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A Variactor Controlled Carrier
Unit for Small Transmitters. This
compact, Inexpensive unit can
be added to any phone trans-
mitter with a minimum of effort.
By its use the power output is
increased and heterodyne inter-
ference is reduced. Completely
described in this issue.
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Cat. No. 467-421.
Sealed in recrangular
case. Convenient
chassis mounting and
wiring. Size 23" x 234"
x 414" high. Wt. 21, Lbs.
List price $8.00.
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Jefferson Microphone and Coupling Transformer

WHAT do we mean by “HUMLESS”?

Just this—the JEFFERSON Catalog No.
467-421 Microphone Transformer is designed
on a new and improved principle. It has bal-
anced windings assembled on an alloy core
(hydrogen annealed high permeability nickel
alloy). In spite of heavy shielding, the ordinary
microphone transformer will pick up hum which
is then amplified through the whole audio sys-

tem. In this new Jefferson Transformer, all hum
is balanced out and cancelled—cannot reach the
speaker. This transformer can be mounted on the
chassis of a high gain amplifier without hum pickup.

The windings are also provided with taps to
match 50, 100, 200 or 500 ohm lines to single
or push-pull grids.

In performance, in convenience, in quality it
is what you have been looking for.

A MICROPHONE TRANSFORMER FOR EVERY NEED

]S::"‘t’c‘i , For Coupling | Size | Wt. Lbs. Price .

467439 | Telephone Mike (75 Ohms) to Grid [ 2 <3y x1% 1 | 130 Write Your
467-413 l Single Buno:b(ozoo Ohms ) to Grid 2 x3Y% x1% | 1 1.30 I I

467-429 Velocity (Ribbon) to 50,200 Ohms 15 x3  x 15 1.40

467-414 Double Button (200-0-200 )to Grid 2 x3Y x1% 1 1.40 Who esaler TOday
467.-261 I Single Button (200 Ohms )to Grid 214 x2% x2% [ 1 | 1.90 f J ff R d’
467-263 Double Button (200-0-200) to Grid 2 x2% x2)% 1Y 2.00

467-430 Double Button to Line 50/200/500 Ohms 244 x2% x2% | 14 2.65 or Jerrerson aaio
467-431 Velocity (Ribbon) (o0 50,200 Ohms 2 x2%% x2 14 2.50

467-432 | Double Button to Line 50/200/500 Ohms 3 x 210G x 3 2 4.00 Cafalog

467-262 Double Button (200-0-200) to Grid | 34 x 210G x 3Y 24 375

467-421 Double Button (200-0-200) to Grid 23] x 234 x 414 2 8.00

JEFFERSON ELECTRIC COMPANY, Bellwood (Suburb of Chicago), lllinois

Canadian Factory: 535 College Street, Toronto
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9 to 200 Meter Y,

‘RADID’

SUPERHETERODYNE

LOOK

what you get in this
fine
PROFESSIONAL
SUPERHET!

Ten Raytheon Tubes.

Two Tuned R. F. Stages on all four bands.

Four Low-C Tuning Bands, 1500 to 33,000
ke. (9 to 200 meters).

Ample and Accurately Relogging Crowe
Band Spread Tuninganywhereinitsrange.

Bliley Crystal Filter For Single Signal that
doesn’t cut down volume.

All Chitran A. C. Operated —one unit—
without hum.

8-inch Jensen Concert Speaker—and head
phone jack.

Polished Chromium Welded chassis.

Air Tuned Polyiron I. F.—3 pi coils and
big, no-loss copper shields.

Separate R. F. Coils positively switched for
eachband—all Hammarlund Air Trimmed,
not unstable compression mica.

Sensitivity 1 Microvolt absolute and better.

Selectivity just what you want—variable
50 cycle to 10 ke.

Amplified Automatic Volume Control.

No Inherent Circuit or Tube Noise—lets
you copy signals now lost in the noise of
the best competitive sets.

Wired With Made-up Colored Coded Cable
—requires no circuit tracing, or even a
diagram.

R-S MERCHANDISING COMMITTEE

Chicago, Illinois, U. S. A.

1701 Roscoe Street

OW% can b

PROFESSIONAL COMMUNICATION
YA 4

just

SILVER

HIGH-FREQUENCY

SEND TODAY for
“HOW TO BUILD IT”
Book—Buy parts from your

local jobber

This is not the usual makeshift “'build-it.at-home”
kit, but a precision job engineered for laboratory
building. Yet it's so skillfully designed that any
amateur at all can assemble it at home with pliers,
screw driver and soldering iron. It's so thoroughly
worked out that ordinarily critical alignment and
testing is slmost child's play. It requires no expen-
sive test equipment—only what's right in it!

Start for as little as $7.30
Buy the parts as you build!

For only 10c (stamps orvoin) we will send you the
32.page "How To Build It"” book which tells the
whole story of this latest and “‘hottest’’ high-fre-
quency receiver. It is really an education in high
frequency superhets — profusely illustrated with
photographs of every assembly and wiring step,
diagrams, performance curves, and testing and
alignment procedure so simple that any amateur
can build and align it in an evening.

Now is the time to get set for the good DX season.
Start building this real receiver, that costs you less
than half the price of equally good factory built
sets. It can be yours for the bare cost of easily ob-
tainable parts and a few hours fun of building it.

You can start for as little as $7.30 and buy needed
parts from your local jobber as you build. You've
probably got many of its parts right now!

www_americanradiohistorv. com
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No longer need you yearn in vain for
that expensive communication receiver.
Here's one that you can build at home,
for less than half the cost of a factory-
built set. You can buy the standard parts

—

uild this
10-TUBE

and save over

as you can afford, or complete the

job all at once if you wish.

This new "RADIO"-SILVER 9 to 200
meter professional superhet was designed

by the Technical Staff of "RADIO"
Magazine in collaboration with
McMurdo Silver and fifteen of
America’'s biggest part makers. And
it comes to you on this money sav-
ing plan through the cooperation
of these well known manufacturers
of high grade radio equipment.

SPONSORED BY
Bliley Piezo Electric Co., Crowe Name Plate
and Mig. Co., Hammarlund Mfg. Co., Chicago
Transformer Corp., Yaxley Division of P. R.
Mallory Co., Jensen Radio Mfg. Co., Sprague
Products Co., Continental Carbon Co.,
Ohmite Mfg. Co., Readrite Meter Works,
Raytheon Production Corp., Alladin Radio
Industries, Inc,, Steel Box & Display Co.,
Filtermatic Mfg. Co., McMurdo Silver Corp.

MAIL COUPON
WITH 10c¢

in stamps or coin for
| 32-page Book
i *HOW TO BUILD IT”

R.S MERCHANDISING COMMITTEE

1701 Roscoe St., Chicago, 111, U. S. A.
Enclosed find 10c¢ (stamps or coin) for which

send me atonce 32.page "HOW TO BUILD IT”

Book with all details of new 10-Tube Profes-

sional Superhet.

| BHERCAGR

Name -
Address
City State.
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Would You Like to See

® The Modern Wonders of Electrical Science and Invention Unfold Before Your
Eyes?

@ The Modern Miracles of Radio and Electricity Demonstrated in Terms of "'The
Man in the Street?"

@ The Mistery of the Ultra-Short Waves—the Cathode Rays—Electronic Super-
Amplification—the electric Brain that thinks like a man.

® The Electric Eye that does such amazing things as The Servant of Man?

® A hundred and one inventions and developments brought forth by the genius
of the Giants of Invention and Research.

The Radio Knife The Electric Tongue The Talking Book
How Science Locates Underground Treasure
The Ship's Eye that Sees Through the Fog
The New Electronic Musical Instruments

@® The New Art of Electron Control from the World of Radio that is today revolutionizing our
daily lives, science, industry, technology, chemistry, surgery, therapeutics, metallurgy, mining, music.

Would you like to see these amazing inventions and
developments—see them and hear them explained?

Then Come and. See Jhem Demonstrated

Under the Direction of Dr. Orestes H. Caldwell, Noted Authority in the field of Science and Radio, at the

NATIONAL ELECTRICAL AND
RADIO EXPOSITION

L S S S S S S S N N . S C S C N C NS SN NSSSNNS NSNS SRR AN SN SRR S A A R L AR A R b b b b R R R

AN GRAND CENTRAL
C"‘\' Do PALACE GRAND CENTRAL PALACE, NEW YORK
L‘,C 1 D DEWATORK Lexington Avenue between 46th and 47th Streets
~ N n e
w / Xe "*\‘ AND P General Admission 25¢
- & /O
4 G A Review of Progress—all that electrical science and industry have to offer in the
Z Dy Y
O/ ) ‘;<‘ fields of Lighting, Heating, Refrigeration, Air Conditioning, Qil Burners and Domestic
( ‘: o and Industrial Appliances.
V-zrs 2 S
Ia':s’:“z:"i"‘ms 3 September 18th to 28th incl.
Doily, including Sunday '(b'/v “0 . .
1AM to 11 P, b - 2 4 Daily including Sunday—I11 AM. to 11 P.M.
’
’
’
“““““““““‘“““““““‘“‘“““‘“““““““““““““““"“““““
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Radiotorual (Comment

A "Scoop"’

® One of the pleasures we get out of life
is to sit-in on a confab with a bunch of our
brother hams. About a year ago we were
chin-wagging with some of the fellows at
the radio club. “Why don't somebody
show us how to build a very small, inexpen-
sive superheterodyne for amateurs . . . one
that can be built for about fifteen doltars . . .
one that fills the gap between the blooping
blooper and the full-grown superhet?” The
question came from an amateur of limited
means, one who simply could not afford
an expensive receiver. Yet his three-tube
tuned RF set wasn't doing its stuff in the
congested area where he resided.

Frank C. Jones was there when the ques.
tion was asked. A few weeks ago he asked
the editor if he recalled the incident. In-
deed, he did! A $15.00 version of an ama-
teur superhet had been built and rebuilt
many times by Mr. Jones in recent months

. yet none of the finished models met
with his approval. Along came the iron-
core IF transformer, first shown to the ama-
teurs in the Jones 222" receiver, some
months ago. Using this new transformer as
the heart of a $15.00 receiver, Mr. Jones
succeeded in developing a 3-tube super which
may spell the doom of the lesser-efficient
RF receiver for amateur operation. The
inexpensive ham super has arrived. It is
fully described in this issue of "RADIO™.
It uses only three tubes, one iron-core LF.
transformer . . . is easy to build and works so
good that its performance has already sur-
prised a group of critical amateurs who have
tested the set. Here is an opportunity for
almost every amateur to build himself a mod-
ern receiver. It is one of Mr. Jones’ most
useful contributions. Its popularity will be
infinitely greater than his “All-Band 53 Ex-
citer Unit.”

— 000 ——

Conﬂlchng Reports on Roberts

® ARRL djrector Ed. Roberts addressed the
Aurora, Illinois, Convention on August 4.
Two of “RADIO's” reporters sent conflicting
versions of the speech, simply because it was
not quite clear to them what Director Rob-
erts’ ultimate stand would be. Thus it seems
that the address was not accepted in a similar
vein by all who were at the convention.

Consequently “RADIO" can give you only
a short summary of what transpired; we do
not yet know where Roberts stands, and it is
-evident, from a reading of the reports which
have reached the editorial desk, that the
amateurs don’t know much more about it
than we do.

Roberts opened his address, one report
reads, by criticising the conventioneers for
inadvertently forgetting to display the ARRL
emblem. However, it was assumed by all
present that the affair was conducted under
the auspices of ARRL. Colonel Foster and
Sumner B. Young were complimented for
their criticisms of League policies. Roberts
brought out the fact that neither the Colonel
nor Mr. Young were mercenary, because both
are known to be financially independent.
Neither of these men is gunning for War-
ner’s job it has taken some of the amateurs
a long time to find out that neither the
Colonel nor Mr. Young are surplus snatchers.
Roberts then discussed the Warner affair.
And here the reports differ. One report
states that Roberts will vote to fire Warner,
the other says a remark was made that War-
ner is the best man for the job and should
not be replaced. Because of Roberts’ refusal
to correspond with the editor of this maga-
zine, it is impossible for us to tell you just
how Roberts stands.

All that remains is to ask you to QRX
until the ARRL investigating committee re-
ports. In the meantime, the editor is mixing
a huge pot of whitewash with one hand, and
picking a beautiful bouquet of roses with the
other, ready to proffer either hand as soon
as the committee reports. May the white-
wash remain in the pot—may the roses adorn
the lapels of the coats of the investigating

committeemen. As the old sea-going salt
would say, “Ya never can tell which way
the wind will blow.”

- [ X X J —

Questions and Answers

© Over a period of less than 30 days more
than 200 technical questions were received
by the publishers of this magazine. To- an-
swer all of these questions will require more
than two weeks’ work on the part of the
technical editors. Some of the questions
call for an elaborate circuit diagram with
constants and coil-winding data for all of the
amateur bands. It is a physical impossibility
for the technical staff to answer all of these
questions. More than half the questions are
in the form of a complaint that a certain
receiver or transmitter had been built, “ex-
actly as specified—but with a few dozen
exceptions’, because use was made of old
equipment which was on hand. Parts lay-
outs sent to the technical editors call for sug-
gestions on how to rebuild a receiver or
transmitter using entirely different com-
ponents than those specified in the original
editorial manuscript. No attempt is made
to answer these questions because it is not
often possible to get the same results from
a recetver or transmitter in which so many
changes are to be made. On the other hand,

the editor has a large file of glowing testi-
monials from readers who have acclaimed
the merits of the equipment described in
these pages, simply because the reader
built the equipment exactly as specified. Many
superheterodynes have been built . . . some
of them twice as large as the original model
shown in these pages. Leads are twice as
long. Coil forms and condensers of a differ-
ent size are used . . . and along comes a
complaint from the reader that his receiver
does not work.

Those who ask for technical advice are
reminded that our staff is small. Three
technical men do most of the work. Almost
any next-door amateur can answer many of
the questions which are received by our
technical staff. Ask your friends for advice

. if they can’t help you, then write us.
Indeed, we are here to serve you. But the
avalanche of questions which has been re-
ceived within the past 30 days is amazing.
Many have offered to pay liberally for the
service. But we can't accept your money.
All we ask of you is to have mercy on us.

So let us be fair with each other. If you
do not build the equipment in conformity
with the editorial instructions, there isn’t
much we can do to help you make it work.
Condensers, coils, resistors, chokes, chassis
layouts, etc., are carefully chosen before a
receiver is built. Many complaints have
been received in regard to the very poor
quality of some brands of resistors and
condensers which are found on the market.
Often a receiver or transmitter will not op-
erate properly because the resistor was either
open-circuited before it was installed into
the set, or because it had a widely different
value from that shown on the label. Of a
dozen resistors recently tested in our labora-
tory, three had an “open”, two had only
half the resistance they were supposed to
have had. Of the seven remaining, only
one checked within 10% of its rating. Thus
the set builder is cautioned to buy GOOD
resistors and GOOD condensers. There is
no economy in buying cheap products of
this kind. A good resistor costs only a few
pennies more than some of the very inferior
brands which are offered. Ask the dealer to
check the resistor for an open circuit. He
can do it in a jiffy on his test set . . . and
many a ham heartbreak can thus be avoided.

Imagine what is going to happen when a
poor resistor or fixed condenser finds its
way into your set! Make your own coil
forms, if you so desire . build your own
variable condensers . . but when it comes
to buying a small resistor or fixed condenser
BUY the BEST. There are a number of
volume controls on the market which are ex-
ceptionally noisy. Pay ten cents more an
get a noiseless volume control. It pays!

i
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The Barkha
Oscillator

By F. B. LLEWELLYN

Radio Research, Bell Telephone Laboratories

HE Barkhausen oscillator for ultra-high

I frequencies has been the subject of
many complicated analyses. As with
other developments, the history of its theory
has gone through three stages; starting
with a simple but incomplete concept, ad-
vancing through a more and more involved

CATHODE

+

FIG. |—This general arrangement of tube ele-
ments and circuit is used in the production of
Barkhausen oscillations.

mathemartical analysis, and finally yielding
the important properties in simple enough
form to be stated in everyday language.

The elementary concept upon which the
explanation of the Barkhausen oscillator was
originally based was that of an electron or
group of electrons which danced back and
forth through the opening, in a positively
poiarized grid. Among other things this
concept did not show why the number of
electrons going in opposite directions through
the grid was not always the same. The
mathematics which followed led in many
cases into strange paths, but finally was placed
on a sound basis. When this had heen done
it was found that the explanation could be
made in a perfectly straight-forward way,
and that the original concept of the dancing
electron contained only enough truth to
delay and complicate the process of arriving
at the correct answer.

Physically the Barkhausen oscillator con-
sists of a filamentary cathode surrounded by
a cylindrical grid and plate, as shown in
Fig. 1. The grid is operated at a positive
potential, the plate is biased 10 a slightly
negative potential, and a tuned circuited LC
is usually connected between them.

Electrons starting out from the cathode
are attracted by the positive grid, and move
with increasing velocity in that direction.
Many of the electrons hit the grid, and be-
come of no further concern. Many others,
however, pass between the grid wires without
hitting them and move toward the plate with
decreasing velocity, coming to rest just be-
fore reaching the negative plate and then
starting back toward the grid again. As
before, a given electron may hit the grid or
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FIG. 6—Experiments were also performed in which a transmitter. incor-
porating a Barkhausen oscillator and associated with a parabolic reflector,
transmitted 28-centimeter waves from the roof of the Graybar-Varick
Building to the New York Telephone Company's Building at 140 West St.

may miss it again and continue on toward the
cathode, when the cycle is repeated.

If the tube were not oscillating, the story
would now be complete. A convenient way
ot seeing what causes the osciliations in the

4

POSITIVE

NEGATIVE

GRID

FIG. 2—When a constant potential is applied to

the grid of a vacuum tube constructed as shown

in Fig. |, the force exerted on the clectron at

various points in its trip across the tube is as

shown by the curve. The work done on the elec-

tron is therefore measured by the area under
the curve.

tube is to investigate what happens when
a transient oscillation is produced in the LC
circuit by some external means. If the
forces produced on the moving electrons by

M

POSITIVE

x5

FIG. 3—Because the work done on an clectron

of the useless type by an alternating force is

positive, the electron abstracts energy from the
alternating-current transient.

this transient deliver energy to the electrons,
the transient will die out; but if the electrons
having acquired kinetic energy from the grid
battery, can oppose the forces set up by the
transient and thus deliver energy to the cir-
cuit, the transient will persist or build up as
a continuous oscillation instead of dying out.

In the absence of the transient, an electron
starting from the filament moves in the direc-
tion of the force from the positive grid, and
so draws energy from the grid battery. After
passing through the grid wires, the electron
moves against the force from the grid, thus
returning energy to the grid battery. When
it comes to rest in the grid-plate space, the
entire amount of energy picked up in the
cathode-grid space has been restored to the

PLATE

2|
]
4]

FORCE

NEGATIVE

CATHODE PLATE

FIG. 4—With an alternatipg force, an electron

of the useful type delivers energy to the trans-

ient, at the expense of the battery producing the
constant force.

battery. During the return trip, the same
sequence again occurs: the energy which was
abstracted in moving toward the grid is re-
The net

s stored in moving away from it.
Y : ’ result is that energy is neither absorbed from
Saa e ¢ nor delivered to the external circuit and
s batteries by such an electron. This fact is
4 made graphically evident in Fig. 2, where
CATHODE GRID PLATE the force from the batteries which acts on

the electron is plotted as ordinate while the
distance the electron has moved from the
cathode is taken as abscissa. The area under
the curve consequently measures the work
done on the electron during its trip across the

2
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tube: the positive work done between cath-
ode and grid is just equal to the negative
work done between the grid and the plate.

When the transient is introduced into the
LC circuit, conditions are considerably chang-
ed. Superposed on the force diagrammed 1n
Fig. 2 is the force set up by the alternating
grid potential. Since the latter force alter-
nates, the resultant forces acting on electrons
which start out from the cathode at different
times in the alternating-current cycle will be
quite different. For purposes of illustration,
it is sufficient to trace the history of two
electrons only. One of these starts out just
at the time when the alternating force be-
gins acting in the same direction as the con-
stant force of Fig. 2. The other starts out a
half cycle later, when the alternating force
begins to oppose the constant force.

In the first case, the alternating force in:
creases in intensity as the electron moves
along, then decreases to zero, then reverses
and opposes the motion, and finally com-
pletes the cycle by becoming positive again.
If the electron passes thsough the grid mesh
just before the alternating force returns to
its first zero value, the action of the force
upon it is as shown in, Fig. 3. At the nstant
the electron passes through the grid, of
course, the direction of the force acting on
the electron reverses, not because of any
abrupt thange in the grid potential, but
because the grid is now located behind the
electron instead of ahead of it. As the elec-
titon moves on toward the plate, however, the
alternating force decreases to zero and then
reverses. Thus during both halves of the
cycle the force acts in the same direction as
the electron is moving, and delivers energy
to it, as can be checked by reference to the
area under the curve in Fig. 3. In other
words, the transient in the external circuit
has done work on this particular electron,
and the electron, by taking energy away from
the circuit, has produced a tendency for the
transient to die out.

There is nothing in this behavior that
gives encouragement to the maintenance of
osctllations. The only consolation comes
from noting thdt the electron is moving
faster when it approaches the plate than it
would if no alternating forces had acted on
it, and consequently it will hit the plate
even though the latter be at a slightly nega-
tive potential. Thus this useless, and in
fact harmful, electron is at least prevented
from doing still further harm by being re-
moved through the plate from the scene of
action.

Fortunately the other electron, that leaves
a half cycle later than the worthless one
just dismissed, is more useful. From the
very start the alternating force opposes the
motion of the new electron, but cannot stop
it because the alternating force is never
larger than the constant force of Fig. 2.
The electron is therefore doing work against
the alternating force, delivering energy to
the transient in the external circuit. As the
electron progresses, the phase of the force
changes as shown in Fig. 4. Unlike Fig. 3,
the reversal in direction occurs before the
electron has reached the grid, because the
force opposing the motion has decreased the
speed. When passage through the grid
mesh again reverses the direction of the
force, the agreeable electron continues to
deliver energy to the circuit transient, as it
approaches the plate. Having lost much of
its velocity in transferring its energy to the
circuit, the electron comes to rest before
hitting the plate, and then, urged by the con-
stant force of Fig. 2, starts on its return jour-
ney toward the grid. At about the same time,
the phase of the alternating force again re-
verses and again opposes the motion, 50 that
the hapless electron must give up still more
of its energy to the growing transient.

FIG. 5—During certain experiments on ultra-short-wave transmission, a receiving layout was placed
on the roof of the New Jersey Telephone Company's headquarters building in Newark, to receive
60 centimeter waves transmitted from Barkhausen oscillators located in New York.

Another passage through the grid follows,
accompanied by another reversal in the phase
of the alternating force, and the tormented
electron must again yield energy acquired
from the constant force to the hungry tran-
sient. The energy loss brings the electron to
a hait before it reaches the cathode, the
phases again reverse, and the cycle starts
over agamn.

In its round trip, the useful electron of
Fig. 4 supplies to. the transient nearly twice
as much energy as the useless one of Fig. 3
abstracted in its one-way trip. Moreover,
the useful electron reaches the cathode again
at just the right tme to join with other
electrons of the useful type and augment their
relative number. The action is consequently
progressive, building up more and more
usetul electrons.

In practice, operating conditions modify
somewhat the mechanism described. For
example, space charge near the cathode pro-
duces more harmful electrons than useful
ones and is to be avoided. Space charge
near the plate causes a shift between the
phase of the grid voltage and the force acting
on the electrons, which in general tends to
raise the frequency of oscillation. On the
other hand, space charge in general makes
the electrons move slower. Since the slower

motion tends to decrease the frequency, the
net result of space charge near the plate is
onlv a small decrease in frequency. The
tuning of the external circuit can also modify
the Irequency by about 30 per cent, but for
fixed values of plate, grid, and filament bat-
tery voltage, there is a parucular tuning
adjustment which gives maximum output.

There is a simple approximate expression
for determining the proper grid voltage and
size of vacuum tube to produce oscillations
of a given wavelength. For example, a tube
with a1 plate diameter of one centimeter, and
with 100 volts applied to the grid, will pro-
duce oscillations with a wavelength some-
what between 100 and 50 centimeters, cOr-
responding to a frequency between 300 and
600 megacycles, depending on the circuit
adjustments.

It is interesting to note that the same kind
of analysis here used to illustrate the work-
ings of the Barkhausen oscillator can be ap-
plied to the well-known feedback oscillators
operating with negative grid and positive
plate, ind shows that the two are not very
different from each other after all.  The Bark-
haysen oscillator will probably prove very
useful in the fields of ultra-short-wave trans-
mission, which are rapidly coming into com-
mercial application.
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The ”Super-Gainer”

A 3-Tube Superheterodyne With Regenerative First and Second Detectors. It Uses No I.F.
Stage. Is Selective and Sensitive. The Answer to a Problem Which Has Long Confronted
the Experimenter of Limited Means. A Useful Contribution to the Art.

@ This 3-tube superheterodyne was developed
to meet the demand for a simple CW or
phone receiver which would be more selec-
tive than an ordinary T.R.F. regenerative set.
The latter will not cut through strong local
interference in metropolitan areas where
this defect is very objectionable. A strong
local signal will not block-up this new re-
ceiver.

This 3-tube superheterodyne circuit offers
the best possibilities for selectivity. Most

By the Technical Staff of "RADIO"

order to prevent tuning interlock or reaction
between the first detector and oscillator. The
front-end of this receiver is quite similar to
the 222" previously described in these
pages, except that a 76 instead of a 6C6
oscillator was used.

The second detector is the heart of this
new receiver. A 79 twin triode tube is used
as a regenerative second detector, beat-fre-
quency oscillator, and as an additional stage
of audio amplification. Regeneration in the

trouble is had from detuning effect on CW
for various settings of the regeneration or
oscillation control. To complete the oscil-
lator circuit, the plate is grounded through
a .002 mfd. condenser since the cathode is
floating for RF, or rather IF. Low values of
resistors are used in the audio amplifier in
order to prevent motor-boating and too much
audio gain. Too much gain will produce a
strong hum level in the telephone receivers
which cannot be enurely balanced out, even
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Above: Complete circuit diagram of the "Super Gainer”. L| is the detector coil;
L2 oscillator coil; L3 tickler coil; L4 iron-core I.F. transformer; L5 BCL type coil.
See text for coil winding data.

Left: Rear view of the receiver, showing location of shield partition between detector
and oscillator coils, also shield plate between sections of the two-gang band-spread
tuning condenser. These shields are of utmost importance.

short-wave superhets use from 6 to 10 tubes
and they are rather complicated to build
and line-up. By the use of regeneration at
two frequencies, three tubes do the work of
six, in the unique circuit here shown. The
use of a 6C6 regenerative first detector en-
ables reception of weak signals and good
signal to noise ratio, especially on 10 or
20 meters. Because regeneration is used,
a separate 76 tube oscillator is necessary in
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second detector, even when oscillating for
CW reception, eliminates the need of an IF
stage. By the same token, a separate B.F.O.
tube is eliminated. The second triode is
used only as a stage of resistance-coupled
1F.

Transformer coupling was tried, but
trouble arose from audio feedback and too
much audio gain when using a high mu
tube such as a 79. The 79 is a small tube
and it will fit inside of a standard tube
shield. All tubes are shielded.

Cathode regeneration is used in the first
section of the 79 tube because it simplifies
the problem of obtaining feed-back to the grid
coil and also provides a stable oscillator
circuit. The cathode resistor is by-passed
with a 25 mfd. electrolytic condenser in
order to prevent audio feed-back due to com-
mon coupling between the detector and audio
amplifier of the 79. The cathode coil con-
sists of an old BCL receiver coil of about
100 turns of No. 30 wire on a 1Y4-in. diameter
form. This coil value is not critical; sev-
eral BCL coils were tried and all gave satis-
factory results.

Control of regeneration is by means of
a tapered 10,000 ohm variable resistor shunt-
ed across this BCL cathode coil. This cathode
coil is not directly a part of the 456 KC
tuned circuit and therefore practically ng

F

with a variable center-tapped heater shunt
resistor. The latter is very useful if the
heaters are operated on AC and the hum can
be reduced 50 per cent by proper adjust-
ment of this variable resistor. The 79 tube
seems to be more subject to hum pick-up
from its heater circuit than some of the
other type tubes.

A single Alladin iron-core IF transformer
(465 KC) provides sufficient selectivity for
this receiver. This unit has a screw adjust-
ment on the side of the shield can which va-
ries the coupling between the two tuned coils.
When regeneration is used in the second
detector, very loose coupling between the
tuned circuits is necessary. For this reason
only such types of IF transformers should be
used which will allow adjustment of coupling.
Too close coupling will prevent oscillation
at the resonant frequency of the IF unit.
This adjustment of coupling should be made
by trial when the receiver is in operation.
The correct value is that which will allow
osciilation with the cathode control fairly
well advanced when the primary is tuned
through resonance with the secondary. The
79 should go into oscillation with a fairly
smooth action, just like any ordinary re-
generative detector.

The values of resistors shown are satis-
factory for B voltages of from 90 to 180
volts, 90 volts gives less gain, and a good
average value is 135 volts of B batery. If

e
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an AC power supply is used it should be
very well filtered, about three secrions of
filter being generally sufficient, and by-
passed with at least 8 mfd. across the out-
put. If over 180 volts is used, a lower value
of cathode resistor is necessary to prevent
motor-boating. With 250 volis supply, as
low as 350 ohms is necessary in the second
detector cathode. If much over 135 vols
plate supply is used, it is also necessary to
drop the plate voltage on the 76 oscillator
and the plate return circuit must be by-passed
with an additional .01 mfd. condenser. For
example, at 200 volts supply, a 25,000 ohm
1 watt resistor is needed in series with the
+B lead from the oscillator coil after being
by-passed both sides to ground. At 250 volts
supply, a 50,000 ohm 1 watt resistor is ap-
proximately correct.

If an AC power supply is used, the stmplest
method is to use a voltage divider in order
to obtain about 135 volts; then by-pass this
voltage supply with an 8 mfd. condenser.
The receiver can also be used with a set of
three 45 volt B batteries in series because
the current drain is quite low. Either a
filament transformer or a 6 volt storage
battery can be used for filament supply.

The high-frequency oscillator and detector
coils are of the 1V5-in. diameter plug-in
type, with a 4-prong ribbed coil form for
the oscillator and a 5-prong form for the
detector. Using coils with unlike . number
of prongs insures plugging the right coil
into the right socket. The coil sockets should
be isolantite. The coil data are given in
the table of coils.

The main tuning is accomplished by means
of a Hammarlund two-gang double-spaced
condenser, originally having 35 mmfd. max.
capacity per section. To prevent interlock
effect on 20 meters, an aluminum shield is
placed around the oscillator section of the
condenser. By pulling out one stator plate
from each of the inside ends of the stators,
space is made available for the grounded
shield and better band-spread tuning is also
obtained. The oscillator section of the con-
denser also has its front rotor plate removed;
thus this section has 7 dielectric air spaces
between rotor and stator, while the detector
has 8 spaces. This greater capacity on the
detector allows a better degree of tracking
for any particular setting of the two 100
mmfd. band-setter condensers. The detector
band-setter condenser should always be ad-
justed for maximum signal or noise pick-up
when advancing the first detector regenera-
tion control, i.e, increasing the screen-grid
voltage. The cathode tap on the first de-
tector coil allows regeneration at the signal
frequency; variation of screen-grid voltage
provides a convenient adjustment of regenera-

tion. The tube should never be permitted
to actually oscillate, otherwise it will usually
bring in undesired stations which differ in
frequency from the desired station by the
value of IF used.

Bias detection is used because it does not
cause as much loading effect on the tuned
circuit as when grid-leak detection is used.
This method, plus regeneration, reduces the
image interference to at least 50 DB down.

A de luxe chassis assembly for the “Super Gainer"
with 76 tube shield removed. The tubes and coils
are mounted horizontally. The front panel is a
piece of No. 12 gauge aluminum, 7" x 14", The
shield partition pieces are 7” high and 63"
deep, with a I,” bend for fastening to the front
panel. The deck on which the 79 tube, I.F. trans-
former and main band-spread tuning condenser
is mounted is 44" x 634" with a 2” U-bend. All
tubes must be shielded.

The suppressor grid is connected directly to
the plate of the 76 oscillator and provides
ample oscillator voltage coupling to the first
detector for proper mixing to the IF "ampli-
fier” frequency. The amplifier in this case
1s the regenerative second detector.

One thing to remember in connection with
any superheterodyne is the importance of ob-
taining proper HF oscillator voltage into the
first detector. Too little voltage results in
loss of sensitivity, too much voltage due to
too many tickler turns or too high plate
voltage on the 76 will reduce sensitivity and
selectivity, as well as sometimes producing
extra heterodyne whistles and other unde-

"SUPER GAINER" COIL DATA—AII Coils Wound on IV-in. Diameter Forms.

oozl bl L '
160
Meters

80 140 turns No. 20 DSC spaced
[to cover 1¥-in. Tap at ¥

ifums. Close-wound.

Meters |turn. '
40 |12 turns No. 20 DSC spaced|
to cover Il5-in. Tap at '/2‘”
Meters [turn.

20 |5 turns No. 20 DSC spaced .

to cover Yg-in. Tap at V3|’
Meters ‘turn.

| %ein.  windi £ 1Vain, windi i : .
i, vt e i, wiing suee SLLLTT N 5 E i
|Srid on top end.

133 turns No.
paced to cover 13-in|wound Ye-in. from L.

turns No. 20 DSC[5 turns No. 24 E. spaced
|paced to cover I'/4-in.|

turns
[spaced to cover %g-in.

L, Lo ol M
12 turns No. 24 E. Close-
Close-wound.“n same direction as L. with
_|plate on far end.

20 DSCi8 turns No. 24 E. Close-

‘|/4-in. from L.

No. 20 DSC3 turns No. 20 DSC spaced
|Va-in. from L..

10 3'/2 turns No. 20 DSC
{spaced to cover l-in. Tap
Meters [ai ¥ turn.

13Yy  turns
lspaced to cover |-in.

121/, turns No. 20 DSC Vg-in.
No. 20 DSC from L. and th-in. between
lturns.

.

sirable characteristics. This form of sup-
pressor grid coupling does not require as
strong an oscillator as is needed for most
other mixer circuits.

A shield is placed between the oscillator
and first detector portions of the receiver
in order to prevent undesired coupling. The
receiver should be placed in a metal cabinet
if more complete shielding is desired. The
IF transformer and 79 tube can be placed in
some other part of chassis than that shown in
the picture if a smaller chassis is deemed
necessary. The one here shown originally
had an extra IF transformer and also an
audio transformer mounted on it, but tests
proved that these are unnecessary.

The antenna is capacitively coupled to the
grid of the 6C6 by twisting a few turns of
the antenna lead around the grid lead of the
first detector. If a doublet antenna is used
on any band, inductive coupling can be used
in the form of a grounded center-tapped coil
of about 5 turns, slipped down over the
plug-in coil form and aiiowed to rest on the
coil socket base. It is necessary to have a
rough adjustment of antenna coupling in ot-
der to always be able to obtain regeneration
up to the point of oscillation in the first
detector. Too much antenna coupling, when
using a resonant antenna, will prevent suffi-
cient regeneration.

A ground connection should be used to
reduce hum in the headset. A long antenna
or a resonant antenna should be used when
possible.

With some coils, the oscillator band-setter
condenser will have two points at which any
given signal will be heard. The point on
the high side, that which is the 456 KC side
of the signal, should always be used. This
point is on the side of less capacity setting.
The coil turns can be so spaced, for each
band, that good tracking will be obtained
on the main tuning condenser without having
to continually reset the detector band-setter
condenser.

With the coils listed in the table, the 80
meter band-setter condenser in the receiver
shown is set at 33° on the oscillator and 40°
on the detector. On 40 meters the oscillator
is set at 87° and the detector at 97°. On 20
meters the oscillator is set at about 67° and
the detector at 80°. Different lengths of
leads or slight differences in coil winding
will, of course, result in different readings
on the band-setter dials.

Number 12 gauge aluminum is used for the
chassis and the front panel. The band-setter
condensers can be mounted directly on the
front panel, but the main tuning condensers
should be mounted on a separate bracket.
The telephone jack must be insulated from
the front panel by means of fibre collars or
washers in order to prevent short-circuiting
the B supply. A tube socket is used for
connection of power supply leads. Either
an AC power pack or a set of batteries can
be used by connecting them to the proper
plug and cable.

The procedure in testing this set is fairly
simple. The second detector should oscil-
late when its regeneration control is ad-
justed. The IF transformer tuning can then
be adjusted to resonance with the secondary
by noting the spot at which it tends to pull
this detector out of oscillation. The IF
transformer may require less coupling be-
tween coils than the adjustment originally
made by the manufacturer. To loosen the
coupling between the coils in the IF trans-
former, two holes should be cut in the chassis
under the IF coil at the points where the
set screws can be reached with a screwdriver.
The actual coupling adjustment on the iron-
core IF units 1s on the side of the transformer
can, but the set screws (inside the can)

(Continued on page 34)
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A New Vacuum Tube
For Ultra-High Frequencies

By C. E. FAY

Vacuum Tube Development, Bell Telephone Laboratories

N THE past few years, considerable at
I tention has been devoted to the develop-

ment of radio communication at the ultra
high frequencies. As the available channels
in the lower frequencies range become as
signed, this high-frequency portion of the
radio spectrum, including trequencies higher
than 30 meégacycles, offers an abundant sup-
ply of additional channels. Developments
have not progressed sufficiently, however, to
give knowledge of the full possibilities of
these higher frequencies. To be able to
carry on studies of communication systems
that may employ them, it has been necessary
to develop vacuum tubes that will osgillate
and amplify in this ultra-high frequency
region.

Difficulties have been encountered in op
erating the conventional vacuum tuoes at
these higher frequencies. One o. these is

| th 1 1€ erating
freq rd 140 L €5,
I e Jec €
requs
Cl€e )me L 2

cycles, however, it bég:n; to fall off rapidly

until a -point is finally reached where the
maximum ailowable energy must be dissi-
pated in the tube elements to produce any
detectable output power. This is known as
the frequency limit of the tube.

One of the causes of this decrease in eth-
ciency with increasing frequency is that the
charging currents to the inter-electrode
capacitances inCrease in proportion to the
frequency. Since these charging currents
must flow through the tube leads, which are
not ordinarily designed to carry heavy cur
rents, a considerable energy loss result
which decreases the useful output. These
capacitances and charging currents are indi
cated by the dotted lines of Fig. 1

Besides its reduction caused by excessive
charging current, the efficiency of a vacuum
tube falls off very rapidly as the time of a
reriod of oscillation approaches the time
required for electrons to travel from the
cathode to the anode. Reduction in efh
ciency due to this effect begins to be notice
ble for most tubes at frequencies between

0 and 60 megacycles. Its most obvious
cause is a lagging in phase of the plate cur

nt with respect to the plate voltage, al
though | more involved effects are
pre.ent.
Still another difficulty in the operation of

¢ ordinary tubes at very high frequencies is

e magnitudes of the inductances and capaci-
ces within the wbe relative to the external
tunirg reactances. The capacitances and
inductances within the tube itself are fixed
le. but at ordinary frequencies

ar ry small compared to the external re-
actances, such as L. and Co of Fig. 1. To
tune the circuit to a higher operating fre-
quency, however, Lo and Co must be made
smaller, and a f 5 ultimately reach-
ed at which they become small compared
to the inductances and capacitances of the
tube. In extreme cases the tube reactances
themselves control the oscillating frequency.
To avoid these difficulties that arise when
ordinary tubes arc operated at ultra-high
frequencies, a tube has been recenty de-
veloped in which these frequency limitations
hove been eliminated to such an extenc that
the tube is suitable for operation in the
range from 30 to 300 megacycles. This tube,

Left: FIG. 2—The Western Electric 304A vacuum-tube, designed for
frequencies from 30 to 300 megacycles.

Above: A pair of W.E. 304As in push-pull in an ultra-high'frequency
transmitter.
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of vacuum tube showing external and internal

reactance.

(Right)—FIG. 3—Output and efficiency charac-
teristics of 304 A tube at various plate potentials.

known as the Western Electric 304A, and
shown in Fig. 2, is a low power triode suit-
able either as an oscillator or an amplifier.
Its characteristics and ratings are given in
the abulation of Fig. 4. At frequencies up to
100 megacycles it may be operated at full
rating, but with higher frequencies the out-
put is gradually reduced. The power output
and efficiency of this tube in the range
from 50 to 400 megacycles is shown by the
characteristic curves plotted in Fig. 3.
Several modifications have been incorpo-
rated in this new tube to make it suitable
for operation at the higher frequencies. Dis-
sipation of energy in the leads due to exces-
sive charging current is avoided both by
decreasing the inter-electrode capacitances
and by decreasing the resistance of the leads.
The grid and plate electrodes are supported
by short heavy wires which pass through
the top of the hard glass envelope. These
serve both as supports and lead-in wires,
and provide a construction giving the low
inductance and resistance essential to the
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operation of the tube at ultra-high frequen-
cies. This construction has the further ad-
vantage of eliminating any solid dielectric
other than the glass envelope. In a high-
frequency field, solid dielectric absorbs en-
ergy and may break down, so that its elimi-
nation ts desirable.

Besides these maqdifications, the charging
currents themselves have been made very
small by employing smaller electrodes. In
general, the size of the anode is determined
by the amount of heat that must be radiated,
which for any given material is a function
both of its operating temperature and its
radiating area. By employing graphite for
the anode, which is a much better radiator
than molybdenum, the material commonly
employed as an anode material, it has been
possible to radiate the desired amount of
heat with a smaller plate. The plate is
cylindrical in shape, and thus a smaller sur-
face area makes possible a smaller diameter.
The smaller diameter, in turn, results in a
shorter electron transit time, and thus in-
creases the frequency at which the phase

lag of the current with respect to the voltage
becomes appreciable.

With these many advantages the new tube
is proving highly sausfactory for a variety
of ultra-short wave circuits. A typical ap-
plication is the push-pull oscillator operating
at 60 megacycles shown in the illustration
on the facing page.

FIG. 4—Characteristics and ratings of the 304A

tube

Filarwent Voltalle sawssscassscos «paddsvad 7.5 Volts
Filamerit. Cuirent anaopgropsmre. m v pumes 3.25 Amperes
Max. DC Plate Voltage—Unmodulated ........ 1250 Volts
Max. DC Plate Voltage—Modulated . ......... 1000 Voits
Max. DCPlate Current . ................ 0.10 Ampere
Max. Continuous  Plate Dissipation. .. ......... 50 Watts
Max. RF Grid Current. ... ... .c.cvvirasnns 5 Amperes
Max. DC Grid Current. ... ............. 0.020 Amperes

At a Plate Voltape of 1000 Velts DC and

Plate Current of 0.050 Amperes;
Amplification Factor . ................... - qump 'L
Transconduetance .. ................. 2300 Micromhos
Plate ResistinCe. s s« Jb b s wue addihl damse 4800 Ohms

Inter-electrode Capacities
Grid to Plate............. . ...2.5 Micro-microfarads
Grid Mer Fillameabhie. ¢ ih s oo we aawidd 2.0 Mlcro-microfarads
Plate to Filament. ... . . 0.7 Micro-microfarads

Group Hearing Installations Help for Service Men

® One division of the Public Address field
that is becoming increasingly important is
that of the installation of Group Hearing
Aids in theatres and churches for use by the
hard of hearing. Individuals with a hearing
impairment are anxious to be ‘able to use
such a service of this type and are pleading
that their church, theatre and schools pro-
vide some means of permitting them to hear.
Parent-Teacher associations and Kiwanis
groups throughout the land are beginning
to become interested in the young child who
is hard of hearing and thus, is deprived of
obtaining the utmost from his education,
resulting in at least one state furnishing a
group hearing aid in its public schools
wherever needed by hard of hearing chil-
dren. In short, the field is extremely broad
and of great practical value as well as a good
financial proposition to the service men.

Because of the fact that the majority of
the Group Hearing Aid Installations are of
necessity small, requiring but a limited num-
ber of earphones, they will be made by the
local radio service man.

Essentially, a Group Hearing Aid con-
sists of a microphone, amplifier, outlet boxes,

s

individual volume controls and the ear-
‘phones. Because of the numerous parts that
must all work together, it is desirable to
purchase all of the equipment from a manu-
facturer as a group. This can now be done
at a price less than the various components
of equal quality could be purchased indi-
vidually and with the added advantage that
it is tested and guaranteed by one organiza-
tion. An installation of from 6 to 10 phones
can be installed, if so purchased, within a
few hours.

Inasmuch as the public comes in contact
with the earphones, the entire installation is
judged by their quality and comfort; there-
fore, great care should be used in the selec-
tion of this particular unit. In particular the
phones should all be light in weight, the
flat disc type, are generally preferred, which
in addition to their inherent lightness, are
extremely comfortable, especially in the case
of a theatre, where they are often worn sev-
eral hours at a time. The phone should also
be capable of reproducing sound at high
levéls without abnormal distortion. Com-
bined with the foregoing requisites, the
phones should be very durable and able to

stand considerable rough treatment without
unusual injury, particularly the cordage used
on the phones should be the best available
as this 1s the largest source of wear. In
general, the phones should be of a type
especially adapted for this type of service.
Earphones with headbands are usually pre-
ferred for theatres while churches use the
lorgnette handle type.

Outlet boxes serving the double duty of
furnishing a mounting for the phone jack
and also housing the volume control, are
proving to be the most economical due to
their great durability and general all-around
service ability. Volume controls selected,
should be of such value as to operate properly
with the phones used, resulting in potentio-
meters having a value of approximately 10-20
times the direct current resistance of the
phones. Another advantage with the volume
control located in the outlet box, is the much
better regulation of the line that may be
attained with this system as compared with
having the volume located in the cord of the
phone, which is used especially where port-
ability of the installation is desired.

(Continued on page 37)
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Push-Pull-Parallel
Operation of Final

Amplifier for
Grid-Modulated

Phone - - -
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By adding two 150Ts to the final amplifier of the grid-modulated trans-

mitter described in July "RADIO", the output power in increased to

40 watts. The illustration above shows the complete push-pull-parallel

amplifier, ready for mounting in the relay rack. The neutralizing con-

densers are made from pieces of heavy aluminum, supported on

stand-off insulators. The edges are rounded, and the surfaces of all
plates are given a high polish.

+ 3000V
350ma

Circuit Diagram of the Push-Pull-Parallel Final Amplifier.

Only one grid choke is required, as shown.

® An economical solution to a high power
phone is 1o use push-pull parallel connec-
tion of tubes, as shown, with four type 150T
tubes. The RF amplifier is driven by a pair
of 2A3s and modulated by means of a pair
of 45 tubes. This unit was built to fit into
the relay rack which originally used two
150T tubes in parallel, as described in July

‘RADIO". The carrier power output is ap-
proximately 400 watts.

Trouble was evidenced in the form of a
4-meter parasitic oscillation when this ampli-
fier was first tested with a 3,000 volt power
supply. A small RF choke of about 10 turns
of No. 14 wire on a half-inch diameter,
shunted by a 400 ohm carbon resistor, stop-
ped this effect entirely. Due to the place-
ment of parts, one grid lead was longer than

the other, so the choke was put into the
short lead.

Cut-off bias is supplied by means of a C
bias power pack, and cathode automatic cut-
off bias furnished by means of a 600 ohm
200 watt resistor in the center-tap lead to
the filaments. Since this unit is to be used
exclusively for phone operation, only a small
RF driver is necessary, one which will sup-
ply about 15 to 20 watts for grid excitation.

2

-

Amateurs to Be Hamfested by
Qakland, Calif., Radio Club

® The Oakland Radio Club will be host to the
largest gathering of radio amateurs ever to
assemble in Northern California when the
annual tri-section hamfest is staged on Sep-
tember 28th. Hundreds of dollars worth of
prizes will be awarded. These prizes were
purchased from manufacturers and dealers
from the proceeds derived from the sale of
display advertising space in the official ham-
fest program.

A number of prominent amateurs will ad-
dress the hamfesters. An excellent dinner
will be served. The ptice of the tickets is
$1.00, everything included. There will be
no “extras,” there will be no raffles.

Ways and means of reorganizing the north-
ern Pacific division will be discussed. Now
that the southern sector of the state is to
have a new division of its own, it becomes
necessary to bring about a number of im-
portant changes in the administrative affairs
of the northern division. The affair will be
staged in the Aahmes Temple Building, 13th
and Harrison Sts., Oakland, California. The
time: 7 P. M. Reservations are now being
accepted by Mr. Charles Ziegler, 1322 60th
Avenue, Oakland. Those who purchase tickets
on or before September 25th will participate
in a special prize-drawing.

—_—e

"THEY'LL DO IT EVERY TIME"
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—-Courtesy of Jimmy Hatlo.
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Economical High-Power
Transmitting Condensers

@® The condensers here shown were buiit for
use in high power transmitters. The smaller
one has a capacity of a little over 10 mmfd.
and is suitable for neutralizing or regenera-
tion. The larger one is of the split-stator
type, having about 45 mmfd. capacity per
section, and can be used as a tank condenser
for the final stage of a transmitter with an
input of at least a kilowatt.

225A
-, where A
d

is the area in square inches of the interleaved
plates multiplied by the number of air spaces;
(for example, four plates give three air
spaces); d is the distance between adjacent
plates in inches and C is the capacity in micro-
microfarads.

The total cost of the parts for building
these condensers will not run over two or
three dollars and the construction is quite
simple. The moving plates are raised or
lowered by means of a piece of dial silk-
oited string, winding over a V-in. brass rod
which is rotated by means of a knob. The
brass rod is held in place by means of a
pair of small aluminum brackets. A long
machine screw is run through these brack:
ets, paralle] to the rod. The latter provides
an adjustable tension or push of the two
end mounting plates against the end bear-
ings on the brass rod. These end bearings
can be a pair of washers between the two
knobs, one on each end of the brass rod.

The formula used 1s C =

e

f—-—-—:——f:;‘—‘—' s

The rotor plates are mounted with flat-head
machine screws to a back plate which is
hinged to the main vertical mounting panel.
The weight of the No. 14 gauge aluminum
plates holds them in place and consequently
no spring is necessary to pull against the
“fish line.” The back plate on the split-stator
condenser is a piece of 12 ga. aluminum,
7Y5-in. x 4-in., with a pair of hinges at one
end. The vertical mounting strip is a piece
of 41/-in. x 12-in. x fh-in. tempered Masonite
or Cleotex board. Bakelite or l5-in. wood
will give even better rigidity.

The smaller condenser uses a hard rubber
panel as a rotor mounting strip in order to
provide insulation. This strip is 5-in. x 2-in.
X Ta-in., and the vertical mounting board is
a piece of Celotex 715-in. x 3-in. x Yh-in.
The vertical mounting boards have right
angle feet and an additional angle strip so as
to mount easily on a breadboard transmitter.
The vertical boards hold the 114-in. porce-
lain stand-off insulators for stator mounting.
Two of these insulators are used for each of
the "U" shaped stator sections.

<

By FRANCIS CHURCHILL

The large condenser plates are made by
bending them on a sheet metal brake. The
plates are pieces of 14 gauge aluminum, 5-in.
x 12-in., and then "U” shaped into pieces
Sly-in. x S-in. with 1-in. end section. These
pieces are first cut to size and Y4-in. holes are
then drilled in the center for the stand-off
mountings. All edges and corners are rounded
on an emery wheel and then polished on a
buffing wheel. The bending can be done at
a sheet metal shop for 25¢c. The rotor plates
are mounted so as to clear the ends of the
stator plates when fully enmeshed by about
Sg-in. in order to give Y5-in. clearance to
the nuts holding the stator plates to the stand-
off insulator machine screws.

The smaller condenser has a stator section
made from a piece of No. 14 ga. aluminum,
7-in. x 3-in., to form sides 3-in. x 3-in. with a
1-in. end portion. The rotor is made of a

piece of 8-in. x 2V5-in. aluminum to give plates
3l5-in. x 25-in. with a 1-in. end portion.
The sections overlap an area 3-in. by 2V5-in.
If more capacity is desirable, larger plates
can be used.

Be sure to use hinges which have very
little, if any, back-play. They should swing
freely when oiled. The string for the rotor
adjustment should be of the type used on
drum dials, available at most radio stores
for service purposes. This string has prac-
tically no stretch and the weight pulling on
it will not tend to change the capacity of
the condenser after it has been adjusted for
resonance in a tank circuit. The friction on

the adjusting knob-shaft should be such
that the knob will not turn too easily. The
vertical mounting arrangement takes up

minimum breadboard space in the transmitter
and allows the use of very short leads.

Pictorial and
Plan Views
of the
home-made
high-power
transmitting
condenser.

Left:
Neutralizing
Condenser.

Right:
Tank Condenser.

S

Acorn Tube Isolantite Socket
Released By Hammarlund

Another exclusive unit has just been developed
in the laboratories of the Hammarlund Manu-
facturing Company. It i8 a special extruded
Isolantite socket for the new ultra-high frequency
acorn type tubes, types 954 and 955. This socket,
only 17&-in. in diameter, has five double grip
prongs of tinned phospher bronze. These are not
only eyeletted to the base, but also lipped. This
guarantees perfect contact, for the prongs can
not move--cannot shift—a feature found only in
Hammarlund sockets.

Another important feature is the alignment
plug, which assures proper insertion of the tube.
The top. sides and the alignment plug are all
glazed for highest surface resistivity. The oppo-
site side of the socket is flush, with all terminals
recessed, permitting flat mounting to a metal
shielding to prevent interstage coupling. Two
mounting holes are provided. The entire exact
structure and design insures constant maximum
efficiency.

Neutralization Kink
@ In transmitter amplifiers where tubes are
used singly or in parallel, it is sometimes
necessary to use filament by-pass condensers
in order to obtain complete neutralization
and maximum DC grid current. Values of
from .01 to .001 mfd. are satisfactory. These
condensers should be connected from each
side of the filament to the ground bus con-
nection of the stage in which the condensers
are used. Some types of filament center-
tap resistors are inductively wound and thus
they offer considerable RF impedance, which
provides a common coupling between the
plate and grid circuits. In one particular
instance, a 211 stage would not neutralize
completely, and the grid current was less
than 25 MA. By-passing the filament leads
increased the grid current to over 40 MA
and the stage was readily neutralized.
®

®

NEXT MONTH . . .

"The 20-Meter Problem," a comprehensive

discussion by the technical staff of “RADIO."
Don't miss this special feature.
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The W.E. 211-D in a Grid-Modulated Phone

An Economical, High-Quality Transmitter

® The Western Electric 211D tube is widely
used by amateurs because of its low price
and high output. Two of these tubes in
class C, with from 900 to 1000 volts on the
plates, will give up to 200 watts output on
CW. For use in class B, two 211Ds will
give approximately 100 watts of audio out-
put with 1000 volts on the plates. In propor-
tion to their filament emission, these tubes
have high plate loss capability and therefore
they are especially suitable for use in low-
cost grid-bias modulated phones.

The phone transmitter here shown gives
approximately 60 watts of carrier output at
the voltages indicated. Its simplicity is a
noteworthy feature and relatively few parts
are required. It gives good results on 160
or 80 meters. A 160 meter crystal in the
Jones Exciter circuit enables the transmitter
to be used on either 160 or 80 meters by
changing the coupling loop to either exciter
coil, as the circuit diagram shows. Ob-
viously, the grid and plate coils in the final
amplifier must also be changed when chang-
ing from 160 to 80, or vice versa. The coil
winding data is the same as that shown for
other 160 or 80 meter transmitters previously
described in these pages.

Two separate speech channels are showii,
one for use with a crystal mike, the other for
use with a double-button carbon mike, to
suit the taste of the individual constructor.
The 1-to-1 output transformer can either be
a class B input transformer, or one of the
old-time 112A tube-to-magnetic speaker out-
put transformers.

The grid current on the 211E tubes, un-
modulated, should be not more than 2 or
3 MA. Under modulation, this grid current
may run as high as 10 MA. For best quality
of speech the grid current should never be
more than 5 MA. The plate current should
remain constant when modulating and the
antenna current should increase upward when
the mike is spoken into, as is the case when
plate modulation is used.

The antenna coupling must be tight enough
so that the plate current will be 160 MA
when 1,100 volts plate supply is used. This
coupling is obtained by varying the two plate
tuning condensers and also by varying the
number of turns on the plate coil until
160 MA of plate current is drawn. Increas-
ing the capacity of the 350 uufd. condenser
reduces the antenna coupling. After each ad-

Close-up of the Final Amplifier showing the
W. E. 211D tubes and the Jones Simplified An-
tenna Coupler

By HENRY WILLIAMS

justment of the antenna condenser, tank cir-
cuit resonance must be restored by varying
the 100 uuf. main tank tuning condenser
The antenna can be a single wire of any
length, as high and as long as possible.

Breadboard mounting for speech channel, Jones

The 2A6 (or 75) tube in the speech chan-
nel should be shielded, and the diode plates
of this tube should be connected to the ca-
thode. One filament transformer is all that
is required for the tubes in the speech chan-
nel as well as for the tube in the exciter
unit. A separate 10 volt, 3 ampere hlament
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transformer must be used for the 211D
tubes. The plate supply for the speech chan-
nel is also applied to the exciter unit. A
single-section fiter is usually sufficient, be-
cause the speech amplifier uses an additional
section of resistance filter. The power sup-
ply for the 211D tubes can be obtained froin
a rectifier system using three type 83 tubes
in a bridge circuit. This system requires a

Exciter and parallel-connected W. E. 211D tubes.

filament transformer with three separate 5
volt windings, insulated to withstand the full
plate voltage. The power transformer should
deliver 1000 volts RMS at 250 MA because
condenser input to the filter is necessary in
order to obtain 1100 volts at the output ter-
minals of the rectifier.
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Complete Circuit Diagram of Grid-Modulated Phone and two methods of modulating it. Either
of the speech channels shown will give entirely satisfactory results.
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A Variactor
Controlled Carrier
Unit for Small

Transmitters

Easy to Build . . . Can Be
Quickly Installed

By FRANK C. JONES

@ This unit can be used with neariy any
moderate or low power phone transmitter
in order to provide controlled carrier trans-
mission. The latter has the advantage of
reducing heterodyne interference and pro-
viding a method for practical reduction of
power for local communication without using
low percentage modulation. A controlled
carrier Class C modulated amplifier can be
used to drive a high power RF linear stage
at relatively high efficiency, resulting in high
power phone operation at low cost.

The unit here described can be used with
any form of plate modulator, class A, AB or
B, without disturbing its operation. The
only requirement is thac the plate voltage
supply to the modulated class C stage must
be on a separate power transformer and
filter supply, in order to use control of the
voltage on the 110 volt primary winding
for controlling the carrier power. In this
form of control, the audio syllabic modula-
tion is used to control the actual “line volt-
age’ into the class C stage which, of course,
varies the carrier power. The particular
unit here shown uses UTC CV-1 and AV-1
units which will control power of from 25
to S0 watts input to the class C stage. For
s0 to 100 watt input, the CV-2 and AV-2
units must be used. When units larger than
the type CV-2 are used, more 2A3 tubes must
be paralleled, and a heavier duty power
supply for these 2A3 tubes must also be used.

Normally these units are made for opera-
tion with class B modulators which have
not over 5 or 10 MA “resting” plate cur-
rent when the microphone is idle. A great
many modulators use class A or AB (A
prime), or even class B tubes, in which the
plate current is high at all times. The cir-
cuit here shown provides a simple means for
providing controlled carrier in such cases.
The investment is not great, and controlled
carrier can be used without making drastic
changes in any particular station.

The circuit consists of a 2A3 tube biased
to cut-off, acting as a V.T. voltmeter for
large changes og plate current when audio
voltage is impressed across its input. A
power supply with poor regulation should
be used for the 2A3 if linear operation is
desired. - With the power supply shown, a
type 80 rectifier with a 20-watt 150 ohm
series resistor provides sufficiently poor
regulation. This may sound peculiar to the
reader, but the point is that it is desirable
that the 2A3 plate current through the CV-1
variactor shall vary directly as the ratio of
input AF voltage from the modulator. A VT
voltmeter follows a “square law” action;
consequently a doubling of the input voltage
would give four times as much plate current,
unless the plate voltage drops enough to only

5

UTC Variactor Components in a simple, inexpensive controlled carrier
unit which can be used with nearly any moderate power phone iransmitter.

give approximately twice as much plate cur-
rent.

Because only the DC current through the
variactor DC winding is important in con-
trolling the saturation of iron in this vari-
actor, it should not be necessary to worry
about filtering the output of the 80 rectifier.
An 8 or 16 mfd. condenser across the output
of the 2A3 provides a path for the AF from
plate to filament, thus permitting the 2A3
tube to act as a good rectifier or detector for

input to the 2A3 to the proper value for
carrier control.

C bias should be of value that will bring
the plate current of the 2A3 to between zero
and ten milliamperes with no input. 90
volts C bias proved satisfactory with the
power unit here described. It delivered a
little over 300 volts at no load. Higher plate
current, with no input, will give less car-
rier control, whick might be desirable prac-
tice in some cases. A 0-200 MA DC meter

PRILARY OF CLASY € STact
POWES SUPPLY

HODA ATOR  CmOME . 2A3
o--vuo';uq —_'H 180
(roc0v) uTC
AvV-1
28,000 SLICER "3
40w
= ol
= - %0V *
Circuit diagram of the Vari- o
actor Controlled Carrier for - ;
medium power phone trans-

mitters.

the syllabic modulation. Without this con-
denser, very little plate current change will
take place when AF voltage is applied to
the input.

The input, as shown, consists of two of the
new “midget” 15 mfd. oil-Ailled 1000 volt
condensers, in series with a 25,000 ohm 40
watt voliage divider. This provides a simple
method for connection across any modulator
output without excessive loading, and fur-
ther provides a suijable means of setting the
actual AF voltage to the desired value which
is to be supplied to the grid. Semi-adjust-
ment of the resistor slider should be suffi-
cient for ordinary installations. A small
50,000 ohm potentiometer volume control
could be used if this unit is connected across
the modulator’s driver stage. A small re-
sistor would burn out if connected across a
20 or 30 watt modulator. An audio trans-
former input could be used in place of the
resistor and condensers, if the unit is con-
nected across a speech stage ahead of the
modulator. An ordinary 15 megohm volume
control could then be used to set the audio

in the plate circuit provides a convenient
means of adjustment of all voltages.

With 24 volts of AF across the grid of the
2A3, a plate current of 50 MA was obtained
through the variactor winding. 37 volts gave
about 100 MA and 60 volts gave about 150
MA, which is ample for complete control of
the variactor winding. The higher values of
direct current saturate the variactor core,
and consequently its impedance to the 60
cycle alternating current power is lowered,
with the result that more power input is sup-
plied to the class C stage power supply. The
auto transformer AV-1 simply steps-up the
voltage to 115 at full modulation across the
class C stage power supply. The variactor
drops the line voltage, even at saturation,
and for this reason this auto-transformer is
needed.

A pair of 46 tubes was tried in place of
the 2A3, but the required input was found
to be much greater. It required 110 volts
at quite a bit of power input to obtain 140
MA plate current, since the 46 tubes were

(Continued on page 34)
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Introducing the "Radio”-Silver Super

A Professional Amateur Superheterodyne With High-Gain Air-Tuned Iron-Core I.F.
Transformers, a Better Crystal Filter, and a Host of Advanced Features.

By McMURDO SILVER and FRANK C. JONES

® In looking over high frequency receivers
available to the amateur, superheterodynes, of
course, predominate today due to their high
selectivity, especially with crystal filter, and
their ease and dependability of operation.
Looking a bit farther, one finds them mostly
all alike, using but one r.f. stage if any, and
the usual and typical crystal filters in a conven-
tional one or two stage if. amplifier. Ob-
viously more can be, and is, desired, for the
past year has witnessed a rapid increasing
appreciation of the image selectivity and noise
elimination benefits of not one, but of two
r.f. stages, of a quiet low gain if. amplifier
and stable air tuned and temperature iso-
lated circuits throughout.

The writers got together in a vein of dis-
satisfaction and criticism and decided to do
something constructive about it for amateurs
in general, instead of simply bewailing an
unsatisfactory condition which made improve-
ment possible only to those of us who are
possessed of a couple of hundred dollars to
buy a new receiver with.

The result is the receiver illustrated here:
with, and described in this and futute articles
—an amateur, not a revamped broadcast re-
ceiver, designed by amateurs for amateurs
and to fit amateur pocketbooks, and usually
to fit an amateur junk box assortment of stand-
ard parts.

One of the first premises established was
that any receiver good enough for serious ama-
teur use should be well enough and clearly
enough designed for amateur construction
not just for laboratory building and testing,
since all complications allowing of only such
treatment would automatically spell expense.

The only remaining considerations were
that the ideal receiver must have “everything”
and cost nothing. On these points the design-
ers fell down—it has almost everything any
amateur could desire, but it costs something
more than nothing.

Taking the worst first, all parts (assuming
the impossible condition of more in the junk
box!) cost about $87.00, which includes tubes,
crystal filter and loud speaker. Now let’s
see what it has.

For the engineering minded, this is easily
stated by saying that its four low-C 200 mmf.
tuning bands cover 1700 to 33,000 kc. which
includes the 160, 80, 40, 20 and 10 meter
amateur and all short waves broadcast bands,
its sensitivity is below a microvolt all over
this range, its inherent noise never exceeds
10 milliwatts at maximum sensitivity, its se-
lectivity is variable from 50 cycles 10,000
times down to 10 k., its fidelity is controllable
from flat to 4 db. from 30 o 4000 cycles, to
“peaked audio” for C.W. reception, its un-
distorted power output 3.0 watts, rising to
a maximum of about 4.0 watts.

After digesting the really ideal performance
described above, let’s take a look at its other
features as briefly as possible.

CIRCUIT: Superheterodyne, with two 6D6
tuned r.f. stages on all four bands, suppressor
grid injected 6D6 s.g. first detector 76 elec-
tron coupled H.F. oscillator, one 6D6 i.f.
stage, high gain 6C6 tetrode second detector.
6B7 amplified A.V.C. optimum inductively
coupled variable pitch 76 beat oscillator, 42
output pentode and 5Z3 rectifier.

BAND CHANGE: Individual coils for each
band, picked up by dependable Yaxley eight-

.
+

|

the under-chassis arrangement of parts.
partitions.

Two views of the "RADIO"-Silver professional Superheterodyne, showing
air-tuned iron-core LF. transformer assemblies, four-gang tuning con-
denser, r.f. coils with shield cans removed. The lower illustration shows

Note the liberal use of shield

gang wave change switch just like you find
in all good broadcast receivers.

FREQUENCY STABILITY: Individually
shielded coils, all circuits Hammarlund air
dielectric, not compression mica, tuned and
trimmed, plenty of ventilation, and tempera-
ture isolation make for the ability to stay
“zero beat” on a good 20 meter signals for
hours.

I.LF. AMPLIFIER: Set at 25 microvolts ab-
solute sensitivity to place the limit of inherent
noise at thermal agitation in the antenna cir-
cuit where it belongs, not as usual at the first
detector so as to loose weak signals in set
noise. Two Aladdin polyiron 465 kc. if.
transformers, air tuned, and variable as to
selectivity to suit your taste. Crystal if.
transformer dual tuned.

SELECTIVITY: Variable—so you can ad-
just it with two knobs from 150 cycles wide

t0 10 kc.—or a socket wrench pushed through
two if. can holes lets you vary the i.f. trans-
former coupling and selectivity even further.

CRYSTAL FILTER: Of course, but one
that makes the usual garden variety look sick
by comparison. As much, and usually more
sock in series circuit as when cut out, and
in parallel, the ability to drop an unwanted
heterodyne right down the drain. Both i.f.
stages are dual tuned, and the crystal filter
stage is completely eliminated.

BAND SPREAD: One tuning dial, accu-
rately calibrated (yes, you can so align it
without any extra test equipment) with
geared, no slip, band spread pointer on 200
division, 360 degree inside scale which accu-
rately and positively relogs. Fast and slow
(and how you need slow with this crystal
circuit) tuning ratios, 23:1 and 130:1. Band
spread, 900 degrees on 160 meters, 620 de-
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grees on 80 meters, 216 on 40, 153 on 20, and
486 degrees on 10 meters. Effective feet,
not inches, of dial space on the amateur
bands, since 360 degrees of band spread equals
about one foot of dial space. Five full turns
of slow knob for 360 degree band spread
pointer rotation.

A.V.C. of course, but amplified so it really
does a job on weak signals, and speeded up
so it does likewise on C.W. But if you're
of the old school, a switch cuts it out for
C.W ., and in for phone.

CONTROLS: Enough and no more. Not
usual blind knobs, but every one labeled as
to what it does, and calibrated so you can
tell that QSO just how much better he comes
in tonight than he did with the old rig last
night. .

R-METER: A sensitivity meter that lets
you actually measure signals as weak as 5-0
microvolts absolute—and that’s not an R9 sig-
nal, it's about R2-R3.

CONSTRUCTION; Finish is polished chro-
mium, like the finest custom built jobs, yet
doesn’t cost like gold, only a little more than
black enamel. But, does it trim up the shack®
Assembly is a pipe, for all low frequency wir-
ing comes all laced up in a color coded cable
—only the few "“hot™ bus-bars have to be cut
and fitted.

ALIGNMENT: The sensitivity meter is
the output meter in aligning, the crystal in
a temporary circuit using no extra parts ex-
cept that odd '99 or 30 tube, its socket and
a couple of flashlite batteries does the i.f. job.
while signals do the whole r.f. job. Hammar-
lund’s air trimmers make all this a pleasure,
not the usual uncertain God-knows-when
headache.

If you read this far, we'll sign off until
next issue leaving you the circuit to study,
Mac Silver’s article elsewhere in «his issue
on how to make crystal filter circuits really
perk, and a couple more thoughts.

In the photo, the knobs left to right are
crystal phasing and parallel switch, beat os-
cillator pitch and on-off switch, audio vol-
ume control, A.V.C. on-off switch, five posi-
tion (one dead for “send’) wave change
switch, tone control and sensitivity or man-
ual volume control. The dial is shown 0-100
—actually its outside carries four calibrated
bands and the inside 0-200 division, full cir-
cle band spread pointer scale. The “dog
house” behind the dial houses the four-gang
low minimum capacity 200 mmf. tuning con-
denser rubber mounted to kill microphonism
(as is the whole chassis) at its right are the
big copper shields housing the 1st r.f., 2nd
r.f. first detector and oscillator coils and trim-
mers for three bands—the high frequency
(16 to 33 megacycle) band being below the
gang condenser. To the right, back to front,
is power transformer, S5Z3 rectifier, filter
choke and three wet electrolytics—two self-
regulating to save wear and tear on other
circuits parts, though all are safely rated and
= .fbut look at the parts list and see for your-
self.

The row of four tubes left of the “dog
house” on back to front, 6Dé6 first r.f., 6D6
second r.f., 6D6 suppressor injected first de-
tector (like the metal 6L7, but save us from
metal tubes until the B.C.L. boys have taken
their beatings) and 76 electron coupled (yes,
connected only to 6D6 suppressor grid) H.F.
oscillator. Left front to rear are first Aladdin
iron core i.f. transformer, Bliley crystal, 6D6
i.f. tube, second polyiron if. transformer,
6C6 second detector, 76 beat.oscillator (not
electron coupled-harmonics not wanted) 6B7
amplified A.V.C. and 42 output pentode,
phone jack and speaker plug on left rear.
Speaker new Jensen C8X, 8” (bigger and
better can be had if you prefer).

Net result, even if you don't agree, is a
honey of an amateur receiver, and nice and
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Complete circuit diagram of the "RADIO"-Silver professional superheterodyne. The output choke
in the crystal filter is a resonant tapped choke.

pretty in black enamel panel and polished
chromium. If you like more chromium, a
dust cover can be had to hide the works, drop-
ping over everything but panel. But it is
not needed—turn on the KW and you'll see
how well it's shielded.
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Colonel Foster on Vacation

Enjoying his annual vacation at his summer
home on Vancouver Island, Colonel Foster
will contribute no monthly political depart-
ment to the pages of this magazine until he
again returns home.

Informed of the Roberts address to the
Aurora Convention, the Colonel replies with
the following remarks:

Tou will recall my saying several times that
Roberts’ flop from his former attitude towards
Warner was altogether too sudden for me to
credit until I had seen it backed up by perform-
ance. I have a stack of the campaign literature
he issued three years ago when he tried to take
the directorship from Windom, and I have
several copies of his own paper, “The Sky
Wire,” written since he became director. He
remarks were all fulsome, sometimes nauseous,
in praise of Warner. I see nothing inappro-
priate in a man’s suddenly changing his posi-
tion. The ability instantly to reverse one’s
views is an essential accompaniment of the
function of judgment. But I wish to be sure
that that man’s views have changed from con-

viction and not as a matter of policy or expe-
diency.

It is reported that at the Fox River conven-
tion Mr. Roberts was asked why Warner did
not answer his critics. That is a natural ques-
tion, for when a man makes no attempt to
refute serious charges there is always the justi-
fied inference that he cannot answer them.
Roberts’ reported reply, “Warner does not
fight back: Ee keeps out of disputes; he is not
disturbed by criticism,” is certainly the weak
defense of a weak man. Why doesn’t Roberts
himself refute the charges if he is convinced
that they are untrue!

Mr. Roberts is reported to have said that the
present effort to reform the administration of
the ARRL is merely a private feud between
Warner and Foster and to have likened it to
the mimic squabble between Walter Winchell
and Ben Bernie. Well, if Roberts really believes
this then he is lacking in the discernment that
is expected in a man of his years. But perhaps
he was only wise-cracking to get a laugh out of
the gallery. Winchell and Bernie are the only
men who could take exception to the compari-
son. _.As an entertainer Warner is about as
funny as a crutch and in such a role I'm no
better, myself.

No. let us wait until Mr. Roberts gets
through flopping from one side to the other
and see what he DOES rather than take any
present interest in what he SAYS.

CLAIR FOSTER, \W6HM.

e ——

The receiver with dust-proof cover removed.
cans in which the air-tuned iron-core I.F. transformers are housed.

Note the large size of the shield
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More Data on the 53 Exciter

Building a One-Tube Push-Pull Transmitter

—and Details for

€ The 53 twin triode 2.5 volt heater tube
or the 6A6 tbe with 6.3 volt heater, have
proved ideal for use in good crysial oscilla-
tor and doubler circuits for amateur trans-
mitters. The circuit diagram shows an ex-
perimental hook-up for testing this oscilla-
tor circuit at various plate voltages and cir-
cuit constants. One triode of the 53 tube
acts as a very effective crystal oscillator be-
cause of its high amplification constant and
low inter-electrode capacity. The other sec-
tion of the tube is a good doubler because
of its high amplification constant. The
doubler section can be used as a quadrupler
by using a little regeneration in the form of
a 15 mmfd. variable condenser connected
from grid to plate coil with the plus B con-
nection at the coil center-tap of the fre-
quency multiplier. For general use the type
of circuit here shown is most practical. The
output load can be either capacitively or
link coupled to a 45, 2A3 or type 10 tube
stage.

CRYSTAL OSCILLATOR - DOUBLER

é 38

0w LAue )

OUMMY ANT
LoaD

+330-4a00v

Circuit used for making the tests.

More power can be obtained from this
circuit than from a Tritet or pentode crystal
oscillator-doubler at anywhere near the same
plate voltage. 1t is a very reliable oscilla-
tor, and while it is not as easy on the quartz
crystal as is a pentode tube, it is generally
easier on the crystal than a Tritet oscillator.
Its main disadvantage is that the 53 tube
tends to run wild at high plate voltage un-
less the plate current is kept below 80 MA.

Seventy-five MA at 400 volts means 30
watts input and thus an output of 8 0 10
watts can be secured on the second harmonic.
The output of a Tritet oscillator is usually
somewhere between 1 10 3 watts on the
second harmonic at 400 volts plate voltage.
This is because the plate current of the tube

in the Tritet is usually less than half of that

for a 53 tube.

The originai circuit of the 53 exciter shows
the use of a cathode resistor of 400 ohms and
a 15,000 ohm doubler grid-leak. Other val-
ues of resistors as high as 1,000 ohms and
25,000 ohms have later been shown, to-
gether with various values of doubler grid
coupling condenser capacities. Usually these
higher values were used in order to limit
the 53 cathode or total plate current to
not over 75 MA in the particular transmitter
described. Sometimes steel panels or other
shielding such as used in relay rack con-
struction introduces some loss in efficiency
when compared with a breadboard layout.

The constants here shown are generally
satisfactory and they are the result of a great
many 53 exciter unit tests made with various
sets. The cathode resistor is 400 ohms, 10
watt type. The doubler grid-leak is a 50,000
ohm 2 wart resistor because this higher value

does not appreciably affect the maximum
output obtainable, but it does eliminate the
need of an RF choke in series with it, such
as is needed when a 15,000 ohm grid-leak
is used. A 00005 mfd. (50 mmf.) mica

fixed condenser is suitable for use with any

ous values of grid resistors and other con-
stants. Varying the value of the doubler
grid-leak has very litdle effect, until values
above 50,000 ohms are used. Either a 25,000
or 50,000 ohm resistor is satisfactory. Some
readings are given in the following data:

Equipment used for making the tests.

crystals from 160 down to 40 meters. A
larger value can be used with a very slight
increase in output, but at high plate voltages
the cathode current is excessive.

No grid-leak should be used across the
crystal section for the reason that the crystal
RF current will then be excessive. The use
of a grid-leak results in lower plate current,
the wube runs easier, the output is about the
same, but the crystal current is usually 50
to 100 per cent higher than with cathode
bias. A 2.1 or 215 mh. RF choke across the
crystal should always be used instead of a
grid-leak, so as to provide a DC path for
the grid return to ground.

The cathode resistor should be by.passed
with at least .005 mfd. A .01 paper con-
denser does the job very nicely.  The plate
return circuit should have similar values.
The values of the tuning condensers are not
critical; low C for the doubler and moderate
C for the crystal oscillator section is advis-
able. The latier can be either a 50 or 100
mmf. midget condenser, and the doubler
tuning condenser can also be a 50 mmf.
single-spaced condenser.

The oscillator section should have its tank
condenser tuned toward the maximum capa-
city setting at which oscillation holds on.
This point 1s at maximum output of the
doubler section and the cathode current is
usually about 20 per cent less at this point
than at the mid-point of oscillation range
on the oscillator tuning condenser. The
doubler tuning condenser is always adjusted
for maximum output and greatest dip in
cathode current. Even under load this dip
should be 10 10 15 MA.

The plate voltage can be anywhere from
300 to 400 volts, depending updn the output
desired and upon the allowable limit of
crystal heating. If a 40 meter crystal is used,
the 53 tube should be operated at not more
than 350 plate volts, unless a special power-
cut crystal is used. Voltages up to 500
can be used, provided the cathode current is
held to less than 75 MA for 80 and 160
meter crystals, but 500 volts is higher than
can be recommended for general use.

A 10 wartt lamp can be used as a capaci-
tively coupled dummy antenna for testing,
and the output can then be judged for vari-

Xtal Cathode Xtal Approx.
Frequency Plate Current Current  Doubler out-
(KC) Voltage (MA) (MA) put in Watts
1762 380 50 20 5-6
1762 500 65 28 9
1969 380 50 23 5-6
1969 500 60 28 9
3600 380 60 46 5-6
3600 500 75 55 10
3671 380 55 44 5-6
3671 500 70 i 52 10
3815 380 60 46 5-6
3815 500 75 55 10
7058 380 57 89 5
7058 500 70 109 7-8

When the 53 tube is used as a triode
crystal oscillator with grids and plates para-
llelled, the crystal RF current is higher than
in the system here shown, and the output is
comparable to the doubler output, conse-
quently this method of connection is not very
satisfactory.

Using the 53 as a push-pull crystal oscil-
lator, the output is approximately 10 wats
with 380 volts plate supply. The crystal
current is lower, being 11 MA for a 1969
KC xtal, 40 MA for 3600 KC, and 65 MA for
7058 KC. The cathode current is about
the same as when the tube is used as a crystal
osciilator and doubler. In push-pull, the
output is on the frequency of the crystal
used. This push-pull 53 arrangement makes
a good one-tube transmitter. The crystal
current is twice as high with grid-leak bias
as with cathode resistor bias at the same
output and plate voltage for push-pull con-
nection. Values of cathode resistor greater
than 400 ohms will increase the crystal cur-
rent and drop the output slightly. Lower
values give less crystal current but excessive
cathode current, and zero cathode resistor
gives unstable oscillation with respect to
keying.

The system developed by Lampkin* (using
a 53 with three tank coils on 80, 40 and 20
meters) was also tried. It works very nicely,
but it gives less power than can be obtained
which the tube is used as a straight-forward

* August “RADIO”.
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doubler. The output on 20 and 40 meters
ran about 3 watts, and about 5 or 6 watts
on 80 meters. At a plate voltage of 370 volts
the crystal current was around 80 MA and
the cathode current about 90 MA, which 1s
excessive for the 53 wbe. The crystal cur-
rent was about 60 per cent higher than id the
circuit shown. Without regeneration, the
20 meter output from a 3600 KC crystal was
nearly 2 watts as a straight quadrupler and
nearly 6 waus as a doubler. The Lampkin
circuit has an advantage in that it gives a
moderate amount of output on three bands
without having to change coils, but this
circuit should be used only with special
cut, high current crystals.

The 53 tube circuit here shown is normally
used without the RF meter and dummy an-
tenna. A jack is used in place of the cathode
milliammeter in order to allow either cur-
rent measurement or cathode keying for CW
transmission. Link coupling to a buffer stage
is desirable, but capacity coupling can be
use when low mu tubes, such as 45s or 2A3s,
are being driven.

A Transmitter for the Newcomer

® The type 53 tube in a push-pull crystal
oscillator circuit for a one-tube CW trans-
mitter, as illustrated in the photograph above,
is an ideal means for securing 10 watts of
output. The 53 in a push-pull circuic gives
more output than a single 47 tube in a
crystal-oscitlator circuit, and it can even
deliver more output than two 47 tubes in
push-pull.

This tube makes possible the construction
of a most simple and efficient CW trans.
mitter. The layout of the parts should be
as shown in the pictorial diagram. The 53
tube socket, (7 prong) and the socket which
holds the crystal are mounted close to each
other. The double-spaced 35 mmf. (or 50
mmf.) midget variable condenser for piate
tuning is placed between the tube and the
plate coil. For 160 meter operation, a 140
mmf. condenser should be used. This con-
denser is mounted about 6 inches back from
the front panel and a Yj-inch round bake-
lite rod is used for an extension shaft to the
tuning dial. The front panel is a piece of
12 or 14 gauge aluminum, 4-in. x 10-in. The
baseboard is 11-in. x 15-in. x 34-in. A
wooden cleat is screwed to the two ends of
the baseboard so as to raise it off of the
table, and also to permit mounting the by-
pass condensers and resistors under the
baseboard. The filament and plate supply
wires are also under the baseboard, out of
sight. Thus the completed unit has a busi
ness-like appearance. The two RF chokes
are mounted above the baseboard, close to rhe
socket which holds the crystal. The tele
graph ey is plugged into the closed-circui:
cathode jack:

The circuit diagram shows two methods of
antenna connection. The link coupling loop
is placed around the center of the platc
coil, as the picture shows. The 0-200 (or
0-100) MA DC milliammeter, and the plate
tuning condenser dial, are both mounted on
the tront panel.

The plate coil for 80 meter operation has
37 twrns of No. 14 enameled wire, space
wound over a winding space of 4l4-in. The
coil 1s 2¥-in. in diameter. . A tap is taken
at the center of the coil for the plus B
connection.

It may sometimes be advisable to use a
plate tuning condenser with a higher capacity
than 35 mmf. for tuning an 80 meter plate
coil, if the plate coil is not wound to exact
specifications. A single-spaced 100 mmf.
midget variable condenser can also be used
for 80 meter operation if the plate supply
is less than 400 volts. For 40 meter opera-
tion, a 35 mmf. double-spaced midget vari-

5

One-Tube _VPush-

Pull Transmitter

A breadboard one-tube
push-pull transmitter,
with crystal control. This
is an ideal beginners'
transmitter. It can later
be used to drive a
higher power amplifier
stage. Consistent R8 re-
portswere received from
amateurs 500 miles away
when this transmitter was
tested in the laboratory.

Circuit dia-

gram of the o
one-tube push-pull +
transmitter, showing Dy e
power supply and 3
methods of coupling o 4
the transmitter to two
types of antennas. L2
is a 2-turn coupling
loop, wound around =
the center of plate
coil LI. L3 is a loop
with from 4 to 6 turns,
wound around the an-
tenna coil L4. L4 has
the same number of

turns as LI. ORMATRY

PUSH = PULL
USING

able is entirely sausfactory. The plate coil
for 40 meter operation should have 22 turns
of No. 14 enameled wire, spaced over a
winding space of five inches, 23/ inches in
diameter.

The two connecting leads from the plate
coil to the plate condenser should be of the
same length.

This single-tube push-pull transmitter will
give surprisingly good results, With only
400 or 450 volts plate supply, the output is
slightly more than 10 watts.
- o0 —

Farnsworth Predicts Amateur
Television Circuits Will Be
Ready Soon

® "The amateur will be pushed forward,
rather than out, by television. The radio
amateur has been a pioneer, in the highest
sense of the word, exploring new fields that
have later been taken up by others, and like
a true pioneer he has pushed forward always
exploring new fields,” said Philo T. Farns-
worth, vice-president of Farnsworth Televi
sion Incorporated, and inventor of the devices
used by his company, in an exclusive inter-
view with "The Sun” (New York).

Mr. Farnsworth had been asked what part
the amateur might expect in the development
of television. Some have taken the attitude
that television should first be absolutely per-
fected in the laboratory before being released
to the public, thus eliminating the amateur
completely. This, however, is not Mr. Farns-
worth's attitude toward the problem.

**As soon as technical information can be
released,” continued Mr. Farnsworth, “ama-
teurs will have an opportunity to make re-
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400 volt plate supply for beginners' transmitter.

ceivers.” He stated that this information
would be available to the amateurs in the near
future, and that before very long component
parts would be procurable at prices that would
not be prohibitive.

‘Amateurs have actually been responsible
for exploring the short wave bands required
for high definition television,” continued Mr.
Farnsworth, “and as a partial compensation
for this I feel that they should at least have
opportunity to participate in the development
of television, and if this opportunity is given
amateurs I feel that they will contribute sub-
stantially toward television.”

Mr. Farnsworth pointed out that television
will open a tremendous field for engineers and
technicians, and he predicts that not a few of
these television engineers will come from the
ranks of the amateurs. Two-thirds of the men
forming the highly technical staff of the Farns-
worth laboratories were at one time amateurs.
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A Method of Improving "Single-Signal”
Crystal Filter Performance

® [n James J. Lamb’s original revelation of
the inherent possibilities of audio image re-
jection and improved selectivity possible
through the use of a quartz crystal resonator
in the intermediate frequency amplifier of a
superheterodyne, attention was called to the
bridge circuit in which the crystal should be
employed with a variable capacitance in the
adjacent bridge "arm” to balance out the dis-
advantageous effects of crystal holder and
associated wiring capacity.

Since then any amateur superheterodyne
laying claims to modernity has empleyed
James J. Lamb’s “single signal” crystal filter
in about its original form.

In recent investigations of crystal filter per-
formance, a simple method was discovered by
which almost ardy one can

(2) obtain maximum image rejectivity and
selectivity;

(b) avoid loss of volume when using the
crystal resonator in 1ts most selective
series connection and

(¢) obtain the benefit of full crystal reject-
ivity of an unmounted interfering car-
rier.

Remembering that for practical receiver
purposes, a crystal filter has substantially in-
finite rejectivity for any but its resonant fre-
quency (see Fig. 3 for example of good
Bliley 465 kc. crystal selectivity), and negli-
gible rejectivity at resonance, let us consider
a simple resistance bridge circuit of Fig. 1
and the variation thereof in which a crystal
filter may be employed.

FiG. 1

In Fig. 1 signal or measuring voltage is fed
to the bridge at points A and B, when arms
X1= X2 and X3 = X4, balance is obtained
and no signal can be detected at the measuring
device D1 connected to points C and D. This
is elementary electricity. In Fig. 2, with the
same symbols employed, X1 and X2 repre-
sent parts of an if. transformer secondary or
other circuit feeding the balanced detecting
device, in this case the following amplifier
tube D1. When the phasing condenser X4
is adjusted so that in this bridge circuit the
crystal capacity at X3 is balanced out, D1
receives no signal.

This is true except at crystal resonance,
when the impedance of X3 falls quite low,
unbalance occurs, and D1 receives a signal.

If these theoretical assumptions are satis-
fied in practice, the above described results
will follow, and the selectivity of the crystal

By McMURDO SILVER
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filter will be so great that the 2000 cycle dif-
ference between a wanted heterodyne beat
note and the second unneeded duplicate there-
of observed in heterodyne reception may be
on the order of 10,000 times or more—ob-
viously quite desirable. By careful adjust-
ment, this discrimination may be made ex-
tremely high. The method of obtaining this
discrimination lies in adjustment, assuming a
normally good receiver crystal circuit to begin
with.

The process involved is to align the i.f.
amplifier to the crystal frequency by using the
crystal temporarily in a local alignment oscil-
lator circuit outside the receiver. This done,
the crystal is replaced in the receiver in se-
ries circuit, and a loud test signal tuned in
to desired beat note pitch of about 1000 cycles.
If the condenser tuning the if. transformer
secondary is then carefully adjusted in con-
junction with simultaneous adjustment of the
phasing or balancing condenser X4, the bridge
circuit can be so completely balanced that
the test signal will disappear completely.

This balance obtained, the other hetero-
dyne note for the same signal should be tuned
in with the r.f. and h.f. oscillator circuits only,
and all remaining i.f. trimmers adjusted for
maximum signals. This done, the if. am-
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plifier is aligned as it should be, exacily to
the frequency of its crystal, not a few kc. off.
The net result is usually a surprising gain in
sensitivity or volume, as the adjustment
method can easily be applied to any existing
“single signal” receiver. Once done, however,
the crystal should not be removed or its
holder reversed in its socket, or deleterious
unbalance will result.

Most of us have found the parallel crystal
connection of little practical value. If we
examine a selectivity curve measured for this
condition when alignment as described above
has been effected, we will find the typical
curve of Fig. 4. Here the high impedance
of the crystal off resonance is not affecting
the if. circuit which it parallels. At reso-
nance, its impedance fading quite low, we
find the dip seen in Fig. 4. This dip can ap-
parently be quite useful in eliminating an un-
desired heterodyning carrier quite close in-
deed to a desired signal. It is quite useful in
phone and C.W. reception, if the alignment
proceedings described above have been fol-
lowed out carefully for the unwanted carrier
can be dropped into this dip, and presto, it is
gone—while the desired signal remmins.

fo
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FiG. 5

Consideration of almost every amateur su-
perheterodyne employing crystal filter in the
light of the bridge circuits of Figs. 1, 2 and 3
indicates that a substantially 2:1 voltage loss
results when the series crystal filter is used,
or when it is switched out of circuit.
Various attempts at tuned circuits following
the crystal and relatively complicated trans-
former systems for voltage step-up and im-
pedance matching have been advocated and
used in some cases The simple and direct
answer is the use of an auto-transformer which
is semi-resonant by virtue of its own induct-
ance and circuit capacity, as shown in Fig. 3.
Actually this auto-transformer takes the form
of a tapped r.f. choke. Th¥s choke is ordi-
narily used in crystal filter circuits, but by
increasing its inductance so that it resonates
relatively broadly at the crystal frequency,
and by tapping “the crystal circuit into the
choke better than half way down from the
grid, the 2:1 voltage loss in the crystal bridge
circuit can be more than made up, and ob-
viously a more satisfactory impedance match
will be had since the crystal circuit works into
a more rational impedance than the ordi-
narily quite high impedance tube grid circuit.

This little trick, which makes use of a Mc-
Murdo Silver type 17G auto-transformer, can
be applied to practically any single signal
superhet utilizing an i.f. of between 450 and
525 kc., and coupled with realignment in
accordance with the suggested procedure will
make a new set out of many of the onerlung
SS supers now in use.
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An Over-Modulation Indicator

—To Help You Comply With the New FCC Regulations

® The linear rectifier here shown is useful
for determining the limit of modulation to
which a phone transmitter can be operated.
The new FCC regulation requires every phone
station to have a means for determining the
limit of modulation. Thus an overmodula-
tion indicator must be constantly used when
the phone transmitter is in operation.

A well-designed and adjusted phone will
allow up to 100% modulation, but many
amateur phones overmodulate before reach-
ing 100%. Overmodulation sends out spuri-
ous sidebands and causes voice splatter into
other parts of the amateur bands. This
causes necdless and illegal interference with
other stations. A phone transmitter should
not overmodulate, nor should a CW trans-
mitter radiate bad key clicks.

The linear rectifier here shown can be
used to indicate even the slightest amount
of carrier shift, which means overmodulation.
This instrument is easy to adjust; it uses a
small variable condenser for adjustment of
the meter deflection without juggling the
ccupling to an antenna wire or coil. The
50 mmfd. fixed condenser and 100 mmfd.
variable condenser form a variable attenuator
for RF voltage. Capacity coupling is used to
the antenna lead by simply running the lead
from this unit close to the antenna lead-in
or feeder. This is easier to do than trying to
hang a coil in the air in such a position that
1t will have a critical value of coupling to
the final amplifier tank coil.

Any type of tube can be used, connected
as a diode. A 76 was chosen for use in the
indicator here shown. The heater is con-
nected to the receiver power pack. A type
30 tube can be used with a single 115 volt
dry cell as filament supply. The RF choke
is a pie-wound 215 mh. choke, connected as
shown through a telephone jack in order to
allow monitoring the modulated signal. This
instrument makes a very good monitor for
phone or CW signals. For monitoring CW
signals it will show-up key clicks in the
headphones, and the meter reading can be
used to show relative radiation.

The indicator is built into a 4-in. x 12-in.
x 14 ga. aluminum strip, bent as shown in

<.

By D. B. McGOWN
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A piece of No. 12 gauge aluminum is bent in one
piece to provide a mounting stand for the
Overmodulation Indicator.
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Circuit diagram of the Overmodulation Indicator.

the photograph. This mounting arrange-
ment enables the unit to be placed directly
in front of the operator so that he can be con-
stantly on the look-out for overmodulation.
The needle on the meter should remain sta-
tionary at some fxed reading on the scale,
such as the half or two-thirds scale position.

The overmodulation indicator and phone
monitor here shown can be mounted on a
3l5-in. x 19-in. relay rack panel. It makes
a necessary and simple addition to the phone
station. When coupled to the antenna lead,
it also provides a good indication of the
relative power going into the antenna sys-
tem at all times.

This form of overmodulation indicator
can not be used with controlled carrier
modulation transmitters. For such transmit-
ters a 45 or 80 tube, or an 879 should be
connected-up as a negative peak indicator
and the transmitier monitored by a selective
superheterodyne receiver with crystal filter,
in order to test for voice splatter outside the
channel in use. This tube acts as a half-
wave rectifier with its plate connected to
the filament center-tap of the modulated
class C stage and its- filament connected
through a 0-5 or 0-10 MA DC meter and a
10,000 ohm resistor to the plate RF return
circuit of the class C stage before it reaches
the plate modulator. This method shows
overmodulation on negative peaks, but not
on positive peaks.

A cathode-ray tube oscilloscope is the best
indicator for overmodulation. The trapez-
oidal figures readily show distortion and
modulation capability even more clearly than
the sine wave figures. The trapezoidal fg-
ure requires only a simple form of oscillo-
scope.

The simple antenna field strength meter
described in the June, 1935, issue of
'RADIO” can be used as an overmodulation
indicator. It can be made more linear by
plugging a 5,000 or 10,000 ohm 1 watt re-
sistor into the headset jack. Another form
of linear detector is a tube with a high
cathode bias resistor and high plate voltage,
such as used in most superheterodyne second
detectors. A 0-1 MA DC meter can be
connected in series with the cathode resistor.

2.
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5 Meter Band Opens

® On the evening of August 10, 1935, W2MO of
Livingston, N. J., while operating portable with
his b meter equipment in his automobile at Garret
Mountain. a mere hill of 550 feet above sea level,

in the city of Paterson, N. J., was successful in-

working not only a first distriet station but literally
“THE" first district. At about 8:30 P.M. day-
light time he swung his automobile in such a diree-
tion as to have the eight element antenna on the
car concentrate toward the Boston area, and from
that time until 1:00 A M. one first district station
after another was worked.

During this period 32 different first district sta-
tions were worked and identified swith five or six
more worked but not identified on account of local
QRM covering the station. The location of the
portable equipment is in the heart of the New
York QRM, and it was through this that the first
district stations had to be contacted. The number
of distant contacts on five meters in such a short
period of time is probably without precedent, and
the total of the miles worked during the contacts
is probably also a record.

The W2MO equipment has been operated port-
able for the past four summers, during which
time a total of 535 different stations have been
worked, with the total number of contacts well
above 4000. The equipment is carried in a touring
sedan, and includes both power supply and direc-
tive antenna. The transmitter employs & pair of
801s with 50 to 80 watts input, modulated with 46s
class B, 46 driver, 56 first audio. Two power
packs using 82s supply the plate power. Primary
power comes from a portable gas engine generator
providing 300 watts, 60 cyele AC. The antenna
can be varied from a single half wave element to

<

an array of 8 half wave elements, the array giv-
ing a power gain of approximately 17 times as
compared to the single half wave element. The
complete beam mounts on four bamboo poles, two
attached to the rear bumper, and two to the two
spare wheels in the front fender wells. The ear
must, of course, be placed broadside to the desired
direction of transmission as the distance between
the opposite sides of the car is just about one-
quarter wavelength, whereas the front to back
distance between poles is nearly three-quarters
wavelength. just about optimum for such an an-
tenna. Each pole carries two elements, one phased
above the other.

The first district stations worked were in Con-
necticut, Massachusetts and Rhode Island. and
included DEK. 1YS, GDJ, EZL, BSI, HHU, DPW,
AZX, DBE, HBD, ZE, AOZ, CDR, ZJ, DQ, QP,
DDM, DEI, HVP, HMA, AGR, GMT, HWC, IWG,
NF, FJN, CKV, HOB, HSP, HXY, AIY, HDQ.
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BOOK REVIEW

*“Practical Radio Communication”
By A. R, Nilson and J. L. Hornung

@® As its name implies, this is. essentially a text
book for radio operators and radio servicemen or
technicians. Very little mathematics is used, the
text being written more in the form of an encyclo-
pedia on all subjects pertaining to radio reception
and transmission. It is up to date; it covers marine
radio, broadcasting, aviation radio, ultra-short wave
theory and equipment, as well as operation. Much
space is devoted to charts and tables. This book sells
for £5.00 and is published by the MeGraw-Hill Book
Company.

TUBE - ITUS

When I was young and full of hope,
The diode tube was all the dope.

Then came the triode and high-mu,
The latest thing, I'm telling you.

Next came the tetrode with its screen,
And then the pentode hit the scene.

We thought they surely were the last,
But from then on things happened fast.

Duo-diode, Pentode-triode,
Pentagrid converter;
Duplex-diode, detector triode,
Pentagrid inverter
New tubes arrived by every train,
"Twas at this point I showed the strain,

Now I am old beyond my years,
I've got gray hairs above my ears,
And to this world I tell my wrongs,
Why do tubes have so many prongs?
—I. M. NERTS.

(Editor’s Note:)
The author of this bit of verse
Is in a padded cell.
The metal tubes have made him worse,
He isn't doing well.
~—“The Radio Technician.”
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Tank Circuits

How to Determine the Proper Ratio of Inductance and
Capacity for Minimum Losses and Maximum Efficiency

® The plate tank circuit of any transmitting
radio frequency amplifiet consists of a parallel
resonant tuned circuit. This circuit must have
a low DC resistance and a relatively high AC
resistance {(impedance) measured across the
circuit. The shunt impedance of any resonant
tank circuit is the resultant of two factors;
(1) the inherent resistance of the tank circuit
itself, and (2), the reflected reststance caused
by coupling a load, such as an antenna, to the
tank circuit. The output power dissipated
in the inherent resistance of the tank itself
is entirely lost, so that for high output and
efficiency it is desirable to make the tank
losses as low as possible. The test for any
tank circuit is to disconnect the load (an-
tenna, etc.) and measure the DC plate current
at normal plate voltage, bias, excitation, etc.
This unloaded plate current should be less
than 10% of the normal loaded DC plate cur-
rent.

Theoretically, a parallel tuned tank circuit
should represent an infinite impedance with
no load coupled to it. If this were true in
practice, the minimum unloaded plate cur-
rent would fall to zero. However, the inher-
ent resistance of the tuned tank prevents the
shunt impedance from rising to infinity (un-
loaded). A representative 4 MC tank circuit
using 100 uufds of tuning capacity had a
shunt impedance of 40,000 ohms, unloaded.
This particular tank, when properly loaded,
reflected a 4000 ohm load for its associated
amplifier tube. The reactances of the coil and
condenser are equal as the circuit is tuned
to resonance, and the value of the reactance
of each is 400 ohms. Because the Q, or factor
of merit of a tuned circuit, is the ratio of re-
sistance to reactance, it is seen that the afore-
mentioned circuit has a Q of 10 loaded, and
100 unloaded.

The Q of a transmitting tank circuit is of
importance only when determining the opti-
mum ratio of L to C for a given frequency
and load resistance. The problem of deter-
mining the proper ratio of L to C in an ama-
teur CW transmitter can be simplified by the
following rule-of-thumb:

Make the L as large as possible and the C
as small as possible, up to the point where
maximum antenna current and minimum DC
plate current do not occur at the same point
on the tank tuning condenser. When this
occurs, it is an indication that the Q, or ratio
of resistance to reactance of the tuned tank
circuit, is too low. More C and less L will
therefore be necessary in order to increase
the “flywheel effect” of the tank, which is re-
lated to its Q. It is impossible to obtain
high plate eficiency and power output unless
a rather low C, high Q tank circuit is used.
For phone use, considerations of linearity re-
quire that more C be used than for an equiva-
lent CW amplifier, but there is no set rule
which determines how much more C is desir-
able. Authorities seem to agree that about
twice as much C should be used for phone
as for a similar CW amplifier. For use in
the plate tank of a self-excited oscillator the
C should be about three times as much as
that which is desirable for a given CW am-
plifier. Comparatively, the minimum Q of a
single-ended amplifier should be about 5 for
CW, 10 for phone, and about 15 for a self-
excited oscillator.

A lower value of Q is permissible in the
*W6AAR

By J. N. A. HAWKINS*

push-pull amplifier; a minimum Q of 3 for
CW, 6 for phone, and 9 for self-excited oscil-
lators is satisfactory.

The table shows approximations of the op-
timum tank capacity to be used in a single-

High-Lights
In order to avoid tank circuit losses and

in order to obtain the highest circuit effi-

ciency, it is desirable to consider the tank
circuit problem in some detail. The LC
ratio is a very important consideration, and
for maximum efficiency it should be neither
too low nor too high.

The two tests for the operation of a tank
circuit are—

I. The unloaded plate current should be as
low as possible and always less than 10%,
of the normal operating plate current.

2. Maximum RF output current and minimum
plate current should always occur at the
same point when the tank condenser is
tuned.

ended CW amplifier (Q of 5) ac different
plate voltages, powers and frequencies. For
phone use, muluply the indicated C by two;
for self-excited use, multiply the indicated C
by three. Variations of 20% from the indicat-
ed ‘values of capacity will not materially af-
fect the operation of the amplifier. Larger
capacities will increase the Q somewhat, but
with an increase in the tank losses due to the
increased circulating tank current, which re-
duces power output and efficiency. The use of
less C than that shown will reduce the Q and
may again reduce the efficiency and power out-
put if minimum plate current does not coin-
cide with maximum output current. The capa-
cities shown are those which should actually
be used, not just the maximum capacity of
the tuning condenser.

The table should take care of most of the
common combinations encountered in prac-
tice. However, for widely different frequen-
cies or power inputs the following formula
will enable the approximate tank capacity to
be determined directly. It should be noted
that the following formula applies to a single-
ended grid neutralized {unsplit tank) am-
plifier for CW use (Q of 5). For phone use
(Q of 10) multiply the indicated capacity
by two.

If a split tank is to be used divide the indi-
cated capacity by four.

2,600,000
(g —— .

fRgB

Where C equals tank capacity in micromi-
crofarads (uufds.). f equals frequency in
MEGACYCLES. Rp equals DC resistance, in
ohms, of the plate to_filament path of the am-
plifier. In other words, DC plate voltage di-
vided by DC plate current, in amperes.

It will be seen that there will be relatively
little difference between the cost of the tank
condenser used with either grid neutralization
or plate neutralization. When grid neutrali-
zation is used, the plate tank capacity must
be four times as large as the capacity neces-
sary for use in a plate neutralized amplifier.
However, the condensers in the plate neu-

tralized tank circuit will have twice the peak
RF voltage across them; consequently they
must have twice as much plate spacing as the
condensers which are used in grid neutralized
amplifiers.

Tank Coils

Research with various types of tank coils
definitely indicates that a tank coil wound
with copper wire (size No. 10 to No. 14, de-
pending on power used) and supported by

. three or four narrow strips of thick celluloid

fixed to the ¢oil turns with collodion, or its
equivalent, has the lowest inherent [osses.
When properly built, this type of coil is quite
rigid mechanically. Furthermore, it has the ab-
solute minimum of dielectric in the field of
the coil. The length of the coil should be
about one-and-one-half times its diameter, and
turns should be spaced at least three times the
diameter of the wire. The coil should be
mounted about one diameter away from its
associated tuning condenser and at least three
diameters away from metal chassis, panels,
braces and other large metal objects. It is de-
sirable to link couple the plate tank to a sepa-
rate antenna tank in order to keep any trans-
mission line radiation away from the final
amplifier, where 1t might upset neutralization
or cause unbalance, particularly in a push-pull
stage.
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Characteristics of Various
Plate Tank Circuits

Eight different circuit arrangements can be
used for the plate tank of a radio-frequency
amplifier. However, there are really only two
fundamental circuits; the split plate tank used
with plate neutralization, shown in Figs. 3,
4, 5 and 7, and the unsplit plate tank used
with grid neutralization, shown in Figs. 1
and 2. Of course, the push-pull circuits
shown in Figs. 6 and 8 also use a split plate
tank as well as a split grid tank, because the
neutralization of a push-pull stage may be
considered to be both grid and plate neu-
tralization.

From the standpoint of the optimum ratio
between inductance and capacity in the plate
tank circuit of a RF amplifier the circait ar-
rangement affects the required tuning capa-
city for a given tube, plate voltage, power
output and frequency.
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For a given set of conditions, the impe-
dance in ohms, measured across the ends of
a split tank coil, will be exactly four times
the tmpedance across an unsplit plate tank
coil. For example: a 150T in a single-ended
amplifier working at 3000 volts plate voltage
and 150 milliamperes (450 watts input), hap-
pens to work best into a plate load resistance
of 5000 ohms. The actual value of the load
impedance is unimportant because no amateur
takes the trouble to actually measure load
impedances. In this case, however, the known
optimum load impedance helps to illustrate a
very important point. In the grid neutralized
tank circuit shown in Fig. 1 the plate circuit
of the amplifier tube is connected across the
entire circuit so that the required 5000 ohms
of reflected load impedance appears across
the entire tank circuit.

When the same amplifier is changed to
plate neutralization with either the split coil
circuit shown in Fig. 3, or the split stator con:
denser circuit shown in Fig. 4, the plate cir-
cuit of the tube is then tapped across only
half of the tank circuit. Thus the impedance
measured across either half of the plate tank
circuit must be 5000 ohms in order that the
tube will operate under exactly the same con-
ditions as in the grid neutralized circuit, It
might seem, at first glance, that if the im-
pedance across half of the tank is 5000 ohms,
the impedance across the entire tank should
be twice 5000, or 10,000 ohms. However,
it will be seen that this is an autotransformer
arrangement, and the impedances across part
or all of an inductance vary as the square
of the turns ratio. Because there are twice
as many turns across the entire tank coil as
there are across either half, the impedance
across the entire tank coil must be two squared,
or four times the impedance that one-half of
the tank reflects back into the tube. Thus the
total impedance across the entire split tank
15 20,000 ohms. For a given power, tube and
plate voltage, there is twice the peak RF volt-
age across the split plate tank as there is
across the unsplit tank. This means that a
longer RF arc can probably be drawn from
the split tank than from the unsplit tank, but
the arc would not be as “fat.”” The power
would be the same in either case. This higher
RF voltage means that dielectric losses in the
plate tank circuit are four times as high in
the split circuit as in the unsplit arrangement,
bu¥ because the circulating RF current is
twice as high in the unsplit tank the resistance
losses in that circuit are four times as large.
Modern tank circuit design has brought both
resistance and dielectric losses down to a very
low value, but because dielectric and corona
losses due to high RF voltage are only bother-
some with high power tubes operating above
4000 volts plate voltage, the split plate tank
is probably desirable in high efficiency ampli-
fiers where high power gain is more desirable
than ultra-high plate efficiency, the lower grid
circuit losses found in the grid neutralized
tank arrangement make it about six of one
and half dozen of the other. ’
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In a single-ended grid neutralized high ef-
ficiency amplifier operating at less than 4000
volts DC plate voltage, the circulating cur-
rent losses can be minimized by tapping the
plate down on the plate coil in order to re-
duge the amount of C which' is necessary for
a given Q (see Fig. 1A). This is usually
more desirable than using plate neutralization;
furthermore it allows the use of a single-
section condenser.

Table showing proper value of tuning capacity to

use for a Circuit Q of 5 at the

frequencies, plate voltages and plate currents indicated.

Pte | phte | Tank Tonk DCPiate DCPlate  Tane | Tank
v ase 8ic A : Frequency Voltage | Current ¢ it c it
oltage |Current Ca;éanty Ca‘p:amy £ e agacn y agacéy
Ep_ | lp B a9y = _CaA | Cpd
375V  .025A| 100 | 25 1500V | .100A | 100 uufds | 25 uutds
375 | .050 200 50 | 1750 KC ggg .§gg 200 50
375 | .100 400 | 100 . 130\ 400 100
750 | .050 | 100 | 25 000 | .100 50 125
750 | .100 200 50 3000 | .200 | 100 25
750 | 200 | 400  |100 ] 3000 | 400 | 200 50
B 8 F | wokc |m o B
7 .050 .
375 |.100 | 200 o so | ;soq_ .400 | 200 | 50
750 | .050 | 50 12.5 000 | .100 | 25 6.25
750 .100 100 25 3000 .200 50 12.5
750 | .200 200 50 3000 | 400 100 23
375 | .025 | 25 &as o 1500 1.100 |25 16.25
375 | .050 50 12.5 A 50 2.5
375, |00 | 100 | 25 | 7000 KC 13300 | 300 | 100 25
750 | .050 25 | 625 3000 |.100 | 125 312
750 | .100 50 12.5 | 3000 | .200 | 25 6.25
750 | .200 100 (OO —— [3000 | .400 | 50 12,5
375 | .025 125 | 312 ggg .ggg ;gs gg ‘
33 Soo 50 52 | 14,000 KC 1500 | .400 | 50 125
750 | .050 125 312 3000 |.100 |~ 625 | 156
750 | .00 | 25 6.25 3000 |.200 | 12.5 312
750 |.200 | 50 125 3000 | 400 | 25 | 625
375 |.025 | 6.25 156 | = %ggg .ggg 1g.§5 gig
050 | 125 | 312 [ r ) 5
33? 200 | 25 | 625 28,000 KC 1500 |.400 | 25 6.25
750 | .050 l 625 | 1.56 3000 | .100 312 | 8
750 | .100 125 312 3000 | .200 6.25 1.56
750 |.200 | 25 6.25 3000 | .400 | 125 312

*C, is the plate tank capacity to be used with all single-ended amplifiers when grid neutralization i8 used.
This value i8 correct for a single tube (or tubes) in parallel, as long as the total DC plate current is as

shown above.

§Cy is the total plate tank capacity to be used with all single-ended amplifiers which use Aplate neutraliza-
tion. If a split-stator tank condenser is used, the capacity per section should be twice Cg in order that the

total capacity will equal Cg.

f push-pull is used, a minimum circuit Q of 3 is permissible for CW use. Thus only 60% of the
capacities 8Shown in the column headed Cg should be used in a push-pull amplifier. As with the single-
ended amplifier, multiply the indicated capacity by 2 for phone, and by 3 for a self-excited oscillator.

The point of difference between the split
and the unsplit plate tank circuits lies in the
fact that, for a given tube and operating con-
ditions, the unsplit tank circuit requires ex-
actly four times as much capacity shunted
across the plate tank coil in order to maintain
a constant Q of the circuit. For a given Q
and frequency the required tuning capacity
varies inversely with the impedance of the
tank circuit. Quadruple the impedance by
splitting the plate tank, and only one-fourth
of the tuning capacity is necessary to main-
tain a constant Q. However, the condenser
cost is almost the same for either tank cir-
cuit because the smaller condenser required
for the split tank must have twice the voltage
rating of the condenser used in the unsplit
tank. As an example, consider the split-
stator condenser shown with the two sections
in series in the split tank circuit shown in
Fig. 4. If the two sections are paralleled, the
total capacity will be quadrupled and the
voltage rating will be cut in half. This same
condenser would now be of the correct size
to operate in the unsplit circuit shown in
Fig. 1.

There is practically no difference in the
overall cost of operation of a split plate tank
which uses a split coil and the tank which
uses a split condenser (split-stator). The split-
stator condenser is usually more desirable
when using a the with low interelectrode
capacities. It also has advantages at fre-
quencies below about 5 MC with the medium
and high C tubes. However, at the higher
frequencies where the tuning capacity each
side of the split-stator condenser becomes
quite small, the unbalancing effect of the
plate to ground capacity of the high C tubes
makes the stage difficult to neutralize. Thus
above about 5 MC it is usually better prac-
tice to split the coil with a bypass to ground
at the electrical center when using high C
tubes.

Tapping the Plate Lead Down
on the Plate Tank

When an amplifier is found to have too
low a Q, so that the tank tuning is decidedly
“sloppy’” and maximum antenna current does
not coincide with minimum plate current, the
situation can be remedied by tapping the
plate of the tube down on the plate cotl,
as shown in Fig. 1A. This has the same effect
on the circuit as increasing the C and reducing
the L. The circuit Q is increased because
the impedance across the entire tank s greater
than the impedance reflected into the tube
due to the impedance step-up. If the plate tap
is half way up the tank coil and if the opti-
mum tube load is 5000 ohms, the impedance
across the entire tank would be 20,000 ohms
and the circuit capacity fqr a given Q would
then be one-fourth of that necessary in the
circuit of Fig. 1, or the same capacity as the
split plate circuit of Fig. 4. The RF voltage
is stepped up directly with the turns ratio;
it would be doubled when the impedance is
stepped up by a factor of four. In most
cases, the plate does not have to be tapped
down more than a few turns, unless the tun-
ing capacity is 'way off. When the turns
ratio between the entire coil and that part
of the coil below the plate tap (Fig. 1A) is
1.4 to 1, the circuit Q is exactly doubled as
compared with the circuit of Fig. 1, for a given
tuning capacity. The only change in adjust-
ment when the circuit of Fig. 1 is changed to
the circuit of Fig. 1A is that the antenna coup-
ling must be loosened as the plate tap is moved
down, in order to hold the plate input con-
stant. (In other words, to reflect the same
load impedance into the tube).

Tapping down on the plate coil is highly
recommended for use with the low voltage
tubes, especially when operating on the lower
frequencies. [t enables a high circuit Q to
be obtained without the use of high C, and
materially reduces the inherent tank losses

{Continued on page 24)
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due to circulating current. When the plate
is tapped on the coil exactly half-way up the
coil, the circulating current is cut in half
(for constant Q). Resistance losses in the
tank vary as the SQUARE of the current;
therefore it is seen that the losses are re-
duced to one-fourth of what they would be
when the plate is connected directly to the
“Hot” end of the tank. At more than 4000
volts plate voltage, corona and dielectric
losses, which increase as the square of the RF
plate voltage, become increasingly important;
then the increase in voltage losses practically
offsets the decrease in circulating current
losses.

Tapping down on the plate coil is highly
desirable in a multi-band transmitter because
it allows a low capacity tuning condenser to
give equal Q on all frequencies. For example,
suppose a grid neutralized amplifier is to be
used on 20, 40 and 80 meters. The tank
condenser should be chosen for the highest
frequency to be used—in this case 20 meters.
On 20, therefore, the plate would tap directly
on the hot end of the coil. At 40 meters the
same capacity would give the same Q if the
plate lead is tapped 71% up from the bottom,
or "Cold” end of the tank. On 80 meters
the plate would be tapped exactly half-way up
the coil, in order to preserve the same value
of circuit Q. Of course, the tank coils should
be built so that resonance occurs at approxi-
mately the same point on the tuning condenser.

Only in very few cases will it be found
necessary to raise the Q of a split plate tank,
because a split plate tank is already a high
impedance circuit. However, if and when
this practice becomes necessary, the circuit
shown in Fig. 4A is the correct method to use.
It is very important that the neutralizing con-
denser be tapped toward the center exactly
as much as the plate is tapped in, otherwise
it will be impossible to get perfect neutrali-
zation.

Parallel and Push-Pull Operation

The circuit in Fig. 2 is exactly the same as
that in Fig. 1, with the exception that the
two tubes are in parallel in Fig. 2. If the two
tubes when used in parallel together draw
the same plate current under the same condi-
tions of operation as the one used in Fig. 1,
then the load impedance across the two tank
circuits will be equal, and the same tuning
capacity will give the same circuit Q. Now
suppose that a second tube is added to an al-
ready existing amplifier in order to double
the output. The bias should remain unchanged,
of course. even though the DC grid current
will double. The neutralizing capacity must
be doubled, and the antenna coupling must
also be doubled in order to make the ampli-
fier draw twice the plate current it did before.
It is assumed that the two tubes in parallel
will operate under identical conditions as the
single tube previously did, and the total power
input and output will be exactly doubled. It
will be found that the tank tuning capacity
must be doubled in order to preserve the same
circuit Q. An example will clarify the situa-
tion. Assume that a second tube has been
added to the amplifier described above, op-
erated at 3000 volts and 150 MA. The tube
load impedance was 5000 ohms for the one
tube. Using two tubes in parallel is exactly
the same as using one larger tube with exactly
half the plate resistance of each. For the
same plate efficiency the plate load impedance
must have the same ratio to the tube resist-
-ance; thus if one tube works into 5000 ohms
then two in parallel will work into 2500 ohms.
The RF voltage across the entire tank will
be exactly the same for either a single tube
-or for two in parallel, but a given RF voltage
across 2500 ohms represents twice the power
as the same voltage across 5000 ohms repre-

sents, because the current has doubled (by
Ohm'’s law). Suppose that a circuit Q of 5
is desirable. This means that the reactance of
the tuning condenser must be the load im-
pedance divided by the Q of 5. In the single
tube amplifier the condenser reactance would
be 5000/5, or 1000 ohms. In the two tube
amplifier with twice the power output the
condenser reactance would be 2500/5, or 500
ohms. The reactance of a condenser varies
inversely with the capacity; thus half the
reactance is twice the capacity. The circuit
is always operated at resonance and there-
fore the coil reactance must be exactly equal
to condenser reactance. Therefore the entire
discussion could have referred to coil induct-
ance, rather than tuning condenser capacity.
The capacity of a tuning condenser is usually
known. If it is operated nearly all the way
in (recommended point) it is easy to estimate
fairly accurately the circuit capacitance. Few
amateurs take the trouble to measure or esti-
mate the inductance of tank coils. They
usually guess at the proper size of coil to use,
and then add or prune turns until resonance
is found.

Now consider the split tank circuits using
paralleled tubes, as shown in Figs. 5 and 7.
Again it is found that the impedance across
the split circuit is four times that across the
unsplit circuit of Fig. 2 (2500 ohms each side
of center, 10,000 ohms across the entire tank).
Thus only one-fourth as much tuning capacity
is necessary for a given Q. It logically fol-
lows that the addition of a second tube to the
unsplit tank as in Fig. 2 resulted in doubling
the capacity required when only one tube
was used as in Fig. 1, adding the second tube
to the split circuits of Figs. 3 and 4 to get
the arrangement of Figs. 5 and 7 also doubled
the required capacity. Thus it is seen that
the required tuning capacity goes up directly
with the power in a circuit using a given tube
and plate voltage. More strictly, it should
be remembered that the capacity goes up as
the load impedance goes down.

Push-Pull

Push-pull circuits are shown in Figs. 6 and
8. All push-pull circuits use split plate tanks
and therefore there are no unsplit tanks to
consider. There is no unbalance of the split-
ting due to plate-to-ground capacities and the
split-stator condenser arrangement shown in
Fig. 8 is preferable at all frequencies, and
with all tubes used in push-pull. The total
plate tuning capacity is the same in either
circuit. Push-pull cannot be analyzed in the
same way as a single-ended split tank cir-
cuit because the tubes do not draw plate cur-
rent at the same time. The point involved is
that each tube in the push-pull circuit works
into the entire tank, instead of into the im-
pedance across each half.

The load impedance across the entire tank
is only twice the reflected load on each tube
instead of four times the load on each tube,
as might seem to be the case. Thus if each
tube works into 5000 ohms, the plate-to-
plate load is 10,000 ohms, which is the same
load as for the circuit in Fig. 7 where two
tubes in parailel are worked into a split
tank. The power is the same in both cases,
and the peak RF voltage across the tank is the
same, therefore the impedance across the tank
must be the same. Because the impedance is
the same, it follows that the same value of
tank tuning capacity in the push-pull cir-
cuit will give the same circuit Q. Regardless
of the fact that the paralleled tube capacities
tend to unbalance the split-stator circuit shown
in Fig. 7, the push-pull circuit shown in Fig.
8 is very similar insofar as voltages, currents,
capacities and inductances are concerned. It
will also be seen that the push-pull circuit
in Fig. 8 has twice the power output and half
the load impedance as the single-ended split-

stator circuit shown in Fig. 4 (10,000 ohms
as against 20,000 for Fig. 4) so that twice the
tuning capacity is necessary to preserve the
Q. as in Fig. 4.

With reference to Fig. 8 it is seen that if
two tubes are used which together draw the
same plate current as the one tube used in
the circuit of Fig. 4 (assuming identical op-
erating parameters), the load impedance
across the entire circuit is the same in both
cases, and the required condenser capacities
would therefore be the same.

The push-pull circuit makes possible the
use of a lower value of Q for the same circuit
merit; the Q of a push-pull circuit need only
be approximately 60% of the Q of an equiva-
lent single-ended amplifier. The purpose of
Q in any tank circuit is to preserve the wave-
orm of the alternating tank current. For
proper and efficient tube operation it is essen-
tial that the waveform be as close to a sine
wave as possible. One way to define how
much any given complex waveform departs
from the ideal sine wave is to specify the am-
plitude of the various harmonic frequencies
present, because any waveform, no matter how
complex, can be resolved into a fundamental
frequency plus integral harmonics.

Thus the particular advantage of the push-
pull circuit 1s that it produces very few even
harmonics and thus preserves the shape of the
wave better than a single-ended circuit of the
same Q. For a given amount of harmonic
wave distortion, therefore, less circuit Q is
required in the push-pull amplifier.

The presence of harmonics in the distorted
wave output of a low Q amplifier is pre-
cisely the reason why a high C (meaning high
Q) tank circuit minimizes the radiation of un-
desirable radio-frequency harmonics.

Harmonic distortion of the alternating wave
in the plate tank also explains why a self-
excited oscillator requires a high Q tank cir-
cuit for high-frequency stability. All oscil-
lators receive their grid excitation from the
plate circuit. If the AC which is fed back
to the grid is full of harmonics, a very small
change in load or electrode voltages will have
Sufficient effect on the harmonic content of
the feedback voltage to create a dispropor-
tionate change in the frequency of oscillation.
Thus a very high Q tank circuit must be used
in a self-excited oscillator in order to keep
the harmonics out of the grid excitation volt-
age which fed back from the plate circuit.

The statement that the plate-to-plate load
impedance of the push-pull circuits is twice
the reflected load on each tube applies only to
tuned tank circuits where considerable cir-
culating current flows. In class B audio cir-
cuits which are never tuned, the piate-to-
plate load impedance is four times the load
on one tube.

Tank Circuit Relationships

The impedance across any tuned circuit is
related to the series resistance of the tank.
The higher the series resistance, the lower the
shunt resistance. (Resistance and impedance
are identical at resonance.) The shunt re-
sistance is always Q squared, times the series
resistance.

The reactance of either the coil or con-
denser of any resonant circuit is always equal
to Q times the series resistance, or the shunt
resistance divided by the Q. Thus a tank
loaded so that it has a shunt resistance of
5000 ohms at resonance would be said to
have a series resistance of 50 ohms if the LC
ratio were such that the circuit Q were 10.
In order to have a Q of 10, the coil and
condenser reactance would have to be Q times
the series resistance, or 10 times 50, or 500
ohms. The reactance is also shunt resistance
divided by Q, or 5000/10=500. The capacity
required to equal 2 500 ohm reactance can be

(ontinued on page 31)
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By C. C. ANDERSON

® WGASV, built by Orval Woods, is housed |

in a 10x12 foot shack adjacent to his home
at 417 South E Street, Tulare, Calif. ASV
was a ham in the days before the war; soon
after he was assigned the call 6ASV and has
been on the air ever since.

The first rig was a UV202 at eleven bux,
plus the rest of the parts necessary to make it
perk on 200 meters. Since then the station
has kept in step with all the changes up to
the 6CUH style, from which the present trans-
mitter was evolved, about three years ago, and
since then it has not been changed. It con-
sists of the conventional 47 osc, 210 buffer-
doubler, 242 buffer and an 860 final. While
the 860 is not always the final, it is used that
way most of the time on both 20 and 40 meters,
although when more power is found <to be
necessary, an 852 PP final is hooked up on 40
meters.

The 210 is keyed by a tube-keying method,
and 1t has positively eliminated all traces of
key clicks and back wave. The ordinary BC
set can be played in the shack less than six
feet away from the transmitter without the
slightest bit of interference to the program.

The 860 is inductively coupled to the 242
buffer, and normally runs at 700 watts input,
while operating as the final on 20 meters.
When this 860 stage is used as a buffer for
the PP 852 1000 watt final, it is link coupled
to this stage, and runs at about 500 watts,
providing ample excitation.

The complete RF portion of the transmitter
is breadboard, nine feet long, with the neces-
sary power supplies directly under the table
protected by a grounded screen. This screen
helps keep the cats, dogs and rats from putting
the station off the air.

While the 860 séems to be in disfavor
among the general run of hams, W6ASV finds
that it is really a good tube, giving plenty of
power without being overloaded. The 860
stage is far simpler to tune than the usual
neutralized type. All that is necessary to put
this stage in operation is to take off the plate
voltage, tune the grid tank to resonance with
the exciting stage, resonance being indicated
by peak grid mils. Then tune the plate tank
to resonance, which is indicated by a slight
kick on the grid meter. Finally the plate
voltage is applied. For 20 meter work, the
single wire fed antenna is clipped on the tank
at a point which does not overload the tube.

The seldom-used PP 852 final is link cou-
pled by the Jones method. A Dwyer 100
mmfd. split-stator condenser, 6000 volt rating,
tunes the grid tank without breakdown, but

(Continued on page 28)
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Complete circuit diagram of WBASV's transmitter.
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Singf?-Signal E{fecf Without
Use of a Crystal

@ A short-wave superheterodyne receiver
can_be fe-arranged in such a manner that
regéferanop-can be added to the IF amplifier
by the use of-asmall BCL coil and a vari-
able resistor in the IF circuit. The addition
of this .regenerajve circuit, if suffieient g
generation is used, will give the receive
single-signal effect which approaches that
of a quartz crystal flter.

IF TRANS

IF TUuBt
3 »

IF TRANS

10,000
TAPERED POT

4

The arrangement ‘is shown in the circuu
diagram. It requires a minimum of effort
to install. A secandary RF coil taken from
an old BCL receiver is used for cathode
regeneration, controlled by a tapered 10,000
ohm potentiometer or volume control. The
isolating resistor and by-pass condenser in
the screen-grid circuit are not always re-
quired. The suppressor of the IF tube
should be grounded so as to enable it to
act as an RF shield within the tube. If
oscillation is too strong, some turns should
be removed from the BCL cathode coil.
This system does not require a coil coupled
inductively to the IF iransformer winding.
The cathode coil can be made by winging
100 turns of No. 32 enameled wire on a 1Y~
in. diameter form.

. d00 —
he New 6A3 Low Mu Triode

® This tube has recently been announced by
Sylvania, Philco and other independents and
is a first cousin to the 2A3, although the
mechanical construction is quite different. It
really consists of two low mu triodes in one
envelope, internally connected in parallel in
order to reduce the plate resistance. In fact,
many of the newer 2A3s are also using the
same construction. The 6A3 is a fine tube
for use as an audio driver for a class B or
class AB stage, and a pair of 6A3s are good for
about 18 watts of high-quality audio at 325
volts plate supply. The tube also operates
well as a buffer at 7 MC and below and it
can be used on 14 or 28 MC, with proper
care.
particularly low, but the tube acts almost as
a 45, 46 or 2A3 at radi.o.frequencies.

SN i &t

The RK34
® The RK34 (Raythegn) is well suited for use
below 5 meters, although at five meters and
above there is very little difference between
the RK34 and the 6A6, which is practically
identical to the RK34 except for the fact that
the plate leads on the RK34 are brought out
of the top of ‘the envelope. This tube is the
answer to the 215 meter problem.

—— 000 ——

The 524,- a FulllWave
High-Voltage Rectifier

® This tube is practically the equivalent of
the 80. The 6A8 Pentagrid convertor is very
similar to the G6A7. The 6L7 Pentagrid

‘mixer amplifier is designed for use as a first

detector in circuits using a separate high fre-

quency oscillator. It has very good shield-

ing between oscillator and signal circuits.
The 6])7 is similar to the 6C6 ('7) although

the input and output capacitances are some-

what higher.

_The 6K7 is a remote cut-off pentode similar

The interelectrode capacities are not

HAM HINTS

— —By JAYENAY —

to the 6D6 (58) and also has higher input

and output capacitances.

The 6H6 is a twin diode detector with two
separate diode plates and cathodes.

The 6F6 is a power pentode quite similar
to the 42.

The 6F5 is a high mu triode with a mu of
100 and is similar to the triode portion of
a7s.

The 6CS5 is a general purpose triode similar
to the 76, although electrically igs charac-
teristics more closely resemble a triode-con-
nected 6C6. Its mu 1s 20 and plate resistance
10,000 ohms making it suitable for use in
transformer coupled audio circuits.

The all metal tubes seem to be most iad-
vantageous in speech amplifiers because the
improved shielding will undoubtedly reduce
RF feedback from the transmitter.

. ee® -

Automatic Break In

® [t is customary to use a back contact on a
relay in order to automatically cut off the re-
ceiver while transmitting. This back contact
usually causes a bad click in the phones or
loud speaker. The circuit here shown uses
100 volts of negative bias from a grid leak
somewhere in the transmitter in order to

lock-up the AVC system in the receiver. The
slight lag introduced by the filtering action
of the .01 condenser and the .1 megohm iso-
lating resistor eliminates the clicks and pre-
vents the transmitter from loading the AVC
circuit of the receiver.

The circuit operates whenever a stage. in
the transmitter receives enough RF grid ex-
citation to make it draw grid current. The
resulting negative bias is applied to the grids
of the receiver tubes and preveats them from
amplifying. In a recejver in which no AVC
is used, the high negative bias can be used
to block-out a resistance-coupled audio stage,
or even a transformer-coupled stage, if the
DC grid return to ground is made through:
the transmitter grid leak and then bypassed
with about 1 microfarad in order to complete
the audio circuit back to ground. A con-
venient way to introduce the blocking bias
into the receiver is 10 use a closed circuit
jack mounted at the rear of the receiver in
the circuit in which the blocking bias is to
be applied. If it is desired to move the re-
ceiver to another location, or trouble-shoot ?
it, the set will operate in perfectly normal
manner by merely taking the plug out of the
jack.

- [ X X J ~
Brief Comments
on the Metal Tubes

® The new metal tubes are undoubtedly here
to stay. Regardless of whether or not they
are actually better than the glass tubes, there
is no doubt that they will be constantly re-
fined and improved. Ultimately they will be
standardized throughout the entire radio in-
dustry (for use in receiving sets). At the
present time there is no evidence to indicate
that metal tubes will be made sufficiently
gas-free for high voltage operation in trans-
mitters.
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EIMAC Tu beS—More Power, Longer Life

The Collins 202A Transmitter

|
|
|

1 KW input—700 watts of carrier
output-—bigh level modulation.

The new Collins 202A represents the last word in

high powered amateur transmitters. It employs two

150Ts in the final class C amplifier, two more as class

dBrimorlulators and a fifth 150T as radio frequency
ver.

/ 150 T—Price $24.50 Net
150 watts of available plate

. dissipation. 50 watts of fila-

ment heating power, Only 3.5

\ uufds. plate-to-grid capdci-
VR tance.

Amp. factor 14. max. plate
current 200 MA.. Cop 3.5
uufds: Cgf 3.0 uufds. Cpt
.5 uufds. Base 50 watt.
Max. height 10 inches. Max.
diameter 334 inches.

El Filament 5 V. at 10 A.;

rated plate loss 150 W.
k

=

v+ Your Problems—and Their Solution

S

= Class B Audio Amplification

obtained from relatively small tubes. However, in order to obtain good audio fidelity
from a class B amplifier it is necessary to observe certain characteristics of class B operation.

THE GRID CIRCUIT

As the grids of a class B audio amplifier must be driven beyond zero bias into the positive
region, the audio driver amplifier must supply POWER to the class B grid circuit. The audio
dtiver circuit requires careful design and construction because the power which it must supply
is not being dissipated in a constant load, but in a load whose resistance varies widely over cach
audio cycle. In the negative region the input resistance of a vacuum tube is practically infinite.
However, as the grid is driven more and more positive, the increase in grid current causes the
input rsistance to drop to a very low value; 2300 ohms, for example in a 1507 operating in a
500 watt class B audio amplifier with 2000 volts plate supply.

The audio driver stage, like any vacuum tube amplifier, delivers power most effectively to
a fixed load resistance, and if the load resistance varies, as.it does on a class B driver, a con-
siderable reserve of grid driving power must be provided to minimize waveform distortion.

In some cases it is necessary to provide parasitic filters in the class B grid circuit due to the
fact that excessive secondary emission from the grid in certain types of tubes causes a negative
resistance kink in the grid characteristic. It should be noted that while some secondary emission
is desirable to reduce the required grid driving power, it should not be great enough to make
the grid resistance negative over any part of the operating characteristic because this makes the
amplifier unstable. and impairs the quality. The EIMAC 150T is free from negative resistance
kinks in the grid current characteristic under normal operation. This materially simplifies the
problem of getting large amounts of high quality audio power at relatively low cost.

CLASS B BIAS SUPPLIES

Due to the fact that the grid current drawn by a class B audio amplifier varies widely with
the amplitude of the audio signal, the negative bias supply must have very good voltage regu-
lation. Cathode bias and grid leak bias cannot bo used on a class B audio amplifier. B batteries
are generally quite satisfactory, as long as they are in good condition, and an AC operated
rectifier and filter can be used, provided care is taken to make the bias supply output voltage
independent of the load current {more strictly charging current) drawn by the grids. This can be
done by using low resistance transformers and filter chokes in the bias supply. A low resistance
bleeder should be used, the bleeder current being about four times the maximum grid current. All
series resistance should be avoided, either in the primary or secondary circuit of the bias supply, as
it impairs the voltage regulation. |t might be noted that it is harder to get good regulation in a
bias supply for the higher mu tubes than when medium mu tubes are used. A higher voltage bias
supply is necessary for the medium mu tubes but the maximum DC grid current is usually a great
deal fower, so that satisfactory voltage regulation is casier to obtain. The lower grid current in
the medium mu tubes, such as the EIMAC 50T and 1507, &lso reduces the size and cost of the

class B input transformer.
OUTPUT TRANSFORMERS

In order to get good fidelity it is necessary to use a properly designed class B output trans-
former. Several transformer manufactuters have recently brought out new lines of class B trans-
formers which are a great deal better than those which were standard a few years ago.

Note that a pair of EIMAC 150Ts, operating within ratings, will deliver 500 watts of audio
power with only 2000 volts plate supply. Under these conditions the plate to plate load resistance
should be 10,000 ohms.

CLASS B audio amplification is widely used because it enables high audio power output to be

. o = The limiting factor in the operation of many class B8 amplifiers is the filament emission of the
s o248 -3 tubes used. Audio distortion can be quite bad if the tubes are driven into the region where
28 goC Le=F saturation, or diode bend effects are noticeable. The 50 watts, of efficient Thoriated Tungsten
&S Sug 23z filament used in the I50T provides a large reserve of electron emission which minimizes the
1000 V. 150 W. 200 W. ossibility of this type of distortion affecting amplifiers using these tubes.
p yP 9 p 9
%388 x §25 W. 350 W,
. 300 W. 500W. S N U
Teov WY &Y EITEL-McCULLOUGH, INC. 245ceer 052
3000V. 450W. 700W y s CALIFORNIA, U.S A.
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Buffalo, N. Y. Interstate Radio Radio Laboratories Gross Radio. Inec. W. H. Edwards & Co Mim's Radio
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Need!

Tells how to build a Real
High Power Transmitter
\ —Step byEasy Step

—In Progressive
Usable Units!

You’ve always dreamed of
going on the air with a real
high power job .. .seen your-
self as the boss of an outfit
to be proud of . . .. Well,
here’s your chance to get
that way by easy steps .. .
each one a real econom-
ical addition . . . each
one usable and practi-
cal! This sensational
new book tells you
just how . . . outlines
each progressive step
in simple, easily-
followed fashion.
Get it right NOW!

Once you’ve looked over this book you’ll admit
that it’s the biggest two-bits’ worth ever offered the ham
who wants to keep abreast with what’s going on in the world.
Chock full of helpful hints, the real low-down on high power trans-
mission—and how to get it. Photographic illustrations of every unit, and
practical circuit diagrams for every hook-up— eleven of ’em that show
you each progressive step, and all its whys and wherefores. Best of all,
the diagrams are not “‘trick” circuits rigged up to sell you new tubes
or fancy folderols . . . instead, they are the best, most practical and time-

You can get a copy of the 'Progressive”

Transmitter Guide at almost any live tried circuits that have proved to be real performers, and designed to get
radio jobber's, at better newsstands, or A %
write for the name of nearest distributor you on the air (llllck. Your [ ncle Dudley,
to Amateur Press, 1300 W. Harrison A1 .
St., Chicago, Ill.; General Transformer who PUts ul.) the OI(l,mazuma’ “_l“ dp.prove V4
Corp., 500 S. Throop St., Chicago, IlL.; of this, for it doesn’t put the big drain on
The National Co., 61 Sh St 2
e Nationa 0., erman . 8 . P in s : i
Malden, Mass.: The Acrovdx Corp., 70 his check: bo?k all in a heap, but spreads it
:Vashingwn. Broo(l::lyn. N. Y-;A(:xiuar- out so that it can be taken care of from ;
ian Elect. Mfg. Co., 1528 W. ams . . 2 ’
St. Chicago, TiL.; Beede Instrument time to time as the funds inerease. D(.m t
Clo.. P;na;&ok. (1:4 H.;“groéve Na?‘e- hesitate a minute—get this big, interesting,
ate o ol L race -, . .
Chicago. TIL: or Bliley Electric Com. practical book—and get yourself on the air
pany, Eric, Penna. in the Hi-Power Class quickest and best! :
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Tank Circuits
(Continued from page 24)
easily calculated if the operating frequency
is known by the following formula:
Xc = 1,000,000

27§C
Where Xc equals reactance in ohms, f is the
frequency in cycles per second, C is the capacity
in microfarads.

Antenna Tank Circuits

The use of link coupling between the plate
tank of the final amplifier and a separate
tuned antenna tank circuit to which the an-
tenna or feeders are coupled is widely used.
This type of coupling reduces harmonic ra-
diation, preserves better balance on a push-
pull stage, prevents the feeder radiation from
upsetting the stability of the various ampl-
fiers in the transmitter, and tends to improve
the effective Q of the plate tank circuit of the
final amplifier.

3INGLE wiRE FEEDER OR
NT

3INGLE WIRE FEEDER DA
D" vto. A END FED ant 2

LNk LiNR

FADM ; = Faow o A T
h FINA 4
AN - - { A AN
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Linn f Y-vo— -"r'_ld =
9 =4 winc 1 g S
el TV o 5 T bowar
i - Aup P =
FIG 11 .
FIG 12
L X A¥ -
st E4  ritens Verious methods for
“f - - coupling final amplifier
to the antenna are here
G 13 shown.

The higher the Q of the antenna tank the
more the harmonic radiation will be reduced
The Q of the antenna tank should not be less
than 3, and should preferably be above 3.

The Q of the antenna tank is calculated or
estimated in exactly the same manner as that
of the plate tank. Estimate the shunt im-
pedance across the entire tank and divide by
the Q in order to get the necessary condenser
reactance. Then, from the frequency the ca-
pacity of the condenser can be determined

The simplest antenna tank arrangement is
shown in Fig. 9. If the tank is feeding an off
center-fed Hertz antenna the shunt impedance
across the tank will be the same as the char-
acteristic impedance of the feeder, which is
in the neighborhood of 600 ohms. Thus to
get a Q of five the condenser reactance at the
operating frequency would be 120 ohms. At
7000 KC this would require a condenser ca-
pacity of 190 uufds. At 3500 KC, twice this
capacity would be necessary. These values
of capacity are larger than can be conveni
ently handled and therefore the arrangement
shown in Fig. 10 cuts down the required
capacity to one-fourth, although the RF volt-
age (for any given power output) is doubled;
consequently twice the spacing must be pro-
vided. The feeder is tapped across one-half
of the twotal turns, making the impedance
across the entire tank four times the impedance
from feeder to ground, or 2400 ohms across
the tank for a 600 ohm feeder. The con-
denser reactance for a Q of 5 is 480 ohms;
therefore only 48 uufds of capacity is neces-
sary at 7 MC. The capacity is independent of
the power output of the transmitter, which is
a point of difference between the antenna
tank and a plate tank, because the power
output of a transmitting tube is very closely
tied-up with the reflected load impedance
into which the tube works. Therefore a !
KW transmitter would require no more ca-
pacity in a given antenna tank than a 5 watt

5,

transmitter, but the voltage spacing would

have to be much greater. The effective RF

voltage across any tuned circuit is always equal

to the square-root of the product of the power

in watts, times the shunt impedance, in ohms.
E=\PZ

Where E=Volts, P—= Watts, Z=—Ohms.

Thus 1 KW of power across a 600 ohm
feeder represents an effective voltage of 775
volts. The voltage across 2400 ohms for the
same power is twice this value, or 1550 volts.
The peak voltage can be about twice the ef-
fective voltage, particularly if harmonics are
present or if the carrier output is voice modu-
lated, and thus the antenna tank tuning con-
denser should be rated at from two to three
times the peak voltage which is present.

If it is desired to use a still smaller con
denser to tune the antenpa tank, the feeder
can be clipped farther down the tank coil
This steps-up the impedance across the entire
tank circuit, according to the law of imped
ance transformation, wherein the impedance
ratio is equal to the square of the turns ratio

If an end-fed antenna is clipped directly
to the antenna tank coil, it will usually be
found desirable not to tap the antenna down
on the coil, but to use the circuit of Fig. 9
instead. This is advisable because the end
of any Hertz antenna represents a fairly high
impedance, which is just another way of say
ing that the end of a Hertz antenna must be
fed with voltage. Of course, any antenna
must be fed with voltage, and current too, but
a voltage fed antenna is the name used to de
scribe an antenna which is fed with high

| voltage and low current at a high impedance

point. Figs. 11 and 12 shew split antenna
tanks for feeding two wire non resonant trans-
mission lines. Fig. 13 shows how a Zepp
antenna can be fed by means of a link from
the final amplifier.
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ALLIED CATALOG

You will find complete answers t¢
all of your Short Wave Transmit-
ting and Receiving needs in this
new Catalog, devoted 100% &
Radfo. Prices are LOWER thar
ever before—it will pay you t¢
consult this book before you dc
your radio buying. Every leading
standard Short Ware line Is list-
ed — outstanding new gear Is -

fully described. Use the ALLIED Catalpg &nd take
advantage of our persogal service. Let us help you
with quotations for building any type of eircult—
let our competent engineers and Amateurs in on yoor
problems. We can always serve you better at ALLIED.

l ALLIED RADIO CORP.

833 W. Jackson Bivd.,

Chicago. Dept. J.

Send me your FREE 1935 Spring and
Summer Catalog.

Name .
Address

L---

L-----------

COMPLETE DESIGNS of

20

TRANSMITTERS

12 tested transmitter R. F. section
designs! 8 modulator and speech am-
plifier designs!

Outputs ranging from a little fel-
low on which the O.W. can learn, to
big ones comparing in every way with
the best broadcaster.

Circuit, and complete parts speci-
fications of transformers, induct-

ances, and all other component parts.

One of the most complete and
thorough handbooks on transmitter
design ever printed!

VALUABLE
REFERENCE BOOK

This advertisement and 12¢ IN STAMPS,
to cover mailing expenses, will bring your
FREE copy of this valuable Reference
Book. There is no obligation.

STANBDBARD
TRANSFORMER
CORP.

855
Blackhawk
Street

Chicago

T,
=5

.

TRIMM

FEATHERWEIGHT
HEADSETS

=

FOR EXPERTS

BUILT BY EXPERTS

A Type for Every Need

A REAL SPONGE-
RUBBER EARCUSHION

A TYPE TO FIT ALL
Lightweight - Scandard Phones

TRIMM

RADIO MFG. CO.
1528 Armitage Ave., Chicago, L

When writing to Advertisers, kindly tell them
you saw their announcement in "RADIO™

p ..
R)
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THE
RADIO RECEPTOR
MOYVING COIL

(DYNAMIC)

MICROPHONE

l'f""ﬂn
'-"-&‘m--.;.s.“: e,

€
ATV menar Ny,

MODEL 6-A for Broadcasting Stations and
Sound Recording.

MODEL 6-B is the most sensitive, self-gen-
erating microphone yet devised for general
use; with the use of our special transformer,
no amplification is required on present day
standard amplifiers.

MODEL 6-C for Hams, and inexpensively
priced Public Address System: requires less
preamplification—hence, less noise, and more
signal.

These mierophones have undergone two Years of grilling
service in all climates before being offered to the trade.

List Price $33.00 and up

Pacific Coast Representatives
NORTHERN CALIFORNIA
KJAER EQUIPMENT CO., 557 Market St., San Francisco

SOUTHERN CALIFORNIA
FRANK A. EMMET C0., 1341 So. Hope St., Los Angeles

WASHINGTON AND OREGON Representatives:
JAS. J. BACKER CO., 109 Bell St., Seattle, Wash.

Radio Receptor Co., Inc.
110 SEVENTH AVE. NEW YORK, N, Y.
Established 1922

new! KELLOGG
TRANSCEIVER HANDSET

A better all-around Transcetrer Handset! Highly ef-
ficlent single-button Kellogg microphone, super-
sensitive Kelligz recefver. Easy to hold Fits the
face. @ Microphone has greater sensitivity and *“flat-
ter’” response curve than the usual “mike’* of this
type. Precision bullt, as are all Kellogg products.
Gold plated diaphragm. Especially processed earbon.
@ Receiver {3 the product of 35 years experience
building telephone apparatus. Bi-polar
magnet of cobalt steel. Cadmium plated
diaphragm. Small, compact, easy on the
ear. @ Simply and ruggedly constructed
and light weight. Cast aluminum trian-
gular handle. Baked black enamel fin-
ish. Has 6-foot, 4-conductor, 18-strand tinsel eord of tele-
phone quality. @ You will be proud to own this unit. Better yet,
it's not expensive. Code No. 38-A, 70 ohm recelver, list price
$10.00. Code No. 38-B, 2000 ohm receiver, list prics $11.

KELLOGG SWITCHBOARD & SUPPLY CO.
1070 W. Adams St. CHICAGO, ILLINOIS

Lafayette"PRO Y

BUILD IT
AND ENJOY

REAL
RESULTS ON
ALL HAM
BANDS

Here is the last word in modern ama-
teur all-wave receiver Kits! It incor-
porates a factory assembled coil-switch.
ing unit so that only a few simple con.
nections are needed to wire this unit into
the completed receiver. Features 1 R.F.
stage on all bands; Beat Frequency OS-
CILLATOR for C.W.; AVC or manual
conzrol; Demountable power speaker umt,
etc. No. PXY-22069—complete kit of parts
includingbspeaker l;mdlpanel, complete in-

stcuction booklet, but less
tubes and cabinet $ 3 6'7 5
.$7.50 extra

If wanted completely wired
Cabinet .$7.50 extra

Here is a Super-het for 5 M. ceception that is
almost as simple as a straight super-regenera.
tive receiver, but it will prove far superior as
regacds sensitivity, selectivity and noise level.
The absence of super-regenerative “Rush”
is an outstanding characteristic. Any Ham
can build it. No. PXR-22098——<complete
kit of parts including cabinet, panel and
special copper plated chassis, complete
instruction booklet, but less power
supply, tubes and
speaker $ 1 6'7 s
If wanted wired $3.25 extra

¥ T H 3 3 3 Pa &
HOLESALE RaDIO SERVICE (o
A iR Main Offsce and waredowse N

t 100 SIXTH AVENUE - NEW YORK.N.Y.
542 € Fordham Rd [l 430 W. Peochires S¢. nw il 219 Central Ave
WHOLESALE RAD10 SERVICE CO. :
100 Sixth Ave., Dept. P-86, New York, New York '
[J Send me more data on the *‘PRO-9" "
[ Send me more data on the *‘5 M. Super-het' s
[ Send me FREE Ham Catalog #58-A )|
1]
]
L]
[
-

If you need any of the following
ltems buy them from W8DED

Who Has Been an Active Ham

for Over Ten Years
QsL CARDS “WS8DED PRINT’ World’s finest! Stamp for
samples and prices. CALLBOOKS (W9F0) with atl U. S.
& Foreign QRA’s! Latest, $1.25. QST SUBSCRIPTIONS
(new and renewals) send yours through WSDED. $2.50 year.
RADIO magazine SUBSCRIPTIONS (write for bigp money
saving offer from WSDED). HANDBOOKS (RADIO or
ARRL) you need them hoth. $1 each. Both $1.75.
BLILEY EXTALS!! (within 5 kc. or almost exact if you
QRX) WITH HOLDER $3.95. LIFETIME MIKES!! (Fin-
est for the price—write for free catalog from WSDED)
Send this ad along with your order and get a 7x11
stution card FREE! Your call in red type.

Mail All Orders Direct to Rus Sakkers, W8DED
53 EAST 7th ST., HOLLAND, MICH.

GET MORE DX

The New MILLER
PRESELECTOR

Here is a simple. inexpensive and
really practical Preselector. It will
give you more distance and sensi-
tivity with lower noise and abso-
lutely no images. The coils cover
full range from 12 to 200 meters
Additional featuces include built-
in power supply. two stages of
tuned R F. efficient output circuit
and single wire ordoublet antenna.

Build it Yourself,” in Kit Form,
No. 302 Coil Kit $4.80

Or if you prefer to buy your equip-
ment “tailor made’ here is a real
opportunity. Complete with tubes
and metal cabinet $24.00

At Your Dealer or Write

J. W. MILLER CO.
5917 SOUTH MAIN STREET
LOS ANCELES, CAL.

'CLASSIFIED ADS

Rates—10c Per Word

$115.00 takes brand new NATIONAL HRO, NA-
TIONAL power pack and RCA tubes, all complete,
original cases. Also one new RCA 851 tube,
$50.00. McMurdo Silver Corporation, 3354 North
Paulina St., Chlcago. Il

If you are a member of a radio club, your secre-
tary can secure low subscription prices to “RADIO”
for you. Ask him to write at once for club rates.
“RADIO”, San Francisco.

WANTED . . . back copies of RADIO, April, 1934
and September, 1934 issues. . If in perfect condi-
tion will pay 60c per copy. ‘“RADIO”, San
Francisco.

2.
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MILLIONS IN USE

® Two Year
Guarantee

® Low Power
Factor

® Long Life

® Self Healing

® Efficient and
Compact

® Patented and
Patents
Pending

The superior quality and performance
of millions of Duco Condensers are
recognized all over the world.

NOW GUARANTEED
FOR 2 YEARS

Manufactured by

DUMONT ELECTRIC
COMPANY, Inc.

514 Broadway New York, N. Y.

Write for free Catalogs, Sales and Jobber
Territory

a@Oo>

Announces New

METAL TUBE
TESTING
ADAPTERS

8 PRONG MOULDED
BAKELITE SOCKETS
8 PRONG ANALYZER PLUGS
13", 23" 4” TRANSMITTER DIALS
5 PRONG SOCKET FOR 803 TUBE
TRANSMITTER ISOTEX TANK FORMS
METAL CABINETS
®

— . gy e e e S S e e B S S —

BUD RADIO, INC.CLEVELAND,

Please send me your NEW 1936 Catalog
FREE which describes your complete line of
parts.

NAME.
ADDRESS
CITY

R933

Instrument LITTELFUSES, for Meters, 1/200 amp.
up—Hi.-Volt Fuses for Transmitters, etc., 1,000,
5,000 and 10.000 volt ranges, 1/16 amp. up.
needed by radio men and save valuable equipment.
Neon Voltage Fuses & Indieators (Tattelites), 100,
250, 500, 1.000 & 2,000 volt ratings—100 uses—A
new test instrument.

Write
LITTELFUSE LABS
4236 Lincoln Avenue

ings, ete.

All

FREE Catalog on all Littel-
fuse Products—Aircraft Fuses, Auto Fuses, Mount-

Chicago, TIll.

$1 brings you the next four issues
of "RADIO"—Subscribe NOW.

<

cAnnouncing th
SILVER

oD

COMMERCIAL
SHORT WAVE
SUPERHET

® We are glad to be able to offer to amateur radio every
single valuable new engineering feature known today in
the 5D receiver which can be had fully assembled and
tested, or as a kit for home assembly.

In no way, however, is the 5§D a “kit™—it is a strictly
professional communication receiver so thoroughly de-
signed and perfected that it may be assembled and tested
by amateurs from standard high quality parts. By virtue
of such design by McMurdo Silver, Frank Jones and
fourteen co-operating manufacturers, it gives you all

and more-

than other sets at twice its price.

Available from your jobber, the fully laboratory-as-
sembled and tested 5D, complete with ten Raytheon tubes,
Bliley crystal and Jensen loud speaker, RCA and Hazel-
tine licensed, is priced at $114.00 net to amateurs. The
complete Silver kit, with all above accessories and com-
plete instructions, RCA and Hazeltine licensed, is priced

at $94.19 net to amateurs

Better get a demonstration from your jobber.

PROGRESSIVE
JONES-SILVER
TRANSMITTERS

Whether you want 25 watts, 50
watts, 150, 250 or 500 1.f. watts,
C.W. or phone, the new Silver
progressive transmitters designed
around the
Jones har-
monic excits
er arc the
berries to
build—or to
rebuild your
present rig
up into—for
nothing is
wasted as
power is in-
creased. The
iMustration
shows 500
watts of r.f., with exciter, modu-
lator and power supplies in 2 36"
rack, yet not a bit crowded. You
can build 50 watts of it for less
than $60.00, including modulator
and power supply, or the whole
500 watts for under $200.00.
Data is yours for the coupon.

600
80.00..

|
McMURDO SILVER j
CORPORATION

3362 N. Paulina St.

TWO NEW ITEMS
¥ 500 Ma. | KW.
R.F. Choke

Having found no
available r.f. choke
that would carry 500
ma. continuously at
. 2000 volts or more
for 10 to 160 meter amateur
bands, we now introduce the 17E
choke, which will do just this
Wound on Steatite with silk-ena-
mel wire, its insulation is ade-
quate, and ‘'sucking’® (pies pull-
ing together under load) has been
eliminated, as well as distributed
capacity held down by very wide
spacing between pies.  With in-
ductance 2.5 m.h., distributed
capacity below 2 mmf. and d.c
resistance under 8 ohms, the 17E
is provided with two terminal
lugs and one mounting screw at
a net price to amatcurs of 96c.

18A Socket for

RK28-RCA803
Needing sockets for the new large
five-pin bases, we have had to
make them. The 18A socket is
of Steatite, «2%2” in diameter,
with large steel reinforced
springs. It does the job
very nicely, and nets to
amateurs at only 96¢, for
delivery right now.

Division. of

| McMurdo Silver Corporation

I 3362 N. Paulina Street

Chicago, lllinois

- Fnclosed 10¢c for 32 page ‘‘How to Build
o
.Enclosed 10c¢ for “"How to Build It** Book
on Jones-Silver Transmitter.
Send free circulars.

e oNew

These Features Tell

the 5D Story:

® No plug in coils — efficient band
switching and send-receive switch.

® Two tuned r.f. stages on all four
bands.

® Low C tuned circuits — all circuits
air trimmed and tuned.

@ Bliley crystal filter for single signal
C.W. and super-selective phone re-
ception without loss of volume.

® Accurately relogging band spread
anywhere in its tuning range-—hun-
dreds of degrees for each amateur
band.

® Covers all five amateur 10, 20, 40,
80 and 160 meter and all §.W. broad-
cast bands—9 to 175 meters.

® Almost no inherent noise the
qQuictest yet most sensitive set you ve
ever opefated.

® Sensitivity better than 1 microvolt
at all points of all bands.

® Sclectivity, just what you want, va-
riable iron-core and air-tuned if.
transformers.

® Tone what you want—from single
signal *'peaked audio’’ to fine broad-
cast quality.

® Ten new Raytheon 6.3 volt tubes—
2 6D6 t.1.f. stages, 6D6 S.G. first de-
tector, 41 electron coupled H.F. os-
cillator, 6D6 high gain. high Q i.f.
stage, 6B7 amplified A.V.C., 76 beat
oscillator and 6C6 high gain tetrode
second detector. 42 output and 5Z3
rectifer, Ten tubes with 12 tube
functions!

® “'R’" or sensitivity meter.

® All AC operated in one unit with
no hum

® 8” matched Jensen dynamic speaker.
® Polished chromium finish on heavy
welded steel chassis fully shielded and
temperature isolated for 100% fre-
quency stability,

® Easy to assemble and wire—com-
plete coded wiring cable furnished,
with 32 pages of instructions, cir-
cuits and lots of detailed wiring and
assembly photos.

MAIL COUPON TODAY!

' Book on 'RADIO™-SILVER 5D

G.PH., tnc. | Name
. Address v
Chicago, U. S. A. { City State

DIP or BRUSH R.F. COMPONENTS with

SPECIAL GROUP SUBSCRIPTION

Q-MAX No. 3

The only Victron base R.F. Coating
Do not destroy the efficiency of your apparatus by
the use of ordinary lacquers never intended for high
frequency service. USE Q-MAX No. 3. $.25 per
can at your dealer's store.

Communication Products, Inc.
243 Custer Avenue Jersey City, N. J.

RATES TO RADIO CLUBS

Genecrous discounts on subscriptions if 5 or
more members subscribe at one time. Radio
club secretaries are invited to write for spe-
cial proposition. "“RADIO", Pacific Bldg.,
San Francisco, Calif.

RADIO FOR SEPTEMBER
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PROMPT DELIVERY ON THE NEW

RADIO-SILVER RECEIVER

Down Payment $45.00 - Monthly Payments $16.00

We Are Also Making Immediate Delivery on

NATIONAL HRO - BRETING 12 - RCA-ACR
RME 9D - HALLICRAFTERS - TOBE

136

DOWN PAYMENTS START AT $16.50

Balance on Easy Monthly Payments

SPECIAL TERMS ON NEW TRANSMITTERS
Hammarlund Super Pro and PR-J6 scheduled for October

DELAWARE RADIO SALES COMPANY
405 DELAWARE AVE. WILMINGTON, DELAWARE
Attention: Willard S. Wilson, W3DQ Established 1920 |

$1 Brings You the Next 4 Issuesof “RADIO”

e e

[r4DI0 COMPONENTS]

DIALS, KNOBS and SWITCH PLATES for TRANSMITTERS,
SOUND EQUIPMENT, OSCILLATORS, Etc.

CARRIED IN STOCK BY LEADING JOBBERS AND DEALERS.

Die-cut instrument

dials. Professional /=

appearance and ex-
treme accuracy.

_ Chrome and black +
N3 Gain plates in sev- l
eral styles and |
readings. U

Black Bakelite knobs in matching sets.
Bar Knobs - Switch Knobs - Skirt Knobs

Nl NS
Aluminum and black Switch Plates, Gain
Plates, Volume and Selector Plates.

U

Write for Bulletin No. 70 for complete details.
Established 1899

CROWE NAME PLATE AND MANUFACTURING CO.

1755 GRACE STREET CHICAGO, ILLINOIS

Cable Address: Crowname, Chicago

The "'Super-Gainer"”

(Continued from page 9)
usually have to be loosened in ordeg to allow
variation of coupling.

After the second detector is operating
properly, the 76 oscillator and detector can
be aligned on some strong signal, or a cali-
brated modulated oscillator can be used. The
latter is by far the easiest and best method,
because the coils and condensers can then be
made to track across any amateur band and
the bands can be easily located. The first
detector regeneration control should never
be advanced to the point of actual oscilla-
tion. The antenna coupling can be adjusted
so that it will allow the first detector to
actually oscillate. All of these tests can be
made by listening with a headset plugged
into the telephone jack. The audio volume
is not sufficient for operating a loudspeaker.

Lack of oscillation in the 76 tube can be
traced to too little or too much tickler
winding, insufficient plate voltage, defective
by-pass condenser oOr, in most cases, a weak
76 tube. Failure to secure regeneration in
the first detector is usually caused by too
much antenna coupling, or high losses in the
detector coil, or incorrect voltages. The

| cathode tap can be varied in either direc-

tion on the winding so as to obtain;good
regeneration over the complete range of the
band-setter condenser.

Motorboating or oscillation with a loud
plunk™ in the 79 tube tan usually be traced
to lack of sufficient by-pass across the B
supply, or too-high values of resistors in
the cathode, plate or grid circuits. Some-
times the 25 mfd. electrolytic condenser must
be by-passed with a .01 mfd. paper con:
denser. [If any feed-back is obtained at IF
frequency, the phone jack can be by-passed
with a 005 mfd. condenser. All -resistors
can be of the 1 watt size. The 79 tube should
have its top grid connected to the IF trans-
former. The 79 socket should be mounted
in such a manner that the audio plate and
grid prongs are to the left side of the heater
prongs, with the plate next to the heater. The
detector plate is next to the heaters on the
right side, and the cathode is between the

| detector plate and the audio grid prongs.

The wiring leads should be as short as pos-
sible.
(X X ]

| Variactor Controlled Carrier Unit

(Continued from page 15)
at zero bias as in class B operation, and
therefore drew grid current. The action
seemed to be fairly linear but required much
more driving power than the 2A3 which does
not draw any grid current. Two small 45
volt B battery blocks are needed to act as a
C battery when the 2A3 is used. There is no
current drain or charging current through the
C batteries, with the result that they wil
operate over a very long period of time.
- [ X X J

Electrad Offers New Volume Control
Guide and 1936 Catalog Resistors

@ Electrad, Inc., New York resistor speciallsts,
offers a new 100-page Colume Control Guide free
to bonafide radio and electrical service men, who
will mail in the flap (showing specifications) from
one of this company’'s new-type Carbon Volume
Control cartons, together with their business let-
terhead or business card.

This guide lists alphabetically all radio receiv-
ers, model numbers, makers’' names, catalog num-
bers of proper Electrad replacement controls, resis-
tance values and list prices. Such information
should be of much practical, time-saving value to
busy serviee men.

The new 1936 Electrad General Catalog of resis-
tors for all purposes is now off the press, and a
copy will be mailed free to anyone who will write
for it to Electrad, Inc., 175 Varick Street, New
York City.

2.
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This Is the Tube That They're All Talking About!
Those FB Westert Elecrric

The greatest, most sensational, value in Xmitting tubes
ever offered!! Every tube is a GENUINE Western Electric!
Every tube is BRAND NEW and in its original cartonl Every
tube is UNCONDITIONALLY GUARANTEED FOR THIRTY
DAYS| (Free replacement for any reason whatsosver ex-
cept broken glass or burnt out filament.)

ORDER YOURS TODAY! No risk.

211-D FIFTY WATTERS

REGULAR SELLING PRICE - $17.50

e YA g 4 90

Your money cheerfully returned if you do not agree with us
that they are worth many times this price or if you are not
completely satisfied with your purchase!

We have safely shipped over four thousand tubes to all parts of the world! Just
send a check, money order, or cash (registered mail) for as many tubes as you wish.

Include enough for postage.

(Shipping weight js 3 Ibs. each. Postage to the West Coast would be only 37¢ plus 5¢c for insurance against loss or damage. }
Or, if you prefer, send a 20% deposit and we will ship C.O.D.

Within 5 hours our shipment is on its way to you!

IT PAYS TO BUY FROM HARRISON BY MAIL!

CLASS B POWER XFORMER

A heavy duty transformer for use wherever
high current is required. Delivers 425 volts
out of filter at 260 MA load! Has a 5 volt 3
amp winding for 83 or 5Z3 and three 6 amp,
21 volt windings. Good regulation. Two
with high voltage in series will give DC out-
put of 860 volts at 250 MA! Metal shielding.

ors, etc. . .

fect filtering!

240 WATT POWER PACK

Delivers 600 volts DC at 160 Ma.
(670 at 200 MA.) Separate filament
xformer delivers T4 CT, 7% CT, and
214 at 12 Amp. for MOPA, Modulst-
Large double choke and
9Mfd. Condenser Block insures per-
All completely &s-
sembled and wired in metal case 10"

Flechtheim Condensers
Special offering from regular
stock. New. Guaranteed. 1000
Volts DC Working. Latest
type HSM. Metal cased with
insulated terminals.

1 Mrd (list $2.26)—é8c

Carbon Plate

- $8.45
A real good tube that can
take it!! Fully guaranteed.
General RadioType 247
Variable condenser .00025
Mfd. 500 VoIt rating  Regu-
lar Selling Price $£3.
SPECIAL .68

May be mounted sub-panel or above board.
Net weight 81 lbs.
Brand new and ruaranteed.
$2.10 each. TWO for $3.90.

CLASS B CHOKE
6 Henry, 250 MA.
Compact. Two hole mount.
Connect two in series for 12 Henry. Good
value. Actual welght—2 Ibs.
(With airgap removed Is a swing-
4 to 18 henry.)

Color coded leads.

Filter Choke.

DC resistance.

75¢ each.
ing input choke.

SPECIAL— weight 46 1bs.!
and Perfect.

rectifier tubes--$7.40.)

x 10” x 10”! Manufactured by Ma-
jestic for High Power job. Actual
Every one New
$5.90. (With two 81

2 Mfd (list $3.50)—$1.05 Thordarson 8 Henry

400 MA Power Choke

Neatly metal cased. FB for
input choke. 3000 Volt insu-
lation $1.35

SPECIAL COMBINATION
Two 2 Mfd. and
Two 1 Mfd. Units $2-80

60 ohm

SPECIAL—

HARRISON RADIO COMPANY

IMMEDIATE SHIPMENT OF ANY HAM APPARATUS!

142 Liberty St., Dept 2-9
NEW YORK CITY
WHAT DO YOU NEED, OM?

E————

RADIO
HANDBOOK

FOR AMATEURS
AND EXPERIMENTERS

This Handbook by
"RADIO" is Your Guide
to Better Radio
It begins at the begin-
ning, tells you how to mas-
ter the code by means of
the SOUND system. Tells
how to build any kind of
an amateur or short-wave
receiver, from a | tuber 1o
a 12 tube de luxe crystal
filtersuperheterodyne.
Tells how to build any kind
of a c.w. or phone trans-
mitter, from the begin-
ner's one tuber to the big
I KW job. Tells how to
build & dozen kinds of ul-
tra-high frequency trans-
mitters, receivers, trans-
ceivers, Many charts,
tables, formulae. New tube
characteristics. Data on
metal tubes. Laboratory
test equipment.300 pages.

YOUR NEW
AUTHORITY

The Handbook by "RADIO"
300 PAGES

Largest, Newest, Most
Complete Book of Its Kind

AMATEURS everywhere are talking
about the great, new Handbook by
"RADIO". They are discussing it on the
air, at club meetings, in radio stores.
Something different . . . something NEW
. . . something modern! "It's the last
word,"” they say. The new high-power pen-
tode transmitters are shown . . . the new
theory on radio and electricity is creating
wide comment . . . the complete chap-
ters on antennas, radiotelephony, modern
c.w. transmitters, ultra-high frequency
equipment, etc., have brought an
avalanche of commendation. Several hun-
dred dealers have this book on sale. If
your dealer cannot supply you, order di-
rect from the publisher.

Immediate Deliveries
SEND YOUR ORDER TODAY!

$‘I 0 PER COPY
RADIO

POSTPAID
Pacific Building - San Francisco, Calif.

N

ASTATI

and Pickups

A SENSATIONAL NEW
MICROPHONE!

Astatic announces another triumph! A startling
new conception in crystal microphone design.
THE HIGH FIDELITY K-2, non-directional
microphone embodying a distinctly
new principle in microphone con-
struction. The frequency response i
substantially flat from 30 to 6000
cps with a rising characteristic to 10,-
000 cps. Output level approximately

75 db. Can be operated close to
reproducer without feedback. Espe-
cially recommended for broadcast
studios and high fidelity P. A. sys-
tems. (And it's guaranteed.)

SEE YOUR JOBBER TODAYI
Licensed under Brush Development Co., patents

S-TYPE PICKUP

A light weight pick
up noted for its ex- i
ceptional quality in
the reproduction ,of
commercial record-
ings. Broadeast qual- '

ty SESCN ;-8 - =

ASTATIC MICROPHONE lABORATORYlnc.YOU NGSTOWN.O.
Mhoducts

Pioneer Manufacturens of Quality Crystal

RADIO FOR SEPTEMBER
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CARTRIDGE
CONDENSERS

... Triple-Sealed!

With the return of the radio industry to full-sized
sets, superior performance, lasting satisfaction,
AEROVOX re-introduces the triple-sealed cart-
ridge condenser. Here is genuine quality at new
low prices . . . skilled engineering for an econo-
mical result . . . featuring:

‘I Non-inductively wound section of
selected paper and foil, wax-
coated.

Sturdy wax-impregnated tubing
with imbedded aluminum foil.
Liberal wax-sealed ends in place
of usual unsealed spun-over ends.

2
3

Resu|‘f: Far greater freedom from humidity
4Y/3 times longer life than conventional unscaled

tubulars. In single and dual sections . . . wide
range of capacities . . . 200, 400, 600, 1000 volt
ratings. And they cost no morel

DATA New 1935 catalog is yours for the asking. Also

sample copy of monthly Research Worker. Mean-
while, see your local supply house about the AEROVOX line of
condensers and resistors.

EROVOX

CORPORATION

84 Washington St. Brooklyn, N. Y.

CANNON-BALL
HEADSETS

Made by America’s oldest
manufacturer of beadsets

Heavy bar magnets, double pole, aluminum
cases, D. C. resistances of 2000, 3000 and
5000 ohms.

Sturdy construction, sensitive and faithful
in reproduction.

Seld cverywbhbere in America

C. F. CANNON CO.

SPRINGWATER, N. Y.

RADIO CLUBS!

Write for Special Group Subscription
Rates for “RADIO”

Osockme, Japan.
July 13, 1935.
Very truly vours the Editor
of “RADIO”. Kind Sir Ed.

It do not make sense to Scratehi at all, Hon. Ed.,
either in-this world or in such other place where
all radio store dealers go when such make decease,
how such dealer persons can make advertising ex-
travagances of 40%, 50%, 60% and up discounts
on radio ham parts when nothing are given for
such discounts which mean anything or less. You
take for examples such announcings that 100 feet
of Ant Enna wire can be purchased from dealer
at 509 discount prices. Secratchi figger it all
out by himself. I lay trap for nipping such
scheme in neck. I write to dealer and 1 send order
with writings. It read as following:

Dear Gyp. (:) You wish to ensnare me with
50% dlscount bait. I bite. 1 want you make ship
to me at once, 100 fect of Ant Enna wire. But
before you make ship, you first listen to my
instruction. 50% off of 100 feet are 50 feet. Yes?
Please do not say no, for correct answer are
YES! You give me 50% discount on 100 feet.
1 make you proposition. You make no charge for
the 50% discount.
of wire free and I let you keep other 50% all for
yourself, without cost to you. If it are true that
you really give 50% off, then make proof you
speak with truth. I wish to see what such 50%
actually make look like in physical assets. If you
give 50% off, and if there were really such a
thing as 50% to add on to something, I wish to
see what that 50% were, and because you give
such 50% away with your compliment, please
make proof to me by sending me my 50% feet
of wire without cost and I wjll gladly make
acceptance of such with due haste. And I thank
you. Signed Scratchi, Unquotes. Stop.

Now, Hon. Editor, I are fair with such dealer.
I make turntables on him, I let him keep his 50 %
and all I ask is that he give to me the other 50%

You therefore send me 50 feet |

which he give away so freely, but instead of only |

giving such on paper scraps, I wish see tangible
evidence that such myth have once make existence.

I make haste-post down street few weeks ago
and 1 pass in front of rear store entrance. There
hang huge sign. It scream out at me--50% off.
509, off. 50% off. I stop. Dealer shake wicked
finger at me and say come inside and see what
we give you . 609% off. I ask him to show
me where the 50% are. He hand me coil of

wire and he say 50% off. Allright I say, I take |

the 50% you give away free and you keep rest
with my compliments. I also wish to be so kind
to you as you are to Scratchi, I say. It are not
falr that you give everything and I give nothing.
Whereupon he pick up large glass insulator and
make lasting Impression on top of my head.

I come home scared stiff and my wife she say
to me I look like holey ghost. I tell her I have
just receive liberal education in how amateur dis-
count are figured by store dealers. She say,
“Scratchi, it sure sunk into your head., did it
not?”’ I say to her it were thé glass insulator and
not the discount which sink into my head.

I are now sitting in upright position in soft
arm chair and I make comfort myself with new
animal pet which wander into ham shack few
nights ago. I look at such animal and I quickly
name it “Tank Coil”. It were a cat which have
become so skinny from lacks of food that rib
bones stick out and such can be counted just
like turns on copper tubing tank coil. So I make
appropriate name for cat., I am sure, Hon. Ed.,
that such cat come straight and direct from 60%
discount radfo store. Maybe big-hearted store
owner give his cat 50% off on food, yes? And
mayhap 50% more off for cash, with result that
cat get nothing at all.

I wish for you to make publish correct discount
tables in Hon. RADIO sheet. showing proof how
ham are given 60% discount when such thing
never make existence in first place, and what are
reason for giving ham something which never
have been there to give. You xplain, Hon. Ed?
Or do you also make think like I do, that some-
thing make smell rotten in Shanghai? 1 stop
now, Hon. Ed, but you somehow go on forever.

and ever yours,
Hashafisti Scratchi.

2 The Ohm-
ite Band-

gwiteh for

instant @SY-

CORPORATION

833 W. Jackson Buvb., Chicaco, lut.

Radio
Amateur

Call
. Book

The only radio callbook pub-
lished that lists all radio ama-
teur stations throughout the entire
World.

Also a complete list of high fre-
quency commercial stations, Inter-
national abbreviations and amateur
prefixes, “Q, R, & T,” systems for
reporting signals, new US inspec-
tion districts and high frequency
time, press and weather schedules.

Each copy contains a double post
card addressed to the CALLBOOK
for use in reporting your new QRA.
We are extremely anxious to pub-
lish a callbook that will be 100%
correct and want you to help us by
checking your QRA at once in the
latest edition and advise us of any
errors.

PUBLISHED QUARTERLY MARCH,

SEPTEMBER AND DECEMBER
Single Coples $1.25

Annual Subscription USA, $4.00

Order your copy today from your local
radio jobber or direct from:

Radio Amateur Call Book, Inc.

600 South Dearborn St. Chicago, I

JUNE,

A
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IN AMATEUR

ANYTHING ™ 2X5i0

FOR IMMEDIATE DELIVERY—

Aerovox, American Microphone, Barr, Birn:
bach, Bliley, Cardwell, Eimac, Electrad, Haigis,
Hallicrafter, Hammarlund, Heintz & Kauf-
man, Johnson, Kenyon, RCA, deForest. Pat:
terson, Raytheon, Sangamo, Shure, Signal,
Thordarson, United Transformer, Universal,
Vibroplex, Ward Leonard, Westinghouse,
Yaxley.

FAMOUS GROSS LINE
CW-TELEPHONE TRANSMITTERS

(Write for descriptive literature)
e o o

The Leading Amateur Short
Wave Receivers in Stock:
HALLICRAFTER
HAMMARLUND
PATTERSON
RME-9
RCA

We Carry the Latest in
5 METER EQUIPMENT

GROSS RADIO, INC.

51 VESEY STREET, NEW YORK CITY
Cable Address: Grossinc.

7hes Greal
PROFESSIONAL
RECEIVER:

S R e e o

\[11)

9 TO 200 METER
H. F. SUPERHET

The new RADIO-SILVER 10 Tube
Communications Superhet Kit. De-
signed by the Technical Staf of ‘‘RADIO", together with
McMurdo Silver and 15 leading radio paits makers. A pre-
cision job for laboratory building. You wire with made-up
colored cable. Start for as little as $7.30—buy the parts
as you build. Features air-tuned Polyiron LF.'s; separate
R.F. coils for each band, air-trimmed: 1 MV absolute
sensitivity; erystal filter; bandspread tuning: 4 bands—2
tuned RF stages on each. etc.—all
for less than half the cost of a
factory-built set.

1Send for FREE 6-page circu-
lar describing the new RADIO-
SILVER Superhet. For 32-
page *’How-to-build-it" hook,
including diagrams, etc., send
10c.

RADIO

ALLIED RADIO CORPORATION
833 Jackson Blvd., Chicago., Dept. J.

[0 Seud me FREE Radio-Silver Kit eircular.
[ Find 10c enelosed for *“Iow-to-build-it"* book.

Name.

g Address .
=l

HsImmus N |||I||IIIIIIIIIIIIIIIlllllll|\||ll||||||llﬁ

$1 brings you the next four issues

Group Hearing Aids

(Continued from page [1)

The amplifier should be of a high quality
and as free of hum as possible as this be-
omes quite noticeable in earphones. It
should have sufficient gain to raise the vol
ume from the input level to a sufficient level
for the needs of the hard of hearing; the
power output need not be excessive yet suffi
cient to drive, in addition to a number of
earphones, several bone conduction receivers
and a small speaker which is frequently
located in a side room for overflow meetings
in the case of a church. The output trans-
former should have several taps thus per-
mitting considerable flexibility in the im-
pedance of the load into which it feeds,
allowing additions to be made without any
changes in the amplifier.

In the case of microphone pick-ups which
are most frequently used, any of several of
the higher grade microphones now offered at
reasonable prices should be used. Each type
has its particular advantages, velocity types
because of their directional qualities; crystal
types because of their high quality at low cost
and non-directional properties, etc. Gener-
ally, types that do not require a source of
power are to be preferred because of the
greater ease of installation; nevertheless, each
installation presents its own individual prob-
lems in microphone selection and placement.

In addition to the knowledge of the equip-
ment used, securing group hearing aid in-
stallations require a realization of the prob-
lems of the hard of hearing. In each com-
munity there is a considerable field to be
worked upon and the service man who early
recognizes this fact, will be the dominating
factor in his community along this line.

[ X X J -

A Banchawk—At Lastl

After repeatedly promising our readers
additional data on the Banehawk receiver,
and after repeatedly failing to publish this
data because the “promised circuit” had to
be vamped and revamped so many times, the
technical editors hope to have the informa-
tion readv for the next issue of the maga-
zine. The mechanical details remain un-
changed and the same parts are used. The
improvements are in the circuit only.

{
THIS MICROPHONE IS HIGH
ENOUGH IN IMPEDANCE TO
OPERATE DIRECTLY INTO GRID

. BUT NOT HIGH ENOUGH
(ONLY 2000 OHMS) TO INTRO-
DUCE SERIOUS LOSSES IN LINE
UP TO 200"

ELIMINATES
HUM TROUBLE

Requires no pre-amp when used witl
egular high gatn ampliber (100 DB
Reploces condenser and crystal mi-
-NO CHANGES or addi

ions ne y| ELIMINATES INPUT
TRANSFORMER and its Josses
Therelore requires 12 db. less over.
) fication . . Eliminate
five hum. NO FEEDBACK.

LIFEUKE BRILLIANCE
The High Level Velocity reproduces
both speech and music with their
original briliance. Also excellent on
close talking.

MODEL RB-H lor speech and music
LIST $42.00 with coupling

RS-H for speech. can also be used lor

fusic LIST $32.00 with coupling

Write For Bulletin HL
BROADWAY NEW YORK

AMPERITE mpany s

ELECTRAD
VOLUME CONTROL

Has Quieft,
Smooth CARBON
RESISTANCE

ENGINEERED by resistor specialists who
have concentrated on volume control
problems since the beginning of broad
casting, this new Electrad unit gives sen-
sational performance.

Individually tested at the factory for noise,
the longer you use it the smoother it op-
erates. Molded Bakelite case, when mount-
ed, extends only %
inch back-panel. New-
type power switch (ap-
proved by underwrit-
| . ers) may be instantly
attached or removed
by a single screw.
Long, easy-to-cut alu
minum shaft. Al
standard and special
values.

Carbon resistance

element fused to
flat outer rim of
Bakelite ring, over
which a special-al-
loy floating contact

FREE
MalliCaxibon 1oy shoe gently glides.

Descriptive Folder and
1936 General Catalog.

ELECTRAD,

Inc.
175 Varick St.,
New York, N. Y
Pleage send new Resistor Catalog
Check here for folder on new
QUIET Volume Control.

HI-POWER for SOUND
EQUIPMENT

The Carter Genemotor
supplies the most Re-
liable and Economical
“B” power for Class A
or B Amplifiers from
a 6 or 12 volt battery.
Output up to 500 volts.
Sturdy Compuact
Quiet in operation—
Requires no oiling—
Guaranteed. Write for
Bulletin showing com-
plete line of Genemo-
tors for every purpose or specify your require-
ments.

CARTER MOTOR CO.

of “RADIO”—Subscribe NOW. | BERITE Yoloﬂ'( = | 365 W, Superior St. Chicago
| —— "' " " MICROPH .
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Radio Dealers and
Jobbers who desire
to advertise in these
columns are invitec
to write for rates.

RADIO

BUYERS' GUIDE

A Monthly Listing of Reliable
Radio Dealers and Jobbers who
solicit the patronage of our
readers. Buy from your nearest
Dealer or Distributor. He is
dependable and reliable.

CHICAGO, ILLINOIS

Chicago Radio Apparatus
Company, Inc.

415 South Dearborn Street
Harrison 2276
Dependable Radio Equipment
Established 1921

Bulletins on request.
Everything for the amateur.
Get our very low prices.

CHICAGO, ILLINOIS

MID-WEST RADIO MART
520 South State Street
CHICAGO

Write for Special Catalog—Free

SCHENECTADY, NEW YORK

ATLANTIC RADIO SUPPLY CO.

712 Broadway
Complete Equipment Stocked for
Service men—Amateurs—Experimenters

Let us quote you

OAKLAND, CALIFORNIA

RADIO SUPPLY CO.
2085 BROADWAY.

Hammarlund, Yaxley, Carter, National, John-
son, IRC, Cardwell, Miller, Morrill, Flechteim,
Triplett, Haigis Transceivers
WbGFY

ST. PAUL, MINNESOTA

LEW BONN COMPANY
2484 University Avenue
Rex L. Munger, WILIP, Sales Engineer
Radio Wholesaler Complete Stock

NEW YORK, N. Y.

I\

Complete Stock of Amafeur Radio Supplies
at Wholesale Discounts

LOS ANGELES, CALIFORNIA

RADIOSUPPLY CO.

912 SO. BROADWAY

The Amateurs'
HEADQUARTERS of the WEST

All Netionally Advertised Parts for
Receiving and Transmitting cerried
in stock at all times.

9 Licensed Amateurs on Our Staff

NEW PRODUCT/

IRC Announces New
Insulated Metalized Resistors

Unique Development Represents an Important
Departure in the Art of Resistance
Manufacture

® Unique modern resistors specifically designed
for exacting radio requirements of the present day
and known as IRC type “B" Metalized Reslstors
have just been announced by the Internationai Re-
sistance Company.

Retaining all advantages of the familiar Type
‘“F"* Metalized Resistors, these new units have
complete high voltage insulation protection and

Jop— _M AT e P
50,000 OHMS
—— =
50000 onme,

are constructed without metal ends. They ecan
contact other parts without danger of shorting.
Utilizing an improved Metalized resistance ele-
ment, they have an extremely low noise level and
represent a distinct Improvement in essential resis-
tor characteristics such as accuracy, permanency
of resistance value and durability under all operat-
ing conditions.

In the New Type “B” Insulated Resistors a
sturdy casing of insulating compound is moulded
completely around the Metalized resistance ele-
ment, sealing it against moisture and protecting it
from shorting on other parts. Like Bakelite, this
insulating material will not erack or deteriorate.
Permanent contact between element and wire leads
is obtained by a special bonding process which,
after the insulation is moulded solidly around the
assembly, cannot break or develop poor contact,
Noise level is unusually low, making these new
resistors ideally suited for amplifier circuits and
for critical television requirements.

IRC Insulated Resistors are both color coded
and individually marked with resistance value and
wattage rating. Identification is quick and easy.
They are available in 4-watt and 1-watt ratings
which will suffice for practically every installation
however crowded it may Not only is the
ly-watt (type B-1{) resistor as small as the usual
14-watt resistor but it may be used universally for
any rating up to and including 14-watt with greater
efficiency and a higher factor of safety.

Flexible wire leads extend straight out from
the ends giving a more effective lead length and
avoiding danger of breakage when installing. They
are tinned for easy soldering.

The 1-watt (Type B-1) IRC Insulated Resistor is
made in all ranges from 300 ohms to 10 megohms.
The ¥%-watt unit (Type B-14) is made in all
ranges from 100 ohms to 5.0 megohms.

For almost a year prior to this introduction to
the radio service and amateur trades, these new
resistors have been supplied to leading radio
manufacturers who, up to the present time, have
taken the entire output. Greatly increased manu-
facturing facilities now enable IRC to supply the
new units through jobbing channels.

A new catalog contalning full details will be

CHICAGQ, ILLINOIS

Chicago Radio Apparatus
Company, Inc.

415 South Dearborn Street
Harrison 2276
Dependable Radio Equipment
Established 1921

Bulletins on request.
Everything for the amateur.
Get our very low prices.

SAN FRANCISCO, CALIFORNIA

J. & o 3 b L
ENBACH
ELECTRIC COMPANY

1452 Market Street.
*“The House of a Million Radio Parts™”

Hemmarlund and National sets and parts.
RCA and EIMAC Tubes

Arcturus Receiving Tubes.
Trimm Phones, all types.
Johnson Antenna Feeders, Insulators,
Transposition Blocks.

FRESNO, CALIFORNIA
PORTS MANUFACTURING
CO.

3265 E. Belmont Ave. Radio WAVV
National FB7-SW3 xand Parts; Hammarlund,
Cardwell, Bliley Crystals; Johnson Insulators.
Distributors RCA-DecForest Transmitting Tubes
Established 1914 Send for Wholesale Catalog

BUTLER, MISSOURI
HENRY RADIO SHOP

Complete stock of RCA, Collins, Patterson, Na-
tional, Hammarlund, Silver, RME9D, Super-
Skyrider, Peake, Mac- Kcys. Eimae, Taylor,
Thordarson, Cornell-Dubiliar, Cardwell, Dwyer,
Triplett, Weston, Turner, Astatic, Trimm,
Johnson, Bliley, and others at lowest wholesale
prices. Your used appaartus accepted in trade,
too. Write for any information.
Robt. Henry, WIARA, Owner. 211-15 N, Main St.

OAKLAND, CALIFORNIA

ELECTRIC SUPPLY CO.

12th and Fallon Sts.—"Down by the Lake™

Qur New Catalog contains valuable information
for Dealers, Servicemen and Amateurs. FREE.

Ambperex Transmitting and
Special Purpose Tubes

Raytheon 4-Pillar Tubes Factory Sealed Cartons
DISCOUNT 409, on most all lines

sent, on request to International Resistance Co., W6AZG  { Located in £ WbIDB
2100 Arch St., Philadelphia, Pa. WoDTM l oS st WOKGE
CHICAGO, ILLINOIS

"The 'Radio' Handbook"
Is Sold by All Dealers Whose
Advertisements Are on This Page

Send Your Order Direct to Them

Newark Electric Company

226 W. Madison St.

Chicago
All Kinds of Equipment for
Service Men - Amateurs - Experimenters

Write for free catalog

4
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WILL GIVE YOU
EXTRA MONTHS
"PEAK BUSINESS

A late cool spring. People put off so swiftly has come an unprece-
buying their electric refrigerators. dented demand for Shelvador.
But—it is followed by a late hot For Crosley dealers a bumper
summer—a summer that will go crop of business . . . a longer har-
far into fall. Like an explosion, vest season, lasting far, far into
so swiftly came the peak season— the fall months.

Thousands of women have their minds made up to
buy an electric refrigerator this summer...

| —— Seldom, if ever, has an equal opportunity presented itself

= :J : to Crosley dealers. A season that didn’t grow up like

‘ et S L Topsy; but one that came along with the impact of a
- freight train. One day—and it was cool, late, spring

| people holding off buying their Shelvador Electric Refrig-

R ‘ erators as they held off buying their hot-weather clothes.

. SO—— The next day—and a sweltering sun beat upon a people

2 models priced. from who wanted ice cubes and palm beach suits right now.
hermetic rotary com-

e Then the surge to buy. Not just an urge—but a surge.
P I The housewives who had been looking at and asking
1o $1069.50 Sizen rom about Shelvador and admiring its smartness and many

P Lur bepver. Jom features, now DEMAND the Shelvador.

tilated front.

And the season has barely started. The calendar will
say late fall while the thermometer will still say swelter-
ing summer—and it’s the thermometer, not the calendar,
that puts people in the buying mood. You can’t kid
the thermometer.

The field is white and ready. The harvest is rich—and it’s just
started. Cut YOUR swath in this field. The sooner you start,

the more you profit. Your Crosley distributor has the answer.
It’s SHELVADOR. Get in touch with him.

THE CROSLEY RADIO CORPORATION - cincinNaTI

TRI-SHELVADOR

3 models from $139.50
for 4.3 cu. ft. size to
$189.50 for 7.08 cu. ft.
size. S8ame features as
Shelvador, and in addi-
tion—8helvatray, Shei-
vabasket, Storabin.
self-closing loe-tray

chamber door.
POWEL CROSLEY, Jr., Pres. (Pioneer Manufacturers of Radio Receiving Sets)
PRICES INCLUDE DELIVERY ... INSTALLATION ... Home of ““the Nation’s Station’’—WLW-—500.000 watts—
ONE YEAR FREE SERVICE most powerful in the world—70 on your dial
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Variactor Controlled
Carrier Modulation

Acclaimed the Greatest
Forward Step in
Radiotelephony

Phone Men who have switched over to Vari-
actor Controlled Carrier Modulation agree
it is the most economical and practical, least
critical and simplest of any system of Con-
trolled Carrier Modulation in use.

THE UTC SYSTEM OF VARIACTOR CONTROLLED
CARRIER MODULATION:

% Increases DX coverage many times over.

% Allows power consumption savings of 509, or

over.

% Almost doubles Class C tube ratings and will
double to quadruple Class B Linear Tube ratings.

% Reduces interference between stations tremen-
dously.

¥ Increases tube life and power efficiency.
Using the UTC Variactor CCM System the
changeover from standard carrier to con-
trolled carrier can be accomplished in less
than an hour.

The Essential Variactor Unit Required for
Controlled Carrier Modulation is now avail-
able in Six Types to take care of Transmit-
ters from 25 to 800 Watts Output.

CV VARIACTORS FOR CONTROLLED CARRIER
CLASS C

Net
List Price to Hams
CV-1 25 to 50 watts maximum

input controlled class C. $1750 S 4.50
CV-2 50 to 100 watts maximum

input controlled class C. .. 10.00 6.00
CV-3 100 to 170 watts maximum

input controlled ¢lass C. 15.00 9.00
CV-4 170 to 300 wafts maximum

input controlled class C.—... 20.00 12.00
CV-5 300 to 500 watts maximum

input controlled class C. 25.00 15.Q0
CV-6 500 to 800 watts maximum

input controlled class C 33.00 19.80

AV AUTOTRANSFORMERS FOR CV VARIACTORS
115/170 VOLTS AC

List Net
AV-1 for use with CV-1 $ 5.00 $3.00
AV-2 for use with CV-2. 6.00 3.60
AV-3 for use with CV-3. 7.00 4.20
AV-4 for use with CV-4 . 9.00 5.40
AV-5 for use with CV-5. 12.00 7.20
AV-6 for use with CV-6 15.00 9.00

CV VARIACTORS are suitable for obtaining
controlled carrier on any transmitter using
high level plate modulation. For existing equip-
ment the corresponding AV autotransformer
must be used with the CV VARIACTOR.

High Powe.r Class B Audio Transformers
For fhe New RCA 838 and EIMAC150T Tubes

150T Qutput 838—203 Outputs 838—150T Filament

Transformers
PA-601 Primary arranged to matech 838 or 203A Class B plates to 6500, 5000 or 3500
ohm RF lead $32.50
PA-438 Primary arranged to match push pull parallel 838 or 203A Class B plates to
6000, 4000 or 3000 ohm RF load. $0.00
PA-489 Primary arranged to match 204A or 849 class B plates to 6500, 5000, or 3500
ohm RF load. Secondary will handle up to 750 watts AF. 125.00

PA-150T Primary arranged for 12,500, 15,000, 18,000 ohm plate to plate loads to match
150 T's in A prime or class B at varlous plate voltages. Secondary arranged for

6250, 5000, and 3500 ohm RF loads. Will handle up to 750 watts AF 125.00
PA-238 Primary arranged for push pull parallel 2A3's, WE300A’s, 250’s to push pull

parallel 838 or 203A Class B grids 12.50
PA-239 Primary arranged for push pull parallel 2A3, 300A, 250, push pull 211 or 845

plates to class B 204 or 849 grids. 12.50
PA-501T Primary arranged for push pull parallel 2A3, 300A, 250, push pull 50T, 211

or 845 plates to class B 150T grids. 12.50

FILAMENT TRANSFORMERS FOR 838, 203A, 211, 845,
50T, 150T, 204A, 849, 2A3, 300A Type Tubes

CS-401 214 V.C.T 20 A; 5 V.C.T. 3A; 7% V.C.T. 6% A. 2500 V. insulation CD mtg.. .$8.50
CS-402 10 V.C.T. 614 A; 10 V.C.T. 6% A; 714 V.C.T. 2% A; 2% V.C.T. 5 A; 2500 V.

insulation. CD mtg. 11.50
CS-403 11 V.C.T. tapped at 12 and 14 volts at 10A. 5000 V. insulation. CD mtg. 8.50
CS-404 2% V.C.T. 12 A; 5000 V. insulation; 10 V.C.T. 6'¢ A. (D mtg. 8.00
CS-405 5 V.C.T. 20 A; 7000 V. insulation. CD wtg.. 7.50
CS-406 5 V.C.T. 20 A; 10,000 V. insulation. CD mtg. 10.00

THE CK-7 PREAMPLIFIER KIT

has been designed specificully fon use with the new
metal tubes. While the circuit is equally well
suited for wlass tubes, the l6w microphopic effects
and excellent shielding of the metal tubes make
them exceptionally well suited for operation at the
low levels encountered in preamplifier work. A
specially designed rectifier circuit and careful
placement of component parts is responsible for
the extremely low hum and noise level in the
CK-7 preamplifier. Three identical tubes are used,
one being connected up as a rectifier; so that no
fear need be had regarding misplacement of tubes
In the uniform 8 prong sockets. The preamplifier
has a gain of 55 DB.
Overall Amplifier Dimensions—83¢xTx4%.

Transformer Components for CK-7 Kit List Price
CS-5 Broudeast line or 2 button mike to single 6C6 or 6C6 grid. $2.50
CS-1 Single 6C5 or 6C8 plate to single 6C5 or 6C6 grid . 2.35
C8-26 Single 6C5 or 6C6 (triode) plate to. 500 or 200 ohm line. 3.00
CS-46 Filament and voltage supply unit for CK-7 Kit....—. . 225
C8-37 2 Filter chokes for CK-T kit each $2.00. 4.00
Chassis for CK-7 kit 1.90
CK-7 Transformer kit including chassis...___ 2 16.00
CK-7 Accessory kit—ineludes all necessary resistors, condensers, sockets, AC. cord and
plug, hardware—ready to wire Sl - 6.00

UTC products may be purchased from authorized distributors at 40%
discounts from list prices shown.

UNITED TRANSFORMER CORP.

72-78 SPRING STREET Export Division, 15 Laight St., New York, N. Y. NEW YORK, N. Y.
. Exclusive UTC distributors carrying a complete stock of UTC products.

Goldhamer’s, Inc— 610 Huron Road, Cleveland; Ohio  Hall’s____ r 35 So. Cameron, Harrisburgh, Penna.

Wholesale Radio Service Co., Inc. —...100 Sixth Ave., New York, N. Y, Herbach & Rademan_. 438 Market St., Philadélphia, Penna.

Wholesale Radlo Service Co., Inc. ....219 Central Ave., Newark, N. J. Cameradio Company. o603 Grant Street, Plttsburgh, Pa.

Whole.qalg Radio Service, Inc......__430 W. Peachtree St. N. W., Atlanta, Ga. W, Ho EAWATAS & COum oo B crpteemente 32 Bwny.'Provldence, R. I.

Sun Radio_ =t 227 Fulton Street, New York, N. Y.  Seattle Radio Supply, Inc 2319 Second Ave., Seattle, Wash.

Gross Radio, Inc... .81 Vesey Street, New York City Portland Radio Supply Co.... oo ... 1300 W. Burmside, Portland, Ore.
- ds_ = —..—~AS Vesey Strect, New York City Spokane Radio Co., Ine 611 First Ave., Spokane, Wash.

3‘:\“““;( g:nntt ' ,1444‘ Sherldsnn SSt.. Lansing, Mich. San Francisco Radio Exchange__...__ 1284 Market St., San Francisco, Calif.

Mohaw ectric Co... i 1886 'State St. h, tad « Y. |

Walter Ashe_._ T 1100 Pine St St :I‘,o’:l'isrf Mo, SOUTHERN CALIFORNIA

Radlo Shack. iitii—s. A6 Brattle St., Boston, Mass.  Pacific Radio Exchangé Inc .729 .S. Main St., Los Angeles

Harvey’s Radio. ... o105 W. 43rd St., New York, N. Y. Radio' Supply Co..__ .. ... 91214 S. Broadway, Los Angeles

United Radio Service.
Nautter & Cross

. wow-_616 Main 8t., New Britain, Conn. Coast Electric Co..
- 900 Milk St
Hatry & Young. 203 Ann St.,

s A I —— e T W
., Boston, Mass. Prest & Dean Radio Co.—.. oo .. 400 American Avenue, Long Beach
ﬁart!ord. Conn. Radio Television Supply Co.._.. 1701 S. Grand Ave., Los Angeles, Calif.

Marine Radlo Co 124-13 1015t Avenue, Richmond Hill, N, Y. Radlo' Specialties Co 1516 West 8th St., Los Angeles, Calif.
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