the pick-up device is almost identi¬ 
cal with that of the early microphones used 
by Dr. Bell. The first microphone con¬ 
sisted of a permanent magnet, around which 
was placed a coil of wire; a thin piece of 
magnetic metal (iron), placed in front of 
the magnet, was suspended by its edge so 
that the center could vibrate. By speaking 
directly in front of the diaphragm, it was 
caused to vibrate; and this caused to be gen¬ 
erated in the coil a weak current, due to 

The owner of a radio receiver may convert its A.F. amplifier for phonograph reproduction, by 
building an electric motor and turntable like the above into the console. 

changes in the magnetic field around the 
permanent magnet. The fluctuating cur¬ 

rent in the coil was found 

bar of metal radio public better; since the “pick-up” merely converts 
a mechanical motion into an electric cur¬ 
rent.) The difference between the two units 
is shown in Figs. 1 and 2; the first, the old 
phonograph “sound box”; the second, the 
magnetic pick-up for electrical reproduc¬ 
tion, which gives also amplification. 

later, 
in the 
to an 
device 

scribed more fully, 
The currents set up 
coil are transferred 
audio amplifier, a 

other end of the wire and 
the electric currents were 
re-converted into sound in 
just the reverse manner. 
In the electric phono¬ 

graph pick-up, a permanent 
magnet is also used, a coil, 
or several coils, is placed 
near the magnet and a thin 

or “armature” is used instead 

to be almost identical in 
its “wave form,” with the 
motion of the diaphragm 
and, in this way, an elec¬ 
trical equivalent of the 
sound was obtained. A sim¬ 
ilar magnet, coil and dia¬ 
phragm were placed at the 

of the diaphragm. The metallic bar is 
fastened to a phonograph needle with a suit¬ 
able clamp, and the complete unit is placed 
over the record in place of the usual needle 
and sound-box assembly. 

horn and the moving mech¬ 
anism have “points of res¬ 
onance” and, of course, 
notes corresponding to these 
in pitch are brought out 
much louder than the others. 
The construction of the old-
fashioned short horn, more¬ 
over, destroys some of the 
low notes. 
The new system' depends 

on changing the energy cre¬ 
ated by the vibrations of 
the needle into pulsating 
electric currents in a “pick¬ 
up” coil; this will be de-

about the middle of 1926 and, since that 
time, a dozen or more of good quality have 
been placed on the market. (The term 
•’pick-up” is almost a misnomer, since the 
unit really does not pick up anything. The 
word “reproducer” or “converter” would be 

well-known to all radio en¬ 
thusiasts, and, finally, a 
loud speaker coupled to the 
amplifier brings out the 
notes which were originally 
impressed on the record. 
“Pick-up” units of this 

type were introduced to the 

«lllllllllllllllllllllllllllllllllllllllllllllllllllltllllllllllllllllltllllltlllllltN« 

The circuit shown in Fig. 5 gives 
the largest possible amount of 
volume from a given pick-up and 
amplifier, for it utilises the de¬ 
tector tube of the set as an 
additional A.F. stage. The switch 
may be inside or outside of cabi¬ 

net, as convenience dictates. 
... 

The pick-up devices illustrated opposite are designed to be used 
with a phonograph already in use, and to slip over its tone-arm. 
Those pictured above are complete in themselves, with the aid of 

( 
a motorboard, to construct an electric phonograph suitable foi 
incorporation in a radio set. The pick-up at the left incorporates 
its own volume control in the base. 
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The original phonograph was developed 
soon after the telephone; the first commer¬ 
cial record was a wax cylinder upon which 
the mechanical vibrations engraved grooves 
by means of a sharp needle. (The needle 
was connected to a metallic diaphragm, sim¬ 
ilar to the telephone’s, and the selection 
was played directly in front of the dia¬ 
phragm.) In reproducing the music from 
the wax cylinder, a needle was again con¬ 
nected to a diaphragm and the cylinder 
was revolved by a suitable spring mechan¬ 
ism. The needle passing over the surface 
of the cylinder, in the grooves, was forced 
from side to side and this made the dia¬ 
phragm vibrate, thus reproducing the 
sound. Later, the cylinder was replaced 
by a more compact disc, and the dia¬ 
phragm was placed in the small end of a 
conical horn, in order to direct the sound 
more effectively. 

MODERN DESIGN 

The design of the electric pick-up re¬ 
quired much research in order to overcome 
the usual difficulties from distortion. The 
amplifiers, with their new power tubes, 
could be made sufficiently perfect for the 
purpose; but there were several difficulties 
inherent in the design of the pick-up device, 
which caused trouble at first. The vibrat¬ 
ing reed, or armature, was found to have 
a “resonant point,’’ and distortion was 
caused through this. By careful design, it 
was found, a suitable magnetic reed could 
be made with its resonant point above the 
audible band and this source of distortion 
was eliminated. The magnet, case and sup¬ 
port of the pick-up also had to be con¬ 
sidered from the standpoint of resonant 
frequencies, but these problems were com¬ 
paratively simple. 
The rigidly-mounted vibrating reed was 

too stiff in motion at first and caused an 
excessive amount of wear on the record; 
so, in order to prevent this wear, the reed 
was supported in bearings and allowed to 
vibrate freely. By using small pads of 
rubber or other suitable material, the reed 
was prevented from vibrating too far. 
The weight of the complete unit and the 

way in which it was mounted also had a 
great deal to do with the wear on the rec¬ 
ords and, with most of the units, it was 
found necessary to use a balanced type of 
mounting in order to prevent the records 
from being scratched too much. 
The actual difficulties encountered in the 

design of a pick-up are comparatively small, 
and most of them can be overcome by care¬ 
fully balancing the parts and the weight. 

VOLUME CONTROL AND "NEEDLE 
SCRATCH’’ 

Another point which had to be considered 
was the method of controlling the volume 
of the reproduced currents. A large a-
mount of distortion could be introduced 
in this way, if the volume were incorrectly 
controlled. The use of either a resistor 
connected fully across the pick-up (Fig. 
3) or a potentiometer connected as shown 
in Fig. 4, is the most common method ; 
although other systems are also suitable. 
A resistor connected in the audio amplifier, 
across the secondary of one of the A.F. 
transformers, or across the speaker may. be 
used. Many of the commercial pick-ups are 
already equipped with volume-control sys¬ 

tems ; usually of the simple resistor or 
potentiometer type. These resistors are 
placed either in the pick-up mounting base 
or in a separate case, connected in the 
leads to the amplifier. 
Music from the old type of phonograph 

reproducer was accompanied, in most cases, 
by an annoying scratchy noise known as 
the "surface noise” or “friction noise.” 
In reproduction of the old type, it was not 
possible to eliminate this ; but, fortunately, 
the new electric reproducer allows a great 
reduction of these noises, and in many cases 
the scratch is almost inaudible. The re¬ 
duction of these noises involves the use of 
a filter which is tuned to a frequicncy near 
to that of the undesirable tone. These 
noises are rather high-pitched and the ab¬ 
sence of harmonics of the music, which 
are cut on at the same time, do not affect 
the quality sufficiently to cause any trouble. 
In fact most listeners could not discern 
most of them anyway; since the average 
person can hear only up to 9,000 or 10,000 
cycles. Broadcast stations carry signals 
only up to 5,000 cycles, because of the inter¬ 
ference problem ; and the loss of the higher 
frequencies is hardly noticeable even by 
musically-trained hearers, when the trans¬ 
mission and reception are otherwise perfect. 

The filter used for reducing these noises 
is very simple in construction; it consists 
of a choke coil of suitable design and a 
fixed condenser in scries. The complete 
filter is connected directly across the ter¬ 
minals of the pick-up. Most commercial 
pick-ups are already equipped with a suit¬ 
able filter and, in case one is not incorpo¬ 
rated in the device, it can be improvised 
very easily by using a radio-frequency 
choke coil of approximately 200 millihen¬ 
ries and a fixed condenser of ,006-mf. The 
connections of such a filter are shown in 
Figs. 3 and 4. 

her of amplifiers of this type have been de¬ 
scribed in back issues of Radio News; that 
in the February, 1929, issue is designed for 
high quality and great volume, and a special 
phonograph amplifier was published in the 
January, 1928, issue. 

The pick-up may be coupled to the set in 
several ways; to either the primary of the 
first audio-frequency transformer, the grid 
circuit of the detector tube, or the grid cir¬ 
cuit of the first audio-frequency tube. 
These methods are shown in Figs. 5, 6, and 
7, respectively. The method of Fig. 5 will 
probably supply the greatest volume, since 

A handy connection for record reproduction. 
A handy connection for record 

reproduction. 
it converts the detector into an amplifier 
tube ; although this is a matter for experi¬ 
mentation. It is necessary to connect a “C” 
battery in the circuit in order to obtain 
the best quality. The battery would need 
only a small potential ; probably several 
flashlight batteries connected in series will 
be the easiest way of obtaining this bias. 
The second method (shown in Fig. 6) 

uses the pick-up in the plate circuit of the 

With a small microphone connected to the detector socket by a plug, speech is clearly 
reproduced through the A.F. amplifier of a receiver. 

CONNECTING THE PICK-UP 

Almost all commercial units are equipped 
with plug-in devices, so that the experi¬ 
menter can use the regular audio amplifier 
in his radio set for phonograph reproduc¬ 
tion. Ambitious fans can build separate 
amplifiers for the purpose by using power 
tubes and suitable power supplies. A num¬ 

detector tube, across the primary of the 
firs! audio-frequency transformer, thus us¬ 
ing the amplification of this instrument. 
The final method connects the pick-up a-
cross the secondary of the audio trans¬ 
former. Although this system supplies the 
least volume of the three methods, it is 

(Continued on page 83) 
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The “Home-Builder’s Seven”—A “Super” Set 
A Receiver Meeting All Requirements and Which May 

be Built by the Constructor Himself in Largest Measure 

By B. B. Bryant 

T
HE development of modern radio 
receivers has been steadily toward 
a greater degree of complexity; and 
this, no doubt, has led many build¬ 

ers who are not in the veteran class to ap¬ 
proach gingerly the job of constructing 
larger sets. The necessity of a high degree 
of selectivity, the desire for increased fidel¬ 
ity of reproduction and larger output, the 
vogue of all-electric operation, and the 
problem of producing a set to rival the 
appearance and performance of the com¬ 
mercial receiver—all these things have 
caused too many radio fans to forsake their 
hobby. Many still have the itch for distant 
reception but, while ready enough to under¬ 
take a four- or even five-tube job, are cau¬ 
tious about tackling the job of building a 
larger and more complicated receiver, even 
though the above desirable qualities are as¬ 
sured. Others find in ready-made, elab¬ 
orate kits the possibility of building a pow¬ 
erful and finished-looking set in which the 
work of assembly has been reduced to a 
routine, but miss the pleasure of actually 
preparing the essential parts of the ap¬ 
paratus with their own hands. 
With a view to the needs of several 

classes of both custom set builders and 
fans, the writer set about the task of de¬ 
signing a receiver of moderate cost (its 
merits considered) which should embody 
the desirable requirements listed above, be 
comparatively simple to build, and in which 
as large as possible a number of parts 
should be within the resources and skill 
of the home constructor to make for him¬ 
self. After the construction of a series 
of five successful receivers, the somewhat 
simplified model described here was de¬ 
termined upon. While, if the directions are 
followed, it should equal in appearance and 
performance the finest of commercial re¬ 
ceivers, only a few tools are required for 
the work—pliers, a wire-cutter, a hacksaw, 
a hand drill with a suitable selection of 

urrn e bone-
1 BUILDER’S 

SEVEN” is a superhet¬ 
erodyne set which has 
been designed especially 
for those who like to 

No. 78 build their own receivers, 
as completely as possible. Its interme¬ 
diate amplifier is a single screen-grid 
stage which, however, utilizes a new 
arrangement to increase its amplifica¬ 
tion until it equals that of nearly 
three general-purpose tubes; while 
an additional tuned R.F. stage before 
the modulator gives added selectivity 
now much needed. The quality also 
will be found eminently satisfactory 
to the most critical listener. In ad¬ 
dition to the battery-operated set de¬ 
scribed here, an alternative circuit is 
provided, carefully worked out to 
give equal results with the conven¬ 
ience of A.C.-operation. In either 
model, this set will be found attractive 
by the custom builder as a receiver 
worthy of selection by discriminating 
purchasers who are willing to pay 
for quality, yet which can be produced 
by him with a low outlay for com¬ 
ponents. It presents also to the home 
builder a circuit giving high ampli¬ 
fication, with excellent appearance 
and worthy of being housed in an 
attractive cabinet; but which will not 
be a task requiring more than a mod¬ 
erate amount of experience and con¬ 
structive ability. Blueprints of large 
size have been prepared for the 
“Home-Builder’s Seven,” and may 
be had for the customary price of 
25 cents, postpaid. 

RADIO 
NEWS 
BLUE PRINT 

sizes, a hammer, screwdriver and soldering 
iron are sufficient. 

THE CIRCUIT 

An inspection of the schematic diagram 
(Fig. 1) will show that three elements 
have been adopted in the system of radio¬ 
frequency amplification. The well-known 
and efficient Ultradyne frequency-converter, 
preceded by a tuned radio-frequency stage 
which is controlled by a plate resistor, is fol¬ 
lowed 1 y a single stage of intermediate fre¬ 
quency (1,400 meters, or 214 kilocycles) in 
which, however, the use of a screen-grid 
tube gives a high degree of amplification. 
The regenerative detector following is used 
(with the peculiar arrangement which will 
be noted), not so much for the sake of 
added amplification as for the purpose of 
affording a suitable high-impedance load, 
required by the 222-type tube. A conven¬ 
tional two-stage transformer-coupled ampli¬ 
fier, with a 171A in the power stage, com¬ 
pletes the hook-up, and provides sufficient 
amplification for any reproducer adapted to 
the home. The result thus obtained is great 
sensitivity, with selectivity enhanced by the 
additional tuned R.F. stage, and quality 
which does not suffer in the inductively-
coupled intermediate band-filter. It will be 
found that more amplification is thus ob¬ 
tained than from the conventional super¬ 
heterodyne circuit, in which a first-detector 
stage coupled to the antenna is followed by 
201A tubes in three I.F. stages and a non-
regenerative detector. 

After some consideration, it was decided 
to feature here the circuit using direct-cur-
rent (storage-battery) tubes; while, in order 
that those who prefer alternating-current 
operation may be able to proceed with that 
type of construction, an alternative circuit 
is given in Fig. 1A. The latter uses through¬ 
out heated-cathode or 227-type tubes, ex¬ 
cept an A.C. 22 in the I.F. stage and the 
power tube; the necessary alterations in the 

A front view of “Home Builder’s Seven,” with its panel removed of its construction. The first shield at the right is partitioned to 
and the shield cans partially disassembled, to show the simplicity screen the detector circuit from the intermediate-amplifier stage, 
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The central sub-panel, of insulating material, and the bottoms of the shield cans on either side, carry the 
limited apparatus shown on the under side. The wiring which comes through should be carried direct 

from point to point, and be well insulated. 

and requires much strengthening to present 
a good appearance and rigid construction. 

The metallic chassis enhances at once ap¬ 
pearance, firmness of assembly and, owing 
to its conductivity, ease of wiring. With 
the vogue of shielding all high-frequency 
stages, it has become almost necessary. As 
used in this set, the chassis may be made 
by the constructor with slight expense and 
labor, and will lend a professional touch to 
the assembly. The metallic shielding cans, 
needed by every receiver of high sensitivity 
under present-day conditions, add to the 
ease of wiring and form an integral part 
of the construction. The audio stages are 
supported by a small sub-panel, just suf¬ 
ficient in size to accommodate the necessary 
parts, which may be of metal or insulating 
material as preferred. 

COMPONENTS NEEDED 

Any equivalent components may be sub¬ 
circuit and the values of the additional it was in many ways inconvenient and in¬ stituted in this circuit, with the exception 
parts required are indicated in the diagram. 
On the other hand, those who adhere to 
D.C. set operation, whether from choice 

efficient because of the great lengths of 
wire required by the fact that all compon¬ 
ents were in one plane and it was necessary 

of the four special coils used in the I.F. 
stage, detector circuit and the oscillator. 
The symbols appearing below and in the 

MECHANICAL CONSTRUCTION 

or necessity, will find the re¬ 
ceiver first described highly 
satisfactory; while a good “A” 
unit will give equally conven¬ 
ient lamp-socket service with 
these tubes, and a “B and C” 
unit presents exactly the same 
features with either A.C. or 
D.C. tubes in the similar cir¬ 
cuits shown. 

schematic diagrams, in con¬ 
nection with the respective 
components, correspond with 

those used throughout the 
text and illustrations. Those 
required are: 

■tiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiitiifinaa 

The neatly balanced panel with its 
two illuminated vernier tuning 
dials, the volume control R8, and 

the switch, 
aimiiiniiiiiliiiiiimiliiiiiiiniiMiiiiiiiiiuiiiiiiiiliiniiiiiiiiiiiiuiiiMnMMaB 

The use of a chassis, or metal frame, to 
support a receiver’s parts, marks the third 
and latest stage of design in radio sets. 
The original “breadboard,” used for con¬ 
venience by the experimenter, was long kept 
in use even when hook-ups had become both 
more permanent and more elaborate. Yet 

to loop and dodge the wiring about them. 
Complete insulating sub-panel mounting, 

the second stage, presented a great improve¬ 
ment in neatness, as well as in operation; 
because it made wiring more direct and 
gave greater freedom in the arrangement 
of components. It is, however, more costly, 

Two variable condensers, removable-shaft 
type, .00035-mf. (Cl and C2) ; 

One variable condenser, .0005-mf. (C3) ; 
Two semi-variable condensers, mica type, 

.0001 to .0005-mf. (C7 and C8) ; 
Two mica fixed condensers, .001-mf. (C4 and 

C5) ; 

The detector-intermediate amplifier compartments at the left con¬ 
tain the “heart” of the circuit. In the rear compartment are the 
detector components ; in the front one, the intermediate transformer, 

L5, its compensating capacitor C8, the regeneration control RIO, 
R.F. choke coil L8, and grid leak RS. The top terminal of the 
screen-grid tube Ví may be seen above the shielding. 
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Two mica fixed condensers, .0005-mf. (C6 
and C12) ; 

One mica fixed condenser, .00025-mf. (Oil) ; 
Two by-pass condensers, paper type, 0.5-mf. 

(C9 and CIO) ; 
One by-pass condenser, paper type, 1-mf. 

(C13); 
One antenna coupler (commercial or home¬ 
made) to tune over broadcast band with 
.00035-mf. condenser (LI); 

One R.F. transformer (commercial or home¬ 
made) to tune over broadcast band with 
.00035-mf. condenser (L2) ; 

One oscillator coil, home-made (L3) ; 
Four intermediate coils, home-made (L4 and 
L5); 

Three R.F. chokes, 80-millihenry or more 
(must not be of smaller value) (L6-L7-
L8); 

One 30-henry iron-core choke coil (L9) ; 
Five IA amperites (R1-R2-R3-R5-R6) ; 
One power-tube amperite (R7) ; 
One 25-ohm fixed resistor tapped at 10 ohms 

for shield-grid bias (R4) ; 
One 0- to 500,000-ohm variable resistor for 

volume and R.F. oscillation control (R8) ; 
One 2-megohm grid-leak resistance and 
mounting (R9); 

One 0-to 2,000-ohm variable resistor for re¬ 
generation control (RIO) ; 

Two audio transformers 2:1 ratio (IT and 
T2); 

Seven UX sockets—not more than J^-inch 
high (VI to V7) ; 

One 12-wire cable and terminal (M) ; 
One filament snap switch (SW) ; 
One bakelite panel, 7 x 24 x 3/16-inch; 
Two aluminum double cans, size 8% inches 

long, 7% inches wide and 5% inches high, 
■with two equal compartments (SI, S2) ; 

One piece of sheet aluminum 4y2x5)4 inches; 
Two drum dials, with knob immediately un¬ 

der scale (D1-D2) ; 
Two cord-tip jacks (JI and J2) ; 
Two binding posts, aerial and ground; 
Six feet angle brass, lx%xl/32-inch, for 

chassis; 
One piece of 1/32-inch aluminum (or 

3/16-inch wooden board, hard rubber or 
bakelite) 8%x9 inches, to form a sub¬ 
panel support. 

Ten-inch %-inch brass shaft for condensers; 
Two 25-foot rolls hook-up wire, single¬ 

strand push-back type; 
Two lengths spaghetti tubing; 
Four %-inch wooden dowels, 3% inches 

long; 
Screws, nuts and other small hardware. 

CONSTRUCTING THE I.F. COILS 

Most receivers of the superheterodyne 
type offer difficulty to the home builder in 
the construction of the intermediate trans¬ 
formers or coils. The construction of the 
coils L4 and L5 used in this receiver is 
simple and offers no difficulty. They are 
efficient and, while reasonable care is neces¬ 
sary, they need not be exactly the same. 
Exact matching of their inductanee is not 
necessary; as two are adjustably tuned. 

For their construction, a small form is 
required; this is made of three wooden 
discs held together by a screw as shown in 
Fig. 4. The wire is wound in the resulting 
slot. The central disc is 1 inch in diameter 
and 3/16-inch wide; the side discs are 1% 
inches in diameter and of such thickness as 
to be rigid. The central disc may be sawed 
from a broom handle. The side discs may 
be made from a cigar box and need not be 
round; three slots arc sawed in them, at 
equal distances around their circumference; 

these slots should be 14-inch deep. A hole 
is drilled through the center of each disc. 
They are then assembled with the l-inch 
disc in the center, and held securely to¬ 
gether with a long 6/32 or 8/32 bolt and 
nut. After assembly the slots are aligned 
and a length of strong linen thread placed 
in each slot across the surface of the 
central disc; these are tie strings to hold 
the winding in shape when the form is 
taken apart. 
Three coils are now wound, each with 

200 turns of No. 32 D.S.C. or D.C.C. wire 
in the large slot. The ends of each tie 
string are then tied around the winding, 
after which the nut and bolt are removed. 

The side discs will now fall aside, leaving 
the tied winding with the central disc in 
the center. The latter is now pushed out, 
taking care to preserve the shape of the 
coil. 
The fourth coil is made in the same 

manner, but with 75 turns of No. 28 D.S.C. 
or D.C.C. wire. 

No particular care in winding the wire 
in the slot is used; ás a matter of fact the 
greater the “scrambling” the better, as this 
will result in lessened distributed capacity. 
Highly distributed capacity would result in 
high resistance and broad tuning. When 
all the slot-wound coils are finished they 
are soaked in airplane dope or celluloid 
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cement; after removal they are pressed be¬ 
tween two boards to remove the excess 
dope and to make them flat. They are then 
put aside until hard and dry. 

ANTENNA, R.F. AND OSCILLATOR COILS 

While commercial coils may be used for 
the antenna and R.F. couplers, they are 
easy to make. The secondary windings of 
LI and L2 consist of 100 turns of No. 28 
D.S.C. wire wound on pieces of 1 %-inch 
tubing 3% inches long. The primary of LI 
consists of 20 turns of No. 28 D.S.C. wire 
wound at the filament end of the second¬ 
ary with a separation of %-inch. The pri¬ 
mary of L2 is wound in the same manner as 

the antenna primary, but consists of 30 
turns of No. 32 D.C.S. wire. (See Fig. 5.) 

A thick coating of airplane dope or cel¬ 
luloid cement is applied to these windings, 
and immediately wiped off with a clean 
cloth. When it is applied and removed in 
this manner, sufficient dope remains for pro¬ 
tection and adhesion of the windings. 
Terminals for connection are provided 

by drilling small holes around the base for 
anchoring the beginning and end of each 
winding. The insulation is scraped from 
the free ends of the windings, which should 
be left about 5 inches long, and looped sev¬ 
eral times through the small hole near the 
base. If done properly, this will provide 

a soldering contact %-inch long and 1/16-
inch wide. 
The oscillator coil L3 is made in the 

same manner. The secondary or grid coil 
consists of 48 turns of No. 28 D.S.C. wire 
wound on 1%-inch tubing; the plate or pri¬ 
mary coil consists of 35 turns of No. 28 
D.S.C. wire wound at the filament end of 
the grid coil. The windings are spaced 
%-inch; soldering terminals are provided 
as for the antenna and R.F. coils. 
All the various windings are wound in 

the same direction. 
MAKING THE CHASSIS 

§ix feet of angle brass 1 inch by %-inch 
by 1/32-inch thick, is obtained. Measuring 
on one side from the center, points are 
marked at 11% inches, 20% inches, 32% 
inches and 33% inches. On the other side 
from the center, points are marked at 11% 
inches, 20% inches, 32% inches. The length 
is sawed off at the ends (at the 32%-inch 
point and 3.3%-inch point). The 1%-inch 
section next the 33%-inch mark is sawed off 
on the %-inch side, leaving on the 1-inch 
side a tongue 1% inches long, for a lap 
joint. Right-angle wedges are now sawed 
out at the 11%- and 20%-inch marks, also 
on the %-inch side of the angle brass. The 
apex of each right angle should be directly 
on the points marked at the edge of the 
1-inch width. 
After the angle brass strip is prepared 

as explained above, it is shaped into a rec¬ 
tangular frame, 8%x23% inches, by bend¬ 
ing at the apex of the “X”’ shaped notches 
made by the removal of the wedges. The 
tongue prepared for the lap is placed on 
the inside. The top of the frame, which 
is formed by the %-inch side of the angle, 
is made to butt closely. While it is in this 
position, holes are drilled through the top 
angle and through the tongue. Screws are 
then inserted into the holes, nuts placed on 
the inside and tightened. The chassis is 
thus formed. 

ASSEMBLY OF CANS 

The bottom plates of the cans are now 
placed flat on top of the brass frame, with 
their sides even with ends of chassis frame. 
With a pencil, the positions of the holes in 
the can bottom are marked on the chassis. 
The points indicated are then drilled 
through to pass 6/32 screws, %-inch long. 
The screws should extend through the can 
bottoms and should turn into the corner 
and center pillars of the cans. 
The sides and front of the cans are 

slipped into their grooves temporarily; the 
8%x9-inch strip of aluminum, wood or bake¬ 
lite is now placed in position in the open 
space of the chassis between the cans, fitted 
underneath the %-inch flange, and fastened 
in position by 6/32 screws and nuts. 

MOUNTING CONDENSERS AND DIALS 

For mounting the variable condensers, 
four of the side pieces of the cans are 
drilled for %-inch holes, at proper places. 
The condensers are now fastened to these 
plates with the large bushings provided, and 
the sides are now replaced in their regular 
positions. 

The 10-inch shaft is placed through the 
two .00035-mf. condensers Cl and C2; it 
should protrude about two inches for the 
drum dial DI. The shaft of the .0005-mf. 
oscillator condenser C3 is made to extend 
out to the same length. After loosening 
the set screws of the hollow shafts of the 
drum dials, DI and D2, they are slipped 
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Fig. 1 
The circuit diagram of the "Home Builder's Seven’’ for use with be determined readily from the corresponding diagram, Fig. 1A, on 
D.C. tubes. The changes necessary to adapt it to A.C. tubes can page 968. The shielding used saves much of the wiring. 

over the extended shafts of the condensers. 
The edge of the drum-support frames should 
be flush and against the edges of the cans. 
Mark on the chassis positions of the holes 
in the turned-over edge of the drum-support 
frame, and drill holes for 6/32 screws. Pass 
the screws through holes of the chassis 
and fasten the frames of the drums rigidly 
to the chassis; after which all set screws 
of the condensers-and drums are tightened. 
The choke L9 is now placed in position 

at the front edge of the chassis between the 
drums, and the audio transformers T1 and 
T2 are fastened in position back of the 

drums, close to the sides of the cans. This 
leaves a rectangular space in which the two 
audio sockets, V6 and V7, are equally 
spaced and fastened to the sub-panel. In 
the exact center of the rear edge of the 
chassis frame, the cable-plug receptacle is 
mounted. The cord tip jacks JI and J2 are 
then put in the holes provided on the 
cable terminal. 

MOUNTING THE COILS 

L-shaped brackets, 1% inches long, are 
used to mount the antenna coil LI, the R.F. 
coil 1.2 and the oscillator coupler 1.3. After 

C8 

BASE PLATE OF ALUMINUM SHIELD. 

N9.6-32 OR 
N9.8-32 SCR 

3 SAW SLOTS 
EQUALLY SPACED 
FOR RINDING THREAD 

- 3/8 ROUND 
OR SQUARE 
WOODEN POSTS. 

WIND ONE COIL OF 75 
TURNS NS 28 D.S.C.OR 
D.C.C. WIRE FOR L5 

200 TURNS 
EACH 

WIND 3 COILS OF 200 
TURNS EACH, WITH _ 
N2.32 D.S.C. OR D.C.C. 
WIRE. 2 REQ'D FOR L4, 
ONE REQ'D FOR L5. 

WINDING FORM 
FOR COILS L4&L5 

LINEN BINDING 
THREAD 

-VIEW SHOWING 
MOUNTING OF 

COILS L5~ 

51 BAKELITE OR 
FIBER CLAMPING 
STRIPS FOR COILS. 
MAKE 4 STRIPS 
2'/i6 LONG X 5/|6’ 
WIDE X 3/32 OR 
l/8" THICK 

COUPLING SPACE 
TO BE DETERMINED 

BY TRIAL. 

VIEW SHOWING MOUNTING 
OF COILS L4 ~ 

9" 
16 

- HEADS OF „ 
N2.6-32 X 3/4 
LONG, FLAT 
HEAD MACHINE 
SCREWS SOLDER¬ 
ED TO HEADS 
OF CONDENSER 
TERMINAL 
SCREWS. 

200 T. 

Fig. 4 
The details for making and mounting the 214-ic. intermediate transformers required. 

the brackets have been fastened to the coil 
forms as shown in Fig. 5, the coils are 
mounted in their respective shield cans; LI 
in SIA, L2 in SIB, and L3 in S2A. When 
mounting the coils, sufficient space must be 
left for the socket and tube at the rear of 
each compartment; the sockets in these 
three compartments may be mounted at this 
time. 

Mounting of the I.F. coils is equally sim¬ 
ple, although care is required. The y3-inch 
dowel is now cut into 3%-inch lengths. Small 
holes are drilled, %-inch in depth, in the ex¬ 
act centers of their ends. These are for the 
wood-screws used in mounting the semi-var¬ 
iable condensers. 

Most small semi-variable mica condensers 
have two holes, provided for fastening to the 
baseboard. On the under surface of the 
molded bases are seen the flat heads of the 
condenser’s terminal screws. To these heads 
are soldered the flat heads of 6/32 brass 
screws, 1-inch long. Four bakelite strips 
%-inch thick and %-inch wide, are cut to 
such lengths that, when holes are drilled 
near their ends, they will slip loosely over 
the screws. These pieces serve as clamps for 
the special coils already described. 

To assemble, one strip is placed over the 
screws and the coil is held in position while 
another strip is passed through its center 
and slipped into place over five screws; nuts 
are then screwed down over the clamping 
strips and tightened until the coils are held 
firmly in position. Care should be taken 
that the windings are placed so that they 
run in the same direction. 
The entire assembly as shown in Fig. 5 

is fastened to the bottom of its respective 
can compartment (S2B and S2C) by passing 
wood-screws through the metal bottom and 
screwing them into the lower ends of the 
wooden dowels. 

FINAL ASSEMBLY 

The sockets are placed in compartments 
S2B and S2C as shown in Fig. 2; after 
which the partition is placed in position 
and the positions of holes for mounting the 
chokes are marked. One hole for the 
“B-|-135” lead to the I.F. plates is drilled 
above the choke L7; the partition is re-
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28 DSC. wire:. N2 

GRID COIL 

NS 28 DSC. WIRE 

H inioO 

PRIMARY WINDING OF Ll = 

-»-BRASS DETAIL OF MOUNTING 
BRACKET. 3 REQ'D. 

PLATE COIL 
35 TURNS OF 
NS 28 DS.C.WIRE« 

SECONDARY 
WINDING 

IOO TURNS OF 

5/32 DR 
2 HOLES 

BAKELITE V MOUNTING 
TUBING BRACKET 

-OSCILLATOR 
COIL L3 

20 TURNS OF NS 28 D.S.C.WIRE. 
PRIMARY WINDING OF L2 » 
30 TURNS OF N2.32 D.S.C.WIRE 

-DETAIL OF 
COILS LI & L2-

Fig. 5 

Data, for construction of the two R.F. coils and the oscillator coil of the 
“Home-Builder’s Seven.'' 

moved and the chokes L6, L7 and L8 are 
mounted in their respective positions. 
The holes for mounting the volume con¬ 

trol R8; the regeneration control RIO, and 
filament switch SW are marked and drilled 
in the can fronts and the central partition 
of the S2 can (the latter for RIO). The 
can fronts and partition are again placed 
in position, and the respective parts are 
mounted ; care should be taken that R8 and 
RIO are insulated from the cans, as other¬ 
wise a short will result. 
The by-pass and output condensers C9, 

CIO and C13 are fastened into the positions 
as shown in Fig. 3. At this time the amperite 
holders are mounted on the inside of the 
vertical section of the chassis frame as 
shown. The element R4 is soldered to the 
“A—” prong of the socket in compartment 
S2B, as shown in Fig. 2. The vertical grid 
leak mounting is fastened to the back of 

S2 in compartment C; conveniently close to 
the detector socket. The grid condenser 
CH is soldered to the socket “G” terminal 
of V5 at the same time the lead of the 
mounting is soldered. 

WIRING AND ADJUSTMENT 

Wiring of the receiver is simple. The 
method recommended is that of “point-to-
point,” marking out the lead on the wiring 
diagram when the connection on the set is 
completed. When passing each lead through 
the hole drilled in the bottom of the cans 
for that purpose, a 54-inch length of spa¬ 
ghetti tubing is slipped over the wire and 
through the hole. This procedure will pre¬ 
vent abrasion of the wire by the cans and 
possible short circuits. 
For those who prefer to wire from the 

schematic diagram (as the writer does) it is 
recommended that all grid leads, plate leads, 

Characteristics of 
Two New Tubes 

IN recognition of the tendency to stand¬ ardize on 2.5 volt a.c. tubes, the Arc¬ 
turus Radio Company of Newark, N. J., 
announces two important additions to 
their line in the development of the type 
145 and 124, respectively power and 
screen-grid tubes. 
The power tube has an undistorted 

power output of 1.7 watts under the fol¬ 
lowing normal operating conditions: 
Plate potential 
Grid bias 
Filament voltage 
Filament current 

250 volts 
—50 volts 
2.5 volts 
1.5 volts 

Amplification constant 3.5 
Mutual conductance 1,900 micromhos 
Plate resistance 1850 

The undistorted power output of this 
new tube is equal to that of the 210 type 

of tube and is secured at much lower 
plate voltages. Also, the low plate im¬ 
pedance improves the tone quality when 
outputting into readily available load 
circuits. 

The characteristics of the screen-grid 
tube are as follows: 

Ffeater potential 2.5 volts 
Heater current 1.75 amperes 
Plate potential 180 volts 
Shield-grid potential 75 volts 
Control grid bias 1.5 volts 
Amplification constant 400 
Plate resistance 400,000 ohms 
Mutual conductance 1,000 micromhos 
The 124 tube is of the heater cathode 

type and is mounted in the UY five-prong 
base. The control grid is brought out to 
a cap on the top of the tube. 

grid returns, plate returns, “A+,” “A— 
and the remainder of the connecting leads 
be wired in the order given. 
After the builder has tested the various 

circuits for shorts and is sure that every¬ 
thing is in perfect order, the various tubes 
are placed in their proper sockets. A tube 
of almost any type may be used at V5 as a 
special bias lead is provided ; in a great 
many cases, locals will be of such strength 
that overloading the detector can be pre¬ 
vented only by the use of a negative bias, 
resulting in plate rectification. Otherwise, 
on distant stations greater sensitivity and 
volume will be obtained by the grid-lcak-
and-condenser, or grid-rectification, method. 

When the tubes are in their sockets, the 
cable M, which previously should be con¬ 
nected to the “A,” "B,” and “C” supply, is 
now plugged in. The aerial lead-in and the 
ground wire are connected to their binding 
posts, and the speaker cord tips to JI and 
J2. 

The filament switch SW is turned on and, 
while rotating the drum DI slowly over the 
scale, the drum D2 is worked backandforth 
over its scale until a signal is heard. If 
possible, a signal should be selected at a 
condenser setting that will allow the builder 
access to the set screws Cl and C2, which 
may now be loosened. Slowly turn the rotor 
of condenser Cl until the signal is loudest. 
Keeping this preliminary adjustment, the 
adjusting screws of condensers C6 and C8 
are adjusted in turn for loudest signal 
strength. After this adjustment, regener¬ 
ation in the detector circuit may be too 
great. Regeneration control is obtained by 
adjusting RIO to a point just under sus¬ 
tained oscillation of the tube, or until the 
audio beat-note disappears and the signal 
becomes loud and clear. The controls DI 
and D2 are now readjusted. When tuned 
to a station, the R. F. stage VI should 
oscillate; if it does not, readjust the rotor 
of Cl. Should the aerial be too long, or if 
the signal is from a powerful local, it may 
prove difficult to make the R.F. stage 
oscillate. In this case, the aerial should be 
shortened or a weaker station selected. 
Oscillations of the R.F. stage are controlled 
by the panel knob of R8 which serves also 
as a volume control. 

At this time the oscillator tube V3 should 
be removed from its socket; upon which the 
signal should immediately disappear. If it 
does not, the coupling between the primary 
and the secondary of L4 is too great. The 
normal separation of the coils should be 
about one inch, where medium selectivity is 
desired. Great selectivity may be obtained 
by greater separation, or by placing the 
coils in right-angle relation. It should be 
remembered that, as selectivity increases, 
signal strength decreases. A compromise 
must be struck for the peculiarities of the 
location and the aerial which is used. 

In rare cases, it may be difficult to 
cause V3 to oscillate. A simple test is to 
place a pair of phones in series with the 
plate return of this tube and its lead 
“B + Osc,” with battery connected. With the 
tube in its socket, upon touching the grid 
and. plate socket terminals with a wet finger 
tip loud and distinct “plops” should be 
heard. In some cases the turns of the 
plate coil of L3 must be increased, to ob-

(Continued on page 84) 
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7 he variable resistors above, suitable for volume controls, are (left to right) 
a Ccntralab wire-wound potentiometer; Clarostat (carbon-compression); Carter 
carbon-strip resistor; Ccntralab carbon-strip potentiometer; Elcctrad high-resis¬ 

tor; Bradleyohm (carbon-compression) ; and an old-style potentiometer whicl 
will adorn many junk-boxes. The potentiometer may be used either as voltage 
divider or plain variable resistor. 

Choosing Between Volume-Control Methods 
By Ashur van A. Sommers 

I
has been said that the method of con¬ 
trolling volume in a radio set can either 
“make” or “break” the set. At first 
glance, this appears to be a rather 

broad statement; but, on further consider¬ 
ation, it will be found that this is at least 
partly correct and, in many cases, entirely 
correct. For instance, if we refer to the 
methods used for controlling the volume in 
the average set several years ago, we find 
that they are considered entirely inadequate 
for present-day receivers, because the radio 
public has been educated to understand some 
pf the causes of distortion in a set. 

In Figs. 1 anti 2 we find two common 
methods of volume control, most generally 
used in sets a few years ago. Fig. 1 shows 
the use of filament rheostats for controlling 
the filament temperature; this in itself is 
quite satisfactory, if care is taken to keep 
the tubes from being overloaded. If this 
reduction of the filament voltage is used 
for a volume control, however, there is a 
very great possibility of causing distortion; 
because the tubes will not carry as much 
plate current when the filaments are turned 
down, as* when they are kept at the correct 
temperature. This effect is most evident 
when the radio-frequency and detector tubes 
are controlled by one rheostat. 

Fig. 2 shows the use of a potentiometer 

R for oscillation control as well as volume 
control. As an oscillation control, the use 
of a potentiometer is satisfactory; providing 
the adjustable arm is kept on the side of 
the resistance wire which is connected to the 
negative filament terminal. Of course, the 
use of resistors in the grid wiring of sets 
is not to be advocated, unless correctly em¬ 
ployed, and for this reason the use of the 
potentiometer in tuned-R.F. sets has been 
practically discontinued. Another drawback 
in using the potentiometer, either as a vol¬ 
ume or oscillation control, is the large in¬ 
crease in the plate current caused when the 
movable arm of the potentiometer is moved 
to the positive side. A third reason is that 
broad tuning results from a positive bias on 
the grid. 

OTHER DEVICES EMPLOYED 

Both of the methods mentioned above have 
been largely discontinued, because of their 
inherent weaknesses; but inefficient volume 
controls are still being employed, and un¬ 
biased discussion of the various methods 
should help to straighten out this matter in 
the minds of radio builders. Probably the 
best way to show the relative advantages 
and disadvantages is to divide the different 
types of receivers into groups: we will re¬ 
fer first to direct-current (battery) sets 

The first method (A) controls plate voltage and incidentally oscillation; the second (B) the voltage 
of the signal passed on. This and (C) are better adapted to small sets; that at (D) for the larger 
models of receivers, using power units, although it requires more components to construct the circuit. 

using the standard tubes; secondly, to nl, 
ternating-current sets; and thirdly, to the 
new screen-grid sets. 
We may define the ideal volume control 

as that which will allow a gradual control 
of the receiver’s volume from a whisper to 
the greatest possible amount of sound that 
the receiver can produce, without affecting 
the fidelity of reproduction. In controlling 
the volume, also, the tuning of the set must 
not be disturbed; since this would cause 
trouble in single-control sets. There are a 
number of otherwise suitable methods which 
cannot be used for this reason. 

Practically, the volume control should be 
capable of reducing tube distortion when the 
set is turned down; since distortion is much 
more apparent on soft signals than on loud 
ones. Also, the set is often turned down 
solely to reduce the distortion, and, if the 
volume-control method used does not reduce 
the distortion more than the volume of 
music, it is not entirely suitable. By a 
method which will lower the input to the 
tubes which are most likely to be overloaded, 
distortion will be reduced considerably when 
the set is not operated at its greatest vol¬ 
ume. The volume control must not intro¬ 
duce any distortion or noises of its own, 
and it must not change the characteristics of 
any of the apparatus in the set. There is 
one exception to this rule, which will be de¬ 
scribed later with the systems which are in¬ 
corporated in the audio-frequency amplifier. 

VOLUME CONTROL IN BATTERY SETS 

Two methods which have fallen into disuse 
have been mentioned above; there are also 
several others which, though more in favor, 
are for one reason or another not quite 
satisfactory. A very common way to re¬ 
duce the volume in a set is to place across 
the loud speaker a variable resistor of high 
value. The volume is controlled very satis¬ 
factorily in this manner; but, unfortunately, 
the load on the tubes in the set is not les¬ 
sened when reduced volume is used and, 
because of this, the distortion Is just as bad 
at a whisper as at a thunderous roar. This 
is not desirable, and a method of reducing 
the load on the tubes will permit the set 
to give better quality when the volume is 
reduced. This is particularly advantageous 
when local stations arc being received, be¬ 
cause of the overpowering signal strength. 
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GRID RESISTOR CONTROLS 

The final method of control in the radio¬ 
frequency amplifier is the grid Circuit. Two 
methods of using this method of volume 
control are shown in Fig. 5; the first (A)¡ 
is quite satisfactory if single-dial tuning is 
not used. However, it is not entirely suit-1 

able if the tuning controls are ganged to¬ 
gether, because of the detuning effect; but 
this detuning can be overcome by using the 
system shown at B. The disadvantage of 
this method is the effect on the selectivity; 
when the resistance is reduced, the select¬ 
ivity is ruined. 

Two old methods'. Fig. 1, reducing filament emission by turning down the rheostats. Fig. 2, con¬ 
trolling bias of R.F. grid circuits by a potentiometer across the “A” battery. Neither 

is entirely satisfactory. 

Another common method is to place a 
variable resistor across the primary of one 
of the audio-frequency transformers, usually 
the first. This method is slightly better than 
control at the speaker; but the detector 
and radio-frequency tubes are still operated 
at full load regardless of the volume. The 
use of a resistor across the transformer may 
also change its characteristics; although the 
change is often an advantageous one, espec¬ 
ially with transformers which are “peaked” 
rather sharply, such as those designed some 
years ago. With more modern transform¬ 
ers, the change in the transformer char¬ 
acteristics may be a detriment rather than 
an asset; since it may change a good “char¬ 
acteristic” curve to a rather poor one. How¬ 
ever other methods which will give control 
over the first tubes in the set, are more 
suitable. 

CATCH ’EM EARLY 

Since the speaker and audio-amplifier 
methods of control are both applied too late, 
the logical conclusion is that a control either 
in the radio-frequency amplifier or in the 
aerial would be best. This leaves several 
methods, some of which are quite satisfac¬ 
tory and others less so. A variable resistor 
in series with the plate supply (“B”-battery 
lead) to the radio-frequency tubes is very 
often used and, in most sets, is quite satis¬ 
factory. This resistor serves also as an 
oscillation control and, in sets of only one 
or two stages, very good results can be ob¬ 
tained. This method is shown at A in Fig. 
3, in which several other plate-voltage con¬ 
trol methods are also illustrated; at B we 
have a high resistor in parallel with the 
primary of one of the radio-frequency trans¬ 
formers. This method is slightly better than 
the first for larger sets, but may cause a 
change in the tuning when its resistance is 
low. This is due to the fact that it prac¬ 
tically short-circuits the tuned coil when the 
resistance is reduced; which reduces the 

most suitable of the plate-circuit control 
methods, because it does not have any of 
the defects of the others. The choke coil 
maintains a constant potential, and the re¬ 
sistor reduces the volume without any alter¬ 
ation of the inductance in the primary coil. 

When a set is used which is shielded, or 
for other reasons will not pick up signals 
without an aerial, the volume may be con¬ 
trolled in the aerial circuit; two methods are 

shown in Fig. 4. The first (at A) is a 
potentiometer, of about 10,000 ohms, directly 
across the grid circuit of the first radio fre¬ 
quency tube. This method reduces the 
number of tuning controls required in the 
set; but it also reduces the amplification, 
and for this reason is only suitable for large 
sets. The second (at B) allows the use of 
all tuning controls and is applicable to 
most sets; a resistor of about 25,000 ohms 
is used as shown. As mentioned above, a 
difficulty often encountered with controls of 
this type is due to the pick-up of strong 
signals in the coils and wiring of the ampli¬ 
fier and detector. 

methods afford the 

FIG.4 

The resistor used in the grid control 
must have a very high maximum value, so 
that the amplification is not reduced on the 
maximum setting; one of about 500,000 to 
1,000,000 ohms is required for this purpose. 
If the grid control is placed in the last stage 
of radio-frequency amplification, the detec¬ 
tor will not be overloaded and the volume 
will be controlled even though the set may 
operate with the aerial disconnected. 

To sum up the best methods of controlling 
volume in a battery-operated set, we find 
that the radio-frequency and aerial control 

VOLUME CONTROL IN 
A.C. SETS 

The problem of con¬ 
trolling volume in al¬ 
ternating-current op¬ 
erated sets using their 
special tubes, is quite 
different from that 

most advantages and 
fewest disadvantages. 
Of these, the ones 
shown as 3D, 4B and 
5A are applicable to 
most sets. 

encountered in battery sets. In order to 
simplify the discussion, it is best to divide 
the sets into two classes; first, those using 
the ‘heater-” (227-, etc.) type tubes and, 
secondly, those using the direct-to-“filament-
(22G-, etc.) type” tubes in the amplifier 
sockets. In sets using the heater tubes in 
all stages (except the last audio-frequency 
or “power") most of the systems of volume 
control above outlined for battery sets are 
satisfactory. In order to keep the hum at 
a minimum, however, it is advisable to use 
some system which will not disturb the plate 
and grid voltaires. 

(Continued on page 85) 

The aerial resistor is 
highly satisfactory, from 
the standpoint of quality 

solely. 
^l^^lllllll^1.in—•rmi'u iir min uni iinriiliiiimi— 

primary’s effective inductance, and causes 
also a change in* the inductance of the 
tuned secondary. Such a result makes this 
method unsuitable for single-control sets, 
unless “trimming”' condensers are used for 
matching the tuning condensers. 

In the system shown at C this difficulty is 
avoided, but another encountered. If a 
“B” power unit is used, a variation in the 
setting will change the voltage applied to 
the plate; and this will also cause a dif¬ 
ference in the voltages on the other tubes 
with corresponding complications. This is 
also true of using the series resistor as at 
A and, for that reason, this method is suit¬ 
able only for small sets. 
''The method shown at D (Fig. 3) is the TJie methods of controlling volume shogun above, while efficient in some ways, affect tuning in the 

circuit shown at A, and selectivity in that at B. High resistance is necessary here. 
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The Hammarlund - Roberts “Junior Hi-Q 29” 
D. C. Model 

A Product of Radio Engineers Who Have De¬ 
signed It for the Custom and Home Builder’s 

Convenience 

By Leslie G. Biles 

Shown here in a table cabinet, 
this panel will grace any cansóle. 

THAT is a good receivers” is the 
% Ä / question which has been presented 
y y to the public jury innumerable 

times. At first glance, ore would 
naturally consider the answer to this ques¬ 
tion to be of necessity weighted down with 
intricate details. No idea is more distant 
from the truth; because a few words based 
upon public opinion constitutes the reply. 
To be exact, a good receiver is one which is 
scientifically designed and will perform in 
an admirable manner, when placed in the 
hands of any user, even though he is not 
possessed of a technical education. The 
criterion of a receiver’s performance is in 
the results secured, not by one who is suf¬ 
ficiently versed in radio lore to be able to 
secure the “Nth” degree of efficiency, but 
by the man who can simply assemble and 
wire a receiver and then manipulate the 
controls in conventional fashion. 
Much may be said and written about the 

performance of a radio receiver but, since 
Hie background and basis for good per¬ 
formance is scientific design, we believe 
ihat an analytical discussion of the factors 
involved in the design of the highly-success-
ful “Junior Hi-Q 29” receiver (direct-cur¬ 
rent model) will undoubtedly be of inter¬ 
est to the myriad enthusiasts who are in¬ 
terested in the “why” of a receiver. An 
analysis of the design makes it easy to un¬ 
derstand the entire receiver, and gives one 
an insight into the fundamentals of its per¬ 
formance. It is the performance of a re¬ 
ceiver which determines whether the invest¬ 
ment has been wise. Hence, design details 
are not mere technical items but the road 
to “your money’s worth.” 

SELECTIVITY AND AMPLIFICATION 

True, radio engineering, during the past 
few years, showed a steady tendency towards 
the use of 7-, 8- and 9-tube radio sets; but 
with new wavelength allocations and the 
production of the D.C. 222-tube screen-grid 
tube at the advent of the 1929 radio season, 
a decided change in receiver design set in. 
What with the allotment of station fre¬ 
quencies uniformly 10 kilocycles apart, thus 
improving the status of the broadcasting and 
increasing consequent selectivity, and the 
gain per stage obtained with the screen-grid 
tube, greater economy in stages were made 
possible in receiver design, particularly in 
radio-frequency amplifying systems. 

In this respect, the screen-grid tube played 
the paramount role. The reasons were 
numerous: first, it made possible greater 
gain per stage and effected a consequent re¬ 
duction in the number of tubes required to 
impress a certain voltage upon the detector 

J ITTERY operation is still the fa¬ 
vorite of the fan who wants dis¬ 

tance. In this powerful receiver we 
find lhe same screen-grid tubes as in 
the larger A.C. model; though not the 
elaborate filler circuits, nor the push-
pull output. However, this receiver, 
considerably easier and less costly to 
build, is capable of excellent DX work 
in any fair location, has selectivity suf¬ 
ficient under the usual conditions, and 
gives high quality with volume suit¬ 
able for the home. 

grid. Secondly, the reduction in tube ca¬ 
pacity, accomplished in the design of the 
screen-grid tube, made possible the realiza¬ 
tion of enormously high gain in the radio¬ 
frequency amplifier without fear of un¬ 
controllable regeneration. Hence, the de¬ 
vices previously necessary to curb this an¬ 
noying force can now be eliminated, thus 
reducing the cost of the receiver. 
The possibility of high gain per stage, 

in the radio-frequency amplifier, however, 
introduced associated problems. Atmos¬ 
pheric disturbance, the ban of the radio 
pioneers, has now been supplemented by 
man-made static which greatly decreases 
the ratio between signal and noise; and the 
high gain available with the screen-grid tube 
makes necessary careful consideration of the 
number of stages to be used in the R.F. 
system, because ultra-sensitivity greatly in¬ 

creases the effect of man-made static. The 
abundance of broadcast stations adjacent to 
the larger cities, and the increased power 
employed by the stations, introduce ad¬ 
ditional factors. The public demand for 
high-quality reception of local stations dur¬ 
ing the period of their operation augments 
the items which must be considered when 
the number of R.F. stages is determined. 

Investigation of the maximum gain avail¬ 
able from a screen-grid tube and its radio¬ 
frequency transformer, consistent with sat¬ 
isfactory selectivity between local stations 
and the ability to tune in DX stations after 
the locals have signed off (plus the radio¬ 
frequency “response curve” for each indi¬ 
vidual stage which produced minimum side¬ 
hand-suppression) as well as detailed con¬ 
sideration of the items previously mentioned, 
showed that two stages of screen-grid radio¬ 
frequency amplification constitute an ampli¬ 
fying system which is conductive to high-
calibre performance in every respect. The 
use of individual stage shielding, whereby 
all inductive coupling between the radio¬ 
frequency transformers, and electrostatic 
coupling between the condensers, is elim¬ 
inated, has made possible the attainment of 
a high amplification level with perfect sta¬ 
bility; so those DX stations can be received 
with excellent volume after the locals have 
signed off the air. The elimination of such 
interstage couplings displayed its effect upon 
the regeneration present in the system, by 
improving the shape of the resonance curve 
of each stage, and greatly minimized side¬ 
band suppression. The minimization of re¬ 
generation, together with the total radio-

'1 he simplicity of the “Junior Hi-Q 29” is apparent; and the rcady-drillcd chassis makes the work 
of assembly a trifle. There is space to add a power unit. 
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frequency shielding, made it possible to ob¬ 
tain a certain co-efficient of coupling be¬ 
tween primary and secondary inductances 
of the tuned radio frequency transformers. 
This, again, permits a high gain per stage 
without a sacrifice in selectivity. 
The proof of the high gain available in 

the radio-frequency amplifier is evident 
from the use of a “C”-bias detector in place 
of the normal grid leak-and-condenser sys¬ 
tem. The former is used in the receiver 
here described, despite the fact that the 
latter method of detection is many times 
more sensitive. However, the use here of 
the grid-bias system of detection is not solely 
to prove the gain obtained in the R.F. sys¬ 
tem. The true reasons are numerous: first, 
the fact that it permits full realization of 
the gain present in the radio-frequency am¬ 
plifier. Secondly, it reduces distortion in 
the detector system because the input that 
may be applied to a grid-bias detector is 
several times that which may be applied to 
a grid leak-and-condenser detector system. 
(See Radio News for April, page 916.) 
Third, it improves the selective powers of 
the detector’s input circuit. 

AUDIO AMPLIFIER 

The audio amplifier was likewise a sub¬ 
ject of investigation. Of the many systems 
available, three stages of resistance coupling 
was decided upon as being the best to fol¬ 
low the radio-frequency and detector sys¬ 
tems employed. The smallness óf the usual 
gain in such an amplifier, due to the lack of 
step-up in the audio coupling units, is coun¬ 
teracted here by the use of a “high-mu” 
tube in the first stage. The reason for the 
use of this tube only in the first stage is 
that the permissible input voltage to any 
tube decreases as the amplification constant 
is increased. Under the circumstances, the 
voltage output of the detector tube is not 
sufficient to overload the first stage but, if 
this tube were used in the second-stage, its 
margin of “‘grid swing” would not permit 
the application of the voltage output ob¬ 
tained from the first stage when the receiver 
is tuned to a local station. 

Although this factor is seldom discussed, 
the combination of values, of the coupling 
capacity and the grid leak, displays a large 
effect upon the audio-frequency response 
available from an amplifier. In this re¬ 
ceiver, the value selected for each is such 
that the cumulative effect of the R.F., de¬ 

tector and A.F. systems provides the desired 
characteristics required for best perform¬ 
ance with the average loud speaker. The 
use of a single 171 as the output tube was 
decided upon only after acoustic measure¬ 
ments had been made and the 700-milliwatt 
output available from the 171 had been 
found to be quite satisfactory for the aver¬ 
age home and apartment. 

LIST OF PARTS 

The parts required for this receiver are as 
follows; those which are not lettered on 
the circuit are those included in the founda¬ 
tion unit, which obviates all drilling and 
saves the constructor a great deal of drudg¬ 
ery. 

One Sangamo ,001-mf. fixed mica con¬ 
denser (C3) ; 

One Carter TP-3M tapered volume control, 
3000 ohms, (RI); 

One Carter No. 2 battery switch (SW) ; 
Four Acme “Parvolt” 0.5-mf. Series 200 
by-pass condensers (C4, C5, C6, C7) ; 

Two Durham metallized resistors, %-megohm 
(R3, R5); 

One Durham metallized resistor, 1/10-
megohm (R7) ; 

Two Durham “Powerohms,” 1-watt, 100,000-
ohm (R2, R4) ; 

One Durham “Powerohm,” 1-watt, 50,000-
ohm (R6) ; 

One pair Yaxley No. 422 insulated phone 
tip jacks (J, j) ; , 

One Yaxley No. 660 cable connector encj 
cable; 

The schematic diagram of the "Junior Hi-Q 29” is easily followed; its untuned antenna stage gives 
distortionless volume control; and its non-regenerative, plate-rectifying detector and resistance¬ 

coupling in the A.F. end show that quality as well as amplification has been a 
paramount consideration. 

Two Hammarlund No. ML-17 .00035 mfd. 
“Midline” condensers (Cl, C2) ; 

Two Hammarlund No. SGT-17 shield-grid 
R.F. transformers (LI, L2) ; 

One Hammarlund No. RFC-95 radio-fre¬ 
quency choke, L3; 

One Hammarlund No. SDW knob-control 
drum dial, walnut finish; 

Six Benjamin “Cle-Ra-Tone” sockets No, 
9040, for VI to V6; 

Two Eby engraved binding posts (“Aer.,” 
“Gnd.”); 

One Hammarlund “Junior HÍ-Q29” founda-
tion un" (containing drilled and engraved 
Westingnouse micarta panel, two complete 
aluminum shields, drilled steel chassis, 
shafts, coupling condensers, resistor 
mounts, binding-post strips, fixed ten 
sistance units, clips, wire, screws, nuts, 
washers, solder and all special hardware 
required to complete receiver). 

4 

Fig. C 
A rear view of the completed receiver, showing the finish of its appearance, as well as its strong 
mechanical construction. The compactness of the audio amplifier and the shortness of its connec¬ 

tions is noteworthy. 

GENERAL DISCUSSION 

Referring again to the wiring diagram, 
we cannot help finding a few interesting 
details. Since the “Junior Hi-Q 29” in this 
model is designed for battery operation, 
low plate-current consumption is impera¬ 
tive; this is secured by the use of a distinct 
grid-bias voltage for every tube in the re¬ 
ceiver. That for the screen grid tubes is 
secured by means of the voltage drop across 
a resistor in the filament circuit of each 
tube. Tiie volume control is located in the 
most advantageous position—in the aerial 
circuit where it cannot diminish the selec¬ 
tive qualities of the radio-frequency trans¬ 
formers and where it precludes all distor¬ 
tion by providing control of the signal input. 
Its use in this position accomplishes two 
other effects: first, isolation of the tuned 
circuits; and, secondly, single-dial tuning 
control of all tuned circuits independent of 
the aerial system. Since this control is in 
the form of a voltage divider, the character¬ 
istics of the antenna system remain un-
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changed during the manipulation of the 
control. 
The need for proper by-passing of the 

radio-frequency currents in the plate cir¬ 
cuits of the screen-grid tube is secured by 
means of individual filters, interposed be¬ 
tween the battery terminals of the plate coils 
and the source of plate potential. The 
elimination of radio-frequency currents from 
the audio amplifier is secured by means of 
a filter in the form of a radio-frequency 
choke and a by-pass condenser in the plate 
circuit of the biased detector tube. Indi¬ 
vidual filament control is supplied for the 
screen-grid tubes, and one major control 
governs the supply to the detector and the 
three audio stages. 

Simplicity is the keynote of the entire de¬ 
sign in both construction and wiring. 

CONSTRUCTIONAL DETAILS 

With respect to the constructional de¬ 
tails of tlie receiver, it has been so designed 
that its assembly is very simple; reference 
to tlie wiring diagram will substantiate this 
statement. However, tlie constructor should 
note a few precautionary details—items 
which, though relatively simple, influence re¬ 
ceiver performance. First, the use of the by¬ 
pass condensers (Cl and C6), in the screen¬ 
grid circuits of the two radio-frequency am¬ 
plifying tubes. These condensers are indis¬ 
pensable and their positions in the circuit 
must be correct; because they influence the 
operation of the vacuum tube and the sys¬ 
tem. Take particular notice of the fact 
that they are located between the battery 
ends of the R.F. transformer primaries and 
the “A-|-” terminal, at the filament ends of 
the voltage-control resistors.. The second 
item is the radio-frequency choke L3, em¬ 
ployed in the plate circuit of the detector 
\ube; this component is connected between 
jhe plate of the detector tube and the plate 
end of the first audio coupling resistor, 
with the by-pass capacity across the com¬ 
bination. This is of particular importance, 
tiecause it influences the sensitivity of the 
detector tube. The third item is the detec¬ 
tor input; the high-value capacity C7 is in 

pocket and the first audio 
coupling resistor. Referring 
to the photographs, as repro¬ 
duced, the sequence of de-
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Fi«. D 
Wiring tn the "Junior Hi-Q 29” 
is almost conspicuous by its ab¬ 
sence. The "point-to-point" way 
is easiest and best. It must be 
voted that good insulation is needed. 

tcctor and audio-frequency 
tubes is as follows: Starting 
at the rear of the front panel, 
the first is the detector tube, 
the second the first audio 

series with the regular tuning condenser, 
C2, as shown. Do not connect these two 
condensers in parallel; if you do so, tuning 
of this stage will be impossible. 

In proceeding with the actual construc¬ 
tion, it is best to follow the layout shown 
in the top view of the completed receiver 
(Fig. B) ; as this is the result of extensive 
experiment and has been determined to be 
the best for the equipment employed. It 
provides the simplest wiring and the short¬ 
est connections. The equipment enclosed 
within the individual shields should not be 
increased beyond the units shown. As may 
be seen, the two R.F. amplifying tubes are 
external to the shields; the input tube being 
at the left of the first shield, while the sec¬ 
ond stage tube is located between the two 
shield housings. The volume-control resis¬ 
tor is located within the first shield in order 
to preclude coupling into the wires con¬ 
nected to this potentiometer. The by-pass 
condensers associated with the two R.F. 
tubes are likewise located within the respec¬ 
tive shields which house the tuning systems 
for these stages. 
The detector tube and the three audio 

stages are located outside the R.F. stage 
shields; the detector is the one nearest to 
the front panel. Its position is defined 
(Figs. B and C) by the radio-frequency 
choke shown between the detector tube 

tube. The third (second audio tube) and out¬ 
put tube are located near the battery cable’s 
input plug. 
The arrangement shown affords the short¬ 

est connections between the audio coupling 
units and the respective sockets. Wiring of 
the system is carried out (Fig. D) beneath 
the sub-panel, with the exception of the two 
radio-frequency stages. As evident from 
Fig. B, all wiring of these units is located 
within their respective shields. 
The by-pass condenser connected between 

the chassis (“A— B—”) and the “B-|-” ter¬ 
minal is located on the underside of the sub¬ 
panel, as shown in Fig. H. The input ter¬ 
minals of the receiver arc the two binding 
posts shown in Figs. B and C; the output 
connections arc the two tip jacks visible in 
the neighborhood of the power tube. 

In view of the fact that the chassis is of 
metal and is a part of both the “A” and 
“B” systems (since the “A” and “B” minus 
terminals are connected thereto), it is im¬ 
portant that all the wires passing through 
the holes in the sub-panel have perfect in¬ 
sulation. Care should be exercised, when 
threading the wires through the holes in the 
sub-panel, to preclude the possibility of 
scraping the insulation; for this reason, all 
sharp right-angle bends in the wiring pass¬ 
ing through these holes should be avoided. 

(Continued on page 86) 

By-pass Resistors for Series-Filament 
By J. 11. Arnold 

THE use of tubes requiring low filament 
current (such as the 199 type) with 

the filaments connected in series and pow¬ 
ered by a “B” unit of the usual type, cap¬ 
able of delivering 75 milliamperes or more, 
has become quite popular as a method of 
electrification. With such an arrangement, 
no A.C. is introduced into the circuit at 
any point—as in the 226-type A.C. tube— 
and consequently a low cut-off frequency 
may be used in the audio amplifier without 
introduction of A.C. hum. 

It is necessary to use by-pass resistors 
across the filaments to keep the current 
through all tubes at a value of 60 milliam¬ 
peres; as otherwise the filament current 
through the last tube in the string will 
exceed that through the first tube by the 
sum of the plate currents. The usual re¬ 
sistance values are 600, 850, and 1,500 ohms, 
shown in Fig. 1. The 600- and 850-ohm re¬ 
sistors are odd sizes, and consequently dif¬ 
ficult to obtain from most radio stores. By 
making use of the revised connections shown 
connected across each tube filament as 
in Fig. 2, standard resistors of 2,000, 2,000, 

Series filament wiring with 60-milliaimpere 
tubes requires some compensating resistors. 
Fig. 1 is a usual, and Fig. 2 an improved 

circuit. 

Operation 

and 1,500 ohms may be used. By connect¬ 
ing the 1,500-ohm resistor across two tubes, 
the 4-milliamperc plate current of the other 
two tubes is by-passed by one resistor in¬ 
stead of two. A higher resistance value 
may thus be used across the detector tube; 
namely 2,000 ohms instead of 600. 

By the application of this idea, sets using 
more than four 199-type tubes in series may 
be designed to use resistors of not unusual 
values, remembering that the resistance in 
ohms equals three times the number of 
tubes across resistor, divided by the cur¬ 
rent in amperes. 

By suitable changes in the order of the 
tubes, as some will draw higher plate cur¬ 
rents than others, an arrangement can read¬ 
ily be found which will make use of 500-, 
1,000-, 1,500-, and 2,000-ohm resistors rather 
than of odd sizes. 

It is probable that many constructors have 
feared scries wiring overloads filaments, 
should a tube be taken out of its socket. 
As the diagram shows, however, the contrary 
is true; the whole circuit is broken and be¬ 
comes dead. 
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An Old But Efficient Dis¬ 
tance-Getting Circuit 
Brought Up-to-Date with 
Newly-Developed Tubes 

The “A. C. Screen-Grid DX-er” 

By Robert Hertzberg Fig. A 
The panel appearance is attractive and, as may be seen, will suit almost any cabinet. 

I
N spite of the many advantages over the 
normal three-element tube which it pos¬ 
sesses, the UX-222 has achieved com¬ 
paratively little popular application, 

because of its requirement of a direct-cur-
rent supply for its filament. Custom set 
builders, who have been intrigued by its 
possibilities as a super-sensitive radio-fre¬ 
quency amplifier, have been forced to over¬ 
look it almost entirely when building re¬ 
ceivers; as the first question of all pros¬ 
pective customers is, “Does this set work off 
the house current?” 
Of course, there are “A” power units 

which replace the storage battery and work 
very well over long periods of time; but the 
luxurious convenience of A.C. operation is a 
selling point that is acknowledged by all. 
The recent marketing of the A.C. screen¬ 

grid tube by large tube manufacturers re¬ 
lieves this situation, and opens up a virtually 
new field for the constructor. The circuits 
incorporating it are simplified without re¬ 
duction of sensitivity; the storage battery 
and the “A” unit may alike be forgotten; 
the whole power pack is built right into the 
receiver, while the number of tubes is re¬ 
duced. The hum introduced is at a mini¬ 
mum; for the new tube has the same fila¬ 
ment characteristics as the well-known 227 
type, with the advantage of operating from 
the same filament transformer or winding. 
Radio News, therefore, here introduces 

to its readers one of the first receivers de¬ 
signed particularly to take advantage of the 
new tube. It has been called the “A.C. 

Screen-Grid DX-er” because this name cov¬ 
ers its three salient features: the conven¬ 
ience of A.C. operation, the sensitivity by 
screen-grid high amplification, and the tre¬ 
mendous DX range of the set. The screen-

nCGENERATION preceded by a 
-**■ tuned R.F. stage has long been 
known to offer more distance, tube for 
tube, than any other circuit. Now the 
availability of an A.C. screen-grid 
tube with enormous amplification of¬ 
fers to the constructor an opportunity 
he has long been waiting for. This is 
the first set using this new amplifier 
available to the set-building frater¬ 
nity, and will be of undoubted interest 
to all. It is a little giant, as the pic¬ 
ture above indicates. 

grid R.F. stage is tuned, assuring good se¬ 
lectivity; while the detector is regenerative, 
assuring maximum sensitivity. For all nor¬ 
mal local and middle-distance reception, the 
detector regeneration control knob is left at 
minimum; for the screen-grid tube alone is 
sufficiently sensitive. After the family goes 
to sleep you can crowd up to the loud 
speaker, nurse that knob a little, and start 
logging stations between both coasts. 

The regeneration control is not the regu¬ 
lar volume control of the set, as in most 

Fig. B 
The separated panel and sub-panel assembly, welt illustrated in this top view, is very strong, and 
convenient for the constructor. There is practically no wiring above. The compact power-unit 
assembly appears at the lower right. Note the shielded, plug-in inductor LI, with its direct con¬ 

nection to the screen-grid amplifier Fl. 

circuits with a single R.F. stage and regen¬ 
erative detector. Instead, a potentiometer 
which varies the voltage on the screen-grid 
of the R.F. tube is employed. This arrange¬ 
ment is highly effective, and prevents dis¬ 
tortion by ensuring the detector against 
overloading. Thus, the quality of the sig¬ 
nals from local stations is not destroyed; as 
it is in many highly sensitive sets designed 
for the utmost DX. 
The set illustrated in the accompanying 

photographs is a complete receiver; requir¬ 
ing in addition to the speaker only aerial 
and ground connections and a source of 110-
volt alternating-current. It uses five re¬ 
ceiving tubes and one rectifier, the latter of 
the 280 type. While a complete assortment 
of parts, including drilled and engraved 
front and sub-panels, can be obtained in kit 
form (and, when so purchased, saves a great 
deal of labor) individual parts are widely 
available; so, if you already have sockets 
and binding posts and transformers, for in¬ 
stance, you will not have to spend additional 
money on duplicate parts. 

PARTS REQUIRED 

The complete list of parts used in the re¬ 
ceiver, as illustrated here, is as follows: 
One Pilot power transformer No. -398 (PT) ; 
One Pilot filter condenser block No. 396 

(Cb) ; 
One Pilot double choke-coil block No. 395 

(Lb); 
One Electrad voltage divider (RI) ; 
One Pilot 1200-ohm fixed resistor (R2), one 

Pilot 2250-ohm resistor, (R3), and one 
Pilot 1200-ohm resistor (R4-) ; 

One Centralab 200,000-ohm potentiometer 
(R5); 

One Twin Coupler antenna coupler (LI) ; 
One Twin Coupler interstage R.F. trans¬ 

former, with tickler (L2); 
One Pilot variable condenser No. 1517, 
•00035-mf. (Cl); 

One Pilot variable condenser No. 1523, 
,0005-mf. (C2); 

One Silver-Marshall A.F. transformer No. 
255 (TI); 

One Silver-Marshall push-pull input trans¬ 
former No. 257 (T2) ; 

One Silver-Marshall push-pull output im¬ 
pedance No. 258 (T3) ; 

Four Pilot fixed condensers No. 59, each 
.01-mf. (C3, 4, 5 and 6) ; 

One Pilot grid condenser No. 51M, .00025-
mf. (C7) ; 

One Pilot fixed condenser No. 53, ,001-mf. 
(C8); 

One Tobe Deutschmann by-pass condenser, 
one-mf. (C9) ; 

One Pilot single, closed-circuit telephone 
jack (J); 

Three Pilot UX-type tube sockets No. 214 
(for V4, V5, V6); 
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Fig. 1 
White the circuit above shown may appear complicated, close examination will 
show that the units enclosed within dotted lines, representing scaled apparatus, 
account for a large part of this. The actual connections are quickly made; 
especially with a panel and a sub-panel drilled ready for use. The use of the 

same voltage on the first three tubes simplifies the filament circuit; and the 
push-pull power stage gives tremendous reserve of volume for low-note ampli¬ 
fication. The choke provides a filter for the large plate current, protecting 
the speaker, which has no D.C. Voltage across its windings. 

Four Pilot UY-type tube sockets No. 215 
(for LI, VI, V2, V3) ; 

Pne front panel, 7x2tx%-inch, and sub¬ 
panel, 7x23x%-inch; 

Four Pilot sub-panel brackets No. 3, 8x1-
inch; 

One Aerovox grid leak, 2-megohm (R6); 
Two Pilot vernier dials, No. 1282L (for con¬ 

densers Cl and C2) ; 
One Carter power switch (SW) ; 
Five X-L binding posts; 
One Ceco AC-22 screen-grid tube (VI); 
Two Ceco N-27 A.C. (227) tubes (V2, V3) ; 
Two Ceco J-71A (171A) tubes (V4, V5); 
One Ceco R-80 (280) tube (V6). 

ARRANGEMENT OF PARTS 

The placement of the parts on the front 
und sub-panels is made very clear in the 
various accompanying illustrations. The 
front panel, shown in the heading of this 
article, holds the two vernier dials, to which 
the variable condensers Cl and C2 are at¬ 
tached; the power switch, at the left; the 
telephone jack, at the right, and the knobs 
for the potentiometer R5 and the tickler of 
the interstage transformer L2 between the 
dials. The jack, by the way, is not for 
loud-speaker connection, but for a phono¬ 
graph pick-up; thus making a very conven¬ 
ient means of connection. 

The coil 1,2 is nothing but our old friend 
the three-circuit tuner; as it consists merely 
Of a primary and secondary on a bakelite 
tube, with a tickler rotating in the end of 
the secondary. 
The power transformer PT, the filter-con-

jienser block Cb, and the choke-coil block 

Lb used in the original model of the “A.C. 
Screen-Grid DX-er” are all of the same size, 
and differ only in the appearance of their 
terminal blocks. They occupy the left sec¬ 
tion of the sub-panel; with the socket for 
the rectifier tube in front of the transformer 
and with the voltage divider in front of the 
other two units. 
The antenna coupler LI is enclosed in a 

shielding can, which fits into a regular five-
prong socket. The socket for the screen¬ 

grid tube VI is located a little to the 
right of the latter, and is followed across 
the sub-panel to the right by the grid con¬ 
denser and leak C7-R6, the detector socket 
(V2), and the first-stage audio transformer 
Tl. The first audio tube V3 and the com¬ 
ponents of the push-pull stage occupy the 
space along the rear edge of the sub-panel. 
The sub-panel is supported by four 

molded bakelite brackets, which are fas¬ 
tened to the front panel. The mechanical 

Fig. C 

Viewing the under side of the sub-panel, it will be seen how many of the connections are made here 
directly in the “A.C. Screen-Grid DX-er.” The elaborate by-passing provided is essential to quality. 

The jack J is conveniently placed for connecting a phonograph pick-up. 
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assembly is rather easy, particularly if pre¬ 
pared panels are used. All the parts may 
be mounted in about two hours, with the 
aid of nothing more than a screwdriver and 
a pair of pliers. 

CIRCUIT DESIGN 

Electrically, the circuit of the “A.C. 
Screen-Grid DX-er” will be recognized as 
one of sound and conservative design, and 
which can be depended on to give results. 
The antenna feeds into the screen-grid tube 
through a coupler comprising a tapped pri¬ 
mary and a secondary tuned by the con¬ 
denser Cl. The detector is of the standard 
regenerative type; the regeneration being 
provided by the old and reliable rotating¬ 
tickler method. 
The detector output goes through the jack 

J to the first-stage transformer Tl; from 
which the signal proceeds through the push-r 
pull stage and out through the center¬ 
tapped impedance T3. The jack for the 
phonograph pick-up is very valuable; as 
many old-style phonographs, still in use, 
can be equipped with pick-ups to work 
through the A.F. amplifier. 
The set is thoroughly by-passed by the 

various fixed condensers shown; these con¬ 
densers should not be overlooked for, with¬ 
out them, the set is likely to give trouble 
from uncontrollable oscillation. 
The filament current for the first three 

tubes, which have the same filament charac¬ 
teristics, is supplied by the 21/2-v°lt winding 
of the power transformer; while the cur¬ 
rent for the push-pull tubes (171Als) is 
furnished by one of its 5-volt windings. 

The “B” section of the receiver is of 
standard design; a full-wave rectifier tub» 
of the 280 type, in conjunction with an effi, 
cicnt filter system, provides smooth direct 
current for the plates of the tubes. 

Grid bias for the screen-grid tube is pro¬ 
vided by the voltage drop across the re, 
sistor R4, in the plate-return lead. Bia? 
for the first audio tube V3 and for the 
push-pull tubes V4 and V5 is similarly fur¬ 
nished by the resistors R3 and R2, re¬ 
spectively. 
The set should be wired with a good 

grade of flexible insulated wire, preferably 
of the ‘“push-back” kind, and the filament 
wires should be twisted, as usual in A.C. 
sets. Study the schematic diagram (Fig. 
1) for the general circuit arrangement, and 
the pictorial layouts (Figs. 2 and 3) for the 
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actual disposition of the wires. These are 
illustrated here with numerous right angles, 
so that the connections may be followed 
clearly; but, as one photograph shows, the 
leads may be in some cases run more di¬ 
rectly. 

OPERATING HINTS 

The “A.C. Screen-Grid DX-er” should be 
handled like the old Browning-Drake and 
similar sets. For local reception (“local” 
with this outfit means almost everything 
within 800 or 1,000 miles), the tickler of 
L2 is set at its minimum—at right angles 
to the secondary—and the volume is con¬ 
trolled by means of the potentiometer. The 

HINTS ON OPERATION 
No radio fan will ever be able to boast 

about transcontinental DX broadcast re¬ 
ception unless he has gone to the trouble of 
erecting a really good aerial and installing a 
really good ground. The “A.C. Screen-Grid 
DX-er” is a highly sensitive receiver; but 
it will not overcome the initial handicap in» 
posed on it by a leaky aerial or a high-
resistance ground. 
The best possible aerial for broadcast re¬ 

ception is a single length of bare or enam¬ 
elled copper wire, rising straight up into the 
air to a height of about 200 feet. Since 200-
foot masts cannot be purchased for $18 in 
the local radio shop, most set owners will 

ends and the aerial begins. The whole ex¬ 
posed wire, regardless of the angles which 
portions of it may take in relation to the 
surface of the earth, is the aerial. For that 
matter, the wire running from the aerial 
binding post on the set to its junction with 
the lead-in at the window also acts as an 
aerial. If you don’t believe it, try discon¬ 
necting the wire at the window, and see how 
many stations you can tune in. 
The necessity for clean, well-soldered 

joints has often been emphasized. Twisted 
joints do very well for a few weeks; but, 
after they have been fanned by the gentle 
breezes from chimneys and ventilator pipes 
for a while, you will notice signals do not 

two dials tune more or less alike, and sta¬ 
tions are easily located on them. 

For real distance work, keep the poten¬ 
tiometer all the way up, and advance the 
tickler so that the set produces the soft-
hushing noise characteristic of regenera¬ 
tion. You can then “spot” weak stations 
by the squeals they produce; and you can 
bring them out by first adjusting the tuning 
condensers carefully, and then turning down 
the tickler a hair’s breadth at a time. You 
will learn all the tricks in a few evenings, 
or you can teach them to a customer after 
one or two visits. 

have to struggle along with something less 
imposing in the way of a pick-up system. 

The general rule to follow is to raise the 
wire as high as possible and to keep it thor¬ 
oughly insulated from nearby objects by 
means of pyrex or other good insulators that 
will not soak up moisture. 

The over-all length of the wire, from the 
point where it enters the house to where it 
ends finally at the furthest insulator, may 
be anywhere between 100 and 300 feet. Most 
people regard the horizontal wire and the 
vertical lead-in as separate components; ac¬ 
tually there is no point at which the lead-in 

come in quite as well as they used to. The 
best way to erect an aerial is to start at 
the far end and to run the wire in one un¬ 
broken stretch down to the window, where 
you can solder with a fresh, hot iron. It’s 
all very well to talk about soldering joints 
in the aerial, but, if you’ve ever dashed up 
three flights of stairs with a red-hot iron, 
only to find it lukewarm when you reached 
the roof, you’ll know the advice is not easily 
applied. 
A good ground is more easily obtained. 

The cold-water pipe is the old stand-by, and 
(Continued on page 86) 

More About Harmonics of Long-Wave Broadcast Stations 

Notwithstanding the explan¬ 
ation in our March issue (page 841) 
of the appearance of broadcast sta¬ 
tions in short-wave receivers, many 

of our readers continue to inquire about the 
phenomenon; especially as they note long¬ 
distance reception on stations of compara¬ 
tively low power in this way at times. 
Some fans may have noted the absence 

or weakness of the harmonics from some of 
our largest broadcast stations; this is due 
to the method of operation of these large 
transmitters, which incorporate what is 
known as the “master-oscillator” system. A 
transmitter of this type uses a small tube 
as the producer of the radio-frequency car¬ 
rier-wave oscillations, and all the other tubes 
in the transmitter proper are radio-fre¬ 
quency amplifiers. These radio-frequency 
amplifiers are very carefully neutralized to 
prevent them from producing oscillations of 
their own and each of them is tuned to the 
wavelength that the transmitter is operating 
on. Because of the tuning in these ampli¬ 
fiers the harmonics are not amplified or, at 
least, they are comparatively weak in com¬ 

parison to the fundamental when they leave 
the amplifier. Most of the smaller trans¬ 
mitters, on the other hand, have their oscil¬ 
lator tubes directly coupled to the aerial and 
the harmonics are transmitted quite 
strongly. In some of these stations, tuned 
filters are used to suppress some of the 
strongest harmonics; but it would be im¬ 
practical to suppress more than the first few 
because of the amount of apparatus and ex¬ 
pense required for the filters. 
Although the harmonics produced by 

transmitting stations are apparently only a 
nuisance to the short-wave listener, they 
have uses in the field of communication. In 
a master-oscillator transmitter, the oscillator 
may be tuned to one frequency, while the 
amplifiers are tuned to its harmonics. In 
this way the transmitter may be operated on 
a wavelength lower than the fundamental of 
the crystal-controlled oscillator and, by 
coupling different amplifiers to the oscil¬ 
lator, a number of signals may be sent out 
simultaneously. This latter system is some¬ 
times employed in commercial radio work. 

While discussing the subject of harmonics, 

it is interesting to follow the sequence of 
the various harmonics of a broadcasting sta¬ 
tion. Suppose we have a certain station op¬ 
erating on a wavelength of 399.8 meters; 
this is equivalent to 750 kilocycles. The 
second harmonic will have just twice the 
frequency, or 1,500 kilocycles. The third 
harmonic, which is the lowest that can be 
heard at any great distance from the trans¬ 
mitter, is at 2,250 kilocycles. The follow¬ 
ing harmonic are then at 3,000, 3,750, 4,500, 
5,250, 6,000, etc., kilocycles. Thé correspond¬ 
ing wavelengths are 133.3 meters for third; 
100 for the fourth; and 80, 66.6, 57.1, and 50 
meters for the consecutive following har¬ 
monics. Given the order of a harmonic, it 
is necessary only to multiply the frequency 
or divide the wavelength of the fundamental 
by that number. 

Considering the number of broadcast sta¬ 
tions operating between 200 and 550 meters, 
it is not surprising that so many stations 
may be heard with a sensitive short-wave re-, 
ceiver. However, the above explanation may 
help to clear up this matter in the minds of 
some of our readers. 
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Tube Data for A. C. Sets 
A/OST service men who have repaired 

power-operated receivers are familiar 
with the difficulties that are encountered 
with some of the a.c. tubes. Mr. J. A. 
Ess, who is a service man in Hopkins, 
Minn., has analyzed the troubles encoun¬ 
tered with these tubes, and although his 
statements are rather “strong” in the mat¬ 
ter of certain types of a.c. tubes, his sug¬ 
gestions are quite interesting, and we feel 
sure that they will solve some of the queer 
problems that are encountered with the 
operation of these tubes : 

“Most service men have encountered 
servicing problems with a.c. sets, in 
which the ’27 type tubes would not stand 
up. The reasons for these tubes failing 
to operate over a considerable length of 
time arc rather numerous, but they are 
usually brought down to several main 
points, such as fluctuations of line volt¬ 
age, and excessive filament temperature. 
Fluctuations of the line voltage usually 
cause more trouble when only one of the 
'27 type tubes is used in the set, since 
there is only one filament shunted across 
the winding. In some cases, the break¬ 
ing of the filament may be due to the 
differences in the consistency of material 
used in the insulation sleeves surrounding 
the filament. It seems that the expansion 
and contraction of turning the set on and 
off breaks the filament eventually. This 
trouble may be noted in some cases by 
the periodical interruption of reception 
or by testing the tube in a regular tube 
or set tester. 

“This variation of tube breakdown is a 
rather interesting one, since the tube 
seems to act as a thermostat and when 
the set is turned on, reception will be 
normal immediately after the set gets 
‘hot’ and then gradually fades to nothing, 
in the period of time varying between 30 
seconds and a minute. Then reception 
builds up again, as if the switch had been 
turned on again. The reason for this 
phenomenon, of course, is due to the fila¬ 
ment heater expanding as it becomes hot. 
If the filament wire is broken, this ex¬ 
pansion of the insulating material and 
cathode separate the two sections of the 
filament until the cathode begins to cool. 
At this time, the two parts of the fila¬ 
ment are brought together again and re¬ 
ception starts for a short time until the 
heating again separates the sections of the 
filament. 

“Then there is the type of tube which 
has a ‘bright spot’ or a very bright fila¬ 
ment. This is usually due to the filament 
being short-circuited inside of the insu¬ 
lating sleeve so that only part of the fila¬ 
ment is heater. Naturally this shorten¬ 
ing of the filament length causes it to get 
very hot and the life of the tube is usually 
short. Some makes of tubes show this 
more readily than others, and in some 
cases it is not possible to note the differ¬ 
ence until the filament has finally ‘burnt 
out.’ 

“Another affliction to which these tubes 

are subject is the soft, rasping sound 
varying in intensity (very similar to the 
noise caused by the arcing across sections 
of a high-voltage supply but much lower 
in intensity) and is due to a break in the 
filament similar to that mentioned above. 
In some cases, the noise is only heard 
when the volume is turned very low and 
meter readings will not show up the ex¬ 
tremely small arcing of the sections of 
the filament. On one occasion, I sat fully 
forty minutes watching the filament of a 
'27 type tube after giving every conceiv-

Fig. 1. 

able test. After this period of concen¬ 
tration, I was finally rewarded by noting 
a tiny flicker of the filament of the ’27 
corresponding with the intermittent rasp¬ 
ing noise issuing from the loud speaker. 
(By the way, this was a brand new ’27, 
installed that same day to replace another 
defective tube of the same type.) 

“Of course, the latter case was an ex¬ 
treme one and it required considerable 
length of time to coordinate the noise 
with the slight flickering of the filament. 
Service men will only receive calls for 
this last-mentioned cause, from critical 
music-loving fans who are very particu¬ 
lar how their sets reproduce. Ninety fans 
out of one hundred would not notice this, 
since most of them use too much volume 
to detect the noise and others do not care, 
since they expect a certain amount of 
noise from their sets. Even service men 
very seldom detect it unless their atten¬ 
tion is called to the condition by their 
customers. 

“I could go on for hours relating ex¬ 
periences with filament fracture in its 
different stages, and the way in which it 
shows up in different sounds issuing from 
the loud speaker. One solution to the 
problem is to install a new tube of the 
same type, but trouble is usually en¬ 
countered again after a short time, and I 
have found a solution to the problems 
which is very gratifying. This consists 
of replacing the ’27 tube with one of the 
‘Kellogg’ or similar types. Since these 

tubes have a four-prong base, some al¬ 
terations have to be made in order to 
use them. 

“I secured an old type ’27 tube and re¬ 
moved the glass, leaving only the base. 
In the side of the base about %" from 
the bottom, I drilled a 3/16" hole and 
fastened a twisted cable to the two fila¬ 
ment prongs after passing it through the 
hole. This cable provided the means of 
lighting the filament of the ‘Kellogg’ 
tube, as the filament terminals of this 
tube are at the top. Then I fastened a 
four-prong socket to the five-prong tube 
base, as shown in the illustration, by pass¬ 
ing a machine screw through the middle 
of the tube base. Finally, I fastened the 
grid, plate and cathode terminals on the 
tube socket to the corresponding termi¬ 
nals on the five-prong base, by soldering 
short wires between them. 

“It is only necessary to plug the four-
prong tube into the socket, connect the 
two wires to the filament terminals of 
the top of the tube, and place this com¬ 
plete unit in the five-prong socket pro¬ 
vided for the detector in the set. As 
the filament rating of the new tube is 
three volts, and the voltage supplied to 
the '27 tube is only 2(4 volts, there is a 
Yi volt safety margin which prevents the 
new tube from being injured. The tube 
under these conditions takes slightly 
longer to heat up, but of course this is 
an insignificant point when compared to 
tube injury. 

“In some cases, this plug-in arrange¬ 
ment cannot be used, since the set is not 
•sufficiently large and the top of the cabinet 
will not close. In this case, the base of 
the Kellogg tube must be removed and 
the connections made directly to a five-
prong tube base. The proceedings are 
the same in this case, except that the 
grid, plate and cathode terminals are con¬ 
nected directly to the wires running from 
the tube instead of to the four-prong 
socket. 

“Because of the long life of these tubes 
when used with the lower filament volt¬ 
age, 1 have been able to increase my 
business considerably from the boosting 
I received from the customers using 
these tubes, and I feel well paid for the 
time and trouble spent in preparing them. 
Up to date, every tube has stood the 
test where others failed.” 

Mr. Ess’s experiences are rather un¬ 
usual, since the five-prong tube usually 
stands up very well in a.c. sets. Of 
course, where the voltage fluctuations are 
bad, these tubes have a comparatively 
short life unless a voltage regulator is 
employed In this case, the use of the 
a.c. tube with a higher filament voltage 
characteristic will probably supply a solu¬ 
tion to the problem. We also believe 
that Mr. Ess’s explanation for the fail¬ 
ure of the tubes, due to the fracture of 
the filament, is a rather logical one, and 
we feel sure that other service men have 
encountered the same problems. 
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TURNING THE 222 INPUT-OUT 
Editor, Radio News: 

In your October number you stated that you 
would like to hear from experimenters with the 
idea of filament input and grid output. I have had 
very good results, not with the 199s and 201 As as 
described, but with a Cunningham 322. The cir¬ 
cuit shown seems to be equal to or better than the 
standard regenerative set. As for volume, on most 

rheostat and potentiometer control of bias and “B** 
battery would be of considerable advantage. 

The bias on the plate of this tube, here used as 
the grid, is positive. The voltage on the screen-grid, 
here used on the plate, may be anything up to 135 
volts. The voltage on the inner grid (regular 
control-grid) may vary from one-third to two-thirds 
of the plate voltage. There is a best value, but it is 
in no sense critical. 
The voltage of the “A” battery should be from 

screen-grid stage in unusual fashion, 

4 to 6; as it must overcome the resistance of the 
coils LI and L2. A voltage slightly less than nor¬ 
mal, however, is needed across the filament. Too 
much current here will cause the set to operate 
poorly, or not at all. 

The rheostat setting is quite critical, and varies 
slightly when “B” voltages are changed. The 
phones may be placed as usual between the tickler 
and “B+,” a by-pass condenser making but little 
difference. Some body capacity may be experienced 
with phones here; but none will be found when set 
is properly tuned when they are placed between 
“B—” and either “A+” or “A—.” The phones 
are now common to both plate and control-grid cir¬ 
cuits and this sems to give a little more volume. 

The set is in proper condition when a sound like 
escaping steam is heard. A loud, but regular beat 
or note, varying in frequency with the movement 
of the tickler, may be heard when the set is in this 
condition. 

To tune, set Cl about right, and use C2 and 
tickler as in any regenerative set. Use any aerial 
of thirty feet or more. 

I use spiderweb coils, 5-inch diameter, 50 turns 
of No. 22 on each. Coils LI and L2 may be placed 

nights WCSH, WBZ, KDKA, WPG, WBAL, etc., 
are too loud to be agreeable, with two sets of head¬ 
phones in series. I can usually separate KDKA 
and WBZ completely; which, considering their lo¬ 
cation and power, and my location with respect to 
them, is all that can be asked and more than one 
should expect. I am convinced that a non-inductive 

in almost any inductive relation, so long as they 
do not neutralize each other. LI and L2 are placed 
in the same plane edgewise, 8 inches center to 
center. L2 and L3 are parallel, edge of L2 to 
center of L3, and variable from to 6 inches 
apart. The width of the band covered, selectivity 
and volume will vary considerably with the dif¬ 
ferent positions. A second tickler might be added 

in the “B+22%” circuit, and 
in variable inductive relation 
to LI. 

George F. Hall, 
Center Barnstead, 
New Hampshire. 

(Mr. Hall’s circuit is certainly 
different from anything yet pre¬ 
sented. It may be of interest 
to the constructors who are 
ready to try anything once. It 
is presented here purely as a 
basis for further experiments. 

iiiiiiiiiiiiiiiiiiiiiiiiitntimiiiitt 

It seems to us that there is an 
ecclesiastical air about this very 
substantial piece of radio fur¬ 
niture. Possibly that is because 
it was constructed for the Rev. 
J. W. Bittner, pastor of St. 
John’s Lutheran church, Kutz¬ 
town, Pennsylvania, who used 
it to house the Strobodyne re¬ 
ceiver which he built. It was 
designed by Mr. Bittner and 
built of walnut. Mr. Bittner 
sent in the photo; inquiring 
the feasibility of using a screen¬ 
grid R.F. stage in this receiver. 
This can be done with the mere 
change of the R.F. coupler to 
use a primary giving higher 
impedance, and the usual choke-
-.oil and by-passing arrangement. 

A FANCY HORN 
Editor, Radio News: 

With regard to my horn, illustrated by you in 
the April issue of your magazine, here is some 
more information. 

The diameter doubles at equal intervals of 22 
inches. To those who are familiar with the slide 

this most ingenious 
multiple switch for coil changing. The workman¬ 

ship is very precise. 

rule, figures for an exponential horn are easily ob¬ 
tained. Use 602 on scale of equal parts, and divide 
this figure by the number of inches you wish each 
interval to be; and then calculate the same as com¬ 
pound interest. 

I chose battleship linoleum as a liner, because of 
its deadness to vibration, thickness, smoothness, 
flexibility and ease of working. The ribs, of which 
there are 75, are made of dry sugar pine, cut on 
a bandsaw and sanded to a hairline. Each rib is 
made of four pieces glued and screwed together; 
otherwise it would have taken an 8-inch board to 
make each rib. They are sawed straight on the 
outside and follow the exponential curve on the 
inside, to simplify the making. 

Up to where the horn is 12 inches in outside 
diameter, it is made of solid timber, cut in sections 
four inches long and turned in a lathe to the dimen¬ 
sions corresponding, with an allowance of .006-inch 
for the thickness of the paint (ivory enamel). These 
sections are turned with male and female joints, 
and then glued together. A long bolt is run through 
the center of the horn, and then tightened up. 

The first interval of 22 inches is made of heavy-
zine, .045-inch thick, which has a brass flange on 
the large end to fasten to the wooden section, and a 
piece of brass threaded and soldered to the small 
end to receive the unit. The latter is a Utah De¬ 
Luxe which has an 11/16-inch opening. 

Al. Morrison, 
81 So. Sherman St., Denver, Colo. 

(Few readers will have the equipment to at¬ 
tempt duplicating Mr. Morrison’s fine work. As 
for calculating size of an exponential horn, the June 
1928 issue of Radio News contains rules for de¬ 
termining the diameter of different sections with 
the aid of simple arithmetic.—Editor.) 

GROUNDS VS. AERIALS 
Editor, Radio News: 
Radical as the statement may seem, I am 

forced to the conclusion (and my opinion is con¬ 
firmed therein by clear, distinct reception night 
after night of all local stations within a radius of 
twenty miles) that the aerial is superfluous and is 
only, in fact, a poor ground. 
In the room in which I operate I have two 

pipes making ground connections; one a gas pipe 
and the other a water-supply line, both ¿4-inch. 
By simply connecting the set terminals with these 
two pipes, better reproduction is obtained than 
when the aerial is used. I mean just that; when 
the aerial is cut in there is a material drop in 
volume. It would appear, therefore, that the real 
transmission of radio waves is through the ground 
and such as are picked up on aerials are merely 

(Continued on page 87) 
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“The Beginner’s Three”—A Good Little Receiver 

T
HE set described here was designed 
especially for those readers who are 
as yet not well versed in the art of 
set construction, who are using either 

a crystal receiver, a small one- or two-tube 
set, or no set at all. There are, we know, 
a great number of crystal ami one-tube sets 
being used at present, despite the reduc¬ 
tions in the price of larger apparatus and 
the great number of inexpensive larger re¬ 
ceivers that have been described in radio 
magazines and newspapers. Many beginners 
believe that the construction of a larger 
set would be beyond their scope, but it will 
be found (by those who try) that the con¬ 
struction of a good, if simple, receiver is 
quite easy. 

This “Beginner's Three’’ has been de¬ 
signed with several points in view. In the 
first place, the cost of the parts is an im¬ 
portant consideration; for most beginners 
are rather skeptical about spending very 
much as they are not sure that the set 
will work properly. This hesitancy can be 
overcome by careful choice in the matter 
of the circuit and the apparatus. It is for 
this reason that some of the parts used in 
this receiver are somewhat old in their 
appearance. 

Another question, equally important with 

jfrniLE the set described is not 
complicated, this is not to say 

that it is inefficient. This receiver is 
capable , of distance, using the tubes 
specified here; it will do good work 
even with general-purpose tubes. For 
loud-speaker operation, however, ex¬ 
cept on locals, the addition of another 
stage of audio is recommended ; and 
this will be described in another ar¬ 
ticle. In the meantime, the builder of 
this receiver will find that he has in¬ 
vested his money and time well. 

the cost, is that of the efficiency of the 
receiver; and for this reason, in the vital 
parts of this set, the best available appa¬ 
ratus is used. Such parts as the new-style 
dials, while they add much to the appear¬ 
ance of the receiver, have very little effect 
on its actual operation; and those of the 
older style, which can be obtained quite 
cheaply from your local dealer, are quite 
suitable for our purpose. Should the con¬ 
structor desire to “dress up” the little set 

The view of the “Beginner’s Three” above shows how snugly it may be put together ; 
a very small cabinet may be improvised. The radio-frequency leads are as short as 

possible; note the coils are at right angles. 

later on, he may readily do so. Many read¬ 
ers who would be interested in building a 
set of this type, will have some parts al¬ 
ready in their “junk-box” and, of course, 
these will help to keep the cost at a mini¬ 
mum. 

SIMPLE AND COMPACT 

The “Beginner’s Three” contains one 
stage of radio-frequency amplification, a 
regenerative detector and one stage of 
audio-frequency amplification. In locations 
where one or more broadcast stations are 
within a few miles, loud-speaker volume 
can be obtained; although the receiver was 
not designed with this point primarily in 
mind. It cannot, of course, be recommended 
in a congested district with many locals 
operating at once. 
A combination “B” power unit and am¬ 

plifier will be described in a forthcoming 
issue, which will supply plate current for 
all the tubes, as well as increase the volume 
so that loud-speaker results can be ob¬ 
tained. By designing the receiver in this 
way, it will be more attractive to construct¬ 
ors, who would not otherwise attempt to 
build it, until more certain of its possibili¬ 
ties. Also, the sectional construction will 
be more suitable to the beginner; who will 
gain experience by building the three-tube 
set first. After it has been made and is 
operating properly, the fan will be more 
confident as well as, perhaps, better pre¬ 
pared financially. 

I he first thing to do, when building any 
receiver, is to collect ail the necessary parts. 
The apparatus used in the original set is 
as follows: 

LIST OF PARTS 

One length of Ilammarlund two-inch (di¬ 
ameter) inductance strip, 6(4 inches. (LI, 
L2) ; 

Two Ilammarlund variable condensers, 
•0005-nif. with panel shields (Cl, C2) ; 

Three Pilot UX tube sockets, baseboard 
type ; 

One Thordarson audio-frequency transform¬ 
er, ö:I ratio (Tl); 

One Electrad “Phasatrol” (PH); 
One Cunningham 301A tube (VI); 
One Cunningham 300A tube (V2); 
One Cunningham 112A tube (V3); 
One Electrad “Royalty” variable resistor, 0-

500,000-ohm (R3); 
Two Silver-Marshall (old-style) vernier 

dials (a later model may be used, if the 
constructor desires to improve the appear¬ 
ance of the set) ; 

One Aero “Type GO” radio-frequency choke 
(1.3); 

One Lynch “Equalizer” and mounting, 
“Type 4/3” (RI) ; 

One EJeetrad bv-pass condenser, ?.5-mf 
(C4); 



28 Radio News Amateurs’ Handibook 

One Acrovox .002-mf. fixed condenser (03) ! 
One Electrad filament switch (SW) ; 
One Insuline bakelite panel, 7 inches high, 

10 inches wide; 
Four X-L binding posts; 
One roll Cornish “Braidite” hook-up wire; 
One baseboard 10 inches long, 8% inches 

wide and 1 inch thick; 
Screws, angles, washers and several strips 

of bakelite for coil mounting and for the 
binding posts. 

inch forms. The secondary of each coupler 
contains 86 turns of No. 28 S.S.C. wire. 
The turns should be space-w'ound, by plac¬ 
ing a piece of silk sewing-thread beside the 
wire. The primary of each coupler con¬ 
tains 15 turns and the tickler (on the de¬ 
tector coupler) 20 turns. 
Some fans may have on hand smaller con¬ 

densers such as .00035-mf. and, in this case, 
the outlay for the set will be reduced by 
using them. The same size of Hammarlund 

coil strip may be used 
as for the coils de¬ 
scribed above; but in 
this case, the second¬ 
aries should be ar¬ 
ranged so that 115 
turns are left for each 
of these coils. The use 
of these smaller con¬ 
densers will make the 

The dials used here 
are out of fashion, but 
highly efficient. The 
builder may use a 
later model to suit his 

taste. 

MOUNTING THE COILS 

After the coils have been arranged, the 
next point is to mount them. The strips 
for mounting the coils are cut from bake¬ 
lite, hard-rubber or fiber panels. They are 
each 3% inches long, % inch wide and %-
inch thick. That for the aerial coupler 
(the one with two coils) has a hole drilled 
in each end to hold the mounting screws. 
The other is drilled at one end only. While 
the strips for the coils are being made, it 
may be well to make the binding-post strip 
also. This strip is also cut from %'h'ch 
panel material, and is 3% inches long by 
%-inch wide; in this, however, six holes are 
drilled. The two at the ends are for the 
mounting screws; four others are then 
evenly spaced over the remaining space, for 
the aerial, ground and two phone binding 
posts. 

After the strips have been prepared, they 
should be cemented to the coils. Collodion 
(or liquid court plaster, as it is sometimes 
called) is a very convenient material for 
this purpose. It can be obtained from the 
corner drug store in a small bottle and 
should not cost more than 25 cents. 
When the cement has dried, the coils are 

ready for mounting on the baseboard. It 
may be well to explain how this is done, 
even though we are not quite ready for 
asembling all the parts. The antenna coil 
is secured to the wooden base by two long 
wood-screws, passed through the holes in 
the coil mounting strips, and through a 

The inductance strip mentioned is space¬ 
wound on a thin celluloid support and is a 
very convenient article for the experimenter. 
This method of construction gives very low 
self-capacity and dielectric losses; while it 
is very substantial, as the celluloid holds the 
wire firmly and is easily attached to a 
mounting bracket. The two-inch size is now 
favored over larger tubing formerly used. 
The coils are made by taking the strip 

of inductance winding and measuring 2% 
inches from one end. A sharp knife run 
through the thin insulating form, will sepa¬ 
rate the two coils at this point. The wire 
joining the two coils should then be cut. 
The next point is to count 17 turns from 
the end of the 2%-inch coil, and cut the 
wire at this point, with a sharp instrument. 
If a pair of cutting pliers is not available, 
an old pair of scissors will be satisfactory. 
The wire is then loosened from the form, 
a turn and a half on each side. This leaves 
a space equal to three turns from the two 
sections of the aerial coupler and supplies 
two windings, one of 15 turns and the 
other 86 turns. 

The other coil is then prepared in the 
same way, except that a space of five turns 
is left between the primary and secondary. 
This is done by counting 18 turns and re¬ 
moving 2% turns from each side of the cut. 
On the farther side of the coil, 86 turns 
should be counted and at two turns further 
the wire should be cut. Here also, the 
wire should be removed from the insulating 
form; in this case, I 1/, turns are loosened 
on each side, leaving a space of 3 turns 
between. The end of the coil, which is the 
tickler, should give 20 turns. If the re¬ 
mainder of coil is longer than the space 
covered by these turns, the extra wire should 
be loosened from the insulating film and a 

coils longer and a longer piece (7% inches) 
of the coil strip must be obtained. 

If difficulty is encountered in purchasing 
this prepared inductance strip locally, it 
may be obtained directly from the manu¬ 
facturer. While the manufacturer does not 
ordinarily sell this inductance strip directly 
to set builders, a concession has been made 
in this case; so that it may be obtained by 
those who desire to build the receiver, if 
it is not available from a dealer. 

suitable washer W’hich raises the coil above 
the base. The washer may be made from 
a piece of metal tubing; or any other suit¬ 
able method which suggests itself to the 
reader may be used. In the original set, 
two old binding posts of the metal type 
used several years ago (those with a screw 
in the top and a hole in the side for the 
wire to pass through) were drilled out so 
that the wood-screw would pass through. 
The detector coupling coil (the one with 

the three windings) is mounted by a small 

sharp knife should be used to trim down 
the extra insulation. 

Those who desire to make their own coils, 
rather than use the prepared tubing made 
by the Hammarlund Company, may use 2-

The layout of parts in the “Beginner’s Three” is shown so well above that a diagram is 
hardly needed but the wiring may be traced with the aid of Fig. 2. The leads at tue 

right are for the “B” and “C”; those at the left for the “A.” The arrangement 
is convenient. 
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angle-piece which is screwed to the coil 
strip and is secured to the baseboard with 
a small wood-screw. A 6-32 machine-screw 
and nut are used to fasten the coil strip 
to the angle, which is one of the small brass 
brackets found in the local 5-an-10-cent 
store. 

OTHER ASSEMBLY 

After the coils have been prepared, the 
next point is to drill the panel for the 
tuning condensers, oscillation-control re¬ 
sistor R3, and the filament switch. The 
templates supplied with the condensers will 
provide the most convenient way of laying 
out the holes for these instruments. The 
resistor and switch are centered between 
the two condensers, as shown in the illus¬ 
trations. If the specified type of con¬ 
densers is used, the panel shields should be 
placed between each condenser and the 
panel; so that the possibility of the set be¬ 
ing effected by hand-capacity will be kept 
at a minimum. 
The pictorial layout (Fig. 2) shows the 

positions of the other parts of the set. The 
coils are placed at right angles to each other, 
so that there will be the minimum of inter¬ 
action between them. They are also so 
located that the wiring between the grid end 
of the coil and its condenser and tube¬ 
socket terminal is as short as possible. The 
radio-frequency choke, which is equipped 
with a machine screw for sub-panel mount¬ 
ing, is fastened to a small brass angle; 
which is in turn fastened as shown, to the 
plate (P) terminal of the detector tube 
socket. This is done for convenience only, 
as the mounting bracket is not connected in 
any way to the terminals of the choke. 
The “Phasatrol” stabilizes the radio-fre¬ 

quency amplifier, and the resistor R3 is 
used to control the detector as mentioned 
before. The latter resistor is shunted by 
an 0.5-mf. by-pass condenser which serves 
to carry the audio-frequency currents in the 
primary circuit of the transformer, so that 
they will not have to pass through the high 
resistance. In order to make the set as 
low in cost as possible, a cable has been 
improvised from the hook-up wire. This 
reduces the cpst of the cable and still per¬ 
mits the convenience of the cable leads; 
though a manufactured cable, the cost of 
which is low, will enhance the convenience 
of connecting and disconnecting the battery. 
The set is wired with the convenient 

“Braidite” insulated hook-up wire. Point-
to-point wiring is used, so that the leads 
will be as short as possible, and also to 
keep them from running parallel. The wires 

*4fC-

Fig. 1 
The "Beginner’s Three’’ is shown here with all the connections Io the batteries, for the 
convenience of the beginner. An experienced friend should check a beginner's work, 

however. 

which connect to the batteries are arranged 
with an excess length of several feet, and 
are brought together at the back of the 
baseboard. These wires are used as a cable, 
and they may be braided together if de¬ 
sired. A staple, driven into the base, will 
serve to keep the wires of the cable to¬ 
gether. 

CHOICE OF TUBES 

The tubes used in the set were chosen to 
give the best and most stable results. The 
standard 301A-tube is used as the radio¬ 
frequency amplifier; this stage serves the 
triple purpose of increasing the volume, the 
sensitivity and the selectivity of the re¬ 
ceiver, while preventing the oscillation in 
the detector stage from causing interfer¬ 
ence in neighboring sets. 

The second tube is of the special-detector, 
high-amplification type; since this tube is 
far more sensitive than the 301 zV type, 
when properly used. It will be noted that 
the grid return of the detector is connected 
to the negative side of the filament, contrary 
to the usual procedure. Since this might 
cause confusion in the minds of some of 
our readers, it is well to mention that this 
is done solely because of the special type 
of tube used in this socket. If the regular 
301A tube is used in this socket, the grid 
return should be connected to the positive 
side of the tube filament. 

The tube in the audio-frequency stage is 
a 312A semi-power tube. This was chosen 

because of the heller qualify resulting from 
its use. This is especially true if a second 
audio stage is to be employed and, since 
we are building the set witli the thought 
in mind that a power amplifier and “B” 
power unit may be built later to give good 
loud-speaker volume, we have incorporated 
the 3I2A in the original set. 

TESTING AND OPERATION 

After the set has been completed, the 
next point is to lest-the wiring to be sure 
that no mistakes have been made. This is 
done by connecting a “C” battery and a 
pair of headphones in series and applying 
this test unit across the various cable 
connections in turn. With the tubes out 
of tire sockets, no click should be heard 
between any of the wires; cither in the fila¬ 
ment line or the wires to the plate supply. 
If no clicks are heard, the batteries are 
connected as shown in the schematic dia¬ 
gram (Fig. 1) and the tubes then inserted 
in the sockets. The headphones should be 
connected to the terminals marked “L.S.”; 
and the aerial and ground connected to 
the other two terminals on the binding-post 
strip. The set is then ready for operation, 
and the filament switch may be closed. 

It is not important which side of the 
primary coil is connected to the aerial and 
which to the ground. In some cases, how¬ 
ever, the operation of the receiver may be 
improved by connecting the “—” (negative) 
side of the “A” battery to ground. If 

Fig. 3 (above) Fig. 4 (right) 
The details of the two coils used are shown above, with the 
terminals indicated, as in Fig. 1, to avoid error. The loosened 
wire is suitable for connections. At the right, locations of 

the six panel holes needed. 
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Stations WRNY and W2XAL 
to Serve Aviation Interests 

/N the reorganization of the Ex¬ 
perimenter Publications, the twin 

radio stations WRNY and I72XAL, 
which they have maintained and which 
are familiar to thousands of our read¬ 
ers, have been sold to the Curtiss 
Aeroplane and Motor Company. They 
will be used, in addition to their other 
functions, to further the growth of 
aviation and the service of radio to 
that important utility—a purpose with 
which it need hardly be said, Radio 
News is heartily in sympathy. 
“WRNY,” stated President Clem¬ 

ent M. Keys of the Curtiss Co., “will 
continue to be a regular commercial 
station, although it will endeavor to 
feature aviation activities. As W2-
XAL is excellently adapted to better 
fhe flying services in this part of the 
country, it is planned through this 
station to make available at all the 
fields of the Curtiss Flying Service, 
throughout the nation, immediate in¬ 
formation concerning weather fore¬ 
casts and other vital facts to fliers; 
so that any one flying toward New 
York from any direction can stop at 
any Curtiss field and obtain definite 
information as to the conditions which 
will be encountered on the way. The 
forecasts will be inclusive of condi¬ 
tions in New York, Philadelphia, 
Chicago, St. Louis and other impor¬ 
tant flying centres. The service will, 
of course, involve the use of telegraph 
lines in addition to the radio.” 

this is found to effect an improvement, the 
wire may be incorporated directly in the 
receiver itself; it is then important to have 
the ground connected to the correct ter¬ 
minal. The additional wire is merely con¬ 
nected between the negative filament “F—” 
terminal, of the first or radio-frequency 
tube, and the “Ground” binding post. 

It will be found that the set will whistle 
when the resistor knob of R3, on the panel, 
is turned too far to the right. While tun¬ 
ing the set, the resistor should be turned 
back until the whistle stops, and the dials 
should be turned again. If a soft whistle 
is heard, the “Phasatrol” is turned too far, 
and its screw should be turned to the left 
until the whistle stops. When the “Phasa¬ 
trol” is adjusted and the resistor is turned 
to the correct position, no whistles will be 
heard (except those caused by other sets 
in the neighborhood, which unfortunately, 
may be heard in any set). When the set 
is first placed in operation, it is advisable 
to turn the screw of the “Phasatrol” all the 
way to the right; so that trouble will not 
be encountered in picking up signals until 
the receiver is adjusted properly. 

If the amplifier and “B” power unit is 
to be built later, it is more economical 
to buy very small “B” and “C” batteries, 
so that the cost of the set can be kept low. 
The filaments of the tubes are lit by a stor¬ 
age battery of the usual type, and a good 
one should be obtained, since it will be used 
with the complete set. If it is desired to 
operate the set entirely from the electric¬ 
light lines, an “A” power unit may be pur¬ 
chased instead of the battery. 

A FEW POINTERS 

Every receiver, however simple, has a 
number of points at which trouble may be 
encountered; and those not familiar with 
“trouble-shooting” might find them difficult 
to locate, if the set does not work right at 
first. The first thing to suspect is the 
tubes; take them to the dealer from whom 
you purchased them and have them tested. 
If the tubes are all in satisfactory condi¬ 
tion, look over the aerial. This is a very 
critical point; especially if the aerial was 
erected some time before the set is built. 
The insulators should be checked, and the 
lead-in should be looked over very care¬ 
fully. A poor contact in the wire, or poor 

insulation at the point where the lead-in 
enters the building, often causes a good set 
to operate poorly. 

If the testing of the tubes and the in¬ 
spection of the aerial and ground are satis¬ 
factory, the batteries should be tested with 
a voltmeter. Again test all the wires and 
connctions with the “C” battery and phones 
mentioned above, to be sure that they are 
all tight. In this test, with the phone and 
battery, a coil should give a loud click 
through the winding and none between wind¬ 
ings (this is between primary and second¬ 
ary). An audio transformer gives a weak 
click in both the primary and secondary 

(Continued on page 85) 

The wiring and parts layout of the “Beginner’s Three” is shown here very plainly; 
the wires are here indicated at right angles, for the sake of clearness, but in actual 
work they are run more directly between terminals, as the photographs show. The 
numbers of the coil terminals should be observed closely when making connections. 
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An Amplifier-Power Supply 
for the ‘Beginner’s Three” Receiver 

I
N the description of the “Beginner’s 
Three” receiver last month, we 
promised to publish the construc¬ 
tional details of a “B” power unit 

and an extra audio amplifier in order 
to make the set suitable for loud speaker 
operation. The original three-tube re¬ 
ceiver will give loud speaker volume only 
when powerful signals from “locals” are 
being received. However, when we are 
trying to pick up stations some distance 
away, it is necessary to use headphones 
unless extra amplification is employed. 
Herewith we publish the details for 

making this combined “B” power unit 
and power amplifier. The unit has been 
designed in the same way as the original 
three-tube receiver; to be as simple as 
possible and to be as economical in the 
selection of parts necessary without sac¬ 
rificing tone quality. The apparatus 
chosen for this set was picked out be¬ 
cause it supplies all the conditions re¬ 
quired in the matter of simplicity, econ¬ 
omy and quality. 

The power transformer is made with 
a number of low-voltage windings in order 
to supply current for a.c. tubes of dif¬ 
ferent types as well as to supply the high 
voltage necessary for the “B” section. 
The double choke-coil unit is of the same 

The completed combination ampli¬ 
fier-power SUPPLY UNIT. IT SHOULD 
BE COMPARED WITH THE LAYOUT OF 

PARTS ON PAGE 64 

The circuit connections for the 
AMPLIFIER-POWER SUPPLY UNIT ILLUS¬ 

TRATED ABOVE ARE GIVEN HERE 

manufacture as the transformer and is 
designed to operate in conjunction with 
this power transformer. The condenser 
block has a sufficiently high working 
voltage so that no trouble will be en¬ 
countered from breakdown. The voltage 
divider has a number of output taps 
which are used to supply the required “B” 
voltage to the three tubes of the original 
receiver. 

While this power pack is designed par-, 
ticularly for use with the “Beginner’s 
Three” it is equally applicable to any set 
which requires voltages up to 180 and a 
power amplifier of the 171 type. 

We mentioned in the previous article 
that a storage battery could be purchased 
for the filament supply of the first three 
tubes, since this filament supply can be 
permanent. There are still a great num¬ 
ber of people who prefer using batteries 
to “A” power units or a.c. tubes, but 
there are still many who feel that the 
convenience of the electric tubes com¬ 
pensates for any slight difficulty which 
might be encountered from hum, etc. 
Since our power transformer has a num¬ 
ber of filament windings, we can use these 
windings for the filament supply for the 
three-tube receiver by making several 
changes in its construction. We will de¬ 
scribe later how these changes can be 
made so that the ’27 type tubes can be 
employed. When using the a.c. tubes, 
the “C” bias for the first audio tube can 
be obtained through the voltage drop in 
a resistor connected in the plate return. 
When the storage battery is used for the 
filament supply, it is more satisfactory to 
leave the “C” battery connected. 
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When making connections to the 
POWER TRANSFORMER AND VOLTAGE DI¬ 
VIDER RESISTANCE THE NUMBERED TER¬ 
MINALS AS SHOWN ABOVE SHOULD BE 
COMPARED WITH THE NUMBERED LEADS 
SHOWN ON THE LAYOUT ON THE PRE¬ 

CEDING PAGE 

negative end of the circuit. The first 
three sections of this condenser block are 
connected, as shown, to the double filter 
choke and the whole constitutes the filter 
circuit. The other two sections, which 
have a capacity of 1 mfd. each, are used for 
by-passing two of the output taps from 
the voltage divider. Since a third 1 mfd. 
condenser is needed for by-passing the “C” 
bias section of the divider, a separate 
condenser, C, is used. 

Operating the Unit 
After the wiring has been completed, 

it should be checked very carefully to 
make sure that there are no errors. After 
it is proved that the wiring is all correct, 
the unit can be connected to the a.c. 
line, the while watching the tubes care¬ 
fully. The filament of the 171 tube 
should light and a slight purplish haze 
may appear in the Raytheon tube. After 
the unit has been in operation for several 
minutes, the Raytheon tube will get quite 
hot; this is quite normal and should not 
cause any worry. 

The B battery cable leads from the 
receiver itself can be connected directly 
to the binding post strip of the power 
pack after the operation of this unit has 
been checked. The negative terminal of 
the storage battery should be connected 
to the negative “B” battery terminal and 
the three “B” plus terminals should be 
connected directly to the wires running 
from the set. These terminals are “B” 
plus 45, B plus 90 and B plus 135. 
They should be connected to the corre¬ 
sponding terminals on the terminal strip 
of the power unit. 

As mentioned above, when the storage 
battery is used for lighting the filaments 
of the three tubes in the set, a 9 volt 
“C” battery should be used to supply a 
grid bias to the first audio frequency tube. 
Since practically no current is drawn 
from this battery, it will last for a con¬ 
siderable length of time. The positive 
terminal of this “C” battery should be 
connected to the negative filament, as 
mentioned in the previous article. 
The two terminals on the power¬ 

amplifier labeled “input” (B plus and P) 
are connected to the output of the three-
tube receiver, with the P terminal con¬ 
nected directly to the plate of tube V3 
and the B plus terminal connected to 

B plus 135. There are only two termi¬ 
nals remaining on the binding post strip 
which as yet have not been considered. 
These terminals are marked “output” 
and they are used for the connections to 
the loudspeaker. The set is now ready 
for operation unless the “A” battery is 
to be dispensed with. 

C onverting the Set for Alter¬ 
nating Current 

A number of changes must be made in 
the grid leads and filament wiring in the 
set in ordei to convert it for operation 
with the ’27 tubes. In the first place, 
5 prong sockets are necessary and the 
standard 4 prong tube sockets must be 
removed and be replaced with the former 
ones. All of the filament wiring must be 
taken out of the set, and a twisted cable 
should be used for connecting the fila¬ 
ments together and to the 2)4 volt 
filament terminals on the power unit. 

Since we cannot connect the grid re¬ 
turn of the radio frequency amplifier 
tube to one side of the filament, as in the 
case of a battery-operated set (this 
would cause a very annoying hum and 

for operating any other set, this is not a 
very convenient way of turning it on 
and off. In this case it is better to use 
two separate switches, or to leave out 
the switch on the set itself. 

The twisted leads from the filament 
terminals of the three-tube sockets are 
connected directly to the two filament 
terminals on the terminal strip of the 
power unit. The terminal marked “C,” 
which is the center point of the filament 
winding, is connected to ground in order 
to make the set as quiet as possible in 
operation. The two terminals marked 
2J4V are connected to the twisted wires 
from the filament circuit of the set. 
When using the five-prong sockets for 
the ’27 tubes, the positions of the grid 
and plate wires are changed slightly, but 
this point should cause no trouble since 
they are plainly marked on the tube 
sockets. 

After the power unit has been tested 
successfully, a metal box may be made 
to fit over the top, and may be screwed 
to the sides of the wooden baseboard. 
This metal box, which may be made of 
sheet iron or other suitable metal, should 

IF IT IS DESIRED 
TO REWIRE THE 
BEGINNER’S THREE 
RECEIVER FOR A.C. 
OPERATION, THE 
CIRCUIT SHOWN 
HERE SHOULD BE 

EMPLOYED 

the amplifier would not work properly), 
a negative bias must be supplied to the 
tube in some other manner. This is done, 
as will be noticed, by connecting the grid 
return of this tube directly to the nega¬ 
tive “B” battery wiring and placing a re¬ 
sistor of 1.800 ohms, R4, in the lead from 
the cathode to the negative B battery 
wiring. This biasing resistor is shunted 
by a 1 mfd. condenser so that the resistor 
will not interfere with the operation of 
the set. The “C” bias for the first audio 
frequency tube is obtained in the same 
way and resistor R5 having the same 
value as R4 is connected in the cathode 
lead. 

The grid return of the detector tube 
is connected directly to the cathode, and 
the by-pass condenser C3 in the plate 
circuit of the detector is also connected 
to this point. 

The use of alternating current for the 
filament supply often necessitates the 
removal of the battery switch, SW, since 
this switch will not carry 110 volts from 
the power supply line. If the power pack 
is used only with the three-tube receiver, 
a switch may be incorporated on the 
panel of the set which will carry the 110 
volts and in this way both the set and 
power unit. The terminal marked “C,” 
turning the switch on the panel of the 
set. However, if the power unit is used 

be connected to ground and will prevent 
any interaction from taking place be¬ 
tween the set and power unit. It will 
also serve as a protection of the apparatus 
in the power unit and will keep dust from 
collecting in it. None of the parts in the 
unit will get hot except the BH rectifier 
tube and because of this, no ventilation is 
required. The heating of this tube is 
quite normal and will not affect its 
operation in any way. 

Trouble-Shooting 
As mentioned in the original article, 

every receiver or piece of radio appa¬ 
ratus, however simple, is subject to break¬ 
down or injury. These defects may not 
be very apparent and in some cases it is 
very difficult to locate them, although 
they have a great effect, on the operation 
of the apparatus. The first thing to sus¬ 
pect, when the set or power unit does not 
work properly, is the tubes. Although 
vacuum tubes have been brought to a 
high degree of perfection, they are still 
delicate instruments and are easily injured. 

The first thing to do, then, if the set 
does not operate properly is to have all 
of the tubes tested. Next, suspect all of 
the wiring in the set and check it over, 
expecting to find some mistake or defect. 
If the wiring and tubes are all in good 

^Continued on page 88) 
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The “RE 29” Receiver 
The Last and Most Sensitive Model Developed by the 

Inventor of this Efficient System 

By R. E. Lacault 

W HEN I placed tny hand near the 
antenna binding post of the “R E 
29" that I had just completed, 
there was enough field strength to 

produce signals from every local station in 
New York City, proving that the new cir¬ 
cuit was amazingly sensitive. And it is in 
the direction of sensitivity that circuit de¬ 
signers are working, especially when a man 
is asked to build a set himself ; for the in¬ 
ducement is that he shall possess a receiver 
that will “run rings around” others. 

I have bent my energies toward the pro¬ 
duction of a receiver design that will not 
only prove dependable and practical, even 
for the novice, but one that will respond to 
the faintest impulse that could be expected 
to produce a signal. More than that, I have 
endeavored to provide every item of effi¬ 
ciency necessary to exceed even the occa¬ 
sionally unreasonable demands of set build¬ 
ers; and I believe I have succeeded. Never 
have I tuned a set more sensitive, more 
satisfactory than the “R E 29.” 
The circuit is in two parts : the radio 

amplifier, detectors and first audio, which 
constitute six tubes, and the push-pull 
power amplifier and B supply, using two 
210 tubes as output and two 281 tubes as 
rectifiers. Thus the total receiver has eight 
tubes and the “B” supply two tubes. In 

this article I will confine myself to the re¬ 
ceiver and with one audio stage, built into 
a table-model cabinet ; while the construc¬ 
tion of the power amplifier and “B” supply 
will be discussed separately. 

Screen-grid tubes are used in the modu¬ 
lator and the two intermediate stages of the 
receiver (for they are, when properly used, 

D E. LACAULT, well known to 
J\ all readers of Radio News as one 
of the world’s foremost authorities on 
superheterodynes, was—most unfor¬ 
tunately—to survive but a few days 
the completion of the receiver de¬ 
scribed here, which he regarded as 
his masterpiece, and to which he had 
devoted his failing strength, but still 
brilliant genius. The circuit used has 
enthusiasts throughout the world 
who regard it as unsurpassed ; they 
will welcome this receiver as one 
which adds to the sound design and 
fundamental efficiency of former 
models the amplification properties of 
the screen-grid tubes which give it 
where possible even greater range 
and efficiency. 

The late ROBERT E. LACAULT 

the most sensitive tubes extant) an all-
sufficient selectivity is attained through 
proper coil design. 

EFFICIENT OPERATION 
The modulation system is that which I 

invented, and which is used now for the 
first time in conjunction with a screen-grid 
tube. Although the modulator tube is used 
in three-element fashion (by joining to¬ 
gether the plate and screen-grid) there re¬ 
sults a lower plate impedance and improved 
detecting efficiency. Thus, a sensitivity is 
developed exceeding that of the leak-con¬ 
denser method ; for negative grid-bias de¬ 
tection is used in the “R E 29.” Better se¬ 
lectivity and improved tone also result from 

Viewed from above, with the tops only of its shields removed, it may ample room, required for efficient working of a receiver which is to 
be seen how the new “RE 29” combines effective placement with give enormous amplification of which screen-grid tubes are capable. 
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grid bias detection. The bias, 2.7 volts, is 
equal to the drop in RI. 

No direct plate current is used on the 
modulator. This is no novelty to those who 
have built previous receivers of my design ; 
since the efficiency of the special modulator 
circuit is abundantly attested by the great 
distance-getting records established by re¬ 
ceivers using this system. 
While there is no polarizing voltage on 

this “plate” (the combination obtained by 
connecting "G” post and “P” post in VI), 
there is a high alternating voltage ; which 
frequently rises to many times what would 
be the polarizing voltage in another circuit. 

The alternating voltage in the plate of 
VI, then, is the resonant radio-frequency 
voltage across the tuned oscillator circuit 

which has in its plate circuit a high-im¬ 
pedance primary, to assure a high gain 
from the wonderful amplifying tubes used 
in conjunction with them. 
The fifth tube is the true detector—the 

so-called “second-detector”—and it uses a 
higher order of bias (5.5 volts effective) 
than was supplied to the modulator. The 
“C” battery supplies 4.5 volts, while the 
extra volt is accounted for by the voltage 
drop in R5. 
An audio transformer couples the detector 

to V6, the first audio tube. Note that only 
one lead is shown at the output—the plate 
lead; the “B+” connection is established 
at the power-pack’s terminal strip, through 
the primary of a push-pull input trans¬ 
former. 

between the two carriers, so that one sta¬ 
tion will be very weak ; but this does not 
prevent squealing, because the squeal’s in¬ 
tensity is proportional to that of the strong 
signal, to which the set is tuned. Further¬ 
more, the R.F. tuner cannot discriminate 
sufficiently well between two frequencies 
only 60 kilocycles apart. 
When the intermediate frequency is 120 

kilocycles (as in the present circuit), the 
carrier-frequencies which might interfere 
are 240 kilocycles apart. Even an ordinary 
R.F. tuner is sharp enough to suppress one 
of these when the circuit is tuned to the 
other. And, when the R.F. tuner is very 
sharp, the interfering carrier is so weak 
by the time it gets to the modulator that 
it cannot produce audible disturbance. 

The "RE 29" is shaven here ’with its rear and partition shields re¬ 
moved. The ’wiring is run ’with the utmost directness. The first or 

modulating tube, ’which in this system is not 
its screen-grid and plate as a single element, 

a “detector,'' employs 
of high effectiveness. 

L2C2. The voltage is alternately positive 
and negative ; the positive loops of this 
voltage are modulated by the signal im¬ 
pressed on the grid of the first tube. 

The modulator (or first detector) estab¬ 
lishes a high detecting efficiency because the 
impedance of the load on the tube is high 
for the detected frequency and low for the 
signal frequency. The fixed-tune circuit 
C3 (primary) C3, is parallel-tuned for the 
intermediate frequency, and its impedance 
or resistance is extremely high. 
The condition for low impedance at the 

signal frequency would not be met were 
not the signal frequency always much dif¬ 
ferent from both the intermediate fre¬ 
quency and the oscillator frequency. Cur¬ 
rents of the signal frequency pass through 
C3 with practically no impedance. Like¬ 
wise they pass through either C2 or the 
secondary of L2. If the higher frequency 
setting of the oscillator is used, the signal 
frequency is lower, and hence passes through 
the coil. If the lower oscillator frequency 
is used, the signal frequency is higher and 
therefore passes through the condenser C2. 
This is a band-pass filter action. 

LATER STAGES 
The next two tubes, V3 and V4, are the 

intermediate-frequency amplifiers, each of 

Besides the foregoing, the circuit diagram 
reveals filters C8-L6 and C9-L7, to stop 
radio-frequency currents from entering the 
“B” supply; an antenna-ground input; 
shielding of the modulator and intermediate 
stages (denoted by dotted lines) ; two dial 
lights ; and a switch. 
By making a study of the circuit which 

is deeper than a bare analysis of a diagram, 
we ascertain why amazing sensitivity is 
attained, why selectivity is abundantly pres¬ 
ent, and why tone quality is preserved all 
the way through. 

I.F. CHARACTERISTICS 

A superheterodyne will bring in two dif¬ 
ferent stations, separated by tivice the in¬ 
termediate frequency, at the same setting 
of the oscillator condenser. If the inter¬ 
mediate frequency is low, this will cause 
much interference. For example, suppose 
the intermediate frequency is 30 kilocycles; 
any two stations will then be brought in 
at the same setting of the oscillator, if the 
carrier-frequencies of the two stations dif¬ 
fer by exactly 60 kilocycles. Since there 
is now at least one station for every 10 
kilocycles, there is practically no chance 
of getting any station free of all inter¬ 
ference. 
The radio-frequency tuner discriminates 

And that is not all. When a high inter¬ 
mediate frequency is used, there will be a 
wide band in which there cannot be any 
cross-talk at all between broadcast stations. 
Hence the two main advantages of using a 
high frequency are effectiveness of the R.F. 
tuner in suppressing any interfering station 
and the absence of all cross-talk in a cer¬ 
tain band. 

However, there is a practical limit to the 
increase in the intermediate frequency. The 
higher it is, the less will be the amplification 
and the selectivity, and the lower will be 
the stability. The frequency selected, 
namely, 120 kilocycles, is an optimum com¬ 
promise between the two sets of opposing 
factors. 
From 670 kc. to 550 kc. the oscillator 

tunes as a “one-spot” ; that is, there are no 
repeat tuning points on the oscillator above 
670 kc. (447.5 meters). 

ANTENNA COUPLING 
There has been some loose talk that a 

superheterodyne cannot be used success¬ 
fully with an outside antenna, and that a 
loop must be used. The idea has been dis¬ 
proved many times ; and aerials are coming 
into use more and more all the time for 
this type of circuit. 

Hence an aerial is used with this receiver 
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Fig. 1 
The "RE 29” utilizes its designer’s frequency-changing system, with two screen-grid intermediate-frequency amplifiers ; and a single 
a modulating tube, on whose plate there is no "B” potential; audio stage, adapted for connection to an external power amplifier. 

because it is more effective ; it eliminates 
the necessity of another tube ; it is much 
more convenient to use, once it has been 
installed ; and it is less conspicuous in the 
home. 

The antenna coil LI and the oscillator 
coil L2 are of special design and are pro¬ 
vided with plugs, so that other sizes of 
coils may be inserted into the circuit to 
cover other wavelength ranges. These coils 
are tuned by the .0005-mfd. Hammarlund 
“Midline” condensers Cl and C2. Note that 
the rotors of both these condensers are 
grounded to the shields, so that there will 
be no body capacity. While this is usual 
for the antenna condenser Cl it has not 
been so for an oscillator condenser. One 
of the chief difficulties with superhetero¬ 
dynes is eliminated by this simple connec¬ 
tion. 

INTERMEDIATE TRANSFORMERS 

The intermediate amplifier consists of 
two screen-grid tubes and four tuned cir¬ 
cuits. The first of the intermediate trans¬ 
formers, L3, is doubly tuned ; that is, the 
primary is tuned by C3 and the secondary 
by C4. This coil is so constructed that it 
is a band-pass filter having a suitably wide 
transmission band. The double tuning in¬ 
sures thorough filtering, as well as a high 
step-up of the intermediate-frequency volt¬ 
age. 
The coupling coils L4 and L5 are iden¬ 

tical in construction and tuning, the second¬ 
ary of each being tuned. The primaries 
are wound to match the plate impedance of 
the screen-grid tubes, and to utilize the 
amplification of the tubes to a large degree. 
All the three coupling devices (L3, L4 

and L5) have been constructed to rigid 
specifications, as dictatèd by careful labora¬ 
tory experiments. They provide a highly 
selective intermediate filter without cutting 
sidebands, and at the same time they step 
up very highly the amplification in the 
transmission band. 

All told, the receiver is one I would en¬ 
courage everybody to build for its distance¬ 
getting ability, tone quality, selectivity and 
ease of operation. Preferably build it ás 
shown—with battery operation of the six 
filaments, but A.C. operation of the last 
audio stage from the “B” supply. The 
volume control will be in the supply unit. 
You will have a receiver of such extraor¬ 
dinary power that you will feel triply re¬ 
paid for your efforts. 

(List of parts on page 89) 

The modulator tube, between its tuning condenser and coil, is in 
need of no shielding ; neither are the second detector and first audio¬ 

stages, here shown at the rear right. The shielded oscillator is in 
the forward can; the intermediates in the other two. 
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The RE-29-Part Two 
Presenting Complete Constructional Details 

of the Receiver, Audio Amplifier and Power Supply 
By R. E. LACAULT 

E
XTREME sensitivity features the 

RE-29, with every protection af¬ 
forded for high selectivity. The 
six tubes are efficiently used. Three 

are screen grid, three are 201A. The fila¬ 
ments of these are battery-heated, but 
the plate voltage and current will be 
obtained from an a.c.-operated power¬ 
pack. As the 6-tube design includes one 
audio stage, the power pack contains the 
other, which is a 210 push-pull. 

The six tubes constitute the most sen¬ 
sitive super-heterodyne receiver I have 
ever tuned, and this height of receptivity 
is due to the use of screen-grid tubes 
with proper load impedances, in conjunc¬ 
tion with my system of modulation. 

The receiver is built on a baseboard 
25%" X 12 %" of wood that will not 
warp. With a square and rule draw a 
line right in the center of the board from 
front to back. Then draw another line 
1J^" to the left of the center line. Last 
of all, draw another line 1%" away from 
the front edge of the baseboard. Next 
place two blocks or legs in the back cor¬ 
ner to raise the baseboard so that the 
surface is 1" above the bottom of the 
cabinet. 

The thickness of the blocks or legs in 
the back depends, of course, upon the 

Fig. 1. THE UNDER SIDE OF THE BASE¬ 
BOARD SHOWS THE WIRING OF THE SET. 
THE TWO WOODEN BLOCKS ATTACHED TO 
THE BASEBOARD ALLOW THE PLACE¬ 

MENT OF WIRING UNDERNEATH 

rpHS informative article 
gives detailed informa¬ 

tion on actual construction as 
well as full data on the power 
pack designed for use with 
this receiver. 

Mr. Lacult died just after 
completing the article. He 
left also a sketch and some 
information on constants for 
an external automatic volume 
control to be used with the in¬ 
stallation. This control is de¬ 
scribed in the addendum to 
the present article. 

thickness of the baseboard. Next mark 
all the aluminum shields for drilling ac¬ 
cording to the templates which are fur¬ 
nished with the official set of blueprints. 
The blueprints may be placed over the 
various shield pieces and the holes 
punched with a sharp tool or regular 
punch. Then drill each piece of alumi¬ 
num separately by placing a board un¬ 
derneath and using a sharp drill so that 
the holes are drilled straight. 

Next place the bottoms of the shields 

on the baseboard so that the left edges 
of the front and back shields are exactly 
on the line drawn 1%" to the left of the 
center line on the baseboard. At the 
same time the front edge of the forward 
shield should be exactly on the line drawn 
1%" away from the front edge of the 
baseboard. 

The right-hand shield is lined up on 
the front line and against the others as 
shown in the pictures. The shields are 
held in place by screwing down the coil 
bases and the sockets. These bases are 
raised above the shield with two spacers 
furnished with the coil, and once these 
are screwed down they hold the bottoms 
of the shields in place. 

When mounting the coil bases, it is im¬ 
portant to note the position of the white 
holes into which the coil is plugged. One 
hole is in the center of the base, while 
the three others are offset. It is essential 
that these bases be mounted in the right 
way. 

Next, mount the other apparatus (on 
the left side of the baseboard) and drill 
right through the baseboard. These holes 
are used for the wiring which is made 
under the baseboard. Use a %" drill to 
drill the wiring holes in the shields and 
the baseboard. 

To support the tube shields covering 
the shield-grid tubes it is necessary to 
modify three sockets. The easiest way is 
to proceed as follows: 

Countersink the mounting holes so as 
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Fig. 2. the positions of all the 
APPARATUS IN THE SET ARE SHOWN 
IN THIS ILLUSTRATION. FIGS. 1 AND 2 
CAN BE USED FOR WIRING THE SET, 
AFTER THE APPARATUS HAS ALL BEEN 

MOUNTED 

to use a flat-head machine screw. Then 
remove the thumbscrews and nuts which 
are holding the floating part of the socket. 
Once the screws are removed, be careful 
not to turn the center part of the socket, 
since each blade must remain in its origi¬ 
nal position. 
Then place two No. 6/32 flat-head 

brass machine screws in the mounting 
holes to fasten the socket later on the 
baseboard, and place the bakelite insulat¬ 
ing ring over the socket after the four 
nuts have been removed from the threaded 
studs. These studs take the place of the 
screws and nuts which originally held the 
socket together. After the four brass 
nuts have been placed back on the studs, 
the socket is again assembled but with a 
bakelite ring around the floating part. 
On each one of the rings you will notice 
that one of the studs shows through the 
bakelite on the rim. This particular stud 
should be placed so that it holds the 
minus “A” terminal on the socket. This 
arrangement is provided to ground the 
tube shields to the minus “A” when they 
are slipped over the tube. 

If the insulating rings you obtain do 
not have the stud showing through the 
bakelite, merely solder a wire to the bot¬ 
tom of the tube shield and fasten the 
other end of the wire to the aluminum 
shield under a screw or nut. 

The templates for the National type E 
dials are furnished with the dials. The 
panel is mounted last of all and is ad¬ 
justed as follows: 

Lift up the set and let it rest on the 

Fig. 3. three of the sockets are 
MODIFIED SO THAT THE TUBE SHIELDS 
FIT PROPERLY. THE METHOD OF FASTEN¬ 
ING THE SUPPORTING RINGS IS SHOWN 

HERE 

back shield so that the front of the set 
is flat and on top. Unscrew the set-screw 
of the right-hand dial and drop the panel 
so that the right condenser shaft fits in 
the dial hole. 

Straighten the lower edge of the panel 
with the baseboard and with a sharp tool 
punch the edge of the board through the 
three mounting holes. In this way one 
avoids the binding of the right dial. 

After all the parts are fastened on the 
board you may start the wiring. The 
wire (rubber covered) is looped, cut and 
soldered to the various lugs. This is an 
easy and rapid way of wiring. 

When connecting the various wires to 
the fixed part of the cable plug which is 
fastened on the baseboard it is best to 
tin the wires. It is then easy to heat the 
small tubes into which the wire slips. 

As you solder the wires to the plug, 
make sure that there are no strands of 
wire touching the next plug. 

One must be careful, however, where 
the wires pass through holes in the 
shields. Once all the wiring on the base¬ 
board is done, the partitions of the 
shields may be installed and the wires 
passed through the holes which have been 
drilled previously. Begin with those con¬ 
nections right behind the panel and work 
toward the back. It is easier to solder 
the connections. The corner posts of the 
alumnium shields are fastened with long 
machine screws through the baseboard. 
The head of one of the screws holding a 
corner post of each shield should be sol¬ 
dered to the minus “A” wire so as to 

ground each shield. The panel supports 
only the two dials and the switch. 

A good precaution is to check the wir¬ 
ing once it is completed and, leaving the 
minus of the “A” battery connected to 
the minus terminal, touch all the other 
wires in the cable to make sure that no 
tube lights. If one does light, there is 
something wrong in the wiring. 

If everything tests satisfactorily, con¬ 
nect the power unit and adjust the volt¬ 
ages. An accurate high resistance volt¬ 
meter will show exactly what you get and 
we urge you to use one. 

Some tubes work better with a little 
more plate and grid voltage, others with 
less. In other words, the set has to be 
adjusted for the tubes in use. 
Now for a discussion of the power 

pack, the diagrams and photographs of 
which are published herewith. 

Two 281 tubes are used, for full-wave, 
high-power rectifiers, the power trans¬ 
former supplying the necessary a.c. volt¬ 
age, and the potential-dividing network 
at the output, suitably by-passed, afford¬ 
ing accessible rectified voltages of C—12, 
C—414, B-j-Det., B4-45, B-|-Osc. and 
B-f-135. The full 350 volts are applied 
only to plates of the pair of 21-0 tubes 
used in push-pull, hence no outlet post 
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NOTE. DOT AND DASH LINE CONNECTION MADE ONLY IF 
AUTOMATIC VOLUME CONTROL IS USED IF VOLUME 
CONTROL IS NOT USED CONNECT DIRECTI.V TO SFI35V 
ON SET ( ORANGE LEAD) 

Fig. 4. the schematic diagram of 
THE POWER UNIT, THE AMPLIFIER AND 
THE AUTOMATIC VOLUME CONTROL 
THAT THE AUTHOR SUGGESTED IN HIS 

NOTES ARE SHOWN HERE 

is necessary for this latter voltage. 
Most of the accessible voltages are 

adjustable by sliders on the resistors. 
The power transformer is so heavy that 

wood screws cannot be relied on. Hence, 
for mounting this transformer four large 
holes are drilled through the board and 
the transformer is mounted by means of 
bolts. If flat-head bolts are used, the 
holes on the bottom side should be coun¬ 
tersunk. If any other type of bolt is 
used the holes should be sunk on the 
under side so that the heads of the bolts 
come below the surface of the board. 
The baseboard for the power pack is 

25%" long and 12" wide; which allows 
ample room for all the parts without any 
crowding. This not only permits easy 
access when wiring, but it facilitates cir¬ 
culation of air for cooling the parts. 

The actual layout of parts for the “B” 
battery eliminator and push-pull power 
amplifier is shown in Figs. 5 and 6. The 
power supply portion of the unit is shown 
at the right, and the push-pull amplifier is 
shown at the left. Some few parts, like 
small by-pass condensers, are not shown 
in the illustrations, although they are in 
the diagrams, and of course such parts 

Fig. 5. viewed from above, the power 
unit for the RE-29 shows the 
EXTRA WIDE SPACING THAT WAS LEFT 
FOR VENTILATION. THE PUSH-PULL 
AMPLIFIER IS ON THE LEFT AND THE 

“B” POWER SUPPLY ON THE RIGHT 

should be included in the circuit. 
The power transformer is an Amertran 

PF25O. It is provided with five leads on 
the primary side. One lead is for zero, 
or the grounded side of the line, and the 
four others are for input voltages of 100, 
110, 115, and 120 volts. The lead suit¬ 
able for the voltage on the line is selected. 
Usually it is not necessary to provide for 
switching from one to the other because 
at any one place the voltage remains 
fairly constant during service. 
The two leads of the plug-in cord 

should be securely connected to the 
proper terminals on the transformer and 
soldered. Then they should be wrapped 
separately with several layers of friction 
tape and finally taped together. 

In building the power pack and push-
pull amplifier the following procedure is 
recommended: 
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Fig. 6. the layout of the parts in 
THE POWER UNIT AND AMPLIFIER FA¬ 
CILITATES THE CONSTRUCTION AND 
WIRING OF THE UNIT. SOCKETS VI AND 
V2 ARE FOR THE UX281 RECTIFIERS ; V3 
AND V4 ARE THE AMPLIFIER SOCKETS 

First, place the parts on the board in 
the proper positions without fastening 
any down. Mark the position of each 
with a pencil and locate the holes for the 
mounting screws. Do this accurately so 
that all the holes may be drilled at once 
while nothing is on the board. Remove 
all the parts, and drill. 
Next mount the power transformer. 

Do not connect anything, to the primary 
leads of the transformer. When the 
transformer has been bolted down mount 
the two sockets for the rectifier tubes. 
They will be almost in the center of the 
board. 

When this has been done, connect the 
filament leads from the transformer to 
these sockets. There will be three heavy 
yellow leads on the transformer. The 
outside two of these go to the F terminals 
of the two sockets. Connect the sockets 
in parallel with heavy leads, such as 
heavy bus-bar wire. 

Next connect the outside red leads 
from the transformer to the plate termi¬ 
nals of the sockets, one to each. These 
are the high-voltage leads through which 
flows the alternating current to the recti¬ 
fier. The two grid terminals are left 
blank. Avoid loose, uninsulated ends. 

The next to be mounted are the three 
high-voltage Parvolt condensers. They 
are placed to the left of the transformer, 
back of the sockets already mounted. 

Connect the three condenser terminals 
farthest away from the sockets with a 
piece of bus-bar and then connect the 

'THE reader will find it in-
-*■ teresting to observe that 
practically all of the more 
worthwhile receivers which 
are being offered to them this 
season are available at radio 
dealers’ in kit form. This is 
true of the Lacault RE-29, and 
naturally, where maximum sat¬ 
isfactory performance is to be 
sought it is generally recom¬ 
mended that no substitution 
of the parts listed be indulged 
in by the builder. In no other 
way can results which are on 
a par with those obtained by 
the designers be expected. 
The blueprints which are re¬ 
ferred to frequently in the ac¬ 
companying text are full-sized 
and may be obtained sepa¬ 
rately or with the official kit 
and for that reason are not re¬ 
printed here. 

central red lead from the transformer to 
the same point. Then connect the cen¬ 
tral yellow lead on the transformer to the 
unused terminal of the condenser. 
We are now ready to mount the two 

filter chokes. They are placed to the 
left of the condensers and the sockets. 
From the post on the first condenser to 
which the yellow lead has been connected, 
run a bus-bar wire to the nearest terminal 
of the first choke. This choke is at the 
back. Insulate the wire with spaghetti. 
While this is not vital, it is wise. 

Next, run a bus-bar wire from the un¬ 
used terminal of the middle condenser to 
the second binding post of the first choke, 
and connect this lead to the first terminal 
of the second choke. Insulate these 
leads. Now run a similar (insulated) 
lead from the unused terminal of the 
third condenser to the second terminal of 
the second choke coil. 
At this point leave the “B” battery 

eliminator and go to the push-pull ampli¬ 
fier. Mount the two sockets first. Con¬ 
nect the filaments in parallel and run 
the outside two heavy black leads from 
the transformer to the filament terminals. 
Next mount the two push-pull audio 

frequency transformers, the output trans¬ 
former at the back and the input in front. 
Mount a binding post strip, containing 
two posts, directly behind the rear trans¬ 
former on two long single brackets. Con¬ 
nect up these binding posts and also the 
grid plate terminals on the two push-pull 

(Continued on p-age 93) 
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Designing a Tuned-Radio-Frequency Transformer for the 
A. C. Screen-Grid Tube 

By Glenn H. Browning 

THE screen-grid tube is probably the 
outstanding development among the 
radio receiving tubes which has 
been brought about in the last three 

years; for, not only does it do away with 
the problem of neutralization, but it also 
makes possible greater selectivity than has 
been practical before. However, the char¬ 
acteristics of this tube are so different 
from those of others that it necessitates 
considerable design work on the part of 
the engineer, in order to realize the possi¬ 
bilities inherent in this new device. 
The relative (“factor of”) merit of any 

radio-frequency-amplifier tube is indicated 
by its amplification factor divided by the 
square root of its plate resistance. Of 
course there is also the capacity between 
the plate and the grid to be considered, for, 
the larger this is, the greater the tendency 
to oscillation when the tube is used in a 
multiple-stage tuned-radio-frequency ampli¬ 
fier. In the case of the screen-grid tube 
this capacity is very small—a fact which 
alone is sufficient to strongly recommend 
its use. The following table gives an idea 
of the relative merits of the various tubes 
used as R. F. amplifiers. 

"factor of merit of tubes" 
Plate-Grid 

Type of Tube ^/^Rp Capacity 
Mgf. 

01A.076 12.0 
22 (D.C. screen-grid) .184 .... 
26 .085 12.6 
27 .095 6.6 

The schematic circuit of a screen-grid 
stage of R.F. amplification, indicating 

both input and output voltages. 

It will be noted that the new A.C. screen¬ 
grid amplifier (the Y-24 type) is more 
than twice as good as the D.C. screen-grid 
tube, and five times as good as any of the 
others. It is also interesting to note that 
the 27-type is superior to either the 01A or 
the 26-type ; both from the standpoint of 
the factor of merit and from that of the 
capacity between plate and grid. 

SCREEN-GRID R.F. AMPLIFICATION 

There arc two methods of using the A.C. 
screen-grid tube to advantage in a tuned-
radio-frequency amplifier; one is by a 
tuned-impedance system, and the other em¬ 
ploys a tuned-radio-frequency transformer. 
Both of these have the advantage of amp¬ 
lifying while adding selectivity to the cir¬ 
cuit. However, a careful study of the two 
will show that the transformer is superior 

The virtual circuit of Fig. 1, showing the 
“mu” of the tube as a factor of the in¬ 

put, and its plate resistance at Rp. 

from the standpoint of selectivity, while 
is is simpler to use in a kit set. As the 
radio-frequency amplifier in any set deter¬ 
mines its distance-getting ability as well 
as its selectivity, the radio-frequency trans¬ 
former characteristics are important. 
The writer has been doing design work 

for the lost five months on radio-frequency 
amplifying systems for the new screen-grid 
A.C. tube, and was able, after careful study, 
to design the transformer, the analysis of 
which is given further on in this article. 
With four of these transformers used in 
a receiver, it not only was sensitive enough 
to being in nine California stations in one 
eveing and KFI as early as 10 o’clock (the 
set was located in Malden, Mass.), but the 
selectivity was sufficient to cut out the local 
stations and bring in semi-distant ones 
where the frequency-separation of the two 
was only 10 kilocycles. In fact, the set 
performed so well that it was thought that 
many of the readers of Radio News will 
be interested in its technical development, 
which is explained below. 

ANALYSIS OF THE TUBE CIRCUIT 

Fig. 1 shows the conventional circuit for 
A.C. screen-grid tubes used in conjunction 
with a tuned-radio-frequency transformer: 
eg is the voltage put into the grid circuit 
of the tube, while E is the resultant voltage 
developed across the coil-condenser system. 
For analytical purposes Fig. 1 resolves it¬ 
self into Fig. 2; /¿ee is the voltage which, 
acting in series with Rp (the plate resist¬ 
ance of the amplifier tube) develops the 
same current through Li (the inductance 
of the primary of the radio-frequency 
transformer) as would be developed were 
the amplifier tube present in the circuit. 
Therefore, p is the amplification factor 
of the tube. The other indexes are La 
(the inductance of the secondary winding) ; 
Ca (the capacity of the tuning condenser); 
M (the mutual inductance between primary 
and secondary coils) io (the current flow¬ 
ing in the secondary circuit) ; and Ra (the 
inherent resistance of La—C'a circuit. It 
is assumed that the capacity between pri¬ 
mary and secondary is small. 
Then the voltage amplification of the 

system will be E/eg. 
Where the incoming frequency of the 

signal, f =  w/2II. 

E = Lj a? ¡2 

This equation holds true in all cases, pro¬ 
vided (R,) 2 is small compared to (L„w)2. 
This is always true in any ordinary tuned 
circuit. 
It may be shown that 

It is necessary to make a critical £ 
analysis of the functioning' of the "eg' 
transformer, in order to design one rñ-
which will give the maximum gain K 
while, at the same time, tuning is of 
adequate sharpness. 

i*(i-e2) ¥ 
nAfi-eT/ 

Dr. Browning (left) is well known to our readers asco-inventor of the Browning-
Drake circuit. He is exhibiting here a tuning unit with four R.F. stages, using the 
transformer constants calculated here, and detector. It is designed to feed into the. 

“Velvctone” amplifier seen behind it, and described on page 109!) 
by James Millen (right). 
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Above, the amplification factor of the A.C. screen-grid tube and 
its plate resistance are plotted against grid-voltage swing with 

the normal polarity of 1 '/2 volts on the grid. 

The voltage amplification of the transformer described in this 
article variesa s plotted avove over the broadcast band. It 
is slightly better at 300 meters; drop/nng off slightly at lower 
frequencies because the primary turns must be kept down so 
that the natural frequency will not fall in this band. This is 

overcome by proper design of the antenna coupling system. 

where the following abbreviations are used : 
Rp Rz 

’ T1*”| . „> ’ ’ 

6 =- 1 —- » w^ltf 
eu V Lz C2 

These abbreviations, besides being con¬ 
venient, have physical meaning. For in¬ 
stance, i, the co-cfficient of coupling, de 
pends almost entirely on the geometric 
relation of primary and secondary winding, 
and not on the inductance of either. 

5)2 is inversely proportional to the sharp¬ 
ness of tuning of the secondary circuit 
when the primary is not present. The 
value of 0 gives a very good idea how 
much off resonance the secondary circuit 
is, regardless of the waveband being con¬ 
sidered. It should be noted then that equa¬ 
tion 2 holds true regardless of the wave¬ 
band, the position at which Co is set and 
the magnitudes of the quantities involved. 
Only two of the justified assumptions for¬ 
merly named have been made. 

For an incoming signal of given frequen¬ 
cy, C2 may be varied for maximum second¬ 
ary current I-. To determine this adjust¬ 
ment differentiate function E/ck with re¬ 
spect to O and set its first derivative equal 
to zero. Performing this operation we find 
that the proper adjustment is where 

@ e2=
’ll + 1

Placing this value for in equation (2) we 
find the voltage amplification at this point 
to be equal to 

@_E_ _ Mt Vqi2+i Vlz/L| 
e9 

Careful observation of equation 4 will 
show that there is a relation between ï, 
i)i, and 5)2 that will give still greater 
amplification. In other words, in a radio¬ 
frequency transformer should the primary 
have one turn or ten ? Should the co¬ 
efficient of coupling be large or small? 

The tuner which will be described in detail in the July issue of Radio News has an 
untuned antenna coupling stage, followed by four transformers of the type whose 
design is dealt with in this article. The four tuning condensers are ganged and 
operated from a single dial. The shield cans shown hold each a transformer, with a 

choke coil and by-pass condenser. 

Should the secondary circuit have as small 
a resistant as possible? Let us see. 
Differentiating E/cK with resect to i, 

and setting the derivative equal to zero, 
we have the relation between the three 
quantities that will determine their best 
values. Performing the above operation 
we obtain 

© 
if T]! 2»! 

@ t2 = nt r)2 

Substituting equation (5) in equation (4) 
we find that the voltage amplification is 

© E „ Mx/Lz/Lj 
e3 2 Vt), t)2

Equation (6) is the maximum voltage 
amplification obtainable with a tuned-radio¬ 
frequency transformer after C2 has been 
adjusted to its best position, and the proper 
relation has been obtained between i, 
y and 5)2. It might be added that this 
voltage amplification gives by equation (6) 
is only obtainable at one definite frequency 
because m is variable, while 5,2 and i 
do not appreciably vary with frequency. 
(Note: The reason that i and 5)2 do 
not vary is that the former is geometric 
ratio, while in the latter R2 goes up as the 
frequency increases ; so that in a well-
designed coil R2/L2 w = 5,2 remains 
almost constant.) 

However, if the design relations given in 
equation (5) or (5A) arc satisfied for the 
middle of the spectrum over which the 
transformer is to operate, almost even 
amplification will result. Hhus, for maxi¬ 
mum amplification, we must make i2 = 
5)1 5)2-

In designing the transformer, 5)2 is made 
as small as possible by using a high-grade 
condenser and a coil whose radio-frequency 
is as low as possible. This being done, 5)2 
is fixed. Having done this, the relation 
alone gives the primary inductance L, for 
any coefficient of coupling; for 

It will be noted that, when ï is large, 
(Continued on page 62) 
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The Velvetone-29 
New Five-Tube A. C. Screen-Grid Tuner of 

Exceptional Design 

By James Millen and Glenn Browning 

P
ROBABLY no industry in the his¬ 
tory of our country has made such 
rapid progress as the art of radio 
reception and transmission. This 

has been largely due to the fact that the 
American public has generally accepted 
this new form of entertainment which 
brings the world of sound into the home. 
In fact, radio has become a major feature 
of a pleasant evening at home. 
It seems only yesterday that we were 

satisfied if something in the nature of 
speech or music came out of the loud 
speaker; today, the sound emitted from 
the receiver must closely approximate an 
exact reproduction of the original, other¬ 
wise our ears immediately sense the dis¬ 
tortion. When one stops to think of the 
changes that the sound has to undergo 
from the time it strikes the microphone 
at the transmitting studio, until the time 
it is emitted from the radio speaker, one 
wonders how it is possible to get natural 
reproduction. The microphone changes 
the sound waves into electrical currents, 
which must be amplified, and then radi¬ 
ated through space. Our receiver then 
picks up a minute fraction of this ener¬ 
gy, amplifies it, unscrambles the speech 
or music frequencies, and finally the loud 
speaker emits sound which is a replica of 
the original. The receiver, if it is to per¬ 
form faithfully its part in these trans¬ 

formations, must not only have the com¬ 
ponent parts carefully designed, but each 
part must fit into the scheme of things in 
such a way that the quality of the re¬ 
ceived signals is not distorted. 

FREQUENCY IN KILOCYCLES 

Fig. 1. The curves indicated in the 
above chart show the relative selectivity 
and sensitivity of two different receivers. 

This quality of received signal is prob¬ 
ably the first requisite in every broadcast 
receiver. However, due to the increase 
in number and in power of the transmit¬ 
ting stations, a receiver must be selective 
as well. That is, it must possess the 
ability to respond to any one of some 80 
or more channels on which broadcasting 
occurs, to the exclusion of programs being 
broadcast on channels adjacent to the one 
tuned in. This means that a number of 
tuned circuits must be employed in the 
design of the tuner device. In fact, if 
the receiver is to combine distance-get¬ 
ting ability together with selectivity and 
quality, three or four tuned circuits be¬ 
come necessary. This will readily be ap¬ 
preciated by the following illustration. 

Assume that the field strength of va¬ 
rious stations is as indicated in Fig. 1 ; 
that is, a local station broadcasting on 
820 kc. has a signal strength of 500 micro¬ 
volts per meter, while a semi-distant sta¬ 
tion on 830 kc. has a signal strength of 
about 2 microvolts per meter, etc. The 
receiver whose selectivity and sensitivity 
is represented by curve “A” would be able 
to receive the station transmitting on 810 
kc. without interference from the local, 
but would not be able to receive the broad¬ 
cast station on 380 kc., as the receiver does 
not have sufficient gain. However, if the 
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FREQUENCY IN KILOCYCLES 

FlG. 2. This curve shows the selectivity 
effect of four tuned stages, each 

stage tuned alike 

sensitivity was increased without adding 
selectivity, so that stations with a field 
strength of 2 microvolts per meter could 
be heard, this would be equivalent to 
lowering Curve “A” as a whole, and then 
interference would result. 
On the other hand, the receiver with 

tuned circuits, whose sensitivity and selec¬ 
tivity is represented by Curve “B,” would 
be able to bring in any of the stations at 
will. Thus, it is apparent from the com¬ 
parison that a set which may seem selective 
would, if the sensitivity was increased, 
actually be quite broadly tuned. 
The writer has heard the question asked 

many times, “How can you get a radio 
frequency amplifier to tunc sharply when 
you use the screen-grid tube?” The fact 
is that this tube will tune more sharply 
for a given signal strength than will the 
227 or 201A ; but, because the signal 
strength increases considerably, the ap¬ 
parent selectivity is lessened. 

However, there is a definite limit to the 
sharpness of tuning unless the shape of 
the resonance curve is modified, for the 
high notes would not be amplified as much 

as the lower ones. This can readily be ob¬ 
served by reference to Fig. 1. In the case 
of receiver “B,” a 5,000-cycle note would 
be amplified only about one-third as much 
as a 100-cycle tone. Inasmuch as the ear 
responds as the logarithm of the intensity, 
the noticeable difference to the above dis¬ 
tortion would be in the ratio of 1.47 to 1, 
which in all probability would not be at 
all objectionable. 

In the design of the kit set to be de¬ 
scribed, the questions of selectivity and 
quality as well as distant reception have 
been carefully considered. Four tuned 
circuits have been used for the purpose of 
selectivity, and the tuning very slightly 
staggered so as to modify the resonance 
curve, giving it a flatter top with steep 
sides. This is shown in Figs. 2 and 3. Fig. 
2 gives the tuning curve for the four tuned 
circuits, each circuit being exactly in tune 
with the previous one, while Fig. 3 indicates 
the effect of slightly staggering the tuning 
of the stages. It will be noted in the case 
where the stages are staggered, that the 
sides of the curve are more abrupt, and 
that the top is flatter ; the amplification be¬ 
ing less than is obtained with perfect 
alignment. In this manner the question 
of quality reception, as far as the tuner 
is concerned, is taken care of. 

There are two sources of distortion in¬ 
troduced in the detection of signals by the 
detector. One might be called “frequency 
distortion,” which is due to the detector 
being more efficient in rectifying, say, 
2,000 cycles than it is in rectfying 200 
cycles. This occurs in the case where a 
grid condenser and a large value grid leak 
is used, and can be practically eliminated by 
using either a grid leak of a megohm or 
less, or by using grid bias detection. The 
second source of distortion is introduced 
by overloading the detector. 

If only one stage of audio amplification 
is used after the detector, grid bias detec¬ 
tion is preferable, while if two stages are 
used, as far as the writer has been able 
to determine, there seems to be little dif¬ 
ference which system is used, for in this 
case the last or power stage would seem 
to overload before the detector. The grid 
leak-condenser method has the advantage 
of considerably more signal strength, while 

the grid bias method tends to make the 
receiver tune somewhat sharper. Although 
the grid bias method is shown in the sche¬ 
matic diagram of the kit set, the set builder 
can use his own preference as to which 
he should employ. 

In using four stages of amplification 
with the a.c. screen-grid tube, the prob¬ 
lem of careful shielding was encountered. 
It was found, after a great deal of experi¬ 
menting, that if the coils were shielded, 
condensers and tubes could be left outside 
the shielding, providing the leads to the 
tubes and condensers were short. Of 
course it was necessary to choose a con¬ 
denser gang which had little capacity be¬ 
tween the stator plates. It was also nec¬ 
essary to confine the radio frequency cur¬ 
rent flowing in each particular stage. This 
was done by placing the by-pass condenser 
tube, inside the shield which contained the 
and r.f. choke, in the plate circuit of each 
coil. 

The problem of the size of tuning coils 
to use, when it was necessary to shield, 
was determined by the following method. 

FREQUENCY IN KILOCYCLES 

Fig. 3. Here the tuning has been slightly 
staggered to obtain a flatter peak— 

hence less side-band cutting 

Fig. 4. The circuit of the Velvetone a.c. screen-grid receiver 
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Fig. 5. These curves are plotted to show the change of voltage amplification 
of the 1U" coil, inside and outside of shield cans 

Assuming the size for the shields to be 
as large as physically practicable, we then 
measured the amplification of different 
sizes of coils when placed inside of the 
shields. It was found that a coil of 1%" 
diameter was considerably the best under 
these conditions ; though of course, with 
no shielding, two or three-inch diameter 
coils were somewhat superior. 

The reader may be interested to note the 
change of amplification of the 1%" coils 
inside and outside the shields. This is 
shown in Fig. 5. 

In the course of our experiments, steel 
shields were tried and Curve 3, Fig. 5, 
shows the result. It will be seen that the 
loss due to steel shielding is very much 
greater on the long wavelengths than on 
the shorter ones. This was carefully 
checked and certainly appears to be the 
case; the possible explanation being that 

the longer wavelengths (lower frequen¬ 
cies) penetrate further into the shield than 
do the shorter wavelengths. 

It was thought advisable to make a single 
control kit, and therefore an untuned an¬ 
tenna system was used consisting of a radio 
frequency choke coil connected in the cir¬ 
cuit as shown in Fig. 4. This system has 
an added advantage, besides the single 
control feature, in that the amplification 
of the radio frequency transformers falls 
off slightly on the long wavelengths, while 
the choke coil antenna system is more 
efficient on the long waves. Thus the 
combination gives a more even gain over 
the broadcast range than would otherwise 
be the case. 

The actual construction of the four-stage 
tuned radio frequency kit set is quite easy, 
as the National Company supplies the base 
with the sockets in place, and the coils are 

obtainable in sets of four, all matched. The 
leads are brought out from the coils to a 
small terminal strip mounted on the bot¬ 
tom of each shield. To facilitate wiring, 
the control grid lead is brought out in 
two places—one for connection to cap of 
the TJY-224 and the other for connection 
to the stator plates of the variable tuning 
condenser. 

The condensers used with the kit have 
small trimmer condensers built in each one, 
the purpose of these being to line up the 
condensers and compensate for any capac¬ 
ity in the wiring. Once the condensers 
are lined up at minimum capacity, they 
are so matched that they will turn within 
1 per cent over the broadcast band. This 
accuracy in matching allows for about the 
right amount of staggering in the combined 
stages, provided that the error is not ac¬ 
cumulative. To take care of this, the coils 
and the condensers are both numbered, so 
that the right coil is associated with the 
correct condenser. For convenience, one 
of the rotor plates in each condenser is 
slotted into sectors which may be adjusted 
by the constructor, should the occasion 
arise. 

In wiring up the set, it is advisable to 
wire the filament circuit first. Number 16 
guage insulated wire, twisted together, 
should be used for this purpose. Do not 
use too small wire, for the filaments of 
the five tubes combined take a total cur¬ 
rent of seven amperes. The center tap 
resistance should be connected to the sec¬ 
ond screen-grid tube, as shown in the sche¬ 
matic diagram, and the center of this re-

As this picture wiring diagram shows, all the wiring, with the exception of the leads 
to the caps of the screen-grid tubes, is made underneath the base 
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sistance run to the cathodes of all the 
screen-grid tubes. Instead of using the 
shield as a ground, it is better actually to 
run a piece of bare wire to the various 
ground connections. This eliminates the 
possibility of a high resistance joint which 
might make the receiver tunc broadly; or, 
as in some cases, such joints have been the 
cause of sufficient inter-coupling to bring 
about set oscillation. This “ground” wire 
should be connected to the chassis in several 
different places. 

It will seem that even though one end 
of the coil is connected to the shield, a 
wire is also brought out so that the con¬ 
nection may be made to the ground ter¬ 
minals of each condenser. The by-pass 
condensers, in the shield compartments that 
hold the coils, have a connection coming 
out through the shield, marked “Cathode.” 
This allows the by-passed radio frequency 
current to return without going through 
the resistance used to obtain the “C” bias. A rear view of the console cabinet housing the Velvetonc tuner, “245” power 

amplifier, dynamic loud speaker and phonograph turntable 

tiometcr of 10,000 ohms, connected be¬ 
tween the minus “B” and the plus “B” 
67 volts. The variable arm goes to the 
screen grid of the tubes through the radio 
frequency choke coil. In this manner the 
potential on the screen grids may be varied 
over a range of from 0 to 67 volts. This 
type of volume control has the advantage 
of being completely out of any circuit 
■where alternating current is flawing, and 
consequently simply regulates the amount 
of amplification of the screen-grid tubes. 
In most potentiometers the shaft is con¬ 
nected electrically with the movable arm 
so that it is necessary to use an insulating 
hushing where the volume control comes 
through the metal base. 

This kit set may be used with any radio 
amplifier system the set builder may prefer. 
The writer has used the National Velve-

A front view of the chassis ¡showing the extremely simple assembly 
tone amplifier and power supply, which was 
described in the June, 1929, issue of Radio 

These leads should be run as directly as 
possible to cathode of the tube associated 
with the transformer. The radio frequency 
chokes, external by-pass condensers, and 
grid biasing resistors are located as shown 
in the layout of parts. 

It will be noted that the mechanical de¬ 
sign of the set is such that all the important 
grid and plate leads are exceptionally short. 

If grid bias detection is used, as indi¬ 
cated, the set builder should experiment 
somewhat with the amount of “C” battery 

for best results. Usually, with 45 volts on 
the plate of the detector, about six volts 
“C” battery is correct. However, this de¬ 
pends somewhat on the characteristics of 
the 227 tube used as a detector. If the 
constructor desires to use a grid leak and 
condenser for detection, the condenser 
(having a value of .00025 mid.) should 
be connected between the grid and the 
tuned circuit, while the grid leak, having 
a value of about one megohm, should be 
connected between the grid and the cathode 
of the detector tube. 

News. This amplifier has the correct volt¬ 
age taps for the power supply and also has 
a separate transformer winding which will 
supply the filament current for the five 
heater type tubes used in the tuner. It is 
essential that a separate filament winding 
be used to supply the filaments of the tubes 
in the tuner. This audio amplifier con¬ 
sists of one stage of transformer-coupled 
audio amplification using a 227 tube, fol¬ 
lower by a stage of push-pull amplification 
employing the new 245 tubes. It is not es¬ 
sential to use two stages of audio amplifica¬ 
tion, for if “C” bias detection is used, the 
output nf the detector may be put into the 
primary of an audio transformer, 

Coitliinicd on page 90 

The volume control chosen is a poten-

The elements of a complete radio-phonograph combination 
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The “Velvetone” 245 Push-Pull Amplifier 
The Latest Development in Power Tubes Utilized in an 
Audio Channel and Power Unit Adaptable to Many Purposes 

By James Millen 

DURING the past four years, since 
a unit combining an audio ampli¬ 
fier with a socket-power current 
supply was first described in a 

radio magazine, the fundamental sound¬ 
ness of such design has become quite 
firmly established; and today any num¬ 
ber oí well-known manufacturers ar.e 
marketing combination amplifier-power 
supply devices for both radio and phono¬ 
graph use. 

In the past, however, manufacturers as 
well as experimenters have felt that the 
alteration of the amplifier’s design from, 
perhaps, a 171A power stage to one em¬ 
ploying such tubes as the 210 or, more 
recently, the 250 entailed too great an 
outlay for the bulkier and more costly 
equipment necessarily required to power 
such tubes. 
The new UX-245 power tube with its 

high power output at low plate voltages 
now makes possible the design of much 
more compact and lower-priced “B” 
power-supply units and amplifiers of this 
character; and this development will no 
doubt become, during the coming season, 
an important factor in stimulating the 
use of such amplifiers. 
But why the combination of audio 

amplifier and power supply? The ques¬ 
tion of separating the tuner unit of a 
radio receiver from the audio “channel” 
has been argued pro and con by de¬ 
signers, engineers and experimenters; 
and it is not the intention of the author 
to pass judgment on such a debatable 
issue. Suffice it to point out that the 
demand for combination amplifier-power 
supply units exists to an overwhelming 
degree, and this article is intended to 
describe to the reader the outstanding 
and important features of commercial 
units which are now available, together 
with those of one that can be built at 
home. 
The uses of these power amplifier¬ 

power supply devices are many. To the 
experimenter they offer the important 
advantage of having on hand a standard 
audio channel to which can be attached 
a radio tuner unit of any typé with which 
he may be experimenting at the time. 
These power packs provide a ready 
source of plate potential for the tubes 
external to them, such as those which 
are used i the tuner. A combination 
of audio channel and power-supply unit 
also lends itself admirably to the all¬ 
electric reproduction of phonograph 
records, with the assurance that the tone 
quality obtained will be far superior to 
that obtained from the old-time phono¬ 
graphs and will be on a par with that of 
electric phonographs of commercial types 
which are now available. (This, of 
course, necessitates that an electric pick¬ 
up of merit and repute should be used 
with it). Then, for the fellow who wants 
to build an outfit consisting of both radio 
and phonograph units, there is nothing 

more suitable than just such a combina¬ 
tion; for thereby he can, with the aid 
of a switch, make use of the audio ampli-

&INCE 1925, when he developed 
and described what was perhaps 

the first combination of an amplifier 
and power pack available to the 
radio public, Mr. Millen has intro¬ 
duced many carefully-engineered as¬ 
semblies -to the readers of Radio 
News and other periodicals. He 
has been associated for some years 
with the National Company, to the 
general management of which he has 
worked his way, and has been the 
leader in its engineering work. 

ficr’s power supply for either radio or 
phonograph use. 
There are three major points, not 

always apparent, but which must be 
simultaneously met in the design of a 
combination amplifier-power supply: the 
arrangement of the various parts in such 
apparatus must always meet these three 
conditions. First, the locations of the 
various audio and power transformers, 
relative to each other, must be such to 
preclude any possibility of stray-field 
linkage; which would result in either A.C. 
hum in the output or distortion. Gen¬ 
erally, most trouble is encountered in 
finding the proper location for the first 
audio transformer; as any A.C. field from 
the power or filament transformer which 
links with the windings of this input 
transformer results in a hum, which is 
passed through the entire amplifier and 
thus becomes quite pronounced in the 
output. 
The second and third points which 

must be given due consideration in locat¬ 
ing the various parts are simplicity of 
wiring and compactness of the completed 
unit. In the case of the National 
“Velvetone” amplifier illustrated here, the 
first condition was met by so placing 
the various transformers in their con¬ 
tainers as to prevent undesirable electro¬ 
magnetic intearction. Just how success¬ 
ful this procedure, turned out to be is 
illustrated by the entire absence of A.C. 
hum in the output. As to simplicity of 
wiring and compactness of design let 
Figs. A and B speak for themselves. 
With the advent of the new UX-245 

power tube it now becomes possible to 
reduce very materially the cost and size 
of a combination amplifier-power supply, 
because of the high power output obtain¬ 
able from this new tube with a low plate 
voltage. The following table, comparing 
some of the more important characteris¬ 
tics of the UX-245 with those of earlier 
types of power tubes, should prove 
interesting. 

Maximum 
Undistorted 

“B" Plate Output 
' Tube Cottage (Milliwatts) 
112A 90 30 

135 120 
180 300 

171A 90 130 
135 330 
180 700 

210 250 340 
350 925 
425 1540 

250 250 900 
350 2300 
450 4600 

245 150 400 
200 900 
250 1600 

Fig. A. A front view of the “Velvetone" amplifier assembled. The power trans* 
former, filter chokes and large Mershon condenser are in the rear cases; the three 

audio transformers in front. The terminals at the side are connected 
to other apparatus as shown in Fig. 2. 
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I Ä

grid) 

little less than 
output in milli¬ 
plate voltage of 
from the above 

tube, 
twice 
watts 
250. 

the 245 provides a 
as much undistorted 
when operating at a 
Also, it will be seen I* p 

I« 

are able to operate with a 

Fig. B. A bottom view of the “Velve¬ 
tons" chassis showing the voltage-divider 

and by-passes at the right 

The advantages of the new tube which 
this table shows are evident. Note that 
the 210 tube, with 250 volts on the plate, 
provides an undistorted output of 340 milli¬ 
watts ; while the 245 with the same plate 
voltage offers a maxibum of 1600, almost 
five times as much. Compared to the 250 

considerable margin of safety. 
The UX-245 was designed especially 

for A.C. operation and, as a result, has a 
husky low-voltage, high-current, oxide¬ 
coated filament with a high “heat-inertia 
coefficient;” so that it is not adversely 
affected by ordinary line-voltage fluctua¬ 
tion. 
Although the filament voltage is 2.5 

(which is the same as that required for 
the heaters of the UY-227 and the new 
UY-224) a separate filament winding is 
necessary for the power tubes. This is 
to obtain the grid-biasing voltage in the 
most satisfactory manner and without 
putting the same high bias on the heaters 
of the UY tubes; which would result in 
increased hum and possibly, in some 
cases, insulation break-down between the 
UY cathode and heaters. 

Fig. E. The double-deck amplifier and power pack at the left was designed in the 
Radio News Laboratory for home construction. The two decks 

may be mounted, separately 

table, the 245 with but 250 volts on the plate 
has a greater power output than the 210 
with 425 ! 
Some of the most important advan¬ 

tages resulting from the use of this low 
plate voltage are the reduction in cost, 
improved performance and freedom from 
condenser trouble made possible in the 
power-supply unit by the, use of a Mer-
shon electrolytic condenser in place of 
the paper condenser necessary at the 

■ higher voltages. This type of high-
capacity condenser is suited to use in 
filter circuits supplying under 350 volts 
and, as the maximum voltage required 
for the UX-245 is 300 (250 plate plus 50 

THE AUDIO TRANSFORMERS 

The audio transformers used have cores 
of the new high-permeability nickel steel; 
this, in connection with the use of a spe¬ 
cial type of split-secondary winding, re¬ 
sults in a frequency-characteristic which 
is essentially a straight line over the 
entire range of audio frequencies now 
being transmitted by the better broadcast 
stations. The push-pull transformer has 
two independent secondaries wound in 
opposite directions and placed side by 
side, in order to secure truly balanced 
performance. 

POWER SUPPLY NOTES 

Aside from the use of the new triple¬ 
section high-capacity Mershon filter con¬ 
denser (which is made possible, as 

pointed out above, by the relatively low 
plate-voltage requirements of the new 
power tube) there are several circuit fea¬ 
tures worth mentioning. Perhaps the 
most noticeable, from the circuit diagram, 
is the use of separate filament and plate 
transformers; which makes possible a re¬ 
duction in hum, compare dwith the use 
of a single transformer for this purpose. 
Both the plate and filament transformers 
are wound with wire much heavier than 
generally customary, in order to supply 
“A and “B” voltages for any R.F. am¬ 
plifier-tuner with which the amplifier may 
at any time be used. 
From the transformers we pass to the 

UX-280 rectifier, which has recently been 
improved in design and re-rated for use 
with transformer-secondary voltages as 
high as 350. In this instanee, the sec¬ 
ondary voltage on each side is but 300; 
so that the tube is being conservatively 
operated. 
Because of the high capacity of the 

FÏG. 1. The Velvetone provides 2Vz-yolt filament current for a receiver, as well 
as for its own tubes, all of which operate on this supply. Note the 

system of by-passing all stages in this unit.' 
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' HOOK-UP OF PHONOGRAPH 
-DETECTOR PLATE -DETECTOR PLATE PICK-UP SHOWING GROUNDED 8-
VOLTAGE SUPPLIED TERMINAL WHICH IS NECESSARY IF 
BY POWER UNIT- By ° BATTERIES- TUNER UNIT IS NOT CONNECTED TO 

POWER SUPPLY -

Fig. 2. The “Velvetone” is connected to an A. C. tuning unit externally, as at the 
left; to a D. C. tuner as in the center diagram; while the connection at the right 
gives phonograph reproduction of a high quality with volume of any desired amount. 

It will operate three or more loud speakers. 

Mershon condenser, a single filter section 
is ample for the push-pull stage. Another 
section is then added for the first-stage 
plate supply as well as the external vol¬ 
tage taps (all of which should be oper¬ 
ated as near hum-free as possible, if there 
is to be no hum in the loud speaker). 

A circuit novelty which works out ex¬ 
ceedingly well is interposed at this point; 
it is the manner of connecting the third 
section of the Mershon condenser so that 
it provides exceedingly effective by-pass¬ 
ing and tank-capacity service for the first 
audio stage, in addition to its filtering 

action. Thus, both the push-pull stage 
and the input stage have their own in¬ 
dependent tank condensers; this refine¬ 
ment is found in few amplifiers, but is 
one of the many little points that must 
be considered where the best possible 
tone quality is to be attained. The re¬ 
maining features of the power system are 
the output potentiometer (of an adjust¬ 
able type) which makes it readily pos¬ 
sible to secure accurate voltage adjust¬ 
ment for the detector and radio-frequency 
amplifier without danger of applying ex¬ 
cessive voltages to the various tubes; 
yet, at the same time, there is certainty that 
these voltages, when once set, will remain 
at the selected values. 
Fig. 2 shows three ways in which the 

combination unit may be used. If it is 
desired to connect to it a tuner unit which 
has no plate-voltage source of its own, 
then these various voltages may be ob¬ 
tained from the taps brought out on the 
terminal board of the power unit. At 
the left such a circuit of the detector 
table is completed by means of a con¬ 
nection between one of the input ter-

(Continued on page 71) 

Fig. D, The “B" power section of the double-deck unit 
illustrated opposite. 

Fig. C. Another of the commercial amplifiers and power 
units now being placed on the market for the new “inter¬ 

mediate" 245 tube. This is of Ferranti make. 

Ten Instructions for the “DX” Fan 
(1) Good reception begins with the in¬ 

terception of ample signal strength. 
Therefore, make sure of good aerial 
and ground connections. Joints 
should be soldered, or at least taped. 
A suitable socket antenna plug will 
sometimes prove more efficient than 
one outside antenna, particularly in 
poor radio localities. It may be em¬ 
ployed as a “booster,” in addition to 
the usual antenna. 

(2) Reception can be no better than the 
tubes employed. Tubes, contrary to 
general opinion, do not last for¬ 
ever; even if they light,' that is no 
indication of their goodness. When 
tubes have been in use more than a 
year, they should be replaced with 
fresh tubes. Only tubes of a re¬ 
liable brand should be used. Cheap 
tubes are most expensive in the end. 

(3) Proper “A,” “B” and “C” voltages 
should be applied. In the case of 
batteries, this may be done by vol¬ 
tage taps. In the case of radio 
power units, this may be done by 
employing efficient variable resistors 
in obtaining precise voltages for all 
purposes. 

(4) The grid leak in the detector cir¬ 
cuit should be adjusted for best re¬ 
sults. While the 2-megohm value 
may be satisfactory for powerful 
local signals, this resistance value 
is sometimes too low for weak DX 
signals. Either a collection of grid 
leaks of various values should be 
on hand ,or a suitable variable grid 
leak should be employed, if you 
would enjoy DX results. 

(5) Regeneration is practically essential 
to real DX results. It can be se¬ 
cured in various ways, for practically 
every radio-frequency circuit has 
some form of stabilizer to prevent 
regeneration, and this can be altered 
when in search of DX, so as to per¬ 
mit of regeneration or approach to 
maximum sensitivity. 

(6) A sensitive loud speaker should be 
employed, or, better still, a pair of 
head-phones, plugged into the first 
audio stage. Many loud speakers 
today are relatively insensitive be¬ 
cause they are designated to oper¬ 
ate on powerful local signals with¬ 
out blasting. 

(7) It is well to change tubes around to 
determine the best tube for each 
position in the radio set. There is 
sufficient variation in most tubes to 
make some better for one purpose 
than for another. 

(8) If you are troubled by excessive 
background noises or microphone 
interference, the cause is generally 
traceable to the detector tube, which 
should be changed. 

(9) By-pass condensers of 1 or 2 mf., con¬ 
nected between “B—” and the various 
“B+” terminals of the radio set, will 
improve sensitivity and tone quality of 
weak signals. 

(10) And in the final analysis, DX is 
largely a matter of patience and skill; 
for some fellows can hear* Hong 
Kong on a crystal detector while 
others cannot cover 500 miles with an 
eight-tube superheterodyne. 

—Clarostat Engineering Bulletin. 

* Those who really do so are, as a rule, 
in Hong Kong.—Editor. 
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by Zeh Bouck. 
quipment is presented herewith to the Tend¬ 
ers of Radio News, in the form of an R.F. 
tuning unit, complete in itself, and adapted 
excellently for use with an external ampli-

The attractive panel appearance 
of the “Everyman” may be seen 
at the left, as it appears ready to 
slip into a suitable console or 

cabinet. 

How to Build the New 
A.C. Screen-Grid * 

Irmei* 

O
NE of the most efficient receivers 
which has been presented to the 
constructional fan (and to the av¬ 
erage broadcast fan through the 

efforts of the custom set builder) was the 
Everyman Five, an exemplification of well-
established engineering principles, designed 
by the radio technicians of the New York 
Sun. The receiver was introduced originally 
as a battery-operated set, which necessarily 
limited its popularity in this era of A.C. 
receivers. However, as a veteran critic of 
broadcast conditions, the writer has no hes¬ 
itancy in describing this receiver as almost 
ideal; its qualifications of relative perfec¬ 
tion being simplicity of construction, rea¬ 
sonable cost, flexibility in adaptation to au¬ 
dio channels, and selectivity and sensitivity 
in the correct degrees. 

Appreciating the limitations of the bat¬ 
tcry-type receiver, he has redesigned the set 
for Arcturus A.C. lubes, and the resulting 

T.TA'll describe here the latest of a 
rr series of developments of "Ev¬ 
eryman” receivers under the auspices 
of the radio editors of the New York 
Sun, and in which some of the best 
engineering brains of the country 
have cooperated. Mr. Bouck, who has 
been intimately associated with the 
progress made in all electric receivers, 
speaks with authority on the subject; 
and his contribution is hereby com¬ 
mended to all our readers.—Tub 
Editors. 

fier of any desired type. A push-pull audio 
channel, adapted to operation from the 
same filament transformer as the tuner, is 
also sliown. 
The characteristics of the A.C. Screen-

Grid “Everyman” tuning unit are similar to 
those of the D.C. model, with the exception 
of its noticeably increased sensitivity—due 
to the extra amplification effected by the use 
of an Arcturus A.C. 22 screen-grid tube, 
the characteristics of which are superior to 
those of the conventional D.C. four-element 
tube. 
In the A.C. Screen-Grid “Everyman” 

unit, both selectivity and sensitivity have 
been refined and emphasized to the last de¬ 
gree compatible with quality; and in this set 
these characteristics are easily and con¬ 
veniently controlled. Without recourse to 

Fig. 1 
The "Everyman” Tuner shown here, using three li-volt A.C. tubes, suitable audio channel, such as that on page 1104, it will operado 
the first in a screen-grid stage, is a complete receiver. With a any speaker selected, and give results of high quality. 
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regeneration, the sensitivity of the receiver 
is such that practically all stations, both lo¬ 
cal and distant, contributing to the average 
evening’s entertainment, can be tuned in on 
a short indoor antenna. The noise level, 
tinder such conditions, is maintained at a sat¬ 
isfactory minimum, and reception comes 
through unimpaired by background. But 
when regeneration is introduced, with a 
turn of the right-hand knob, the sensitivity 
of the receiver is noticeably increased; and 
the ratio of noise level to signal strength is 
the only limit to reception. 

FIFTEEN VOLT TUBES 

The A.C. Screen-Grid “Everyman” tuner 
is built around the Arcturus line of 15-volt 
tubes; these are of the heater-cathode type, 
yet plug into the standard UX four-prong 

socket. The cathode construction renders 
them practically humless, and the use of a 
carbon heater insures a long life measured 
in thousands of hours. 
The schematic diagram of the R.F. and 

detector stages of the unit is Fig. 1, and 
the layout of the parts is given in Fig. 2, 
which may be compared with the repro¬ 
duced photographs. The first tube (glanc¬ 
ing from left to right) is the screen-grid am¬ 
plifier VI. The second tube V2 is included 
in a somewhat conventional radio-frequency 
amplifying circuit and is of the familiar 
three-element type. The third tube in the 
R.F. section of the receiver, V3, is the de¬ 
tector, arranged for grid rectification in 
Fig. 1. 

The circuit is stabilized by a semi-per¬ 
manent adjustment of the duplex Clarostat 
RI, which controls amplification by varying 

the bias on the screen-grid of VI, and by 
the .00003-mf. balancing condenser C5. 
When correctly adjusted, the circuit is 
stable over the entire tuning range with un¬ 
usual gain characteristics. 

Stray coupling effects are reduced to a 
minimum, without recourse to shielding, by 
the spacing of the coils, and by the gener¬ 
ous use of the radio-frequency choke coils 
RFC 1-2-3-4, and the by-pass condensers. 

THE RADIO-FREQUENCY UNIT 

In this article, as will be seen, only the 
radio-frequency section of the receiver is 
reconsidered and illustrated in detail. As 
this receiver will be built almost exclusively 
by experts and by custom set builders for 
the broadcast enthusiast, the choice of the 
audio amplifier is left to individual prefer¬ 
ence, which will be governed principally by 
the power desired in the output circuit. 

It is in the radio-frequency circuit that 
the “Everyman Five” differs from the con¬ 
ventional receiver and exhibits its distinct 
superiorities. The output of the detector can 
be coupled to any adequate audio frequency 
amplifier. A preferred design for the audio 
amplifier will be indicated later on. 

Fig. C 
A special National "A and B” power unit, de¬ 

signed to powerise the "Everyman” Five. 

LIST OF PARTS 

The following parts are required to build 
the A.C. Screen-Grid “Everyman” tuner il¬ 
lustrated here. 
One Set Twin Coupler “Everyman Five” 

coils (LI, L2, L3) ; 
One National “Everyman Five” assembly, 

consisting of two drum dials and three 
.0005-mf. variable condensers mounted 
and coupled (Cl, C2, C3) ; 

One .00005-mf. Camfield midget regener¬ 
ation condenser (C6); 

One .00003-mf. Camfield midget balancing 
condenser (C5) ; 

One Muter 2-megohm grid-leak and mount¬ 
ing (R2); 

Three Eby UX sockets; 
One Muter grid condenser, .00025-mf. (C4) ; 
Four Muter by-pass condensers, J^-mf. (C7, 
C8, C9, CIO); 

Four Muter R.F. choke coils, 85-millihenry 
RFC, 1, 2, 3, 4) ; 

One bakelite panel, 7x24 inches; 
One Yaxley 7-wire cable and plug; 
One sub-panel or baseboard, 7x23 inches; 
One Duplex Clarostat (RI); 
It is recommended that the inductance 

coils be bought ready-made. However, they 
may be wound at home, if desired, to the fol¬ 
lowing specifications: There are four distinct 
coil units: as in LI. The antenna primary 
and its secondary are separate. The R.F. 
transformer L2, consisting of primary and 
secondary, is on one form, as also the coup¬ 
ling coil L3. 

All coils are wound on bakelite tubes hav¬ 
ing an inside diameter of 2 inches; the an¬ 
tenna primary is wound with 18 turns of 
No. 22 D.S.C. wire, and its secondary with 
70 turns of the same. L2 also is wound with 
70 turns of No. 22 D.S.C. wire, brought out 
to lugs on each end of the coil, for the 
secondary; while the primary is wound over 
the secondary, in the same direction, with 
40 turns of Ño. 24 D.S.C. wire. The coupler 
L3 is wound with 70 turns of No. 22 D.S.C., 
and is tapped at the 21st and 49th turns. 

ASSEMBLY 

The constructional details of the receiver 
are sufficiently indicated in the wiring dia¬ 
gram (Fig 1) and layout (Fig. 2) as well 
as the pictures of the completed receiver. 
However, there are one or two points worthy 
of special emphasis. 
The following procedure should be ob¬ 

served in wiring the coils: referring to Fig. 
2, when the adjustable primary of LI is 
closely coupled to the secondary, its terminal 
nearest the latter is connected to ground — 
the other end, of course, being wired to the 
aerial post. The top end of the primary of 
L2 (the end of the primary terminating at 
about the middle of the coil) is connected 
to the plate of the first- R.F. tube VI. The 
lower terminal of the primary is wired to 
the choke coil RFC2. The lower end of 
the secondary (the terminal nearest the low 
or battery end of the primary) is wired, as 
indicated, to the “C—1.5” terminal of the 
receiver. The other end of the secondary 
goes to the grid of the second tube V2. 
Then L3 is connected as shown in the wir¬ 
ing diagram. As it is symmetrically tapped, 
only the relative positions of the taps are 
important and these are indicated in Fig. 1. 

In wiring the unit, care should be taken 
to wire all “F-|-” terminals together. The 

The placement of parts in the “Everyman” Tuner illustrated above 
is such that every compor ent is given ample room, and interstage 

coupling is limited to the minimum without shielding. The receiver, 
is especially adapted to use with a separate amplifier. 
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cathodes of the tubes are common, with the 
heater terminal plugging into the prong 
of the socket. As already stated, the 
tubes used in the R.F. section of the “Ev¬ 
eryman Screen-Grid Five” are all of the 
Arduras fifteen-volt type. The first tube 
is a screen-grid A-C22, the second an am¬ 
plifying tube, A-C48, and the third the de¬ 
tector tube type A-C26. 

These tubes require 15-volt A.C. filament 
Or, rather, heater potential, which is supplied 
from any suitable step-down transformer, 
such as the Thordarson type 121. 

SPECIAL POWER SUPPLY 

The National Company has designed for 
the “Everyman Five,” a special combination 
“A and B” supply (Fig. C) that incorpor¬ 
ates a step-down transformer with a 15-volt 
secondary for these tubes. Using this power 
supply, it is necessary only to obtain the 
“C” and “D” potentials from external 
sources; these are most conveniently fur¬ 
nished by means of dry cells. The required 
voltages are 1.5 and 4.5 volts as indicated 
in Fig. 1. Any combination of supply 
sources, however, that will furnish the re¬ 
quired potentials will be satisfactory. 
The designation of the “D” voltage in 

the detector tube is self-explanatory to those 
familar with grid-rectifying circuits employ¬ 
ing this 26-type 15-volt tube. It is merely 
a simple method of placing on the grid of 
the detector tube the necessary positive 
voltage which is secured, in battery-operated 
sets, by bringing the grid return down to 
the “-J-” side of the A battery. The “D” 
battery is merely a 4.5-voIt “C” battery 
turned around. 

OPERATION 

The main consideration involved in making 
the preliminary adjustments on this receiver 
is the stabilization of the radio-frequency 
amplifier; this is obtained by the correct ad¬ 
justment of both the balancing condenser 
C5 and the duplex Clarostat RI. Adjust¬ 
ments should be made on these controls when 
the receiver is tuned to a broadcast station 
in the neighborhood of three hundred meters. 

The circuit should be so balanced, by adjust¬ 
ments on RI, that it will oscillate when the 
.00003-mf. balancing condenser is moved in 
either direction from the stable adjustment. 
The regeneration condenser C6 should be at 
minimum capacity during these adjustments. 
If the line voltage and the step-down 

transformer are correctly balanced, the tubes 
will heat to normal operation in exactly 

A PUSH-PULL AMPLIFIER 
The diagram of Fig. 1A shows an audio 

amplifying system capable of delivering a 
large undistorted power output from any 
adequate input, such as will be obtained 
from the detector of the A.C. Screen-Grid 
“Everyman” tuner. This amplifier is con¬ 
ventional, but represents an arrangement 
that is practically perfect within reasonable 

Ó Ô 
B+OET C-
45 V. 9 V. 

Fig. 1A 
The audio amplifier diagrammed schematically here is especially well adapted for use with the 
A.C. Screen-Grid 'Everyman' Tuner; as it also utilises IS-volt tubes throughout. The output 

is equivalent to that of 171-typc tubes in push-pull. 

thirty seconds after the current is turned 
on. This condition will obtain when fifteen 
volts is applied to the heaters of the tubes; 
and it is at this voltage that the tubes are 
characterized by a life well in excess of 
two thousand hours. If the tubes heat to 
normal operation in less than 30 seconds, it 
is an indication that too much voltage is be¬ 
ing applied to them. This should be re¬ 
duced by putting a low-range power Claros¬ 
tat or other voltage regulator in series with 
the line to the primary of the filament-
lighting transformer, and adjusting until 
the proper time-lag is secured. 

operating limits. It consists of a standard 
push-pull power stage preceded by one 
straight transformer-coupled stage. 

Fifteen-volt tubes are used in this ampli¬ 
fier also; thus making it possible to operate 
the heaters of the entire receiver from a 
single A.C. transformer. An A-C48 type 
tube is used in the first audio stage and two 
type 40 power tubes in the push-pull stage. 
Transformers recommended are the Amer-
tran De Luxe or the Ferranti, designed for 
use with the 171 type of tidies. The output 
transformer should be, of course, adapted to 

(Continued on page 90) 

Fig. 2 
The layout of parts for the “Everyman” shown here, in combination gram (Fig. 1) will give sufficient details for construction ; as place-
with the photograph on the preceding page and the schematic dia- ment is not critical if care is used to mount the coils at right angles^ 
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The “Explorer Electric Eight” 
A Single-Control Socket-Powered Receiver of Unsurpassed 

Tone Quality and Extraordinary Amplification 

By John B. Brennan, Jr. 

T
O those who have observed the trend 
of modern receiver design, it is a sig¬ 
nificant fact that practically all the 
receivers now in popular use, and 

being manufactured on any considerable 
scale, employ a type of circuit that has been 
known to experimenters for a long time. 
Rarely is it found that a manufacturer has 
incorporated a so-called “trick circuit” in 
the receiver which he produces. The reason 
is not difficult to find; aside from the fact 
that conservatively designed receivers are 
easier to produce from an economical stand¬ 
point, they are exceedingly simple to oper¬ 
ate, with an assurance of maximum satisfac¬ 
tion in performance, for an unskilled user. 

It behooves the professional set-builder 
and experimenter, then, to benefit by the ex¬ 
perience which the manufacturer has gained 
through years of labor and expense. 
It has become an accepted fact that a 

person can build a better radio receiver 
than he can buy, and for less money, too. 
Without going into the economical features 
of such a discussion, this assertion can be 
borne out by the fact that a prospective 
radio set-builder, by virtue of the choice 
which he can exercise, may select well-nigh 
perfect units of radio apparatus, put them 
together in a receiver, and when he has 

Essentially the circuit employed in the re¬ 
ceiver described here is the same as one 
used six or eight years ago. Yet it differs 
in particular from the original in that ad¬ 
vantage has been taken of all the more 

TUT R. BRENNAN, the dcsign-
Jr-L er of this set, who is well 
known to most radio set builders 
by his articles, was for some years 
the technical editor of R adío 
Broadcast, and has recently ac¬ 
cepted a similar post on Radio 
News. lie describes here a re¬ 
ceiver comparable with the highest 
(not the ordinary) type of com¬ 
mercial product, and above all one 
of the highest fidelity as a repro¬ 
ducer. Its amplification is all 
(and more) that can be utilized in 
ordinary radio locations. 

worth-while improvements which have been 
developed within the past three years. 
To bring home to the reader in a com¬ 

pletely convihcing manner the similarity and 

differences between the original and the im¬ 
proved tuned-radio-frequency circuits, it is 
necessary to digress for a moment and re¬ 
count briefly the essential details of both. 

The original tuned-radio-frequency cir¬ 
cuit consisted, mainly, of a number of tuned 
radio-frequency amplifiers, usually three in 
number, and each tuned by its own tuning 
condenser. To such a tuning unit was added 
some form of accepted audio-frequency am¬ 
plifier. Customarily, all this apparatus was 
strewn out on a baseboard, with its coil units 
arranged at all sorts of queer angles, to get 
away from interstage coupling. The panel 
was a veritable monstrosity, looking com¬ 
plicated enough to scare away the uniniti¬ 
ated with its many dials, tap switches and 
rheostats. In those days it was common 
enough, considering the tubes available, to 
build a set having a separate rheostat for 
each tube used. Wiring was considered an 
art for appearance sake, and much shiny 
bus bar with many perfect right-angle bends 
was the order of the day. While all this 
looked nice, it did not add materially to the 
efficiency of the apparatus or cause it to 
function suitably as a receiver. 

In the audio end, small-sized, poorly-made 
transformers or impedance units served to 
amplify the received signal; but little or no 

Fig. C 
The dynamic cone only is to be 
seen through the Ceiolc.c baffle. 
Top, bottom and sides of the 
speaker compartment arc lined with 

the same sound-proof material. 

attention was given to the 
all-important matter of tone-, 
quality reproduction. In the 

case of resistance-coupled amplifiers, it was 
not unusual to employ flimsy paper-made 
resistance units with condensers of not too-
efficient characteristics. Yet in spite of all 
this, we managed somehow to build receiv¬ 
ers which worked, and in some cases worked 
extremely well. 
Down through the years the parts manu¬ 

facturers have, by careful, consistent re¬ 
search and investigation, each in his own 
field of endeavor, developed units which are 
undoubtedly more improved and perfected, 
both electrically and mechanically,' than 

Fig. A 
The “Explorer Electric Eight" in its parlor 
clothes, with the console doors opened. The 
upper grilles are closed over the speaker 
baffle; their light silk lends decoration with¬ 

out obstruction. 

With this idea in mind, the writer set 
about selecting a suitable circuit for an in¬ 
strument that would have, when completed, 
all those elements of good sensitivity, fine 
selectivity and irreproachable tone quality 
which go to make up the receiver de luxe. 

Fig. B 
Behind the baffle necessary for low-
note reproduction, we have the dy¬ 
namic speaker and two power sup¬ 
ply units, "A" at the right and 

“B” at the left. 

completed the job, rest as¬ 
sured that his product is, in 
all respects save possibly a 
few details of finish, superior to a manu¬ 
factured job. Included in a cabinet which 
he has selected to harmonize with his dec¬ 
orative scheme, the receiver’s appearance is 
in no way affected by its “works.” 

MODERNIZING A STANDARD CIRCUIT 
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Fig. D 
The “Explorer” from the front, with shields removed to show its compact layout. 

their predecessors. It is natural to suppose, 
then, that if these improved units were put 
together in what was formerly considered a 
good circuit, the results should be far bet¬ 
ter than the sets we were accustomed to 
use a number of years ago. This is pre¬ 
cisely what the writer has done and this 
article describes to you the construction of 
such a modernized receiver. 

THE NEW DESIGN 

The receiver described here is similar to 
the original type of multi-stage receivers in 
that coils, condensers, sockets, tubes, an 
audio amplifier, etc., are employed; but 
there the general similarity stops. Take the 
condensers, for instance; instead of having 
three or four separate condensers, each 

mounted on the panel and controlled sep¬ 
arately by its own dial, the new receiver 
has two ganged units controlled by one mas¬ 
ter dial. The coil units are efficiency them¬ 
selves (being twice matched at both the 
high and low ends of the frequency range) 
and are selected for use with the particular 
type of tube to be used. Each radio-fre¬ 
quency stage is completely shielded with 
metal cans not only for the purpose of iso¬ 
lating one electromagnetically from the 
other, but also to shield the entire circuit 
from external influences. This, for instance, 
prevents the coil units and associated wiring 
from picking up signals from a station di¬ 
rectly without the aid of an antenna. By 
some, such a feat is considered an indica¬ 
tion of the efficiency of the receiver as a 
whole; but to those who know and under¬ 
stand the true state of affairs, this is purely 
an indication that the receiver is operating 
below par and with the aid of remedying 
apparatus could be improved. 

Intercoupling between R.F. stages can be 
caused in a number of ways but the two 
most important are direct electromagnetic 
coupling between the coil units themselves 
(when, as is usually the case, they are situ¬ 
ated too close to each other) and coupling 
of the R.F. currents which course through 
the various battery wires. The coupling in 
the latter case is due to the closeness and 
parallel path of two or more wires of sep-

B- +45V + I35V. + I80V. C-4V C-40V. 

FIG.2 

The complete circuit of the receiver proper, above the dotted line, is 
Fig. 1; that of the "B” unit Fig. 2. The "A” unit is connected 

across the filament terminals and to “B—” in the usual way. The 
“X”s in Fig. 1 may require inserted resistors, as shown in Fig. 3. 
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arate radio-frequency circuits; the actual 
disturbance being caused by one of the 
wires being located in and cutting the mag¬ 
netic field which surrounds an adjacent wire. 

The proper use of shield cans will elimi¬ 
nate quite effectively intercoupling between 
the coil units of the several stages. In the 
case of intercoupling due to parallel wires, 
the remedy lies in separating the wires, so 
that they do not run parallel but rather at 

and by-pass condensers arc the pieces of ap¬ 
paratus which accomplish this work; the 
chokes prevent R.F. currents from coursing 
through the long ‘B” battery leads, while 
the by-pass condensers shunt them by a short 
route to the “—” side of the A supply line. 

MULTIPLE TUNING 

In present-day manufacture the tendency 
is more and more toward single-control re-

Thc layout diagram above, when compared with the list of components on page 1139, 
and the photographic illustrations, will clearly identify each part. 

Tight angles to each other. Not always is 
this possible and it is better to eliminate the 
trouble than merely to apply a remedy. The 
elimination process consists of keeping the 
R.F. currents out of those wires which arc 
causing the disturbance. Since, usually, it 
is found that these offending wires arc the 
“B”-voltage leads to the plates of the radio¬ 
frequency amplifier tubes, it is quite a sim¬ 
ple job to include in the circuit suitable 
components to prevent these currents from 
coursing through these wires and shunt 
them to their destination by a more direct 
and less troublesome path. R.F. choke coils 

ceivers and, naturally, with the addition of 
each tuned stage of radio-frequency ampli¬ 
fication the job of accurately tuning all of 
the circuits to the same wavelength becomes 
increasingly difficult. In receivers where the 
antenna is connected directly to the first 
tuned stage (either by an inductive or a ca-
pacitative coupling) it is well-nigh impos¬ 
sible to make all the tuned circuits peak ac¬ 
curately at the same wavelength; because 
the first tuned circuit is not working under 
the conditions which exist in the other asso¬ 
ciated tuned circuits. A simple expedient 
is to tunc separately the antenna circuit, but 

then we get away from the single-control 
feature. 
Lately it has become the accepted prac¬ 

tice to employ in advance of the tuned 
stages a tube which functions as a coupling 
medium between the antenna-ground system 
and the tuned circuits of the receiver. The 
writer has employed it in many receivers 
with excellent success, and it is again used 
here. To do away with the necessity of em¬ 
ploying an untuned coil as a coupling me¬ 
dium between the tube and the antenna, 
there is here inserted a simple resistance 
which, at the same time, serves most excel¬ 
lently as the volume control of the receiver. 
The tube employed is of the 222 type 
(screen-grid) and, besides serving as a 
coupling medium, provides also a certain 
amount of signal amplification which would 
not be obtained if an ordinary 201A-type 
tube were used. 

Briefly explained, the tuner section of the 
receiver described here consists of one stage 
of untuned radib-frequency amplification, 
employed as the coupling stage, and four 
tuned stages, three of which are amplifiers 
and the fourth a non-regenerative detector. 
Each of the tuned stages, including the de¬ 
tector, is housed in a shield can, with the ex¬ 
ception of its variable condenser. In the 
audio amplifier, separate parts are used to 
make up a single stage of resistance ampli¬ 
fication. That is to say, separate plate and 
grid resistors are mounted in their indi¬ 
vidual mountings and separate fixed con¬ 
densers are employed to couple the several 
tube circuits together. Although the chances 
are exceedingly slim that any of these units 
will go bad during operation, the provision 
is made; so that, if for any reason, it is de¬ 
sired to make a substitution (for example, 
let us say, of a coupling condenser) this 
may be done without having to discard an 
entire coupling unit, as would have been the 
case if the old-time units had been em¬ 
ployed. 
To protect the windings of the loud 

speaker from burn-out, a tone filter has 
been located between the plate of the power 
amplifier tube and the loud speaker itself; 
which, by the way, must be a good one if 

This rear view of the “Explorer Electric Eight,’’ 
Fig. E 

without its shielding, indicates the simplicity and ease of its constructiort. 
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we are to realize the highest order of tone 
quality of which this receiver is capable. 

Throughout the receiver, each of the tubes 
has its filament automatically controlled and 
adjusted to the correct voltage and cur¬ 
rent requirements, by the use of a suitable 
Amperite. 

SELECTION OF POWER TUBE 

The line drawings accompanying clearly 
illustrate the several features explained 
here. As indicated and illustrated, the re¬ 
ceiver was first constructed to employ a 
171A-type tube in the power amplifier stage 
of the audio-frequency amplifier, and to pro¬ 
tect the cone loud speaker a National tone 
filter was employed between the power stage 
and the speaker. 

in the circuit, to provide the correct grid¬ 
bias voltage for the new tube. In the dia¬ 
gram (Fig. 7) wherein these changes are in¬ 
dicated, a table of values for various grid¬ 
bias resistors is given. The value to be used 
depends on that of the plate voltage which 
is applied to the plate of the 245 tube. 
Naturally, since this power tube requires a 
higher value of plate voltage than can be 
supplied by the “B” unit originally intended 
for the 171A tube, there are a number of 
changes which must be made if the builder 
desires to employ the 245 power tube. Addi¬ 
tional information on this subject will be in¬ 
cluded in the latter part of this article. 

ASSEMBLY AND WIRING 

First, lay out the panel as shown in Fig. 

In wiring the receiver it is well to fol-» 
low out a system. First, wire all the filai 
ment circuits; then wire all the grid cir¬ 
cuits; then wire all the plate circuits and, 
finally, complete the wiring by finishing all 
the miscellaneous circuits such as by-pass 
condensers, etc. The wire used should be 
flexible and well insulated. This is especially 
true of the wiring which is to be done inside 
the shield cans; for there must not be any 
possibility of short circuits between the wir¬ 
ing and the metal cans. The wire used ex¬ 
clusively by the author was Corwico solid 
and stranded “Braidite.” This is very easy 
to handle, because the insulation can be 
slipped back on the wire; whereas it is nec¬ 
essary with other wires to actually strip 
the insulation from the end of the wire. 

I Above, the panel layout of the “Explorer” receiver; at the right, the layout 
of parts for the "B” supply unit diagrammed in Fig. 2. 

Since these drawings were made, the orig¬ 
inal receiver has been altered in several 
ways. First, it was desired to operate one 
of the new dynamic loud speakers (in par¬ 
ticular the S-M 850) out of the new 2%-voIt 
intermediate power tube, the UX-245. 
Therefore, since the S-M 850 was already 
equipped with a suitable speaker coupling 
transformer, the tone filter unit was elimi¬ 
nated from the receiver. Secondly, to power 
the 245 tube filament direct from an A.C. 
source, the filament regulator connected to 
the power stage socket was removed, to¬ 
gether with the regular D.C. filament leads 
to the socket; and a pair of twisted wires 
was run to suitable binding posts for con¬ 
nection to the 2.5-volt terminals of a fila¬ 
ment transformer. Thirdly, a grid-bias re¬ 
sistor and by-pass condenser were included 

5, and then drill. Mount the volume con¬ 
trol 111 and also the dial and the filament 
switch in their places. Next, fasten the 
panel to the baseboard and then place the 
two tuning-condenser units in place, so that 
the shafts fit into the hole in the center of 
the dial. Then bend and drill a pair of 
brass brackets for each of the condenser 
units, so that they are supported from the 
baseboard. The builder will have to deter¬ 
mine for himself the correct height of these 
brackets since their dimensions depend 
largely upon the thickness of the baseboard 
employed. 

Next lay out on the baseboard the bot¬ 
toms of the shield cans and put in place the 
apparatus which is to be placed in them, in 
accordance with the base layout, Fig. 4. 

When you are certain 
that the layout posi¬ 
tions have been deter¬ 
mined for all this ap¬ 
paratus, then it may 
be fastened in place. 
Follow the same pro¬ 
cedure with the audio¬ 
amplifier apparatus. 

To use a tube of the new 
245 type in the last stage, 
the circuit must be 
changed as above. The 
dotted lines show the pre¬ 
vious arrangement. The 
value of Rg, the resistor 
which furnishes grid bias 
for this tube, will be 
found in the column al 
the right of the diagram, 
opposite the value Id of 
the plate voltage applied. 

Secondly, by virtue of a good coating of tin 
on all of the wires, it is made extremely 
simple to make soldered connections be¬ 
tween these and other parts of the circuit. 
Thirdly, because the wire is flexible, the va¬ 
rious long battery leads may be bunched 
together to form a neat cable. 

OPERATING NOTES 

The tubes used in the receiver are as fol¬ 
lows: R.F. coupling stage, a CeCo “RF22” 
tube; first, second and third R.F. stages, 
CeCo “AX” tubes; detector stage, CeCo 
“11” tube; first and second audio stages, 
CeCo “G” tubes; third or power audio stage, 
CeCo “J71” tube or “245” intermediate am¬ 
plifier tube. The 2,500-ohm “Powerohm” 
Rll should be inserted in its mount. This 
resistor is used to “drop” the 135 volts 
which is supplied to the plate of the R.F. 22 
coupling tube to about 90 or 100 volts for 
the plates of the three tuned-stage R.F. 
tubes. If all the tuned stages are found to 
oscillate upon operation of the receiver, it 
may be necessary to increase the value of 
this resistor to about 3,500 ohms. If it is 
found that only one or two of the tuned 
stages oscillate, then a 300-ohm “grid sup¬ 
pressor” may be inserted into each circuit 
at the point marked “X” in the circuit dia¬ 
gram, Fig. I, as further illustrated "in Fig. 3. 
These “grid suppressors” are wire-wound 
resistors manufactured in a form convenient 
to use. The resistance wire is wound on a 
core covered with insulating material, and 
the whole is cased in cambric cloth. Eye¬ 
lets are located at the ends of the wire, for 
case of connection. f 

Figs. 2 and 6 are the circuit diagram and 
base layout, respectively, of a suitable “B” 

(Contined on page 88) 
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Operation on 32 Volts 
Editor, Radio News: 

I am a service man in my spare time, dur¬ 
ing the evenings and week-ends. I find this 
work interesting and the compensation is 
good. I was certainly pleased to see your 
columns for the service man in the last is¬ 
sue, and I hope that this service will be con¬ 
tinued. 

Several of my customers are using Delco 
and similar electric-light plants supplying 
32 volts. I have been asked a number of 
times whether this current could be used for 
the sets. Of course, I answered that it was 
not suitable for the plate supply, but I 
thought that the filaments of the tubes could 
be operated from this source if the correct 
arrangement were used for the reduction of 
the voltage. I wonder if you could design 
such a unit for me or tell me where I could 
obtain such information. 

J. J. O’Brien, 
Bluefield, West Virginia. 

“The Service Man” department will be 
continued if dealers and service men show 
sufficient interest. If you have any hints 
which are likely to help others who repair 
sets, we would suggest that you type or 
write them briefly in ink and send them in, 
along with any diagrams that you think 
would help to illustrate your point. If 
you have any problems, we will be glad to 
assist you if it is possible for us to do this; 
but in any case, your interest in this depart¬ 
ment, as shown by the number of letters re¬ 
ceived, will be appreciated. 
A diagram of a 32-volt filament supply 

which will usually operate satisfactorily 
from a farm-lighting plant is shown here 
(Fig. 1). The current supplied by these 
units is, usually, sufficiently constant so that 
very little filtering is necessary. However, 
in order to keep noise level at a minimum, 
it is advisable to use a filter of some kind; 
and, for this purpose, you will find that a 
choke and two filter condensers are used. 
The choke will have to be made in such a 
manner that it will carry three amperes or 
more at 32 volts, without overheating. In 
case you cannot obtain a suitable coil, the 
choke may be omitted and a single 4-mf. fil¬ 
ter condenser or larger size may be used 
for the filter. This method is not as efficient 
as the first; but it will often operate satis¬ 
factorily, especially in the larger installa¬ 
tions. 

The remainder of the unit consists of the 
voltage-reducing device, made up of re¬ 
sistors. The first resistor RI and the sec¬ 
ond R2 are fixed resistors, the values of 
which are determined by the type and num¬ 
ber of tubes used in the set. If 5-volt tubes 
are employed, a resistor of 12.5 ohms and a 
current-capacity of about 60 watts will be 
suitable for sets using up to 1 ampere. Be¬ 
tween 1 and 1.5 amperes, the resistor should 
have a value of 10 ohms and a capacity of 
60 watts; while sets drawing up to 3 am¬ 
peres should use a resistor with a higher 
current rating such as 125 watts. The 
Ward-Leonard type PEB-6.4 resistor is 
suitable in this case. The resistance value 
is 6.4 ohms. 

For resistor R2, the value is also depend-

MEASURING CONTINENTAL 
MOVEMENTS 

rHE theory that, the continents 
are not fixed in position, but 

are very gradually drifting over 
the earth’s surface, has met with 
much favor among scientists in 
late years. The Washington Naval 
Observatory is co-operating in a 
series of world-wide measurements 
which will determine more accur¬ 
ately than ever before the exact 
relative positions of geographical 
stations. Radio, being almost in¬ 
stantaneous, affords the means of 
synchronizing the clocks which will 
determine exactly the differences 
in time, and consequently in longi¬ 
tude. 

ent on the number of tubes used. A current 
rating of 60 watts will be sufficient for all 
purposes. A table of resistances follows: 

Current 
drain 

amperes 
.75 

1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 

RI 
Resist¬ 
ance 
ohms 
12.5 
12.5 
10. 
10. 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 

R2 
Resist-

Rating anee Rating 
watts ohms watts 
60 5 60 
60 7 60 
60 5 60 
60 7 60 
120 3 60 
120 3.5 60 
120 4.25 60 
120 5 60 
120 6 60 
120 7 60 

The current drain of the set 
should be figured from the 
number and the type of the 
tubes used, and the correspond¬ 
ing resistors for RI and R2 
should be used. 
R3 and R4 are rheostats of 

Fié- 1 
Many homes in rural and suburban-
districts have 32-volt light plants. 
The current, properly filtered, may 
be used with D.C. tubes and suitable 

resistors. 

Adequate by-pass condensers of sufficient capac¬ 
ity must be used in the filament returns of A.F. 
tubes which depend on resistors to provide grid 

bias or quality will suffer. 

about G ohms. They should be made with 
wire sufficiently heavy to carry 3 amperes 
without overheating. If 199-type tubes are 
used, resistor RI should have a value of 4-5 
ohms and R2 one of 7 ohms. R3 and 114 in 
this case should have a value of about 20 
ohms. In constructing the unit, the two re¬ 
sistors RI and R2 should be mounted in 
such a way that they will be well ventilated, 
so that there will be no danger of over¬ 
heating. R3 and R4 are adjusted with the 
set in operation and a voltmeter is used to 
determine the correct setting. Two 5-ampere 
fuses should be connected in the circuit and, 
in some cases, it is advisable to place a one-
microfarad condenser in the ground lead 
of the receiver, to prevent a short circuit in 
the power-supply unit. The condenser is 
merely connected between the set and the 
ground. Its use will not affect the operation 
of the set. 

Adequate By-Passing Needed 
to Give Quality 

Editor, Radio News: 
In servicing many of the commercial and 

home-made A.C. receivers, I have found that 
the resistors used for the “C” bias are not 
by-passed. To me this seems a very impor¬ 
tant point, and I have often found that the 
quality and the all-round results were im¬ 
proved by placing a condenser at this point. 
The reason why this is so important is the 
fact that the audio-frequency currents must 
pass through this part of the circuit; and 
the resistor offers a very appreciable op¬ 
position to the flow of these audio currents. 
The resistor used for the grid bias is usu¬ 
ally one with a value between 1,000 and 2,000 
ohms. Naturally, this is sufficient to reduce 
the volume, and it also causes some distor¬ 
tion. I have found that a condenser of about 
1-mf. capacity is sufficient to overcome all 
the difficulties caused in this way. 
There are two ways in which the con¬ 

denser may be connected, depending on the 
method of obtaining the bias. One arrange¬ 
ment uses a resistor in the lead from the 
center tap of the filament transformer, or 
from the center of a tapped resistor across 
the filament winding; and in this case the 
condenser is merely connected across the 
scries resistor. The other common method 
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is to use part of the voltage-divider in the 
“B” power unit to obtain the necessary volt¬ 
age drop. In this case the condenser is con¬ 
nected between the “B—” and the “C—” 
lead or the negative lead from the rectifier 
in the “B” power unit. The results in either 
case are the same, except that the need for 
the condenser is usually greater in the 
former arrangement. 

I have found that the use of a condenser 
at this point often reduced the tendency of 
an audio-frequency amplifier to “motorboat” 
and, in some cases, it has been a complete 
cure for this trouble. 

John Bender, 
Detroit, Michigan. 

Radio Service Course 

THE first radio course for service men 
has just been compiled by the Radio 

Division of the National Electrical Manu¬ 
facturers Association, in co-operation with 
the Radio Institute of America, as the an¬ 
swer of national set manufacturers to the 
increasing demand for fuller information on 
service problems. 

Fig. 3 
The reading increases with the capacity. 

The course comprises four text books; 
While, during the course, there are offered 
four examination papers which may be sub¬ 
mitted to the Radio Institute of America 
for correction and rating. 
Technical language has been avoided as 

much as possible; but fundamental prin¬ 
ciples, receiving circuits and circuit dia¬ 
grams, receiving-set components, definitions 
and ethics of servicing have been treated in 
sufficient detail to give the radio dealer and 
his service men an accurate understanding 
of the essential information required in 
practical service work. 

“What’s the Job Worth?” 
'Editor, Radio News: 

I would like to see published in your 
magazine an average-charge scale for vari¬ 
ous operations performed on radios. Of 
course, I realize that this cannot be given 
except in a very general way; but, if the 
service man had some sort of flat-rate scale 
to go by, it would be a great help in satis¬ 
fying his customer that he was getting value 
received; as well as a salve for his own con¬ 
science after charging his customer a dol¬ 
lar for soldering one little connection after 
spending probably ten or fifteen minutes 
finding it. 

These days a rate per hour is hardly fair 
to the man who has quite a bit of money 
invested in expensive testing equipment with 
which he can locate and fix most of the com¬ 
mon troubles in a very few minutes. It 
would seem that if, by modern methods, he 
locates a high-resistance connection in the 

grid lead to the detector in thirty minutes, 
he is entitled to the same amount of money 
as the man who spends hours finding it by 
the old trial-and-error methods and charges 
his customer a dollar and a half an hour 
for it. 

If you can possibly thrash out a satisfac¬ 
tory solution to this problem, I am sure that 
we would all appreciate it. 

Gordon E. Lockerd, 
Portales, Nero Mexico. 

There is no doubt that this is one of the 
most important questions facing the service 
man, who is interested in radio, not as a 
hobby, but as a means of making a living. 
He is entitled to be paid, not only for his 
investment in a testing equipment, but for 
what the French call savoir faire—the know¬ 
ing how to do things. We may remember 
the old and impressive (if possibly exagger¬ 
ated) story of the oculist who justified his 
high charge for an operation by saying that 
he had spoiled a peck of eyes learning how 
to do it. The set owner should be willing to 
pay for expert knowledge applied to the 
improvement of his set, but hardly for ex¬ 
periments with it. It is impossible to de¬ 
termine on a standard flat rate for servicing 
work which would be universally applicable. 
The cost of doing business varies consider¬ 
ably in the different parts of the country, 
and even as between locations in the same 
district. However, anywhere that there are 
a number of service men doing business in 
the same city, a get-together movement on 
their part will be of undoubted- value in 
promoting a better understanding of busi¬ 
ness problems and a greater insistence on 
obtaining a fair price for their services, in¬ 
vestment in equipment and education con¬ 
sidered. Other trades have long since 
learned that lesson; but to a large extent 
the radio service men of the country have 
just “happened” to get into the business. 
We will be glad to chronicle the organiza¬ 
tion of local service men’s clubs, and such a 
tariff of minimum charges as they determine 
to be adequate for their location conditions 
—as a guide to others. 

Measuring Large Condensers 
Editor, Radio News: 

In assembling “B” power units and other 
power devices, one often encounters conden¬ 
ser blocks that are not marked with their 
capacity. The capacity of such condensers 
may be measured approximately by the fol¬ 
lowing method (Fig. 3). 

Only the 110-volt GO-cycle current found in 
standard lighting circuits, and a “B” bat¬ 
tery voltmeter of the plunger or solenoid 
type are required. The lighting voltage may 
usually be relied upon to be fairly constant, 
and the frequency is kept sufficiently accu-

By charting the meter reading with a condenser 
of known capacity, a scale like this is made. 

rate for this purpose. The voltmeter should 
have a range of about 0-50 volts; this type 
of meter can be obtained very cheaply. 
Since the plunger meter is not polarized, an 
easy way to recognize the correct type of 
meter is to connect it across a “B” battery 
and then reverse the leads. In the plunger¬ 
type meter, the deflection is always upward 
on the scale, regardless of the direction of 
the current flow. In the polarized meter, 
the needle will move off the scale when the 
connections are reversed; such a meter can¬ 
not be used. 

To measure the capacity of a condenser, 
connect the condenser and voltmeter in ser¬ 
ies to the line and note the deflection. The 
calibration of the meter is accomplished by 
connecting a condenser of known capacity 
in the circuit and plotting a curve as shown 
in the graph above (Fig. 4). Only one 
point is necessary, as the curve will be a 
straight line determined by the origin and 
the point found. The approximate capacity 
of any condenser of sufficient capacity can 
.then be determined by referring to the 
curve. 

Pact. Wimberley, 
Nevs Braunfels, Texas. 

This method of approximating capacities 
is satisfactory, if the condenser is in good 
condition. If the condenser is short-cir¬ 
cuited, a low-voltage meter will be ruined, 
and the fuses in the house will be blown out; 
it is advisable for this reason to test the 
condenser for short-circuit, with a battery, 
before applying the capacity test. 

A somewhat similar method of testing ca¬ 
pacities, which is more accurate and is ap¬ 
plicable to a wider range of capacities, has 
been described in the “Aerovox Research 
Worker” of February 25, 1929. It is in 
part as follows: 

The capacities of the average condenser 
of from .01- to 10 or more mf. can be meas¬ 
ure very easily if the ordinary 110-volt A.C. 

Fallawing interference along wire lines with a loop is not always successful; see page 1144. 
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current, a high-resistance A.C. voltmeter and 
an A.C. milliammeter are available. The 
circuit used to make the measurements is 
shown; this consists of an A.C. milliam¬ 
meter A connected in series with the con¬ 
denser C whose capacity is to be measured, 
and provides for an A.C. voltmeter V to 
read the voltage applied to the terminals of 
the condenser. 

The circuit can be connected to the ter¬ 
minals of a standard plug which will serve 
as a convenient connection to the 110-volt 
A.C. outlet. The first step in making the 
test is to be sure that the condenser is not 
short-circuited, by connecting it into a test 
circuit, consisting of a battery and volt¬ 
meter connected across a battery. If the 
voltmeter registers, the condenser is short-
circuited, and no further time should be 
spent with it. 

After the soundness of the condenser has 
been assured, it can be connected into the 
test circuit. The milliammeter reading is 
then noted and the switch for the voltmeter 
is closed so that the voltage across the con¬ 
denser can be read. It will be noticed that, 
when the voltmeter is connected, a higher 
deflection is obtained on the milliammeter. 
This is due to the additional current drawn 
by the voltmeter and it will be seen that it 
is important to obtain a reading on the mil¬ 
liammeter before the other meter is con¬ 
nected. 

If the voltmeter is connected across the 
condenser when the milliammeter reading is 
taken, the results will be erroneous because 
of the additional current drawn by the volt-

The circuit above shown requires two meters, 
but gives more accurate results. 

meter over that drawn by the condenser. 
It might also be mentioned that the voltage 
reading should be taken immediately after 
the current reading, to avoid any possibility 
of error because of a possible fluctuation in 
the line-voltage after the current reading 
has been taken. It is advisable to take sev¬ 
eral current and voltage readings and take 
the average of them all. 

The capacity of the condenser is then de¬ 
termined by using a simple formula and 
substituting the readings taken on the two 
meters in it. The actual formula used when 
I is the reading on the milliammeter, f the 
frequency of the supplied current and E the 
reading on the voltmeter, is 

lOOOx I 
C =-

6.28xfxE 
It requires only a knowledge of arithme¬ 

tic to find the capacity of a condenser from 

this simple equation. For example, suppose 
the current reading is 20, the voltage 110 
and the frequency of the current GO. Then, 
multiplying 20 by 1000, and 6.28 by 60 and 
the result by 110, it is merely necessary to 
divide one into the other according to the 
equation, and the result is 0.48 (micro¬ 
farad). 
It must be remembered that both tire 

methods described here for obtaining the 
capacities of condensers are approximate 
and neither is absolutely accurate. How¬ 
ever, witli filter condensers, the exact ca¬ 
pacity is not very important. The second 
method is more accurate than the first and 
with careful handling the error should not 
be more than 5%, which is very small when 
the condenser is a large one. For instance, 
suppose we have a condenser with a known 
capacity of 1 mf. and the measured capacity 
is 1.05 mf., this difference would indicate 
5% error. 

Editor, Radio News: 
On page 933 of the April issue of Radio 

News I note a method of locating sources 
of radio interference, referred to as “tri¬ 
angulation,” using the directional proper¬ 
ties of a loop antenna to secure compass 
hearings. This idea is practical and consid¬ 
erable accuracy results when applied to 
compass hearings from ship to shore, but it 
is unreliable on land, and absolutely worth¬ 
less in a city; due to the following funda¬ 
mental difficulties. 

(Continued on page 91) 

Radio Regulations Drafted for Air Service 
THAT the field of opportunity for the 

aircraft radio operator and service man 
will speedily be widened is evident from the 
proposed regulations which the Airways 
Division of the Department of Commerce 
has proposed to the air transport com¬ 
panies. While these may undergo changes 
in detail before their adoption, they indi¬ 
cate the general principles which will un¬ 
doubtedly be followed out in the official 
rules finally adopted—a matter of months 
only. 

Airplanes will thus be protected during 
flight by the hourly w’eather report broad¬ 
cast by airway radio stations and will be in 
constant communication with these; so that 
orders to pilots for the protection of planes 
and passengers may be transmitted while 
the planes are in flight. 

The proposed regulations also call for a 
radio officer among the complement of the 
large transport planes and require a con¬ 
stant watch to be maintained while in flight. 
Aircraft radio operators would be required 
to have’ a total of not less than twenty hours 
of flying and to demonstrate their ability to 
stand a radio watch on aircraft. 

INTERNATIONAL SERVICE 

For planes in international service, air 
transport operators will be required to com¬ 
ply with the international radio convention’s 
regulations. These operators would also be 
required to comply with all other provisions 
relative to radio in aircraft in agreements 
with foreign countries relative to aircraft 
stations and aeronautical stations engaged 
in international service. 

Air transport operators engaged in na¬ 
tional service and in flights not passing be¬ 
yond the three-mile limit would be required 

to equip planes carrying not more than six 
passengers for hire in interstate commerce 
over civil airways with radio-telephone re¬ 
ceivers in order to take advantage of 
weather information and orders to pilots. 

operator’s certificate 

The radio operator would be required to 
possess a radio-telephone operator’s certifi¬ 
cate or one of a higher grade, and maintain 
his watch throughout the flight. Large 
planes carrying more than six passengers in 
national service would be required to carry 
a radio-telephone receiver and either a 
radio-telegraph or a telephone transmitter 
powerful enough to communicate at any time 
during flight or forced landing by voice or 
telegraph with the nearest aeronautical ra¬ 
dio station. 

If radio telephone is used, the operator 
would be required to possess a second-class 
radio-telegrapher’s certificate or one of 
higher grade. 

In accordance with international practice 
the radio service on a plane in transit would 
be under the supreme authority of the pilot 
in charge of the plane, whose position cor¬ 
responds to a ship captain’s. 

increasing air facilities 

Tlie new air mail schedules, which went 
into effect May 1, provide double daily 
service over the transcontinental system be¬ 
tween New York and San Francisco and 
over four connecting routes. The latter are 
operated between Salt Lake and Los An¬ 
geles, Salt Lake and Pocatello, Idaho, on 
the Salt Lake-Great Falls route, and be¬ 
tween Cleveland and Pittsburgh and Cleve¬ 
land and Buffalo on the Cleveland-Albany 
route. 

The new route runs from St. Louis to 
Omaha by way of Kansas City, a distance 
of 403 miles. The schedule for this route, 
on a single daily basis, synchronizes with 
that of the night transcontinental, placing 
St. Louis within twenty-four hours of San 
Francisco and Los Angeles. 

The night transcontinental air mail leaves 
New York at 8 P. M. and Hadley Field at 
9:35 P. M., arriving in San Francisco at 
4:30 o’clock the second morning. East¬ 
bound air mail leaves San Francisco at 8 
P. M. and arrives in New York at 6.43 
A. M. the second morning. Mail leaving 
Los Angeles makes connections at Salt Lake 
City with the eastbound mail; while mail 
from the East arrives at Los Angeles at 
4:15 A. M. the second morning out of New 
York. 

The existing schedule on the Albany-
Cleveland route has been changed so that 
westbound planes, instead of leaving Al¬ 
bany at 10 A. M., hop off at 3:45 P. M. with 
a much larger accumulation of the day’s 
business mail and in time to connect at 
Cleveland with the westbound night trans¬ 
continental. Eastbound planes pick up mail 
from the West over the night transconti¬ 
nental and arrive in Albany at 8:10 A. M., 
serving Buffalo, Rochester, Syracuse, Rome, 
Utica and Schenectady en route. The addi¬ 
tional service between Cleveland and Buf¬ 
falo provides planes to leave Buffalo west¬ 
bound at 10:30 A. M., and Cleveland cast¬ 
bound at 12:20 P. M. 

An additional service provides planes 
which leave Cleveland at 12:15 A. M., and 
arrive at Pittsburgh at 1:45 A. M., and in 
the other direction leave Pittsburgh at mid¬ 
night and arrive in Cleveland at 1:30 A. M. 
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“DX” and the “Band-Isolator” 
Receiver 

With an Introductory Survey of Broadcast Conditions 

By S. Gordon Taylor 

ytr. Taylor with Iha 
receiver whose per 
formance and circuit 
are described below. 

I
S good long-distance (“DX”) reception 
possible during the early evening hours? 
Or has the large number of broadcast 
stations now on the air made anything 

but local reception out of the question, un¬ 
less one is willing to wait until midnight 
or after, or unless one has a particularly 
favorable location? 
This is a question that has been the sub¬ 

ject of much discussion, particularly since 
the wavelength reallocation which took place 
November 11 last. It is probably fair to 
say, the majority of urban fans believe that 
reception from distant stations is well nigh 
impossible before midnight. This is par¬ 
ticularly true of fans located in the more 
populous metropolitan centers, where local 
broadcast stations are numerous and the 
interference correspondingly great. 
Any discussion of this question must 

necessarily be limited to conditions obtaining 
in one particular locality. Reception condi¬ 
tions, particularly from the standpoint of 
local interference, vary so greatly that a 
general discussion is out of the question. 
The fan who lives in an outlying section, 
witli the nearest broadcast station perhaps 
fifty or a hundred miles away, requires 
only a sensitive receiver to bring in any 
number of stations throughout the country. 
For him, good distant reception is always 
possible. 

But, to the fan who lives in the center of 
a nest of broadcasters (as in New York 
City or Chicago) conditions are entirely 
different. Here, with a large number of 
high-power local stations in simultaneous 
operation throughout the evening, distant 
reception becomes a real problem, requir¬ 
ing a receiver with both sensitivity and se¬ 
lectivity of a high order. 
Conditions in New York City are prob¬ 

ably as bad as (if not worse than) can be 
found anywhere else in the country. Such 
being the case, this offers a good location 
for discussion; if distant reception is pos¬ 
sible here it is certainly possible anywhere. 

Any discussion, to be worth while, must 
be based on actual measured performance, 
not on hearsay or random observations. 
The facts brought out in this article were 
obtained through a series of tests conducted 
for the special purpose of determining the 
exact degree of distant reception possible 
in this location. To show the impartial na-
ure of the tests, a brief description of the 
layout will be of interest. 

CONDITIONS ENCOUNTERED 

The receiving station was in an apart¬ 
ment in New York City and in a location 
entirely surrounded by other apartment 
houses. The aerial employed was seventy-
five feet in length, including the lead-in, 
and was one of forty on the one roof. Some 
of the other thirty-nine approached within 
five feet of the test aerial; so it is obvious 
that the location and the antenna installa¬ 
tion were anything but ideal. However, 
they are typical of the conditions under 
which most fans labor, if their receivers are 
located in the city. 

All tests were made between the hours of 
7:30 P. M. and 11:30 P. M.; thus limiting 
them to the hours when the evening locals 
were going strong and, incidentally, the 
most popular hours for reception. From the 
foregoing, it is evident that all conditions 
were as truly representative of average 
New York City reception conditions as 
could be arranged. 
The receiver employed was the only ex¬ 

ceptional thing about the tests. It will be 
described in detail later on in this article, 
and in the article to follow. Suffice it to say 
here that it is a receiver designed by the 
author for use in his home, and incorpor¬ 
ates the features most desirable in a good 
home receiver. But, in addition, it is a 
receiver which combines extreme sensitivity 
with an unusual degree of selectivity, as 
will be shown by the results of the reception 
tests, as given below. 
Two sets of tests were made. The first, 

just prior to November 11, were to obtain 
a true picture of conditions existing under 
the old wavelength assignments and to pro¬ 
vide a basis for comparison in determining 
the effect of the reallocation. The second 
set of tests was made about a month later; 
this lapse of time being allowed to permit 
the stations to get settled down in their 
new channels. All conditions were identical 
during the tests, except that the atmos¬ 
pheric conditions improved somewhat as 
autumn ended and winter approached. 
The composite ‘log” given herewith shows 

the reception conditions that were found on 
the ninety channels used by broadcast sta¬ 
tions in the United States; both before and 
after the wavelength changes. During the 
first tests the local noise level (“man-made 
static”) was very high on the higher-fre¬ 
quency (shorter-wave) channels, which ac¬ 
counts largely for the fewer stations logged 
on these channels at that time. 

BETTER SIGNALS EVERYWHERE 

There are several outstanding points dis¬ 
closed by the figures given here. First is 
that, during the first tests, signals were 
heard on 80 of the 90 channels then in use 
by U. S. broadcasters and, during the sec¬ 
ond tests, this record was improved by 
stations being heard on 85 of the 88 chan¬ 
nels then in actual use. Two channels were 

not in use during these tests, pending re, 
construction of the stations to which they 
were exclusively assigned. This does not 
mean that good, clear reception was ob¬ 
tained on 85 channels. In many cases long, 
distance reception which would have been 
amply loud for good loud-speaker reception 
was so garbled by heterodynes that nothing 
was clearly distinguishable except a con, 
glomeration of distorted noises and whistles. 

The second noteworthy point is found in 
the fact that only seven of the channels oc¬ 
cupied by out-of-town stations suffered in¬ 
terference from local stations operating on 
adjacent channels. This means that, in 
spite of the proximity and high power of 
several local stations, ten-kilocycle selec¬ 
tivity was obtained in most cases; and even 
the highest-powered locals did not cause 
interference beyond the adjacent channel 
on either side of its own. 

The third point is in the amount of havoc 
wrought by the one thing with which re¬ 
ceiver design cannot cope—heterodynes. Be¬ 
fore November 11 heterodynes completely 
wrecked programs on 9 channels and het¬ 
erodyne whistles were heard through the 
reception on 27 other channels. Thus a 
total of 36 channels carried heterodynes, 
or 40% of all channels in use. After No¬ 
vember Il conditions were little improved 
in this respect for, although heterodynes 
were heard on a total of only 32 channels, 
they succeeded in completely ruining re¬ 
ception on 18 of these channels. This in¬ 
crease in the number of channels on which 
reception was completely garbled by the 
heterodynes was probably partly due to 
better reception conditions which permitted 
distant heterodyning stations to come in 
with greater intensity; thus causing a 
stronger heterodyning effect. 

The analysis given herewith provides a 
bird’s-eye picture of conditions as they 
were found to exist. It provides indisput¬ 
able evidence that the labors of the Radio 
Commission were not in vain, so far as the 
new assignments of wavelengths were con¬ 
cerned, in their effect on reception in New 
York City. Before November 11, out-of-town 
stations could be brought in entirely free 
from heterodynes and interference on only 
17 channels. After November 11, good, 
clear distant signals were found on 35 
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channels. After making due allowance for 
the local electrical interference that killed 
reception on a few of the high-frequency 
channels during the first tests, the improve¬ 
ment in distant reception runs around 75% 
or higher. 
Considering the obstacles to be sur¬ 

mounted, it is rather surprising that this 
much improvement was brought about by 
the commission in Washington. With the 
high number of stations that must be ac¬ 
commodated on the air, it is utterly impos¬ 
sible to eliminate heterodynes. But by 
limiting some stations to daytime transmis¬ 
sion, in other cases requiring a more exten¬ 
sive time-splitting, and by the assignment 
of exclusive channels, the situation has been 
cleared up to such an extent that reception 
conditions, at least in New York City, are 
better now than they have been in several 
years. 

BETTER RECEIVERS REQUIRED 

The objection may be made that the re¬ 
sults indicated by the foregoing analysis 
cannot be obtained with the average com¬ 

mercial or home-built receiver. This is 
quite true, but after all, the whole burden 
of improving reception cannot be placed 
on the broadcast stations or on the Radio 
Commission. The point is, that these two 
elements have brought about a condition 
where reception free from station interfer¬ 
ence is obtainable on exactly half the num¬ 
ber of channels employed by stations of the 
U. S. if a sufficiently yood receiver is used. 
If a fan employs a receiver which is so 
lacking in sensitivity and selectivity that 
he is able to bring stations in on only a 
part of these channels, he is scarcely justi¬ 
fied in placing all of the blame on the broad¬ 
cast stations. 

At the present time it is hard to imagine 
any further improvement that can be 
brought about by governmental regulation. 
It therefore appears that improvement must 
come in the receiving equipment. This 
brings us to' the discussion of the receiver 
problem. 

It is an unfortunate fact that the aver¬ 
age commercial receiver is designed pri¬ 
marily for local reception and incorpor-

Analysis of Composite Log of the “Band-Isolator” 
After Before 

Nov. 11, 1928 Nov. 11,1928 
Total channels in use (U. S.) .   *88 Channels 90 Channels 
Stations heard on.. 85 “ 80 “ 
Nothing heard on . 3 “ 10 “ 

Stations heard on .     85 Channels 80 Channels 
Calls obscured by heterodynes •. 18 “ 9 “ 
Calls obscured by fading or noise .  2 “ 5 “ 
Station calls logged on . 65 “ 66 “ 

Station calls logged on . 65 Channels 
Accompanied by heterodynes on .  14 “ 
Interfered with by locals . 7 “ 
Good reception without interference or heterodynes on 41 “ 

66 Channels 
27 
8 
31 “ 

LOCAL RECEPTION 
Total channels in local use (evening hours) . 10 Channels 

Stations received without interference on . 10 “ 
Reception accompanied by heterodynes on . 1 “ 
Total channels of pure reception . 9 “ 

19 Channels 
19 “ 
5 

14 u

DISTANT (“DX”) RECEPTION 
Total DX channels (total less locals) . 78 Channels 
Nothing heard on . 3 “ 
Call letters obscured by heterodynes, fading, etc. 20 “ 
Calls logged, but accompanied by heterodynes, on . 13 “ 
Interfered with by locals on . 7 “ 
Free of interference or heterodynes on . 35 “ 

* Two channels temporarily out of use at ’time of tests. 

Channels 71 
10 
11 
22 
8 

17 

Geographical Distribution of Stations Logged 
Location No. of Stations 

California .  1 
Colorado . 1 
Connecticut . 2 
Florida . 1 
Georgia . 1 
Illinois . 8 
Indiana .   2 
Iowa .  3 
Kentucky . 1 
Louisiana _ 1 
Maine . 1 
Maryland . 1 
Massachusetts . 1 
Michigan .  4 

Location No. of Stations 
Minnesota ... 2 
Missouri . i 
New Jersey .   3 
New York . 15 
North Carolina . 1 
Ohio . 2 
Pennsylvania . 4 
Tennessee .  3 
Texas . . 2 
Utah .    1 
Virginia _ 2 
Wisconsin .   4 

Total channels in 25 states. 65 

ates neither adequate sensitivity nor suffi¬ 
cient selectivity to meet present-day re¬ 
quirements for distant reception particu¬ 
larly in urban locations. Out in the coun¬ 
try, where there are few, if any, local sta¬ 
tions to cause interference, and where the 
freedom from surrounding obstructions re¬ 
sults in fine reception conditions, the aver¬ 
age receiver will usually give a fair account 
of itself; because under such conditions a 
receiver can function with no handicaps 
whatever. But even here a superior receiver 
will provide correspondingly better results. 

This lack in commercial receivers is not 
the fault of the engineers who design them. 
It is due partly to production problems and 
limitations and partly to the public’s de¬ 
mand for low prices and small physical 
dimensions. It has been said that radio 
manufacturers are individually so obsessed 
with the idea of becoming the Henry Fords 
of radio that there is none left to produce 
the Lincolns and the Cadillacs of the ether. 
Perhaps there is something in this; but, 
to an observer who has studied the field, it 
would seem that more time and thought is 
being put into cabinets and appearance 
than into the technical superiority of the 
manufacturer’s product. Thus high prices 
do not by any means indicate superior sen¬ 
sitivity, selectivity and tone quality. 

A SET FOR DISTANCE 

In presenting a description of the “Band-
Isolator” receiver for those who are in¬ 
terested in constructing, or in having con¬ 
structed for them, a receiver which will 
enable them to duplicate the reception shown 
in the tests just described, the claim is not 
made that this is the only receiver that will 
achieve such noteworthy results. But it is 
an important fact that this receiver was 
designed to incorporate all of the qualities 
so necessary to the complete satisfaction 
of the real radio enthusiast. This means 
not only unusual sensitivity and selectivity, 
but also simplicity of operation and the 
complete elimination of instability or any 
other factors which might adversely affect 
tone quality. This last is a most important 
consideration because, no matter how good 
the audio amplifier may be, tone quality 
may be completely ruined as a result of 
an improperly-designed radio-frequency 
amplifier. 

This receiver does not incorporate any fun¬ 
damentally new ideas. Rather it is made up 
of known and tried principles, combined in 
such a way as to maintain the better quali¬ 
ties of the systems employed and eliminate 
the objectionable features. Perhaps the 
best way to explain the circuit and the 
reasons underlying its superior qualities is 
to describe the line of reasoning followed 
in planning the design. 

It was realized that, in order to obtain 
the desired degree of selectivity and sensi¬ 
tivity with any system of tuned radio¬ 
frequency amplification it would be neces¬ 
sary to employ three, or more likely four 
stages; and incur all the accompanying 
grief of instability, the difficulty in balanc¬ 
ing the stages, etc. The only alternative 
seems to be to employ a superheterodyne 
circuit, but past experience indicated that 
good selectivity would be difficult to ob¬ 
tain when using a fair size outdoor aerial, 
and there would be the other evils of the 
average super to content with—harmonics, 
“repeat” points, ragged tuning and' insta¬ 
bility. Evidently, therefore, the ordinary 
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superheterodyne and tuned radio-frequency 
were both somewhat out of question. 
Experiments made some time before had 

brought the conviction that most of the 
difficulties encountered with superbetero-
dynes (such for instance as the fact that 

transformers; because the large inductances 
and capacities required in tuned circuits 
to operate at these frequencies (in the 
neighborhood of 50 or 100 kilocycles) would 
be prohibitive in size and cost. Further¬ 
more, with tubes of the 301A type, it was 

The “Band-Isolator” is shown above with its shield-tops lifted; it will be observed that ample 
room is giver, to every coil and condenser. This is a necessity soliere it is desired to have circuits 

taned to cover exactly the full sidebands of each broadcast channel—and no morel 

most of tliem are erratic and that two built 
from identical parts are likely to give widely 
varying results) were the result of using a 
very low intermediate frequency and fixed-
tune intermediate transformers. The low 
intermediate frequency necessarily resulted 
in the presence of repeat points on the 
oscillator dial for the same station, and of 
harmonics which are made known by the 
presence of “birdie” whistles all over the 
dials. The fixed-tune transformers make 
their contribution in the form of broad 
tuning and, frequently, a lack of sensitivity 
as the result of poor matching. 
The use of a low intermediate frequency 

practically requires the use of fixed-tune 

necessary to employ a low intermediate 
frequency if adequate amplification were 
to be obtained, together with at least a 
fair degree of stability. 
Other experiments had proved that a 

properly designed detector-oscillator cir¬ 
cuit will provide in itself a very fair de¬ 
gree of selectivity, and, when used in con¬ 
junction with even a moderately selective 
intermediate amplifier, an unusually high de¬ 
gree of over-all selectivity is obtainable. 

HIGH INTERMEDIATE FREQUENCY 

The logical conclusion, based upon these 
observations, was that the proposed ideal 
receiver should employ; first, a superhetero¬ 

dyne circuit because of the greater stability 
thus obtainable; secondly, a high interme¬ 
diate frequency to get away from repeat 
points and harmonics, and to eliminate the 
necessity for fixed-tune transformers; thirdly 
tuned coupling circuits in the intermediate 
amplifier to permit tuning the intermediate 
circuits to exact resonance with one an¬ 
other; and finally, screen-grid tubes in the 
intermediate amplifier, so that high am¬ 
plification could still be obtained in spite 
of the use of a comparatively high inter¬ 
mediate f requency. 

The first problem was to determine the 
best intermediate frequency to employ. A 
little slide-rule manipulation showed that, 
if an intermediate amplifier is tuned to any 
frequency above 475 kilocycles, there can 
be no repeat points and no trouble from 
harmonics. But, on the other hand, the 
amplifier must operate anywhere in the 
broadcast band because of the probability 
of conflict between the intermediate fre¬ 
quency7 and the carriers of broadcast sta¬ 
tions operating on approximately the same 
frequency' as the intermediate amplifier. 

With these general considerations out of 
the way7, the next consideration was that 
of the details of the circuit parts, particu¬ 
larly the coupling coils and the tuning con¬ 
densers to be employed with them. Al¬ 
though the intermediate stages are to be 
tuned, there appeared to be no necessity 
for using regular variable condensers for 
this purpose; because only' a very limited 
frequency-variation range was required. 
Such being the case, it was decided to 
employ a fixed condenser, shunted by a small 
variable instrument for tuning each stage. 
Solenoid coils were then made up, having 
considerably' more inductance than the or¬ 
dinary' tuned R.F. transformer. The oscil¬ 
lator coil had to be of special design, be¬ 
cause of the high intermediate frequency 
employed and the correspondingly higher 
frequency range required in the oscillator. 
Other circuit considerations involved the 
necessity for a pick-up coil of rather un-
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Jn the “Band-Isolator” circuit, it will be seen, a large number of condensers stages. The feature of the intermdiate amplifier is that its tuning is adjustable, 
are used; these, howeccr, arc in parallel, to facilitate exact adjustment of the to avoid possible station interference. 



62 Radio News Amateurs’ Handibook 

A/TR- TAYLOR, known to many of 
IVA the readers of Radio News for 
his contributions to technical litera¬ 
ture (including the “Pre-Selector,” 
•which appeared in the November, 
1928, issue of this magazine), will give 
constructional details of the “Band-
Isolator” in Radio News for July. 

It is designed for the fan who wants 
distant reception, and also volume and 
quality. While stations must do their 
part to maintain frequencies, the set 
owner can no longer expect to single 
one out of the many outside his own 
locality unless he constructs a receiver 
which will tune to a single carrier and 
be deaf to whisperings and whistlings 
outside it. The “Band-Isolator” does 
this; while its delicately adjusted fil¬ 
ter passes the full range of audio fre¬ 
quencies from the selected station. 

usual dimensions to be incorporated in the 
oscillator coil unit. Finally, special coils 
were made up for the antenna circuit and 
for the input circuit to the first inter¬ 
mediate stage. 

DEVELOPMENT OF THE DESIGN 

At this point the first experimental model 
of the receiver was assembled, with results 
that were fully up to expectations and 
rather astonishing. Although the inter¬ 
mediate-amplifier stages were individually 
shielded for the sake of stability, it had not 
been considered necessary to shield the first 
detector or oscillator. It was found, how¬ 
ever, that the sensitivity of the model was 
so great that, with no aerial connected, it 
was possible to bring in stations 400 and 
500 miles away, through the direct pick-up 
of the unshielded antenna coil. This cir¬ 
cuit was therefore shielded and direct pick¬ 
up thus effectively eliminated. 
From this point on numerous experi¬ 

ments were carried on to determine the best 
values for the coils, capacities and coupling; 
and the final model was then built up. At 
about this time a number of fans who had 
heard the receiver in operation expressed a 
desire to build duplicates for their own 
use but found the necessity for constructing 
their own coils more or less of a stumbling 
block, particularly as the coil constants are 
rather critical. This trouble was eliminated 
by submitting the coil specifications to the 
Hammarlund Company, who made up sev¬ 

eral sets for this purpose. Further demand 
has resulted in this company’s manufactur¬ 
ing these coils on a larger scale, with the 
result that they are now available from a 
number of jobbers and dealers. £ Inasmuch 
as all of the other parts are standard, 
anyone interested in constructing the re¬ 
ceiver will have no difficulty in obtaining 
all of the parts. 

The completed receiver consists of first 
and second detectors, oscillator, and two 
intermediate - frequency amplifier stages. 
Five tubes are required in all. It operates 
either from batteries or from “A” and “B” 
power units and employs the usual outdoor 
aerial and ground. An audio amplifier 
w’as not included in the receiver, because 
it was planned to use an external two-stage 
push-pull amplifier. By thus excluding the 
audio end, it was made possible to keep the 
size of the receiver down to the standard 
7 X 24 inch panel size. 

The article to follow will describe the 
“Band-Isolator” receiver in complete detail; 
so that readers who are interested in du¬ 
plicating the results shown in the log given 
here will have all necessary constructional 
data to build up duplicates of the model 
receiver. 

A. T. R. F. Transformer 
(Continued from page 40) 

Li is small. From equation (6) we note 
that L2 should be made as large as possible 
consistent with tuning to the highest fre¬ 
quency desired; also, for a given plate re¬ 
sistance Rp, p should be as large as 
possible. That is, choose an amplifier tube 
that has the largest amplification constant 
per unit plate resistance. 
The foreging equations have given us 

the complete design data for maximum 
amplification in a tuned-radio-frequency 
amplifier, but have left us with one option 
in equation (7) ; i.e., 
in regard to whether we shall make the co¬ 
efficient of coupling large and the primary 
inductance small, or vicè versa. 

Let us now consider the question of se¬ 
lectivity of the transformer; for then the 
above question will be answered. 

The selectivity of a tuned circuit depends 
upon its resistance. Thus, were the primary 
not present, the value of R2 would deter¬ 
mine how sharp the secondary would tune. 
However, instead of R2, let us consider 
the more accurate selectivity factor 172- It 
may be shown that, because of the effect of 
the primary, the effective resistance in the 
secondary circuit is increased. Call the 
effective resistance in the secondary circuit 
due to its resistance plus the effective of 
the primary R% and let 

This is now the selectivity factor of the 
system, and should be as small as possible. 

Maximum amplification — see equation 
(5)—has given a certain relation between 
i, ni, V2 which must be satisfied. Plac¬ 
ing this in equation (8) we obtain 

This gives a measure of the selectivity 
of the circuit when the radio-frequency 
transformer is designed for maximum am¬ 

plification. For maximum selectivity, nYs 
must be as small as possible. Now we have 
already, by using a condenser and coil 
whose losses arc low, reduced 172 as much 
as possible and fixed its value. However, 

Above the curve of a transformer de¬ 
signed as described here. In the com¬ 
plete tuner, for of these are used, their 
peaks staggered to give a band-pass 

effect. 

if we make i large, n'/z will be smaller 
(i has a maximum value of 1.0.). Thus, 
if i = 1.0, = 2 ̂ 2-

If i were only 0.5 (about the usual 
value in a radio-frequency transformer), 
the selectivity is 50% poorer. 
Therefore, from the standpoint of se¬ 

lectivity, I should be large. 
Thus the option left us in equation 7 

before mentioned has now been answered 
when the problem of selectivity is con¬ 
sidered. The above equations give rise to 
the following statement : 
In a tuned-radio-frequency transformer 

with a fixed secondary winding, working 
in conjunction with a given amplifier tube, 
the selectivity for a given voltage ampli¬ 

fication depends upon the coefficient of 
coupling. 

It is now necessary to examine the char¬ 
acteristics of the A. C. screen-grid tube in 
order to determine the values of plate re¬ 
sistance and amplification factor. Fig. 3 
gives these quantities. 

It will be noted that the plate resistance, 
instead of being about 10,000 ohms (which 
is the case in the 01A-and 27-type tubes) 
is about 500,000. This means that the 
primary inductance of the radio-frequency 
transformer must be increased accordingly. 
Unfortunately, there is a very definite limit 
to the amount of inductance that may be 
used for the primary; for, if too many 
turns are used the primary will be tuned 
to some definite point in the broadcast 
range by the distributed capacity of the 
winding and the capacity in the screen¬ 
grid tube which is directly across the pri¬ 
mary. Therefore, it is necessary to in¬ 
crease the coefficient of coupling as much 
as possible. 
The writer worked some time on this 

problem and was able by careful design to 
obtain values of coupling up to 90 per cent. 
With this high coupling factor, and as 
many turns on the primary as possible 
consistent with keeping the tuning of the 
primary below 200 meters, a transformer 
was designed that performed unusually 
well, from the standpoints of both amplifi¬ 
cation and selectivity. This may be ob¬ 
served by an examination of Fig. 4, where 
the voltage amplification of the A. C. 
screen-grid used with the transformer de¬ 
scribed is plotted against wavelength. An 
average amplification of about 32 is ob¬ 
tained, as compared to an amplification of 
about 15; the latter is all that can be 
obtained when the 01A tube is used with 
a well-designed radio-frequeney trans¬ 
former. Thus we have secured twice as 
much gain with the A. C. screengrid tube 
as it was possible to get before its intro¬ 
duction and, if the circuits are properly 
shielded, no neutralization problem con¬ 
fronts us. 
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How to Build the Tay lor 
Band Isolator 

I
N LAST month’s article a general de¬ 
scription of the theory of the Band 
Isolator receiver was given, together 
with the records of tests made to 

determine the ability of this receiver to 
step out and pull in far distant stations 
right through the early evening hours with 
local New York stations going full blast. 
During these tests reception was obtained 
on all but three of the channels then in 
use, which means that, starting at the 
lower end of the dials and tuning on up 
throughout the entire broadcast band, 
stations were heard at 10 kilocycle inter¬ 
vals, except at the channels occupied by 
the three stations that could not be 
brought in, and on two channels on which 
stations were not operating. All of this 
was accomplished from a typical New 
York City location and before 11:30 
P. M. Twenty-five states were repre¬ 
sented in the resulting log, including such 
far distant states as California, Colorado, 
Florida, Texas and Utah. 

This record speaks volumes for both 
the sensitivity and the selectivity of the 
Band Isolator receiver All but the most 
powerful local stations were readily cut 
out to bring in DX stations in adjacent 
channels and even the most powerful local 
did not interfere beyond one channel 
cither side of its own frequency. 

AU of this is accomplished with but 
five tubes (excluding the audio end, which 
is not included in the receiver proper). 
No r.f. amplification is used ahead of 
the first detector and only two interme¬ 
diate frequency stages are used. The ex¬ 
treme amplification obtained is the result, 
first, of using screen-grid tubes in a cir¬ 
cuit that takes the fullest advantage of 
their tremendous amplifying powers. Sec¬ 
ondly, the intermediate amplifier stages 
are individually tuned with midget con¬ 
densers to permit bringing them to exact 
resonance with one another and in this 
way eliminating the broad tuning and 
comparatively poor amplification obtained 
with some super-heterodyne receivers. 

In addition to the selectivity and sen¬ 
sitivity (which were more fully explained 
in last month’s article) is the fact that 
this receiver is unlike other super-hetero¬ 
dynes in operation. It tunes like any 
tuned r.f. receiver, rather than a super¬ 
heterodyne. The tuning is sharp, but sta¬ 
tions always come in at the same dial set¬ 
tings, without whistles or squeals, and 
without repeat points on the oscillator 
dial. 

A detailed description of the various 
features of the receiver is best given by 

By Gordon Taylor 

For those of our readers 
who desire to build an up-
to-the-minute super-het¬ 
erodyne, Mr. Taylor’s 
receiver will make an es¬ 
pecial appeal. 

Only parts of highest 
grade have been employed 
in its construction, and if 
the builder desires to ob¬ 
tain reception similar to 
that outlined by Mr. Tay¬ 
lor, it is recommended 
that he adhere strictly to 
the use of those parts 
listed. 

following through the schematic diagram 
of the circuit. The input, or first detec¬ 
tor circuit, consists of a specially designed 
three-circuit auto-coupling transformer 
with center-tapped primary, secondary 
and feed-back coils. A standard variable 
condenser is employed for tuning the sec¬ 
ondary and a midget condenser to control 
feed-back where it may be required in the 
reception of very distant or weak sta¬ 
tions. The auto-couple principle is ob¬ 
tained by mounting the transformer di¬ 
rectly on the rear of the tuning condenser 
so that its primary is moved in and out 
of the secondary by means of a cam ar¬ 
rangement as the condenser plates are 
meshed and unmeshed. Thus the coupling 
is loose for low-wave stations and close 
for the high-wave stations. 

The oscillator pick-up coil, which is 
part of the oscillator transformer, T2, is 
connected in series with detector grid re¬ 
turn, at the filament end. It is not de¬ 
sirable to have the pick-up coil included 
directly in the tuned circuit of the detec¬ 
tor, so the tuning condenser is shunted 
across only the secondary coil of Tl. 
This means that the rotor plates of the 
tuning condenser are not at ground poten¬ 
tial, being separated from ground (A—) 
by the oscillator pick-up coil. Inasmuch 
as this condenser is mounted directly on 
the front the shield, SHI, this shield can¬ 
not be at ground potential either, other¬ 
wise the pick-up coil would be short-

circuited and no signals would be heard. 
It may seem a little unusual to shield a 
circuit without directly grounding the 
shield but it has absolutely no harmful 
effects in this case. , 

The oscillator circuit is not shielded 
because experiment showed that nothing 
was to be gained by shielding here. The 
transformer, T2, like all of the other 
transformers used in this receiver, was es¬ 
pecially designed. Inasmuch as an un¬ 
usually high intermediate frequency is 
employed in the Band Isolator interme¬ 
diate amplifier, the oscillator must neces¬ 
sarily have a correspondingly high-fre¬ 
quency range; which in turn involves the 
use of fewer turns than on the ordinary 
oscillator coil. Moreover, a pick-up coil 
of unusual design is included in this trans¬ 
former, with the result that adjustment 
of the oscillator tuning condenser has ab¬ 
solutely no effect on the tuning of the 
first detector circuit and the two tuning 
controls are therefore entirely independent 
of one another. The extra variable con¬ 
denser indicated at C7 is a balancing or 
equalizing condenser employed to bring 
the oscillator tuning dial settings into 
track with those of the other tuning con¬ 
trol. It need be adjusted only once and 
then left in that position. 

In the input circuit of the first inter¬ 
mediate stage is a tuned transformer con¬ 
sisting of primary and secondary. The 
tapped primary is, of course, connected 
in the plate circuit of the first detector, 
with the choke coil, RFC1, between it and 
the “B” supply. No by-pass condenser is 
used here. If it were, no regeneration 
would be obtained in the first detector 
circuit, even with the plates of the midget 
condenser, C3, entirely meshed. Omis¬ 
sion of the choke has the same result. 

The secondary of the input transformer 
is tuned by means of three condensers, 
each of which serves a definite purpose. 
First there is a fixed condenser which 
provides the main tuning capacity. Un¬ 
fortunately, even the best fixed con¬ 
densers of a given capacity rating are not 
exactly alike in capacity. They are man¬ 
ufactured with a tolerance of 10% plus 
or minus, which is quite close enough for 
the purposes for which fixed condensers 
are ordinarily used. But for their use in 
this circuit, where they are employed for 
tuning purposes, greater accuracy of 
capacity is required. Moreover, it is de¬ 
sirable to have room for a small frequency 
variation in the tuning of the interme¬ 
diate circuits, to permit obtaining exact 
resonance. Third, the preferred frequency 
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In this parts-layout diagram of the band isolator receiver, note that 
THE INDIVIDUAL PARTS ARE NOT DRAWN TO SCALE. EACH OF THE PARTS, 
HOWEVER, IS CENTERED EXACTLY IN ITS PROPER RELATIVE POSITION. IN THIS 
WAY, IT IS POSSIBLE TO SHOW ALL THE WIRING, WITHOUT THE CONFUSION 
THAT WOULD RESULT FROM PICTURING ALL THE COMPONENT PARTS FULL 

SCALE SIZE 

at which to operate this intermediate am¬ 
plifier requires the use of approximately 
20Q micro-microfarads capacity. The 
nearest standard fixed condenser to this 
is rated at 100 mmfd. 

To meet all these conditions, the fixed 
condenser is shunted by an equalizer con¬ 
denser and a midget variable condenser. 
The equalizing condenser is adjusted so 
that, with the rotor plates of the midget 
condenser all out, the circuit is brought 
to resonance with the other two circuits. 
Thus the tuning characteristics of the 
three tuned circuits are equalized and 
each has the 50 mmfd. variable capacity 
of the midget condensers to provide room 
for variation of the intermediate fre¬ 
quency if desired. 

Another purpose served by the midget 
condensers, which are mounted with their 
knobs on the outsides of the three shields, 
is to permit variation of the circuit ca¬ 
pacity to make up for slight changes 
which take place when the shield covers 
are put in place. If these midgets were 
not used the circuits would have to be 
adjusted to resonance with the shield 
covers off; only to be thrown out again 
when the covers were put in place. 

The second tuned intermediate circuit, 
which is located inside shield SH3, is 
tuned in the same way as the input cir¬ 
cuit, although in this case the tuned coil 
is in the plate circuit of VT3 instead of 
in the grid circuit. This means that this 
coil is at plate potential. To permit 
mounting the three tuning condensers on 
the shield walls the fixed block condenser, 
C9, is included in the circuit so as to 
isolate one side of each tuning condenser 
from the high voltage supply. This block¬ 
ing condenser serves at the same time as 

a by-pass condenser across the 135-volt 
plate supply. 

The second detector circuit is similar 
to that of the second intermediate stage, 
except that its output is carried directly 
to the cable plug through the choke, 
RFC5, after by-passing through C18. The 
second detector stage, like the two pre¬ 
ceding stages, is inclosed with its own 
shield. The three shields, SH2, SH3, and 
SH4, are all grounded to A—. 

In addition to employing chokes in the 
two detector plate leads, chokes are also 
included in the plate supply leads of the 
two screen-grid tubes, as well as in the 
screen-grid lead of VT3. In the case of 
VT4, a resistor is used in the screen-grid 
lead. A choke might have been used in¬ 
stead of this resistor but seemed to have 
no advantage, so the resistor was em¬ 
ployed because of its smaller size. 

There will probably be some surprise 
when it is stated that this receiver was 
designed to use CX-299 tubes for first 
detector and oscillator. The reason for 
this is that these small tubes are just as 
good as larger tubes in these positions 
and have the advantages of smoother con¬ 
trol of regeneration, in the case of the 
first detector, and lower filament current 
consumption. 301A tubes may be em¬ 
ployed in these two positions if desired, 
but results will be somewhat more satis¬ 
factory with the small tubes. 

The filament current for VT1, VT2 and 
VT5 is controlled through the the use of 

individual amperites. In the case of the 
screen-grid tubes a fixed resistor is in¬ 
serted in the negative side of each fila¬ 
ment circuit to provide the required “C” 
bias voltage. In the positive side of the 
circuit a rheostat is incorparted to permit 
exact adjustment of the filament voltage. 

A somewhat unusual feature is found 
in the connections of the filament switch, 
S. This switch not only controls the fila¬ 
ments of the five tubes and the two dial 
lights in the receiver, but may also be 
made to control the filaments of an ex¬ 
ternal audio amplifier by connecting the 
A— terminal of the latter to the lead pro¬ 
vided in the cable plug of the receiver, 
instead of to the “A” battery direct, if 
a relay is used to provide automatic con¬ 
trol of a trickle charger and the power 
pack, it also may be operated from this 
same switch by this means. 

The volume control employed, RIO, is 
a 500,000-ohm potentiometer. This is 
connected directly across the 45-volt sup¬ 
ply but its resistance is so high that the 
current drain is only a fraction of one 
milliampere. Moreover, the circuit is 
broken when the receiver is turned off so 
in cases where batteries are used for the 
“B” supply there need be no worry about 
this drain. 
There are just two more points for 

consideration before starting the con¬ 
struction. For the second detector a 
300A tube is recommended for maxi¬ 
mum sensitivity. Second, the cable plug 
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This circuit diagram of the band isolator receiver embodies a correction which 
should be noted. The original diagram on page 61 failed to include condenser C17a, 

in shield can sh4 

SHI—BT1, RI, R4. 
SH2—RFC1, RFC2, T3 and C8. 
SH3—RFC3, C9, T4 and R2. 
SH4—RFC5, VT5, RFC4, CH, R3 and 
T5. 
After “spotting” and drilling the 

mounting holes for these, the assembly 
may proceed. First attach the four cor¬ 
ner posts to each of the bottoms of 
shields SH2, SH3 and SH4, placing a 
soldering lug under the head of each 
screw used for this purpose. Then place 
these aluminum plates in position on the 
baseboard and mount the instruments 
listed above, using wood screws for this 
purpose. The bottom of SHI may also 
be put in position and in instruments 
mounted in position. In this case no cor¬ 
ner posts are used. 
The three tuning condensers in SH2, 

SH3 and SH4 are mounted on the side 

specified contains two phone tip jacks. 
When wired as shown in the diagram, 
headphones may be plugged in. This is 
a convenience to DX fans who prefer 
headphones when “fishing” for DX. 

Most of the details of the assembly of 
the Band Isolator Receiver are made 
clear by the accompanying illustrations. 
However, there are some points which 
require explanation, and there are some 
suggestions which are in order. 
All of the instruments which are to be 

mounted on the baseboard should be laid 
out in place, including the shield bottoms 
and the instruments that are to be 
mounted thereon. Then, with a pencil or 
scriber, the locations of all mounting 
holes should be marked on the base and 
shield bottoms. During the assembly the 
shield bottoms will be attached to the 
baseboard only by the screws used in 
mounting the instruments; to pass which, 
holes should be drilled through the alu¬ 
minum bottoms. Directly under the cor¬ 
ner holes of the bottoms of shields SH2, 
SH3 and SH4 half-inch holes should be 
drilled through the baseboard so that 
after the receiver is completed it will al¬ 
ways be possible to tighten up the corner 
screws from underneath. Also, these 
half-inch cutaways permit the insertion 
of soldering lugs under the heads of these 
screws without raising the shield bottoms 
off the baseboard. A J^-inch hole should 
be drilled through the bottom of SHI and 
baseboard, directly under the hole in 
square bar at bottom of primary coil 
carriage. This will permit special cou¬ 
pling adjustment, as described later. 

All of the holes required in the shield 
bottoms to permit the passage of the 
mounting screws of the various instru¬ 
ments should be drilled, and any burrs 
which result should be filed off before 
attacking to baseboard. Otherwise, burrs 
between shield bottoms and baseboard 
will cause the shields to buckle. 

All of the wires which are brought in 
or out of the shields SH2, SH3 and SH4 
are provided for by filing three-cornered 
slots in the bottom edge of the sides or 
ends instead of drilling holes for their 
passage. This simplifies the wiring, be¬ 
cause there is no necessity for threading 
the leads through holes, but more impor¬ 
tant, the shield sides and ends need not 
be placed in position until the wiring has 
been completed. 
This cannot be done so readily in the 

Looking down on the completed band isolator receiver, with shield removed 
to show the various parts 

Connections for the cable from the 
tuning unit to audio amplifier 

and power unit 

case of SHI, so there the usual practice 
of drilling holes to accommodate the 
leads is followed. The other exception 
is in the case of the leads going to the top 
terminals of the screen-grid tubes. They 
are provided for by filing slots in the top 
edges of the end plates of the corre¬ 
sponding shields. 
The instruments to be mounted on the 

shield bottoms are as follows: 

or ends of the shields, as close to the top 
edges as possible but leaving ample clear¬ 
ance for the shield covers. Inasmuch as 
one side of each of the condensers in 
these shields is at ground potential, it is 
convenient to mount them solidly on the 
shield walls in this manner, except for 
the fixed condenser in SH2, which is sup¬ 
ported between the terminals of the other 
two condensers. The balance of the as¬ 
sembly work is sufficiently clear so that 
no further explanation is required. It 
may be worth while to note that if a 
suitable mounting bracket for the rheo¬ 
stat, R9, is not available, one of the 
metal templates which accompanies the 
Hammarlund tuning condensers may be 
bent to serve admirably. 
The method of wiring does not require 

explanation. It is suggested, however, 
that long leads carrying the “A” and “B” 
currents be run underneath the baseboard 
for the sake of appearance. 
After the wiring has been completed 

the usual tests should be made to make 
sure that no connections have been 
omitted or incorrectly made. If every¬ 
thing checks up satisfactorily, the “A” 
and “B” supplies, amplifier, antenna and 
ground should be connected up. The 
shield covers may be left off for the time 
being. Now adjust the three midget con¬ 
densers to a half-way position and turn 
the screws of the equalizers C15 and C16 
all the way in, but the screw of C17 only 
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half-way in. Then, with the volume con¬ 
trol turned three-quarters up (clockwise) 
and with the plates of the midget con¬ 
denser C3 unmeshed, tune in a station 
with the two main tuning dials. It must 
be remembered that at this point these 
two dials may or may not run alike, be¬ 
cause the balancing condenser, C7, has 
not yet been adjusted. Nor is the signal 
tuned in likely to be loud, because the 
intermediate stages are thus far only 
tuned roughly to resonance. 

If nothing is heard, turn the volume 
control up a little more and again tune 
through the entire scale slowly, being es¬ 
pecially careful with the right-hand dial 
because of its extreme sharpness of 
tuning. It is safe to assume that a sta¬ 
tion will be heard this time. When it is, 
adjust the two tuning dials exactly. Then, 
leaving these two dials alone, adjust the 
three midget condensers, C4, CS and C6, 
individually to exact resonance. Should 
it be found that one of the intermediate 
circuits cannot be brought into resonance 
due to lack of capacity, or too much 
'capacity, in the midget condenser the 
circuit capacity can be increased or de¬ 
creased by readjusting the corresponding 
equalizer condenser. It may be found 
that even with the midget and equalizer 
condensers in one of the circuits set for 
their maximum capacity that circuit can 
still not be brought to resonance with 
the others. In that case, turn the os¬ 
cillator dial back one-half degree. This 
will raise the heterodyne frequency and 
thus raise the intermediate frequency. A 
resetting of the tuning condensers of the 
intermediate stages will then be necessary 
and it will probably be found that the 
three circuits can now be brought to 
resonance. If not, repeat this procedure. 

Having reached this point, the adjust¬ 
ment should be carried a little further SO 
that resonance is obtained with the three 
midget tuning condensers meshed to the 
same degree. This is accomplished by 
readjusting the equalizer condensers to 
add or subtract capacity, at the same 
time keeping the circuit in resonance by 
readjusting the corresponding midget 
condensers. This is suggested because 
then the intermediate amplifier has a 
small tuning range which permits the 
selection of a frequency within this range 
which provides the best results. Finally, 
tune in a weak distant station and again 
test the intermediate tuned circuits for 
resonance, because it is sometimes diffi¬ 
cult to bring these circuits to exact reso¬ 
nance when using signals from a local 
station, because of the great volume. 

Now the shield covers may be fastened 
in place. This may alter the circuit 
capacity slightly, necessitating a final 

readjustment of the midget condensers. 
With this job finished the equalizer con¬ 
denser, C7, is adjusted. For this purpose 
tune in a station at about 40 on the an¬ 
tenna dial. If the oscillator dial reads 
higher than the antenna dial, turn the 
screw of the equalizer in a little and then 
readjust the oscillator dial. Continue this 
balancing act until the two main dials 
read alike. They will then read alike for 
most other stations, with some variation 
on very low or very high wave stations. 

In locations where extreme selectivity 
is required there are three adjustments 
provided in the Band Isolator receiver to 
permit obtaining the required degree. 
First, the long and short antenna ter¬ 
minals permit the use of either half or all 
of the primary of the antenna coil. For 
normal conditions, and with any but a 
very small antenna, only half of the pri¬ 
mary should be used because the use of 
the entire primary provides abnormally 
tight coupling. 

The second method of increasing se¬ 
lectivity is by adjusting the screw on the 
under side of the coil carriage (for which 
provision was made by drilling a hole 
through the bottom of shield SHI and 
the baseboard). With this screw taken 
out entirely, thus permitting the primary 
to slide away inside of the secondary 
when tuned to high wavelength stations, 
it is probable that the coupling will be 
satisfactory for the medium and low-
wave stations. In other words, this auto¬ 
matic coupling variation arrangement 
does not vary the coupling in direct pro¬ 
portion to the wavelength. By turning 
this adjustment screw to the right the 
degree of coupling at the maximum posi¬ 
tion becomes less but remains the same 
as before the medium and low-wave sta¬ 
tions. The best position for this screw 
is usually that where it holds the primary 
(at a dial setting of 100) only half-way 
inside of the secondary. 

The third selectivity-increasing adjust¬ 
ment is made by connecting only part 
of the primary of the first intermediate 
transformer, T3, into the detector plate 
circuit. To use this whole primary the 
detector plate is connected to the lower 
terminal of the end terminal strip of this 
coil and the choke, RFC1, to the top 
terminal. To employ only half of the 
primary the choke should be connected to 
the middle terminal instead of the top. 
The foregoing features for increasing 

selectivity have been included and de¬ 
scribed so that any one building this re¬ 
ceiver can obtain adequate selectivity, 
regardless of how bad local interference 
problems may be. For normal conditions 
of interference these special adjustments 
need not all be made, of course. 

LIST OF PARTS USED 

Cl, C2—Hammarlund ML-17, .00035 
mfd. Midline variable condensers. 

C3, C4, C5, C6—Hammarlund MC-H, 
50 mmfd. midget condensers. 

C15, C16, C17, C7—Hammarlund type EC, 
equalizer condensers. 

C8, C9, CIO, Cl 1—Aerovox No. 250, .5 
mfd. bakelite by-pass condensers. 

C12, C13, C14— Aerovox No. 1450, .00025 
mfd. moulded mica condensers. 

C15a, C16a, C17a—Aerovox No. 1450, 
.0001 mfd. moulded mica condensers. 

C18—Aerovox No. 1450, .001 mfd. 
moulded mica condensers. 

CP—Yaxley No. 669, cable connector 
plug and mounting with two terminal 
jacks. 

RI—Lynch metallized grid leak, 3 meg¬ 
ohms, with mounting. 

R2, R3—Lynch metallized grid leaks, 1)4 
megohms, with mountings. 

R4, R5—Amperites No. 1A or No. 6V-
199, depending on tubes used. 

R6—Amperite No. 1A. 
R7, R8—Aerovox No. 985, 10 ohm wire 
wound resistors. 

R9—Yaxley No. 510, Junior filament, 
rheostat, 10 ohms. 

Rll—Electrad 5,000 ohm Truvolt wire 
wound grid resistor. 

R10—Electrad 500,000 ohm Type E, Roy¬ 
alty potentiometer. 

RFC1, RFC2, RFC3, RFC4, RFC5—Na¬ 
tional Type 90, radio-frequency chokes. 

SHI—Hammarlund Type AS-1 aluminum 
stage shield. 

SH2, SH3, SH4—Hammarlund Type 
HOS-1, aluminum stage shields. 

S—Yaxley No. 10, midget battery switch. 
Tl, T2, T3, T4, T5—Hammarlund No. 
VI-5, special Band Isolator coil set, 
consisting of five coil units, complete 
with mountings. 

VT1, VT2, VT3, VT4, VT5—Eby tube 
sockets. 

XI, X2, X3—Eby binding posts, en¬ 
graved, Short Ant., Long Ant., Gnd. 

X—Bakelite binding post strip, 1)4" x 
3)4" X 3/16". 

5 Lynch bakelite mountings for the five 
chokes, RFC1 to RFC5. 

2 Hammarlund spring clips for top ter¬ 
minals of screen-grid tubes. 

2 National Type VED dials equipped 
with No. 28 illuminators. 

1 Courtland Panel Engraving Co.’s drilled 
and engraved Band Isolator panel, 
7" 3; 24". 

Tubes—2 Cunningham C-299 (or CX-
301A) for sockets VT1 and VT2. 2 
Cunningham CX-322 screen-grid for 
sockets VT3, VT4. 1 Cunningham 
CX-301A for socket VT5. 

Screws, wire, solder, soldering lugs, and 
two 1" X )4" tubular brass collars for 
mounting binding post strip, X. 
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A Portable Short-Wave Transmitter 
Ä and Multiwave Receiver 

Wm. H. Wenstrom 
i ; Lieutenant, USA 

T
HERE are finite limits to all ter¬ 
restrial DX. The antipodes are 
only twelve thousand miles away; 
in time London palls and even 

Australia goes stale. Our morale may 
rise on hearing the signals of a trans¬ 
atlantic airplane, but it really takes a 
jump when we hear our friend say from 
the far shore of a mile-wide lake: “We 
reached the cove before the storm hit— 
everybody safe.” 

For such occasions, and for more pro¬ 
saic work as well, this low-power portable 
transmitter is designed. Its reliable day¬ 
light range is two miles with phone and 
twenty miles with code. 

Of course, “communication” is a dual 
affair and depends as much on the re¬ 
ceiver as on the transmitter. The de¬ 
scription of a suitable receiver fallows 
this article. The transmitter’s dimen¬ 
sions are slightly different from those of 
the receiver, but in general it is designed 
as a companion unit. 

As in the receiver, one-fourth inch 
bakelite serves as the panel and also as 
the framework of the set. Though this 
construction is not the most compact, it 
has advantages. It is very easy to assem¬ 
ble, strong and rigid, and accessible— 
when the panel is tipped forward all parts 
are instantly exposed to view. 

Circuit Details 

The transmitter circuit is a series-fed 
Colpitts, often called the Hoffman split 
Colpitts. It is shown in Fig 1. All 
standard oscillator circuits are much 
alike in efficiency, despite the arguments 
of their advocates; but the Colpitts has 
two advantages which make it ideal for 

portable use: first, one variable con¬ 
denser absolutely controls the oscillator 
frequency over a wide range (see calibra¬ 
tion curve, Fig. 6) with no guess work 
inductance clips, no flopping out of oscil¬ 
lation, no plate current acrobatics; sec¬ 
ond, two large condensers directly across 
the tube elements keep the emitted 
wave exceptionally steady—practically as 
steady as that of an oscillator-amplifier 
circuit. In addition, the series feed 
brings the plate supply and grid bias 
leads into the radio frequency circuit at 
points of low potential. A minor disad¬ 
vantage of this circuit—no control of grid 
feedback, as evidenced by heavy plate 
currents—is nullified by using a high 
value of grid leak (around 10,000 ohms). 

The Power Supply 

After the circuit itself, the matter of 
power supply demands consideration. An 
“A” battery of dry cells may be essential 

when the outfit is packed on horses or 
mules, but for most uses a small storage 
battery, which will deliver a more con¬ 
stant voltage, is preferable. The plate 
battery, however is a different matter. 
Dry “B” batteries are bulky enough; wet 
ones are out of the question. No dyna¬ 
motor is made small enough for a set like 
this. The only trouble with the dry “B” 
battery is its bulk and weight; in other 
ways it is ideal. For any sort of economy 
we must use heavy-duty units, of which 
two or three, even though equipped with 
a handle, are not too easy to carry. The 
plate battery, then, is limited to either 93 
or 135 volts—preferably 135. 

We now have to find a tube that will 
produce some semblance cf antenna am¬ 
peres on the meager plate voltage of 135. 
It is a good deal like asking a confirmed 
drunkard to get hilarious at a prohibition 
picnic. Several UX-201As in parallel 
would take up too much space, but it 
fortunately happens that the UX-171 is 

OSCILLATOR OL TP 
EFF 

On 85 meters, antenna anc 
through 

Ep Tp 
UX-171 A 96 21 

142 40 
UX-112A 96 16 

142 28 
UX-201A 96 11 

142 16 
WE216A 96 12 

240 42 
*The Efficiency Index Is op Very 

PARATIVE, AND PROBABLY INAUGURATE. 

AND COMPARATIVE 
ICIENCY 
I counterpoise terminals shorted 
r. f. ammeter 

Efficiency 
Elp R.F, Index* 
2.19 .75 34 
5.68 1.30 .23 
1.53 60 .39 
3.98 1.03 .25 
1.06 .45 .42 
2.37 .60 .26 
1.15 SO .44 
10.01 1.43 .14 

jbtful Value, as It Is Entirley Com-

The Purpose of This Test Was tg Gft an Idea of the Performance of Various 
Tubes in the Portable Transmitter. The I X-171A, or 171, Was Chosen Because 
of Its High R.F. Output with a Le w Voltage Plate Battery. 
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O HORT-WAVE transmitter designs are legion, 
and so are multi-wave receivers ; but, to pro¬ 

vide portability in both instances, is distinctly a 
horse of another color. And this is exactly what 
Lieutenant Wenstrom has done in the case of the 
transmitter and receiver described here. 
With a conservatively rated, dependable day¬ 

light range of two miles for telephone, and twenty 
miles for code transmissions, the short-wave trans¬ 
mitter is adaptable to a wide variety of uses—some 
of which are suggested in the accompanying illus¬ 
trations. And it is worth emphasizing, that the 
word “portable,” in this case, is decidedly not a 
mere figure of speech. 
The companion receiver—equally literally port¬ 

able—covers a range of both short and broadcast 
channels and is so designed as to accommodate 
any type of “B” supply available. It also provides 
for phonograph pick-up, voice amplifier adapta¬ 
tion, and for the use of power audio output where 
(in fixed locations) the latter is at hand. 
The author’s particular fetish, in designing these 

portables, has been accessibility; a feature espe¬ 
cially desirable in equipment which is to be used 
under camping or traveling conditions. 

A REAR VIEW OF 
THE TRANSMITTER 
SHOWING PLACE¬ 
MENT OF PARTS 

set, as there is no danger of its going sud¬ 
denly out of date. There are very few 
parts, and the photographs show clearly 
how they are assembled and wired. Some 
experimenters may wish to vary the ar¬ 
rangement. Down the center line and at 
noted distances from the panel top are: 
the change over switch, S2, which is re¬ 
moved from its base and mounted di¬ 

ideal. Its superiority is shown in the 
oscillator output table. The figures were 
secured with a 171A, but apply also to 
the 171, which is more rugged and gener¬ 
ally satisfactory. (See page 33) 

Sometimes there arises the question of 
code versus phone. In reality there is 
no such question, for a phone experi¬ 
menter must, under the law, be a code 
man as well. This is not at all unreason¬ 
able, for really good phone work de¬ 
mands a higher degree of technical skill 
than does code. Code usually has a range 
ten times as great as equi-powered 
phone, but phone is very handy when 
there is a great deal to say. 

In choosing the operating band for this 
transmitter, we must hark back to its 
primary purpose, which is to cover de¬ 
pendably the distance of an ordinary 
camping trip or pleasure drive. The 
twenty-meter and forty-meter bands are 
unsuitable because of their pronounced 
skip-distance and because they are not 
open to phone. Though phone is per¬ 
mitted in the 160-meter band, this band 
would require too large an antenna. Thus 
by elimination do we arrive at the best— 
the 80-meter band. Coil specifications 
and arrangements are shown in Fig. 5. 

Suitable Antennas 

The antennas used with this set are de¬ 
scribed in some detail in the receiver arti¬ 
cle. Their exact dimensions appear in 
the diagram (Fig. 2), and the photo¬ 
graphs show their construction. The spe¬ 

cial insulators, cut from Y," hard rubber 
rod, are worth noting. 

C (instructional Details 

The construction of a portable, being 
more exacting than that of a fixed set, 
should be unhurried. It might be well to 
start construction and preliminary tests 
several months in advance of actual port¬ 
able use. This is particularly true of this 

rectly on the panel (2 in.); the antenna 
condenser, C2 (5 in.); the oscillator tun¬ 
ing condenser, Cl (9)4 in.); and the 
milliameter (1)4 in. from bottom). The 
coils of No. 16 D.C.C. wire (except 
modulating loop of No. 20) are wound on 
a fiber form 2)4 in. by 4)4 in. The coils 
are held rigidly in place by a “dope” of 

Fig. 1—THE CIRCUIT DIAGRAM OF THE 
TRANSMITTER 
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celluloid dissolved in acetone. Of course 
any “dope” on short-wave transmitter 
coils is pure heresy, but in this case the 
most important thing is that they stay in 
place. The coil form is fastened to the 
panel by angles on the right (from panel 
front) of the condensers. The condenser 
CS is fastened directly to the center coil 
ends. Above the coil, to the right of the 
changeover switch, is the socket for the 
antenna resonance bulb, mounted directly 
in the panel; and the shorting switch S3, 
also mounted in the panel. Below the 
coil, and held by bus bars, are the grid 
leak RI and the radio frequency choke, 
L5. The latter is about one hundred 
turns of No. 30 wire on a half-inch 
wooden cylinder. Below these parts is 
the microphone jack. 
On the left of the condensers is the 

tube socket, far enough down to have its 
base even with the oscillator condenser. 
There is plenty of room above it for a 
UX-210 tube when the set is used at a 
fixed location. Directly below the socket 
and held by bus bar are the “Colpitts” 
condensers, C3 and C4, and to the left 
of them is the filament ballast. R2. The 
filament changeover switch, SI, projects 
through the lower left part of the panel, 
balancing the microphone jack on the 
right. 

The carrying case is made of )4 inch 
white pine, nailed together with heavy 
brads and provided with a suitcase 
handle. The lumber cutting dimensions 
follow: 
• 1 piece 11 %" X 15)4" (back) 

2 pieces 4)4" x 11)4" (top and bottom) 
2 pieces 4)4" x 14)4" (sides) 

Though the portable receiver had a front 
cover this set has none, because its many 
binding posts do not allow one. For use 
in an auto, or in any place where it has 
a tendency to tip over, the box should be 
screwed to a 1 inch base of convenient 
size. 

The key, and a small knife switch to 
close the key circuit for phone, are 
mounted on a separate board %" x 5" 
x 10". This board is provided with a 
twisted pair lead long enough so that the 
key may be used on any convenient rest, 
such as the operator’s knee. The micro¬ 

phone, which may well be salvaged from 
an ordinary telephone, is provided with 
a twisted pair lead ending in a plug. To 
reach the microphone terminals, rather 
inconspicuous screws on the inner frame, 
the outer case must be taken apart. The 
A battery lead is another twisted pair, 
with battery clips at the far end; or the 
far end may terminate in a plug which 
fits a jack on the car dashboard. The 
B batteries are tied tightly with heavy 
clothesline into a bundle as compact as 
possible, and like the other units connect 
to the set through a twisted pair lead. 
There follows a list of the parts used in 
this set, though any parts which are 
mechanically and electrically similar may 
be used: 

TRANSMITTER PARTS LIST 

Cl—Cardwell .00025 mid. variable con¬ 
denser; 

C2—Cardwell .00035 mfd. variable con¬ 
denser; 

C3, C4—2 Sangamo .0005 mfd. fixed con¬ 
densers ; 

Below: the portable receiver and 
TRANSMITTER READY FOR USE IN A 

COUPE 

Fig. 3—a wavemeter, whose circuit 
IS SHOWN ABOVE, IS HELPFUL IN CALI¬ 

BRATING THE TRANSMITTER 

C5—Sargamo .006 mfd. fixed condenser; 
LI, L2, L3, L4—4 Home made coils (see 

coil diagram and text) ; 
L5—Radio frequency choke (see text) ; 
RI—Western Electric resistance, type 

38-B (see text) ; 
R2—Daven )4 amp. ballast, with mount¬ 

ing; 
SI—Yaxley junior jack switch, SPDT; 
S2—Trumbull knife switch, DPDT (see 

text) ; 
S3—Midget knife switch, SPST (see 

text); 
1—Benjamin spring socket, type 9040; 
1—Weston milliameter, type 506, 0-100 

mils; 
2—Dials, 3 inch bakelite; 
1—Lamp socket, miniature (see text) ; 
1—Bulb. 6 V. pilot; 
12—Eby binding posts, large size; 
1—Bakelite panel, %" x 10)4" x 14)4"; 
1—Carrying box, complete. 

OPTIONAL HEISING MODULATOR PARTS 

T1—Thordarson small type 2:1 audio 
transformer; 

R3—R.C.A. rheostat, type PR-535, 0-1.5 
—6 ohm; 

R4—Tobe grid leak, .5 meg.; 
L6—Primary of R.C.A. filament trans¬ 

former, type UP-1656; 
2—Sockets, Fahnestock clips, baseboard, 

etc.; 
1—Two stage speech amplifier; 
1—Cone speaker. 

Before any operation is attempted, a 
wavemeter should be procured. It is 
simple enough to make. As shown in the 
diagram. Fig. 3, its parts are three: a 
coil, a condenser and a flashlight bulb. 
The bulb should be of the 1.25 volt 
Variety, as higher voltage bulbs give too 
broad a reading. Once made, the wave¬ 
meter must be calibrated through the re¬ 
ceiver from a standard one. Its use is 
the simplest of all : With the transmitter 
in operation, place the wavemeter coil 
near the oscillator and turn the wave¬ 
meter dial until the bulb lights brightest. 
Of course, one must use caution—or a 
plentiful supply of bulbs. 

Operation 

First of all connect the “A” battery, see 
that the tube lights, and check the volt¬ 
age across its terminals. Then connect a 
45 volt “B” battery to the set, leaving the 
antenna and counterpoise off and setting 
the oscillator condenser at about 50. 
When the- key is closed the mihiameter 
should read about 5 mils. Next connect 
a short length of wire directly between 
the antenna and counterpoise binding 
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70 
OSCILLATOR DIAL SETTINGS 

Fig. 6—below, an 
APPROXIMATE CAL¬ 
IBRATION CHART OF 
THE 80 METER 

TRANSMITTER 

HEISING MODULATION CONNECTIONS 
WITH "STUDIO" PICKUP, FOR FIXED 

LOCATION ONLY. 

Fig. 5—details of 
THE COIL CON¬ 

STRUCTION 

The 80 metec 
TRANSMITTER WITH 
COMPLETE ACCESSO¬ 
RIES. ITS SIMPLICI¬ 
TY AND COMPACT¬ 
NESS ARE APPARENT 

posts. Tuning the antenna condenser 
should change the milliameter reading 
—at one point should almost double it. 
This test indicates that the tube oscil¬ 
lates normally; but to make sure of it 
place the receiver across the room from 
the transmitter, with no antenna or 
ground on either. The receiver easily 
picks up the loud cw whistle of the trans¬ 
mitter. Then plug the microphone into its 
jack, and get someone to talk into it. 
The telephone signals should be clearly 
audible in the receiver headphones. It 
will be noticed at this point that plug¬ 
ging in the microphone lowers the wave¬ 
length about a quarter of a meter. 

The set is now completely tested and 
ready for full-powered operation. Actual 
communication tests should be made 
from a fixed location before trying port¬ 
able work. Connect the antenna and 
counterpoise or ground, and also the 
90-135 volt B battery. With the 90 volt 
battery, the plate current will run some¬ 
what as follows: Antenna detuned, 12 
mils; antenna tuned to maximum, 50 
mils; normal operation, 25 mils. With 
the 135 volt B battery; Antenna detuned, 
18 mils; maximum, 80 mils (will soon 
ruin tube) ; normal operation, 40 mils. 
As the pilot light reaches normal bril¬ 
liance at about .1 ampere, one can guess 
at the antenna current. With the antenna 
condenser tuned somewhat below the 
maximum for normal operation, the an¬ 
tenna current runs about .08 ampere for 
90 volts and .12 ampere for 135 volts. 

Before any real operation, the trans¬ 
mitter must be carefully calibrated—an 
easy proceeding with the flexible Colpitts 
circuit. Each new set should be cali¬ 
brated individually, and a chart like the 
one in the diagram should be made up. 
Both the transmitter and the wavemeter 
may be checked against the receiver on 
such known wavelengths as 62 meters 
(KDKA) and 74.7 meters (NAA). 

It is worth noting that a Federal license 
is required for transmission, and that an 
amateur must stay strictly within the 
prescribed bands. The 80 meter band 
extends from 75 to 85.7 meters (4,000— 
3,500 kc.) for code, and from 84.5—85.7 
meters (3,550—3,500 kc.) for phone 
While a few careless or deliberate ama¬ 
teurs operate off wave, just as a few 
drivers labor under the delusion that they 
own the highways; if every amateur fol¬ 

lowed suit the whole fraternity would 
soon be wiped out by government action. 

When the transmitter is used for port¬ 
able work with the Portable Multiwave 
Receiver, the binding posts on the left 
side of the panel are used. The A bat¬ 
tery posts are connected by twisted pair 
to the external battery plug of the re¬ 
ceiver, and jumpers run from the upper 
left binding posts on the transmitter to 
the antenna and ground posts on the 
receiver. When using the single wire 
antenna, a .00025 mid. condenser is wired 
in the antenna jumper to change the an¬ 
tenna fundamental so that the 80 meter 
receiver coil will oscillate normally. To 
transmit, throw Si and S2 to the right, 
lighting the transmitter filament and con¬ 
necting antenna and counterpoise to the 
transmitter. To receive, throw both 
switches to the left, lighting the receiver 
filaments and connecting antenna and 
counterpoise to the receiver. 

1 
TO OSC. 

STAGE SPEECH 
AMPLIFIER 

(PORTABLE RECEIVE^ 

It is best to arrange the first tests with 
some amateur friend not over 20 miles 
away. When outsiders are worked later, the 
operator either tunes in a station calling 
CQ and calls him when he signs off, or 
himself calls CQ and searches for an 
answer in the form of his own call sent 
by some other station. 

The choice of good location will greatly 
facilitate portable work. Hollows below 
the general land level and heavily wooded 
spots are unfavorable to transmission. 
Electrical conductors, good or bad, ab¬ 
sorb radio frequency energy. This ab¬ 
sorption is not very important in recep¬ 
tion, but the waves should at least be 
given a fair start from the transmitter. 
Of course, nothing absolutely stops trans¬ 
mission — submarines transmit under 
water—but poor locations do cut down 
the range, and open spaces on water or 
fairly high ground are best. 

When the set is used for some time in 
a fixed location, more complicated ar¬ 
rangements may be found worth while. 
For this work a fixed receiver, such as 
the National Thrill Box or Pilot Super¬ 
Wasp, may be used. The transmitter is 
preferably placed up out of the way in 
another room and operated by remote 
control. Since more power is available, 
a UX-210 can be substituted for the 
UX-171, and storage battery, generator 
d.c. or rectified, filtered a.c. may be used 
on the plate. The plate current runs 45 
to 60 mils at plate voltages around 300 
or 350. Up to 500 volts may be used if 
the current is kept down by detuning the 
antenna. 

With increased power, loop modulation 
becomes unsuitable, and is replaced by 
Heising modulation. For telephone work 
the transmitter becomes, in effect, a 
miniature broadcasting plant. This 
sounds complicated but, as a matter of 
fact, the arrangements are quite simple. 

MANE NT LOCATION 
PHONE TRANSMIS¬ 
SION CAN BE IM¬ 
PROVED BY THE USE 
OF A VOICE MODU¬ 
LATION SYSTEM 
WHOSE CIRCUIT IS 
SHOWN AT THE 

LEFT 
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In a permanent location it is incon¬ 
venient to talk into a hand microphone. 
A ’^tudio” pickup which will transmit 
sounds that originate anywhere in the 
room is already in the possession of most 
experimenters. It is nothing more or less 
than a cone speaker, and its terminals 
are connected to the input of the speech 
amplifier. This arrangement makes the 
loudspeaker work backwards, or convert 
sound energy into electrical energy. 
The speech amplifier is merely a two 

stage audio amplifier using fairly good 
transformers and almost any sort of 
tubes. It may be the audio part of the 
Portable Multiwave Receiver. As shown 
in the diagram, Fig. 4, the speech ampli¬ 
fier output goes through an ordinary 
transformer to the grids of the modu¬ 
lator tubes. 
The modulator tubes are preferably the 

same type as the oscillator. One modu¬ 
lator tube works quite well. Two in 

The antenna erected and ready for use. 

parallel work very well indeed. Four 
would be still better, but a rather un¬ 
necessary and expensive refinement. The 
reason for more than one modulator tube 
is apparent when we recall how Heising 
modulation works. As far as audio fre¬ 
quency is concerned, the total current 
supplied to both oscillator and modulator 

is held quite constant by the choke, L6. 
The modulator, in accordance with the 
audio frequency voltages impressed on 
its grid, draws more or less current— 
acts as a variable resistance across the 
oscillator plate-filament. For complete 
modulation this variable resistance should 
equal the fixed resistance of the oscil¬ 
lator plate-filament. At normal grid bias, 
four modulator tubes in parallel draw 
about the same plate current as one os¬ 
cillator. 

RESULTS 

While this transmitter is conservatively 
rated at two and twenty miles with a 171 
and five and fifty miles with a UX-210, 
much greater distances are often cov-

ANT. CONDENSER 

Circuit used in obtaining the oscilator 
output table shown at the beginning 

of this article. 

ered. When the outfit was first set up at 
West Point, fifty miles north of New 
York City, a 210 was used with a 300 
volt storage battery for plate supply. 
The location—in mountainous country— 
was none too good, and the late spring 
weather was thoroughly bad. In addi¬ 
tion, the set was a rugged portable rather 
than a low-loss wonder resting mainly 
on air. In spite of these things we 
worked stations in Brooklyn, N. Y. (50 
miles); Oncta, N. Y. (120 miles); Potts¬ 
town, Pa. (120 miles); Auburn, N. Y. 
(200 miles); and Greenburg, Pa. (300 
miles). Heising phone was audible at a 
couple of hundred miles, but no verbatim 
phone reception was logged beyond 
Newburgh, ten miles away. 
Then a 171 replaced the 210 for a few 

days’ test, and the plate voltage was cut 
down to 100. The input was 2.7 watts, 
and the estimated output 1 watt. With 
this rather Lilliputian power we worked 
Newburgh easily enough; Riverside, 
N. J. (120 miles); Watertown, Mass. 
(175 miles); and actually disturbed the 
daylight ether at Lima, Ohio, 500 miles 
out—not bad for the 80 meter band. 
The 1 watt phone was heard weakly a 

hundred miles distant, but was not 
checked word for word beyond a receiver 
in Highland Falls, two miles away. In 
order to see how far the phone comedy 
would go, we put a UX-201A in the 
socket and cut the B battery to 40 volts. 
Highland Falls still got most of our con¬ 
versation. 

Its laboratory tests finished, the port¬ 
able was at last ready for field and high¬ 
way, lake and river. It was installed on 
the package rest behind the serf! of a 
coupe, and fed by the car battery and a 
90 volt B battery. We then drove to an 
open place in the hills three-quarters of 
a mile from the receiving operator, and 
put up the umbrella antenna. Every 
word went through without difficulty, 
even when we started the car and drovei 
slowly along the road. 
The next test was on the Hudson River. 

The transmitter, an A battery, a 90 volt 
B battery and the umbrella antenna were 
crowded into a small rowboat. On most 
seagoing craft the radio installations are 
inadequate, but this one may be truly 
said to have been overruled. Our 
phone signals were continuously under¬ 
standable at West Point up to two miles, 
when both the strength and good nature 
of the ro'wers gave out. At the same 
time, Newburgh, at eight miles, copied 
our code and heard the phone. 

As a final test of portability, the set 
(provided this time with a 135 volt B 
battery) was placed in the car along with 
the receiver and driven seventy odd miles 
to Garden City. We expected on arrival 
to find all the nuts loose and half the 
tubes broken, but no such thing hap¬ 
pened; both the transmitter and the re¬ 
ceiver worked perfectly at the end of the 
trip. We did some satisfactory two-way 
code and phone work up to two miles 
with 2GY, Radio Broadcast’s station, and 
with 2VM at Mitchel Field. Then wc 
drove south to Long Beach, and set up 
close by the restless Atlantic. At about 
ten miles we worked perfect communica¬ 
tion for an hour with 2GY, using code at 
first and then, to our surprise, phone. 
So much for the story of the 80 meter 

portable transmitter—a long story, per¬ 
haps, but not without a certain amount 
of meat. The set will not raise Australia 
in the small hours, nor will it pump every 
last microwatt of energy into the an¬ 
tenna. But after banging around in a 
boat or car it will do its modest two and 
twenty without complaining. And that, 
after all, is what a portable is for. 

Push-Pull 245 Amplifier 

(Continued from page 48) 
minais on the terminal board and the 
“B + Det” post also located here. Plate 
voltages to other tubes which might be 
in the tuner are supplied from the other 
terminals provided. The 2.5-volt A.C. 
heater line in the tuner should be exam¬ 
ined and, if the mid-points of any of the 
center-tapped resistors connected across 
it have been by any chance connected to 
anything but “B—,” they should be dis¬ 
connected, so that there cannot be any 
short circuits. 

In the center are the circuit connec¬ 
tions required when the detector tube of 
the tuner unit obtains its plate-voltage 
supply from an external battery source. 

Note that this makes unnecessary any 
connection between the input terminals 
and the terminals supplying plate voltage 
from the combination unit. 
At the right is the connection of a 

phonograph pick-up to the audio channel 
of the combined unit. If, previous to the 
connection of the pick-up, a tuner unit 
has been connected to the voltage-supply 
terminals of the power supply, then con¬ 
nection of the pick-up circuit to ground 
is automatically obtained. If a tuner has 
not been used or connected, then one of 
the input terminals, as shown, must be 
grounded and connected to the “B—” 
terminal, to avoid the production of hum 
and high-pitched whistles. 
When connections have been com¬ 

pleted, and the tubes have had sufficient 

time to reach their normal operating tem¬ 
perature, the “B” voltage levers should 
be adjusted, so that the tuner is operat¬ 
ing at best efficiency. It will generally 
be found desirable to separate the am¬ 
plifier and tuner at least two feet. Some¬ 
times improvement in operation results 
also from changing the angle between 
the positions of the amplifier and tuner. 
Because of the incorporation in it of the 
Mershon condenser, the amplifier should 
always be operated right-side up. 

OTHER APPARATUS 
The illustrations accompanying the ar¬ 

ticle show other amplifiers. Fig. C is a 
commercial 245-type combination power 
amplifier-power supply unit, put out by 
Ferranti, Inc. 

(Continued on page 91) 
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The portable 
MULTI WAVE RE¬ 
CEIVER, DESCRIBED 

BELOW 

The TRANSMIT¬ 
TER, DESCRIBED IN 
THE PRECEDING 

PAGES 

Wenstrom’s Multiwave Receiver 
A Companion Unit to the Portable Transmitter 

P
ORTABLE receivers maintain a 
refreshing variety unknown to the 
more staid and domestic sets of the 
home. We find puzzling extremes— 

portables that monopolize a large truck, 
and portables assembled in a nutshell. 
The search for compactness can easily 
be carried to ridiculous extremes; for a 
thumbnail portable, requiring phones and 
batteries much larger than itself, gains 
very little in overall convenience. For 
real portability, batteries should be in¬ 
cluded in the set, and the assembly should 
be of a size and weight easily carried in 
one hand. These requirements bring us 
logically to about half-suitcase dimen¬ 
sions; and indicate a carrying box built 
to fit the set rather than a set crammed 
into the odd corners of some ready-made 
container. The design and construction 
of a portable, needless to say, is more 
difficult than that of a fixed set. 

The circuit used in this receiver and 
shown in Fig. 1 is easily recognized as a 
slight modification of the standard re¬ 
generative circuit. It covers a wide 
range of wavelengths. The regenerative 
detector with one or two stages of audio 
is practically standard where maximum 
performance and dependability are de¬ 
sired from minimum apparatus. While 
the circuit is not as sensitive as some 
multitube arrangements, it is more re¬ 
liable and generally satisfactory. 

Antenna Design 

As the set is ill adapted to loop recep¬ 
tion, some form of antenna circuit must 
be used for everything except local work. 
Portable antennas are as varied as the 
sets themselves, but a fairly constant 
rule is that the smaller and more con¬ 
venient an antenna, the less signal it picks 
up. For use with this set three forms 
have been developed which do quite well 
for their size. The first is a single wire 
about 50 feet long, attached at its free 

end through an insulator to thirty feet of 
light clothesline which can be made fast 
to the highest support that happens to be 
available. For easy coiling the wire 
should be stranded, flexible and insulated, 
like lamp cord; and the insulator should 
be made from )4 inch hard rubber rod, 
as the standard types are too large. This 
antenna is probably the best of all, but 
in some locations, such as a moving car 
or a small boat it is not so suitable. For 
this work we use something reminiscent 
of the wave coil investigated some years 
ago by General Sqtiier. Thirty or forty 
feet of bell wire is wound spirally on a 
solid bamboo fishing pole eight or ten 

feet iong, the turns falling about one or 
two inches apart. The top end of the 
wire is fastened to the top end of the 
pole, which of course is vertically upright 
in use, and the bottom end of the wire is 
connected to the antenna terminal on the 
set. The third design, a modified um¬ 
brella antenna, is also built on a bamboo 
pole about twelve feet long; but the bell 
wire lead is not over twenty feet long 
with turns widely spaced, and two flexible 
wires each about six feet long are sol-

FlC. 1. CIRCUIT DIAGRAM OF THE MUL¬ 
TIWAVE RECEIVER ; A SLIGHT MODIFI¬ 
CATION OF THE STANDARD REGENERA¬ 

TIVE CIRCUIT 
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The receiver, as set up in a canoe. 

dered to the bell wire at the pole top, 
and held out from the pole at convenient 
angles by insulators and guy cords at 
their lower ends. 
Unless a good conductive ground ex¬ 

ists, such as a water pipe or a metal 
fence, a counterpoise, or insulated wire 
laid under the antenna, is desirable. The 
frame of an auto makes a good counter¬ 
poise, as does any large metallic object 
insulated from the ground. Various 
makeshift grounds, such as a metal plate! 
or wire in a lake or stream, or a nail 
driven into a live tree, have possibilities. 

RECEIVER RESULTS 

The parts are mounted in a rather 
unique way—a way that bears some re¬ 
semblance to the deck construction of a 
broadcast transmitter. A one-fourth-inch 
bakelite panel serves not only as the 
panel but also as the whole frame of the 
set. Everything except the batteries is 
mounted directly upon it with no other 
support. Perhaps each radio designer 
may be permitted one fetish that he ex¬ 
pounds above all others—the writer’s 
happens to be accessibility, and it was 
developed fixing military sets that had to 
work but wouldn’t. The all-panel mount¬ 
ing is ideally accessible, as well as strong 
and rigid, for when the panel is slid out 
of the box and laid face down, all the 
parts are spread out as on a breadboard. 
Tubes of the 199 type are chosen for 

their small size and battery economy. 
The rather small gain of these tubes 
makes two stages of audio desirable even 
for headphone work. UX-199s might be 
used with separate sockets; but as a 3 
gang shock absorber socket is made for 
UV-199s these were decided on. The 
gang socket is more compact, stronger, 
and easier to mount. As one sometimes 
wishes to use a loudspeaker on a strong 
signal and the 199 is entirely inadequate 
as an output tube, the set is designed so 
that a 120 tube may be used in the last 
stage. The Sonatron V-120 fits the gang 

COIL TABLE 
Band 
40* 
80* 
Broadcast 
Marine 

Coil Range 
23—45 tn. 
45—92 m.t 
200—;550 m. 
600—1400 m. 

S-M No. 111-C, altered 
S-M No. 111-B, altered 
S-M No. 111-A 
S-M No. 111-D, optional 

Pri. turns 
2 
3 

Grid turns 
5 

13 
Unaltered 
Unaltered 

Tickler 
20 
35 

* The first two coils arc altered from Silver-Marshall standard. On primaries and 
grid coils turns are taken off; on ticklers turns are added; no change in wire size. 

t The 80 meter coil goes up to about 135 meters with switch SI closed. 

socket; the UX-120 requires an adapter. 
The grid bias of this tube is secured from 

Fig. 2. A calibration chart of the 
plug-in coils. 

a resistance in the set, and requires no 
separate C battery. 
Most portables cover only the broad¬ 

cast band, but this one has a much 
greater range of usefulness due to its 
Silver-Marshall plug—in coils. As the 
broadcast band is considered most im¬ 
portant, the circuit constants are arranged 
to cover it completely with one coil. 
There is also much of interest between 
25 and 100 meters, including the 40 meter 
and 80 meter amateur bands, so that this 
range is covered with two coils. An op¬ 
tional coil, chiefly of interest to yachts¬ 
men, covers the ship and radio compais 
waves. These coils arel fully described 
in the calibration chart. Fig. 2, and in 
the coil table. Note that the amateur 
bands are placed well up in the short 
wave coil ranges, on the flat part of the 
curve. z

A quarter-inch bakelite panel serves not only as the front panel, 
but as the support for all parts. 
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The .00035 mfd. condenser used for 
tuning through the broadcast band would 
of course be too large for the short wave 
coils. We resort to an unusually com¬ 
pact way of getting a smaller tuning con¬ 
denser for the short waves. A fixed 
condenser equipped with a shorting 
switch is wired in series with the variable 
one. With the switch closed the tuning 
capacity goes up to .00035 mfd.; with it 
open the limit is about .000145 mfd. A 
potentiometer controls the grid bias of 
the detector and regulates its selectivity 
and sensitivity. It is usually negative 
for code reception and positive for 
phone. 

The filament voltage is controlled by a 
high resistance rheostat and a midget 
voltmeter. This system permits the use 
of any A battery, dry cell or storage, 
and insures correct operation of the deli¬ 
cate 199 tubes. So that different bat¬ 
teries will not affect the amplifier grid 
biases, the rheostat is wired in the A-f-
lead. 
Though the jack system seems quite 

complicated, it is decidedly useful. The 
first jack is across the primary of the 
first transformer, and serves for testing 
the detector output, as well as to intro-

Note, at the 
RIGHT, THE COM¬ 
PACT INTERNAL 
ARRANGEMENT OF 
PARTS, OF BOTH 
RECEIVER AND 
TRANSMITTER 

Below—all lo¬ 
cal NEW YORK 
STATIONS WERE 
EASY TO GET, ON 
THE HUDSON, AT 
WEST point; WGY 
AND WICP ALSO 
CAME THROUGH 

WELL 

duce an audio input with the detector 
tube removed. This last connection is 
handy when an electric phonograph pick¬ 
up is used, or when the set acts as a 
speech amplifier. The first-stage output 
goes to a conventional two-circuit jack. 
The output jack of the second stage is a 
filament lighting one, so that the last 
tube is lit only when in use. 

The battery system also seems quite 
weird at first, but it was planned from 
much portable experience. The internal 
A battery consists of two 4^ volt C bat¬ 
teries wired in parallel, the leads from 
which go to the inside contacts of a 
double-circuit jack. When an external 
A battery is plugged into this jack, the 
internal one is automatically cut out. 
This external A battery may be three dry 
cells in series, or a 4 or 6 volt storage 
battery. If the set is to be used much in 
a car, the metal dashboard can be drilled 
for an ordinary open circuit jack. The 

Below—ready for real work, in 
THE OPEN COUNTRY 

back of the dash near the hole is scraped 
clean, grounding the sleeve contact, and 
a wire is run from the tip contact to the 
ammeter. This jack makes a convenient 
outlet from the car battery to a radio set 
or an emergency light. 

The internal 45 volt B battery, applied 
to all tubes alike, consists of two 22}4 
volt units of the very smallest size 
(2" X 2y2" X 3%")- When a power tube 
is used in the last stage two jumpers, or 
short pieces of connecting wire, are re¬ 
moved. This removes the internal B bat¬ 
tery from the last tube, and permits to 
function the resistance which, at the 
rated current, applies the correct C bias 
to the power tube grid. The B-C battery 
for the power tube is then connected to 
external binding posts. Due to the auto¬ 
matic grid bias, this B-C source can be 
practically anything between 90 and 150 
volts—from batteries or eliminator. 

C onstructional Details 

The arrangement of parts is clearly 
shown in the photographs. Permissible 
variations will doubtless occur to the 
experimenter. The front panel is of 
bakelite, and measures 11 by 13 inches. 
Its y inch thickness insures the strength 
necessary to support all the heavier parts, 
which are bolted directly to it with ma¬ 
chine screws. A few lighter parts are 
held by bus bar, which is used in some 
places Io strengthen construction. Other 
connections are made with small, rubber-
covered wire. After the panel has been 
drilled, the mounting of parts can pro¬ 
ceed by three distinct sections. 

The top section includes the tuning and 
regeneration condensers, placed close to 
the outside edges of the panel to leave 
plenty of room between them for the 
plug-in coil. The condenser centers are 
two inches below the panel top. The coil 
socket is held horizontally by brackets 
midway between the condensers and 4Ji" 
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below the panel top. Some bus bar is used 
to steady the coil socket, and the series 
fixed condenser is held by bus bar just 
behind it. The shorting switch S, of the 
midget knife type, is screwed directly into 
this condenser. At the top center of the 
panel are the antenna and ground binding 
posts. The dials are mounted on the front 
of the panel, and the right one, controlling 
the tuning condenser, is a vernier. 

In the center section and 8J4 inches be¬ 
low the panel top is mounted the gang 
socket. Few if any radio stores carry it 
in stock. It is the “Frost No. 616 3-gang 
shock absorber socket for UV-199 tubes,” 
and can be obtained from Herbert H. Frost, 
Inc., Elkhart, Indiana. In the middle of 
the center section is the voltmeter, to the-
right is the rheostat, and to the left the 
potentiometer. The grid leak is behind the 
extreme left of the panel, and the grid con¬ 
denser is held by bus bar just above the 
tube socket. The radio frequency choke 
is held by bus bar just under the socket. 
The three phone jacks are placed one at 
each end of the gang socket and one just 
under its center. 
The two audio transformers occupy most 

of the bottom section. Old style Amcr-
trans were chosen for their high gain, small 
size and light weight and also because they 
happen to be on hand. Others of good 
make may naturally be substituted. Be¬ 
tween the transformers is the filament 
switch ; and below it is the external A 
battery jack, to which fahnestock clips for 
the internal A battery are soldered. All the 
other internal binding posts (fahncstock 
clips) are bolted to the bottom edge of he 
panel, and the two outside ones are also 
external posts. Behind the panel outside 
the transformers are the plate and grid 
by-pass condensers for the power tube, and 
its grid biasing resistance is held by bus 
bar below the left transformer. All wir¬ 
ing should be done in definite steps : first 
the filament circuits, then the various grid 
and plate circuits in order. 
The carrying box is built of Yi inch 

white pine, nailed together with brads, re¬ 
inforced with brass corners, and fitted with 
a suitcase handle. The lumber is cut as 
follows: 1 piece 12" x 14" (back), 2 pieces 
6" x 13" (sides), 2 pieces 6)4" x 12" (top 
and bottom), one piece 12" x 13" (front). 
The front is fastened to the rest of the 
box by snap catches, and when in place 
completely covers the panel. The back 
of the panel is held 1)4" behind the inside 
of the front cover by two thin wooden 
at the bottom, and at the top by wing nuts 
on two bolts set in iron angles. The two 
B batteries are at the back bottom corners 
of the box, and the two A batteries are 
against the center of the back. All bat¬ 
teries are held in place by brass angles. 
Two plug-in coils are clipped into the back 
top corners. The entire carrying box is 
finished with walnut varnish stain. The 
phones could be crammed between the 
panel and the front cover, but few users 
will care to give them or the panel this 
sort of punishment. 

OPERATION 

When the set is completed, it should be 
thoroughly tested in the workshop before 
any outside work is attempted. The opera¬ 

tion and calibration of this receiver is 
practically the same as that of any standard 
regenerative circuit. First of all, connect 
the internal A battery for a test of the fila¬ 
ment circuit and controls. Then connect 
the internal B battery and test each coil 
for even oscillation throughout its range. 
At this stage a few signals should be heard 
on the 40 meter coil without antenna or 
ground. Next plug in the external A bat¬ 
tery and again test the filament controls. 
Finally, with antenna and ground connected 
test each coil for actual reception and 
calibrate it. 

To test the power tube connections re¬ 
move the two jumpers, change the 199 in 
the last socket to a 120, and plug a small 
cone speaker into the last jack. Then con¬ 
nect the external B-C battery and tune in 
a strong signal, which should be reproduced 
with good quality at comfortable room vol¬ 
ume. When any trouble develops the jack 
system comes in handy, for one can im¬ 
mediately localize the fault in detector, 
first stage or second stage circuits. There 
follows a complete list of parts used in the 
set. Other parts, electrically and mechani¬ 
cally similar, may be used, but their di¬ 
mensions should be carefully checked 
against the available space. 

LIST OF PARTS 

Cl—Cardwell old type 350 mmfd. variable 
condenser ; 

C2—Sangamo 250 mmfd. fixed condenser; 
C3—Cardwell old type 500 mmfd. variable 

condenser ; 
C4—Sangamo 150 mmfd. fixed condenser; 
C5—Sangamo .5 mid. by-pass condenser ; 
C6—Sangamo 1 mfd. by-pass condenser; 
LI, L2 and L3—Sec coil table; 
L4—Silver-Marshall r.f. choke, type 275 ; 
RI—Tobe tipon grid leak, 6 mcg. (label 
removed) ; 

R2—Carter midget potentiometer, 400 ohm; 
R3—Dcjur rheostat, 30 ohm; 
R4—Ward Leonard vitrohm resistance, 

small size, 3,500 ohm ; 
1—Frost 3 gang socket (see text) ; 
1—Silver-Marshall coil socket, type 515; 
1—Hoyt midget voltmeter, type 541, 0-4 

volts ; 
1—General Radio dial, type 302, iyd' ver¬ 

nier; 
1—General Radio dial, type 310, 2)4" plain; 
2—American transformers, type AF-6, 5-1 ; 
1—Jack, open circuit; 
2—Jack, double circuit; 
1—Jack, filament lighting; 
1—Filament switch, small push type; 
4—Eby binding posts, large ; 
7—Fahnestock clips; 
1—Grid leak mounting; 
1—Bakelite panel, %" x 11" x 13" (see 

text) ; 
1—Carrying box, complete with batteries 

(see text). 

PORTABLE RESULTS 

Recently some rather interesting tests 
were made with this receiver near West 
Point, 50 miles north of New York City. 
They extended over two or three eve¬ 
nings. There was no attempt to drag in 
extreme distance or to invoke the powers 
of the listener’s imagination ; we wanted 
simply to find out what the set would do 

under average conditions. As some sig¬ 
nals had been heard accidentally in the 
laboratory while testing the set without 
antenna or ground, on the first test the 
two inch coil in the set was the only pick¬ 
up. The set was placed on the high con¬ 
crete wall of an athletic stadium up in the 
hills. On the broadcast coil, WEAF was 
tuned in intelligibly by zero beat. With 
the 80 meter coil in place KDKA came in 
quite distinctly on 62 meters, and amateur 
code came through from Connecticut and 
Pennsylvania. Then the 40 meter coil was 
plugged in, and brought in amateur code 
from New Jersey, Pennsylvania, New 
Hampshire, Virginia, North Carolina, Ohio 
and Indiana. 

The set was next driven in a car to a 
location close to the first one, beside a 
reservoir in the hills. The car was the 
counterpoise, and the single wire antenna 
was strung out on a slight upward incline 
to a nearby wall. On the broadcast coil 
WEAF, WJZ and WOR of the New York 
area, as well as WGY of Schenectady and 
WOKO of Beacon, came through with 
faint loudspeaker volume. KDKA of Pitts¬ 
burgh, WGP of Hartford, WCAM of 
Camden and WCAP of Asbury Park were 
also heard, along with WNYC, WMCA, 
WGBS, WPCH and WABC of the New 
York area. On the 80 meter coil KDKA 
was up to fair loudspeaker volume ; code 
amateur signals came in from Massachu¬ 
setts, Delaware, Pennsylvania, Michigan, 
and Prince Edward Island, Canada ; ama¬ 
teur phones in Pennsylvania and Long 
Island were clearly understood. The 40 
meter coil was somewhat of a surprise. 
Amateur code signals came in from all over 
the United States ; from Quebec, Ontario 
and British Columbia; from Mexico and 
Germany; and from Camcroons and Li¬ 
beria in Africa and a Portuguese ship. 
But this is not spectacular when we re¬ 
member the carrying power of short waves, 
and particularly the carrying power of 
code. 

The next test was made with the wave 
coil antenna to see what could be done 
with the car in motion. Of course there 
was some ignition noise, but on the broad¬ 
cast coil it was not loud enough to obscure 
speech. On the 80 meter coil it was worse, 
so that only loud signals came through ; 
and on the 40 meter coil it was very hard 
to hear anything but ignition noise. On 
the broadcast coil we tuned in WGL, a I 
thousand watt station 50 miles away. Then 
the car was started, and at 20 miles per 
hour WGL still came through with a clearly 
understood weather report. After a few 
minutes of this, the local weather turned 
to distinctly overcast in the form of a 1 

tree limb which knocked the antenna off 
the car, but we put it back on and con¬ 
tinued the test long enough to show that 
there is nothing difficult about broadcast 
reception in a moving car. Some interest¬ 
ing shadow effects can be visualized by 
noting the signal changes in hilly country. 
The final test was made in a rowboat 

on the Hudson for a half hour in the late 
afternoon. The umbrella antenna was 
used, along with a small copper plate in 
the water for ground. WEAF, which in 
this vicinity might be called “Old Faith-

(Continued on page 89) 
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Automatic Tuning Adjustment 
ONE of the undesirable peculiarities of 

the regenerative receiver is the reset¬ 
ting of the tuning condenser made necessary 
by each adjustment of the regeneration 
condenser—which accounts for the constant 
“juggling” necessary when tuning a regen¬ 
erative receiver. A suggested method of 
overcoming this condition as shown in Fig. 1. 

It is nothing more than a semi-circular 
piece of bus-bar wire, curved directly over 
the position occupied by the rotor plates 
when they are unmeshed, or turned quite 
out of the stator section of the tuning con¬ 
denser. Ordinarily it is found necessary in 
tuning, while reducing the capacity of the 
regeneration condenser, to increase the 'ca¬ 
pacity of the grid tuning condenser in order 
to follow the station. This wire, together 
with the action of the rotor, eliminates this; 
it serves as one plate of a condenser which 
automatically increases in capacity as the 
regeneration condenser decreases in ca¬ 
pacity, thereby keeping the wavelength 
constant. 
The exact location, position and size of 

this wire must be found by experiment. If 
good results are not obtained, by reason of 
insufficient capacity of the wire, a piece 
of sheet brass can be tried; cutting its 
width down by experiment until the proper 
results are obtained. Obviously, the “wrin¬ 
kle” outlined above can be employed only 
with condensers using semi-circular rotor 
plates.—Contributed by Martin Mytas. 

Bearings for a Tickler Shaft 

IN constructing tuning coils with rotor coils, such as three circuit couplers with 
variable ticklers, trouble is often encoun¬ 
tered in making suitable bearings for the 
rotor coils. A very simple and neat method 

Fig. 1 
The ingenious device indicated increases the ca¬ 
pacity of the tuning condenser slightly as that 

of the regeneration condenser is reduced. 

is to use the rotor plates of an old variable 
condenser, cut down as shown in Fig. 2. 
When used on a fiber, hard-rubber or 

bakelite tube, the plate should be cut as 
shown at “A.” Two machine-screws are 
passed through the holes in the coil form 
and bushing, and secured in place. A %-inch 
shaft passed through the rotor coil and 
bearings, with suitable washers to keep it 
centered properly, will provide an excellent 
means of adjustment. 
If a cardboard tube is used for the 

secondary, or stationary coil, the plate of 
the condenser may be cut with sharp ends 
(as at B), which are then pushed through 
the wall of the tube and bent over. This 
will provide a solid support without the 
necessity of drilling the bushing or tube. 

Fig. 2 
The discarded rotor plates of an old variable 
condenser can be converted into mounting for 

the shafts of several rotary tickler coils. 

A single screw placed through the bushing 
will strengthen it if any strain is placed on 
the latter. 
The washers which were used between the 

plates in the condenser will serve to center 
the rotor coil and, in some cases, the shaft 
also may be utilized for the coil. In most 
condensers the plates are made of thin sheet 
aluminum or brass and a pair of tin shears 
or heavy scissors will cut it with little 
trouble.—Contributed by D. 8. Jenkins. 

Mounting Tubeless Coils Constructors of receivers, either for the broadcast range or the various 
short-wave bands, will appreciate this sim¬ 
ple suggestion for mounting coils. Self-
supporting inductors are a great nuisance 
unless they can be mounted correctly and 
the distance between the various windings 
kept constant. A suggested method is shown 
in Fig. 3. 

In making these coils, first procure a 
fibre or hard-rubber rod about i^-inch in 
diameter and about five inches long. Then, 
with a hack-saw blade, cut a slit length¬ 
wise through tlie rod far enough down to 
hold all the coils of the coupler. Finally, 
drill a hole at the top of the rod, above 
the coils, and insert a machine-screw, to 
hold the coils firmly. 

Fig. 3 
A small piece of insulation is quickly made into 

a low-loss, rigid support for coils. 

The rod holding the coils may be mounted 
in any way satisfactory to the constructor. 
Perhaps the simplest way is to drill a 

hole in the end of the rod, lengthwise, and 
tap the hole for either a 6-32 or 8-32 screw. 
When a variable tickler (or other coil) 

is desired, it may be mounted directly on 
the panel of the set, with a suitable bushing, 
and the secondary and primary coils on one 
of the split-rods, as shown. The correct 
relation between the coils in a coupler can 
be obtained by making the slit longer than 

(Continued on page 89) 

Fig. 4 
A vernier adjustment for an old-style plain dial 
may be improvised from a binding post and a short 

length of rubber tubing, as shown. 
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A Tube and Set Tester 
for a Lean Purse 
A Practical, Home-Made Device that Does 

Away with “Hit-or-Miss” Methods 

By M. K. Barber 

B
EING an experimenter and set 
builder in a small way, and hav¬ 
ing long felt in need of a good 
tube tester and set analyzer, but 

not having the necessary seventy-five or 
eighty-odd dollars with which to pur¬ 
chase a real good one; and, being too 
fussy to be satisfied with a low-priced 
one equipped with a couple of cheap 
meters and having limited adaptability, I 
decided to get the old brain and pencil 
working to devise a tester which would 
approximate the adaptability of one of 
the real good ones at the cost of one not 
so good. I also wished to have all the 
test connections aboveboard, vjiere I 
could see what I was doing—rather 
than “throw switch A to the right and 
switch B to_ the left” just because the 
directions said to do so; and thus add 
somewhat to my knowledge of radio 
testing. 

The following paragraphs and the ac¬ 
companying diagrams describe a general-
purpose tube and set tester which may 
be assembled by anyone at a cost of ap¬ 
proximately fifteen dollars, and which 
will enable the set-owner quickly to lo¬ 
cate any trouble his radio set may de¬ 
velop. In addition, it will keep him 
advised of the condition of his tubes and 
batteries or eliminator voltages, and so 
he may anticipate and correct the cause 
of about ninety-five per cent of all set 
failures. 

Fig. 1.—THE SCHEMATIC CIRCUIT OF 
THE TUBE AND SET TESTER 

'THERE are a number of 
-*■ excellent set testers on the 
market. But the service man 
or experimenter whose work 
of this nature is only occa¬ 
sional, hardly feels justified in 
investing a large sum in test¬ 
ing equipment. 
Here is an answer to that 

very problem: a practical de¬ 
vice that is not only easy to 
construct, but well within the 
means of the leanest purse. 

Any radio receiver and its accessories 
may be tested, with the aid of only three 
simple pieces of equipment. These are: 
a voltmeter, a milliammeter, and a single, 
high-resistance phone receiver. If the 
resistance of the voltmeter is known, and 
is of a suitable value, it may be used 
either as a voltmeter or as a milliam¬ 
meter, and its range in either capacity 
may be extended to cover all normal re¬ 
quirements, by means of a variable re¬ 
sistance which will handle about five 
watts for a few seconds at a time. 

You say, “I have an old phone receiver 
and a rheostat in my junk box. I will get 
a voltmeter and so be equipped to do all 
my own testing.” Suppose you lift the 
cover of your radio set and look at the 
works. In the majority of sets, this is 
what you will see: from five to seven 
tubes with their bases set flush on a metal 
subpanel; two or three variable con¬ 
densers; the upper edge of a rheostat; a 
box with a covered cable extending down 
under the base; and a metal case or two 
containing audio transformers or what¬ 
not. No wires or terminals are visible. 

Now, where are you going to connect 
your voltmeter or phone receiver to make 
your first test? You lift out one of the 
tubes and it occurs to you that if you 
could clip the voltmeter across the socket 
terminals you could test the various cir¬ 
cuits connecting to that socket. So you 
could, but to make the test complete you 
must also keep the tube in that socket 
and have the set turned “on.” The main 
purpose of any tube and set tester is to 
enable you to do this. 

Look at Figs. 1 and 9. At the top is a 
tube-base plug to be inserted in a tube 

socket of the set. It is connected by a cable 
to the tube test socket (VT) mounted on 
the tester panel. Five pin-tip jacks are 
connected to VT. The tube we removed 
from the set is inserted into VT. Our 
voltmeter is equipped with a pair of 
short, flexible leads having a pin-tip on 
each. Switch X connects the plate prong 
of AD either directly to the plate of VT, 
or opens this lead for connecting a milli¬ 
ammeter in series with the plate. 
Now look at Fig. 2. This shows an 

amplifier stage in the receiver. The 
“doughnuts,” except P—, indicate the 
four terminals of the tube socket in the 
set. They also, including P—, indicate 
the five pin-tip jacks on the tester, to 
which the socket terminals are connected 
through the four-wire cable and its plug, 
AD. The circles marked GF, FF, etc., 
indicate the various voltmeter connec¬ 
tions which are made by plugging the 
voltmeter test cords into the pin-jacks. 
VT indicates the tube plugged into the 
test socket. The tests obtained by the 
various voltmeter connections shown are 
as follows: 
FF tests continuity of filament circuit 

and voltage drop across filament. If it 
is desired to read the full “A” battery 
voltage, minus the small drop in the fila¬ 
ment leads and rheostat, simply withdraw 
the tube from VT. A separate a.c. 
voltmeter, of the tube-base plug-in va¬ 
riety, is provided for testing the filament 
circuits of a.c. sets. 

GF— tests continuity of grid circuit in 
amplifier stages biased with a “C” bat¬ 
tery. This also shows the negative volt¬ 
age applied to the grid, and, if the volt-

Ftg. 2.—The various tests on this 
AMPLIFIER STAGE ARE EXPLAINED IN 
DETAIL IN THE TEXT ON THIS PAGE 
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Figs. 3 and 4, above and at the 
RIGHT, SHOW THE CONNECTIONS TO 
THE TEST SET WHEN TESTING, RE¬ 
SPECTIVELY, A D.C. AND AN A.C. AMPLI¬ 

FIER STAGE 

age of the “C” battery is known, the 
voltage drop across the transformer sec¬ 
ondary. GF-f- makes use of the “A” 
battery for grid continuity tests in those 
stages having no “C” battery bias. 

GP tests the continuity of any grid cir¬ 
cuit except those detector and R.F. am¬ 
plifier stages, in some sets, which have a 
condenser in the grid lead and a grid 
leak shunting the tube input terminals. 
In such a circuit the voltmeter will show 
a small deflection due to current flowing 
through the grid leak, but to test the con¬ 
tinuity of the transformer secondary it 
is necessary to short out the grid con¬ 
denser with a test cord and clips. In a 
detector circuit where the grid leak shunts 
the grid condenser, any deflection of the 
voltmeter indicates the continuity of the 
grid circuit. 

PF tests continuity of the plate circuit 
and voltage applied to the plate. If the 
full voltage of the plate battery has been 
determined, the difference between the 
two readings is the voltage drop through 
the plate coil, or plate resistance, or both, 
as the case may be. PF— includes the 
“A” battery voltage where A plus and 
B minus are common. 

PP tests the plate current when switch 
X is opened. Plug AD into an amplifier 
stage having the correct “A,” “B” and 
“C” voltages for the type of tube under 
test and compare the voltmeter deflection 
obtained with a similar reading taken 
with a tube which is known to be good. 

Directions for reading the plate current 
directly in milliamperes are given in a 
following paragraph. Remember that any 
change in the filament rheostat, grid bias, 
or plate voltage while making plate cur¬ 
rent comparison tests will cancel the 
readings previously taken. 
ET is for external testing. This con¬ 

nection places the voltmeter and “B” 
voltage from the set in series with a pair 
of test cords for the purpose of testing 
circuits or apparatus separate from the 
source of the testing voltage. Know 
your circuits well before prodding around 
inside of the same set in which you have 
the test plug. 

VM is simply the voltmeter with a 
pair of long test leads and it is safe to 
use this test even though the plug AD 
is in one of the set’s tube sockets. The 
leads should be insulated to within one¬ 
eighth inch of the points, to avoid danger 
of a short circuit. All continuity and 
voltage drop tests are conveniently made 
by connecting VM negative to B nega¬ 
tive and using the VM positive lead for 
probing each circuit from B plus up to 
its ending at a tube terminal. It is as-

Figs. 5, 6 and 7, 
SHOWING CON-
NE CT IO NS FOR 
THE RHEOSTAT, 
SERIES - PARALLEL 
SWITCH ; ALSO 
VOLTMETER PIN¬ 
JACKS AND BIND¬ 
ING POSTS FOR 
CUTTING IN 
EXTRA RESIST¬ 

ANCE 

sumed that the set has been removed 
from its cabinet and turned up on a work 
table for this kind of testing. 

Figs. 3 and 4 show the connections to 
the test set when AD is plugged into an 
amplifier stage of an a.c. set, and into a 
UY socket through a UX-UY adapter. 
In the latter case, a UY-UX adapter is 
inserted into VT and the cathode connec¬ 
tion between the set socket and the 
adapter socket is completed with a flex¬ 
ible test cord having a clip connector on 
each end. This cathode connection may 
be omitted, for most of the tests, by con¬ 
necting K to one of the heater terminals, 
H, on the UY-UX adapter. 

Figs. 5, 6 and 7 show the connections 
of the rheostat (R), series-parallel 
switch (AV), voltmeter (VM) and volt¬ 
meter switch (LO-HI), also voltmeter 
pin-jacks, and binding posts for cutting 
extra resistance in series with R. Figs. 
6 and 7 are schematic diagrams showing 
the connection made when the switch AV 
is operated towards either V or A. 

VM is a double range, 0-8-200 volts 
d.c. instrument having a resistance of 
60 ohms per volt on either scale; i.e., 480 
and 12,000 ohms for the 0-8 and 0-200 
scales respectively. By Ohm’s law, 16.666 
milliamperes will cause a full scale de¬ 
flection on either scale. Of course, 25 
times the voltage of the 10 scale, or 200 
volts, must be applied across the HI 
scale terminals to cause the same cur¬ 
rent to flow that 8 volts applied to the 
LO scale will cause to flow. It is better 
to use the LO scale, with a suitable value 
of shunt resistance, for all plate current 
measurements, where the current to be 
measured is larger than 16 milliamperes, 
because the reading thus obtained will 
more nearly approximate the current 
reading obtained by the use of a stand¬ 
ard milliammeter. This is because the 
lower resistance in the plate circuit will 
allow a larger current to flow. 16.666 
milliamperes divides itself into 2.083 mil¬ 
liamperes per each one-volt division on 
the LO scale. This may conveniently be 
called two milliamperes per volt, or one 
milliampere per each one-half volt divi¬ 
sion, and amounts to a direct reading, 
0-16 ma. scale, for all practical test pur¬ 
poses. A milliammeter of this range will 
handle the plate current of any tube up 
to a UX-171 in size, where not more than 
135 volts are used on the plate of the 
171 and with a grid bias of 27 volts 
negative. For larger plate currents to 
be measured, a shunt resistance is neces¬ 
sary. 

The resistance R is a wire-wound po¬ 
tentiometer of 0 to 6,000 ohms range and 
five watts capacity, with reverse rheostat 
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old 

corners. 

broomstick with a hole drilled lengthwise 

drill 
bot-

up to 200 volts, and count the unit divi¬ 
sions of the scale from zero to the point 
of needle deflection. A voltage multiplier 
constant of two is desired. 

Cut in enough resistance to bring the 
needle back to one-half of its former de¬ 
flection and the range has been doubled. 
The method of increasing the milliampere 
range is similar, except that the switch 

for the cord will do as well. 
The socket adapters, except' 
the UV99-UX, are improvised 
from Pilot sockets and 
tube bases. 

It is only necessary to 
a No. 6 hole through the 
tom of the tube base, ream 1 

out the eyelet which holds the 
Pilot subpanel socket together, 
solder pieces of tinned hook¬ 
up wire to the socket termi¬ 
nals, push the wires through 
the proper prongs of the tube 
base, and bolt the whole as¬ 
sembly together with one 6/32 
machine screw. Trim off the 
ends of the wires which pro¬ 
trude from the tube base 
prongs and solder them to the 
prongs. Even the tiny UV-199 
tube base is quickly and easily 
converted into a UX-UV199 
adapter in this manner. 

The panel is hinged to the 
back edge of the box and held 
closed by two thumb-screws 
(improvised from old style 
brass binding-post screws, nuts 
and split-washers) in the front 
The size of the panel and box, AV is operated to the A position after the 

first reading is taken, for the resistance 
adjustment. 

Figs. 8, 9 and 10 show the complete 
wiring diagram, the panel layout, and the 
dimensions of the box used by the writer. 
The box used once housed a Radiola III, 
and the five-wire battery cable from the 
same set (unused wire cut off) is used 
for the adapter cord. The adapter plug 
(AD) was improvised from a CX-199 tube 
base and a section from the handle of an 
old electric soldering iron. A piece of 

connection for direct resis¬ 
tance calibration on a two-
inch clockwise dial. Though 
a 0 to 500-ohm rheostat would 
provide sufficient resistance 
for all current multiplier val¬ 
ues to the LO scale, and the 
two binding posts provided al¬ 
low the connection of a higher 
resistance in series with R for 
voltage multipliers to the HI 
scale, the resistance described 
above is of greater utility. R 
must be completely short cir¬ 
cuited when rotated to the 
zero resistance position of the 
dial. The extra rheostat car¬ 
ried for the voltage multiplier 
resistance may be one of the 
carbon compression type with 
a range of from about 200 
ohms to 30 megohms, though 
24,000 ohms will triple the 
range of VM and is the most 
that will be needed. To the 
writer's knowledge there is no 
variable resistance on the mar¬ 
ket which has the necessary 
range (0 to 24,000 ohms), the 
required current handling ca¬ 
pacity, and that is also small enough to 
be mounted, in place of the one first de¬ 
scribed above, in the small space avail¬ 
able on the tester panel. Such a high re¬ 
sistance in one unit would be most diffi¬ 
cult to adjust on the lower values re¬ 
quired as a current multiplier to the LO 
scale. 

Adjusting R to the value required for 
use either as a voltage or current ampli¬ 
fier to VM is a very simple operation. 
For example, if a range of between 200 
and 400 volts is required, connect VM 
to as high a voltage as can be obtained, 

Fig. 9 
At the left is 
THE PICTURE DIA¬ 
GRAM OF THE 
PARTS AND WIR¬ 
ING OF THE TEST 

SET 

which can be home-made, may be any 
size desired by the constructor, but the 
size described here permits the carrying 
of ail necessary accessories, including a 
few tools such as pliers, screwdrivers, 
wrenches, files, etc., a small flashlight, a 
telephone receiver with cord and plug, 
and the adapter cord and plug AD, within 
the box and with a minimum of waste 
space. 

A metal handle is bolted to the back, 
and four rubber-headed nails on the bot¬ 
tom corners prevent the marring of any 
polished surface upon which the tester 
may be set. When in use, the adapter 
cord protrudes through a notch cut in 
the side edge of the box, near the socket 
(VT) to which three of its wires are 
terminated; the fourth or plate lead ter-, 
minating on one side of the switch (X), 
which is near to VT. 

(Continued on page 92) 

Fig. 10 
Dimensions and 
DETAILS OF THE 
CARRYING CASE 
USED BY THE AU¬ 
THOR ARE SHOWN 
AT THE RIGHT 
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A REAR VIEW OF THE ASSEMBLED RECEIVER USED IN Mr. MARSHALL’S TESTS 

Some Experiments on 
Ultra-High Frequencies 

By 

B
ACK in 1925, when 12 meters or 
thereabouts was considered the 
shortest wavelength on which 
transmission of signals could be 

obtained, a radio theory was advanced, 
perhaps as a relief to those who had 
ambitions to talk to Mars and other 
heavenly bodies, that since the wavs 
shorter than 12 meters could not pos¬ 
sibly be used successfully over the earth, 
they could be used for interplanetary 
communications. This supposition was 
offered as it appeared that these short 
waves would be capable of piercing our 
atmosphere as well as that of other 
planets. It was also believed that the 
course of the interplanetary wave on 
leaving the earth would be strongly in¬ 
fluenced by the electrons coming from the 
sun and would be diverted directly to¬ 
ward the sun, where it would reach an 
electron density of more than 100,000 
per cubic centimeter, which would cause 
total reflection. The wave might then be 
reflected toward Mars or other planets. 
Many prominent scientists, however, did 
not agree with this theory, and believed 
that satisfactory transmission could be 
obtained on these ultra-short wavelengths. 
They said “Time will tell.” 

Thomas A. Marshall 

'T'O the many experimenters 
-*■ who have been delving into 
the mysteries and behavior of 
transmission and reception on 
the extremely short wave¬ 
lengths Mr. Marshall’s obser¬ 
vations as outlined here will 
be of distinct interest. 
Mr. Marshall, formerly con¬ 

nected with the U. S. Naval 
Research Laboratory at Belle¬ 
vue, D. C., and recently with 
the U. S. Battle Fleet in south¬ 
ern waters has, over a period 
of nine months made the ob¬ 
servations which form the 
basis for the article presented 
herewith. His work in this 
field has undoubtedly pro¬ 
vided him with much authori¬ 
tative information and we are 
pleased to present to our 
readers his theories, together 
with a description of the re¬ 
ceiver he used in his work. 

From personal observations, it appears 
that time has told. The writer has just 
completed a long series of observations 
concerning actual reception at funda¬ 
mental and second harmonic frequencies 
of signals being transmitted by a host of 
stations now operating on short wave¬ 
lengths, the results of which seem to in¬ 
dicate that it is entirely practicable to 
utilize the band of 13 to 7.5 meters for 
transmission purposes on our own planet. 
By the use of his own type of receiver, 
he has received excellent signals from 
Washington, D. C., on wavelengths as 
low as 7.5 meters, at a distance of 2,000 
miles. 

The dotted line in Fig. 1 shows the 
skip distance effect as expounded by Dr. 
Hulbert in one of his lectures. It would 
indicate that a wavelength of 15 meters 
jumps over the earth approximately 1,400 
miles and that a 10-meter wave is totally 
reflected. The heavy line indicates the 
skip distance as observed by the writer, 
as compared with that obtained by Dr. 
Hulbert in his investigations along these 
lines. 

The data for extending Dr. Hulbert’s 
curve were obtained by observations made 
over a period of nine months. There ap-
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pears to be no longer any doubt that 
there does exist another favorable series 
of wavelengths below 13 meters, suitable 
and adaptable for long-distance signalling. 
From 6,600 to 23,000 kilocycles, which is 
the present band in use, there is a band 
of 16,400 kilocycles. From observations 
made, it appears that this band may be 
increased from 23,000 kilocycles to 40,000 
kilocycles, which is 17,000 kilocycles in 
width, thus doubling the width of the 
high-frequency band. 

Since the absorption of extremely short 
wavelengths is negligible in the Kennelly-
Heaviside layer, and the skip distance is 
long, as shown in Fig. 1, strong signals 
should be received from stations located 
at great distances. The line (A) in Fig. 
2 shows the possible angle of radiation 
from a certain type of antenna adjusted 
to 25 meters. The primary skip distance 
depends entirely on the angle of radiation 
and the height of the Kennelly-Heaviside 
layer. It is possible, by employing plane 
antennæ and reflectors, to concentrate the 
antenna radiation at an angle most ad¬ 
vantageous for reception at a given dis-

* tance. For extreme distances, it would 
be possible to control the radiation angle 
to increase the skip distance, and thus 
increase the signal strength from three to 
four times at the receiving station. The 
line B shows how the radiation angle may 
be changed so as to reach point D on the 
earth. Note that the 40° angle would 
give strong signals at C and diminish in 
strength toward D. Radiation angle B 
would skip over position C and produce 
strong signals at position D. 

The conventional type of receiving cir¬ 
cuit as developed in the past has been in¬ 
capable of giving high amplification in 
the short-wave bands, due to the rela¬ 
tively low input impedance of the circuit 
and to the low L/C ratio. The low im¬ 
pedance is due to the relatively high grid-
to-filament capacity. This may be fur¬ 
ther explained as follows: this type of 
circuit, due to the high inter-electrode ca¬ 
pacity, reduces the number of grid and 
plate turns of inductance for a given 
wavelength. The high inter-electrode ca¬ 
pacity also limits the number of turns 
for feedback purposes, causing the circuit 
to be a poor oscillator. 

The receiver circuit shown diagrammati-
cally in Fig. 3 has many advantages over 
the single-circuit receiver in that it is es¬ 
pecially suitable and adaptable for recep¬ 
tion of wavelengths down as low as 3 
meters. This type of receiver functions 
on push-pull principles ip the radio-fre¬ 
quency stage and detector stage, making 

Plug-in coils used by the author 

it possible to obtain very stable oscilla¬ 
tions over the entire range. In fact, the 
receiver oscillates and performs as well 
at 5 meters as at 50 meters. In this cir¬ 
cuit, the inter-electrode tube capacities 
are reduced: first, by use of the four-
element tube which, in effect, tends to 
reduce the effective grid-to-plate capacity, 
which is effective on the input grid cir¬ 
cuit; second, by using two split con¬ 
densers having two halves which are in 
series across the inductance system; third, 
by connecting the two tubes so that each 
grid-to-filament capacity is across one of 

providing a greater number of tuins in 
both grid and plate circuits is the in¬ 
creased feedback properties which are so 
desirable on short wavelengths in order 
to obtain stable oscillations. 
Another commendable feature in the 

push-pull radio-frequency amplifier is the 
perfect neutralization of feedback condi¬ 
tions within the tubes. This is accom¬ 
plished by connecting the tubes so as to 
balance each other, thus providing a per¬ 
fect balance regardless of the wavelength. 
It is not possible to accomplish a perfect 
balance on all bands in a single-tube cir-

the series sections. Thus, the effective 
tube capacity upon the tuned circuit is 
halved, which in turn permits a higher 
L/C ratio for the short wavelengths and 
reduces the grid conductance, thereby in¬ 
creasing the amplification many fold. Due 
to the foregoing reasons, the circuit per¬ 
mits more turns of inductance for the 
plate and grid circuits at a given wave¬ 
length. The increased number of turns 
increases the input impedance, which in¬ 
creases the signal voltage, thus increasing 
the signal strength. Another feature in 

Fig. 2. illustrating the “skip-dis¬ 
tance” EFFECT, AS EXPLAINED IN THE 

TEXT 

Fig. 1. A COMPARISON OF THE WAVE 
BANDS PREVIOUSLY ACCEPTED AS THE 
LOWEST PRACTICABLE FOR RADIO COM¬ 
MUNICATION, WITH THOSE ON WHICH 
THESE EXPERIMENTS WERE CARRIED 

OUT 

cuit. A slight feedback in a radio-fre¬ 
quency amplifier is desirable in order to 
overcome circuit resistance and increase 
selectivity. It will be noted that it is 
possible to accomplish this feature in the 
circuit as shown in Fig. 3. The radio¬ 
frequency stage should be balanced to a 
certain degree so as to reduce interaction 
with the detector circuit, which means no 
detuning effect taking place when the 
radio-frequency stage is tuned to reso¬ 
nance with the detector circuit. 

The detector circuit also has another 
distinct advantage over the conventional 
single-tube circuit for voice reception, of 
about two to one, resulting from a change 
in plate current from two tubes instead 
of one, with a given impulse. 

The push-pull circuit as shown in Fig. 
3 has perfect electrical symmetry of the 
input circuit, which is so essential for 
loop reception. In a single-tube circuit, 
one side of the loop is connected to the 
grid while the other side is connected to 
the filament which is common to all the 
battery circuits, resulting in a very high 
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L2 and L3 are secured to the inside of 
the shield and are mounted horizontally 
about 3J^ inches from coils L and LI. 
L4 is mounted vertically and directly un¬ 
derneath the junction of L2 and L3. C4 
and C5 are 30 mmfds. each. L5 is 
the tickler coil and is coupled to L6. 
Both coils are wound on a bakelite form 
with fixed relationship to one another. 
L2, L3, L4 and L7 are Sampson 250 
millihenry radio-frequency choke coils. 
R4 and R5 are megohm grid leaks. 
R7 is a 400-ohm potentiometer. R6 is a 
100,000-ohm variable resistor. C9 is a 
2 mfd. condenser. A and Al are 5:1 
ratio audio transformers. 

The shields are made of 3/16-inch alu¬ 
minum in order to reduce microphonie 

THE 

C5 

R4 
L2 L6 L5 

C6 

L4 

CW 
R5 

C8 

L3 
C4 C2 

R2 

C9 

+60 TO86 +60 TO 80 A-A+B-

R1 and R2 are 1 meg-
R3 is a 190-ohm vari-

mfd. condenser, 
ohm grid leaks, 
able rheostat. 

Ô Ô 
+60 +135 

R6 ¿ 
+ 60 

A PANEL VIEW OF THE COMPLETED 
RECEIVER 

noise. The tubes and coils should be 
arranged symmetrically as shown in the 
diagram. All battery leads should extend 
directly through the aluminum subpanel. 
The audio stages should be shielded from 
the other circuits, as shown. 

After the circuit has been placed in 
commission, the radio frequency stage 
should be detuned and the detector stage 
set into oscillations by varying R6, which 
should be set at a point where the detec¬ 
tor circuit is just barely oscillating. R7 
should be adjusted until the detector will 
go in and out of oscillation without 
“hangover” effect. This will be observed 
by varying R6, which controls regenera¬ 
tion in the detector circuit. The radio¬ 
frequency stage should be brought near 

(Continued on page 94) 
PUSH-PULL TUNER CIRCUITS AND TWO-

STAGE AUDIO CHANNEL 

ground capacity. This causes dissymme¬ 
try in the electrical properties of (he loop 
system. The unbalanced condition of 
such a loop system brings about a certain 
degree of antenna effect, causing the zone 
of silence or minimum signal not to be 
present while rotating the loop. In order 
to minimize interference, it is essential 
that the loop have zero minimum signal. 

Taking up in detail a description of the 
circuit shown schematically in Fig. 3, L 
and LI are wound on a bakelite form and 
have fixed relationship to one another. 
C and C6 are Cardwell .00025 mfd. 
variable condensers having the stators 

split; which is accomplished by cutting 
the bus bar connections at the center. 
Cl, C2, C7 and V8 are .0001 mfd. con¬ 
densers. 
CIO and Cll are plates ’4 inch in 

diameter and are arranged so as to be 
variable in capacity. These condensers 
should be permanently secured between 
the tubes and have the top plates soldered 
to a brass screw which may be turned 
by using a wooden screwdriver while 
making final adjustments. C3 is a 1 

Fig. 3 
Circuit diagram, s 
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(Continued from page 9) 
quite satisfactory in cases where the re¬ 
quired volume is low or where a very 
powerful amplifier is employed. Either 
jacks or switches may be employed for 
changing from radio to phonograph, or an 
“adapter” supplied with a pick-up is plug¬ 
ged into the detector socket and connects 
the unit to the plate circuit of this tube; 
the connection thus made being equivalent; 
to that in Fig.6. In some cases, adapters 
are obtainable for both the four and five-
prong sockets; so that the unit will be 
equally adaptable to battery sets and A.C. 
sets using the 227 type detector. The con¬ 
nections for power-operated sets are the 
same as for the ordinary battery sets using 
the common (201A-type) detector tube. 
The only change necessary is in the method 
shown at Fig. 5. In this case, the “C” bat¬ 
tery is connected to the cathode terminal 
instead of to the filament wiring; this is 
done in order to keep the hum at a mini¬ 
mum. 
In order to make operation of the 

phonograph entirely electric, and electric 
motor may be used in place of the usual 
spring mechanism. A number of constant¬ 
speed motors, some of which are equipped 
with turn tables, speed controls, etc., have 
appeared on the market; one of these 
motors is illustrated in this article. The 
motor is of the “induction” type and is 
equipped with a friction-type governor to 
keep the speed constant. The switch may 
be so arranged that the motor is auto¬ 
matically turned off when the record is 
finished, or that it will continue until it is 
turned off by hand. 

For those who have neither a phonograph 
nor the inclination to purchase an electric 
motor and turntable, there is one very 
good way of making a cheap but good unit. 
The small portable phonographs which 
were made several years ago (and in fact 
are still being made) have a very satis¬ 
factory operating spring mechanism and, 
with an electric pick-up, one may be made 
into a high-quality phonograph. These 
portable phonographs will take full-size 
records. If desired, the mechanism may 
be removed from the case and mounted in 
another cabinet ; in fact, this is a very good 

JACK FOR 
PHONOGRAPH 

, PICK-UP 

This connection gives somewhat less volume 
than others, but is often satisfactory. 

way of making a good combination phono¬ 
graph-radio console. A switch placed on 
the panel of the radio connects the pick¬ 
up to the amplifier when desired. 

“home broadcasting” 
While on the subject of uses for the 

audio amplifier of a radio set, it may be 

well to mention the pick-up devices now 
made for home “broadcasting.” Such an 
outfit (one of which is pictured herewith) 
consists of a microphone, a long lead and 
an adapter to be plugged into the detector 
socket of the set. By connecting the micro¬ 
phone in this way, a great deal of amuse¬ 
ment can be realized from “Broadcasting” 
programs and announcements at home. 
Such devices also have another use, besides 
experimental amusement; in cases where it 
is desired to make any public announcement 
and more volume is desired than the un¬ 
aided voice can supply, the microphone 
with an audio amplifier and a speaker will 
serve the purpose. 

MANUFACTURE OF RECORDS 

The distortion in the old type of phono¬ 
graph was not due entirely to the repro¬ 
ducer and horn used; the records them¬ 
selves were made under conditions which 
cut off the low notes and distorted some 
of the higher ones. The apparatus for cut¬ 
ting the records consisted, fundamentally, 
of a large horn, a rotating (“screw-feed”) 
mechanism and cylindrical record blanks 
of wax of the original type, mentioned 
before. The artist or artists (and there 
were often too many for the available 
space) were placed directly in front of, 
and very close to, the large horn. The 
wax record was then rotated and the 
needle, which was connected to a dia¬ 
phragm at the small end of the horn, cut 
a wavy line in the wax. The wax master 
record was then used to make the great 
numbers of records which were sold. 

The defects of the system were that the 
horn was incorrectly shaped, the dia¬ 
phragm had resonant points, the artists 
were too closely crowded before the horn 
to play correctly, and the volume of the 
music was too weak to allo wthe diaphragm 
to be vibrated over a sufficiently wide 
range. The result was that the low notes 
were cut off because of the horn and the 
diaphragm, the higher notes were distorted 
because of the resonant frequencies of the 
apparatus, and the result was generally far 
from perfect. 

RADIO METHODS ADOPTED 

Even if an electric reproducer were used 
with these records, the sounds would not be 
natural and, for this reason, the method 
of making records was changed most 
radically some years ago. The modern 
phonograph studio resembles the radio 
broadcast studio very closely. Standard 
broadcast microphones are used, as many 
of them as necessary to give the best re¬ 
sults. They are very carefully placed, and 
the sounds picked up are “mixed,” or pro¬ 
portioned so that the instruments of even a 
large symphony orchestra are brought out 
properly. The musicians do not have to 
play softer, or shift around, in order to 
prevent some of the instruments from 
being drowned out. All this is regu¬ 
lated at the control board. The sounds 
are picked up through the “mikes” and the 
audio-frequency currents passed into power 
amplifiers. They are then converted into 
the required mechanical motion for cutting 
the records, by using light rays with a 
photoelectric cell and other suitable equip¬ 
ment. The advantage of this is apparent; 
the light rays have no “time-lag” or “in¬ 

ertia, and they carry all the impulses 
equally well, regardless of their speed or 
frequency. For this reason the low notes 
of a large orchestra or organ are heard 
with narmal volume, while the high notes 
are left natural. Special cutting machinery 
has been developed with practically no re¬ 
sonant points on the audible band and this 
takes care of another point at which dis¬ 
tortion might be introduced. 
The fan who wants the best quality 

should use the new records, and should 
be sure of getting that type when new 
records are purchased. 

OTHER ELECTRICAL REPRODUCERS 

Up to this point, the only unit which we 
have mentioned has been of the magnetic 
type. Besides this type, there are at least 
three others; the crystal, condenser, and 
carbon types; of these only the magnetic 
type is at present commercially important. 
One large corporation has experimented 
with a crystal pick-up, but this device is 
still in the experimental stage, and no 
information is available at this time as to 
the method of construction, or the quality 
obtained. 
A pick-up of the condenser type was de¬ 

scribed in Radio News some time ago, but 
this unit is no longer on the market, not¬ 
withstanding its theoretical merits. A con¬ 
denser reproducer has also been developed 
by one company which is interested in the 
use of the device for other purposes, but 
this unit is not a present available for 
public use. The condenser pick-up differs 
in operation from the magnetic type in the 
fact that it is connected to the radio fre¬ 
quency section of the set. A vibrating ele¬ 
ment is used as one side of a condenser and 
when it vibrates, the capacity changes. A 
small oscillator-tube circuit is employed and 
the variations in the capacity of the pick-up 
modulate the output of this oscillator. 
The resultant “signal” sent through the set 
is very similar to a broadcast signal picked 
up over the air. It is amplified and de¬ 
tected by the radio-frequency and detector 
tubes, and then amplified again by the audio 
amplifier. A description of the device and 
its operation will be found in the April, 
May, and June, 1927, issues of this maga¬ 
zine; but, as we have said, it is not being 
manufactured now. 
Pick-ups of the carbon type have been 

known for a number of years, but only a 
few which will supply a high quality of re¬ 
ception have been developed. Such a pick¬ 
up depends for its operation on the changes 
of resistance in a mass of carbon granules 
when they are alternately compressed and 
released. This is the same principle as 
that used in the ordinary hand microphone 
or telephone transmitter (See Radio News 
for May, 1928, page 1206). When the 
needle vibrates, it compresses or releases 
the carbon grains in a small box attached 
to the unit. This type of pick-up is some¬ 
what different from the magnetic type and 
is designed to operate a speaker without the 
use of an amplifier. 
As explained above, however, the only 

type which is as yet of commercial impor¬ 
tance is the magnetic, which is both cheap 
in production and good in quality. The 
difficulties of design are comparatively 
small and are easily overcome by the use 
of good material. 
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The 
MASTER MAGICIAN 

NOW EXPOSES 
THE SECRETS 

of 
MAGIC 

At some time during your 
life you probably touched 
the borders of what you 
thought was real magic. 
Now you can learn the se¬ 
cret forces which acted to 
give you that queer spine 
rippling sensation. 
Here, within the 116 pages 
of this authoritative book, 
Houdini, the World Famous 
Magician, explains, with 
words and pictures, most of 
the unusual things that peo¬ 
ple see at spiritualistic 
meetings on the stage and 
elsewhere. 

AMAZE YOUR 
FRIENDS 

WITH THESE 
FEATS 

OF WIZARDRY 
It is a book as instructive as 
it is interesting. Many of 
the tricks exposed you can 
also do to mystify your 
friends. The book is the 
large 9 by 12-inch size, 
printed on fine English fin¬ 
ish stock with two-color 
cover. 

AND THE PRICE 
IS ONLY 50c 

We don’t know of any book 
anywhere that can be com¬ 
pared with it at five times 
the price ! Send for it 
today ! 

SIMPLY MAIL THE 
COUPON BELOW 

And Enclose 50c 
in Stamps or Coin 

Experimenter Publications, Inc. 
Dept. Q8, 381 Fourth Ave., New York 
I enclose 50c in full payment for the book, 
Houdini’s Spirit Exposes, which will be sent 
me by return mail. 

Name. 

Street. 

City .State. 

The Home Builder Seven 
{Continued from page 15) 

tain oscillation. A defective condenser 
at C5 will also prevent oscillation. 
As the builder becomes acquainted 

with the operation of the receiver, ex¬ 
cellent distant reception will be obtained. 
The DX possibilities of this receiver, as 
with any other sensitive set, will depend 
on the locality, the efficiency of the aerial 
and grounds, “atmospherics,” and the 
ability of the operator. 

BIASING A.C. TUBES 

If the constructor wishes to build this 
set for A.C. operation, it is recommended 

has no “B+” potential on its plate (be¬ 
cause of the peculiarity of the Ultradyne 
modulation system) and the latter is an 
oscillator, and should a bias be put upon 
its grid, greater plate potential would be 
required to cause oscillations. The A.C. 
screen-grid tube V4 requires a “C” bias 
between 1 and 1.5 volts. With 45 volts 
on the screen-grid, and 135 on the plate, 
the normal plate current will be one and 
a half milliamperes, or ,0015-ampere; and 
to give 1.5 volts “C” bias a resistance of 
1,000 ohms will be required. 
For the detector tube V5 it is recom¬ 

mended that the resistor be variable from 
0 to 2,000 ohms; the proper resistance 
value is then conveniently found when 

Fig. 1A 
The “Home Builder’s Seven," constructed to use A.C. tubes, follows the same lay¬ 
out as m the constructional drawings; the resistors and condensers shows replace 

thefilament ballasts. 

that he use only tubes of the heated-
cathode (227, A.C.-22, and similar) types 
except in the power stage. Here a 171A, 
or other power tube of any desired type, 
may be used with raw A.C. on the fila¬ 
ment and the proper plate voltage, in the 
conventional way. 
If we compare the circuit for battery 

operation (Fig. 1) with that given here 
for A.C. tubes (Fig. 1A), it will be seen 
that the latter eliminates the amperites 
R1-R2-R3-R5-R6-R7 and the tapped re¬ 
sistor R4. All grid returns (including 
that of the detector) are made to ground 
and “B—” on the shielding, instead of to 
filament; and the cathodes of the tubes 
are maintained above ground potential 
by resistors, the voltage drop through 
which provides the necessary bias. This 
is the usual method employed in A.C. 
tube operation; the values of the neces¬ 
sary resistors may be calculated by divid¬ 
ing the bias (in millivolts) required for 
a given tube by its plate current (in mil¬ 
liamperes); for instance, if a tube re¬ 
quires a 6-volt bias, this is six thousand 
millivolts; the plate current of a 227-type 
tube is normally three milliamperes. 
Division of six thousand by three gives 
two thousand; and, accordingly, a 2,000-
ohm resistor is what we need between 
cathode and ground to give a six-volt 
drop. Therefore, resistors of this value 
are required by the cathode returns of VI 
and V6, in series with their ground 
leads. On the other hand, V2 and V3 
do not require a grid bias; the former 

the set is placed in operation. The value 
for the resistor in the cathode return of 
the power tube V7 should be 2,000 ohms, 
when 180 volts is used as the platesup¬ 
ply. 
As the “C” biasing voltage is taken 

from the plate potential of the particular 
tube supplied, it follows that, to obtain 
the correct bias at the recommended “B” 
voltage«, that the voltage output of the 
power unit must be increased at each 
“B+” tap by the amount of the “C” 
voltage. Thus, for the power tube, 40 
volts plus 180 volts would require 220 
volts at “B-f-180” for normal operation; 
as the cathode of the tube is 40 volts 
positive above ground potential. 

BY-PASS CONDENSERS 

To prevent the blocking of either the 
R.F., I.F., or the A.F. frequencies by the 
biasing resistors, the latter must be by¬ 
passed with suitable condensers; these, 
in the cathode circuits of the audio tubes, 
have a value of 1 mf. Where either I.F. 
or R.F. frequencies are by-passed, a 0.5-
mf. condenser will be sufficient. 
To prevent excess of hum, the proper 

value of “B+” potential should be ap¬ 
plied to the center tap of the 2)4-volt 
winding supplying the heaters of the 227-
type tubes. Usually, this should be 45 
volts. 

For placing the A.C. set in operation, 
the same procedure is followed as with 
the battery-model receiver, as described 
above. 
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Volume-Control Methods 
(Continued from page 17) 

For this reason, series plate resistors 
are not advisable and resistors in the 
grid circuits (except in the first, when a 
resistor is used to couple the first audio¬ 
frequency tube to the aerial) are unsuit¬ 
able. This leaves plate-control methods 
which do not affect the plate voltage, 
and the two aerial methods mentioned 
above. 

Receivers using the filament-type tubes 
present a much more difficult problem. 
The balance in the filament and plate 
circuits must not be disturbed in any 
way. Any change in the plate voltage 
or the electrical balance in the filaments 
will cause a large increase in the hum 
and, when several stages of amplifica¬ 
tion are employed, this hum will become 
excessive. 
There are four methods which are sat¬ 

isfactory; for small sets, or sets enclosed 
in shields, the two aerial-coupler meth¬ 
ods are suitable. Of these, that shown 
as B (Fig. 4) is most satisfactory be¬ 
cause of the greater amplification. The 
third, shown in Fig. 5 at B, employs a 
resistor which should be shunted across 
the secondary of the first tube, rather 
than in a subsequent stage. In the last 
method, shown in Fig. 3 at B and D, 
the resistor should have a value of about 
10,000 ohms. If the first of these (3B) 
is used, the tuning condenser in the suc¬ 
ceeding stage should be equipped with 
a midget condenser in order to keep the 
dial settings alike for each stage. 

SCREEN-GRID SETS 

Although screen-grid receivers might 
be classed under the general heading of 
battery sets, some special problems are 
encountered and, for this reason, it is 
advisable to treat these circuits sep¬ 
arately. The extreme amplification gain¬ 
ed in the radio-frequency amplifier, will 
prevent some of the above control sys¬ 
tems from operating effectively; while 
the universal use of shielding in screen¬ 
grid amplifiers will allow the use of 
some systems which are not suitable for 
ordinary sets. Audio-frequency control 
methods are not advisable, because of 
the trouble with overloaded detectors. 
This is even more evident in screen-grid 
sets, because of the higher voltages sup¬ 
plied to the detector by the radio-fre¬ 
quency amplifier. 
The series plate-resistor method de¬ 

scribed above is not practical for two 
reasons. In the first place, it is not ad¬ 
visable to change the plate potential and, 
in the second, the volume may not be 
reduced sufficiently, even when the “B” 
voltage is cut down. This is most evi¬ 
dent in sets with more than one stage 
of screen-grid amplification, when the 
volume control is not in the last stage. 
The shunt-resistor system of Fig. 3B 
could be used, but 3D will be better in 
most cases. The control should be 
placed in the plate circuit of the last 
radio-frequency amplifier. 
The two aerial control methods in Fig. 

4 will be quite satisfactory, because 
screen-grid sets are almost always 
shielded carefully. The grid methods of 
Fig. 5 could be used, but are less desir¬ 

able than the other two methods men¬ 
tioned above. 

RESISTANCE VALUES 

The resistance values required for the 
different systems of volume control vary 
considerably and, for this reason, it may 
be of some assistance to give the (ap¬ 
proximate) maximum values required for 
the different systems. 

Resistor Value 
Fig. Arrangement ohms 
3A Series R.F. plate lead_200,000 
3B Across R.F. primary_ 10,000 
3C and 3D Potentiometer shunts 

primary - 20,000 
4A Series aerial potentiometer.... 10,000 
4B Shunt aerial potentiometer.... 25,000 
5A Grid circuit potentiometer.500,000 
5B Grid-shunt resistor _ 500,000 

Because of the difficulty in obtaining 
smooth and efficient volume control in 
sets using several stages of radio-fre¬ 
quency amplification, it has been sug¬ 
gested that several resistors be coupled 
together and controlled by a single knob. 
If resistors are used in similar positions 
in the set, there is no reason why sev¬ 
eral instruments cannot be controlled in 
this way. 
Volume controls other than resistors 

have been used sometimes. In one case, 
a copper tube was arranged to slide over 
the primary of one of the radio-fre¬ 
quency transformers. This method sup¬ 
plies a noiseless volume control; but it 
changes the characteristics of the pri¬ 
mary and, through this, the secondary. 
Of course, this affects the tuning and is 
not suitable for single-control sets. 
Other methods have been suggested 
from time to time, but resistors in one 
or more of the positions outlined above 
are usually employed. In most cases 
they are quite satisfactory, and they are 
much simpler than the others. 

“The Beginner’s Three” 
(Continued from pa,ge 30) 

but in most cases the click from the second¬ 
ary is weaker than that from the primary. 
It may be better to use a “B” battery for 
testing the audio transformer, so that the 
click will be louder. If no click can be 
heard, the transformer is defective. In 
testing condensers, the click is very weak 
and no continuous noises are heard. In 
some cases, as in the variable condensers, 
it is necessary to disconnect the part from 
the set ; because the coils or other apparatus 
are shunted across the condenser and it 
will appear to be short-circuited. 

If the trouble is not found by these tests, 
it is advisable for the novice to call some 
one in who is more familiar with sets and 
their troubles, in order to locate the diffi¬ 
culties. It is well, in fact, to have any in¬ 
stallation checked by an older head. The 
above suggestions should not keep any one 
from undertaking the “Beginner’s Three”; 
as the possibilities of encountering trouble 
in a set of this type are very slight, if 
the instructions are followed exactly. They 
are merely given so that if the omission of 
something causes trouble, the reader will 
have home means of locating it before call¬ 
ing for outside assistance. 

FREE 
TO BOYS 

Become a Member 
of the 

JUNIOR RADIO 
GUILD 

and Receive Your 

Introductory Lesson FREE! 

In just a few short weeks you can 
build your own radio set, make sets 
for your friends at a big profit, and 
become an authority on radio for your 
whole neighborhood. 

It’s lots of fun, too, when you learn 
through the Junior Radio Guild, be¬ 
cause you actually build sets as you 
learn.. And there is practically no 
hard study, because we tell you all 
about radio in simple, easy words that 
even a baby could understand. 

Over 12,000 boys are already mem¬ 
bers of this great organization spon¬ 
sored by RADIO NEWS, and they 
have told so many of their friends 
about what wonders it has done for 
them, that membership is increasing 
rapidly. 

All you have to do to become a 
member of the Junior Radio Guild 
absolutely FREE, is to mail us the 
coupon below. The 25c we ask for is 
merely to cover the cost of the beau¬ 
tiful bronze membership pin and your 
membership card. You receive your 
introductory lesson absolutely FREE! 

MAIL THIS COUPON 
TODAY ! 

JUNIOR RADIO GUILD, Dept. 291-U, 
381 Fourth Avenue, New York, N. Y. 
Gent lenen: 

Please enroll me as a member of the JUNIOR 
RADIO GUILD. I enclose 25c (coin or ¡-tamps) to 
cover the cost of my membership pin and membership 
card. I also understand that I will get the intro¬ 
ductory Lesson in Radio Instruction for Boys FREE by 
return mail. 

Name . 

Address . 

City. State. 

■ BMI ■■■■ UMI । 
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A Course 
in Aviation 

only 

complete ! 
Imagine it! Only 50c for this 
Big Book that tells all about 
Aviation. Written in plain, un¬ 
derstandable language for the 
beginner. 
Chapters by leading authorities, 
include : 
Principles of Flight 
Types of Aircraft 
Principles of Stability 
How an Airplane is Piloted 
Aircraft Engineering 
Fuselage Design Construction 
Landing Gear 
Propellers 
Parachutes 
How to Become a Flyer 
Etc. 

AERO - MECHANICS also 
contains hundreds of diagrams 
and pictures which make the 
study of aviation remarkably 
easy. 
Send for AERO-MECHANICS 
today! It is a way to quickly 
learn all the things you must 
know before you can actually 
fly. 

Clip and Mail 

Street . ■ 

City.. .. State. ■ 

_I 

Coupon 
Below 

Name 

EXPERIMENTER PUBLICATIONS, Inc. 
Dept. 2408a, 381 Fourth Avenue 
New York, N. Y. 
Gentlemen—Please send me a copy of 

your Big Book AERO-MECHANICS. I 
enclose 50c to pay for it complete. 

“A.C. Screen-Grid DX-er” 
(Continued from page 24) 

the best thing to use when you have no back 
yard, or if you have one, but don’t care to 
dig up a ton of earth. Some readers of 
Radio News will recall the extroardinary 
ground system used by a boy in Providence, 
R. I., who has heard practically every sta¬ 
tion on earth with a two-tube set. (See 
the issue of March, 1928). He buried old 
wash boilers, bathtugs, automobile radiators, 
and many other odd pieces of junk, and 
watered them all as regularly as if he 
were keeping a flower garden. 

USE A VOLTMETER 

Practically all power transformers de¬ 
signed for modern A.C. sets are intended 
for use on 110-volt power lines. However, 
the voltage in particular places may be 
considerably higher or lower than this fig¬ 
ure—a fact many a service man will sadly 
verify. If the voltage is higher (as it usu¬ 
ally is) you may experience no end of 
trouble from blown-out filter condensers 
and short-lived tubes. 
The one and only way to determine 

whether the line-voltage is correct, and 
whether the tubes are receiving the proper 
filament voltages, is to use an A.C. volt¬ 
meter. The most popular instruments have 
three-scale readings : 0-4 volts, 0-8 volts, 

“Junior Hi-Q 29” 
( Continued from page 20) 

The wires should not be pulled taut after 
being passed through the holes. All poten¬ 
tial sources terminate in the cable-con¬ 
nector plug. 

OPERATING THE "HI-Q 29 JR." 

With respect to the receiver’s operatioin, 
special directions are unnecessary. In view 
of the use of only two stages of radio-fre¬ 
quency amplification, accurate resonance in 
each stage is necessary and accurate adjust¬ 
ment of the tuning dial is likewise essen¬ 
tial, for both selectivity and tone quality. 
It is necessary that the operator bear in 
mind the phenomenon of “sideband sup¬ 
pression”; detuning of the R.F. stages in 
such a system results in the loss of low 
notes and lack of selectivity. The aerial 
employed may be of any outdoor elevated 
type but it should not be longer than 100 
feet over all. 
Correct adjustment of the operating po¬ 

tentials will aid materially in the attainment 
of good reproduction and satisfactory re¬ 
ceiver operatioin. Excessive plate poten¬ 
tials applied to the radio-frequency amplify¬ 
ing tubes will augment the degree of re¬ 
generation in the system and thus reduce 
its inherent stability. Insufficient plate and 
filament potentials in the audio-frequency 
systems will mar the quality of reproduc¬ 
tion, and increase the possibility of tube 
over-loading. 

Particular attention must be paid to the 
use of a 171A type of tube as the output 
tube. This tube draws approximately 20 
milliamperes of plate current at 180 volts, 
and a speaker filter should always be em¬ 
ployed, unless an output transformer is 
used to feed the speaker. 

and 0-150 volts. Thus the one meter will 
read the filament voltages of all types of 
receiving tubes, incuding the rectifiers, and 
also the voltage of the line. 
The D.C. voltages developed by the “B” 

power pack can be read accurately only 
with a high-resistance voltmeter. Oridinary, 
small battery voltmeters are worthless; as 
they require for their own operation almost 
as much current as will be drawn by the 
plate circuits of all the tubes, in the average 
set, and therefore give a reading entirely 
too low. 
A model receiver assembled from a kit 

was tested by members of the Radio News 
staff both in New York City and in a farm 
house near Peekskill, New York. In both 
locations it produced unusual results. 

The farm house was, naturally, the better 
location, because of the absence of the 
troublesome factors that make city recep¬ 
tion so uncertain. During one evening of 
listening almost a hundred different sta¬ 
tions were logged, two being on the West 
Coast. The Chicago statiions figuratively 
“tore the roof off;” while those in San 
Francisco and Los Angeles were weak, 
though understandable. The quality was 
all that could be asked, the tuning sharp, 
the sensitivity very high. More could 
hardly be expected of any set, regardless 
of price; and this outfit can be build for 
less than fifty dollars. 

Dealing with Interference Inside 
the Building 

HP HERE is no doubt that the following 
bit of information has been anxiously 

sought by many a harassed listener. Our 
contributor chanced upon a case where it 
was necessary that the set be located in a 
foyer which was within a few feet of an 
elevator, bringing about interference from 
that source, subsequently most unpleasantly 
apparent. After much moving about it was 
discovered that circumstances about the in¬ 
terior decorations made it quite impossible 
to place the set anywhere but in the foyer; 
whereupon invention as the child of nec¬ 
essity was called upon, with the following 
results : 

An antenna coil was substituted for the 
loop and carefully shielded; an outside 
aerial erected as far as possible from the 
elevator. The lead-in consisted of BX (ar¬ 
mored) cable, which was placed under the 
hoor, and used only as far as necessary to 
get outside the zone of interference ! the 
surface of the cable was grounded. This 
method was employed on an extremely 
sensitive superheterodyne, and no doubt 
will function equally as well on the average 
receiver. The only precaution necessary is 
to make sure that enough BX cable is used 
to get outside the zone of interference, the 
limits of which may be found by testing the 
receiver in various positions throughout 
the home until the position is found where 
the noise is no longer picked up; it may 
then be taken for granted that this is the 
limit of the zone.—Edward R. Jahns. 
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(Continued from page 26) 
•emanations from this ground current. 
(Several of our readers who have obtained 
good reception on ground alone have ex¬ 
pressed the theory that radio waves travel 
“the low road” and come up instead of 
down, into the set from the ground. It 
might be hard to square this with the ex¬ 
cellent reception which has been obtained 
on aircraft high in the air and having no 
connection with the-earth.—Editor.) Ap¬ 
parently these currents, following the path 
of least resistance—the earth itself being 
inferior as a conductor to iron—strike the 
separated pipes and are conveyed thereby 
through the set; and the use of an aerial, 
in place of helping them, impedes them to 
a certain extent. 
This is not a matter of freak reception 

for one night, but of continuous reception. 
I have noted that, on connecting one of 
these grounds directly to the aerial—so 
that I have on one side a direct ground, 
and on the other a combined ground and 
aerial—changes the reception not the slight¬ 
est; but the moment one of the grounds is 
disconnected, the volume drops appreciably. 
I wish it were possible for me to do 

some experimenting in transmission ; for I 
would like to know what th eeffect of trans¬ 
mitting directly into the ground without 
an aerial (at two points some hundred or 
so feet apart) would be. 

The set used is of the simplest construc¬ 
tion. Forty turns of No.18 D.C.C. wire on 
a tube 4 inches in diameter, 5 inches long, 
tapped on each 10th turn and controlled by 
a 4-point inductance switch ; a 23-plate 
variable condenser, a .005 fixed condenser 
and a fixed Carborundum detector. 

H. J. Walters, 
Box 670, Havana, Cuba. 

(It is obvious that the phenomena de¬ 
scribed do not agree with the perfect¬ 
ground theory. The set operates o nt he 
difference of potential across two metal 
systems, separated some distance; and 
which are separated by a considerable re¬ 
sistance. (See the article on “Short-Wave 
Aerials and Grounds," in last month’s 
Radio News.) In the tropics, atmospherics 
or “static” are far more intense than in 
northern regions; and the advantages of a 
buried aerial are more pronounced. In ad¬ 
dition to this, it is quite possible that one 
or both pipe systems have an insulating 
joint between house and street. Mr. 
Walters uses a simple crystal set; a re¬ 
ceiver with tubes, and consequently an 
electrical supply, should never be connected 
to a gas pipe. However, it goes to shoiv 
that you can’t tell what is the best antenna 
system in your location till you have tried. 
We are often asked,“What is the best an¬ 
tenna to use with my set?” That is a 
question which cannot be answered at long 
range. As for transmission, where high 
power is involved, there would certainly 
be a considerable loss of power between 
the tivo lines. A transmitting aerial is 
strung as high and clear of surrounding 
objects as possible, to increase its "effective 
height,” and consequent range.—Editor.) 

“bloopless” alterations 
Editor, Radio News : 

I have built the “Bloopless” one-dial set, 
out of spare parts, and wish to state that, 
properly built, it can’t be beat. Using only 

Mr. Harrington has a very compact ex¬ 
perimental layout, as appears above. It 
is designed to promote interchangeability 

of sets. 

a 25-foot inside aerial, it has brought in 
KNX, KFWB, KFM, KFI and KOA; this 
by plugging in its output into the audio 
amplifier of my five-tube set through a 
tube-base adapter. I had KRLD, Dallas, 
yesterday morning until they signed off at 
ten o’clock. 

I made a change that I want you to pass 
on. Instead of using the 100,000-ohm an¬ 
tenna resistor, I used a home-made choke 
coil. It contained about a hundred turns 
of No. 26 enamelled wire in a ÿ^-inch slot 
in a spool()4-inch core) jumble-wound. 
With an aerial not over forty feet in 
length, this coil peaks at about 500 meters, 
with a consequent amplification almost 
equal over the broadcast band. Also, in¬ 
stead of an 8-turn primary on the three-
circuit coil, I used one of 25 turns. Tn 
this locality such a large primary does not 
cause too much lack of selectivity. Also, 

I use a CX-300A detector tube in the first 
stage, instead of a 301A. 

T. H. Miller, 
c/o C. & W. C. Ry., Greenville, S. C.. 

an experimenter’s console 
Editor, Radio News: 
I have made a large cabinet with four 

panels 7x16, as shown in the photo, for 
experimenting. It is very handy to change 
hook-ups, but rather unhandy to change 
plug-in coils. So I plan to wind short¬ 
wave coils up to 90 meters on l)4-inch 
tubes and from 90 meters up to 2-inch coils, 
and amount them on a turntable with level 
gears; so that I can change from one to 
the other by turning a bevel gear with a 
knob on the panel. 
The panels slip into the cabinet on 

shelves, and connect to the wiring, the 
same as a Ford coil box. 

Louder Harrington 
319 Pennell St., Chester, Pa. 

a fine combination 
Editor, Radio News : 
I built the entire console shown in the 

photograph (reproduced below), receiver, 
power amplifier, and all art features shown, 
in my own workshop. The receiver is an 
eight-tube superheterodyne, the last tube 
being a 250 wired in connection with a 450-
volt power pack, giving enormous volume 
with wonderful tone quality. The left side 
grill conceals the loop; the center upper 
compartment contains the receiver, with 
the power amplifier below it; and the right 
grill the dynamic speaker. I have received 
all important stations in the United States 
and Canada with volume and clarity un¬ 
believable to the sceptical radio fan. 
The construction of such an elaborate 

receiver would no doubt tax the ability of 
the average home set builder; yet it may 
fit the ambition of some really energetic 
fan with lots of patience and mechanical 
ability to tackle a real job. 

E. H. Reed, 
114 West Liberty St., Elgin, III. 

(Continued on page 94) 

Mr. Reed’s constructional ability includes cabinet-work. This self-contained receiver 
has everything, including a loop in the compartment on the left, that could be desired 

and will excite the envy of the less ambitious. 
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The “Explorer Eight” 
(Continued from page 55) 

power-supply device which may be con¬ 
structed to furnish the necessary “B” 
potential to the receiver when the 171A 
tube is used in the power output stage. 
These illustrations are self-explanatory; 
it being necessary only to follow the lay¬ 
out and wiring arrangements shown to 
obtain satisfactory results. 

In Fig. 2 the two condensers at the 
top of the figure, which shunt the 
“B+45” and “4-135” terminals on the 
voltage divider R18, though not shown 
as such, are contained within the “B” 
block C16 and are each of 1-mf. capacity. 
When the “L45” power tube is used in 

the “B” power-supply unit it will be 
necessary to substitute for the line trans¬ 
former T5, one that will deliver greater 
voltage to the rectifier unit. The S-M 
327 power transformer will not only 
prove satisfactory for this purpose but 
in addition it will furnish the necessary 
2.5 volts for the filament of the 245 tube, 
from its extra filament windings. 

So much of data and diagrams is avail¬ 
able from manufacturers, concerning the 
correct construction of a satisfactory 
high-voltage “B" power-supply device, 
that instructions governing its construc¬ 
tion will not be given here. Suffice it to 
say that, in general, the circuit diagram 
will be similar to that shown in Fig. 2. 
The only difference will be in the elec¬ 
trical values of the various parts em¬ 
ployed, depending, of course, on the 
maximum output value that is desired. 
The several photographic illustrations 

accompanying were taken from the au¬ 
thor’s later set-up, wherein the L45 tube 
was used, together with an S-M 850 
dynamic loud speaker; the set beng pow¬ 
ered from a National “B” supply unit 
and a Tobe “A” supply device. 

In later issues some further sugges¬ 
tions will be given for the constructor 
who desires to increase sensitivity on 
weak DX signals by the use of a booster 

unit or tuned aerial stage at the expense 
of an added control—as may do, not¬ 
withstanding the very high amplification 
and keen selectivity already obtained 
with the four following tuned stages. 
Some other optional changes will be 
suggested as well; as, for instance, a 250-
type amplifier, should the volume de¬ 
sired be greater than that required for 
the ordinary home. 

LIST OF PARTS 

The following were the components 
used in the original receiver, here illus¬ 
trated : 
Two Hammarlund “Battleship” two-
gang condenser units, type BSD 50, 
0005-mf. (C1-C2, C3-C4); 

Two “Tinytobe” fixed condensers, one 
.00025-mf. (C5), one .001-mf. (C6); 

Six Tobe by-pass condensers, tvpe No. 
300, 1-mf. (C7, 8, 9, 10, 11, 12); 

Three Tobe by-pass condensers, 0.1-mf. 
(C13, 14, 15); 

Four Aero “Universal” R.F. transform¬ 
ers, type U4 (Tl, T2, T3, T4); 

One Electral “Tonatrol,” type A, 0-500,-
000-ohm (RI); 

Eight “Ampcrites,” one type 622 (R2), 
six type IA (R3, 4, 5, 6, 7, 8), one type 
112 (R9); 

One Durham grid leak, 5-megohm (R10); 
One Durham' “Powerohm,” 2,500-ohm 
(RH); 

Three Durham plate resistors, 100,000-
ohm (R12, 14, 16); 
Three Durham grid resistors, two 0.5-
megohm (R13, R15), one 0.25-megohm 
(R17); 

Eight Durham single-resistor mounts, 
for the above; 

Eight Silver-Marshall sockets, type 511; 
One Hammarlund R.F. choke, 85-milli-
henry, type 85 (LI); 

One National Drum Dial, type F; 
One Yaxley Battery switch, No. 10; 
Two Yaxley cable receptacles, No. 660; 
One LignoIe panel, 7x21x3/16-inch; 
One baseboard, 12)4x20’4x^-inch; 
Three boxes Corwico solid “Braidite”; 

One National tone filter (TF)—unless 
dynamic speaker is used; 

Four Electrical wire-wound grid sup¬ 
pressors, 300-ohm, to be used at “X” 
only if required, as explained above; 

One CeCo “RF22” tube, VI; 
Three CeCo “AX” tubes (V2, V3, V4) ; 
One Ceco “H” detector tube (V5) ; 
Two CeCo “G” high-mu tubes (V6, V7) ; 
One CeCo “J71” power tube (V8). 

POWER SUPPLY 

One Silver-Marshall power transformer, 
type 329A for 71-type tube, or type 327 
for 45-type power tube (TS); 

One Silver-Marshall “Unichoke” type 331 
(L2); 
One Electrad “Truvolt” voltage divider 
(R18); 

One Tobe "B” block, type 760, 2-2-8-1-
1-mf. (C16); 

Two Tobe filter condensers, 1-mf. (C17, 
C18); 

One Silver-Marshall UX socket, type 
511; 

One CeCo “R80” rectifier tube (V9) ; 
One baseboard, 8xl2x)4-inch; 
One box Corwico stranded "Braidite”; 
One Tobe “A” supply unit. 

WINDING SPECIFICATIONS 

Diameter of solenoid 2 inches 
Number of secondary turns 76 
Number of primary turns 15 
Size wire (sec.) No. 20 D.C.C. 
Size wire (pri.) No. 24 D.C.C. 
The primaries may be wound on forms 

slightly smaller in diameter than the sec¬ 
ondaries so that they can be inserted at 
the filament end of the secondary coil; 
or the primaries may be wound on the 
same form as the secondaries, a space of 
3/16-inch being left between the two 
coils. The direction of winding for both 
coils must be the same. 
These specifications are for .0005-mf. 

condensers. Should the constructor de¬ 
sire to use .00035-mf. instruments, he 
should use 86 turns on each secondary 
and 20 on each primary. 

Beginner’s Amplifier - Power Supply 
(Continued from page 32) 

condition, the battery should be tested 
and finally the parts themselves should 
be checked over. The transformer 
should be tested with a battery and pair 
of phones, as described in the article last 
month, and condensers should be tested 
after they have been disconnected from 
the circuit. It is necessary to disconnect 
the condensers from the circuit since 
some of them are shunted by coils or 
other apparatus which would apparently 
show a short circuit. If, after checking 
over all of these points, no defects are 
discovered and the set still does not 
function properly, it is best to call in 
someone who is more familiar with the 
operation and construction of sets rather 
than continue further. 

In testing the “B” power unit and am¬ 
plifier, a slightly different procedure 
should be followed. The wiring should 
first be tested with the “C” battery and 
a pair of phones, after the unit has been 
disconnected from the line and receiver. 
A loud click will be heard from the power 
transformer windings and a subdued click 

will be heard from the audio and output 
transformer. In testing the filter con¬ 
densers, a battery should be connected 
across each of the condensers for a few 
seconds. A piece of wire should then be 
used to short-circuit the terminals of 
each condenser and if it is in good con¬ 
dition, a spark will be noticed when the 
connections are first made. If no spark 
is noticed when the condenser is short-
circuited, it is more than likely defective. 
If the condenser is short-circuited, a 
spark will be seen when the battery is 
touched to the condenser terminal and it 
should be immediately disconnected in 
order to prevent the battery from being 
injured. 
This method of testing condensers is 

only suitable for large condensers, such 
as those used in the filter circuits of 
B power units, etc. The small fixed and 
variable condensers employed in the 
tuned circuits of a radio set will not give 
a spark in this way. The voltage divider 
can be tested with the battery and 
phones in order to be sure that there is 

a contact between all of the taps and 
between the ends of the resistor. The 
click will be reduced to some extent 
when the full resistance or most of the 
resistance is in the circuit. (This will 
be noticed when the two ends of the 
resistor are connected to the battery and 
phones or when the tester is connected 
between the higher voltage taps and the 
negative end of the resistor.) 

As in the case of the set itself, the first 
thing to suspect in case of failure, is the 
tubes. Both the 171 and the Raytheon 
tube should be taken to a dealer or ser¬ 
vice man to be thoroughly tested. Next 
the wiring should be checked over and 
finally each piece of apparatus should be 
tested in the manner suggested above. 
These suggestions for testing and lo¬ 

cating trouble are not given with the 
thought in mind that trouble will be en¬ 
countered. They are merely given to 
help those few readers who are unfor¬ 
tunate enough to encounter defective ap¬ 
paratus or who make some mistake in 
building their units. 
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IULM VERNE’S TOMBSTONE AT AMIENS 
PORTRAYING HIS IMMORTALITY 

Jules Verne 
Comes Back 

to Life ! 
A MAGIC name—Jules Verne! A name 

that has biought untold joy to untold 
millions. 

Name 

Street 

State City 

AMAZING STORIES. 
Dept. 2409S, 381 Fourth Ave., 
New York, N. Y. 
Gentlemen : 

I enclose $1, for which send me your 
next 6 issues of AMAZING STORIES. 

Who can fail to remember his famous nov¬ 
els, “Twenty Thousand Leagues Under the 
Sea,” “From the Earth to the Moon,” “To 
the Center of the Earth,” and other equally 
imaginative triumphs of this world-renowned 
novelist? Few writers have ever equalled 
Jules Verne’s vivid imagination, and still 
fewer have been able to paint these pictures 
of the mind so brilliantly in printed words. 
And now Jules Verne comes back to life! 

Comes back with stories that increase your 
pulse and make your heart pound. For in 
AMAZING STORIES, the magazine of 
scientific fiction the famous school of au¬ 
thors who have followed in Jules Verne’s 
footsteps now offer you the fertile fruits of 
their imagination. In their colorful minds, 
the inventions and discoveries still to come 
are already here. They write of a voyage to 
Venus, that silvery star seen so often in the 
evening sky; of correspondence with a mythi¬ 
cal people on Mars; of radio messages from 
still more distant planets; of giant insects 
and of people who have huge heads and no 
bodies; of the things a man might well see 
and hear a thousand years from now ! 

It’s a thrill you’ve never had! For it 
deals with the Future, and the things your 
children’s children may some day actually 
experience and enjoy. 
Get the next 6 Big Issues of AMAZING 

STORIES delivered to your home by the 
postman. Read with a relish these profusely 
illustrated stories of a weird, but not impos¬ 
sible, future. 

As a special inducement we offer all 6 
Bié Issues for a single $1. (The news-stand 
price is SI.50). And if you are not con¬ 
vinced AMAZING STORIES is worth twice 
the price, after reading the first issue, we will 
let you keep it FREE, and send your dollar 
back. 

Sit down right now and fill out the coupon 
below. It is your insurance against dull 
evenings from now on! 

Simply Clip and Mail Coupon 

Wenstroms Mutiva-Receiver 
(Continued from page 75) 

ful,” again came through with weak loud¬ 
speaker volume. WOR, WJZ, WABC 
and WNYC of the New York area came 
in clearly, as did WGY at Schenectady 
and WICP at Bridgeport. The short wave 
coils were not used in this test, but on 
the small antenna they would undoubtedly 
have done better than the broadcast coil. 
These tests seem quite pleasing where 

we remember the simplicity of the set. 
Simple though it is, a more reliable and 
versatile receiver would be hard to find. 

Radio Wrinkles 

(Continued from page 76) 

desired and then shifting the coils until 
the correct relation is secured. After the 
coils have been placed in the required posi¬ 
tions, the machine screw at the top is 
tightened, to keep them in place. By em¬ 
ploying some other method of securing the 
rod to the baseboard of sub-base, which 
will allow the coils to be removed more 
easily, this scheme can be used also for 
plug-in short-wave coils.—Contributed by 
William H. Dobson. 

The “RE 29 Receiver” 
(Continued from page 35) 

LIST OF PARTS 

Two Hammarlund ,0005-mf. “Midline” tun¬ 
ing condensers (Cl, C2) ; 

Six Sangamo ,00025-mf. fixed condensers 
(C3, C4, C5, C8, C9, CIO) ; 

Two Acme “Parvolt” 0.5-mf. by-pass con¬ 
densers (C6, C7) ; 

One Sangamo .001-mf. fixed condenser 
(Cll) ; 

One Lacault Bl antenna coupler, with base 
(LI); 

One Lacault B2 oscillator coil, with base 
(L2); 

One Lacault F2 intermediate-frequency 
transformer with base (L3) ; 

Two Lacault SG intermediate-frequency 
transformers, with two bases (L4, L5) ; 

Two Lacault CL radio-frequency choke 
coils (L6, L7) ; 

One Sangamo type A (3-to-l ratio) audio 
transformer (Tl) ; 

One Lynch “Equalizer” No. 22 (RI); 
Three Lynch “Equalizers” No. 4 (R2, R5, 

R6) ; 
Two Carter 25-ohm fixed resistors, with a 
tap on each at 15 ohms (R3, R4) ; 

One Carter filament switch (SW); 
Six Benjamin sockets (VI, V2, V3, V4, V5, 
V6) ; 

Three Carter tube shields ; 
Three “Peewee” clips; 
Two National Type E dials, with dial 
lights (DL1, DL2) ; 

Three “Alcoa” aluminum stage shields; 
Two binding posts, "Antenna” and one 

“Ground,” with 1x3 inch bakelite strip 
and two brackets ; 

One Jones “Multiplug,” 10-wire; 
One 7 X 24-inch bakelite front panel; 
One 12)4 x 25)4-inch baseboard; 
One Fritts cabinet (Cat. SS24) ; 

Complete New Novels 
by 3 Famous Authors 
Real he-man stories, these ! New 
Stories of tiie West of Old—when 
guns flamed and the covered wagon 
was a familiar sight. Now a half-
dollar brings you all 3 novels in mag¬ 
azine form (shown above). Each 
written by a famous author of West¬ 
ern Tales—J. Samuel Sisco, Charles 
Alden Seltzer, and Charles Wesley 
Sanders. 

Men Who Made History! 
Meet voting Benson, that fighting 
fool who enjoyed bucking odds with 
his gun. Hit the trails of gold with 
Dutch Schultz, happy-go-lucky ad¬ 
venturer of the mining camps. Meet 
Parson Bill, that strange combination 
of preacher and fighter, who could 
handle a gun with the best of them. 
Meet them all—reckless, fighting, ro¬ 
mantic adventurers. They wait to give 
you many an hour’s reading joy with¬ 
in the pages of these 3 great navels. 

These Same Novels Would 
Ordinarily Cost You $6.00 
if vou bought them in the book stores. 
By printing in magazine cover style 
we save you 11 times what they cost 
you. Imagine paying only 50c for 3 
complete $2 novels. 

Send for them by enclosing 
•**•**•* A 50c with the coupon be4ow. 
Coupon Today 
turn mail. Do it now, while they last. 

!---—-j 
■ NOVEL MAGAZNE CORPORATION 
■ Dept 2409Z, 381 Fourth Ave., New York. N Y. ■ 

I Gentlemen: 

I Plea ;e send me the 3 complete novels. GUNS U' I HELL. SIX-GUN .JUSTICE and MAN-SIZK. I I 
I enclose 50c (in stamps or coin) to pay for them. । 

I Name .      I 

I I 
I Street . | 
I I 
I City . State .,... | 
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The Constructor’s Own Page 
{Continued from page 87) 

what's in your cellar? 
Editor, Radio News : 
Few people realize the importance of a 

good ground. A special ground installed 
by me brought in Davenport, Iowa, just 
as strong as KYW was coming in (at 
Kenosha, Wis., which is 50 miles north of 
Chicago) on a water-pipe ground. With 
a two-tube Harkness reflex I received all 
stations of any importance from Denver, 
Ft. Worth, Nashville, Atlanta, New York 
City, Springfield, Mass, and all on the 
speaker with good volume. All this is 
due to excellence of the ground. 

B. R. Medley, 
Milwaukee, l-Yis. 

(The ground system sketched by Mr. 
Medley comprises a number of copper 
plates buried in a hole 4% feet deep and 
8 inches in diameter dug under the celler 
floor. This is just the thing where it is 
practicable; but we can hardly see ourselves, 
here in New York, blasting through the 
steel and concrete floor of the cellar of a 
14-story apartment house. However, those 
more fortunately situated will find a ground 
along these lines an excellent help. Such 
grounds have been more than once il¬ 
lustrated in Radio News.—Editor.) 

AN AERIAL TUNER 

Editor, Radio News: 
I have been experimenting with the unit 

shown schematically in Fig. A, and have 
had the same connected to different sets, 

Mr. Keulman found this arrangement of 
a wavetrap, with a second aerial as de¬ 
scribed, a device much wanted by his 

customers. 

both battery and A.C. I find that it in¬ 
creases volume, selectivity and the distance 

range of the receiver to which it has been 
attached. 

The unit is made of the following parts : 
an inside aerial of about forty feet, one end 
to be attached to the aerial post of the set 
in use, and the other end to the primary of 
the coil in the unit. The secondary is tuned 
by a ,00035-mf. condenser. The parts used 
are 50 feet of aerial wire, a socket, a 
Dresner plug-in coil, a Remler condenser 
and a vernier dial. 
I have put these parts in a case similar 

to a mantel clock, which gives an attractive 
appearance when put on top of the radio 
cabinet, or alongside the same. I have 

(Continued on page 94) 

A.C. Screen-Grid “Everyman” 
(Continued from page 51) 

the speaker which it is desired to use. The 
“B—” and “C+” returns are indicated by 
a dotted line in Fig. 1A; when this ampli¬ 
fier is used in conjunction with the “Every¬ 
man Five,” this terminal is the same as that 
used with the R.F. tubes. 
The writer personally and heartily rec¬ 

ommends the A.C. Screen-Grid “Every¬ 
man” tuner, and the accompanying ampli¬ 
fier here described, both to the experimental 
fan, and to the average radio enthusiast 
through the medium of the custom set 
builder. 

Fig. 3 

The method of detection shown will be 
more satisfactory here; it is practicable 
only with a receiver having high R.F. 

amplification, like the “Everyman." 

plate detection 

The writer, personally, recommends a 
further modification of the original “Every¬ 
man” design; thus providing for plate rec¬ 
tification in the detector circuit. This can 
be secured with the detector used, with 
practically no loss in sensitivity, yet the 
usual gain in quality. The circuit of this 
suggested alteraiton is shown in Fig. 3. 
The only changes are the substitution of a 
O.lmf. condenser for the usual grid ca¬ 
pacity and the inclusion of a by-passed uni¬ 
versal-range Clarostat in the plate circuit 
of the detector tube. The grid leak is 
brought down to a negative bias of 18 volts, 
instead of to a positive “D” terminal. The 
plate resistor is adjusted for minimum hum 
and maximum signal response. 

The Velvetone-29 
(Continued from page 45) 

the secondary being connected to the power 
tube or tubes, aS the case may be. 
When the set is completely assembled 

and wired, all that it is necessary to do 
is to line up the condensers for maximum 
reception at the lower end of the dial by 
means of the trimmers to compensate for 
differences in capacity due to the wiring. 
Connect the set to a short antenna, say 
twenty feet long, and tune in some weak 
station on the low wavelengths. Should 
the set tend to oscillate, change the screen-
grid tubes around, as the a.c. screen-grid 
tubes which are at present available are not 
as uniform in their characteristics as the 
more widely used 201A. If there is only 
a slight tendency to oscillate, this may be 
eliminated by slightly decreasing the vol¬ 
ume control. The lined-up condensers 
should then be slightly adjusted so that the 
weak station comes in the loudest or nearly 
so, and the receiver should then tune 
sharply all over the dial and have a tre¬ 
mendous amount of gain. 
It is believed that the many radio fans 

who desire to build a set which combines 
distance and quality will be much pleased 
with the performance of this receiver. 

List of Parts 

The National MB-29 Kit comprises the 
following : 
1 National chassis with five lithe sockets 
4 National R.F. choke coils 
3 1.0 mfd. by-pass condensers 
RI 1800-ohm resistor 
R2 100-ohm resistor 
R3 60-ohrn resistor 
R4 50,000-ohm variable resistor, special 

taper 
R5 20,000-ohm resistor 
4 National special r.f. transformers com¬ 
plete with self-contained by-pass con¬ 
densers and r.f. choke coils 

4 National type M variable condensers 
with zero adjustments 

1 National type F drum dial 
1 .001 mfd. mica bypass condenser 
2 binding posts with insulating washers 
Wire, hardware, etcetera. 

It Happened (?) 

Radio Fan (who finds the usual at¬ 
mospheric conditions accompanying a 
demonstration of his new hook-up before 
company): “Gee, what a rotten night ! 
I can’t seem to hold any stations at all!” 
Visitor: “Oh, the weather is nice out. 

Maybe the radio stations are not sending 
out enough ether!”—C. Walker. 

Radio Methametics 
Instructor: “In measurements, “mi¬ 

cro-” means “one-millionth”; a micro¬ 
ampere is one millionth of an ampere, 
and a microfarad is one-millionth of a 
farad. Now, can anyone give me fur¬ 
ther examples?” 

Star Pupil: “Yes, sir; a micrometer is 
one-millionth of a meter and a micro¬ 
phone is one-millionth of a phone.”— 
Bernard Ring. 
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Need of High Standards in Frequency-Maintenance 
By Robert H. Marriott 

T
HROUGH the history of radio de¬ 
velopment in the United States, in¬ 
creasing accuracy in frequency-meas¬ 

urement and in frequency-maintenance have 
been necessary developments. A simple ex¬ 
ample of the value of measurement and 
maintenance of frequency at the present 
time is to be found in broadcasting. 

About ninety per cent, of the broadcast 
stations, at present, reduce each other’s 
service ranges; because they do not stick 
to the frequencies they are assigned to. 
That is not so apparent in New York; be¬ 
cause in the vicinity of New York City, 
there are enough stations on cleared chan¬ 
nels to supply a variety of programs. How¬ 
ever, less than ten per cent, of the people 
of the United States live around the city 
of New York, and less than ten per cent, 
of the stations in the United States are on 
cleared channels. 

Consider two stations that are nominally 
on the same frequency; under present prac¬ 
tice, one of these two can exceed its fre¬ 
quency by 500 cycles and the other can fall 
short of its frequency by 500 cycles. Two 
stations that are operating that way pro¬ 
duce a beat note of 1000 cycles; which will 
commonly come through a radio receiver 
and loud speaker and affect the ear as 
much or more than any other note. 

Suppose those two stations that are pro¬ 
ducing their mutual interference, consisting 
of a 1000-cycle note, are a thousand miles 
apart; and either of them is shut down 
so that the other can be heard satisfactorily 
for a distance of something over one hun¬ 
dred miles from the station. Then suppose 
the other station starts up, producing such 
a heterodyne that everybody beyond about 
ten miles from the two stations tunes off 
from those stations. Roughly, in service 

range, that means that each of those sta¬ 
tions has reduced the service range of the 
other from about 10,000 square miles to 100 
square miles, or from 100 to 1%. 

Not only may stations mutually reduce 
their service ranges, by not sticking to their 
frequencies, but, if they had been putting 
on very good programs they may reduce 
their audiences from millions to thousands, 
or more than a thousand to one. 

VALUE OF EXACT-FREQUENCY WORK 

On the other hand, if both of those sta¬ 
tions maintained their frequencies within 
50 cycles of their assigned frequency, the 
effect would be quite different; because, 
with less than 50-cycle variation, the beat 
note will be below 100 cycles. The ordi¬ 
nary radio receiver, speaker and ear are 
comparatively insensitive to notes below 100 
cycles; therefore, the low heterodyne is not 
heard, or is not sufficiently annoying to 
cause people to tune off within the normal 
service range of the stations. 

The common opinion is that there are 
forty stations on cleared channels in the 
United States, and that those stations are 
therefore free from heterodyne interference. 
That is not the case; on some of those 
cleared channels there are two stations in 
the daytime. The continued pressure ex¬ 
erted by broadcasters is to put more than 
one station on a channel. The General Elec¬ 
tric Company forced two stations on one 
channel for both night and day operation. 
At the present time there are, apparently, 
only ten stations on cleared channels for 
night and day operation. 

In considering this problem, it is safer 
to assume that there are no stations on 
cleared channels and that, therefore, all 
broadcast stations to increase their service 

ranges should maintain their frequencies 
accurately. 
Not only is frequency-maintenance of 

broadcast stations, to within fifty cycles, 
of value tn the broadcasters for the purpose 
of increasing the number of their listeners; 
but it is also of value to those who make 
and sell radio receivers and loud speakers, 
because every position on the dial that 
brings in a squeal reduces the value of the 
receiving equipment. 
Such accuracy in frequency-maintenance 

is recommended because it is of service to 
the listening public, of service to the broad¬ 
caster, of service to those who make and sell 
radio receiving apparatus, as well as an¬ 
other step in radio development. 

1/fR- MARRIOTT, who has the 
J. rl unique honor of being the first 
president of the Institute of Radio 
Engineers, and has at present the 
Federal Radio Commission as a dis¬ 
tinguished client for his technical 
counsel, speaks with unquestioned au¬ 
thority. 
One of the facts which has made 

itself obvious in the course of broad¬ 
cast regulation is that our central 
states are most affected by station in¬ 
terference. While neither the Pacific 
nor Atlantic coasts may suffer from 
the operation of two stations at once, 
one on each side of the United States, 
the complaints from the Mississippi 
Valley are audible at Washington. 
Exact frequency-maintenance, as 

explained here, will create the equiva¬ 
lent of many new broadcast channels. 

Power Amplifier 
(Continued from Page 71) 

In a general way, this unit is very simi¬ 
lar to the National device just described; 
it differs essentially in that no external 
“B” plate voltages are available for use 
in operating the tubes of a tuner unit. 
It employs a 227 tube in the first audio 
stage and 245 tubes, arranged in push-
pull, in the second or power output 
stage; the rectifier is a 280 tube. This 
unit is designed in different models, for 
use with either magnetic or dynamic loud 
speaker. Therefore, when such a unit 
is selected, it is necessary to determine 
the type of speaker which is to be used 
with it so that the correct type of out¬ 
put transformer is included. Combin¬ 
ations employing a pair of 171A tubes 
in the push-pull stage are also available. 
The home-built combination illus¬ 

trated in Figs. D and E follows rather 
closely the general circuit details of the 
National unit, but is, of course, far less 
compact. It is, built with a “deck” type 
of construction; the lower deck holds the 
power-supply equipment and the upper 
deck, the complete audio channel. If 
preferred, the two baseboards may be 
arranged side by side or end for end. 
The parts employed are of standard man¬ 

ufacture and are easily obtainable. The 
first stage of audio amplification has a 
227 tube and the second stage, which is 
a push-pull arrangement, uses two 245 
tubes. 
The power unit not only supplies “B” 

potential to the audio channel above but, 
by means of a “Truvolt” voltage divider, 
located at one end of the unit, interme¬ 
diate voltages are made available for any 
tuner unit which may be used together 
with this combination. In a future issue, 
complete constructional details of this 
home-made combination unit will be 
given. 

THE SERVICE MAN 
(Continued from page 68) 

The wave from a radio transmitter is 
distorted by irregularities in the contour 
of the earth, it is reflected by buildings 
and is carried over power and communi¬ 
cation circuits, to say nothing of the 
fact that the symmetry of a coil antenna 
is destroyed by coupling to these circuits. 
An interference having its source in a 

device connected to a power circuit 
causes very little disturbance due to di¬ 
rect radiation; but can be heard for miles 
along the power line. This proves the 
theory that the wave set up by the de¬ 
vice is carrier radio and not space radio. 

Hence the loop will point parallel to the 
line. 
Assume interference having its source 

in a leaky insulator as pictured in Fig. 1 
of the article referred to. The quickest 
way to locate it is to patrol the line and 
find a point where the intensity of the 
noise is at a maximum. This maximum 
is hard to determine at times; because 
there will be a number of peaks caused 
by transformer installations, coupling 
to lightning-arrestor grounds, and re¬ 
flection at corners. 

I believe that the fable of the “leaky 
transformer” has its origin in the peak of 
the disturbance at every transformer. 
Early investigators blamed the trans¬ 
formers, instead of carrying their tests 
to a conclusion by actually locating the 
source. 

J. H. O’Connor, 
Radio Engineer, Public Service Co. of 

Colorado, Denver, Colo. 
(We have received from other engi¬ 

neers of lighting and power companies 
information as to their experiences in the 
practical location of interference. This 
will be published as opportunity affords, 
for the benefit of our readers; as the 
subject is compelling lively interest in 
the radio industry.—Editor.) 



92 
Radio News Amateurs’ Handibook 

Complete 
Short-Wave 
Manual 

Up-to-the-Minute Data—All 
Worth-While Circuits 

FULL SIZE BLUEPRINTS 
Some of the finest programs are being broad¬ 

cast over the short-wave bands. There are 
many reasons for this. Paramount among them 
all is the fact that that entertainment, broad-
cast in this band, can be received over dis¬ 
tances which with the ordinary broadcast 
receiver would be impossible! 

Thousands of letters, which pour in an un¬ 
remitting stream into our offices, tell the same 
tale—it is a common and everyday matter to 
receive programs from all foreign countries, 
from the most distant climes. England, 
France, Germany, towns on ihe African con¬ 
tinent, from every conceivable corner of the 
globe where a station is located—programs 
come in with surprising volume and clarity. 
One would think they were hearing a New 
York, Chicago or San Francisco station until 
the voice of the announcer, many thousands of 
miles away, discloses the true location of 
station. 

The SHORT-WAVE MANUAL tells 
plainly how to construct all these short-wave 
circuits, which our tireless laboratory re¬ 
searches have shown to be most efficient. 

Large size book (same size as Radio News) 
with a beautiful colored cover. Replete with 
illustrations, diagrams and with FULL SIZE 
BLUEPRINTS. This big valuable book will 
show you how to receive all the foreign coun¬ 
tries clearly and easily. Write today for your 
copy. 

Clip and Mail , Eß 
1 his Coupon J

the copy 

I EXPERIMENTER PUBLICATIONS, Inc. I 
■ Dept. 2409g, 381 Fourth Avenue, New York ■ 

■ Gentlemen : 
Enclosed find 50c for which please send me 

I a copy of THE SHORT-WAVE MANUAL. 

J Name . 

I Address. 
I I 
I City . State . 1 

A Tube and Set Tester for 
Lean Purse 

(Continued from page 79) 

The list is submitted as a guide for those 
wishing to service all kinds of sets. 
1 adaptor, UX to UV-201. 
1 adaptor, UX to UV-199. 
1 adaptor, UV-199 to UX. 
1 adaptor, UY to UX, extra terminal 

for test cord on K. 
1 adaptor, UY to UX, extra terminal 

for test cord on K and H—. 
1 D.C. ammeter, 0-5 amps. 
1 book, loose-leaf, tube chart, notes 

and circuit diagrams. 
8 clips, spring connector. 
1 cord, 4", pin-tip both ends. 
2 cords, 8", pin-tip both ends. 
2 cords, 8", pin-tip and spade tip. 
2 cords, 8", spade-tip both ends. 
2 cords, 60", pin-tip and spade-tip. 
1 cord, 60”, spade-tip both ends. 
2 files, 5", flat, 1 handle. 
1 flashlight, Ray-O-Vac, 1)4 volt. 
1 knife (electrician’s). 
1 pencil. 
4 pin-tips (screws and thumbnuts). 
1 pliers (long-nose and side-cut). 
1 pliers (square-nose and side-cut). 
1 plug (light socket service tap). 
1 plug (’phone). 
2 plugs, G. & P. tube prongs with lugs 

attached. 
2 plugs, fil. tube prongs with lugs at¬ 

tached. 
1 single head ’phone, 2200 ohms, with 

18" cord and pin-tips. 
1 rheostat, Pilot resistograd, 0-3 megs., 

with lugs for attaching to tester 
panel. 

4 sandpaper sheets, 3)4 x 6". 
1 screwdriver, J4" x 1)4". 
1 screwdriver, %" x 4”. 
1 screwdriver, %" x 4". 
1 roll friction tape. 
1 A.C. voltmeter, 7)4 volt (UX tube¬ 

base plug-in). 
1 A.C. voltmeter, 150 volt (service tap 

plug-in). 
50 feet wire, No. 24 D.S.C. 
4 wrenches, flat, assorted (in leather 

case). 
1 Spintite socket wrench. 
1 cloth pad to protect wiring-. 
2 grid leaks (spares). 
Following is list of parts necessary for 

construction of test set, including acces¬ 
sories, and price of each as catalogued by 
a prominent radio supply house: 

1 box, old Radiola III, or home 
made 

1 handle for box, about 3" long .10 
2 butt hinges, )4" x 1.10 
4 rubberhead nails, from Radi¬ 

ola III, or buy at.10 
1 panel, rubber, to fit box.57 
1 voltmeter, Jewell Pat. No. 135, 

0-8-200 D.C., without push¬ 
button _ 5.40 

1 potentiometer, Carter MW-, 
6-M, 6000 ohms, for R.73 

1 dial, 2” rheostat_ .21 
1 switch, SPST, midget knife— 
for X .  09 

1 switch, SPDT, midget knife— 
for LO-HI . 15 

1 switch, DPDT, midget knife— 
for A-V .24 

7 jacks, pin-tip ..  42 
4 sockets, Pilot subpanel type, 

UX—for VT and adapters. .48 
1 socket, Pilot, subpanel type, 
UY—for adapter .12 

4 binding posts, old nickelplate 
style, from Radiola III or 
buy .20 

1 strap, short-circuiting, from 
Radiola III or home-made 

1 cable, 5 ft., 5 wire, from Ra¬ 
diola III or buy at .50 

25 feet wide, tinned hook-up, 
Braidite ...18 

125 feet wire, silk-covered loop an¬ 
tenna wire for cords.85 

10 plugs, pin-tip, Carter Imp 
plug .90 

10 terminals, spade-tip, or impro¬ 
vise from soldering lugs.02 

8 clips, spring connector, Pee 
Wee .  20 

1 adapter, UV-199 to UX_ $ .44 
1 tube base, UX-199, for plug 
AD ... .. 

1 tube base, UV-201, for UX to 
UV adapter _ 

1 tube base, UV-199, for UX to 
UV-199 adapter . 

1 tube base, UX-291, for UY to 
UX adapter .. 

1 tube base, UY-227, for UX to 
UY adapter .. 

1 rheostat, Pilot resistograd, for 
Ext. R.59 

2 radio brackets, flat, for lugs to 
resistograd _ .16 

1 voltmeter, 7)4 volt, a.c., UX 
plug-in base . 1.47 

Assorted screws, nuts and 
washers .25 

Note-book, loose-leaf, 3)4" x 
6" ....25 

Total cost .$14.72 

Keep Your 
Radio Knowledge 
Up-to-Date ! 

There is something new in 
Radio every month—new 
tubes, new circuits — new 
ways of doing things, new 

solutions to old problems—new 
and better receivers, kits and parts 
—new discoveries and “kinks”. 

All these things are described in 
Radio News, month by month— 
the wheat being first separated 
from the chaff—so that the readers 
of Radio News are always sure 
of having first-hand, authentic in¬ 
formation—and having it first. 

The keynote of Radio News— 
Radios Greatest Magazine—is, 
first, last and always, all the news 
of Radio, in practical form. 

Ask your news dealer for a copy. 
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The R. E. 29—Part H 
(Continued from page 39) 

transformers and sockets. The middle 
terminal of the output transformer and 
the two primary terminals of the input 
transformers are left unconnected for a 
while. 
Mount the grid bias restorer, R4, to the 

left of the push-pull input-transformer. 
Connect one side of this resistor to the 
center black lead on the power trans¬ 

are adequately by-passed in the receiver. 
When everything else has been finish¬ 

ed and the circuit checked over for any 
possible omissions and errors, the pri¬ 
mary leads on the power transformer 
should be wired to the cord which leads 
to the plug. 
The completed power pack will give 

adequate plate power for the RE29 re-

Fig. 7. The schematic diagram is shown here. The screen-grid tubes will be 
seen in the modulator and the intermediate frequency circuits. 

former and the other end to the midtap 
on the secondary of the push-pull input 
transformer. Mount and connect the 1 
mfd. by-pass condenser, C4, across the 
resistor. 
In the circuit diagrams of the power 

pack and the amplifier are some smaller 
by-pass condensers, not shown in the 
photographs. -They should be mounted 
in front, allowing plenty of room for the 
binding post strip and the resistor strip. 
Mount the condensers so that the ter¬ 
minal lugs are accessible with a solder¬ 
ing iron after the resistor and binding 
post strips have been mounted. Then 
mount these strips. 

Now run a long, insulated lead from 
the midtap of the push-pull output trans¬ 
former to the second terminal of the sec¬ 
ond choke coil and to the top of the 
voltage divider, or to the top of the 
highest resistor strip. Connect all the 
resistors in series, following the instruc¬ 
tions which accompany these strips. 
Now connect up the binding posts to 

the appropriate taps on the voltage di¬ 
vider, and to the small by-pass con¬ 
densers, if called for by the circuit dia-
gra mof the power pack and amplifier. 
Note that the P terminal on the pri¬ 

mary of the push-pull input transformers 
is connected to a binding post on the 
strip and that the other (B) is connected 
to the 90-volt tap on the voltage divider, 
or to the corresponding binding post. 

In connecting up the binding posts to 
the small by-pass condensers and the 
taps on the resistor strip it is best to use 
flexible, rubber-covered wire, because this 
is easier to handle than bus-bar wire and 
it is already safely insulated. 
The 22- and 45-volt plus binding posts 

do not have any by-pass condensers. Of 
course, a couple may be introduced, but 
it is really not necessary, for these posts 

ceiver or any other receiver requiring 
the same plate voltages and currents. 
The current supplied will be well filtered 
and free from ripple. The unit will also 
have a high grade push-pull power am¬ 
plifier with output enough to load up 
any dynamic speaker. 

(This concludes R. E. Lacault’s article 
on his last receiver, the RE29, and the 
companion power pack. Following is in¬ 
formation on the automatic volume con¬ 
trol, of which Mr. Lacault left a sche¬ 
matic sketch, and some data on con¬ 
stants.—Technical Editor.) 

In an automatic volume control for 
the RE-29, R. E. Lacault had in mind, 
just before his death, the rectification of 
part of the output of the push-pull stage, 
and the use of this rectified voltage to 
serve the plates of the screen-grid tubes. 
His laboratory notes clearly indicate 
what he had in mind. It was a method 
of automatic volume control based on 
the automatic variation of the plate volt¬ 
age applied to the screen-grid tubes in 
the intermediate amplifier. The circuit 
diagram of this control is shown in Fig. 
4. It consists of a 201A tube supplied 
with direct filament current from the re¬ 
ceiver proper or from the batteries. Two 
long, twisted leads should be run to the 
set and so connected to the filament cir¬ 
cuit that the switch therein controls the 
filament supply to the volume control 
tube. The volume control tube is con¬ 
nected across the loudspeaker terminals. 
The tube is operated more as a detec¬ 

tor than as an amplifier, and therefore a 
grid battery (S) is used for biasing. The 
4 mfd. condenser is used to prevent 
short-circuiting the battery through the 
loudspeaker and the transformer wind¬ 
ing. 
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A .5 megohm potentiometer is used to 
adjust the voltage applied to the grid of 
the volume control tube. By means of 
this the volume level may be set at some 
desired value and the circuit will then 
maintain that level. The control tube is 
supplied with voltage from the 135-volt 
tap on the power pack. The current re¬ 
quired by the two screen-grid tubes and 
the control tube flows through a resistor 
and a high inductance choke. 

The voltage supplied to the screen-grid 
tubes depends on the drop in the resis¬ 
tance of the choke and the external re¬ 
sistor. The control tube is biased, so 
that the louder the signal the greater will 
be the current. Hence, the greater the 
signal the greater becomes the drop in 
the voltage and the lower the voltage 
applied to the screen-grid tubes. 

Thus, an increase in the signal strength 
reduces the amplification and volume is 
automatically maintained at a practically 
constant level. 
A little experimentation with the set¬ 

ting of the potentiometer, the value of 
the grid bias and the value of the exter¬ 
nal resistor is recommended. 

In order that the control tube shall not 
act so rapidly as to level out the low-
frequency signals as well as the slow 
fluctuations in volume, the values of 4 
mfd. and 100 henrys are suggested, al¬ 
though larger constants may be used. 

LIST OF PARTS 

For Power Pack 

T—One American Type PF 250 power 
transfermer. 

T2—One Sangamo Type B push-pull in¬ 
put transformer. 

T3—One Sangamo Type D-210 push-pull 
output transformer. 

Chi, Ch2—Two American Type 854 filter 
chokes. 

Cl, C2, C3—Three Acme Parvolt 1,000 
volt, 2 mfd. condensers. 

C4, C5, C6, C7, C8—Five Acme Parvolt 
400 volt, 1 mfd. condensers. 

C9—One Acme Parvolt 400 volt, 4 mfd. 
condenser. 

R—One Electrad Type B 750 ohm grid 
bias resistor. 

One Carter resistor kit, consisting of 
three Type F (3,000 ohm) units, one 
No. 1 (7,400 ohm) tapped unit and one 
No. 2 (2,900 ohm) tapped unit. 

Four sockets. 
Eleven binding posts. 
One baseboard 25j4 xH?4 x 44 inches. 

(For Automatic Volume Control) 

Two 4 mfd. condensers, 400-volt test. 
One 100 henry choke coil. 
One 500,000 ohm potentiometer. 
One Lynch Equalizer No. 4. 
Four binding posts. 
One 10,000-ohm resistor. 
One small grid battery. 
One four-spring socket. 
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Some Experiments on 
Ultra-High Frequencies 
(Continued from page 82 ) 

resonance, and CIO and Cll adjusted until 
this stage may be tuned through resonance 
with the detector circuit without stopping 
the latter from oscillating. A maximum 
capacity of 30 micromicrofarads should be 
used in condensers C4 and C5 since con¬ 
densers of great capacity will offer too 
much capacity coupling and will cause in¬ 
teraction between the two stages. After the 
two circuits are finally adjusted, it should 
be possible to place the detector on maxi¬ 
mum regeneration point and then tune the 
radio-frequency stage through resonance 
without detuning or stopping the detector 
circuit from oscillating. The detector cir¬ 
cuit should be calibrated and a careful 
curve drawn for each coil system. It will 
be found that the circuit will retain the 
calibration values indefinitely. Stations 
will come in at dial settings previously 
logged, thus avoiding “hunting” as experi¬ 
enced in other circuits. Variation of R6 
does not affect the tuning. On the 6, 7 
and 8-meter bands, it may be necessary to 
increase the detector voltage to approxi¬ 
mately 60 volts in order to have full control 
of regeneration over the whole scale of 
each coil system. 

It will be possible to receive certain sta¬ 
tions on their second harmonic values. 
This, of course, cannot be possible where 
the skip distance takes places. WLL op¬ 
erates on 17,000 kilocycles and may be 
heard during daytime on 35,800 kilocycles. 
During daytime, the writer has received 
signals from the following; 
Fre¬ 
quency Station 
24,740 WQA 
26,350 NAT 
26,400 RZ 
26,450 LSD 
26,540 FY 
27,440 KLL 

Location 
New York 
New Orleans 
Unknown 
Buenos Aires 
Colombia 
Syria 

26,500 
27,560 
27,740 
27,744 
27,930 
28,000 
28,400 
30,000 
30,860 
31,000 
32,000 

32,120 
32,300 
32,700 
34,000 
35,000 
35,800 
35,910 
36,040 
37,800 
38,500 
40,000 

HJO 
WGT 
WIY 
NKF 
English 
NKF 
NKF 
NKF 
KEW 
NKF 
WIY 

NAA 
NKF 
NKF 
NKF 
WQC 
WLL 
NKF 
KQJ 
WDS 
NKF 
NKF 

San Francisco 
Porto Rico 
New York 
Washington 
Station 
Washington 
Washington 
Washington 
San Francisco 
Washington 
New York (Rough 

note. Not a true 
harmonic.) 

Washington 
Washington 
Washington 
Washington 
New York 
New York 
Washington 
San Francisco 
New York 
Washington 
Washington (Not 
heard on all 
schedules.) 

NKF was received on fundamental fre¬ 
quencies, as given, while reception of other 
stations listed was accomplished on the 
second harmonic value of the main trans¬ 
mitting frequency. Tests from NKF were 
conducted at a distance of 2,000 miles, 
which gave good signal strength at 38,500 
kilocycles, which shows that the skip dis¬ 
tance played an important part for re¬ 
ception of the last-mentioned frequency. 
An important feature was observed in 

reception of these stations—the steadiness 
of the signals. In fact, very little fading 
was ever observed. 

The writer concludes by stating that the 
new receiver described in this article makes 
possible reception of frequencies from 
23,000 to 40,000 kilocycles, which provides 
1,700 available channels, each 10 kilocycles 
in width. 

COIL DATA FOR THE PUSH-PULL RECEIVER 

Band Turns Turns Turns Turns 
Coil No. in Meters Antenna Grid Grid Det. Tickler Dia. 

1 80 6 21 21 6 2 

2 40 4 13 13 6 2 

3 36 4 7)4 7)4 4 2 

4 20 3 5 5 4 2 

5 15 2 3)4 3 32/3 2 

6 12 2 4 4 4 1 

7 10 2 3 3 4 1 

8 8 2 2 x 2 4 1 

9 6 2 2 2 4 )4 

Grid and antenna coils from No. 1 to No. 5, inclusive, are wound 18 turns to the 
inch with No. 22 enamel-covered wire. Tickler coils are wound 4 turns to % inch 
with No. 27 enamel-covered wire. Coils No. 6 to No. 9, inclusive, use No. 22 double 
silk-covered wire for all coils. Wind the tickler coil close to the grid coil. For coils 
No. 8 and No. 9 space the tickler coil for each one so that the desired frequency range 
is obtained. 

(Continued from page 90) 
demonstrated this unit to a few neighbors 
and they all like it so well that I had to 
build each of them one. 
On a set using a loop, you have to ex¬ 

periment to find out which connection gives 

best results. The use of the two aerials 
does not broaden the receiver to which the 
unit is connected; but seems to affect it 
just the opposite way. Your opinion if the 
above is worth while for some manufac¬ 
turer to put on the market would be ap¬ 
preciated. 

Paul Keulman, 
3005 No. Marmora Ave., 

Chicago, III. 

(This device, it will be seen, by the com¬ 
pact reduction of the diagram, is simply a 
wavetrap of the "rejector” type, coupled 
in parallel with the antenna coil of the 
set. It therefore permits the unwanted sig¬ 
nal to leak off more readily, while main¬ 
taining the strength of the signal to which 
it is tuned, and therefore increases se¬ 
lectivity. Wavetraps in series with the an¬ 
tenna coil of the set, as in Figs. B and C, 
serve rather to tune out unwanted stations. 
While there are many wavetraps on the 
market, this may offer an excellent sugges¬ 
tion to custom builders whose patrons are 
in search of DX, and are willing to tune 
another circuit for the purpose. The price 
of increased effectiveness is increased work. 
A discussion of other means of increasing 
selectivity will be found on pages 996-7 of 
this issue.—Editor.) 

ALL AMERICAN CONCERTS 
The programs of Station NAA (oper¬ 

ated by the U. S. Navy at Arlington) 
furnished for the benefit of listeners in 
other American countries by the Pan-
American Union, are to be sent out on 
waves of 9,550 kilocycle frequency (31.29 
meters) to reach those below the equa¬ 
tor; and 6,120 kilocycles (48.99 meters) 
for those nearer by. A beam transmit¬ 
ter will be used for the shorter waves, 
as its angle wil cover the narrow width 
of temperate South America; and the 
same program will be available to broad¬ 
cast listeners in the United States on 
Arlington’s 434-meter wave. 
The Pan-American Union has invited 

each of the other American countries to 
install short-wave transmitters suitable 
for the same frequencies; when time can 
be divided equally, giving two hours a 
week between 6 P. M. and midnight, for 
each for the twenty-one republics. 
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4 SCREEN-GRID TUBES 
AND POWER-DETECTION! 

Screen-Grid Perf or manee 
r>cREi n-<;rid 

new kind of 
NATIONAL 

l ubes have opened the door to an altogether 
distance-performance in Radio. The new 
MB-29 Screen Grid I nner uses 4 A. ('. 

Screen-Grid l ubes. 

Why Power Detection? 
1'he latest and biggest improvement in Broadcasting is the 

use of High - Percentage - Modulation, now employed b\ the 
newest and finest stations. Soon all stations of any importance 
will adopt it, because of the better transmission it permits. 

This improvement is not particularly noticeable with receivers 
using the older forms of detection. But we have just developed 
a system of Power-Detection especially designed to secure proper 
reception from stations using High-Percentage-Modulation and 
this is now offered for the first time, in the MB-29. 

A Magnificent Chassis 
With its completely shielded aluminum chassis, precision 

matched coils and latest NATIONAL Weld-Built Condensers,— 
with its modernist NATIONAL Projector Dial,—this tuner 
makes possible the construction of a magnificent A. C. receiver 
which combines the cleancut finish and appearance of the finest 
factory-built model with the quality and perfection of a custom-
I uilt job. 

The Velvetone Amplifier-Power-Supply 

R. C. A. and Associated Companies and is sold fuT.y wired and 
read} for use (less tubes). 

Consoles and Tables for the MB-29 
There are available a selection of beautifully finished and 

specially priced consoles and tables for housing the MB-29 in 
various popular combinations. 

The MB-29 bristles with new and ingenious features for your 
convenience and pleasure. ITrilt us today for full information, 

mentioning Radio News. 

For use with the MB-29 Tuner is the specially designed 
NATIONAL Velvetone Amplifier,—a complete Amplifier-Power-
Supply, using two I X245s in push-pull and equipped with 
phonograph jack. This amplifier is licensed under patents of 

NATIONAL COMPANY INC. 

ENGINEERS & MANUFACTURERS 
61 SHERMAN ST.. MALDEN. MASS. 

Est. 1911 . . IV. A. READY. PRES. 

The NATIONAL Screen-arid MH.2!) and 

H A T 0 © INI A IL 
« SCREEN-GRID » -
Ask Us About It. Write Us Today MB-29 



J. E. Smith, 
President, 

coupon is good to 

pass up this wonderful chance for success. 

State 

no agent will call on me. 
Name. 
Address..,. 
Citv... 

points out the money making op¬ 
portunities the growth of Radio 
has made for you. Clip the cou¬ 
pon. Send it to me. You won t. 
be obligated in the least. 

National Radio Institute, Washington, D. C. 
Dear Mr. Smith: Send me your book. I 
want to know more about the opportunities 
in Radio and your practical method of teaching 
at home in spare time. This request does 
not obligate me to enroll and I understand 

I win Train Ton At Home In Your 
Sparc Time 

You can build 100 cir¬ 
cuits with the Six Big 
Outfits of Radio parts 
I give you. The pictures 
here show only three of 
them. My book explains 
my method of giving prac¬ 
tical training at home. 
Get your copy ! 

More Trained Radio Men Needed 

A famous Radio expert says there are four 
good jobs for every man trained to hold them. 
Radio has grown’so fast that it simply has 
.lot got the number of trained men it needs. 
Every year there are hundreds of fine jobs 
among its many branches such as broad¬ 
casting stations, Radio factories, jobbers, 
dealers, on board ship, commercial land sta¬ 
tions, and many others. Many of the six to 
ten million receiving sets now in use are only 
25% to 40% efficient. This has made your 
big chance for a spare tune or full time 
business of .your own selling, installing, repair¬ 
ing sets. 
So Many Opportunitie« Too Can Make 

Extra Money While Learning 

Many of our students make $10. $20. $30 a 
week extra while learning. I'll show you the 

how to start a spare 
time or full time 
Radio Business 
of Your Own 

capita 

I bring mv training to you. Hold your job. 
Give me only part of your spare time. You 
don't have to be a college or high school 
graduate. Many of my graduates now mak-
ing big money in Radio didn t even finish the 
grades. Boys 11. 15 years old and men up 
to 60 have finished my course successfully. 

You Must Be Sa tuned 

I will give you a written agreement the day 
you enroll to refund your money if you are 
not satisfied with the lessons and instruction 
service when you complete the course. You 
are the onlv judge. The resourcesof the N. R. 1. 
Pioneer and Largest Home-Study Radio school 
in the world stand back of this agreement. 

$375 in one month spare time 
“Recently I made £375 in 

t one month in my spare time 
installing, servicing, selling 
Radio sets. And, not so long 
ago, I earned enough in one 
week to pay my tuition.” 

EARLE CUMMINGS. 
18 Webster St., 
Haverhill, Mass, 

Started in business with $5 
“I started in Radio with £5 
capital. Now I have a full 
line of accessories and sets 
as well as tools and test kits. 
Just can’t tell you the feel¬ 
ing of independence N.R.I. 
has given me.” 

HOWARD HOUSTON, 
512 So. Sixth St., 
Laramie, Wyo. 

Seldom under $ioo a week 
“My earnings are seldom 
under £100 a week. Last 
month they were close to 
£600. This month I made 
£535. You give a man more 
for his money than any¬ 
body else.” 

E E. WINBORNE, 
1414 West 48th St., 
Norfolk, Va. 

$1OOO in 4 months part time 
“My opinion of the N.R.I. 
course is that it is the best 
to be had. I didn’t know a 
condenser from a trans¬ 
former, but I made well over 
£1000 in four months re¬ 
cently working only in the 
mornings.” 

AL. JOHNSON, 
1409 Shelby St.. 
Sandusky, Ohio. Find out what Radio offers you. My 64-page 

- book, “Rich Rewards in Radio ’ 

Address 

J. E. Smith, Pre«. 

Dept. 9W56 

National Radio Institute 
Washington, D. C. 

Radio’s amazing growth is making many big jobs. The world¬ 
wide use of receiving sets and the lack of trained men to sell, 
install and service them has opened many splendid chances 
for snare time and full time businesses. 

F PRESIDENT 

Ever so often a new business is started in this country. We have seen how 
the growth of the automobile industry, electricity and others made men rich. 
Now Radio is doing the same thing. Its grow th has already made many men 
rich and will make more wealthy in the future. Surely you are not going to 

plans and ideas that have proved 
successful for them—show you 

how to begin making extra money shortly after 
you enroll. G. W. Page, 1807-21st Ave.,S., 
Nashville, Tenn., made £935 in his spare time 
while taking my course. 

I Give Ton Practical Radio Experience 
With My Course 

course is not just theory. My method 
gives you practical Radio experience— 
you learn the " how " and " why ” 

\ of practically every type of Radio 
set made. This gives you confi¬ 
dence to tackle any Radio problems 
and shows up in your pay envelope too. 

^eoawiidt BIG money 
these fellows have made 
in the RADIO BL MN EM 


