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Another Great EIMAC Achievement...

EIMAC 35T

[

s it

The EIMAC 35T employs the
now internationally famous
EIMAC construction which
embodies the following fea-
tures:

¢ Plate and grid fabricated
from TANTALUM (No get-
ter necessary or desirable
to maintain proper vacu-
um)

¢ Plate terminal at top of en-
velope.

¢ Extremely low interelec-
trode capacities

¢ No internal insulators to
break down or cause pow-
er loss.

¢ Vertical bar grid (Unique
design permits definite sav-
ings in grid power)

¢ Rugged thoriated tungsten
filament )

¢ Hard glass bulb. (Nonex
glass permits maximum
safe heat dissipation mak-
ing possible the small
physical size of the EIMAC
35T)

T TN TFTITFTTY

e

EIMAC 35T
Actual Size

Answering the incessant demand for a quality transmitting tube for the low
power man, EIMAC is proud to present for your approval the EIMAC 35T.

The EIMAC 35T has electri-
cal characteristics that make
it ideally suited for use as an
oscillator; R.F. Amplifier, dou-

bler, and class "B’ audio
tube.

v
CHARACTERISTICS
Filament voltage. ... S volts
Filament current...... -4 amperes
Amplification factor.___ ... .. 30

Maximum plate
current._.__.__..._. 100 milliamperes
Plate voltage ... 200-1500 volts
Plate dissipation........ ... 35 watts
Grid-plate capacity........ 2 mmid.
Base. ... ... Standard UX-4 prong
Height—-Overall ... . 514 inches
Maximum diameter . 134 inches
v
PERFORMANCE
Class 'C"’ Class 'B"”’
Plate R.F. Audio
. Voltage {75% eff.) {two tubes)
500 volts 38 watts 50 watts
750 volts 56 watts 80 watts
1000 volts 75 watts 115 watts
1250 volts 94 watts 135 watts
1500 volts 112 watts 150 watts
TET T YTy w

The EIMAC 35T will be available at leading dealers after April 15

NET PRICE $8.00

EITEL-McCULLOUGH, INC.

CABLE "EIMAC”

SAN BRUNO, CALIFORNIA
U.S. A.

the Act of March 3, 1879.
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| “RADIO"" CONTRIBUTIONS

Contributions to our editorial pages are always welcome; though they will be handled with due care
we assume no responsibility for those which are unsolicited; none will be returned unless accompanied
by a stamped, addressed envelope. We do not suggest subjects on which to write; cover those you xnow
best; upon request, we will comment on detailed outlines of proposed articles, but without committing
ourselves to accept the finished manuscript.

Since we regard current ‘‘chiseling’’ policies as decidedly unfair, a small payment will be made,

| usually upon publication, for accepted material of a technical or constructional nature. Freehand,
pencilled sketches will suffice. Good photcgraphs add greatly to any article; they can easily be taken by

the layman under proper instructions. For turther details regarding the taking of photographs and the
submission of contributions see “Radio’’ for January, 1936, or send stamp for a reprint.
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They Can No Longer Dodge

Biennially the late president of the American
Radio Relay League requested that he be re-
placed by a younger man. Biennially the board
fluttered and didn’t know what to do but
re-clect him.

Now the Board cannot dodge. The Pres-
ident’s last resignation was countersigned by a
heavy hand.

Now what?

The domination of Hartford has become ever
more irksome as the hand of the president
weakened. Mr. Maxim was aware of the dan-
ger of figurchead presidency, cven though he
had apparently been kept from knowing how
his prestige was being capitalized.  The dis-
pleasures and the indignations of amatcur radio
all center around two words, Hariford and
Warner.

The board can insure a bitter era of ill will
by clecting a new president marked with one of
those words, and by keeping the offices at
Hartford.

There is no reason for choosing a president
by geography. There is no cxcusc for choosing
him semi-secretly. The board now has a good
chance to disavow the Hartford policy of
sccrecy, to use every legitimate method of secur-
ing the utmost in public interest in the choice
of a new president who is not so located that
he can be thought of as a “Hartford man,”
whose acts arc not those of a “"Warner man.”
If the board fails of this the new president will
be distrusted as the present secretary is dis-
trusted. The mark of Hartford will be on him.

Hartford itself should now be abandoned.
There is no further reason for keeping the
league there—nonc but the convenience of a
sccretary-general manager-editor to whom the
League has already paid amounts running into
six figures.

It might be best to leave that secretary at
Hartford. He has established social and finan-
cial relations there; he owns a pretty “doggy”
house. He claims to like the town of Hartford.
Let us leave him there, but move the A.R.R.L.
away.

with th

EDITORS

The Board might well pick a "middle west”
location—one, say, somewhere in Missouri be-
tween the center of population (southern Ind-
iana) and the geographical center (westerp
Kansas) ; the Leaguce's employces might wel-
come a cheaper place than Hartford in which
o live.

“$10,000 a year Warner,” stranded at Hart-
ford, could probably get along. The A.R.R.L.
has paid him sufhcient dollars in one way or
another to raise him far above sympathy with
mere radio amatcurs.  Also he is rumored to
have told the board he can get "$10,000 a year”
elsewhere whenever he wants to.

Let's make him a gift of Hartford when the
Leaguc moves along.

*
"Buttinsky"'?

Though most amateurs would rather see 100
pages of technical and construction articles rath-
er than 100 pages of radio policies in Rabplo,
they are interested in the welfare of amateur
radio enough to want to see a certain amount
of politics in thec magazine. Some of our read-
crs do not take QST and look to RaDIO to sec
what is going on in the League.

However, occasionally we  find  someone
whose attitude is that we are “pretty small” to
poke our noses into League affairs, especially
since the Leaguce has its own “official organ”.
But the League affairs do not concern just the
“members of QST they vitally concern every
amatcur who is genuinely interested in the wel-
fare of his hobby.

The Townsend League has its own “official
organ’, the Tounsend Weekly. Even so, one
can hardly find a single metropolitan news-
paper in this country which makes no reference
to the affairs of that organization. And so on
with 2 hundred other organizations that have
their own “official” publications.

No, we do not feel bound in any way by the
ethics of the game to “lay off’ mention of
League affairs. Such is the world of politics.
And so long as a good portion of our readers
want it, we will continue to publish news and
comment on League matters.
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A Contro”ec[ Carrier} Gric[ Moc[u[atec[ Phone

By Frank C. JoNEs

Grid bias modulation is an economical meth-
od of obtaining gcod phone operation, since
very little modulation equipment is neceded. In
the past, one of its drawbacks was in the rel-
atively low plate efhciency obtained, running
from 30 to 40%. Plate modulation with its
efficiencies of from 50 to 709 meant that the
class C r.f. stage wasted less power within the

tubes. Grid modulation required larger tubes
and higher plate voltages for the same carrier
signal ourtput; so the saving in modulator
equipment was more or less cancelled.

In grid bias modulation, the modulated tube
may run at about 40% efficiency with no mod-
ulation, wasting 60% in the tube plate circuit.
At 100% modulation, the loss would run only
40%, since the efficiency changes

and the side band power radiated
would use up the 20% differ-
ence. The carrier would remain
the same, accounting for 40%
of the total input power. This
means that the tube cools off
during modulation. With plate mod-
ulation the opposite is true; the r.f.
tube plate shows more heating effects
during modulation.

By using controlled carrier with
grid bias modulation, the tubes run
cool during idle periods and hear up
during modulation. Only during the
peaks of modulation is the full plate
input drawn by the modulated tube.
In other words, we have a scheme for
releasing additional plate input as a
function of the audio input. In this
system both the r.f. and a.f. grid ex-
citation are varied in accordance with
the voice inpur.

The full input occurs only at the
time of 1009% modulation, at which
time the modulated stage is operating
at about 60% efficiency as regards
plate heating. The tube loss at this
time runs at about 40%, the side-
bands 20%, and the carrier at 40%
of the total plate input. With no
modulation the carrier efficiency may
be 209 or even less, but since the
total plate input is a fraction of that
at 100 9% modulation, the plate heat-
ing is reduced greatly. The equiv-
alent carrier output (maximum ob-
tained during peaks of modula-
tion) will then be the same as
the plate dissipation, because these
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both run at 409%. This provides an casy
method of calculating the carrier output obtain-
able with any tubes, as the maximum allowable
plate dissipation is always listed. Typical ex-
amples would be 15 watts for a 10, 75 watts
from a SOT, 100 watts from a 211, and 150
watts from an HK354, HF200, or 150T tube.

In the transmitter illustrated, a pair of 50T’s
provide between 100 and 150 watts of “eflec-
tive” carrier output without reaching the input
ratings for these tubes. A higher plate supply
voltage than the one shown would allow great-
er outputs.

Carrier control is obtained by

on voice peaks. The rf. exciation to
the final stage is then only great enough
to supply 5 or 10 milliamperes of d.c.
grid current on peaks. A small Mazda
lamp can be used to reduce the rf. ex-
citation to a low enough value to obtain good
voice quality as checked on an oscilloscope or
with a phone moniior.

A type 30-B tube was chosen in this set as
10 meter operation was desired, which meant
doubling in this buffer stage. An 801 doubler
at 600 volts did not supply enough output for
either c.w. or controlled carrier phone on 10

means of a 46 high y tube acting as
a voice-operated variable bias resistor
in the r.f. buffer stage. The 46 tube
acts as a cathode resistor, dropping
its resistance when voice input is ap-
plied. Only the d.c. component acts
on the buffer stage, as the voice
audio frequencies are filtered out by
means of a low pass filter consisting
of two 145 ufd. condensers and a 30
henry choke. The d.c. current follows
the voice envelope like any vacuum
tube voltmeter or class B amplifier.
The r.f. output of the buffer stage
then varies in accordance with syl-
labic modulation as in any controlled
carrier system. This furnishes a var-
iable r.f. grid excitation to the grid
bias modulated SOT stage. The latter
operates with fixed grid bias equal to
cut-off, plus an automatic cathode re-
sistor bias set to between 60 and
100 % of cut-off bias at times of peak
modulation. The fixed grid bias is
obtained from the low voltage power
supply by operating the grids at
ground potential and the 50T fil-
aments and minus high voltage at
+ 130 with respect to ground. An
8 pfd. condenser across this bleeder
resistor section and another 8 across
the SOT cathode resistor R, by-pass
the audio frequencies.

In this system of modulation, the
buffer stage must be large enough to
drive the final stage properly for
cw. operation. When controlled
carrier phone operation is desired,
the 46 tbe is cut into the cir-
cuit, dropping the buffer stage
input to about 1/3 or 1/2 even

.
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COIL DATA
Wavelength L L2 Ls L+ Ls
Merers Oscillator Doubler Buffer Final Grid Final Plate
56 t.
160 no. 24 d.s.c.
close-wound
11/2” d.
32t 34t 44t
29 t. 29 . no. 20 d.s.c. no. 20 d.s.c. no. 16
80 no. 20 d.s.c. no. 20 d.s.c. c.t. .t steel cored wire
1147 1. 1157 1. 13" 1. 115”71 c.t.
147 d. 115" d. 1157 d. 115" d 214" d.
1t link 2 t. link to lamp 371
20 t. 20 t
16 t. 16 t. no. 20 d.s.c. no. 20 d.s.c. 22 1.
40 no. 20 d.s.c. no. 20 d.s.c. c.t. C.t. no. 12
15" 1. 1157 1. 11571 1147 1. 25”7 d.
115" d. 1147 d. 1147 d. 1147 d. 3”7 L.
1t link
11 ¢ 10 t. 7t
7t 7t no. 20 d.s.c. no. 20 d.s.c. no. 10
20 no. 20 d.s.c. no. 20 d.s.c. c.t. .t c.t.
115”1, 1157 1 115" 1. 1157 1. 354" d.
1157 d. 147 d. 1157 d. 115”7 d. 27 L
1t link 1 t. link to lamp
SV, t. SV4 t. 41
no. 18 no. 18e. no. 10
10 . ct. 254”7 d.
11,7 1 1,7 1. 271
1157 d. 1157 d. c.t.
1t link 1 ¢ link to lamp

meters. The 30-B tube can be run safely to at
least 50% greater plate current, which, togeth-
er with a much higher mutual conductance,
means greater output at low values of grid
drive.

A 53 tube supplies enough output on either
the fundamental or second harmonic to drive
the 30-B to between normal class C and class
B operation. The 53 tube has a plate resistor
for reducing the 600 volt supply down to ap-
proximately 400 volts. This resistor plus a pair
of 8 ufd. condensers in series provide addition-
al power supply filter for the 53 tube. When
possible, on all bands except 160 meters the
30-B tube is driven from the 53 doubler section,
giving additional isolation to the crystal oscil-
lator section.

e 10 o

The r.f. portion of this transmitter is straight-
forward in design and operation. Link cou-
pling to tuned antenna circuit or to a twisted
pair feeder antenna is used in order to obtain
a good load balance on the final stage. The
output on 10 meters runs well over 100 watts
on phone and between 200 and 300 watts on
c.w. Tests on this band gave louder reports
when using controlled carrier than without it.
The oscilloscope pictures showed less over-mod-
ulation effects and better quality than in other
controlled carrier systems tested here. With
steady tone input, the oscillograph pictures
were identical to those obtained without con-
trolled carrier except in amplitude.

The speech amplifier has a 2A6 high y stage
into a 56 stage, resistance coupled, driving a
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Wiring Diagram of the Controlled Carrier Transmitter

C1—100 puid. midget

C2—50 ppfd. midget

C3—100 ppid. mica, 1000v.
Cy—.01 pid. mica, 1000 v.
C;—8 pid.., 450 v. electro-

lytic

Cs—.001 pid. mica, 1000 v.
C;—.002 pid..50C0 v.mica
C.—0.5 uid. paper. 600 v.
C1r—150 pid. electrolytic.,

25 v.
C10—0.1 pid.paper.600 v.
Ci;—2 pid. 3000 v.
Cio—2 pid. 2000 v.
C12—35 puid. double

spaced midget
C14—50 pufd. double
spaced midget
C15—70 puid. double
spaced midget
C16—80 ppid. per section
3500 volt spacing
R;—400 ohms, 10 watts
R.—50.000 ohms. 2 watts
R.;—5000 ohms. 40 watts,
with slider
R;—10.000 ohms. 10 watts
R;—100 ohms. c.t.
R;—3 megohms. 1, watt
R+—250.000 ohms. 1 watt

Ry—>5000 ohms, 1 watt
R(—100.000 ohms. 1 watt
Rig—] megohm pot.
R11—2000 ohms, 1 watt
R1»—100.000 ohms, 1 watt
Rig—] megohm. 1 watt
R;3—400 ohms. 2 watts
Ry,—10.000 ohms. 10 watts
with slider
Ry4—5.000 ohms. 40 watts
R17—20.000 ohms, 40 watts
tapped

watts, with sliders
CH;—20 hy.. 100 ma.
CH»—13 hy.. 250 ma.
CH3—20 hy.. 150 ma.
T1—10 v. 7 amp.

Tq, Te—5 v. at4 amp. and
21, v. at 10 amp.
T3—1450 v..c.t.. at 250 ma.

T,—2% v. 10 amp.

T:—S v. 20 amp.

T;—3000 v.. c.t.. (1500
r.m.s. each side)

R 4x—1000 ohms. 75 watts. at 250 ma.
with sliders T.—Grid modulation
R14—75.000 ohms. 100 transformer

2AS5 modulator tube. The latter has enough
output to modulate the grid circuit of the
SOT stage and also to drive the control carrier
46 tube. The latter has its grid tapped half
way down on the modulator load resistor in
order to prevent overload of the 2A5 tube. The
46 tube draws grid current and requires grid
driving power, but to offset these two disad-
vantages it requires no fixed bias. A 2A3 tube
biased to near cut-off would serve much more
satisfactorily than the 46 tube if the inconven-
jence of an additional fixed grid bias supply
could be tolerated.

Two power supplies furnish all voltages
necessary and thus simplify construction and
minimize space requirements. The high volt-
age supply has a 3000 volt center tapped power
transformer, and in order to get as high voltage
as possible without using a bridge rectifier,
condenser filter input was used. This provides

about 1800 volts, and by bleeding it heavily,
the voltage regulation is satisfactory for con-
trolled carrier of moderate power swing. The
resistor R,, across the 46 tube outpur limits
the degree of carrier control so that the final
plate current varies from about 40 or 50 ma.
up to about 140 when modulating. Swinging
choke input to the filter would greatly improve
the voltage regulation and allow more complete
control of carrier output, but would require a
transformer with about 40% more voltage out-
put.

If plate voltages of 2500 or 3000 volts were
to be used, the plate current would be lower
and the output somewhat higher, especially on
cw. A plate tuning condenser with much
greater plate spacing would be necessary to pre-
vent r.f. flash-over. A high voltage mica by-
pass condenser connected between rotor and
chassis ground on this tuning condenser will

o 11 o

www americanradiohistorv com


www.americanradiohistory.com

prevent r.f. choke collapse in case of an r.f.
arc across the tuning condenser plates. The d.c.
short circuit accompanying r.f. arcs in many
sets causes a collapse of the r.f. choke.

Push-pull connection of the SOT’s was de-
cided upon in order to insure satisfactory 10
meter operation. The plate leads cross over
to opposite stator sections of the tuning con-
denser. This allows an easy method of neutral-
izing condenser construction. Aluminum plates
about 14 or 34 inch apart, overlapping an area
2" x 2" will serve as neutralizing condensers.
The fixed plate was mounted directly on the
stator plate connecting screws, and the rotor
plate was mounted on a Johnson coil jack and
stand-off insulator in each condenser. Very
short neutralizing leads resulted in perfect
neutralization on 10 meters where difficulty is
sometimes experienced. On 20, 40 and 80
meters, the cw. output runs over 300 watts
and the controlled carrier output was estimated
at nearly 150 watts using lamp banks as a
dummy antenna.

As in any grid bias modulated set, the an-
tenna loading must be quite heavy, much more
so than for cw. operation. A good test for
antenna load is to get the set into satisfactory
operation without controlled carrier. The con-
trolled carrier may then be used by cutting
in the 46 tube and increasing the r.f. grid ex-
citation. Quality should be checked with either
an oscilloscope or phone monitor, and side
band splatter checked with a selective single
signal receiver. Operation should be main-
tained without overmodulation and splatter in-
to adjacent channels.

The set shown was built into a three foot
relay rack with the top panel being about 1014
inches by 19 inches. The other panels should
be 834" x 19” and one 7” x 19” for the speech
and low voltage supply if the rack space does-
n’'t allow for three 83, panels. The top and
bottom chassis sizes are 12” x 17” x 134”. The
two center chassis are 9” x 17”7 x 134", The
parts are mounted on the chassis using the
parts as templates for mounting holes. All
tuning condensers have insulated extension
shafts to prevent grounding to the metal panels.
The condensers are mounted on insulated
strips. An extra 0-200 milliammeter, connected
to a telephone plug, reads current through eith-
er the 53 or 30-B tube. Complete shielding
around the crystal mike cord, plug, jack, and
first tube prevent a.c. hum or r.f. pick up.

Controlled carrier with grid bias modulation

e ]2 o

allows 50% more output to be obtained, or the
same output as with normal grid bias mod-
ulation at greatly reduced tube heating. It ap-
proaches an ideal scheme for economical phone
operation.
L 4
Television Prospects

Proceeding on schedule, the first field tests of
television by R.C.A. will begin soon.

It is emphasized that this experimental test does
not mean a regular television service is at hand.
This represents an essential pioneering stage to es-
timate and define its possibilities under actual work-
ing conditions. For the first time it is disclosed
officially that the television transmitter will be on
the Empire State Building, in New York City. Fur-
ther details of progress toward working out the plans
for the test are revealed in the following paragraphs
from the R.C.A. report:

“The New York area has been selected as the
one in which the experimental field tests will be con-
ducted. The television transmitter is located on the
Empire State Building, and test receivers will be op-
erated by technical personnel of the R.C.A. organ-
ization throughout this area. The transmitter will
be connected by radio with the television studio,
now under construction in the N.B.C. plant, R.C.A.
Building, in Radio City, New York. The instal-
lation is practically complete, and within a month
or two the first tests should commence.

“This does not mean that regular television service
is at hand. It will be necessary to coordinate a num-
ber of important elements before television on a reg-
ular basis of service can be established. For example,
it will have to be determined how far the transmit-
ter can send good television pictures; also with what
consistency and regularity pictures may be transmit-
ted with the system in its present state of develop-
ment. We must investigate and define the possibil-
ities of the television camera for indoor and outdoor
pick-up.

“These are the essential pioneering stages in the
development of an art in which considerable expend-
itures must be made for research before returns can
be expected. As the work goes on, it may be neces-
sary to return to the laboratory, from time to time,
to seek the soluiton to practical problems encoun-
tered in the field. But the R.C.A. experimental televi-
sion project is proceeding on schedule, and your
management is confident that it will continue to pro-
gress at an encouraging rate.

“It is, however, evident that, regardless of the
progress in this direction, the present system of
sound broadcasting remains the fundamental service
of radio communication to the home. While tel-
evision promises to supplement the present service
of broadcasting by adding sight to sound, it will not
supplant nor diminish the importance and usefulness
of broadcasting by sound.”

L
We are informed that one First District ham
made it a point to serve “73” brand whiskey at
a recent shackfest!
KDKA Boulevard is a street in a Pennsyl-
vania town.
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Diathermy Construction

By Faust GonseTT, WOH6VR

In order not to
bring the sky
down upon our
heads for show-
ing a construction
article on “one of
them QRM ma-

chines,” we will

start off with a few pertinent facts on these
“new fangled contraptions” as we heard one

country doctor refer to his short-wave dia-

prices these machines bring.

Many amatenrs are picking up a good piece of “side money” by waves he is being
constructing diathermy muachines to order for doctors in their 3 “traitor to am-
locality. There is nothing particularly difficult about building
one, and there is a substantial profit involved at the present
Any amateur who has built bis
own transmitter and made it work can, by following this article,
build a machine as good as those turned out by the diathermy

manufacturers. of the manufac-

ateur radio” by
building one of
them.

A large number

tured machines
use raw a.c. on the plates of the oscil-
lator tubes. The use of a rectifier system adds
but little to the cost, and cuts down interfer-
ence considerably, in addition to

having other advantages as will be
explained later. By building the
machine himself, the amateur can
make sure that the machine uses
rectified a.c., and that it will cause
a minimum of interference.

If an amateur constructs a ma-
chin to order, he can supervise the
installation, putting in line filters
when necessary. If the doctor orders
a machine by mail, it may arrive
with a suggestion on the instruction
sheet that line filters be employed,
and that “chicken wire” underneath
the plaster on the walls be ground-
ed; but the doctor will very likely
ignore the suggestions unless there
is a city ordinance compelling him

The 200 Watt, 16 Meter Diathermy Machine

thermy. The use of short-wave diathermy in
the field of physio-therapy has swept the coun-
try by storm these last few years, and thousands
of these machines have been sold at fancy
prices, both to quacks and legitimate doctors
and chiropractors.

The machines are not a fad, as they have
definite therapeutic value; and there is still
quite a market for them in spite of the large
number that have been sold.

Doctors are going to buy these machines re-
gardless of whether it is from the amateur
around the corner who has a “sending set” or
from a regular manufacturer. Therefore an
amateur need not feel that just because dia-
thermy machines are responsible for a consid-
erable amount of interference on the short

to take precautions against excessive
radiation from the machine.

When a person is given a
diathermy treatment, it is simply a matter
of subjecting part of his anatomy to an
intense, high frequency field, so that the
tissues are hecated by the flow of high
frequency current.  The diathermy  would
be no more effective than a hot water
bottle, except that it permits the temperature
of the inner tissues to be raised without the
necessity for raising the temperature of the skin
to an uncomfortable degree.

The instrument necessary for generating this
high frequency current can be built by any am-
ateur of average intelligence, or even less, out
of parts commonly used in the construction of
amateur transmitting equipment, and in but a
few hours’ time.

The machine is essentially a short-wave, self-
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200 Watt Short Wave
Diathermy

C;—.0001 pid. 5000 volt
mica

C2—100 ppid.. 3000 volt
spacing

RFC—Pie wound r.f.
choke, 100 ma.

R|—25.000 ohms, 25 watts

R.—10,000 ohms. 25 watts

MA—0-250 m.a. d.c.

T;—10 v. 6.5 amps. and
2% v. 10 amps. (2%
v. winding should
have at least 3500 v.
insulation)

T.—1400 volts r.m.s. each
side center. 250 m.a.

L;—14 turns no. 10 enam-
eled. 21%” diameter,
spaced slightly more
than diameter of wire.
tapped at center turn
and 4th turn each
side of center. F

L:—5 turns no, 10 enam-
eled. 1%” diameter. 1ov.
mounted inside the
tankecoil. Turns T|
spaced 3;”.

Heating Pads — (Special. —

50T

&

HEATING PADS

NOTE-FILAMENTS
IN SERIES

866’S

Information on re-

quest.) IIOV.,AC./ EWZ r

SW3

excited oscillator working on (usually) about
16 meters. Remember the old antenna-counter-
poise radiating system, inductively coupled to
our transmitter with a coil of several turns, and
resonated with an antenna series condenset?
Well, just substitute for the antenna and coun-
terpoise a couple of rubber-insulated pads with
connecting cords of the right length, and you
have a diathermy machine. Yes, it is as simple
as that. No hokus-pocus about the thing; it
is just a self-excited transmitter and not a very
fancy one at that. In fact you would have to
build a much better one if you wanted to put
it on the air without getting a pink ticket from
a monitoring station.

An available output of around 200 watts is
required, and therefore these machines gener-
ally use either a pair of 50T's or high-frequency
50 watters” of special type 211 or 203A de-
sign. Push-pull is generally used for the same
reason that push-pull is desirable in a high
frequency transmitter in which two tubes must
work together to furnish sufficient output.

The type of oscillator circuit used is of little
importance, though the most commonly used
type seems to be the Armstrong circuit, with an

e 14 o

untuned plate tank and a tuned grid coil. How-
ever, a push-pull Hartley was chosen ‘in prefer-
ence to the t.n.t. circuit because the grid-plate
capacity of the 50T's is so low as to make tun-
ing adjustment critical when used in the Arm-
strong circuit. The tubes were first hooked up in
a tuned-grid untuned-plate circuit, and slight
movement of the heating pads caused the plate
current to jump as much as 100 per cent. Also,
the circuit had a tendency to go out of oscilla-
tion at times under certain conditions of load
unless the grid tuning were readjusted. These
effects are explained by the fact that varying
the resonant frequency of the plate tank of an
Armstrong oscillator also affects the excitation
to a major extent. Because no lump capacity
is used across the plate tank (other than the
circuit capacity) the tuning of the pickup cir-
cuit, due to the close coupling required, affects
the resonant frequency of the plate tank, which
in turn affects the excitation.

When the circuit was changed over to a
Hartley, the plate current varied much less
when the pads were moved or handled, and the
circuit showed no tendency to go out of oscil-
lation regardless of loading. If tubes with
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Top View with Baseboard Slid out of Cabinet

higher grid-plate capacity had been used, the
advantages of the Hartley over the Armstrong
would be less apparent, but would still hold to
an extent.

The heating pads are nothing but two rub-
ber-covered electrodes about 8 inches square,
with connecting cords of such length that the
cords and pads resonate at approximately 16
meters when applied as in normal use.  Chang-
ing the spacing of the pads or the dielectric
(patient’s body) will change the resonant fre-
quency of the pads, and resonance is restored
by the series condenser C,. This condenser is
also used for fine adjustment of the output,
coarser adjustment being accomplished by the
“low-high™ switch.

The use of rectified full-wave current not
only reduces interference to radio reception, but
is easier on the tubes, adding several hundred
hours to their life. Also, more heating effect
is produced for a given peak power output than
when raw a.c. is applied directly to the plates
of the oscillator tubes. This is advantageous
from several standpoints. Also, when raw a.c.
is used, the current is always flowing through
the secondary of the plate transformer in the
same direction, making a larger transformer
necessary for a given warttage due to the tend-
ency toward saturation of the core.

Note that the filaments of the 50T's are in
series.  This makes a centertap resistor and
centertap condenser unnecessary. Also, we were
unable to find a transformer commercially avail-

able with a 5 volt 12
amp. winding and a
215 volt 10 amp.
winding on the same
core, and two sep-
arate transformers
would take up more
room,

The cabinet may
either be made at
your local mill, or
may be one salvaged
from an old-time
radio receiver of
1920-1928 vintage.
You can usually buy
these for a song, and
if you can find one
the right size you can
afford to throw all
the rest of the receiv-
er away and stll be
money ahead. The important thing to remember
in using such a cabinet is to provide a sufficient
amount of ventilation.

The front panel was cut from “tempered”
Masonite, and given a coat of black crackle
paint. It was feared that the conductivity of
this paint would make necessary the insulation
of the pad jacks and tuning condenser from the
pancl, but such was not found to be the case.
However, the jacks should not be mounted
closer than about 4 inches to any mctal on the
panel, or to each other.

The “low-high” switch is across a 25,000
ohm resistor that is in series with the regular
10,000 ohm grid leak. Thus on "high” we
have 10,000 ochms, and on "low” 35,000 ohms.
Further adjustment is secured by adjustment
of the condenser C,.

The power transformer delivers 1400 volts,
r.m.s. (full wave). At chis voltage, the tubes
should not be loaded to more than 250 ma. if
the dissipation rating of 75 watts per tube is to
be observed (switch on “high™ position). Rath-
er than using a higher scale meter with a red
mark on it at 250 ma., a 250 ma. meter was
chosen. Doctors have a habit of ignoring oc-
casionally or not noticing the little red mark,
but are much more inclined to take note and
show concern when the meter goes off scale.
Usually, maximum power will not be required,
and the meter will ordinarily read between
150 and 200 ma. with the 1400 volt supply.

The scale on the tuning condenser does not
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mean anything; the output is
gauged by the rise in plate
current above the normal un-
loaded wvalue. The dial and
scale were put on merely for
appearance; a small, plain knob
with no scale would have done
just as well. Some manufacturers
have as high as 3 or 4 meters on
the panel, just for effect, as they
say they can ask (and get) $25 to
$40 more for the machine. The
meters seem to make an impres-
sion on the parients, and the doc-
tors are quick to appreciate this.

One doctor told us that he was
forced to add a dummy meter to
the lone plate meter on his ma-
chine, because several patients re-
marked that Dr. 30-and-So had a
much better machine (meaning

two meters) and d'dn’t charge any
more for treatmen s!

However, any rieters other than the plate
milliammeter are somewhat of an unnecessary
refinement, and our conscience wouldn’t permit
us to incorporate them. A grid milliammeter
is handy when making initial adjustments, but
of no necessity after the excitation has once
been permanently adjusted. The doctor wouldn’t
know how to interpret a too-low or too-high
grid current reading anyhow. But if you must
have more meters on the panel to pacify your
customer, we suggest an r.f. ammeter in series
with one pad, and a 0-75 m.a. d.c. grid meter
in series with the grid leak. This size of grid
meter is correct for 50T's; if other type tubes
are used, a different scale might be required.
By putting our tongue in our cheek we can
justify the presence of the r.f. ammeter by call-
ing it a “resonance indicator’”. It is an un-
necessary refinement, nevertheless, because max-
imum output coincides very closely with the
plate current peak when the tuning condenser is
varied. And the reading of the r.f. meterisnora
relative indication of the heating effect, because
the reading depends not only on oscillator out-
put but on the position of the pads on a per-
son’s body. The plate current rise serves just
as well as a “heating strength” or “power” in-
dicator.

The coils are wound of no. 10 enamelled
wire, and are self-supporting. The output cou-
pling coil is mounted inside the tank coil, the
tank coil being supported both at the ends and
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Side View. Note the Sloping Panel.

the center. Be sure that the grid wires cross
over. ‘The push-pull Hartley is a very stub-
born animal, and refuses to work properly (if
at all) when the wires are not crossed.

When choosing sockets for the tubes, make
sure that they make good firm contact, as they
must carry 5 or 6 amps. The high voltage
connections are wired with high tension ig-
nition cable. The rest of the construction is
standard practice.

Be sure to impress upon the purchaser that
he must refrain from putting his hands inside—
especially when it is on—and also not tamper
with the machine under any circumstances. A
safety precaution not shown in the diagram is a
.001 or .002 ufd. 5000 volt mica condenser in
series with the side of the pickup coil that does
not go through the tuning condenser. In this
way, one does not have to rely on the rubber
insulation of the pads to prevent possible elec-
trocution or bad shock should one of the sup-
porting standoff insulators crack from stresses
and allow the pickup coil to touch the tank
coil, the latter being 1400 volts r.m.s. plus to
ground”.

Another thing that should be impressed upon
the purchaser is the importance of allowing the
filaments to run a few seconds before throwing
the switch that applies plate voltage. Non-
observance of this is hard on both the 66's and
50T's.

And in conclusion, we would like to warn
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you against any extensive attempts at self-treat-
ment or treatment of friends unless you are
familiar with this branch of physiotherapy, and
know just what you are doing. Maybe the
doctor you sell the finished instrument to doesn’t
know a grid leak drip pan from an electrolytic
variable tuning condenser, but at least he knows
what the machine will do, and how to use it.

If you don’t sell the machine at a big enough
profit to buy yourself a pair of HF-200's or
HK-354’s for that new rig you are planning,
you evidently are not much of a horse trader.
We know of one instance where an amateur
constructed a machine and sold it at 100 per
cent profit, and the doctor that purchased it
was skeptical because he didn’c see how it could
be any good, seeing as how it cost but a little
over half the price of a factory manufactured
machine he had just had demonstrated to him
a short time before.

Moral: Don’t be bashful about asking a
good price for the machine; the diathermy

manufacturers certainly are not, and they seem
to have no trouble selling them.

L 4
A New Kind of "Amateur Hour”

WeXW] (WW], the Detroit News) has
started a weekly amatcur program and will ap-
preciate any current or historical material thac
might be of use an a broadcast of this nature.
The station transmits on 9.488 meters with 500
watts input. The antenna is the highest thing
in Detroit, being 800 feet above the street.

Here is one amateur hour without a “gong”,
unless maybe they usc one for time announce-
ments.

L 4

Radio, according to one of the declarations
attributed to Edison, deserved the name of
commercial failure. He claimed that no dealers
were making any money out of radio and that
its popularity was waning with the public. In
1903, he sold a wireless patent to the Marconi
interests.

SIMILAR RECEIVING TUBE TYPES

2.5 VoLt CATHODE | 6.3 VoLT CATHODE 2.0 VoLT CATHODE r COMMENTS
old new —[ old new metal old new
27 56 | 37 76-955 6Cs | 30 — General purpose triode
24 57 36 77-6C6-954 6J7 I 32 Ih 840-1B4 iConstant & tetrode or pentode
35 58 39-44 | 78-6D6 6K7 ; 34 | 1A4-1C4 |Variable u tetrode or pentode
— 2A6 » 75 6Q7 — | = JEDiode.mode, high
= 55 85 ' 6R7 — [ 1BsS Diode-triode, medium #
= 2B7 = 6B7 — . — | — ‘Diode-pentode
47 245-59  38.89 | 4142 6F6 | 33 1D4 ‘Power pentode
4 2A3 Q — | 6a3 } 6Ds } 31 ’ — Power triode
- 53 79 GAG 6N7 | 19 —_ High u twin triode (zero bias)
46 59 i 89 — — 49 S Zero bias triode, high u
— 2A7 | — GA7 GAS ‘ 1A6 1C6 Pentagrid oscillator-detector
— = 6F7 | 6P7 | — — Triode-pentode

The tubes shown on each line above are all
essentially similar but are not necessarily inter-
changeable merely by changing the cathode
heating voltage. There are slight differences in
electrical characteristics although the tubes on
each line were designed to serve the same pur-
pose. Incidentally, the tubes shown under the

“old” columns are not obsolete. In general, the
newer types would be utilized by a designer of
new equipment but occasionally one of the
older types will be found to have some advan-
tageous feature, for some particular circuit ap-
plication, over the newer types. Also note that
not all of the newer types are in quantity pro-
duction by all of the major manufacturers.
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Getting the /\/\ost Ir‘rom t'we TwistuJ Pair

By RoserT C. GrRAHAM*

The twisted-pair r.f. transmission line has
rather recently been enjoying some long-sought-
for prestige. It is the purpose of this article
to explain the correct ways and mecans of im-
proving twisted-pair performance.

To avoid complicating this paper with ex-
tensive tabulations, a low-impedance twisted
pair will be assumed at the start. Such wire,
designed for operating at amateur frequencies,
is now available commercially. A few words
pertaining to the design and construction of
that material may be of interest. To begin
with, why should 72 ohms have been picked
as the desired impedance value? The major
reason is that 72 ohms is the average radiation
resistance of a half-wave doublet antenna. The
radiation resistance is not completely constant,
varying somewhat with height as shown by
figure 1, but 72 ohms is an average, marked
by the dashed line in the figure. At the center
of the antenna 72 ohms is also the character-
istic impedance; so by merely connecting our
line to the center of such an antenna we ar-
rive at a very sure method of impedance-match-
ing. It so happens that a 72 ohm pair with
solid insulation (paper and rubber) can be
constructed to give fairly low losses whereas
a pair of higher surge impedance would mean
higher losses.

The first step in the design was the choosing
of a proper conductor. For no reason except
satisfactory past experience the old stand-by
no. 12 solid copper was selected.  Since tin-
ning this wire as a protection against corrosion
caused by the rubber covering would also raise
the r.f. skin resistance, no tinning was used, a
wrapping of thin paper being substituted. Rub-
ber was selected as the insulation, a low-loss
rubber compound being used which had shown
remarkable moisture resistance in submarine
telephone service. This material has a dielec-
tric constant of 2.7. Knowing this and the
wire-diameter it was possible to calculate the
proper thickness of the rubber. Referring to
figure 2, D, is the diameter of No. 12 wire,
and as soon as we know the dielectric constant
of the insulation (shown in black) the proper
value of D, to give 72 ohms impedance can

#*Engineer, General Cable Corp., Rome, N.Y.
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Figure 1

be calculated. This done it developed that the
wires were to be spaced about 0.17 inch, center
to center. The finished pair, however, is not
long-lived if water and sunlight have free ac-
cess to the rubber; hence an outer braid was
provided with a pitch impregnation and mica
finish. These details are given because they
enter into the design of any serviceable twisted
pair for outdoor use, no matter what impedance
may be wanted. They explain why lampcord
and the like are not especially successful in
such service.

Probably the most desirable feature of such
a low-impedance twisted pair is its utter sim-
plicity and convenience, to the point of being
foolproof. Being an untuned line, any length
is permissible (within limits to be mentioned
later). It may be strung up haphazardly with
many turns and angles. The voltages are low
and no supporting insulation is needed.

Another major advantage is in the reduction
of radiation from, and pickup by, the line.
Close spacing and transposition accomplish this.
To clarify this argument let us compare a 600-
ohm line (6 inch spacing) with a twisted pair
as already described, which has a spacing we
shall call 0.2 inch for convenience of calcu-
lation, though actually smaller. Assuming the
current to be the same in the two lines the
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radiated power is proportional to the line
spacing sguared, or a value of 36 for the 600
ohm line and a value of 0.04 for the 72 ohm
line. Notice that this represents a decrease by
a faccor of 900!!

Perhaps the best proof of the extreme im-
portance of the reduced pickup lies in the suc-
cess of the familiar antinoise broadcast receiv-
ing antennas, which depend on precisely the
same sort of an effect. Similarly, experience
shows that sending antennas with low-imped-
ance twisted-pair feeders do greatly reduce local
interference, and are at present about the only
simple solution for the crowded apartment-
house location, or for duplex operation—if you
must have that.

(EpITOR'Ss NOTE:  There are additional rca-
sons making a high-impedance line undesirable,
especially for crowded locations. The higher
voltages on such lines greatly increase the tend-
ency toward visible or invisible corona { “brush-
ing”"] at the insulators, a tendency increased by
the physical irregularity in the line represented
by the insulator. Brushing is always a spas-
modic phenomenon and in addition to being a
power-loss is ideally suited for shocking nearby
tuned circuits, almost regardless of their fre-
quency. This is especially the case for tuned
high-impedance lines, the commonest kind used
by amateurs, which have unequal voltage along
their length.)
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One of the evils of line-radiation is feedback
to the transmitter. The more stages the trans-
mitter has, the better the opportunity for this
type of damage.

Experience has also shown that it 1s easter
to “balance” a twisted-pair line (adjust for
same current in both wires) than is the case
for other feeders.

Line Efficiency

It is for such advantages as these that we can
forgive the twisted-pair for some of its shqrt-
comings, chief of which is the actual attenuation
loss. With reasonable lengths these are fortu-

V2N

372%

5/2x

Figure 4

nately not excessive. Table I shows the losses to
be expected with 72 ohm line-wire such as was
first referred to. Such a table would be very
complicated if all possible sorts of wire were to
be included.  Shorter feeders give a correspond-
ingly lower loss.

TABLE 1
Length of 72 ohm twisted-pair line (Type EO-1,
with no. 12 wire, spaced 0.17”7 on centers)
which produces 15% power loss.

Frequency Wavelength  Greatest permissible

(approx.) line length
1750 ke. 172 m. 650 feet
3500 85.5 " 325
7000 7 3 175
L0000 21.4 ¢ 100
28.000 10.7 7 60
56,000 5.35 " 35 7

Coupling to the Transmitter

The coupling of the transmitter to the line
should be correct if proper results are to be
expected. Again picking a specific case for the
sake of avoiding endless talk, we will consider
how a 72 ohm twisted-pair line should be
coupled to the transmitter. Since the line is of
low impedance it operates at low voltage, and
therefore at relatively large current, though by
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no means at currents as large as are to be found
at some places along tuned feeders such as the
“zeppelin” and similar types. We accordingly
choose to couple to a low-voltage portion of the
final tank coil of the transmitter.

(90' LOBES) oyER (42'LOBES)

1/2 | 3
I‘_ A l 72N I /2N j

TRANSMITTER

Figure 5

The /ast, and most troublesome, choice of
coupling methods is to tie the line wires to the
final tank coil through blocking condensers of
0.002 microfarads or thereabouts. This method
is very critical in adjustment. It is not rec-
ommended, though permissible.

Another, and widely used, method is to con-
ncct the line to an #ntuned coil of 1 or 2 turns
placed around the final tank coil, and varied in
diameter or turns to produce the desired load
on the output tubes. The untuned coil should
surround the low-voltage part of the output-
tank coil, which may easily be found with a
lead-pencil or neon bulb, not using much
power, and hunting for the part of the coil
which produces the weakest indication.

Stand on a chair, keep hands, legs and head
clear of wires, and live longer. When the line
is properly adjusted it carries no high r.f. volt-
ages, either between wires or to ground. If a
transmitter is working with a fair amount of
power, one very simple test is to grasp the line
firmly with your hand. The meters should not
move, nor should the line show any heating.
One amateur, as an experiment, even wrapped
several turns of the line around an unshielded
microphone cord without bad effect; but that
is not recommended. Another fairly good
method is to adjust for the greatest grid cur-
rent in the final stage while at the same time
holding the stage to its proper plate curreat.
This should give the greatest antenna current
for that particular plate input.
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The third, and best, choice for a coupling
method is a pi-section tuned network.  The
complications of this method are partly ex-
cused by harmonic suppression.

Coupling to the Antenna

Coupling at the antenna should be fairly
precise.  In the following discussion the an-
tennas are shown horizontally, though manifest-
ly the halfwave types at least can be operated
vertically if purely non-directional, low-angle
transmission is desired.

The line should leave the antenna for some
distance at right angles to the antenna wire, or
at least at an angle of 45 degrees or more, to
avoid standing waves along the line.

It has been said that a 72 ohm line matches
the average impedance of a halfwave antenna,
still assuming the antenna to be horizontal.
However, as figure 1 shows only too clearly,
we cannot simply let it go at 72 ohms, for the
various heights of antennas may present us with
the need of matching antennas with impedances
all the way from 60 to 100 ohms. Figure I,
by the way, refers to “effective” height, but this
is reasonably close to actual height over most
soils. (Not in Connccticut’s rocky hills.—
RSK.) In some extreme locations tin roofs,
trees, and houses reduce the effective heighe to
a small fraction of the height above carth, but
in a doubtful place one may first try 34 of the
actual height, applying that to the curve of the
figure 1 to get the impedance at the center of
the antenna.

The Y Match”

The ™Y match™ method of figure 3 is a com-
mon and simple means of adjusting the line
impedance to the antenna impedance. A length
[=—3/ x—i

T ' - ~ - - =

7/2 AWIRE

Figure 6

"G" of the antenna-wire is removed and the
line is "'forked” for some distance back, shown
as "F" in figure 3. It is convenient to make F
and G the same length. These lengths are
shown on the left edge of figure 1, and these
figures are the important ones——those at the
right being of academic, rather than practica]
interest.

Because the impedance of the line changes ac
the point C, and at the points A and B, there
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are small voltage “bumps” at these points.
Those at A and B arc relatively unimportant,
and add nothing to the job of the insulators
uscd to tic A and B rogether.  The story is dif-
ferent at C, and it is accordingly important
that moisture be kept out of the crotch, especial-
ly as it might work in along the paper-wrap of
the wire. Plenty of rubber tape and the elec-
trical repairman’s old reliable friend "P & B
insulating paint” will do the trick. If "P & B”
is strange to you, ordinary automobile top dress-
ing will do nicely—not the thin stuff like
"Duco,” but the more "gooey” kind.
Delta Match

It is mechanically simpler to leave the an-
tenna wire uncut, and to bridge the split line
across a portion of the uncut antcnna.  This
“delta” method of martching is not as flexible
as to frequency, and for that reason, perhaps,
is in lirtle use among amateurs for low imped-
ance lines. It is quite practical, though the
triangle dimensions arec not those given by
figure 1.

Harmonic Operation

If a horizontal antenna is made 3/2, 5/2 ot
7/2 wave long instead of 15 wave, we increase
the horizontal directive effect, The total rad-
iation is not changed materially, but more of it
goes in particular directions, This is shown by
figure 4. In the top diagram of that figure we
are supposed to be looking down on a 15 wave
horizontal antenna. The dashed line "E"” shows
the voltage along the antenna, the dashed line
“I" shows the current, and the solid “figure 8"
shows the directional effect. (Insofar as this
antenna has any practical directional effect, it
works well in every direction save endwise.—
R.SK.)

In the 2d diagram we look down on a 3/2
wave antenna, the dashed line showing current
distribution and the solid loops showing the
pattern of transmission: four broad loops at 42
degrees to the antenna.

The 5/2 wave antena gives sharper loops
at 33 degrees, while 7/2 gives some nice beams
at 28 degrees.

Several things arc to be noted. As the an-
tenna is made longer the major directional lobes
become narrower and consequently longer—
meaning stronger—but also there are growing
up at the same time smaller lobes, intentionally
shown in somewhat exaggerated size, which do
produce signals in additional directions and
may puzzle the operator of the antenna who
does not expect transmission in those directions.

The impedance of these longer antennas,
when "looked into” at their centers, is greater
than that of a half-wave antenna, as shown by
table II.  With this in mind, a larger coupling
triangle has been used by the author to operate
successfully odd-half-wave antennas up to and
including 7/2 wavelengths.

The 7/2 Wave Antenna

The 7/2 wave system was very useful, in that
2-band operation was most practical. If the
7/2 wave antenna is made for 14,000 kc., we
find that it is a 15, wave antenna for 2000 kc.
Similarly a 7/2 wave 10.7 meter (28,000 kc.)
radiator is a 15 wave antenna for 75 meter
(4000 kc.) phone.

TaBLe 11

Impedance at the center of various horizontal
antennas at great height. Practical antennas will
vary 25% both ways from these figures.

Length of antenna Impedance
1/2 wave 72 ohms
3/2 ¢ 100
5/2 " 118 "
7/2 " 125 7

A 3/2 wave section for 20 meters (99 feet),
operating as shown in the second diagram of
figure 4, is also a good actor. The four main
lobes (alone) cover much territory. This 99
foot antenna should be no good whatever in the
40 and 80 meter bands, but is being so used
ar several amateur stations, with success. Pi-
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coupling networks do the trick, but this type of
operation is not recommended, and is merely
passed along to those who absolutely must have
3-band operation from a doublet.

Good performance has recently been obtained
at the writer’s station at 20 meters with the
arrangement shown in figure 5. This is an
arrangement of two antennas with different
directional patterns.

Off-Center Feeding

Where it is not physically possible to feed
the center of the antenna, an arrangement such
as that of figure 6 may be used. Since the
(radiation) load is no longer the same for the
two line wires their currents will not be quite
equal, but the radiation pattern remains sub-
stantially unchanged. The line attaches at a
current maximum point; that is, at an odd num-
ber of quarter-waves from the end.

Unequal line currents may also be found
where one “half” of the antenna is not of the
same length as the other "half”. They may also
be met where one end of the antenna is mater-
ially higher than the other, but in no case does
any harm seem to result.

Lecher-Wire Impedance Matching

The Y method of matching need not neces-
sarily be used. It is quite possible to use
Lecher-wires as the impedance-matching device.
In figure 7, at the left, is shown a 1 wave
section of this sort, used to “"end feed” a 15
wave radiating section. This is nothing more
than the familiar "zeppelin” antenna with the
72 ohm line attached at such a point as to find
a 72 ohm load. The length L, is 15 wave-
length (electrically).

Lecher-wire sections may also be used to feed
at other points along the antenna. At A is
shown a 14 wave section center-feeding a
14 wave antenna, L, being 15 wavelength. At
B is shown still another arrangement. The
adjustments of such arrangements have been
discussed in recent articles and need not be
gone into here.

Other Antennas

From the foregoing the application of twisted
pair lines to V' antennas, vertical antennas,
and other radiators may suggest itself to the
reader. If “stretchless” antenna wire is used,
and the suggestions are followed, it is felt that
the twisted-pair line will accomplish more than
the contribution of convenience. For those who
desire further reading the following references
are offered in the I.R.E. Proceedings:
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“"Development of Directive Transmitting An-
tennas,”  Carter, Hansel, & Linderblad,
QOct. 1931.

“Circuit  Relations in Radiating Systems,”
C. §. Carter, June 1932,

"Transmission Lines for Shortwave Radio
Systems,” Sterba and Feldman, July 1932.

*
HIGH-RESISTANCE VOLTMETERS

The use of inexpensive low-resistance volt-
meters frequently leads to erroneous readings
and much confusion among uninformed service
men, experimenters, and amateurs.

The sensitivity of a voltmeter is expressed in
“ohms per volt” and equals the rotal resistance
of the meter divided by the number of volts in-
dicated at full scale deflection. This figure in-
dicates how much current it takes to operate
the meter. For instance, if an 0-10 voltmeter
has a resistance of 10,000 ohms, the sensitivity
would be 1,000 ochms per volt, and from Ohm’s
Law it is easily ascertained that the meter re-
quires a current of 1 ma. at full scale deflection.
Similarly, if the 0-10 voltmeter had a resistance
of but 1,000 ohms, the sensitivity would be
100 ohms per volt, and would require 10 ma.
to move the needle to full scale deflection. This
illustrates that: The higher the resistance of
the voltmeter for a given range, the greater
the sensitivity.

The lack of sufficient sensitivity results in
inaccuracy when the instrument is used in
high-resistance low-current circuits. Thus if a
low-resistance low-sensitivity voltmeter is con-
nected across a high-resistance value, the par-
alleled resistances alter the circuit to such de-
gree that, although the voltmeter accurately
reads the voltage impressed upon it at that
moment, a false picture is obtained of the nor-
mal working condition of the circuit. It is
obvious, then, that the resistance of the volt-
meter must be such that it will not materially
alter the conditions in the circuit to be meas-
ured. This is satisfied by an instrument of
1000 ohms per meter sensitivity, which, while
more costly, will avoid troublesome errors.

—Aerovox Research Worker,

*

A highly fantastic prediction of the last dec-
ade depicted a lens which would enable radio
men to look into sets and see r.f. currents
scurrying about. During the same period, a
magazine cover design showed radio in the year
1935—two fans looking into a television scene
from the jungle, while overhead hung a chan-
delier burning cold light.
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Higlw Eﬂiciency Frequency Doublers

By E. M. DowLiNG

Few of the el-
cements of a mod-
ern  crystal-con-
trolled transmitter
arc so little un-
derstood generally
as the frequency-multiplying amplifier.  For
too long it has remained the most inefficient
portion of a transmitter.

Anyone who has tried to get any power out
of a frequency doubler knows how hard it is to

Le

~I1

Figure 1

keep the tube from overheating, and how little
output can be obtained as compared with the
same size tube as a straight amplifier.”” To
feed the antenna from a doubler is so wasteful,
of tube capability as well as power, that only
where apparatus, space, or weight is at a pre-
mium, is it ever justifiable. Why, then, should
such inefficiency be tolerated when a doubler
is used to drive a following amplifier? When
the latter uses the same size tube as the doubler,
the whole thing could be dispensed with if the
doubler tube could be made to do what 1t is
capable of doing when used as an amplifier.
Perhaps we may reason that the doubler is do-
ing enough in doubling, without being ex-
pected to deliver the full power of which the
tube is capable. That isn’t necessarily so.

No doubt many amateurs have worked over
a hot and seemingly balky doubler, thinking
something amiss when actually everything was
normal—as ro-mal as it could be with the un-
favorable conditions under which a doubler
ordinarily operates. Those who realized this
have doubtless wondered if the conditions
couldn’t be improved so as to at least partly

Theory, construction, and adjustment of a bigh-efficiency dou-

bler, greatly simplifying transmitter consiruction and making

possible two-stage 7, 14, and 28 mc. transmitlers of high out-

put. This article will enable you 1o get more output from your

present doubler, cven if it already employs regeneration of
one form or another.

remove the cause
of the inefficiency.
This cause is sim-
ply that the tube
is being driven to
take power from
the plate supply, but no place is provided
for most of this power to go. The grid
is swinging the plate current at  one
frequency (the fundamental) and the load in
the plate circuit is effective at another (the
second harmonic). There is nothing to sup-
press the fundamental-frequency plate-current
swings, which go to high values and cause
much power to be drawn from the supply, as
evidenced by the high average (d.c.) plate
current. Nearly all must be dissipated within
the tube, only the relatively small second har-
monic portion being drawn off into the load.
A New Development

A remarkably simple method of changing
this unfavorable state of affairs was disclosed
some time ago.* Using it, the doubler output
is raised until it is almost equal to what the
tube is capable of delivering as a straight
amplifier. That is. the efficiency is so greatly
increased that it is possible to use a much
higher plate voltage, without overheating the
plate, and with a great increase in output.
Sufficient power may be obtained to make
superfluous a following amplifier tube of the
same size, as not much more output will be
obtained by using one. This means that it
now becomes perfectly practical to work the
doubler right into the antenna, or that one or
more intermediate amplifiers can be eliminated
where a larger tube feeds the antenna.

Thus, it is possible to build a two-tube (crys-
tal oscillator and doubler) 7 mc. transmitter
of high efficiency, using a 3.5 mc. crystal (or a
two-tube 14 mc. rig with a 7 mc. crystal).
Anyone who has used multi-tube outfits on any
frequency will realize what a simplification of
plate-supply and grid-bias equipment this
means, to say nothing of the r.f. apparatus and
its adjustment. And to top it all off, the new
circuit is formed by removing apparatus from
the conventional circuit.

*E. G. Watts, "Improvements in Frequency Mul-
tipliers for Aircraft Radio” Electronics. April. 1932,
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It has been found possible to more than
double the usual efficiency obtained in ordi-
nary doublers. This means a great increase
in output, when the plate voltage is raised to
give the same plate heat. A 210 tube can be
operated with 600 volts on the plate, 40 watts
input, with no trace of plate color.

Operation

The operation of the new system is based
on the discovery that the commonly used neu-
tralizing circuits reverse their usual function
and supply regeneration when used in fre-
quency multipliers. Not that regeneration in a
multiplier is anything new. The Naval Re-
search Laboratory has taken advantage of it
for some time. They discovered thar it greatly
improves the efficiency. But it was not pos-
sible to obtain sufficient regeneration without
introducing serious disadvantages. The new
circuit eliminates the disadvantages, and in do-
ing so, finally makes entirely practical the usc
of regeneration for improving the efficiency
of frequency multipliers.

Before going into instructions on how to
change over an ordinary doubler for operation
by the new method, first a word to allay the
fears of those who think of regeneration only
in the same breath with instability. It is true
that many schemes based on regeneration have
been proposed for getting a lot of power out
of a crystal oscillator, or power amplifiers, that
are very tricky to adjust, with disaster for the
crystal as the penalty for a misstep. The new
doubler system has nothing in common with
such schemes, for two reasons. First, the point
of maximum improvement is reached wichout
approaching closely the point of instability.
Second, the regeneration takes place at the har-
monic frequency only, and not at the crystal
frequency, so that the effect on the crystal of
a possible “spillover” into oscillation by the
doubler would be slight.  Moreover, the ad-
justment of regeneration is so positive and un-
critical that no difficulty is experienced in hold-
ing the regeneration exactly where desired.
When properly constructed, the system is en-
tirely stable, and no difficulty is had in making
things “stay put”. The writer has observed
several of these doublers operate for two years
with no attention. This is no reason to be-
lieve that they are any less stable and reliable
than ordinary doublers; indeed, they are much
less likely to overheat the tube dangerously as
a result of some disturbance in the circuit, or
even while being adjusted. The system is de-
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cidedly not a “trick’” affair; exact figures can
be given for its construction and adjustment.

In order to get a clear understanding of
what goes on in the new doubler circuit, and
so to be able to adjust it intelligently, let us
consider a few things about multipliers in gen-
eral, with particular reference to the effect of
neutralizing circuits. There has been much

TO XTAL OsC.
-

Figure 2

talk about whether or not to neutralize a fre-
quency multiplier.  Sometimes the statement is
made, correctly, that neutralization is not nec-
essary. But the reasons why it is unnecessary have
never, to the writer’s knowledge, been cor-
rectly given. In spite of the wide difference
between the frequencies to which the plate and
grid circuits are resonant, a doubler will re-
generate (through the tube capacitance, as in
a t.nt. or t.p.t.g. oscillator) and may even os-
cillate at the fundamental or grid circuit (pre-
ceding tank) frequency, when no excitation is
applied. The reactances have the sign required
to cause regeneration, and it is only a matter of
the plate tank having a high enough L/C ratio
to give sufficient impedance to sustain oscilla-
tion, in the absence of the external excitation.

But under no conditions can an ordinary
doubler become unstable (that is, tend to break
away from control by the excitation) with the
excitation applied for several reasons. First,
the external excitation completely swamps out
the internal, which 1s much smaller because of
the low impedance of the plate tank to the
fundamental.  The output frequency is there-
fore always exactly that of the external excita-
tion. Second, regeneration at the plate circuit
frequency can not take place. The grid cir-
cuit (preceding tank circuit) reactance is of
the wrong sign at this frequency. This is clear-
ly evidenced by the fact that oscillation always
occurs at the grid circuit frequency, and is al-
most completely unaffected by the tuning of the
plate tank, when the latter is resonant at con-
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siderably higher frequencies. (To be exact, the
oscillation frequency is always slightly lower
than the actual grid circuit resonant frequency,
to give the required reactance sign.)

But what is more important than any of this
is the fact that, in addition to being unneces-
sary, neutralization of a doubler by the usual

? !
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Figure 3
means is actwally not possible. 1f an attempt
to ncutralize is made, none of the usual signs
of the neutralized condition can be found. In
their place, a new sct of “symptoms” has ap-
peared.  Among them is an increase in output
at some setting of the neutralizing condenser.
In most cases it has probably been assumed
that this is an indication of the neutralized
condition. What has actually happened is that
the neutralizing circuit is causing regeneration.
This is because the neutralizing circuit reactance
is opposite in sign at the second harmonic
(plate tank frequency) to what it is at the
fundamental or grid circuit frequency, and this
causes the feedback current to a/d the output
instead of bucking it, as in an ordinary neutral-
ized amplifier.
Evolution of the Circuit

Not much regeneration can be obtained with
the neutralizing circuit alone, however, even
at its best adjustment. After he ascertained
that regeneration was occurring, the job the
originator of the system had was to find out
what was limiting it. Let us look at the mat-
ter as it appeared to him. Figure 1 is the usual
amplifier-doubler circuit, with Hazeltine-type
“neutralization”. Note that the neutralizing or
fecedback circuit, as we should now «call it,
which consists of L and C. is connected across
the grid and filament (coil L being connected
to the flament through bypass condensed C,).
Now, the feedback voltage is induced into L
through its coupling to L, and is impressed
from the grid to filament across L and C.  Also
across from grid to filament is the plate tank
of the preceding stage (L.C.). from which the
fundamental frequency excitation s obtained.

Consequently, the second harmonic feedback
voltage is nearly shorted out. We must raise
the impedance of the rank L,C, at the second
harmonic, although leaving it tuned to the
fundamental, if the regencration is to build up
sufficiently.

A combination of fortunate conditions cn-
ables us to do a very efficient job of this im-
pedance-raising; one which involves no com-
promises among desirable, but conflicting, con-
ditions. Watts first tackled the problem from
the angle of raising the L/C ratio as much as
possible. Those who have neutralized by the
Hazeltine circuit will recall that the neutraliz-
ing condenser affected the tuning of the preced-
ing tank, and that each time the neutralizing
condenser was changed, the preceding tank had
to be retuned. It is easy to see that the neu-
tralizing condenscr is effectively in pa-allel with
the tank (with coil L and a couple of condens-
ers in series, perhaps, but that does not alter
the essential fact). We want to keep the L/C
ratio as high as possible, but here are two con-
densers in parallel; so why not remove one of
them? We discard C,, and find that we can
increase L, considerably, and that condenser C
tunes it to the fundamental just as well as C,
did. C can be made to perform the dual
function of feedback control and tank tuning
condenser without detriment to either adjust-
ment, because the feedback setting is not at all
critical, and does not resemble the neutralizing
adjustment in the least. We now have a nice
high-L/C tank, and have done away with one
condenser to boot.

But even so, we have yet more than this.
The performance of the circuit, now as in
figure 2, indicates that much more regeneration
is being obtained than could be accounted for
by the higher L/C ratio alone. Investigation
reveals that some unexpected conditions exist
as a result of the elimination of C,. If we
draw a graph, with the impedance across L.
plotted against frequency, we find that after we
pass the peak due to the fundamental reso-
nance, as the frequency goes up, the 7m pedance
rises to another peak at a higher frequency.
somewhat as in figure 3.

We have now arrived at the heart of the
new system. The grid circuit, composed of
L,, C, and L, together with C, (see figure 2)
which represents tube interelectrode and cir-
cuit wiring capacitance, has two anti-resonant
points. The lower of these is tuned to the
fundamental by adjusting C. The other may
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Figure 4
Basic circuit for the high-power two-stage transmitier.

be tuned to a frequency ncar the second har-
monic, thereby raising the impedance of the
grid circuit at the second harmonic, and per-
mitting sufficient voltage of this frequency to be
set up to cause the desired amount of regen-
eration,

Let us now see how we may tune the circuit
s0 the second resonance peak is at a frequency
giving a suitable amount of regeneration. The
lower peak must remain tuned to the funda-
mental, of course. The cause of the double
resonance is that the combination tuning and
feedback condenser C has the coil L in series
with it before it shunts L,. At the fundamental
frequency, L has little effect, so C is practically
the same as in direct shunt with L,, and tunes
it to the fundamental. But at the second har-
monic, L completely overshadows C and causes
the effect of the two in series to be the same as
an inductance shunting L,, instead of a capac-
itance, as at the fundamental. Now two in.
ductances in parallel are equivalent to an in-
ductance smaller than the smallest of the two.
Consequently the effective inductance in the
grid circuit at the second harmonic is only a
fraction of L., since L and C in series have an
equivalent inductance of only a fraction of L.

Now note (figure 2) that the only capaci-
tance directly in shunt with the grid circuit
is C,. This, being composed of the relatively
small tube capacitances, plus the still smaller
wiring capacitance, and distributed capacitance
of L, is very small compared to C. Conse-
quently, with C; in combination with the
smaller effective inductance, the resulting reso-
nance falls at a frequency considerably higher
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than the fundamental, when C is set to tune
L. to the fundamental.

We can vary the frequency of this higher
resonance independently of the lower one by
changing the inductance of L,. It is necessary
to reset C each time L, is changed, so as to
keep the lower resonance at the fundamental,
but changes in C have only a slight effect on
the frequency of the higher resonance, and it
remains quite close to where it is set by L,.
That is, L, affects both resonances, and C
compensates for the lower one but not for the
higher.  This adjustment of L, is the main-
spring of the new system. We can now forget
that C does anything besides tune the grid
circuit to the fundamental.

Construction

In changing over an ordinary doubler hav-
ing no neutralizing circuit, it is first necessary
to add the extra turns for L, which are the
same in number as in L,. It is best to keep
L, as large as possible, consistent with a work-
able value of C,; so rather than use the coil
formerly used for L, by tapping it in the
middle, a new coil of twice the size or larger
should be used. Specifications for suitable coils
are given in the table for 7 and 14 mc. opera-
tion. The size is not critical, nor is the accur-
acy of the center tap. In general, the larger the
coil's dimensions, and the less insulating ma-
terial used to support it, the more efficient it
will be. The writer prefers a flatwise-wound
strip for the conductor. This may require more
supporting structure than tubing, but any in-
creased loss on this account is less than the
loss due to the disadvantages of the tubing.
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TABLE I

. 14 mc. 7 mc.
Coil Taps Conductor = —
Dia. | Length | Turns | Induct. || Dia. | Length| Turns | Induct.
Stripor Tubing
3/16"-5/16" || 5 7 | 5 7 12 12ph || 334" | 4 7 10 6 tth
Lr1L Center
No. 12 or 14
wire 47 415" 14 ’ 3 7 i 7 ‘ 12
11
Ea. turn No. 14 wire |
Ls for 14 (Sp. Dia. || 31" 214" 22 40 uh || 214" 215" 22 20 ph
turns of wire)

For those who are not inclined to make the
large coils, data is also given for coils of no.
14 wire, which may be wound on tubing of
hard rubber or some low-loss compasition.
Bakelite is not suitable at the higher fre-
quencies.

L, is too large in inductance to be conven-
iently made of anything but wire. Its efhciency
is not so important; it does not directly affect
the output as L,-L does. The many taps are
made necessary by the possible wide variation
in conditions affecting the capacitance C; in
different sets, which must be allowed for.
These taps are easiest made by crimping up
the wire as the coil is wound, to provide pro-
jections for a clip. The crimps should be
staggered on adjacent turns so they do not come
too close together.

Condenser sizes are given in figure 4, which
is the basic circuit for a two-tube frequency-
doubling transmitter. C may have a maximum
capacitance of not less than 100 pufds., and
not more than 150 pufds. The larger capaci-
tance is more likely to be needed for 14 mc.
operation, as L, may have to be quite small to
reach the best regeneration point. Ordinarily
C will be set to from 70 to 90 pufds. for 7
mc. operation. Note that both sides of C are
at r.f. potential above ground. This will cause
hand capacity and tricky tuning of the crystal
oscillator unless an insulated extension shaft is
used.

When the plate voltage on the doubler ex-
ceeds 500, C should be double-spaced, and the
fixed condenser C, inserted to remove the d.c.
plate supply voltage from across C. The r.f.
voltage across C may be quite high, and with-
out Cy a flashover would short-circuit the d.c.
supply. Cx should have a rated working volt-
age in excess of the plate voltage.

A grid milliammeter in the doubler is a
great help in keeping the crystal oscillator tuned
for maximum output, as indicated by maximum

grid current (for a given doubler bias). A
doubler plate milliammeter is not essential, but
will be a help in getting the doubler into tune,
and in obtaining maximum ethciency. The out-
put indicator may be either the grid milliam-
meter of a following stage or the antenna meter.
If one is not “long” on meters, especially the
expensive r.f. variety, it is perfectly feasible to
do the job with a flashlight bulb (shunted if
necessary) in series with the antenna.

If a single-wire feeder antenna is used, best
results will be had if the feeder is coupled to
the doubler by a tank, as at (a) in figure 4.
The coil may be the same size as L;-L.

The lead (1) connecting the filament center-
taps should not be any longer than necessary.
All bypass condenser leads should be kept as
short as possible. L, should be a foot or more
from L,-L, and set at right angles. The
diameter of the r.f. choke, if a solenoid, should
not exceed 34”. Its characteristics should be
suitable for operation at the crystal frequency.
It is well to try several chokes of somewhat
different characteristics in the transmitter.

The flament transformer bypass condensers
may not always be necessary. In fact, they may
sometimes be found detrimental, especially at
14 mc.

Triode, screen-grid or pentode tubes are all
suitable for the doubler. If one has the choice,
it may be found that some one type gives better
results than the others. Pentodes generally
make the best crystal oscillator. Low amplifi-
cation-factor tubes such as the 245, 250, or
2A3 should be avoided.

In the doubler, the use of screen-grid, or
pentode tubes with grid and plate leads iso-
lated (the 247, 2AS, and others do not have
them sufficiently separated) has the advantage
that the stage may be changed over for straight-
amplifier operation without neutralizing. L,
needs but to be replaced by a coil of suitable
size for the frequency used.
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Power Supply

In any transmitter it is always desirable to
use a separate plate supply for the crystal os-
cillator. With the new doubler, owing to the
higher plate voltages it is possible to employ,
a rather high grid-bias voltage source is re-
quired, and this is easily obtained from the
crystal oscillator plate supply, by grounding
the “plus”.

As in an ordinary doubler, the bias voltage
must be high—from 1/3 t 2/3 the plate
voltage, depending on the tube used. Tuning
up may be done with any bias value high
enough to keep the plate current at safe values,
but yet low enough to give good indication on
whatever output indicator is used, and the final
adjustment of bias for maximum output made
after other adjustments are completed.

When the plate voltage is high for the tube
used, e.g., 600 volts on a 210 or 247, or 1200
volts on a 203-A or 211, it is best to reduce
the voltage when tuning up by inserting a re-
sistor of 4,000 to 8,000 ohms in series with
the plate supply. Also, if the doubler is not
keyed, a switch should be placed so as to turn
off the doubler plate supply independently of
the filament and the crystal oscillator supplies
so that the latter can be tuned for maximum
output before the doubler is adjusted. The
only case where the doubler is not keyed will
be when a following amplifier is used, in which
keying or modulation is done, the doubler be-
ing allowed to run steady. It is usually not
practical to key any kind of doubler in the
grid circuit on account of the high block