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plans
shown are but a
sample of the many
ways in which our mem-
bers are making $3.00 an
hour upwards, spare time N -
and full time, from the day thev jom .
the Association. 1f you want to get
t 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. Asa 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 over the
country are opening stores, increas-
ing their pay, pass-
A inglicensed operator
% | examinations, land-
14\ ing big-pay posi-
tions with Radio
‘\ makers.

FREE HANDBOOK

It is not only chock-full of absorbing
. information about Radio, but it shows
B\ vou how easily you can increase your

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

Radio Training Association of America

Mail Coupon To;lay for the

Dept. SRG-9 Chicago, Illinois

k L4513 Ravenswood Avenue

-

=
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Below

——"" cashing in on the
‘40 Easy Ways"

Clears Frank J. Deutch, Pa. — “Shince
joining the Association I have

$3,000.00 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

done over $1,100.00 worth of

6 Weeks business in the last 6 weeks.

Next month I am going to open up a store

of my owna. I never knew that money could
come so iast and easy.”

$25.00 a Week hN. J. Friedrich, N. Y.—“I
- aveaveraged $25.00 aweek
Spare Time for the last 7 menths even

’

though I am rot a graduate but just learning.’

Training Lands R.C. Kirkﬂ N. %—“Your

: training has been very

Him Job valuabletome. Ilanded 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.”

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.
Radio Training Association of America

Dept. SRG-9,4513 Ravenswood Ave., Chicago, lil.

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

e
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I'REE PROOF YOU

CAN MAKE BIG MONEY

W’ly 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.

Astounding World-Wide
Opportunities

A glorious future awaits you in this huge
industry. Millions of scts need servicing,
thousands of ships require radio opera-
tors . . . manufacturers and broadcasting
stations throughout the land are cagerly
secking 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

RADIO INSTITUTE

OF AMERICA

a vacuum tube. Bymeans of this marvel-
ous, simplifiecd 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 . . . cnables you to learn
by actual practice how to solve every
problem in radio work...such as repair-
ing,installingand servicing finesets. 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 are always posted
in newest up-to-the-minute developments
in Radio. That’s why they are always in
big demand. The progress of Radio is
measured by the accomplishments of the
great engineers in the huge rescarch
laboratories of the Radio Corporation of
Amecrica. 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 phasc 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

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

Read This Free Book

The young men in Radio roday will be the
industrial leaders of tomorrow .. . that’s
what happened in the autemobile 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...
cach one packed with pictures and de-
scriptions about the brilliant opportuni-
ties in this fast-growing profession. See
for yourself why R. 1. A. training has
placed thousands of men in well paid
positions—usually from 3 to 10 days after
graduation. Mail this coupon now and
receive your Free Book.

f

This fascinating book //
on Radio’s glotious -
opportunities « . « writ- / i
ten by one of / &
Amcrica's well- /
known radio
cxperts.

Mail this
coupon

RADIO INSTITUTE OF AMERICA

Dept. R, 1. B. o
w York, N. Y. Ry

326 Broadway, Ne¢

[AE | SPONSORED BY'

Radio Operator $90—$200 per month with allexpenses paid. Broadcast Operator $1,800—$4,800

a year. Radio Repair Mechanic $1,800—$4,000 a year, Radio Inspector $2,000—$4,500 a year. |

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

Namec...




Radio News Amateurs’ Handibook

How Would You Like to Be
Another Lindbergh?

Y OU, 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!

ERO
Mechanics

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.
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At the right is a view of m

drafting wnd =pecitication of-
tices, where i large staff of
experienced experts are in my
constant employ.

All drawings and spee-
ifications are prepared
under my personal su-
pervision,

My Patent Law
Offices

Just
Across
Street
from

U.S.
Patent
Office

Protect Your Ideas INventors
Take the First Step Today—Aection Counts Z’”/LLZE ]6?/%%6
If you have a useful, practical. novel idea for any rew article or for an

improvement on an old one, you should communieate 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 applicatious 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 ease, the hurden of proofi

rests upon the last application filed. Delays of even a fow days in filing =
the application sometimes mean the loss of a patent. So lose no time. Get - 3
in touch with me at once by mailing the coupon belaw.

Prompt, Caretul, Efficient Service

'l‘hits I:targo.] nt'xpfl\rionceg organ:z:nion devotes ‘its mlnin- time I:nult ;mm}tiou
to patent and trade-mark cases. Our offices are directly erass the street from =
the 1. 8. Patent Office. We understand the technicaiities of patent law. r"’"’"’;ﬁ,ﬂv
We know the rules and requirements of the Patent Oice. We can proceed \ [9.% e
in the quickest. safest and best ways in preparing an application for a \ - T

patent covering your idea. Our success has heen built o1 the strength of £
careful. efficient. satisfactory serviee to inventors and trade-mark owners 1
located in every state in the Union.

Strict Secrecy Preserved—~Write
Me in Confidence

y Bod 2
& 5 ¢ Cip
Al communications, sketches, drawings, ete,, are held in strictost confidence . e
in strong, steel, fireproof files, which are accessible only to authorized 9 s ‘o 4
members of my staff.  [Feel free to write me fully and frankly. It is \ g — ’
probable that I ean help you. Highest references.  iiut FIRST= ¢lip the »

coupon and get my free book. Do TIHAT right now.

No Charge for Information
On How to Proceed

ail this Coupon
CLARENCE A. O’BRIEN

Registercd Patent Attorney
& Afttorncy-at-Law
330.A Seevrity Savings & Commercial Bank Bldg.
Wa~hiagton, D. C.
—or—
Suite 1106, Woolworth Bldg.
NEW YORK CITY

'he hooklet gshown lhere containg vahible information relating to patent !
procedure that every inventor should have. Aud with it I will send you my 1
“Record of Invention” form, on which vou can sketch your idea and estah
lish its date hefore a witness. Such evidence may later prove valuable to |
you.  Simply mail the ecoupon and I will send you the hooklet and the i
‘Record of Invention” form, together with detailed information on how 10
proceed and the cost involved. Do this NOW. No necd to Jose a minute’s |
time.  The coupon will bring you complete information entirely without
charge or obligation. I
!
1
t

9 P PPlease sewd me your free hook. “llow to 9!;t:1in
Patent.,” and your “Record of Invention™ form
Clarence A. o Br!en without any cost or obligation on my part
Registered Patent Allorney
& Attorncy-at-Law
Member of Bar of: Supreme Coarl of the United Nlates;
Conrt of Appeals, Distriet of Colmmbin; supreme Court,
District  of Columbia; United States Court of Claims.
PRACTICE CONFINED EXCLUSIVELY TO
PATENT, TRADEMARKS AND COPYRIGHTS

N . e o o LT B0 o o 000

Address fereecem .. xE. .. . Baeene DR .

1 (Important!  Write plainly and address office 1
nearest 2ou)
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JulesVerne Comes Back
to Life!

MAGIC name—dJules 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

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 post-
man. Read with a relish these profusely illus-
trated stories of a weird, but not impossible
future,

imagination, and still fewer have becn able
to paint these pictures of the mind so bril-
liantly in printed words.

And now Jules Verne comes back to life!

Comes back with stories that increase your inducement we

As a special

pulse and make your heart pound. For in  offer all 6 Big Issues for a single SIMPLY

AMAZING STORIES, the magazine of scien- /- (The news-stand price is CLIP

tific fiction, the famous school of authors who  $1.50). And if you are not e AND

have followed in Jules Verne’s footsteps now  vinced AMAZING STORIES is '

offer you the fertile fruits of their imagination. fvorth twice Fhe price, a_fter read- MAIL

In their colorful minds, the inventions and dis- mng th? ﬁrft i, e vl b THE

coveries still to come are already here. They  k¢ep it FREE, and send your COUPON
. \ . : dollar back

write of a voyage to Venus, that silvery star : BELOW!

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

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

.-——-—--——_—l--_----——---.__ﬂ

| E m I AMAZING STORIES |

o | Dept. 2509-S, 381 Fourth Ave., New York, N. Y. I

THE MAGAZINE | ‘T l

1 . I enclose $1 for which send me your next 6 1

OF SCIENTIFIC i issues of AMAZING STORIES. (Reg. price $1.50) I

1 I

FICTION = Name. oo it et e, 1

1 5 ®80 00 006000000000000000000000000000000000 :

381 FOURTH AVENUE i 1
] O 0 0 00000000000000000000 State.............. 1

NEW YORK, N. Y.
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ELECTRIC PHONOGRAPH

PICK-UPS

How to Make Your Radio a

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 referenee to the inereasing vigor
of the compctition between radio and the
phonograph as means of public entertain-
ment. One article in particular (which ap-
peared in the June, 1922, issue of Rapio

DIAPHRAGM

ACTUATING -
ARM PIVOT

-

~.NEEDLE
HOLDER

F16.1

The old-fashioned phonoaraph unit depended
wpon mcchanical leverage to produce sounds.

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

The same article voiced also some opinions
as to the comparative fidelity of the tones
reproduced by the radio and the phono-
graph, and cvidenced 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 slecping
peacefully for seven years, he were awak-
ened to be confronted by a modern phon-
ograph cquipped with an amplifier of the
type uscd so extensively for radio recep-
tion! Who would have thought, a few years
ago, that radio would not only soon rcach
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 outeome
of the conflict between radio and the theater
—and, of course, we all know that the
vacuum-tube amplifiecr (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
—
O
[}
PICK-yUP 5 0-500,000 o
s OHMS ©
o a
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p —006m
Fl6.3
500,000 OHMS
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Optional conncctions for a volume control.

Phonograph

been turned; for the question now appears
ta 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.

- —

T0 AMPLIFIER

LHG.?

— -~ — —J

The cleciric pick-up vibrates more frecly than

the older unit; but its output may be ampli-
fied to any wolume desired,

RADIO IN PHHONOGRAPII PRACTICE

The question has been brought up, just
what differences are there between the old
and new methods of phonograph reprodue-
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 scts up a vi-
brition of the air in the horn. In this way
the sound is transmitted to the cars of the
listener. 'This system is both low in cost and
reliable but, unfortunately, it eauses a con-
siderable amount of distortion. Both the

s

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

use.

’

World Radio Histo!

pz’ck-t{p ?f 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,




The owner of a radio recciver mayv comwert its A.F. amplifier for phonograph reproduction, by
building an electric motor aund turntable like the above into the console,
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DEVELOPMENT OF SOUND DEVICE?®

The history of the eclectric 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-
crated in the eoil 2 weak ecurrent, due to
changes in the magnetic field around the
permanent magnet. The fluctuating cur-
rent in the coil was found
to be almost identical in

horn and the moving mech-

anism have “points of res-
onanece” and, of course,
notes eorresponding to these |
in pitch are brought out
much louder than the others.
The construction of the old-
fashioned short horn, more-
over, destroys soine of the
Jow 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-
scribed more fully, later.
The currents set up in the
coil are transferred to an
audio amplifier, a device
well-known to all radio en-
thusiasts, and, finally, a

R F.CHOKE

PICK-up

VVVVVVVY

500,000 OHMS)

4
l—

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-
E_ I phragm were placed at the
+

The circuit shown in Fig. 5 gives
the largest possible amount of
volume from a given pick-up and
amplifier, for it wutilizes the de-
U tector tube of the set as am

additional A.F. stage. The switch
may be inside or outside of cabi-
net, as convenience dictates.

other end of the wire and
the ceclectric currents were

loud speaker coupled to the

]

-2 re-converted into sound in
A+ just the reverse manner,
A- In the electric phono-

amplifier brings out the
notes which were originally

F16.5

L[
o

B+DET. C-

graph pick-up, a permanent
magnet is also used, a coil,

impressed on the record.

or several coils, is placed

“Pick-up” units of this
type were introduced to the radio public
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

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.

near the magnet and a thin
bar of metal or “armature” is used instead
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 rccord in place of the usual needle
and sound-box assembly.

&

{
{
}
|
|

- |

The pick-up devices illustrated opposite are designed to be used
with @ phonograph already in wuse, and to slip over ils tone-arm.
T'hose pictured above are complete in themselves, with the aid of

(

a motorboard, to construct an electric phonograph suitable for
incorporation in a radio set.
its own volume control in the base.

The pick-up at the left incorporates
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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 ncedle
was connected to a metallic diaphragm, sim-
ilar to the telephone’s, and the sclection
was played directly in front of the dia-
phragm.) In reproducing the music from
the wax cylinder, a ncedle was again con-
nected to a diaphragm and the cylinder
was revolved by a suitable spring mechan-
ism. The ncedle 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. lLater, the cylinder was replaced
by a more compact dise, and the dia-
phragm was placed in the small end of a
conical horn, in order to direct the sound
more effcectively.

MODERN DESIGN

The design of the electric pick-up re-
quired much rescarch in order to overcome
the usual difficulties from distortion. The
amplifiers, with their new power tubes,
could be made sufficiently perfect for the
purposc; 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
aused 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 climinated. 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 {rom 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 neccessary 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 “NEI-‘.DLI{
SCRATCH”

Another point which had to e 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 ecither a resistor
connected fully across the pick-np (Fig.
3) or a potentiometer connected as shown
in Fig. 4, is the most common method;
although other systems arc also suitable.
A resistor connected in the audio amplifier,
across the sccondary of one of the A.L.
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 basc
or in a separatc casc, connccted in the
leads to the amplifier.

Music from the old type of phonograph
reproducer was accompanied, in most cascs,
by an annoying scratchy noise known as
the “surface mnoise” or “friction noise.”
In reproduction of the old type, it was not
possible to climinate this; but, fortunately,
the new clectric 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 frequiency near
to that of the undesirable tone. These
noises are rather high-pitched and the ab-
sence of harmonics of the music, which
are cnt 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 hcarers, 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 series, The complete
filter is connccted dircctly across the ter-
minals of the pick-up. Most commercial
pick-ups arc alrecady cquipped with a suit-
able filter and, in case one is not incorpo-
rated in the device, it can bhe improvised
very casily by using a radio-frequency
choke coil of approximately 200 millihen-
ries and a fixed condenser of .000-mf. The
connections of such a filter are shown in
Ifigs. 3 and 4.
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ber of amplifiers of this type have been de-
seribed in back issues of Rapio 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 ecither 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

- =
“T JACK FOR
PHONOGRAPH
1 PICK-UP
ISTAFT, y
|
L A+
L__ . A-
£16.6 B+OET c-

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 nced
only a small potential; probably scveral
flashlight batteries connccted in series will
Le the casiest way of obtaining this bias.
The second method (shown in Fig. 6)
uses the pick-up in the plate circuit of the

[ o

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

CONNECTING ‘1I1E PICK-UP

Almost all commercial units are cquipped
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
amplificrs for the purpose by using power
tubes and <uitable 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 Receiver Meeting All Requirements and Which May
be Built by the Constructor Himself in Largest Measure

HE development of modern radio

reccivers 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 sct 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 rcady 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, eclab-
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 recciver 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 selcction of

By B. B. Bryant

“TII E HOME -
RADIO BUILDER’S
ISIAVECW SEVEN” is a superhet-
CUISNNE erodyne set which has
* been designed especially
for those who like to
No. 78  yild 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 mearly
three gemeral-purpose tubes; 1while
an additional tuned R.F. stage before
the modulator gives added seleclivity
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 allternative 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.

(O NEAND ANy
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'—A “Super” Set
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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 1y a single stage of intermediate fre-
quency (1,400 mieters, or 214 kilocycles) in
which, however, the use of a scrcen-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 selcetivity 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 niore 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 LF. 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. 1.\. The latter uses through-
out heated-cathode or 227-type tubes, ex-
cept an A.C. 22 in the LF. stage and the
power tube; the nccessary alterations in the

@@@@@@6@@@@@‘ s

A front view of “Home Builder's Seven,” with its panel removed
and the shield cans partially disassembled, to show the simplicity

of its construction.

The first shield at the right is partitioned to
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 carricd direct

from point to point, and be well insulated.

circuit and the values of the additional
parts required are indicated in the diagram.
On the other hand, those who adhsre to
D.C. set operation, whether from choice
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.

MECHANICAL CONSTRUCTION

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

o

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

to loop and dodge the wiring about them.

Coinplete 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,

el

PBOVOHIGO® ® @

OOGOEEEE

11

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,
neceded by every receiver of high sensitivity
under present-day conditions, add to the
ease of wiring and form an integral part
of the construgtion. 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-
stituted in this circuit, with the exception
of the four special coils used in the LF.
stage, detector circuit and the oscillator.
The symbols appearing below and in the
schematic diagrams, in con-
nection with the respecfive
components, correspond with

The neatly balanced panel with its

two slluminated vernier tuning

dials, the volume control R8, and
the switch,

those

text and illustrations.

required are:

Two variable condensers, removable-shaft
type, .00035-mf. (C1 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

Ly €

ks

used throughout the
Those

>

The detector-intermediate amplifier compartments at the left con- L5, its compensating capacitor C8, the regeneration control RI10,

tain the “heart” of the circuil.

In the rear compartment are the
detector components; in the front one, the intermediate transformer,

World Radio Histol

R.F. choke coil L8, and grid leak R9.
screen-grid tube V4 may be seen above the shielding.

The top terminal of tha
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Two mica fixed condensers, .0005-mf. (C6
and C12);

One mica fixed condenser, .00025-mf. (C11);

Two by-pass condensers, paper type, 0.5-mf.
(C9 and C10);

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 (L1);

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

One oscillator coil, home-inade (L3);

Four intermediate coils, home-made (1.4 and
L5);

Three R.F. chokes, 80-millihenry or more
(must not be of smaller value) (1.6-L7-
L8);

One 30-henry iron-core choke coil (1.9);

I'ive 1A amperites (R1-R2-R3-R5-IR6);

One power-tube amperite (R7)3

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 (RR9);

One 0-to 2,000-ohm variable resistor for re-
generation control (1110);

Two audio transformers 2:1 ratio (T1 and
T2);

Seven UX sockets—not more than 34-inch
high (V1 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 83/ inches
long, 73, inches wide and 53, inches high,
with two equal compartments (51, 52);

One piece of sheet ahwminum 414x514 inches;

Two drum dials, with knob immediately un-
der scale (D1-D2);

Two cord-tip jacks (J1 and J2);

Two binding posts, aerial and ground;

Six fcet angle brass, 1xt,x1/32-inch, for
chassis;

One picce of 1/32-inch aluminum (or
8/16-inch wooden board, hard rubber or
bakelite) 83;x9 inches, to form a sub-
panel support.

Ten-inch Y4-inch brass shaft for condensers;

Two 25-foot rolls hook-up wire, single-
strand push-back type;

Two lengths spaghetti tubing;

Four Y-inch wooden dowels, 334 inches
long;

Screws, nuts and other small hardware.

CONSTRUCTING TIIE I.F. COILS

Most receivers of the superhcterodyne
type offer difficulty to the home builder in
the construction of the intermediate trans-
formers or coils. The eonstruction of the
coils 14 and L5 uscd in this receiver is
simple and offers no difficulty. They are
efficient and, while rcasonable care is neces-
sary, they need not be exactly the same.
Exact matching of their induetanee 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 8/16-inch wide; the side discs are 11,
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 are sawed in them, :;,t
equal distances around their circumference;

thesc slots should be 14-inch deep. A hole
is drilled through the center of each disc.
They are then assembled with the 1-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 plaeed
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, cach 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.

Radiv News Amateurs’ [andibook

The side discs will now fall aside, leaving
the tied winding with the central dise 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; ds a matter of fact the
greater the “scrambling” the better, as this
will result in lessened distributed capacity.
Ilighly 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
L1 and L2 consist of 100 turns of No. 28
D.S.C. wire wound on pieces of 1%,-inch
tubing 814 inches long. The primary of L1
consists of 20 turns of No. 28 D.S.C. wire
wound at the filament end of the second-
ary with a separation of 14-inch, The pri-
mary of 1.2 is wound in the same manner as

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

The layout of all parts, and all wiring connections of the “Home-Builder's
Seven,” are shown in these two views, of the upper and the lower sides of

the sub-panel and the two shields which support the apparatus.
ing, though shown quite square here, is actually run in the most direct
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a soldering contact 1;-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 11-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
14-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 CIIASSIS

Six feet of angle brass 1 inch by 1/-inch
by 1/82-inch thick, is obtained. Measuring
on one side from the center, points are
marked at 113, inches, 201, inches, 321,
inches and 333, inches. On the other side
from the center, points are marked at 113
inches, 201, inches, 3214 inches. The length
is sawed off at the ends (at the 3214-inch
point and 33%-inch point). The 11-inch
section next the 333-inch mark is sawed off
on the 1,-inch side, leaving on the 1-inch
side a tongue 11, inches long, for a lap
Jjoint. Right-angle wedges are now sawed
out at the 1134- and 20%,-inch marks, also
on the Y,-inch side of the angle brass. The
apex of each right angle should be directly,
on the points marked at the edge of the
l-inch width,

After the angle brass strip is prepared
as explained above, it is shaped into a rec-
tangular frame, 837x231, inches, by bend-
ing at the apex of the “V” 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 1j-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, Y,-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
83/,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 Y,-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 54-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 D1. 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, D1 and D2, they are slipped
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The circuit diagram of the “Ilome DBuilder's Seven”

D.C. tubes.

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 1.9 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

The changes necessary to adapt it to A.C. tubes can

for use with
page 968.

drums, close to the sides of the cans. This
leaves a rectangular space in which the two
audio sockets, V6 and V7, are cqually
spaced and fastened to the sub-panel. In
the exact center of the rear cdge 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

I.-shaped brackets, 13, inches long, are
used to mount the antenna coil 1.1, the R.F.
coil 1.2 and the oscillator coupler 1.3. After

~ VIEW SHOWING MOUNTING
OF COILS L4~

WIND 3 COILS OF 200
TURNS EACH, WITH __,.
Ne.32 D.S.C. OR D.C.C,
WIRE. 2 REQ'D FOR L4,
ONE REQ'D FOR LS.

WIND ONE COIL OF 75
TURNS N¢.28 D.S.C.OR
D.C.C. WIRE FOR LS

BAKELITE OR :
FIBER CLAMPING
STRIPS FOR COILS.
MAKE 4
216 LONG_X 5/|s
WIDE_X 3/z5 OR
g THICK

N2.6-32 X 34"
LONG, FLAT
HEAD MACHINE
SCREWS SOLDER-
ED TO HEADS
OF CONDENSER

)~--d-_ HEADS OF

Y TERMINAL
SCREWS. 5
B> 200T. “~ COUPLING SPACE
==t 38 round TG BE DETERMINED
| : 8 ROUND. BY TRIAL.
=l —lsl Y WOODEN POSTS.

BASE PLATE OF ALUMINUM SHIELD.

LINEN BINDING_ ™ |5
THREAD ™

N2.6-32 OR
Ne.B-32 SCR

——————

p— 2-'{

4 STRIPS -

WO00D
SCREWS

/
75 TURNS

~VIEW SHOWING
MOUNTING OF
COIiLS L5~

3 SAW SLOTS
.3*  EQUALLY SPACED
FOR BlNDlN’Gj THREAD

_T d
—ley NN
==t
{ \ -
L : —

21— WINDING FORM
16 FOR COILS L4 &L5

Fig. 4

The details for making and mounting thc 214-kc. intcrmediate transformers required.

be determined readily from the corresponding diagram, Fig. 14, on
The shielding used saves much of the wiring.

the brackets have been fastened to the coil
forms as shown in Fig. 5, the coils are
mounted in their respective shicld cans; L1
in S1A, 1.2 in S1B, and L3 in S2A. When
mounting the coils, sufficient space must be
left for the socket and tube at the rear of
cach compartment; the sockets in these
three compartments may be mounted at this
time.

Mounting of the LF. coils is equally sim-
ple, nlllmngh carc is required. The ¥,-inch
dowel is now cut into 334-inch lengths. Smali
holes are drilled, 14-inch in depth, in the ex-
act centers of their ends. These are for the
wood-serews used in mounting the semi-var-
iable condensers.

Most small semi-variable mica condcnsers
have two holes, provided for fastening to the
baseboard.  On the under surface of the
molded bases are scen the flat heads of the
condenser’s terminal screws. To these heads
are soldered the flat heads of 6/32 brass
screws, l-inch long.  Four bakelite strips
14-inch thick and 14-inch wide, are cut to
such lengths that, when holes are drilled
near their ends, they will slip loosely over
the serews. These picces 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 the serews; 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. &
is fastened to the bhottom of its respcctive
can compartment (S2B and S2C) by passing
wood-screws through the metal bottom and
serewing them into the lower ends of the
wooden dowels.

FINAL ASSEMBLY

The sockets are placed in compartments
S$2B and $2C as shown in Tig. 2; after
which the partition is placed in position
and the positions of holes for mounting the
chokes are marked. One hole for the
“B4135” lead to the I.F. plates is drilled
above the choke L7; the partition is re-
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Date for construction of the two R.JF. 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 regencration control R10, and
filament switch SV/ are marked and drilled
in the can fronts and the central partition
of the S2 can (the latter for R10). The
can fronts and partition are again placed
in position, and the respective parts are
mounted; care should be taken that R8 and
R10 are insulated from the cans, as other-
wise a short will result.

The by-pass and output condensers C9,
C10 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
Cl11 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 cach lead through
the hole drilled in the bottom of the cans
for that purpose, a 34-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

I N 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 250 volts
Grid bias —50 volts
Filament voltage 2.5 volts
Filament current 1.5 volts

35
1,900 micromhos
1850

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

Amplification constant
Mutual conductance
Plate resistance

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 arc as follows:

Heater 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.
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grid returns, plate returns, “A4,” “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-leak-
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 J1 and
Ja.

The flament switch SW is turned onand,
while rotating the drum D1 slowly over the
scale, the drum D2 is worked backand forth
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 naw be loosened. Slowly turn the rotor
of condenser C1 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 adjnstment, regener-
ation in the detector circuit may be too
great. Regeneration control is -obtained by
adjusting R10 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. I, stage V1 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 vclume 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
aund the secondary.of L4 is too great. The
normal separation of the coils should be
about cne 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 difhcult to
cause V3 to oscillate. A simple test is to
place a pair of phones in series with the
plate reiturn of this tube and its lead
“B+4+0sc.” 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 cnil of L3 must be increased, to ob-

(Continued on page 84)
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71 he wvariable resistors above, suitable for wvolume controls, are (left to right)
a Centralab wire-wound potentiometer; Clarostat (carbon-compression); Carter
cerbon-strip resistor; Centralab carbon-strip potentiometer; Electrad high-resis-
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tor; Bradleyohm (carbon-compression); and an old-style potentiometcr whick
will adorn many junk-boxes.
divider or plain variable resistor,

The potentiomeler may be used cither as voltage

Choosing Between Volume-Control Methods

has becn 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 cducated to understand some
pf the causes of distortion in a set.

In Figs. 1 and 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

By Ashur van A. Sommers

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 termninal. 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

gi

il

E

]

B+ “RF.CHOKE

®

The first method (A) controls plate wvoltage 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 componcnts to construct the circuit,

using the standard tubes; secondly, to al.
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. ‘lhere are a
number of otherwise suitahle 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-
sceribed later with the systems which are in-
corporated in the audio-frequency amplifier.

VOLUME CONTROL IN EATTERY SETS

Two methods which have fallen into disuse
have been mentioncd above; there are also
several others whieh, though more in favor,
are for one rcason or another not quite
satisfactory. A very conmnon 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 are being received, be-
cause of the overpowering signal strength.
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Two old methods:

Fig. 1, reducing filament emission by turning down the rheostats.
trolling bias of R.F. grid circuits by a potentiometer across the ‘A’ battery,

+
R
B+
FIG.2
Fig. 2, con
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 cither
in the radio-frequency amplifier or in the
aerial would be best. This leaves scveral
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 scts, is quite satis-
factory. This resistor serves also as an
oscillation control and, in scts 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
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.

9 The method shown at D (Fig. 3) is 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 shiclded, 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
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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-
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.

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 reqmred 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
methods afford the most advantages and
fewest disadvantages.
Of these, the ones

l @ L1

shown as 3D, 4B and
5A are applicable to

AAAA

= o

most sets.
_z The aerial vesistor {s
e highly satisfactory, from

the standpoint of gquality
solely.

VOLUME CONTROL IN
A.C. SETS

The problem of con-

trolling volume in al-

ternating-current op-

erated sets using their

FIG.4

shown in Fig. 4. The first (at A) is a
potentiometer, of about 10,000 ohms, dircctly
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 pnck up of strong
signals in the coils and wiring of the anpli-
fier and detector.

special tubes, is quite
different from that
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-, cte.) type tubes and,
secondly, those using the direct-to-“filament-
(226-, cte.) type” tubes in the amplifier
sockets. In scts using the heater tubes in
all stages (cxcept 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 disturh the plate
and grid voltagres,
(Continued on page 83)
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The methods of controlling volume shomn above, while efficient in some ways, affect tuning in the
circust shown at A, and selectivity in that at B. High resistance is necessary here,



18

Radio News Amateurs’ Handibook

The Hammarlund - Roberts “Junior Hi-Q 29”

Fig. A

L IIAT is « good receiver:” is the
question which has been presented
to the public jury innumerable
times. At first glance, ore would

naturally consider the answer to this ques-
tion to be of nccessity 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 mavner, when placed in the
hands of any wuser, even thouah 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 io be able to
secure the “Nth” degree of efficiency, but
by the man who can simply assemble and
wire a rcceiver and then manipulate the
controls in conventional fashion,

Much may be said and written about the
performance of a radio receiver bhut, since
the background and basis for good per-
formance is scienfific design. we  believe
¢hat an analytical discussion of the factors
involved in the design of the highly-success-
ful “Junior Hi-) 29” rvecciver (direct-cur-
rent model) will undoubtedly be of inter-
cst to the myriad enthusiasts whoe are in-
terested in the “whyv™ of a receiver. An
analysis of the design makes it easy to un-
derstand the entire rccciver, 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. Ilence, desipn details
are not mere technical items but the road
to “your money’s worth.”

SELECTIVITY AND AMPLIFICATION

True, radio engincering, during the past
few years, showed 2 steady tendeney 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
tnbe at the advent of the 1929 radio season,
a decided change in receiver design set in.
What with the a!lotment of station fre-
quencies uniformly 10 kilocycles apart, thus
improving the status of the broadcasting and
increasing consequent selectivity, and the
gain per stage obtaincd with the sercen-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 rele. The reasons were
numerous: first, it made possible greater
gain per stage and effected a consequent re-
duction in the number of tuhes required to
impress a certain voltage upon the deteetor

Shown here in a table cabinet,
this pancl will grace any console,

B.‘ITTERY operation is still the fa-

<orite of the fan acho wants dis-
tance. In this poscerful receiver ave
find the same screen-grid tubes as in
the larger A.C. model; though not the
elabarate filter circuits, nor the push-
pull output.  Howcewer, this receiver,
considerably casier 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 ligh quality «cith @wolume suil-
able for the home.

grid.  Sccondly, the reduetion in fube 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.  Tence, the de-
vices previously necessary to curb this an-
noying force can now be climinated, thus
reducing the cost of the rceeiver.

The ypossihility 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 tuhe
makes necessary careful consideration of the
number of stages to be used in the RUF.
system, because ultra-sensitivity greatly in-

D. C. Model

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

By Leslie GG. Biles

creases the effeet of man-made static. ‘The
abundance of broadcast stations adjacent to
the larger citics, and the increased power
employved by the stations, introduee 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 RV, stages is determined.
Investigation of the maximum gain avail-
able from a screen-grid tube and its radio-
frequency transformer, consistent with sal-
isfactory selectivity bhetween 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 sereen-grid radio-
frequency amplification constitute an ampli-
fving system which is conductive to high-
calibre performance in cvery respect.  'The
use of individual stage shielding, whereby
all inductive coupling between the radio-
frequency transformers, and eclectrostatic
coupling between the condensers, is elim-
inated, has made possible the attainment of
a high amplification level with perfect sia-
hility; so those DX stations can be received
with execellent volume after the loecals have
signed off the air. The elimination of such
interstage conplings displayed its effect upon
the regeneration present in the system, hy
improving the shape of the resonance curve
of cach stage, and greatly minimized side-
band suppression, "T'he minimization of re-
generation, together with the total radio-

Fig. B

The simplicity of the “Junior Hi-Q 29" is apparcnt; and the rcady-drilled 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 oh-
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 Rapio News for April, page 916.)
Third, it improves the selcctive 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 bcing the best to fol-
low ‘the radio-frequency and detector sys-
tems employed. The smallness 6f 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 rcason 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 uynit, which obviates all drilling and
saves the constructor a great deal of drudg-
ery.
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One Sangamo .001-mf. fixed mica con-
denser (C3);

One Carter TP-3M tapered volume control,
3000 ohms, (R1);

One Carter No. 2 battery switch (SW);

Four Aeme “Parvolt” 0.5-mf. Series 200
by-pass condensers (C4, C5, C6, CT);

Two Durham metallized resistors, 1/ -megohm
(R3, R5);

One Durham metallized
megohm (R7);

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

One Durham “Powerohm,”
ohm (R6);

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

One Yaxley No. 660 cable connector ang
cable;

resistor, 1/10-

l-watt, 50,000-
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The schematic diagram of the “Juwior Hi-Q 29” is casily followed; its untuned antenna stage gives

distortionless wvolume control; and its mom-regemerative,

plate-rectifying detector and resistance-

coupling in the A.F. end show that quality as well cs 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 (L1, L2);

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

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

Six Benjamin “Cle-Ra-Tone” sockets No,
9040, for V1 to V63

Fig. C

A4 rear view of the completed veceiver, showing the finish of its appearance, as well as its stromg

mechanical construction,

The compactness of the audio amplifier and the shortmess of its commece

tions is noteworthy.

Two Eby engraved binding posts (“Aer.,”
and‘n);

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

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 plaje-current consumption is impera-
tive; this is secured by the use of a distinct
grid-bias wvoltage 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. The 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 um=



20

changed during the manipulation of the
eontrol.

The need for proper by-passing of the
radio-frequeney currents in the plate cir-
cuits of the sereen-grid tube is sccured 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-frequeney currents from
the audio amplificr 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 biascd 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 the reeciver, it has becn so designed
that its assembly is very simple; reference
to the wiring diagram will substantiate this
statement. IHowever, the constructor should
note a few prceautionary details—items
which, though relatively simple, influence re-
cewver performance. First, the use of the by-
pass condenscrs (C4 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-
tera. Take particular notice of the fact
that they are locatcd between the battery
ends of the R.F. transforiner 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
he plate of the detector tube and the plate
«nd of the first audio coupling resistor,
with the by-pass capacity across the com-
bination. This is of particular importance,
vecause it influences the sensitivity of the
detector tube. The third item is the detec-
tor input; the high-value capacity C7 is in
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series with thc regular tuning condenser,
C2, as shown. Do not connect these {wo
condensers in parallel; if you do so, tuning
of this stage will be impossible.

In procceding with the actual construe-
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 he
the best for the equipment employed. It
provides thc simplest wiring and the short-
est conncetions. The equipment cnelosed
within the individual shields should not be
increascd beyvond the units shown. As may
be seen, the two R.F. amplifving tubes are
external to the shiclds; the input tube being
at the left of the first shield, while the see-
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 shiclds which house the tuning systems
for these stages.

The deteetor tubc 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 dctector tube

By-pass Resistors for Series-Filament

T HE 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 riost 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,

By J.H. Arnold

DET.  IstR.F 2ndR.F. 1stAF. 2ndA.F.
0.25 MLA. 1.5 MLA. 15 MLA. 25 MLA.
5.5 4.0 8
600 850 1500
OHMS OHMS OHMS
FIG. 1 R
DET.  IstR.F  1stAF. 2ndRF. 2ndAF.
0.25 MLA. 1.5 MLA. 25 MLA. 1.5 MLA.
15
2000
OHMS
~ - (FIL. WIND -
40 +
NG ON
1500 OHMS TRANSE)
FIG. 2

Series filament wiring with 60-milliampere

tubes requires some compensating resistors.

Fig. 1 is a wusual, and Fig. 2 an improved
circuit.

socket and the first audio
coupling resistor. Referring
to the photographs, as repro-

dueed, the sequence of  de-
4. FgD
Wiring in the “Junior Hi-Q 29"

!1'3 almost couspicuous by its ab-

. senee,  The  “point-to-point” gy
\\ is casicst and best. It must be
R # i noted that good insulation is needed.
N G y
< -
- o q
.\\\// § tector and audio-frequency
ey w3 tubes s as follows: Starting

at the rear of the front panel,
the first is the detector tube,
the second the first audio
tube. The third (sccond 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 carricd out (I'ig. D) bencath
the sub-pancl, 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 hetween
the ehassis (“A— B—"") and the “B4" ter-
minal is located on the nnderside of the suh-
pancl, as shown in Fig. D. The input ter-
minals of the receiver are the two binding
posts shown in Figs. B and C; the ontput
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” systemns (since the “A” and “B” minus
terminals are connceted thereto), it is im-
portant that all the wires passing through
the holes in the sub-pancl have perfcet in-
sulation. Care should be excrcised, 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.

(Continucd on page 86)

Operation

and 1,500 ohms may be used. By connect-
ing the 1,500-ohm resistor across two tubes,
the 4-milliamapere 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 deteetor tube;
namely 2,000 ohms instead of 600.

By the application of this idea, sets using
morc than four 199-typc tubes in sceries may
be designed to use resistors of not unusual
valucs, remembering that the resistanee in
ohms cquals three times the number of
tubes across resistor, divided by the cur-
rent in anmperes.

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 serics wiring overloads filaments,
should a tube be taken out of its socket..
As the diagram shows, however, the conirary
is trne; the whole cireuit is broken and be-
comes dead.
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The «“A. C. Screen-Grid DX-er”’

An Old But Efficient Dis-

tance-Getting Circuit

Brought Up-to-Date with
Newly-Developed Tubes

By Robert Hertzberg

-

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

because of its requircment 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 foreed to over-

Jook 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
hixurious 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-
umm; 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.

Ranmo NEews, therefore, lhere introduces
to its readers one of the first receivers de-
signed particularly to tuke advantage of the
new tube. It has been called the “A.C.

Fig. A

The pancl appearance is aftractive and, as

Sercen-Grid DX-er” becanse 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-
nmendous DX range of the set. ‘The screen-

Rlv GENERATION preceded by a

tuned R.I'. 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 betwcen both coasts.

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

) © &
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Fig. B
The separated panel and sub-panel assembly, well illustrated in this top view, is very strong, and

sonvenient for the constructor.
a@ssembly appears at the lower right.

There is practically mo wiring above.
Note the shiclded, plug-in inductor L1, with its direct con-

The compact power-unit

nection to the screen-grid amplifier V1,

may be scen, will suit almost any cabinci,

circuits with a single R.F. stage and regen-
erative defector. 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 preve<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>