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. that'’s where the similarity ends.  For one of these capacitors
was built by Cornell-Dubilier and that means built with greater care
—extra quality at no extra cost. Take the C-D Type BR “Blue
Beaver.” Here’s a space-saving unit that offers exclusive electro-
chemical' etching — eliminates corrosion: hi-formation process-
affords higher voltage breakdown: hi-pressure centrifuge — better impregnation, lower
power-factor: hi-purity aluminum foil — better direct current leakage recovery; special
C-D super-purity cellulose separator — extra long life; double ageing — stable char-
acteristics: all aluminum tubes and accessories — prevents galvanic corrosion: special
vent — safety under all operating conditions; tubular compact construction — allows
ease of wiring into circuit.
Amateurs who want the most-for-the-money get it in C-I’s. Be specifie-—order eapaci-
tors by name. Your jobber will appreciate it. For he knows the difference. Type
BR’s described in catalog No. 1754 free on request.

> 5 g
Product of the world’s largest manufacturer of capacitors

MICA 0 PAPER 0 DYKANOL . WET & DRY 0 ELECTROLYTICS

Yo% caurg 1ebyy ox
cog’NELL- D'UBILI:ER
7MW e pRCIDs,

CORNELL-DUBILIER

ELECTRIC CORPORATION

1017 Hamilton Boulevard, South Plainfield, New Fersey
Coble Address . "CORDEF

Wwww.americanradiohistorv.com


www.americanradiohistory.com

ey
N

ow well constructed — is no better than

ineering. Each function in the SKY-

23 was carefully analyzed from the

scientific approach before it was

incorpofated into the final circuit. (This
page © ‘tﬁlift characteristics from the Lab#¢ ¥

oratory :Data Book is an interesting ex- A ,yl{
ample.) That is a vital reason why the 23 002.0" LS
is one of-the best receivers the Hallicrafters 0 -

has built. Yet it'is available at your Distrib.—

utors, for only a $23.10 down payment,”
I aker. See it today. Try it tonight,—
ess speaker. S e'.n_é oday. Try o::igtb,

L -

the La“icra[*l'ers inc.

CHICAGO, U. S.A.

“LARGEST BUILDERS OF AMATEUR COMMUNICATIONS EQUIPMENT"’
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HERE'S THE COMPLETE STORY!

Below are listed the important specifications and characteristics of BUD Variable Condensers. This
is only part of the story, however. The real story of the superiority of these units is being told
by the thousands of BUD Condensers in use in ALL branches of radio throughout the world. When
you buy BUD Condensers you buy PROVEN DEPENDABILITY!

Giant and Master Condensers

STYLES: Single section, Split Stator, U.H.F,
CAPACITIES: 30 to 530 mmfd, 25 to 340 mmfd.
PLATE DIAMETERS: 614", 31,".

PLATE SPACINGS: 0.1” to 1.07.

PLATE MATERIAL: Polished Aluminum.
INSULATION: Alsimag 196, Mycalex

NET PRICES: $17.00 to $46.00, $4.00 to $12.00.
USES: Tuned circuits handling up to 10 KW for
Giants. Tuned circuits handling up to 3 KW for
Masters.

Junior Condensers

STYLES: Single section, Split Stator, U.H.F.
CAPACITIES: 20 to 340 mmfd.

PLATE DIAMETER: 24".

PLATE SPACINGS: 0.05” to 0.175”.

PLATE MATERIAL: Cadmium plated brass.
INSULATION: Alsimag 196.

NET PRICES: $1.50 to $5.40.

USES: Tuned circuits handling up to 750 watts.

Midget Condensers

STYLES: Single bearing. Double bearing, Midline
or Straight line plates, Single, Dual and Three
gang units.

CAPACITIES: 10 to 325 mmfd.

PLATE DIAMETER: 174”7,

PLATE SPACINGS: 0.024” to 0.095”.

PLATE MATERIAL: Cadmium plated brass.
INSULATION: Alsimag 196.

NET PRICES: $0.51 to $3.14.

USES: Low Power Transmitters, Receivers, etc.

Tiny Mite Condensers

STYLES: Single and double section, Air padder,
Balancing (one rotor and two stators).
CAPACITIES: 8 to 140 mmfd.

PLATE DIAMETER: 13/16”7.

PLATE SPACINGS: 0.017” to 0.073”.

PLATE MATERIAL: Cadmium plated brass.
INSULATION: Alsimag 196.

NET PRICES: $0.56 to $1.98.

USES: Regular and U.H.F. Transmitters, Receivers,
Coil Padding, Phasing, etc.

Ask your jobber for the latest BUD catalog—just off the press

BUD RADIO, INC. UP-

CLEVELAND, OHIO
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As the spirit moves, we present in this column
from time to time a bit of gossip about RADIO,
its affiliated publications, and those who produce
and distribute them.

—“From the private life of RADIO”.

Handbook

The biggest news around these diggings
is that the 6th Edition of RADIO Handbook
has been put to bed (trade slang for ‘‘on
the press”); in fact, first copies to dealers
and direct customers are in transit as this is
written (in November). The newspapers re-
port a slight eastern earthquake; nonsense!
It's just the backwash from our sigh of re-
lief. It really was some job, especially for
our relatively small staff.

This isn't supposed to be an advertising
column, but we can't help slipping a word in
that anyone who buys this year's 640-page
book, will be getting his dollar-and-a-half’s
worth and then some. In fact, we just
heard the boss bemoaning the bill for paper
and printing for a book considerably larger
than originally contemplated, and laying
down the law that it isn't to happen again.
But if you fellows will back us up with your
purchases we'll promise you ‘‘bigger and bet-
ter than ever’” again next year—and make
him like it!

Back to Normal

It’s nice to be back to normal again. We've
pretty well dug out from under the load
of things which accumulated while the Hand-
book was being given its finishing touches.
And the Managing Editor is back in Santa
Barbara after several months in Pennsyl-
vania assisting the Production Manager in
the production of the Handbook. Once again
said M.E. is wielding the blue pencil on
the worst of our off-brand English and punc-
tuation, laying out the monthly issues of
RADIO, corresponding with authors (and

6

incidentally authorizing their checks) and
most important, bedeviling the editors to get
their copy in on time.

Of course, this double-size January is-
sue produces a nice little headache of its
own, but after the Handbook we can almost
take a mere 200 pages in our stride—we
hope!

Club Rates

The circulation department is receiving a
growing number of inquiries as to whether
or not RADIO has any “‘club” rates. Yes,
a special rate 1s available to bona fide ama-
teur radio clubs; it’s the only permanent
special rate which RADIO offers: $2 per one-
year subscription in groups of ten or more,
sent In at one time and accompanied by re-
mittance in full. If you do not write on a
printed club letterhead, please furnish the
circulation manager with other evidence that
yours is a bona fide amateur radio club, for
we have no ‘‘club” rates in the sense in
which that word is usually used in the pub-
lication-subscription  trade, meaning any
group which subscribes together at one time.

Clubs which cannot gather ten subscrip-
tions at one time should take advantage of
the special temporary Christmas season rates
advertised elsewhere in this issue; these ex-
pire January [5th, and are not limited to
amateur radio clubs. Clubs which can gather
twelve or more subscriptions before that date
will find these rates slightly lower than the
permanent club rate.

There are no “club” rates on the
“Rapio” Hanpook. Unlike Rabio,
this book is sold largely through our best
friends and yours, the radio parts stores,
and we do not consider it a fair or wise
business policy to “‘cut under’” them. Please
do not embarrass our circulation manager by
asking him to do so.

Exaggeration

Our apologies to the meticulous soul who
“called” us (and to any others who just
didn’t bother to write) on the ad on page
98 of the December issue. The ad read
“RapIo for January—200 pages!!” Ac-
tually, of course, this issue has but 196
pages. Since an ordinary issue has 100
pages we fall into the habit of thinking
a “‘double size” issue must have 200, but
due to the peculiarities of printing it is ac-
tually four pages short of that figure.

www.americanradiohistorv.com
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in Glen
Browning’s
NEW

All Band Exciter
RDWELL Mid
\a}v(azc Transmitting
Condenser helps
grind out a con-
servative 35 watts
of driving power—
on S bands, for any

240 watt amplifier.
ils with circuit dia

Send for full detai.
ATT 'PHONE

Here’s The 240 w
AmlOU"la'rl;EUT FINAL AMPLIFIER
Not kit we 08 !11108, o T-55 s

c‘:ic';\e‘:an be easily driven by such an ex

g-ams.

t a testec fayout far
Hl:-sl“'s o simnilar tubes,
citer as the Brow -

i|':\gc'|udes: e CARDWELL “AF\'J“ F_ougg::ion

e CARDWELL EU-100-AD Trum-auh 7T

® Barker U Williamson coils and baby .
plates and directioes.

Write for free drilling tem 7
g t to your chassis, where youwant it.

Transier this tested layou

Trim-Air Midget
Condensers

Better than ever
New Single Trim
air Condensers with
these new  worth
while features. ® Full
solid shaft ® New
locking nut insures
positive shaft lock @
Improved double lug

Midway
Featherweight
Xmtg, Condensers

CARDWELL Midway
Condensers assume
the proportion of
high power units,
when connected a la
Ferrill. See the RCA
ad on the rear covers
of December RADIO

MT-70-GD

brings connections

ZR-35-AS out both sides of and QST, featuring the use of this fyge of circuit. 240

watts of 'phone output safely handled by the CARDWELL

cond ® Thi :

ngenser: icker  p\pidway MT-100-CD! Two more Midwavs and a pair of
Trim-air Neutralizers complete the variable air compon-
ents used.

Isolantite plate prevents breakage ® New Va" split
collar at rear permits coupling to other units.

No increase in prices.

INSULATED COUPLINGS
Now vitally important with everyone connecting the high
voltage to their condenser rotors.

TYPE “E"

and mny 1940 bring you complete fulfillment of your most cherished plans!
-

THE ALLEN D. CARDWELL

Thanks for your loyalty, gang,

MANUFACTURING CORPORATION

89 PROSPECT STREET, BROOKLYN, NEW YORK
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Past 1
Present
and
° Prophetic

As this is being written the atmosphere
around RADIO’s bailiwick is permeated by a
“whew, I'm glad that's over” attitude. What
with the 1940 Handbook, the Amateur New-
comer’s Handbook and this Yearbook issue
of RADIO, things have been whirring in both
the word and equipment departments for the
past several months. In spite of all this
activity we still have a good crop of ideas
rattling around which will be passed along
as fast as they are put to test.

Whopper

The statistically inclined might be inter-
ested to know that this outsize January issue
of RaDIO contains three times as many pages
of editorial material as a regular issue—
count it,

Inventors

In spite of last month’s mention in this
department that we, as well as nearly every-
one else, knew that cathode modulation was
not new—merely that it was deserving of
wider application, letters continue to show
up here and elsewhere to the effect that “I
invented it "way back in . . . .” So far none
of these “I-done-its” has made claim to any
of the years previous to 1934, thus leading
one of the members of RADIO’s staff to admit
blushingly that he had been guilty of con-
necting a telephone mike into the center-tap
keying jack of his 210 Hartley and operating
on the old 85-meter phone band with com-
plete satisfaction to himself and his listeners.
This was "’way back in 1931.” Not only
that, but he claims he knew what he was
doing and hasn’t written a letter to anyone
yet. Surely someone else must have done
the same trick before he did. Any prior
claims?

Asleep at the Mike

Along with much favorable comment on
the “"Comes the Revolution” article several
remarks have been heard from here and there
concerning the sleepy individual gracing last
month’s cover interpretation of the distended
peak subject. The individual (no, we won't
name him) who “modeled” for this shot is

not entirely to blame for the unusual (or is
it?) pose of an amateur talking into a micro-
phone. The camera used happened to be an
ancient Graflex which has a shutter mech-
anism that goes off like a four-bit pistol every
time the release is pressed. Of seven pictures
taken one was a dud and the other six
showed said individual with his eyes tightly
blinked at the noise of the shutter.

Oops, Sorry about Bloops

Is our face red! Last month under the
heading “Keying by Request” this department
went so far as to state that we had not yet
found a really simple way to oscillator key
a conventional v.f. exciter without “bloops.”
Well, it appears that if the v.f. oscillator
is of the e.c.o. type and a good one (a la
Perrine, for instance), all you have to do is
stick the key in the screen of the oscillator.
All very simple, but one of the things we
hadn’t heard about or got around to trying
yet at the time of writing last month’s squib.

Incidentally, the Franklin oscillator shown
on page 41 can be keyed satisfactorily. Quite
a nifty device, though we frankly admit it
isn’t as simple as some.

Advertisement

While on the subject of cover pictures, it
might be well to mention that this month’s
cover is not intended as free Chamber of
Commerce advertising extolling the advan-
tages of California sunshine for winter mobile
work. You will pardon us, however, if we
point out that this picture was taken on
November 24, with the thermometer resting
well above the 70-degree mark. Details of
the location and occasion will be found on
page 144,

Frequency Modulation

Never was the “when it rains it pours”
adage more true than when three frequency
modulation articles arrived on the editor’s
desk in a dead heat. Rather than pass these
out installment-style in future issues, the de-
cision was made to publish all three in this
issue as a symposium. The Singer and Har-
rison article is the best non-mathematical
description of the subject that we have yet
seen; it should be read by every amateur.
To complete the picture, the articles by Seiler
and Brooks describe transmitting and receiv-
ing equipment which should enable the ex-
perimentally inclined amateur to do a bit of
dabbling in this new field.

Trends on Ten

If the Santa Barbara police radio system
can be taken as an example, you can rest
assured that George Grening knows whereof

[Continued on Page 169}
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Size considered, this little tube has tre-
mendous power capabilities. In class “B”
audio, a pair of these tubes are capable of
a power output of some 250 watts with
only 1500 volts on the plates. A single 35T
with 2000 volts on the plate will produce
a strong 250 watt carrier in class “C”
telegraphy. Extremely low interelectrode
capacities and a high order of electrical
efficiency make it ideal for use as crystal
oscillator or frequency multiplier.

for its st ze

The long life and sensational perform-
ance records established by Eimac 35T
tubes has yet to be equalled.

35T | BIG for its price 56

All Eimac tubes are unconditionally guar-
anteed against tube failuves which result
from gas released internally.

NEW . . . Eimac 35TG

Designed espacially for useon
ultra high frequencies . . . grid . [
lead taken directly threugh the
bulb, Ratings eaactly the same

as Eimas 38T exzept for the fal. X X ; u B E 5
I-:wing: 9 T
Grid to plate capacity 1.7 mmfds
Erid to filament

capagity . . . . |.¥mmfds

LIST PRECE %5.75 EITEL-McCULLOUGH, INC.

770 San Mateo Ave., San Bruno, California
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POWER SUPPLY

#ERE is a Millen transmitter power supply unit that will be a credit to any shack.
Heavy steel baffle welded in base isolates input line circuits from high voltage
leads. Has insulated safety output terminal, AC input terminal block, tube sockets,
safety rectifier caps, etc. All prewired and punched for THORDARSON CHT trans.
formers. Unit complete except for tubes, filter condensers, bleeder, transformers and
chokes. Panels are standard fine grain black wrinkle finish in 4" steel. Standard
relay rack punchings and sizes. The foundation units are made by the JAMES
MILLEN MFG. CO. and sold by your Parts Distributor. Engineered to use the
following THORDARSON CHT transformers: .
FOUNDATION Unit No. 80201 uses T15C37, - \\&
T15C46 and T11F53 and provides a choice of: N
T-15P13 To deliver 750 or 600 volts at 300 ma \§
or T-15P14 To deliver 1000 or 750 volts at 300 ma
or T-15P15 To deliver 1250 or 1000 volts at 300 ma
or T-15P17 To deliver 1500 or 1250 volts at 300 ma
Foundation Unit No. 80205 uses T15C37, T1 sC46,
T11F53 and T15P19 to deliver 2500 or 2000 volts
at 300 ma.

N R
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¥ S
N

N \

. ELEC. MFG. CO., CHICAGO
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¢ Radiomen aboard the U. 5. S. Eear on her trial rur. From left to right they are
J. A. Daigle, E. L. Lamplugh, Clifford Harvey of the transmitter firm, and W. A. Nylund.

Byrd Antarctic Expedition 111

e Left to right, jerry A. Reece, Elmer L. Lamplugh, [Chief operator at the East Base)
Clay Bailey (chief operator at West Base and Director of Communications for the
entire Expedition), Joseph Daigle, and Howard T. Qdom, all radiomen of the U. 5.

Antarctic Service Expedition. Lamplugh is W1LWD. Photos by WI1BBY.
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BASIC THEORY OF FREQUENCY MODULATION AS APPLIED
TO TRANSMITTERS., RECEIVERS. AND ANTENNA SYSTEMS.

By C. H. SINGER and C. W. HARRISON*

Frequency modulation at the present time
is in an introductory state, but its rapid de-
velopment and pronounced acceptance in
broadcasting warrants every radio experi-
menter’s knowledge of its fundamentals. The
authors wish to state that no partiality to
any particular system will be expressed, but,
to the best of their knowledge, a consideration
of both good and bad points of the various
systems will be pointed out.

The rapid rise in interest of frequency
modulation principles makes this subject
seem new, but in reality experiments were
being conducted with this type of modulation
a few years after the close of the World
War. It was in 1922 that J. R. Carson pub-
lished a paper which shattered all hopes of
obtaining quality along with narrow side-
bands by the frequency modulation principle.*
Carson’s paper did not end all the experi-

*WOR Transmitter, Carteret, New Jersey.

mentation that was being carried on, but in
most laboratories interest was diverted to
other channels which had a more productive
outlook. In 1936 Major E. H. Armstrong
announced and demonstrated “wide-band”
frequency modulation, illustrating its noise
suppression and high fidelity characteristics.
Major Armstrong should receive due recog-
nition for employing wide radio frequency
bands which alone made frequency modula-
tion practical.

A physical picture of frequency modulation
as compared to amplitude modulation is
illustrated in figure 1. Part (e) illustrates
the distortion present over a few cycles.
Assume that a 400-cycle sound wave is trans-
mitted by frequency modulation with the
carrier at 40,000,000 cycles. This is accom-
plished by varying the transmitted frequency
between 40,100,000 cycles and 39,900,000
cycles, 400 times a second. The number of
cycles variation, which is =100 kc. in the

Frequency modulation as a means of high-fidelity transmission is
rapidly coming into its own. A number of high- and medium-power
transmitters are already in service on the east coast and others are
projected for the Chicago area and the west coast. For this reason
RADIO this month presents a symposium on the subject: an extensive
technical article of general coverage, an article discussing demodulator
circuits for receivers, and a short article giving a simple method of
obtaining a frequency modulated signal for experimental u.h.f. tests
with the system.

This, the first of the three articles, should be read by every amateur.
To those to whom frequency modulation has just been a word, this
article will give a general idea of the theory involved, and an under-
standing of the operation of frequency modulated transmitters and
receivers. To the more advanced amateur this article, once read, can
serve as a condensed reference source for information on the general
phases of the subject. The complete bibliography will be of assistance
in obtaining more extensive information on any branch of frequency
modulation.

e J3 o
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comparison between amplitude and fre-
quency modulation.

case illustrated above, is due to the audio
amplitude, and the frequency of the carrier
variation is determined by the applied audio
frequency. This is true when the audio signal
is considered to be a sine wave of constant
amplitude. The illustration may be carried
further to say that, if the audio amplitude
is increased to twice the above assumed level,
the carrier would vary *200 kc. This makes
the carrier vary within the limits of 40,200,000
and 39,800,000 cycles, according to the audio
frequency. If an audio signal of 1000 cycles
were applied at a magnitude sufficient to
cause the *£200-kc. variation, the carrier fre-
quency would vary between 40.2 Mc. and
39.8 Mc. at the rate of 1000 times a second,
or the carrier would continuously change
between 40.2 Mc. to 39.8 Mc. and back again
to 40.2 Mc. in 1/1000 second. The Federal
Communications Commission permits a 100-
kc. variation either side of the carrier fre-
quency. The above example using a variation
of =200 kc. is, therefore, only an illustration
of the fundamental principle of frequency
modulation.

When this system was first investigated.
it was believed that very narrow sidebands
might result, but it was soon discovered that

[RADIO]
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the higher order sidebands become so great
that this would prove impractical. The radio
frequency variation at 5000 cycles was in-
sufficient to reduce the magnitude of the
higher order of sidebands. When narrow-
band variation was used, much distortion
occurred, resulting in wider sidebands. Had
it been conceived at that time that the varia-
tion might have been given 100-kc. limits, as
Major E. H. Armstrong advocates, radio
might present a different story today.
Summarizing the above discussion and neg-
lecting to elaborate on how such modulation
is to be obtained, we may say that frequency
modulation consists of varying the carrier
between two radio frequency limits at an
audio rate. If the variation of carrier is
determined solely by the audio level, and the
rate that the carrier varies between these two
radio frequency limits is the audio frequency,
“pure” frequency modulation is the result.

Advantages of Frequency Modulation

The greatest advantage of frequency modu-
lation is the complete absence of noise.™
Noise may be reduced to the extent of 100
db, depending upon the inherent qualities
used in the transmitter. High fidelity proper-
ties are more easily obtained by frequency
modulation than by amplitude modulation.
The overall frequency response of such trans-
mitters has been known to be flat over 30
cycles to 15,000 cycles. The receiver’s fre-
quency response variation need not be greater
than 2 db between 30 cycles and 15,000 cycles.
It seems that frequency modulation offers a
solution for high fidelity in radio reception,
but to obtain the fine quality available, it is
essential to adhere to good acoustical receiver
equipment.

Another very popular advantage of fre-
quency modulation is prevalent if the power
output is to be increased. To increase the
power output of such a transmitter it is only
necessary to add radio frequency amplifiers.
This makes a simple conversion possible, and
the fact that it is a class C amplifier makes
the efficiency higher. There seems to be no
limit to the number of radio frequency ampli-
fiers that may be added to the same equip-
ment. “Push-pull” class C is used to reduce
the capacity effect at this high frequency.

It might be logically questioned what ad-
vantages frequency modulation has over
amplitude modulation in the ultra-high fre-
quency band. In the ultra-high frequency
spectrum, the static level is very low, and
other disturbances are not as prevalent as
they are at the lower frequencies. It is diffi-
cult to differentiate between the two, but
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such noises as ignition, proximity of nearby
man-made electrical devices, and atmospheric
disturbances create the greater part of the
undesired high-frequency amplitude disturb-
ances in the amplitude modulated receiver.
In frequency modulation it might be said that
something 1s being obtained from nothing,
as, for example, amplitude disturbances are
not heard. This statement is strictly true when
the receiver is working properly.

Noise may occur in the transmitter, where-
upon it would be picked up in the receiver.
If, however, sufficient care is taken at the
transmitter to acquire “quiet tubes,” and, if
the electrical circuits of the transmitter are
properly maintained, noise is cut to a mini-
mum. Frequency modulation noise may also
occur when the noise-to-signal ratio becomes
greater than one. This means that if the
radio frequency noise has a field strength
that exceeds the field strength of the desired
signal, no signal may be heard.

The Masking Effect

This brings out one very interesting feature
of frequency modulation; namely, if two
stations are on the same frequency, and one
has a field strength which is twice that of
the other or greater, only the stronger will
be heard. The weaker signal is entirely sup-
pressed. This characteristic of frequency
modulation may cause considerable difficulty
but continued research may find the solution.
If a 50,000-watt station is on the same fre-
quency as a 1000-watt station at a reasonably
close range, the 50,000-watt signal will prac-
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Figure 2. The Armstrong system of frequency
modulation.
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Figure 3. Vector diagram showing phase

modulation as a result of combining sidebands

which have been shifted 90° with respect to
the carrier, back with the carrier.
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VECTOR REPRESENTATION OF HOW A PHASE SHIFT

1S OBTAINED BY COMBINING SIDEBANDS S AND S’ WITH

THE CRYSTAL OSCILLATOR’S AMPLIFIED VOLTAGE C. THE
SIDE BANDS VARY OUT FROM THE POINT (D) BETWEEN (B) & (€}
AT THE RATE OF THE SIDE BAND FREQUENCY. THE
RESULTANT VARIES FROM (0)(®) THROUGH (0)(C) AND BACK
AGAIN AS DETERMINED BY THE AUDIO SIGNAL

tically nullify the 1000-watt transmitter’s
primary area.

Experiments have been carried out between
two stations to illustrate the above described
properties. If two stations are on the same
frequency a few miles apart, a portable re-
ceiver will receive the stronger signal. Many
recent suggestions as to a practical applica-
tion of this property are being considered
by various organizations. To obtain a signal

signal
free from noise, the relation, > 2,
noise
should be observed. Serious consideration
should be given to this effect of signal
strength.

Phase Modulation

Before considering how this carrier varies
between its two radio frequency limits at an
audio rate, the phenomenon of phase modu-
lation should first be explained. Phase modu-
lation consists of nothing more than varying
the phase of the radio frequency wave. This
type of modulation must invariably be a
type of frequency modulation; that is, to vary
the phase of one cycle is to vary the fre-
quency of that one cycle. Phase modulation
concerns the variation of the phase, but
nothing is said about radio frequency varying
between two given limits. In other words,
the variation of the carrier in frequency
modulation is not only determined by the
audio level but by the frequency of the audio
as well. This alone constitutes the principal
difference between phase modulation and
frequency modulation.

It is emphasized again that “pure” fre-
quency modulation is defined as varying the
carrier hetween two limits at an audio rate,
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modulated transmitter. Design similar to that

Schematic of a 50-watt frequency-

used in G. E. transmitters.

the amount of variation of carrier being pro-
portional only to the audio level in the trans-
mitter. The wvariation between these two
limits is directly proportional to the audio
frequency applied.

The Pre-Attenuator

A phase modulation transmitter is trans-
formed into a “pure” frequency modulation
transmitter by a pre-attenuator. A pre-
attenuator is a simple filter which is inserted
in the audio amplifier to give less gain at
the higher audio frequencies. The loss is
linear with frequency; that is, as the audio
frequency increases, the level of the audio
input to the transmitter decreases. For ex-
ample, if the audio frequency is at a level
of 1 db, and the audio input frequency is
one cycle per second (assume the source of
audio to be a beat frequency oscillator), the
level of 1 db has the proper magnitude to
vary the carrier =100 kc. (assuming the
carrier to be 40 Mc.) from 40.1 Mc. to 39.9
Mc. at the rate of 1 cycle per second. Now
apply a 5000-cycle audio signal in place of
the 1-cycle audio swing. This will increase

the radio frequency variation, and, since in
“pure” frequency modulation the variation is
independent of the amplitude, something must
be done to maintain this variation independent
of the audio frequency.

Figure 1 is again helpful in illustrating
why the pre-attenuator is a necessity. Part
(a) of figure 1 illustrates a 1-cycle audio
signal and a 5000-cycle audio signal. Part
(d) of figure 1 shows how the carrier changes
frequency from 40.1 Mc. to 39.9 Mc. and
back, as the 1-cycle audio is applied. The
variation of radio frequency would also hold
true in figure 1 even if 5000-cycle audio were
applied, the only difference being that the
time of occurrence for the 1-cycle audio is
one second, while the time of the 5000-cycle
audio is 1/5000 of a second. Part (d), then,
effectively has a greater frequency change
if the same change of frequency variation is
required in less time. This makes the radio
frequency variation greater than =100 kc.
It may also be observed in part (d) how the
variation changes (assuming a 40-Mc. car-
rier) from 40.1 Mc. to 39.9 Mc,, etc., at the
rate of the audio frequency applied.”
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A filter (pre-attenuator) is added in the
audio circuit to decrease the audio amplitude
in such a way that the variation will remain
+100 kc. for all audio frequencies. The
present methods of obtaining frequency
modulation increase the transmitter’s radio
frequency variation with increasing audio
frequency, but in each case the level is
brought down by the pre-attenuator. The
variation of radio frequency, therefore, does
not take place between greater radio fre-
quency limits at the higher audio frequencies.

Let us suppose that this increase of varia-
tion of the radio frequency were allowed to
increase with audio frequency. This would
make the sidebands greater than their original
+100-ke. swing for the higher audio fre-
quencies. The increase of sideband frequen-
cies is small, but the receiver is dependent
on the amount of variation of the radio fre-
quency to determine its volume as originally
defined by the term “pure” frequency modu-
lation. Thus, if the sidebands were to increase
for the higher audio frequencies, the volume
would be greater for these higher frequencies.
This effect is undesirable, and the pre-
attenuator is, therefore, needed to decrease
the level to compensate for the change in
amount of the radio frequency variation. It
is possible to leave out the pre-attenuator in
the transmitter and insert it in the receiver,
but this involves a greater expense to the
public.

Attaining Frequency Modulation

From the previous discussion it is noted
that we require some method for varying the
frequency. Any method will be satisfactory
as long as our average carrier frequency re-
mains at the same assigned operating fre-
quency. This is usually obtained by phase

| I—_Y
CARRIER < TRERES™ [ 1o ANt
SOURC AND P.A.
= +8
=
Figure 5. Modulation arrangement similar to

figure 4 but using a different method of in-
troducing the audio.
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Figure 6. The turnstile antenna.

modulation and converted into frequency
modulation by the pre-attenuator.

Major E. H. Armstrong has suggested
many methods of producing frequency modu-
ulation,® but the particular system described
here is his original suggestion in 1936. This
system today is in use at various localities
and produces excellent results. It is interesting
to note in figure 2 that amplitude modulation
is incorporated in this particular system for
producing frequency modulation. Its part is
played by adding another voltage, which con-
tains only the sidebands, in such a manner
that the net effect will be that of shifting
the phase of the carrier.

Figure 3 illustrates the phase shift that
results from the addition of the sideband
voltage at right angles to the carrier voltage.
(C) is the vector representing the carrier
signal, while (S) and (8’) are the sideband
voltages which are added at right angles to
the carrier voltage. The resultants show the
variation of phase angle for instantaneous
values of sidebands applied. At a particular
instant when 6 is at a maximum of 30
degrees, the resultant carrier is represented
by (O) (B). (O) (B) has a greater mag-
nitude than (O) (D), which means that
some amplitude modulation exists in this
method. The amplitude is necessarily cut
off in the receiver, but this is of no con-
sequence.

The maximum angle is determined by a
number of factors, mainly harmonics. It may
be noticed that the value of & could never
exceed 90 degrees, and the angular velocity
of the vector is linear to approximately 25
or 30 degrees.
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Figure 7. Approximate dimensions for
transmission line to feed turnstile antenna
array as suggested by C. H. Brown,

A phase shift of 30 degrees is obtained
at approximately 200 kc., and the frequency
is multiplied to approximately 12 Mc. In-
sufficient phase shift with straight doubling
makes it necessary to add another oscillator
at approximately the 12 Mc. point, giving
a difference in frequency of approximately

.5 Mc. Then again the signal is tripled,
until  the required carrier frequency s
obtained.

From the circuit as shown in figure 2 a
voltage from the crystal oscillator s fed to
the grids of a push-pull radio frequency
amplifier called a balanced modulator. In
the two push-pull tubes, the control grids
are paralleled and connected to the side of
the crystal oscillator tank coil. Both tubes
draw plate current at the same time in oppo-
site directions, thus eliminating the carrier.

The audio is fed in a true push-pull fashion
to the suppressor grids of this same push-
pull stage. When the audio signal impresses
a positive voltage on one gnd, it is cor-
respondingly impressing a minus voltage on
the other, thus unbalancing the system to
produce only the sidebands. The sidebands
are amplified and combined with the original
carrier signal after the first amplifier tube
circuit. In this manner it is possible to shift
the phase the required 30 degrees.

Various precautions are necessarily ob-
served when using this method to obtain
frequency modulation. The first crystal oscil-
lator must maintain its frequency within a
few cycles because of the great amount of
frequency multiplication. Any variation of
phase over 1 cycle, even so little as one-

JANUARY

fourth cycle, causes the noise level to rise.
The second crystal oscillator gives a beat
frequency of a much lower frequency. but
many other frequencies are obtained and
these make filtering necessary. Transmitters
of this type require shock-proof crystal
mountings and shielded filters. The authors
have attended a number of demonstrations,
and in every instance excellent quality and
low noise level were self-evident.

Reactance-Tube Phase Modulation

From time to time Murray G. Crosby has
suggested many circuits for producing phase
modulation.”  Various developments have
heen made from Crosby's original sugges-
tions. In the General Electric System, one of
his circuits laid the foundation for what has
proved a successful system of frequency
modulation.  Figure 4 illustrates one concep-
tion of how this particular system operates.
The fundamental oscillator is self-excited, and
is made to vary its frequency by effectively
adding reactance to the oscillator through the
reactance tube. The reactance tube is so
named because it adds this reactance to the
tuned oscillator. This produces an etfective
change in frequency. In this way the reac-
tance may add or subtract in accordance with
the manner in which the reactance tube is
made to act.

The output of the modulated oscillator
enters two doublers and is amplified to the
desired power. A small voltage is taken from
the output amplifier and fed to the converter
tube. This voltage is in turn beat against

1158 WATTS
500 FT.
w
10 M1,

2.89 WATTS

100 FT,
20 BV
™M
10 MI.

H.SGTWATTS T
50 FT. 20
10 ML, ™M

72.25 WATTS
20 FT. Hj 20
10 M1, M

Figure 8. Power required to produce a given
signal at the receiving location for different
antenna heights,

www.americanradiohistorv.com


www.americanradiohistory.com

1940

a crystal oscillator to give a difference fre-
quency of 1500 kc. This signal is again
amplified and fed to the discriminator tube.

The discriminator tube is a type of diode
rectifier which rectifies the voltage. The slope
filter (see receiver section) which supplies
the diodes with voltage proportional to the
frequency, furnishes bias to the reactance tube.
The reactance tube maintains the oscillator
frequency. Any change of the average fre-
quency of this oscillator will in turn supply
a reactance which tends to counteract the
original change in the frequency. The stability
of difference frequency is maintained by a
crystal oscillator. Figure 4 shows that this
control circuit is rather slow-acting, but it
will compensate for any average output fre-
quency change. When the average frequency
is at 40 Mc, the discriminator feeds the
correct amount of bias to the reactance tube.
Should the average frequency tend to change,
the beat frequency would differ from 1500
kc. resulting 1n more or less bias being added
to the reactance tube as determined by the
slope filter. This would in turn add or sub-
tract reactance to bring the average frequency
back to 40 Mc. Slope circuits have a few
bad inherent qualities. For example, should
anything happen to any tube in the control
circuit, the average frequency would be
thrown to its maximum change as allowed
by the reactance tube. Under proper care and
operation this disadvantage is easily overcome.

The same holds true in using a reactance
tube to induce reactance in a crystal oscillator.
The phase of a crystal oscillator may be
varied a few degrees, but then doubling pre-
sents a problem because of the additional
stages to gain a necessary phase shift. Figure
5 gives another method recently suggested by
Crosby which is used to obtain phase modu-
lation. This method seems more applicable
to portable equipment.”

At the present time frequency modulation
is in an introductory period, and various ex-
periments are being carried out. Such design
features as (1) tubes that may be operated
below their normal rating, requiring less care
and encouraging longer life; (2) fewer num-
ber of tubes; (3) average frequency depend-
ing only upon a crystal; (4) a transmitter
which is capable of being fully modulated
at any audio frequency; and (S) constant
frequency for wide fluctuations of line volt-
age, are among the considerations of future
development of frequency modulation trans-
mitters,

Antennas for Frequency Modulation
Antenna design at ultra-high frequencies
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Figure 9.

presents various possibilities. Sky-wave trans-
mission is usually undesirable at these ultra-
high frequencies because of the limited
amount that returns to the earth. Hence,
this discussion will deal only with low angle
radiation.  Directive arrays or non-directive
antennas are not hindered by the wide radio
frequency range which frequency modulation
necessitates.

The “turnstile” antenna may be ideally
adapted to broadcast on frequencies below
10 meters.” Figure 6 illustrates a 7-paired
element turnstile antenna.  This antenna
economizes power by concentrating its energy
in the horizontal plane, thus reducing the
possible sky-wave radiation losses. To illus-
trate how this concentration is obtained, Table
I gives approximately the relative power gain
for various pairs of elements over a single
vertical half-wave antenna.

By using the “turnstile” with six pairs of
elements, a power gain of approximately 4.25
may be effected in the horizontal plane.” The
feeders may be of the usual two-wire feed.
but care must be taken to feed the one an-
tenna 90 degrees out of phase with respect to
the other. Figure 7 suggests a method. The
two-wire transmission line will have tie usual
characteristic impedance of 500 ohms. The
lengths given in figure 7 may be increased
any additional number of half wavelengths
required.

Should it be desirable to make the field pat-
tern oblong rather than circular, the only
necessary change in the antenna setup is to

. ) TABLEY
Pairs of Elements Approximate Power Gain

1.25
2.00
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feed one antenna more current than is fed to
the other antenna.

Figure 8 illustrates the effect that height
has upon the field strength. For purposes of
calculation, the following formula will ap-
proximate the field strength from the output
of a single radiator.®

.01052vP.H.A.F

I

d2
Power Radiated in Watts
Height of Transmitter Antenna in Feet
Height of Receiver Antenna in Feet
Frequency in Mc.
= Distance in Miles
— Microvolts per Meter
The distance that can possibly be covered
may be calculated from:

mOm>ITw o

S = 1.63 (VT + VR)

T = Transmitter Height in Feet
R = Receiver Height in Feet

S = Miles Possible

The latter formula is the optical distance and
is the maximum practical distance obtainable
for all wultra-high frequencies. The field
strength possible may then be calculated by
the first formula. The effective power radi-
ated is proportional to the square of the
altitude of the antenna. Thus, the greater
the antenna height, the less power required.
If a turnstile antenna is used, a greater effec-
tive power can be obtained. It may be noted
that horizontal polarization of the antenna
is preferable.

RECEIVER CONSIDERATIONS AS APPLIED
TO FREQUENCY MODULATION

The frequency modulated receiver compares
favorably with the standard broadcast re-
ceiver. The received signal will have some
amplitude properties, but the desired signal
is to be interpreted only through its frequency
variation. It is independent of the amplitude
of the incoming carrier. To receive a 40-Mc.
signal, the signal is first amplified and then
converted into an intermediate frequency by
the first detector, just as it would be in any
receiver. The intermediate frequency is then
amplified in a normal fashion, but at the
point where it usually enters the second de-
tector, its amplitude is trimmed down by the
limiter.™

The limiting stage is commonly called the
current limiter amplifier. The tube is regu-
lated so that it will begin to limit at 3 volts
peak and is completely levelled off at 5 volts.
The tube, as operated, is a grid-controlled
cathode rectifier and develops a negative bias
voltage to ground on a resistor in the grid

circuit. This results in a decreased gain of
the stage for increasing amplitudes. The
greater the amplitude, the greater the negative
bias applied, thus resulting in a constant
output amplitude. Any amplitude noise is
cut off by the action of this limiter. In par-
ticular instances where the field strength is
too weak to operate this limiter, noise may
be very noticeable. The trimming action of
the limiter cuts deep into the amplitude of
the carrier to insure proper action at all times.
Although the limiter distorts the amplitude to
a great extent, the frequency is not varied.
Since the ‘“intelligence” is being carried
through by frequency changes, no harm is
done by the limiter.

After it passes through the limiter, the
signal has a constant amplitude. It enters the
slope filter to be converted into amplitude
and audio frequency. The slope filter has
two functions to perform: (1) to convert
the amount of transmitter radio frequency
deviation into audio amplitude, and (2) to
convert the radio frequency wvariation of
=100 kc. into a given amplitude, the rate
of change of variation being automatically
converted into audio frequency.

The entire action of the slope filter depends
on the inherent action of the intermediate
frequency transformer. The magnitude ot
voltage, as taken from the intermediate fre-
quency transformer, determines the receiver’s
audio level and is proportional to the im-
pedance of the transformer. The impedance
of the intermediate frequency transformer is
a function of frequency, and, since it was
previously stated that the audio level was
proportional to impedance, by the simple
action of an intermediate transformer alone,
the audio level is a function of frequency.

Figure 9 illustrates how the action of this
transformer transfers the frequency variation
into amplitude variations. A portion of this
characteristic permits the amplitude to be a
linear function of the amount of radio fre-
quency variation. This portion is represented
between points (a) and (b). It may be seen
that the impedance of an intermediate fre-
quency transformer rises as the frequency
approaches the resonant frequency until a
maximum occurs, and then the impedance
decreases as the frequency passes on by the

-resonant frequency. The sides of this char-

acteristic are reasonably straight up to the
resonant point, (c), sloping down again to
make the curve symmetrical. The sides are
appreciably straight and will give a decreased
gain for increasing frequency, provided only
that part of the curve illustrated by (a)-(b)
is used.

[Continued on Page 163}
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Amateur radio will once again play an im-
portant part in the communications plan of
the U. S. Antarctic Expedition, now being
led into the icy wastes of Antarctica by
America’s renowned explorer-scientist, Admir-
al Richard E. Byrd.

From Boston, in mid-November, sailed the
two ships of the expedition, the North Star
and the Bear of Oakland, carrying supplies
and equipment sufficient to last the crew of
approximately sixty men something like two
years.

The North Star carries the main party,
headed by Admiral R. E. Byrd, which is to
be based at what will be known as the West
Base, located at approximately the same spot
as “Little America,” on the Ice Shelf of the
Ross Sea, south of New Zealand. Also
aboard the North Star is the famous snow
cruiser, Penguin I, which is expected to be of
great value to the expedition in aiding the
exploration of many parts of the vast 2600-
mile icy wilderness which stretches between
the West Base and the East Base.

On board the ship Bear of Oakland are
men, equipment and supplies for the East
Base, which will be established at a point on
the Antarctic continent at the base of the
South Atlantic Ocean, south of Argentina
and the Falkland Islands.

This expedition differs from previous ones
in Antarctica in that it is mostly government-
financed and is under the joint jurisdiction of
the Department of the Interior and the Navy
Department of the United States.

Whereas regular news dispatches and simi-
lar traffic were handled entirely by commer-
cial communication systems for the last Byrd
Expedition, the present expedition will utilize
regular Navy communication channels for of-
fictal dispatches; press will be handled by
commercial communication companies, and
unofficial traffic will be sent through ama-
teur contacts, both U. S. and international.

All operators on the expedition are under-
stood to be class A amateur operators, and
all were drawn from the Navy.

Approximately 22 men will be based at
each of the two main bases West and Fast,
and the balance will be used to man the snow-
cruiser, and outposts,

Amateur call letters assigned to the bases
are: KC4USA for the West Base, KC4USB
for the East Base, and KC4USC for the snow-
cruiser. Clay W. Bailey is Chief Radioman
for the expedition, and is a veteran in the
work, having been in charge of communica-
tion on Admiral Byrd’s last venture into Ant-
arctica. He will be at the West Base, and
while not an amateur himself, will have some
amateur operators with him and is intensely
interested in determining how effective ama-
teur communication can be. At the East
Base is Elmer L. Lamplugh, WI1LWD, ex-
W6CTV, who will be in charge of communi-
cations from that base.

Personnel for the snow-cruiser is not known
at this writing but will most certainly include
amateurs as it is definitely scheduled to main-
tain contact with amateurs direct. It carries
a 125-watt Harvey transmitter, supplemented
by a 30-watt rig and one or more portable
transmitters of about 12 watts power. All
but the latter will be equipped for phone
as well as c.w. transmission, the “trail sets”
being c.w. only.

Transmitters at the main bases will include
a 500-watt phone c.w. unit, a 125-watt phone-
c.w. rig, a 30-watt phone-c.w. transmitter, and
one or more portable “trail sets” of 12 wats
power.

It is not anticipated that any of these trans-
mitters will be actually on the air until some-
time in February. Much work is necessary
beforehand in the setting up of the longwire
beams and harmonic operated antennas.

At the East Base will be 15,900 feet of wire
in various arrays, such as “V” beams, rhom-
bics and long-wire antennas. All antennas
were designed by E. L. Lamplugh and are
intended to throw intensive signals into the
United States on both coasts.

It is interesting to note that these antennas
can be laid down on the snow and operated
with very high efficiency, due to the fact that
the snow is not usually very moist and its sur-
face is a good many feet off of the actual
ground. In fact, the tractor parties and sleds
will trail their antennas in making contacts
with the main bases. The tractor parties and
outposts will have transmitters of 30 watts
power and 12 watts power, but will not use
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them for “outside” contacts, being intended
for interbase communication only.

Power plants at both bases are to be Diesel
engined generators, and a three-kilowatt Diesel
driven generator is included in the snow-
cruiser as well as auxiliary battery banks, and
a rotary converter.

One of the 500-watt push-pull 813 transmit-
ters to be used as the main cammunications
unit both at the East and West Base.

Frequencies of operation on the amateur
channels will vary, as all transmitters are ca-
pable of “v.f.” operation, but regular Ameri-
can amateur regulations will prevail, requiring
the use of A-3 emission only in the sections of
the various ham bands allotted for that pur-
pose, and c.w. in the regular A-1 sections.
Most operation is anticipated in the frequency
range from 7 to 30 megacycles. Twenty-meter
phone will be heard from KC4USA on 14,150
kc., according to present plans. Schedules
have been made in advance with W6KW on
the California coast. Other schedules will be
made as desired, and as found feasible.

Further information on the expedition
schedules will be forthcoming as soon as
available.

Shortwave broadcasts are to be handled by
RCA Communications System from both East
and West Bases, and will be heard over the
usual networks, such as NBC, CBS and
MBS. Commercial call letters assigned to
the West Base are KRTK and to the East
Base, KRTC, these calls being used for the
shortwave broadcasts and for commercial
traffic, such as press.

Radiophoto equipment for the first time
will be included in the expedition, using the
facilities of World-Wide Pictures, Inc. An-
other unusual feature of the expedition is that
automatic transmitting and recording ma-
chines for tape operation will be in use.

QSL cards, showing a map of Antarctica
and the locations of the West and East
Bases, as well as the probable location of the
snow-cruiser, have already been prepared, but
plans as to their distribution to stations con-
tacted have not yet been worked out.

Tests have been made on the transmitters
to be used, these tests having been made in
the vicinity of Boston, Mass. And as Elmer
Lamplugh put it, “Putting up a beam in a
blizzard is no joke, but thank God, when we
get to the South Pole we will have no next
door neighbors to squawk about key clicks
or unsightly antenna wires running across
their beautiful vacant lots!”

“Signs of the Times”

Union Telefonica in Argentina has placed
on the market an attachment for dial tele-
phones which allows a person automatically
to dial any one of a large selection of com-
monly used numbers merely by setting a
pointer to the name of the desired firm or
party and pressing a small handle. When
the handle is released the attachment auto-
matically dials the desired number.
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A transmitter giving an output of over 150 watts with cathode
modulation or 400 watts on c.w. The quality on phone ap-
proaches that obtainable with high quality plate modulation

The revolutionary new method of cathode
modulation as described by Mr. Frank C.
Jones in the October issue of Rapio will
have far-reaching effects upon those amateurs
who have long desired to operate on phone
and who, because of lean pocketbooks or
other circumstances, have hesitated to invest
in the equipment necessary for plate modu-
lation. Any system of modulation wherein
the audio power required for full modulation
of the final stage is only 1/10th that of the
class C input becomes extremely attractive
from an economical standpoint, providing of
course that voice quality is satisfactory.
Cathode modulation is a method which com-
bines the advantages of plate modulation
with the advantages of grid modulation, and
under correct operating conditions will give

*3815 34th St., Astoria, L. I, N. Y.
**Chief Engineer, Kenyon Transformer Co., Inc.

voice quality that closely approaches that
obtainable with plate modulation.

Design Considerations

In this particular instance the design is
simple and straightforward. It resembles a
well designed c.w. transmitter except for the
insertion of a suitable transformer in the
filament center tap of the final stage. The
bias supply for the final amplifier may be
taken either from a grid leak, battery, or
bias pack. It is mos extremely important that
the bias pack have excellent voltage regula-
tion so long as the bias (with normal grid
current flowing) is somewhere near the speci-
fied value of 360 volts. Any value between
350 and 450 volts will be satisfactory. If
a grid leak is used for bias, it should have
a value of 30,000 ohms and a wattage rating
of 10 watts. Just connect it from the bias
terminal to ground (not to filament center
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Wiring diagram of the exciter chassis.
C1—100-pptd. Ci1—.001-ufd. 5000- “micrometer’” type L, L., L, Li—Moanu-
midget variable volt mica R—75,000 ohms, 1 factured coils for
C:, Cy ~—= 50-ppfd. Ci»—.001-ufd. 1000- watt band in use
midget variable volt mica R:—20,000 ohms, 25 Mi—0-100 milliam-
Cix — 50-pufd. per C1:—.00005-pufd. watts meter
section, .084" spac- 1000-volt mica RFC—2V45-mh.,, 150- M:—0-150 milliam-
ing Ci. Cis ~— .001-pufd. ma. r.f. choke meter
C., €y, Ci, €. Cy, Cin 1000-volt mica RFC:—8 mh.,, 125- M;—0-200 milliam-
—.002-ufd. mica CN—2-12-pputd. ma. r.f. choke meter

tap). Cs provides the necessary a.f. by-pass
for the grid leak. If grid leak bias is used,
care must be taken to prevent loss of excita-
tion, as the tubes may be damaged by the
excessive plate current and dissipation.

In this transmitter a 5000-ohm bleeder
across the bias supply is tapped to deliver
the correct grid bias to the 75T's. The adjust-
able tap on the bleeder provides the necessary
flexibility of adjustment. A choke by-passed
on both sides with an 8-ufd. condenser pro-
vides a well filtered supply.

Some trouble was experienced when an
r.f. choke in the grid lead of the 75T'’s ac-
quired a nasty habit of allowing the circuit to
start off all by itself in a low frequency
parasitic. This caused the plate meter of the
final amplifier to run off scale and the tank
condenser to arc across. Even after the ex-
citation was removed and shorting stubs were
plugged into the jacks that normally waould
hald the inductances, the choke would still
continue to oscillate.  The final circuit as
illustrated omits the choke in question. o
other difficulties were experienced in sett.ng
up and adjusting the transmitter. All stages
neutralized perfectly when a shield was placed
over the 807.

Adjustments

The transmitter 1s simple to adjust. It is
only necessary to set the grid bias to the

correct value and vary the amount of ex-
citation furnished to the final stage until 100
per cent modulation is reached. In this in-
stance a ’scope is a very handy accessory.
Overmodulation is reached almost as quickly
as 100 per cent modulation; so it will be
necessary to have some sort of device which
will indicate when 100 per cent modulation
peaks are reached. In every instance a simple
diode type monitor should be used to check
the quality. This particular transmitter was
set up with the aid of a five-inch “scope and
it was found that the amount of excitation
furnished the final stage was quite critical
it a perfect trapezoid is to be obtained. The
amount of excitation which may be run de-
pends upon the amount of loading (antenna
coupling). The tighter the loading, the more
excitation may be run and the greater the
plate dissipation. When correctly adjusted,
with the 75T’s running at maximum rated
dissipation, the plate current will be around
200 ma.

Cathode modulation permits a theoretical
operating  ethciency ranging Dbetween S0
and 60 per cent under “paper conditions.”
The efficiency depends a lot on the ratio of
plate modulation to grid modulation. Upon
measuring the actual overall plate efficiency
(actual output in a dummy load) it came
out 49 per cent under operating conditions.

The cathode impedance was not critical
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The exciter chassis of the cathode modulated transmitter. A fixed link is used on the plate
coil of the 35T stage; excitation to the final amplifier is adjusted by varying the coupling to
the grid coil of the final by means of the swinging link on the grid coil. The knob and shaft
showing above the transformer at the right end of the chassis controls the condenser across

the cathode coil of the tritet crystal oscillator.

The grid bias pack with jts associated bleeder-

divider resistor (behind the shield on the left rear of the chassis) is also mounted upon this
chassis.

but there is an optimum point around 800
ohms. Grid excitation is set at some inter-
mediate point between that which is correct
for grid modulation and for plate modulation
(about 12 ma. grid current).

Remote Control

In the transmitter herein described it will
be noticed that there is a separate control
unit having a green pilot with switch for
all filaments and bias supply, and a red pilot
with switch for plate supply. These switches
are connected in a manner which makes it
impossible to turn the plate switch on until
the filaments have been lighted. A gain con-
trol is mounted on the lower center of the
panel while a jack in the back provides for
microphone input.

The a.c. line supplying the transmitter is
brought directly into the control unit and
placed at the opposite end of the high level

stage thereby minimizing any a.c. pickup. A
six-foot cable carrying 12 wires plugs into
the transmitter proper. This cable may be
of any reasonable length. The cable carries
plate supply for the speech equipment, modu-
lation for the final stage, a.c. for the trans-
mitter proper, a ground connection and
filament power for the speeck amplifier. The
entire unit is housed in a sloping-front
cabinet.

The r.f. units and power supply are housed
in an upright open rack as will be seen from
the accompanying photographs. It might be
suggested that this rack be mounted on small
rollers in order that the entire unit may be
swung around for convenience of operation
and adjustments, or, in case of necessity, for
repair.

Power Supply

The lower deck carries all the power sup-

plies with the exception of the bias, which
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The cathode modulated push-pull 75T final amplifier.

Note the swinging link used for vary-

ing the coupling to the grid coil and hence the excitation to the amplifier.

is placed on the exciter deck. Two six-prong
sockets will be noticed on the left side of
the chassis which are for the control cable
to plug into as it comes from the control
box housing the speech amplifier. The other
socket on the right side carries all power
leads up to the exciter deck and from there
on up to the final deck. It will be noticed
that all high voltage leads are brought out
through the chassis on insulated feed-through
bushings or “buttons.”

Underneath the power supply deck are two
filament transformers, one for the 866 rec-
tifier tubes and one for the two 80's which
furnish power to the crystal oscillator, 807
and speech. Also underneath are two 2-ufd.
condensers which are connected in parallel
and used as filters in the high voltage plate
supply. A single 4-,fd. unit would do as well.

On the top side of the power supply sec-
tion will be seen a plate transformer for the
driver and final stages; choke for same; a
power transformer and two chokes for oscil-
lator, doubler, and speech; a pair of 80’s and
a pair of 866’s. On the back bracket of the

power supply deck there are two filter con-
densers, a bleeder for the low power stage
and a suitable fuse.

Exciter and Final

The second deck carries the r.f. equipment
which is as follows: 6L6 oscillator; 807 or
RK39 doubler; 35T driver; bias supply with
choke and suitable bleeder resistor. The filter
condensers are fastened to the back of the
chassis on the outer side. The final deck
carries a filament transformer for the 75T's,
and the rest of the conventional gear. There
is nothing new or startling in the construction
of the final amplifier. It is of the conventional
type, cross-neutralized, and excited from the
previous stage by link coupling which is
adjustable.

Construction

A few words about some of the features
of construction might well be in order. As
will be noticed from the accompanying circuit
diagram, the rotors of the oscillator and
doubler condensers are at ground potential.
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EXCITER

—380 V.

—H.V. +BIAS

+1750 v.

Schematic of the cathode modulated
75T amplifier.

Ci, Ci1 — 50-ppfd. crometer” type
per section, .084” Ls, Le——Manufactured
spacing coils for band in

Cis—.002-pfd. mica ‘use
(paralleled with 2. RFC—214; mh., 500-
ufd. 600-volt paper ma. r.f. choke
for gridleak bias) Mi—0-100 milliam-

Ciny Co0—.001.-pfd. meter
mica M;—0-500 milliam-
CN—2-12 ppfd. “mi- meter

This method greatly facilitates mounting the
condensers. It will be noticed that the control
for the cathode circuit of the oscillator is
projected through the chassis with a knob
at the top so that it is convenient for adjust-
ment. Inasmuch as it seldom has to be
changed, it was not brought out through the
front panel. When operating straight through
the crystal oscillator cathode coil is shorted
out. On the front panel the controls reading
left to right are as follows: (Exciter deck)
oscillator plate tuning condenser, 807 plate

29

tuning condenser, 35T plate tuning condenser.
(Final deck) 75T plate tuning condenser,
75T grid condenser.

An adjustable “swinging” link couples the
output of the 35T to the grid of the 75T's.
This swinging link is very important, for
by this method grid current may be adjusted
to an optimum value.

It will be noticed also that the bleeder
resistor on the exciter deck is mounted in
a convenient position, so that grid bias on
the 75T stages may be adjusted with a mini-
mum amount of effort. Once it has been
set there is no need of further adjustment.
It will also be noticed from the circuit dia-
gram that the condenser in the plate circuit
of the final stage has B plus connected right
to the rotor. Be sure that the bushing or
flexible coupler which connects the shaft of
the condenser to the panel bearing is a good
one and can withstand a 5000-volt flash-over
test.

A common bus-bar is run through center
of each chassis before wiring begins and to
this common bus all ground returns are
securely fastened. The chassis are thus con-
nected from a single point to the six-wire
cable in the back.

Antenna Loading

Antenna loading in this system of modula-
tion is quite important. For maximum output
the antenna coupling is increased to a point
where the tubes are operating at their normal
plate dissipation when the excitation is
adjusted to the optimum value for best modu-
lation. Too little antenna loading causes
downward modulation unless the excitation is
reduced to a low value, and will be so indi-

Bottom view of the
power supply deck.
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T 866
Sa2 Py RE| > T
866 N J_
A T2 C2s R3
CH,
l +1750 TO 35T, 75T'S
Ty 523
I
523
+300 V. TO SPEECH AMP.
A TUBES AND MOD. SCREENS
’—f +400 V. TO 6L6, 807,
AND MOD. PLATES
E]t- 6.3 V. TO SPEECH AMP. HEATERS
Ts
1 E"- 6.3 V. TO 6L6 OSC. AND 807 DOUBLER HEATERS (X)
Elh 5 V. TO 35T FILAMENT (v)
__A Te
§| s 5.V. 13A, TO o T ouTeur
75T FILAMENT OF Tg
If— _T_; T 7 T BUILT ON R.F. EXCITER CHASSIS |
Sy : Rs :
o) —1 1 CHa —360 V. TO 75T
110 V. - |
AcC. (%)Pz I Cza  |Ca2s ;‘_I—O —210V. TO 35T
_ GREEN ! 80 ;’4—()' —90 V. TO 807
] <
] b !
i = |
L L - -
The power supply chassis.
Cu—2-ufd. 2500- R—20,000 ohms, 100 T:—1150 v. ct., 250 CH: CH:—10 h., 250
voit oil filled watts ma. ma.
! R:—5000 ohms, 100 Ti T:—63 v, 3 a; CH:—30 h., 90 ma.
Cz2, Cx—8-pfd, 400- watts ! q5 v.. 4 a $i, S:——S.p.s.t. heavy-
volt paper o . duty toggle
T ~—3520 v. c.t., 450 Te—5.25 v, 12 a. "
C2, Cx—8-ufd. 450- switches
\'rolf electrolytic ma. T:—700 v. ct., 75 P—Red 115-volt pi-
T:—2.5 v, 10 a.; ma.; S v, 2a.;63 lot light
R3—100,000 ohms, 5000-voii insula- v, 3 a. pP.—Green 115-volt
. 200 watts tion CH\—10 h., 400 ma. pilot light

cated by an indicator bulb or lamp becoming
dimmer instead of brighter when modulation
is applied.

Modulator Coupling
Of prime requisite in cathode modulation
is the necessity of connecting between cathode
and ground in the class C stage a modulation
transformer having the correct impedance in
both primary and secondary winding. In
every instance the bias supply (whether C

pack or grid leak) must be by-passed for
audio frequency by a suitable condenser.
The critical amateur who wishes to obtain
the most efficient operation consistent with
good quality modulation will need an oscil-
loscope and an audio oscillator for making
exact adjustments. However, they may be
made fairly accurately in the usual manner
utilizing a monitor and an overmodulation
indicator as previously described. The quality
thus obtained is better than that of most
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The lower deck of the

transmitter containing the

two plate power supplies
for the transmitter.

grid modulated phones and as good as that
of many plate modulated transmitters.

The transmitter has been tried over a period
of several weeks and reports from other sta-
tions would indicate that it is very ditficult
to tell the difference between cathode modu-
lation and plate modulation as far as the
human ear 1s concerned. Certainly one out-
standing fact seems to be apparent and that
is that from the economical standpoint
cathode modulation deserves serious con-
sideration.

C. W. Operation

If a transmitter of this type were analyzed

from a cost-vs.-power output basis upon the

standpoint that it was to be used only as
phone transmitter, it would be found that
the cost in dollars per watt would be no less
than it would be if a plate-modulated trans-
mitter using smaller tubes were employed.
However, the big advantage of a rig of this
type is that it also can be used on c.w. with a
rather healthy input to the final,

In this particular case, with full excitation
to the final and proper loading, an input up
to about 600 watts can easily be handled by
the 75T's. An input of this magnitude
would be wvirtually impossible using the
smaller type tube that would be employed
for plate modulation of an input of 200 watts.

The complete speech
amplifier-modulator

for the cathode
modulated 75T trans-
mitter.
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Coo—.0%-ufd. 400 -
volt tubular

Cx, Css—10-ufd. 25-
voit electrolytic
Csi—.25-ufd, 400 -

tubular
Cs, Cso—4-pufd. 450-
volt electrolytic
Cn—.001-pufd. 1000-
volt mica

Cz1, Cos — .25-ufd.
400-volt tubular
Cer—25-ufd. 25-volt

electrolytic
Ca, Ci—8-ufd. 450-
volt electrolytic

6L.6's
Ts TO C.T. OF Tg
|
e
-
Ca7
j |
?RwLIEIsz Rie
Ris Ryy C M'JT-|
AR AN
+300V.§ +400 V. =-H.V.

Schematic of the speech amplifier modulator.

Re—2-megohm po -
tentiometer
R:1—500,000 ohms, 1

ohms, 1 watt
R1+—100,000-0hm
potentiometer

watt R1:~—100,000 ohms, 1
Rs, Re — 100,000 watt

ohms, 15 watt R1e—200 ohms, 10
Rie, Ri1=—3000 ohms, watts

1 watt Rir, Rs — 10,000

Riz, Ris — 50,000 ohms 2 watts

Keying
Keying can be accomplished by any of the
conventional methods, either in the final or in
any of the preceding stages since power sup-
ply bias is used on all stages. Probably the
most satisfactory method would be primary
keying of the plate transformer to the final

and buffer stages. For cleanest keying it
would be best to remove the second 2-ufd.
2500-volt filter condenser across the final
power supply. The condenser could be re-
connected by means of a switch when phone
operation was again desired.

See Buyer's Guide, page 192 for parts list.

The Good Old Days

By PAUL V. TRICE, W8BQHS

Of all the hams I've ever met,

I still am looking for one yet

Who doesn’t always heave a sigh

When someone mentions “days gone by.”

“Why I remember ten years back,”

Someone will say, just reminiscing;

And then proceed to tell us of

The swell things that we’ve all been missing.

How back in nineteen twenty-eight
With just an “old two ten”

He worked most everything he heard
And didn’t think much of it then.

And now he raves and tears his hair
Because with one full kilowatt,

He doesn’t work all that dx )
He really thinks that he should ought.

He moans about the long “CQ’s”
The crowded bands, the so-called lid;
I sometimes wonder if he thinks
Way back, when he was just a kid.

I wish I had a record of

His peanut-whistle “way back when”
So I could play it back for him

To show him how he sounded then.

I really like to hear old hams,
Describe the days of long ago;
But I cannot quite figure out

Why in this day they feel so low.

I suppose it’s human nature

And not mine to question why

They groan about the present

When they talk of “days gone by.”
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and the W[

WILSON,* WIDEI

By combining an understanding of the mechanics of refraction

of ultra-high-frequency waves in the lower atmosphere with

a knowledge of meteorology, one can determine in advance the

probability of ground-wave or semi-dx. The accuracy of such

predictions is a direct function of the completeness of avail-
able weather data.

The following is an outcome of several
years’ study of the phenomena of ground.
wave semi-dx. Although the conclusions are
true specifically for the northeast corner of
the United States, the general conditions neces-
sary for bending to take place and the ap-
proach to the problem of prediction would
seem to be basic. Although the mechanics of
bending of u.h.f. radiation in the lower at-
mosphere were carefully shown by Ross Hull
a number of years ago' few operators seem
to have a clear concept of the phenomena, and
thus are unable to realize the advantage such
information offers.

Mechanics of Bending

As most people know, electromagnetic
waves are bent farther from the normal when-
ever the radiation enters a rarer medium
obliquely. In the case of u.h.f. bending, the
medium, of course, is air, and the question
arises as to just how air alone could cause our
signals to be refracted. We know that the
air density becomes less with altitude, and it
might seem that this would bend our signals.
Perhaps it does very slightly, but the amount
of bending is not as great as the curvature
of the earth, and is thus of no value to us.

What does bend our signals a useful
amount is the stratification of different types
of air masses. When a relatively warm moist
air mass touches a cooler mass, the resulting
meeting plane acts to u.h.f. waves as different
media, and the waves are bent probably by
the same mechanics as light refractions. Re-
fraction due to a temperature gradient js
nothing new to us, since probably all have

*131 Bacon St., Natick, Mass.
'Ross Hull, “Air Mass Bending of U.H.F.
Waves,” QST, June, 1935, p. 13.

noticed the effect with light waves. The clas-
sical example is the mirage of the mudpuddle
in the street on a very hot day, the extremely
hot surface of the street maintaining a very
steep gradient a few inches in height. In the
case of u.h.f. bending the gradient is tipped
upside down in order that the bending be
downward and thus of use to us, and conse-
quently this phenomenon might be visualized
as the “inverted radio mirage.” It is much
like the case of seeing the setting sun due to
refraction after it is actually beyond the
horizon.

With an idea of what could cause the
bending of u.h.f. waves in the atmosphere,
one needs to know about what the atmos-
phere is like and in what part this bending
takes place. Atmosphere is too broad a term
to denote much meaning, and more precise
definition of what part of space this discus-
sion covers is necessary.

The Layers of the Atmosphere

As we know, the characteristic layers sur-
rounding the earth are called troposphere,
stratosphere, and ionosphere, in that order.
The ionosphere is familiar to every radio ama-
teur. The troposphere is the nearest to the
earth of all the shells and extends upward
from the earth to about an average of eight
or nine miles. The stratosphere thus fills in
between the others. The troposphere contains
practically all the air as we ordinarily think
of it, and the outside surface of this sphere
(tropopause) represents the area ot practically
zero pressure and lowest temperature. All
the weather with its storms, clouds, different
air masses, etc., is contained within this near-
est shell or troposphere and it is this space
which is of interest to us when considering
this type of refraction. Ross Hull showed that
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Figure 1. An illustration of the type of air-
mass movement which can cause an inversion
which will be favorable to u.h.f. bending

signal strength over a long indirect path fol-
lows the existing lapse rate anywhere in the
region of 300 to 2500 meters altitude, and
thus we can further limit ourselves to the ex-
treme low portion of the troposphere. Tech-
nically, therefore, u.h.f. bending takes place
in the lower troposphere.

The stratification of warmer air riding over
relatively cooler air is called a temperature
inversion or positive lapse rate. This lapse
rate (or rate of falling off of temperature per
unit of altitude) is normally negative, but
under certain conditions this becomes upset.

To the u.h.f. worker the two most im-
portant types of temperature inversion are
those caused by contact of two air masses
differing in temperature and humidity, and
by subsidence and nocturnal radiation. The
first of these types is theoretically represented
in cross section by figure 1 in which one mass
is of polar origin and the other tropical. The
former is cool air and thus has the tendency
to sink and spread out over the surface of
the earth. The latter is relatively warm and
moist, and being thus of low pressure and
hence “lighter” has the tendency to rise and
spread over the heavier air mass. This con-
dition obviously brings about a temperature
inversion between the respective centers of
the two air masses. Although air masses may
become greatly modified as they proceed along
their paths, they seldom mix with other
masses except where they contact.

The second type of inversion may take
place even within an air mass which would
seem to be homogeneous. For example, con-
sider a mass of polar continental air which
might be shown on a weather map by a
high pressure area. This air is clear and,
especially during the summer months, the
rays of the sun pass through it without much
relative loss of heat. Such a day will be very
hot on the surface of the earth, and if clouds
are present, they assume the appearance of
fluffy cotton balls and usually dissipate by
late afternoon. The air directly above the
ground becomes warmed by convection and

rises, and under such a condition increases
its moisture content. When the sun sets, the
earth cools faster than the air, and thus
cools the air in direct contact with it. This
condition results in a low altitude inversion.
Often a more marked inversion takes place
after such a hot day when the rising air “pulls
in” underneath it air from a cooler region.
This type is very complete when the cooler
region is a large body of water, such as the
Atlantic Ocean for the east coast. When both
air mass stratification and substance are pres-
ent usually at two distinct levels, tremendous
bending takes place and often the low
(altitude) stations exceed in signal strength
at a distance of 200 to 400 miles the more
fortunately located stations.

Weather Behavior

A knowledge of general weather behavior
is absolutely necessary for any prediction of
probable u.h.f. bending. It is impossible to
give but an outline of the approach to such
a study here, and it is hoped that the serious
u.h.f. worked will turn to the many available
sources on the subject found in most libraries
and in publications of the U. S. Weather
Bureau. The most obvious fact about air
mass movement in the U. S. is that due to
the prevailing westerly winds which follow
a path from the west to the east coast.

The atmosphere slips as it rotates with the
earth. The slippage results in the formation
of a never-ending series of two types of
whirls, one called cyclones (anticlockwise
rotation in northern hemisphere) and the
other called anticyclones (clockwise). The
former are usually of tropical origin and are
relatively warm and moist, and since the
barometric pressure of such an air mass is
less than average they are usually referred
to as lows. The latter are usually of polar
origin and are relatively cool and dry. Such
an air mass is “heavy” and since the baro-
metric pressure is higher they are referred
to as highs. Although it is impossible to
determine the exact type of air represented
by these highs and lows by observing them
on a weather map, the weather bureau usually
mentions the type if known when summariz-
ing general conditions.

The speed of these air masses across the
continent varies with the season but their
average is about 10 degrees (3 to 20) a day.
Anticyclones first appearing over Oregon or
southern Alberta usually pursue either a
southeasterly course to Florida or an easterly
one along the northern border of the country.
During the first day it is very difficult to

[ Crntinued on Page 1601
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By JACK ROTHMAN,* W6KFQ

A cleverly designed transmitter or exciter using an inexpensive

new tube and capable of being keyed or modulated at 35 to 50

watts output on all bands from 10 through 160, a unit well

suited to use as the auxiliary transmitter, as exciter for the

new rig, or as a complete r.f. unit for those with less preten-
tious ideas—such is described herein.

It is quite probable that there are still a
few amateurs left who, in spite of the feeling
ot doing something that couldn’t be done that
creaking plates and a rosy glow on the wall
behind the transmitter bring, still have a de-
sire to run their tubes within shouting distance
of the manufacturers’ ratings. It is for such
“reactionary” souls that the transmitter-exciter
to be described was designed. While the
tubes in it will not have the longevity of
Methuselah they will undoubtedly last long
enough to make the constructor feel that he
has obtained his money’s worth.

As the diagram shows, there is nothing
startlingly new about this unit, the circuit is
a strictly conventional oscillator-multiplier-
final affair with capacity coupling between

#Laboratorian, RADIO

Top front view of the
exciter-transmitter.
Note the sheet-iron
bracket supporting the
1623 plate coil above
the tank condenser.

stages. To begin at the beginning, a 6L6 is
used as a conventional tetrode crystal oscil-
lator. The output from the oscillator is ca-
pacity coupled through Cs to one terminal on
doubler-quadrupler plate coil socket. The
grid lead to the second stage also terminates
at this socket. By means of jumpers in the
coil form or by the use of a dummy plug the
excitation from the crystal stage may be ap-
plied either to the doubler-quadrupler or to
the output stage. The proper method of
jumpering the sockets for this purpose is
shown at the bottom of the circuit diagram.
The jumper plug, which is used when it is
desired to operate the output stage on the
same frequency as the crystal oscillator, may
be a base from a defunct 5-prong tube with a
lead connected between two of its terminals,
as shown in the diagram. Two jumpers are
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C1—50-pupufd. midget

C>—100-ppfd. midget

C:—260-pupufd. per
section, .030” spac-
ing

Ci—15-pufd. midget,
.070” spacing

Cs, Co—.01-pfd. 400-
volt tubular

C:—.005-ufd. 400-
volt mica

N

Do
MODULATOR

M Ri3
B 3
3 o - +
=5 |3 O 650 V.
N '\TM sUmpERese Le
o4
General wiring diagram of the exciter.
Cie—.01-pufd. 400 - R:=—50,000 ohms, 2 MS — Single-section

volt tubular
C1:—.005-ufd. mica
C:1>—.0001-ufd. mica
Ci3, Cia — .005-ufd.
mica
Ci5—.004-pufd. 2500-
volt vica
Ri, Rz, Rz, Ry — 50
ohms, 2 watts
R;—50,000 ohms, 1
watt

watts
Rs, R~—50,000 ohms,
2 watts

two-pole five-posi-
tion selector switch
M — 0-150 milliam-

Cv—.0002-pufd. mica R—400 ohms, 10
Cy—-.0001-ufd. mica watts

Ri0—-25,000 ohms, 2 peres
watts L, L2, L3 — See coil
R11—5000 ohms, 10 table
watts
R1—50 ohms c.t., 10 RFCi—2Y3-mh., 125-
watts ma. choke
R1;—5000 ohms, 10 RFC: — Midget u.h.f.
watts choke
R:11—2000 ohms, 10 RFC:5.5-mh., 125-
watts ma. choke

needed in each of the coil forms used in this
stage. One of these jumpers connects the
excitation from the crystal stage to the grid of
the doubler-quadrupler and the other com-
pletes the connection between the plate of the
doubler-quadrupler and the coupling con-
denser to the grid of the output stage.

Frequency Multiplier

The 6L6 frequency multiplier stage has an
r.f. choke and .0001-gfd. condenser combina-
tion in its cathode lead. This arrangement
does not greatly increase the power output
when doubling, but, as the second-harmonic
output is more than sufficient to excite the
next stage, this is of small concern. However,
when the 6L6 stage is quadrupling the use of
this combination in the cathode raises the ef-
ficiency considerably. In other words, the
output is held constant while the plate current
is reduced to about two-thirds of what it
would be without the r.f. choke and condenser
in the cathode, thus allowing the efficiency
when quadrupling to approach that obtained
when doubling.

Note that when the jumper plug is placed
in the frequency multiplier coil socket, both

the plate and grid leads to the tube are dead
ended at the socket, so far as d.c. is concerned.
The screen voltage is still applied, however,
and it might be thought that this would dam-
age the tube from excessive screen dissipation.
Actually, the relatively high value of screen
resistor used (50,000 ohms) limits the screen
current to approximately 5 milliamperes and
thus prevents the screen from becoming over-
heated. As there is an excessive amount of
excitation available from the frequency multi-
plier when it is doubling to 20 meters with
an ordinary low-C plate tank, a 100-p4fd, tank
condenser is used at this point to permit a
high-C plate tank and reduce the excitation.
This condenser will be at nearly full capacity
on 20 meters when used with the coil speci-
fied in the coil table.

1623 Stage

The output stage of the unit is an RCA-
1623, a tube which up to the present time has
received little or no notice in amateur publi-
cations. The 1623 is essentially a low-u ver-
sion of the well known 809, and as such it
shows several advantages over its high-u
companion for r.f. work. The advantages of
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the 1623 show up particularly when a com-
parison of the class C telephony ratings of the
two tubes is made. For this type of service
the 1623 requires one-third less driving power
than the 809. This saving in driving power
is obtained through a reduction in the r.f. grid
voltage, d.c. grid current, and bias require-
ments. The proof of a tube is in its opera-
tion, however, since you can't make contacts
on the ratings alone. After comparing the
two tubes in operation one gets the feeling
that the 1623 is somewhat more easy to
handle than the 809, that is it allows a wider
variation in operating conditions. For those
who are not familiar with the tube, the im-
portant CCS ratings of the 1623 are as fol-
lows:

Filament voltage ........... 6.3 volts
Filament current ........... 2.5 amperes
Amplification factor ........ 20
Interelectrode Capacitances
Grid to Plate .............. 6.7 sufd.
Grid to Filament ............ 5.7 wpfd.
Plate to Filament .......... 0.9 apfd.

Plate Modulated R.F. Amplifier Class C
Typical Operation

D.C. Plate voltage ..... 500 600 volts
D.C. Grid voltage ...... -125 -125 volts

or grid leak of ....5000 5000 ohms
Peak R.F. Grid voltage . 200 200 volts
D.C. Plate current .. ... 83 83 ma.
D.C. Grid current ..... 25 25 ma.
Driving power ........ 5 5 watts
Power output ......... 30 38 watts

Maximum Ratings

D.C. Plate voltage .......... 750 volts
D.C. Plate current . ... ... ... 100 ma.
D.C. Grid current ....... ... 25 ma.
Plate dissipation ............ 25 watts

37

Unfortunately the 1623 has been placed in
the “limited sale” class by the manufacturer
and for this reason it is not stocked by most
parts dealers. However, it can be obtained on
special order by dealers normally handling
RCA tubes.

Grid R.F. Chokes

The use of two r.f. chokes in series in the
grid of the 1623 stage was made necessary be-
cause 160-meter operation was desired. The
ordinary 2V,-millihenry r.f. choke has insuf-
ficient inductance for 160 meters and loads
the crystal stage to such an extent that it will
not oscillate. Using a larger choke alone in
the 1623 grid reduces the excitation available
on 10 meters, hence two chokes in series are
used. The choke nearest the grid is one de-
signed for u.h.f. work and is somewhat su-
perior to the usual 2V5-millihenry choke at ten
meters. The lower choke is a 5V5-millihenry
unit designed for maximum impedance at the
lower frequencies.

Neutralization

Plate neutralization is used on the output
stage with the rotor of the plate condenser
being connected directly to the positive voltage
and by-passed to ground from this point. The
plate voltage is fed to the coil through an
r.f. choke to allow the split-stator condenser
to establish balance in the circuit. With the
circuit arranged in this' manner the setting
of the neutralizing condenser need not be
changed when changing bands. The plate
condenser is large enough to give a reasonably
high Q tank on 160 meters and at the same
time has a low enough minimum capacity to
permit efficient 10-meter operation. It was
necessary to remove some turns from the man-
ufactured 160-meter coil to allow the full

Most of the wunder-
chassis components are
visible in this view. The
mounting strip slightly
right of the center of the
chassis is used to sup-
port most of the resis-
tors.
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COIL TABLE
OSCILLATOR FREQUENCY MULTIPLIER 1623 STAGE
| . Spaced A A
Di- Wire . Spaced to Wire
Band | Turns ameter occt::py size Turns Diameter occupy size The 1623 coils
close 722 = are standard man-
160 65 11" wt:}m(: d.c.c. jumper plug ufactured  units.
—— (2 4"_ ’ f
50 j close- %22 See Buyer’s Guide
3 1% w(olt’a,n)d d.c.c. jumper plug for details. The
20 ||V | | w2 ~jumper plug ’ 160-meter  coil
e dee (|| | | has four turns re-
20 Use 40-meter 5 1147 17 #HI18E
S | T {self-supported) | | moved from each
10 Use 40-meter 5 114> 1 HI6 E end.
coil (self-supported)

condenser capacity to be used on this band;
the details of this alteration will be found
in the coil table.

Four 50-ohm resistors, R;, R, Rs and R,
are used to allow metering of the various
circuits with a single 0-150 milliammeter.
The meter is connected to the two contact
arms of a two-pole five-position selector
switch and is cut in across the resistors by
merely turning the switch to the proper po-
sition.

Construction

The exciter-transmitter chassis measures
15" x 7" x 3" and is of the usual cadmium-
plated iron construction. As may be seen in
the top-view photograph, the two GLG’s are
located near the rear edge of the chassis with
their respective coil sockets directly in front
of them. The 1623 is located on the center
of the chassis width and somewhat to the
right of the length center. The neutralizing
condenser, C., is located on a line with the
6L6 coils and between the 1623 and the plate
tank condenser, which is near the right-hand
edge of the chassis. A sheet-iron bracket sur-
mounts the 1623 plate condenser and serves
to support the plate coil socket. Link or an-
tenna leads are brought down from this coil
socket to a pair of short standoff insulators
at the extreme right edge of the chassis.

The oscillator and frequency multiplier tank
condensers are mounted on the front drop of
the chassis directly in front of their respective
coils. Short hollow brass spacers are used to
hold the condensers back away from the chas-
sis. The meter is located below the 1623
plate condenser at the right edge of the front
drop, and the meter switch is between the
meter and the multiplier plate condenser.

Underneath the chassis the majority of the
resistors are mounted on a resistor mounting

strip between the oscillator and frequency
multiplier stages. The various by-pass and
blocking condensers are supported from their
leads in such a way that the shortest possible
connection is made between the point to be
by-passed and ground. On the rear drop of
the chassis are located the two through-type
standoff insulators for the positive and mod-
ulator connections and a wafer socket for fila-
ment and negative connections.

Operation

For 160-, 80- or 40-meter operation crystals
having fundamental frequencies in these bands
are used, the jumper plug being placed in the
frequency multiplier coil socket. If it is de-
sired to economize on crystals, the 1623 can be
used as a doubler to either 80 or 40 meters,
the output when doubling to these bands be-
ing nearly as great as when amplifying. On
20 or 10 meters a 40-meter crystal is used and
the appropriate coil placed in the frequency
multiplier plate circuit.

Keying for c.w. operation is accomplished
in the filament center tap of the 1623. No
key-click filter is shown since the proper con-
stants will depend upon loading, type of
power supply, plate voltage, etc. In most
cases clicks can be eliminated by the use of a
.25 to 1 pfd. condenser in series with a 200
or 300 ohm resistor across the key. Stubborn
clicks at the “make” of the code characters
may require the addition of a small iron-core
choke in series with the key.

Plate modulation to the 1623 may be ap-
plied across the modulator terminals at the
rear of the chassis. Plenty of excitation is
available for extended positive peak voice
modulation.! For this type of operation a
modulator capable of delivering approximately
35 watts of sime-wave audio should be used.

[Continued on Page 170}
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By WILLIAM REAGH HUTCHINS,® W2JTR

Recent medical research has shown that
radio waves from two to five meters in length
produce beneficial effects not obtainable with
longer waves. Specific new reactions are ob-
tained with the ultra-short wavelengths.

As a result of this, progressive physicians
are beginning to require therapy machines
capable of producing these ultra-short waves
with ease. The desirable effects appear to be
unrelated, at least directly, to the heating
properties of the wave. Since the heating ef-
fects are due entirely to the dissipation of
radio-frequency power in the tissues, only
relatively low power is necessary.

The machine about to be described has an
excess of power for most local treatments.
Though it has not been measured exactly the
output is about 20 watts maximum. Be-
cause of their small power output these ma-
chines are doubtless safer to use than those
of several hundred watts' output commonly
employed on the lower frequencies.

*# 606 W. 113 St, New York, N. Y.

The circuit finally used for the oscillator
is of the well-known split-coil feedback type,
but employing linear circuit elements rather
than the usual coil and condenser. Tuning is
accomplished by varying the capacity of the
“shorting” condenser, thus changing the effec-
tive length of the line.

Most conventional tubes are very inefficient
at the 100-Mc frequency used. Until recently
there has been no small, inexpensive tube
which would do the job. The HK24, how-
ever, is about perfect. No trouble was had
with it, and it seemed impossible to make it
cease oscillating by heavy loading, although,
of course, the overload caused it to overheat.

The grid leak was adjusted to give 20 ma.
of grid current under normal conditions. The
chokes in the plate and grid leads are not
uniformly effective over the entire frequency
range. Better efficiency could probably be
obtained by pruning these somewhat. The
filament chokes add to the ease of oscillation
but are not very critical.

The output coupling consists of a modified
variable link arrangement. A rectangular

Rear three-quarter
view of the miniature
u.h.f. radiotherapy
machine. The place-
ment of the various
components and the
mechanical construc-
tion of the variable
coupling link may be
determined from this
photograph.
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single-turn coil is pivoted in the plane of the
tank circuit. It can be turned to a position
almost at right angles to the tank by a knob
on the panel and a flexible shaft which is
coupled to the coil shaft. The latter con-
sists of a panel bearing coupled to a small
polystyrene rod, on which the coupling coil
is mounted. The two ends of the coil are
brought to feed through insulators on the
panel.

The pads are connected to the panel termi-
nals by a short length of twisted pair, the
last two feet of which are fanned out. This
forms a roughly resonant center-fed dipole
antenna, with the patient placed between pads
at the ends of the radiator. Such an arrange-
ment insures maximum voltage at the pads,
and makes output adjustment simple.

The high voltage supply consists of an ordi-
nary 375-0-375 volt, 120-ma. power trans-
former. The entire 750 volts is half-wave
rectified by a single 866 jr. A separate fila-
ment transformer is used for the rectifier. It

.
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A mMmrF
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12"
D 4
Q;w NEON LAMP LIS
10,000w - 50 W
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00¢ 2500v
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4. MFD 1000V

866 Jr

=
=
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Wiring diagram of the HK-24 u.h.f. radio-
therapy machine. A 150-ma. b.c.l. power
transformer is used for plate supply and for
the filament of the 24. The filament chokes
consist of 55 turns of no. 20 d.s.c. spaced the
diameter of the wire on a l4-inch form.

Front panel view of the HK-24 u.h.f. dia-

thermy. The dial on the left varies the fre-

quency of oscillation and the knob on the

right, through a flexible coupling, varies the

coupling of the external circuit to the oscil-

lator by varying the angle of the one-turn
coupling link.

was feared that the insulation of the windings
on the b.cl. transformer might not be safe
for the high voltage used, and also it was de-
sired to permit preheating the rectifier fila-
ment.

A single 1ufd., 1000-volt paper condenser
is used in parallel with a .001-ufd., 2500-
volt mica for the filter. One .001-ufd. mica
condenser is connected from each side of
the line to ground as a precaution against r.f.
power being lost in the lighting circuit.

The neon-bulb indicator tied to the grid
line of the tank shows when the circuit is
oscillating, and also, by the amount it dims
under load, indicates the relative output.

No meters are used, as thejr cost did not
seem justified. An r.f. milliammeter in the
output circuit might be useful. A plate milli-
ammeter would probably be cheaper and
would tell about as much. The real purpose
of meters in such an instrument is more to
impress the patient than to show anything to
the operator.

To operate, the filament switch is thrown
on, lighting the 866 jr. After 30 seconds the
plate switch is turned on, and the pads ad-
justed on the patient. The specific frequency
is selected by the tuning knob, and the out-
put knob is adjusted for proper excitation to
the patient. The wavelength of this machine
is from about 215 to 4 meters. As physicians
differ as to how the frequency and output
should be adjusted for best physiologic effect,
this will not be discussed here.

No trouble was had at any time with this
machine once the maximum coupling was ad-
justed so that the tube dissipation could not
go too high.
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By LEIGH NORTON,* WG6CEM

The history of stable variable-frequency
oscillators for service as transmitter controls
or as frequency standards has been marked
by various methods of removing the effect of
oscillator-tube electrode loading on the tuned
circuit. The actual electrode loading is in
itself of small import except where it becomes
great enough to lower the Q of the tank con-
siderably; it is the variation in loading as seen
from the tank circuit that is the important
factor.

Of course, the ideal type of oscillator would
be a simple tuned circuit oscillating by itself
without loading of any kind. Unfortunately,
this type of circuit is a practical impossibility.
However, methods have been devised both to
reduce the effects of loading variations and to
reduce the variations themselves. A typical
method is the use of a high C/L ratio tank
circuit wherein a large fixed capacity across
the tank circuit makes element capacities a
smaller proportion of the total tank capacity.
Hence their changes will make a propor-
tionately smaller change in frequency. The
electron-coupled circuit is an example of an-
other method in which proportionate voltage
changes on two tube elements cause opposite
and cancelling effects upon the frequency of
oscillation. These systems are both helpful
but there is still room for improvement in
eliminating the effects of input capacity
changes caused by heating within the tube.

The obvious remedy for the temperature-
capacity variations (and for that matter, for
all other variations) is to reduce the coupling
between the tube and the tank circuit. Un-
fortunately, this has its limitations when the
frequency-controlling tank also must serve as
a common impedance between two of the
oscillator electrodes for the purpose of main-
taining oscillation. However, one oscillator
circuit in which the coupling between the
tubes and the controlling tank circuit is re-
duced to an absolute minimum has long been
hiding its light. This circuit is the Franklin,

* Associate Editor, RApio.
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an oscillator which is probably familiar to
only a few amateurs. A description of a fre-
quency control utilizing this circuit which ap-
peared in the T. & R. Bulletin' was the in-
spiration for some experimental work along
similar lines with the result that the unit
shown in the photographs was built.

The basic Franklin circuit is shown in figure
1. The resemblance to the common multi-
vibrator is obvious. The tubes may be triodes,
tetrodes or pentodes, depending upon the use
to be made of the oscillator. The circuit
oscillation depends upon coupling from the
plate of the second tube back to the tank
circuit and from the tank circuit back to the
grid of the first tube through condensers C
and Ci.

With the tank circuit removed and with a
small amount of coupling capacity it is pos-
sible to cause the circuit to break into rough
oscillation at a frequency determined largely
by the resistance and capacity in the coupling
circuits. When the tank circuit is added, how-
ever, the frequency of oscillation becomes that
to which the tank circuit is tuned since the
tank “shorts” all frequencies except the one
to which it is resonant. This oscillation takes
place with extremely small feedback capacity,
2 to 10 ppfd. being sufficient for stable
operation. The advantage of the Franklin
lies in this small amount of capacity coupling
between the tank circuit and the tubes. Varia-
tions in amount of interelectrode capacity

1 E. L. Gardiner, “The Franklin Master Oscil-
lator in Amateur Transmission,” T. & R. Bulletin,
July, 1939, p. 13.
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Figure 1. Basic Franklin oscillator
circuit.
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caused by heating or electrode voltage changes
affect the frequency but slightly when coupled
through such a small capacity. Also, there
is a definite compensating effect with the cor-
rect values of coupling capacity which tends to
reduce frequency changes still further.

In this type of oscillator the output is
usually taken from the grid of the second
tube. For this reason a pentode is often
used in the first stage and a triode in the
second. The larger amount of grid swing
required by the triode allows a greater voltage
to be developed at this point and, conse-
quently, a larger amount of grid voltage swing
to be applied to the tube following the oscil-
lator. 1In an effort to eliminate the frequency
changes resulting when the load on the fol-
lowing amplifier was varied with the output
being taken from this point several other ar-
rangements were tried. The circuit shown in
figure 2 proved to be the best of several
which were used at one time or another. In
this arrangement the second tube is used as a
sort of “electron-coupled” output stage. The
screen grid is used as the plate for the oscil-
lator circuit and the output is taken from the
plate through the electron-stream coupling, the
suppressor providing electrostatic shielding be-
tween the oscillating circuit and the grid of
the following tube.

RADIO

JANUARY

A Practical Exciter

The Franklin oscillator shown in the photo-
graph is built on a 14” x 10” x 3" chassis.
Since the loading on the oscillator tank cir-
cuit is so slight as to be negligible, the tank Q
is retained with the oscillator connected to it,
making it possible to design a high Q cir-
cuit with reasonable assurance that the Q will
not be lowered greatly by tube loading. The
tank circuit is a unit in itself, mounted on a
piece of Vg-inch brass to give it a more sturdy
base than the chassis would provide and at the
same time to act as a fairly large mass for
temperature stabilization.

To allow full coverage of the 80-meter
band, as well as all the higher frequency
bands, a rather large tuning condenser is
used. With this condenser the useful tank
frequency range is 1750 to 2000 kc. Actually
the coverage is slightly greater than this so
that there is a small amount of leeway on
each end. With the dial shown tuning is
quite smooth and precise even on the 14- and
28-Mc. bands, in spite of the extremely large
coverage available at these frequencies.

The tank circuit is supported approximately
¥g inch above the chassis on brass spacers to
allow the condenser to line up with the dial
shaft. A shield over the complete tank as-

Top view of the Franklin variable-frequency oscillator with the cover removed from the fre-

quency controlling circuit. In the rear row are the VR-150-30, the output tank coil and the

6L6 output amplifier. Ahead of these are the two crystals, then the two 6F6’s and the 1852.

The dial is an inertia-tuning type having 500 dial divisions to make calibration easier and more

accurate. The sheet metal shield can which is bolted over the frequency determining tank is
shown to the left of the front panel.
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VR 150-30

Figure 2. Wiring diagram of the Franklin v.f. exciter.

Ci—365-pufd. broad-
cast variable

C.—75-uufd. midget
variable

Ciui, €y, €1y, Cis, Cu

—.0001-pfd. mica
C:1—.003-ufd. mica
R:—100,000 ohms,
C;—100-upfd. mid- 5 watt

get variable R—500 ohms, 1
C)—400-pufd. zero- watt

coefficient ceramic R;—5000 ohms, 5
C:—200-upufd. zero- watt

coefficient ceramic R —100,000 ohms,

Cs, €;—3-30-yuufd. 15 watt
mica trimmer R:, Re—25,000 ohms,
Cx, Cy, Cio, Cn, Cuy, 2 watts
Cy,—.01-ufd. 400- R:—250,000 ohms,
volt tubular V2 watt

Cu, Cix—.003-pufd, Rs, R—50,000 ohms,
mica V2 watt

Riwv—500 ohms, 10
watts

R11—50,000 ohms, 1
watt

R::—600 ohms, 10
watts

Ri;—6000 ohms, 20
watts

R::—20,000 ohms, 2
watts

Li—18 turns no. 16
enam. 134 inch in
diameter andspace-
wound to a length
of 133 inches.
(See Buyer’s Guide
for manufacturers

type no.)

L—30 turns no. 20
d.c.c. close wound
on 1V, inch form.
Link—6 turns no.
20 d.c.c.

RFC—2.5 mh. r.f.
choke

f—Circuit closing
jack

$1—S.p.s.t. switch

§.—Single-section 2-
pole, 5-position se-
lector switch

Xi. X: — Band-edge
crystals

sembly is used to keep dust and stray r.f.
from finding their way into this portion of
the circuit. A small hole in the left end of
this shield allows the 100-uufd. bandsetting
condenser to be adjusted after the shield has
been placed in position.

A standard manufactured 40-meter coil is
used for the oscillator. This coil is removed
from its base and, when padded by 600 pufd.
of zero-coefficient ceramic condenser and the
100-ppfd. variable midget bandset condenser,
will tune the 1750-2000 kc., range with the
365-pupfd. broadcast condenser. With two
plates removed from this condenser the band-
spread on the higher frequencies was im-
proved and the full range was still covered.
The link on the coil is left unused, of course.

Under the Chassis

Underneath the chassis a shield partition
separates the oscillator and buffer stages from
the output-doubler stage. The sockets for
the oscillator tubes and the buffer are located
directly in front of this shield. There is little

that need be said about the wiring ot these
stages since the diagram is practically self-
explanatory. The only precaution that need
be observed is to make the leads from the
grid of the 1852 through the 3-30 ppfd.
coupling condenser to the tank circuit and the
similar lead from the 6F6 screen as short and
direct as possible. These leads are supported
from the socket terminals at one end and by a
tie point alongside the hole leading up to the
tank circuit at the other. The coupling con-
densers are supported directly from the wiring.

An 1852 is used in the first stage of the
oscillator since this type has higher transcon-
ductance than other pentodes and allows less
feedback capacity to be used with the rela-
tively low plate voltage available from the
VR-150-30 voltage regulator. If higher plate
voltage for the oscillator stages had been
available there would be no objection to using
a 6SJ7 or similar type in the first stage. Plate
voltages up to 300 volts do not introduce any
appreciable frequency drift from tube heating
in this type of circuit, but voltages of this
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order are somewhat more difficult to regulate.
The rf. choke in the plate of the 1852 per-
mits the full 150 volts to be applied to the
plate and acts as sort of a “damper” for any
unwanted oscillations which might otherwise
be generated in the oscillator when the coup-

ling to the tuned circuit is loose. The r.f.
choke has a rather low impedance to the ran-
dom low frequencies at which the circuit
tends to oscillate when the tank is not in
control. By placing an element of such low
impedance at these frequencies across the cir-
cuit, undesired oscillation is eliminated.
The second oscillator tube, which may be
called a “phase inverter,” “feedback tube,” or
what have you, is the aforementioned “elec-
tron-coupled” pentode. Either a 6F6, 6V6 or
GL6 may be used, the GFG seeming to have
somewhat better shielding between the screen
the plate than the 6V6, while the G6L6 has
none. No cathode bias is necessary on this
stage, a sufficient though small amount of
bias being obtained from the grid- and con-
tact-current flow through the grid resistor.
From the plate of the stage the output is car-
ried through the 100-pufd. coupling condenser
Ci» to the two end positions on one section of
the crystal-v.f.o. switch. Tying both ends of
the switch together in this manner allows the
unit to be switched from either one of the
crystals to the v.f.o. position without first go-
ing through the other crystal position. With
the switch in the v.f.o. position the output is
carried through the GFG class A stage and
then to the grid of the output-doubler stage.

Under-chassis view of
the v.f. oscillator. The
upper knob and shaft
controls the amplifier
tank condenser. The
lower knob and shaft
controls the v.f. crystal
switch; the same switch
also selects the desired
crystal for edge-of-band
operation.

Buffer Stage

The untuned class A stage is strictly con-
ventional. An rf. choke is used as the plate
impedance to permit the full 150 volts of regu-
lated voltage to be applied to the plate. This
same regulated voltage is also used on the
screen. When the selector switch is thrown
to the crystal position this stage become a
Pierce crystal oscillator. The method of cir-
cuit switching used requires that each crystal
have its own grid leak and condenser. This
is but a minor disadvantage since the grid
leak and condenser are inexpensive items. The
components in this stage have been chosen
for use with 80-meter crystals since the ex-
citer would be applicable to a wider field of
usage with crystals of this frequency.

A 100-uufd. condenser, Ci, couples the
buffer stage to the output stage. This stage
is also conventional except in one minor re-
spect: In order to allow the tuning condenser
to be mounted directly on the under-chassis
shield partition and at the same time use
series feed, it is necessary to isolate the tuning
condenser from the coil with a blocking con-
denser, Cis. In all other ways the stage is an
ordinary doubler with a combination of
cathode and grid-leak bias.

The layout of the various parts should be
fairly obvious from reference to the photo-
graphs. As mentioned before, the two oscilla-
tor tubes and the buffer stage are located
along the chassis to the rear of the shielded

[Continued on Page 1771
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Trnends an Ten

By GEORGE M. GRENING,* W6HAU

The main difficulty experienced with ten-
meter amateur mobile operation in the past
has been the difficulty of securing a satisfac-
tory car receiver for these frequencies.

At the present time there are several small
commercially built communications receivers
which can be obtained with six-volt power
packs for portable use and which cover the
ten-meter band.

If a regular broadcast receiver is already
installed in the car, the converters previously
described in this magazine will give surpris-
ing results.!

* Radio Supervisor, Police Dept., Santa Barbara,
Calif.

! Gonsett, “Ten-Meter Auto Radio Converter,”
RapIO, Jan. 1939, p. 52. Dawley-Norton, “Im-
proved Converter Design,” RaApio, May, 1939,
p. 9.

We recently acquired the original Rabpio
four-tube laboratory model converter and as
a matter of interest, compared it with two
ultra-high police sets using 10 and 11 tubes
respectively and selling for $150 and $200.
The converter, attached to a good broadcast
receiver, pulled in every station the police
sets would and except for the use of squelch
circuits and noise suppression in the commer-
cial sets (to be expected at the price) was
just as satisfactory.

The one-tube converter, except on weak
signals, performed equally well, its only minor
disadvantage being a tendency to shift tun-
ing slightly as the engine was “revved” up,
increasing the B voltage due to the increased
battery voltage.

In fixed operation, this of course does not
occur. If it is annoying in car service it can
be cured by incorporating a filamentless regu-

Figure 1.

Ci—140-ppufd. midget variable 6V6

Diagram of simplest medium power mobile transmitter.

807

Cr—50-pufd. midget variable
Cr—35-pufd. midget variable,
double spaced
C~—140-pufd. midget
Cs~—.005-pfd. mica
Ce—1000-pufd. 15-volt electro-
lytic
Ci—10-ufd. 25-volt electrolytic
C5—.00001-pufd. mica
R:—75,000 ohms, 15 watt
R:—500 ohms, 1 watt
R+—20,000 ohms, 1 watt

% x
Ry
Ly
Rz

C
R3

silli!

Cy
Tc5
TCs

Cs
i
L2 RFC
i
Cs

2
Ts

R+—150 ohms, 10 watts
R:—10,000 ohms, 3 watts
R+-—20,000 ohms, 15 watt =
Ri—Depends upon microph =
resistance. Try 500 ohms,
and adjust for proper gain

6A6
6N7 Ts

6C5 2

Rx—2000 ohms, 1 watt

T:i—Single-button microphone to
grid

T-—Midget class B input

Ts—Class B 6A6 to r.f. load

L:—19 turns no. 24 enam.
closewound on 34” dowel

L—6 turns no. 10 enam. 1”7
dia. wound to a length of
1147

Li~—7 turns no. 10 enam. 1”7

dia, wound to a length of
1147

A HOT =

e 45 o
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6A6-807 transmitter, showing location of components. 6A6 tube partly hidden behind raised
crystal socket. Extra filter choke and condenser in center of chassis optional (see text).

lator tube (VR-105 or similar) between the
coil side of resistor R. in the original dia-
gram and ground, and by changing R. to
10,000 ohms.

Interference Elimination

Except for sets having built-in noise sup-
pression it appears almost impossible to elimi-
nate ignition noise arising from other cars.
By far the best method devised is that of plac-
ing a V4-watt neon bulb, with base resistor re-
moved, across the primary of the b.c. set out-
put transformer. A switch should be incopo-
rated to cut this suppressor out for broadcast
reception and on loud or heavily modulated
signals to keep it from clipping the peaks.

All the usual ignition suppression devices
should be incorporated on your own car en-
gine. Persistent generator interference which
exists even though a regular generator con-
denser has been installed may be overcome by
placing a .005-ufd. mica condenser in parallel
with the regular condenser. Auto radio
generator condensers are not very effective in
eliminating ten-meter hash.

Muting Relays

To eliminate complicated send-receive
switching, a “muting relay” may be installed
to deaden the receiver while transmitting. If
this relay is installed to short the voice coil
of the b.c. loudspeaker in the transmit position
there will be no click audible upon change-
over.

Transmitter Designs

As far as transmitters are concerned, one
has dozens of designs to choose from. The
question of tube types, what stages to double,
triple or quadruple in, the power and mechani-
cal layout—all are governed by individual
choice. Fortunately no two amateurs ever
agree, which fact explains the pace at which
radio is progressing.

Several examples of mobile transmitters will
be described, not with the idea that they will
be copied or that there are no other practical
circuits, but to illustrate current trends in the
field.

The 807 or RK-39 has proven particularly
popular and with good reason. Such tubes
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require no neutralization if they are shielded
and constructional practice adapted to them is
followed.* Filament type 6L6’s and 807's are
now available (1619 and HY-69). They are
designed to have a quick heating filament
which will reach operating temperature as fast
as the dynamotor will start.

Figure 1 shows a 6V¢ tritet with cathode
tuned to 40 meters and plate to 10 meters,
feeding such a tube as a straight amplifier. At
350 volts, one to two ma. of grid current is
available and the 807 may be loaded to 75 or
80 ma., or an input of 26 to 28 watts.

The modulator is conventional, using a
6N7G or 6AG class B. Hash in the micro-
phone voltage is eliminated by a 1000 micro-
Jarad low voltage condenser.

The simplified plate tank-to-antenna coup-
ler is particularly efficient for transferring
energy to a quarter-wave fishpole if the an-
tenna lead is not too long. Such coupling net-
works are becoming quite popular for ten-
meter mobile work, their characteristic of
sometimes accentuating harmonics being im-
material on this frequency.

Power for this transmitter should be de-
rived from a 300-volt, 150-ma. or a 350-volt,
150-ma. pack.

This is about the simplest crystal-controlled
ten-meter transmitter possible. Many un-
doubtedly will condemn the use of a tritet as
a fourth harmonic oscillator but may we point
out the fact that one of the newest commercial
police transmitters uses a similar oscillator
circuit with excellent results.

“Smith, “On the Care and Feeding of 807's,”
Rapro. Jan., 1939, p. 75.

The W6QZA Transmitter

One of the most successful amateur mobile
transmitters we have seen is that of Elliott
Haberlitz, W6QZA, shown in the photos and
diagrammed in figure 2. WO6QZA has yet to
receive less than a “5-7” on dx with this rig.
He uses a one-tube converter' for reception.

To our mind, these frequencies offer their
greatest mobile thrill in the manner in which
dx is worked and not for purely local contacts.
The outfit illustrated is used primarily for
such distance work and has maintained daily
schedules with the east and middle west.

It is essentially a 6AG oscillator-quadrupler
capacitively coupled to an 807 as a straight
amplifier. “Speech is designed for a crystal
mike and such a surplus of gain is avallal?le
that the 6C5 might well be eliminated with
most microphones.

The 20 pfd. of condenser is sufficient filter
although in the original model an additional
20 henries and 8ufd. of filter was used. While
this is shown in the diagram the additional
filter is not essential.

The placement of parts is evident from the
photographs, except for the 6A6, which is
hidden behind the raised crystal mount. The
metal box on the left of the under-chassis
view holds the speech input choke, resistor
and condenser. Coils used are stock 25-watt
units (B. & W.).

This transmitter, including tubes but less
crystal, cost exactly $31 to build (buying
everything new). It is powered with a 350-
volt 150-ma. dynamotor.

Constants have been worked out to give a
total exciter plate current of but 37 ma. Mini-
mum dip on the final is 35 ma., which is

Front view of 6A6-807
mobile transmitter.
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Schematic of the W6QZA transmitter.

Figure 2,
C1—.001-pufd. mica Cir—A4-ufd. 450-volt
C:—.002-ufd. mica electrotytic
Ce—75-ppufd. midget R1~—20,000 ohms, 1
variable watt
C4+—.0001-pufd. mica R>—1500 ohms, 2
C:—25-ppufd. midget watts
variable R>—100,000 ohms,
Co—.00005-pufd. mica V2 watt
Ci—25-pufd. midget R+—20,000 ohms, 15
variable watt
Cx—.05-pufd. 400-volt R:—200 ohms, 3
tubular watts
Cr—10-pfd. 25-volt R¢e—10,000 ohms, 10
electrolytic watts
Ci—4-pufd. 450-volt Ri—1250 ohms, 10
electrolytic watts
Cu—25-pfd. 25-volt Rs—2 megohms, 15
electrolytic watt

R+—2000 ohms, 1 J—Closed-circuit jack

watt JM—Single-circuit
R10—250,000 ohms, 1 jack

watt Li—24 turns no. 22
R11—500,000-0hm enam. 1145” dia.

potentiometer wound to a length
R1>—5000 ohms, 1 of 114"

watt L:, Lr—6 turns no.
R1:—100,000 ohms, 22 enam. 114" dia.

1 watt wound to a length
R14—50,000 ohms, 1 of 115"

watt Le—3 turns at
R1>—1000 ohms, 1 ground end of La

watt Ti—Driver plate to
R1e—100 ohms, 5 class B grids

watts T——Class B 6N7 to
RFC—2V3-mh. r.f. r.f. load

choke CH—20 h., 50 ma.

loaded to 80 by the antenna. Grid current to
the 807 under load is 115 to 2 ma.

An unusual trouble experienced in the
original model was self-oscillation in the final,
evidently due to inductive feedback. The coils
of the first two stages had their far end (away

from the panel) connected to the respective
plates. The final coil, however, was connected
in the opposite direction. Reversing this, mak-
ing B plus on all coils connect to the panel
side of the coil, completely cured this trouble.
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The Grening-Wasmandorff Mobile
Transmitter

Some time ago the writer described a mobile
transmitter using a 6A6 oscillator-quadrupler,
feeding a 6A6 push-pull final’ Judging by
the scores of letters received, it must have
struck a responsive chord.

Carlton Wasmandorff, W6LFL, made sev-
eral improvements on the basic circuit, which
has become the most widely used composite
police transmitter in this section of the coun-
try. In addition, amateurs by the dozens have
built duplicates with excellent results. The
circuit is given in figure 3, and two trans-
mitters, different in mechanical construction
but using the same circuit, are shown in the
photos.

The construction of the first transmitter,
while unorthodox, follows the original re-
ferred to, using a pair of stock Lynch mobile
transmitter cans for separate r.f. and a.f. units,

The second transmitter (using the power
pack to be described) is built in a “coffin
gray” cabinet with red tuning knobs, which
unfortunately do not show up in the photo.
This, together with the nickeled jacks, switch

® Grening, "Ten-Meter Mobile Crystal Control,”
Rabio, April, 1937, p. 22.

[RADIO|
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and chrome-catalin handles makes a nicer
appearing outfit. It has been designed to have
nothing above the chassis except the tubes,
crystal and final tank coil. It could of course
be constructed more compactly if this policy
were not adhered to.

Past difficulties with road dirt dictated that
it be made dust proof. This has been accom-
plished by capping the socket into which the
handset plugs when testing the set from the
trunk, by making the power cable plug’s en-
trance a tight fit and by using removable tele-
phone blank plugs in the meter jacks. The
toggle switch is for a test tone, while the
socket at the far right permits plugging in
the concentric antenna cable. Two nickled
snap switches hold the chassis in the can.
The chassis pan, as can be seen, is well braced
by the end plates.

Either a metal or glass 6V6 operates on
the 40-meter crystal frequency. This tube,
incidentally, proved to be the best low-power
oscillator among the many tried.

The first section of the GAG operates at
double the crystal frequency (20 meters) and
the second section at four times the funda-
mental (10 meters). Regeneration is deliber-
ately introduced into this section by conden-
ser C,, more than doubling the exciter output
and making each end of the tank coil equally

Under-chassis view of 6A6-807 transmitter. Volume control on end of shaft extensions. Input
choke, condenser and resistor in shielded compartment at left of chassis.
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Figure 3. Wiring diagram of the de luxe mobile transmitter. Figure 3A shows
alternative and simpler link method of coupling final grids to exciter plate coil
C—.005-pfd. mica R1—100,000 ohms , on 33" form L—23 turns no. 10
Ci—35-ppfd. midget Vo watt L:~—~15 turns no, 18 enam. 34" dia. 37
variable R:—5000 ohms, 15 enam. closewound long
C,—15-ppufd. midget watt on 34" form -
variable R:+—25,000 ohms, L:~—17 turns no. 10 L-—Same as Lo
C: — 35-ppfd. per 15 watt enam. 33" dia. 37 Ls—2 turns over cen-
section midget +—>50,000 ohms, 1, long ter of Ls -
variable watt
C,—15-ppfd. midget —15,000 ohms, 13
variable watt e o e
—10-ppfd. midget Ri«—1000 ohms, 1
variable watt -
Ci—75-upfd. midget Ri—2500 ohms, V3 “DE LUXE” TRANSMITTER COILS
variable watt
C;—25-ufd. 25-volit T.—Single - button Li—30 turns no. 22 of 17
electrolytic microphone to grid enam. closewound Li—Three turns over
Cy—10-pufd. 25-volt T:—Driver to class B on 334” form center of L
electrolytic grids L.~~15 turns no. 18 Li—6 turns no. 10
C+—.01-ufd. 400-voit T:—Class B plates to enam, closewound enam. 114" dia.
tubular r.f. load on 34” form spaced to a length
C1—.0001-pfd. mica CH—7 h., 40 ma. L:i—13 turns no. 18 of 112"
Cn—~0.1-pufd. 400 - L:—25 turns no. 22 enam. on 34” form, Li~—2 turns around
volt tubular enam. closewound spaced to a length center of Ls
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hot. The correct adjustment of this condenser
is the point at which the grid current to the
final drops to zero when the crystal snaps
out of oscillation on the “sharp” side. Too
much capacity is indicated by a failure to do
so, caused by self-oscillation.

Coupling to the conventional 6AG push-
pull final can be done inductively by either
vne of two different methods. A grid coil
which is self-resonant at the operating fre-
quency is placed alongside the exciter tank
coil and at the approximate spacing from
it shown in the photo of the one transmitter.
The exact distance is not critical.

A more unusual and simpler method, used
in the larger transmitter, is to wind (link
fashion) three turns around the center of the
LO-meter exciter tank coil, center tapping this
link coil through the grid leak to ground and
running the two ends of the coil direct to the
final grids (figure 3A). This latter method
is simpler from a mechanical standpoint,
although not quite as efticient as the tuned
inductively coupled coil.

When a 100-ma. power pack is used,
coupling to the final is adjusted to load it to

51

40 ma. and with a 150-ma. pack, to 75 ma.

The peculiar form factor used in the coils
of the one transmitter was necessitated by the
proximity to the shield can. A long narrow
coil such as this has a small concentrated field.

Plate current of the exciter is 40 to 50 ma.,
although it can be made lower by experiment-
ing with grid leak values. For a 350-volt
supply the grid leaks on the two 6AG grids
should be increased to 100,000 and 50,000
ohms respectively to give a conservative value
of plate current.

The final dips to 15 or 20 ma. unloaded.
While low plate current dips do not neces-
sarily indicate a high order of efficiency, if
you like lots of “dip” be sure to use heavy
wire (no. 10) for the final tank. Tests with
wire sizes from no. 24 to no. 8 indicate that
the minimum dip is almost directly propor-
tional to the size wire used up to the no. 8
limit.

Too much grid current on the final is more
of a problem than too little! In the unit
pictured at 280 volts it runs 30 ma. For
maximum tube life it should be cut down to
15 or 20 by dropping the exciter plate volt-

6V6-6A6-6A6 r.f.
unit. 6V6 oscillator
and 6A6 final on top
shelf. Antenna coup-
ling link visible
around final tank coil.
6A6 doubler-quad-
rupler on bottom
shelf. Note inductive
coupling between this
stage and final.
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De luxe amateur mobile transmitter, 15 watts output. Designed to be dustproof. (Note re-
movable plugs in meter jacks). Capped socket is for insertion of handset plug for trunk test-
ing of the unit. Switch operates ‘‘test tone.” Concentric cable plugs into socket far right.

age, not by reducing the regeneration. In is loaded to the desired current by the conden-
almost all cases isolantite base 6AG’s give the ser in series with the pickup coil. This has
best results.

Coupling to the antenna may be done by
any of the usual methods. Our personal
preference is shown in the diagram. The final (except on extreme dx) is immaterial.

the advantage that antenna loading can be
adjusted from the panel, and antenna height

Under-chassis view of 6V6-6A6-6A6 de luxe transmitter. While plenty of space is available, no

r.f. lead is over one inch long! Horizontal coil has three turn link as per figure 3A. At 350

plate volts, this gives 30 grid ma. to final. Regeneration condenser is between r.f. choke and
split stator condenser.
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De luxe amateur mobile transmitter, showing clean appearance above the chassis. The cadmium
plating is polished with jeweler’s rouge and a cloth buffer until it appears to be chromium plated.

Modulators

The modulator used with this r.f. section is
the same as originally described: either a 6C5
or 6C6 (triode connected) feeding a 79, 6N7
or GAG class B. If the power supply only de-
livers 100 ma., then the 79 with its lower
static plate current (14 ma. for entire speech
section) is preferable; otherwise the 6N7 or
6AG is indicated.

A number of these transmitters are in use
with 400-volt 200-ma. dynamotors. At this
voltage experimental models have produced
up to 65 ma. of grid current to the final.

The 6AG’s stand this voltage ok but the
modulator requires extra bias, which is ob-
tained from the car battery (figure 4). Both
methods diagrammed give a six-volt negative
bias on the class B grids.

Microphone voltage for the single-button
mike is obtained from the car battery through
a hash filter which completely eliminates all
traces of this annoyance.

A convenient “test tone” is obtained by in-
corporating a 0.1-ufd. condenser between the
grid of the speech tube and one of the grids
of the class B stage. The proper grid must
be determined experimentally. Closing the
switch, which can be a relay controlled from
the driver's compartment, produces a nice
1000-cycle note. The pitch is determined by
the capacity of this condenser.

Crystals

Mobile transmitter crystals are of two types.
A 40-meter fundamental thickness is usually
used in tritets or similar harmonic oscillators.
For double purpose tubes in which the first
section operates at the crystal frequency, a
harmonically operated crystal is preferable.
Such units have a fundamental thickness three
times normal but oscillate at the third har-
monic. Since they are practically as thick as
a 160-meter crystal, they are particularly
rugged. Holders for this type are usually de-
signed to clamp the corners of the crystal
firmly, oscillation occurring in the center.
Clamping crystals makes them impervious to

E 1 6AB 6A6
| 6N7 6N7
(__Ih.
- CAR

BATTERY

+
CAR -

BATTERY I

e

NEGATIVE BATTERY
GROUNDED

POSITIVE BATTERY
GROUNDED

Figure 4. Method of obtaining bias

for class B modulator using 6A6 or

6N7 when either terminal of the bat-
tery is grounded.
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Types of mobile microphones and shock mounts.

Lower left: handset with ‘“Extensicord” in

spring dashboard type holder. incorporating filament switch on holder. Upper center: radio type

mike with press-to-talk button in § and 10 broom holders. Lower right: handset with grip-

type press-to-talk switch and rubber cup into which receiver end of handset fits for dash mount-
ing. Lower center: two types of shock mounting cups.

mechanical damage. In a harmonic oscillator,
however, unless the cathode is sharply tuned
to 40 and plate voltage is low, such a crystal
will oscillate at both its fundamental and third
harmonic at the same time, resulting in a
fracture.

Finding the Proper Harmonic

In adjusting the exciter ten-meter tank to
the correct frequency, it is very easy to hit 8
or 13 meters. Particular care must be taken
to get the right harmonic not only in this
transmiter but in all ten-meter exciters. This
can be determined by an absorption wave-
meter or by tuning the station receiver to ten
and modulating the transmitter with the test
tone mentioned previously. Lack of modula-
tion is an indication that you have the wrong
harmonic. At a distance, of course, the carrier
will be very weak or non-existent.

Antennas

To date, nobody has discovered a better
transmitting antenna than a fishpole. A small
fortune awaits the man who does. For occa-
sional use, the “under $2.00"" type is good
enough, but for a permanent installation, one
with locking joints is better. The most com-
mon feed methods are simplified coupler, off-
center feed and concentric or twisted-pair
fed. Western Electric engineers take 30 ohms
as the average impedance of a quarter-wave
fishpole (series fed).

With the fishpole mounted on the rear of
the car, transmission is several R’s better in
the direction the car points. An aid in this
respect, is a small dashboard compass with
rubber suction cup attachment, obtainable at
auto accessory stores.

Microphones

Our old friend the single-button carbon
microphone still reigns supreme in mobile
installations. They combine high output and
ruggedness with good quality.

Years ago we spoke depreciatingly of “tele-
phone mike quality” but no more. Both the
Western Electric F1 and Automatic Electric
35A7 mikes as used in “French” phones have
a speech characteristic substantially flat over
the voice range.

Contrary to general amateur opinion, such
telephone equipment may be purchased with-
out trouble, either direct from the factory or
through regional distributors. These telephone
hand sets may also be obtained with a “push
to talk” switch as a stock item. The receiver
can be tapped into the b.c. set at a low level
point.

Regardless of the type mike use, the prac-
tice of “kicking it around” inside the car is
to be deplored. Rubber or spring handset
holders are available for telephone units, as
shown in the photos, while a little ingenuity
will solve the problem of mounting other
types.
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A mike having a handle can be mounted
in a “five and dime” broom holder. A
holder for the round airplane type can be
made by mounting a slotted piece of metal on
the dash, into which a bolt, running from the
back of the mike and having a small disk at-
tached to its head, will fit (figure 5).

The annoyance of getting the mike cord
tangled up in your feet can be avoided by
installing an “Extensicord,” which is a braided
four conductor telephone cord, having a
normal length of 21 inches. It looks like an
optical illusion, but the cord stretches to 53
inches! Such a cord is installed on one of the
handsets pictured.

Power

While dynamotors are very popular as a
source of power, the newer high-output double
vibrator packs are equally satisfactory. Their
main advantage lies in their greater efficiency
or lower battery drain for a given power
output. Class B modulation has a tendency
to vary their output to a certain extent, but
in most cases this is not a serious factor.

For purely local work, 15 watts input to
the final is more than sufficient. Local cov-
erage is more a function of the frequency
and topography than the power.

For dx, higher power is a distinct ad-
vantage, with a 30-watt input being a good
economy/range compromise. Inspecting the
catalog of one manufacturer, we find the
difference in price between a 350-volt, 100-
ma. pack and a 350-volt, 150-ma. pack
(unfiltered) is but $2.50 net. Between
this and a 400-volt, 200-ma. unit the differ-
ence is $3.50. Higher power means substi-
tuting a larger power unit only, up to the
400-volt limit.

Very little filter is required with dynamo-
tors. Almost invariably a 16-ufd. condenser
is sufficient. If ripple is present, it is probably
either in the microphone supply or speech
stage. A midget choke and 4-ufd. condenser
in the B plus lead to this stage will effect
a cure. Vibrator packs take more filter but
even they get by on surprisingly little.

All such power units draw heavy current,
ranging from 10 amperes on the smaller to
20 or more on the larger ones.

If the power pack is located in the trunk,
not less than no. 4 or no. 6 cable should be
used. Even with no. 6 cable, the terminal
voltage on the power pack under load will
probably be around 5.7 volts. Cognizant of
this, the commercials often have their power
packs built for 5.5-volt input. Almost every
amteur installation we have seen has used
cable which is far too light for the heavy
drain.
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It is always inadvisable to insert a switch
in this line. There are few switches that will
pass this amount of current without con-
siderable voltage drop. Some that were tested
showed a drop of a volt or more through
their contacts.

Bulkhead Mounted Power Supplies

Our personal conviction, borne out by
recent trends in the field, is that it is prefer-
able to mount the power supply on the bulk-
head of the car, either on the engine or on
the driver’s side. The battery cable in this
position will be not over 40 inches in length,
giving higher efhciency and saving on cable
expense.

Such a power pack is shown in the photos.
It was built to determine its efficiency as
compared to a trunk installation and the im-
provement was well worthwhile.

It mounts on the bulkhead behind the
right luggage compartment and is almost
out of sight. The incorporated wing nuts
and pull handles permit servicing the supply
without unbolting the can. Lifting the hand-
set from the spring holder releases a normally
off switch, operating the filament relay which
turns on the tubes in the trunk. Pressing the
grip switch actuates the dynamotor relay.
Each set of contacts on this relay is rated at
30 amperes. We paralleled them to secure
minimum voltage drop. B plus is fused to-
gether with the relay-filament circuit. “A”
hot is deliberately unfused. It is difficult to
secure a2 fuse and holder which does not
show a large drop under load. The only
chance of the cable shorting is where it
passes through the bulkhead, and an ex-
ceptionally heavy grommet, together with

MIKE MIKE

8oLY

PLATE
— SLoTTED —

rd
___MOUNTING e
i HOLES’

REAR VIEW SIDE VIEW

Figure 5. Making a mounting bracket for
holding the microphone when not actually
in use,
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Bulkhead mounted
power pack, controlled
relay assembly.
Mounts on bulkhead
with handles down-
wards. Large relay to
turn dynamotor on
and small relay to
turn filaments on.
Power cables and mi-
crophone plug into
panel.

thick .loom, guards against this. Actually,
there is less chance of this shorting than there
is of the starter cable.

The handset plugs into the power pack.
A six-wire speaker cable runs to the trunk,
using one for B plus, one for speech, one to
operate the dynamotor relay when the handset
is plugged into the trunk transmitter for
adjustments and three leads paralleled for
filaments. To permit duplex, the receiver in
the handset is connected to the output of the
first audio stage in the receiver. Pressing the
grip switch also operates a muting relay in
the receiver, killing the speaker but leaving
the handset receiver operative. It’s like riding
around with a telephone in your car!

Shock Mounting

Common practice has been to mount the
transmitter on sponge rubber, kneeling pads,
or airplane type shock proof cups. Inci-
dentally, experience with the latter on motor-
cycle transmitters over a two-year period has
indicated that they should be considerably
stiffer than recommended by the manufac-
turer, since they are designed to eliminate

higher frequency engine vibration rather than
road shocks. The hrst units tried were de-
signed for four pounds per cup and tore out.
By using the eight pound type, putting four
pounds on each, no further trouble has been
experienced in this admittedly severe type
of service.

The idea of shock mounting mobile trans-
mitters is, we believe, a carry over from the
aviation field. Did you ever see an auto radio
shock mounted? Neither have we. Actually
the components of a receiver are more sub-
ject to damage from vibration than those of a
transmitter.

Assuming that the tuning condensers can
be locked or tightened and that reasonable
care is taken in construction, we believe it
is beter to tie the whole unit down solidly.
Many of the commercials are now designing
their sets for rigid mounting and report no
undue amount of trouble.

To prove this point to our own satisfaction,
we removed the shock mounts on one of our
local police jobs. We must have picked the
right car, because before long it hit a dip at

{Continued on Page 159}
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By JERRY CROWLEY,* W6HBT

I am a communication receiver. . . . My
owner bought me two years ago for one
hundred and fifty dollars, and for a few
months I was the most prized part of his
amateur radio station. Then one horrible
day—I shall never forget it—my owner be-
gan to speak in a very disparaging manner
about my services. Since then, life for me
has been almost unbearable.

It started when the o.m. (that’s what he
calls himself) heard W6-— down the street
working a GG station. The o.m. twisted my
dials frantically, but all T let out was a
loud hissing sound when he had me tuned
to the station. I tried desperately to pull
that weak station through my many stages
and make it audible for him; but it was of
no avail. The little spring-brass plates that
formed a part of my trimmer condensers
had become weak and shifted their positions.
The result was that some of my circuits were
tuned to the elusive signal, and the rest
were tuned many kilocycles away and just
bring in a lot of noise.

The o.m. finally gave it up in disgust, and
that was the first night in weeks that I got
to sleep before eleven o’clock. A few days
later I was taken roughly from my honored
position on the operating table, and shipped
back to the factory where I had been built.
There I was given a thorough going-over,
and all my circuits were very carefully re-
tuned. I could see for myself that I was
having a good job done, because the man
who worked on me was using an oscilloscope.
I was glad then that my owner wasn’t one
of these hams that dive into a complicated
receiver and try to align it without the
proper equipment.

When I finally gave him the pattern he
wanted on the oscilloscope, he checked me
on the air and gave a big grin of satisfac-
tion at the way I performed. The next day
I was packed up and shipped back to Cal-
ifornia. But alas! The way was long, and
I received some severe jouncing on the train.

The result was that my owner was froth-
ing at the mouth by the time he had given

* 1647 Golden Gate Ave., Los Angeles, Calif.

me another trial. I guess the letter he wrote
back to the factory was a scorcher. I heard
him talking to W6— about it, and I almost
blushed at some of the words the o.m. used.
I remember that “lemon” was one of them!

Well, things went along that way for
awhile, and I continued to do the best I
could in my weakened condition. Then a
few months later I was taken downtown and
subjected to another re-alignment. This time
I was handled with great care, and reached
home in fine shape. But even though I now
performed almost like new, my owner still
had nothing but complaints to make about
me.

It seems that the o.m. had been over to
see W6-—, and had listened in on his new re-
ceiver. When he came home, all he could
talk about were things like: selectivity, sen-
sitivity, stability, and noise level. That night
he and the o.w. had an argument that lasted
into the wee hours of the morning. At
times they raised their voices so high I could
catch a few words clear out in the ham
shack. It seemed that the o.m. wanted to
buy a new receiver, and the o.w. was hold-
ing out for a new fur coat.

I guess she won, because the next night,
the o.m. dug under the table and brought
out a lot of his back issues of Rapro. He
spent all that evening going through them,
and didn’t even stop once to call a CQ. I
wondered what it all meant, and the next
day I found out. He was going to operate

I felt pretty sick when I realized it was
Saturday, and the o.m. would have two days
to dig into my insides. I had seen him ap-
proaching the transmitter many times with
the very same look in his eye that he had
now. I had often been puzzled because he
spent so much time in revamping the rig,
and yet had always left me strictly alone.

I know the o.m. used to feel pretty good
when he made a change in the rig that in-
creased its efficiency by five or ten per cent.
That made it all the stranger to me, be-
cause I knew that I was only operating at
about half my potential efficiency. I guess
he was a little afraid of me, but I can’t for

[Continued on Page 166]}
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Figure 1. The neat and compact housing for
the transmitter is made from three standard
receiver cabinets stacked one above the other.

il
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By LEWIS VAN ARSDALE,* WS8QZR

A description of a neatly built and well designed phone and
c.w. transmitter operating on all the bands from 160 through
10 with a conservative 25 watts output on each.

Two schools of thought are prevalent in
modern amateur radio design practice. First,
there are those who are content to have equip-
ment built in any convenient fashion just as
long as it perks, and second, those who not
only desire performance, but also desire a
layout that is “easy on the eyes.” Several un-
usual features in the circuit design herein de-
scribed will undoubtedly be of interest to
group one, while those in group two will, we
feel, be interested in several ideas that were
utilized to make what seems to us to be a very
clean and practical layout.

The particular circuit used in the r.f. por-
tion of this rig was decided upon after con-
siderable experimentation because it gave good
average output and efficiency on all bands
from 10 to 160 meters without resorting to
any intermediate doubler stages or complex
tuning adjustments. The oscillator is an 802

* Bud Radio, Inc., Cleveland, Ohio.

or RK-25 pentode used as a tritet to drive
a pair of ceramic based 6L6G tubes which
are connected in push-push when doubling
and in parallel when operating as a straight
amplifier. Discussion always seems prevalent
whenever the subject of “oscillator” is men-
tioned, so by way of putting in our bit, a
word of explanation as to why the tritet.

Because of the push-push arrangement of
the 6L6G tubes, together with the fact that
fairly high values of grid resistors are used, it
is desirable to have quite a bit more drive
than would ordinarily be required to push the
usual single beam tube. It was found that
while several of the other popular oscillator
circuits doubled quite well from 160- and 80-
meter crystals, the tritet circuit shown was
the only one that gave adequate output on
twenty meters from a forty-meter crystal with-
out a lot of critical adjustments. Twenty-
meter output is, of course, quite essential in
order to operate the pair of 6L6G tubes on
ten meters.
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POSSIBLE OPERATING COMBINATIONS

L 2 Ls
Oscillator Oscillator Amplifier

Cathode Plate Plate

Crystal Coil Coil Coil
160 M. 40 M. 160 M. 160 M.
160 M. 40 M. 160 M. 80 M.
160 M. 40 M. 80 M. 80 M.
160 M. 40 M. 80 M. 40 M.
80 M. 20 M. 80 M. 80 M.
80 M. 20 M. 80 M. 40 M.
80 M. 20 M. 40 M. 40 M.
80 M. 20 M. 40 M. 20 M.
40 M. 10 M. 40 M. 40 M.
40 M. 10 M. 40 M. 20 M.
40 M. 10 M. 20 M. 20 M.
40 M. 10 M. 20 M. 10 M.

ADIO

The change-over from push-push to parallel
for the output stage is accomplished by the
s.p.d.t. toggle switch clearly visible on the
rear of the chassis in figure 2. While it is
entirely possible that there may be some losses
in this type of switching arrangement, this
is not at all objectionable since there is plenty
of drive from the oscillator tube at all fre-
quencies.

Several other features of the r.f. circuit
should be noted. Metering is accomplished
through the use of a d.p.d.t. toggle switch
which is used to connect the milliammeter
across the 100-ohm resistors in either the oscil-
lator or amplifier plate leads. While metering
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could have been done just as well in the cath-
ode circuits, the 100-ohm resistors offer a
smaller loss in the plate leads, and in addi-
tion, by metering in the plate circuit only, the
plate input may be readily calculated—a point
that always seems to come up for discussion
sometime during every QSO.

The voltage for the screen grids of the two
beam tubes must be secured through the drop-
ping resistor as shown, rather than from a tap
on the voltage divider, as it is necessary to
modulate the screens and plates at the same
time in order to secure linear modulation up
to 100 per cent. The .00025-ufd. mica by-
pass condenser at the center tap of the am-
plifier plate coils may seem rather odd, but
it was found that the output on the higher
frequencies was considerably improved by the
addition of this condenser due to its regen-
erative effect. At the same time, the condenser
is not large enough to cause the amplifier to
become unstable as it does when a larger
condenser is inserted.

The modulator portion of the circuit has
nothing particularly out of the ordinary. Un-
usually good speech quality may be obtained
from this unit, and only one audio trans-
former — the modulation transformer — is re-
quired. In placing the modulator in opera-
tion, it may be necessary to vary slightly the
values of Rw and R, until the audio voltage
at the grids of both 6L6G tubes is equal. This

Figure 2. Rear view from
above of the r.f. chassis of the
transmitter.
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General wiring diagram of the 25-watt all-band transmitter. .
C1—250-pupfd, wmid- Co——.01-pufd. 1000- electrolytic electrolytic
get volt tubular Cio—0.5-ufd. 400 - Co1, €22 — 0.1-pufd.
€:—100-pufd. mid- ¢, C11—.00005-ufd. volt tubular AL
get ', Co—25-pufd. 25-volt
mica Cir—16-pfd. 450-volt Iyti
Cs—75-pupufd, midget : electrolytic
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C4Tet:e|.|rtra.llez;n'g ::n- tubular Civ—0.1-pufd. 400 - —8-ufd. 450-volt
o o e C1—.001-ufd, mica volt tubular electrolytic
s, Co — Ol-uutd. Cap—16-ufd. 450-volit
600-volt tubular €1,—.00025-ufd. CwTZ'S-LIlf:l.. 25-volt J’el—em;“yﬁc v
€1, Cs—.001-ufd. mica Sl Ri—50,000 ohms, 2
mica Cis—25-ufd. 25-volt Cz-—8-ufd. 450-volt watts
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voltage may be readily measured with an os-
cillograph or vacuum tube voltmeter. In the
absence of these two measuring devices, the
values shown may be taken to be approxi-
mately correct as they are the values which
were found to be proper in the particular
modulator used with this transmitter.

It should be noted that the B minus of the
modulator power transformer is connected to
the same switch that turns on line voltage to
the power transformer for the r.f. portion.
This type of connection permits the modula-
tor to be turned on only when there is" a
load on the secondary of the modulation
transformer thereby preventing possible dam-
age to this component. The proper plate-to-
plate load for the pair of 6L6G tubes in this
modulator is 6000 ohms with 350 volts at the
plates. The power supply for the r.f. section
is entirely conventional.

Construction

As can be clearly seen in the photograph
of figure 1, the entire transmitter is con-
structed in three separate sections. The top
section contains the r.f. unit; the middle sec-
tion contains the modulator and modulator
power supply; and the bottom section con-
tains the power supply for the r.f. portion.
The rack in which these sections are mounted
is novel inasmuch as it is made up by at-
taching three of the newly introduced
“streamline” receiver cabinets together. These
cabinets measure 84" deep, 1415” wide, and
8” high making the total transmitter height
24 inches.

This type rack construction has several
points in its favor. In the first place, it is
quite an economical method of securing a neat

looking rack. Then too, the housing can be
built to any desired size to accommodate a
particular layout without having a lot of
waste space, as is frequently the case when
using standard size cabinet racks for small
transmitters.

The parts layout of the three shelves can
be cleatly seen in figures 2, 4, and 5. The
chassis for the r.f. section measures 8” x 915"
x 2", while the two bottom sections are built
on chassis measuring 8” x 11” x 2”. In con-
nection with the r.f. section, the tuned cit-
cuits are so arranged that the cathode tank
is in the middle of the chassis between the
two shields as this places the oscillator and
amplifier plate circuits a greater distance
apart. The midget condensers, it will be noted,
are mounted on insulators. The mounting feet
closest to the panel are attached to regular
small standoff insulators, while the rear
mounting feet are mounted with the same
size small feedthrough insulators, thus en-
abling the under-chassis rotor connections to
be made directly to the feedthrough stud. A
small fibre shaft extension is placed on the
oscillator plate condenser to eliminate hand
capacity effects. This, however, is not neces-
sary on the amplifier plate condenser because
no hand capacity effect is present when the
stage is loaded.

Nothing particularly unusual is to be noted
in connection with the parts placement on the
modulator and power supply units as com-
ponents were merely laid out for the greatest
convenience in wiring concurrent with a pleas-
ing appearance. While the microphone jack
is quite a distance from the grid of the 6S]J7
speech input tube, no trouble from r.f. feed-
back has been encountered as the connecting
lead is shielded, and the entire modulator unit

R:—25,000 ohms, 50 R1:7—25,000 ohms, 1

watts watt
R:—100 ohms, 2 R1+—500,000-0hm
watts potentiometer

Ri:—1500 ohms, 1
watt
R1s—25,000 ohms, 1

Ri, Rs—100,000
ohms, 2 watts

Re—150 ohms, 10 watt
watts Rir. Rix—100,000
R:—10,000 ohms, 10 ohms, 1 watt
watts R1:~—500,000 ohms, 1
watt
RT;',?? ohms, 2 R:—200,000 ohms, 1
watt
R—5 megohms, 12 R:—250 ohms, 20
watt watts
Rie—1500 ohms, 1 R:>—200,000 ohms, 1
watt watt
Ri—1  megohm, 1 Rx—15,000 ohms, 10
watt watts
R12~—250,000 ohms, 1 R2—7000 ohms, 10
watt watts

General wiring diagram constants.

(Continued)

R2—10,000 ohms, 10 RFC:—215-mh, 125-
watts ma. r.f. choke

Razs  Roer,  R2s, Rowr— T+—30-watt modula-
250,000 ohms, 1 tion transformer

watt T—5 v., 3 a, and
R~—25,000 ohms, 20 6.3 v., 6 a.

watts T:—1500 v. c.t., 200
Si—S.ps.t. toggle ma.

switch T+—800 v, c.t., 200

S:—D.p.d.t, toggle ma. 5 v, 4 a.; 6.3
switch v., 5.5 a.

S:—S.ps.t. toggle CH,—8-30 h. swing-
switch ing choke, 250 ma.

S—D.pst toggle CH—15 h., 250 ma.
switch CH,—8-3C h. swing

- B -

Sr.-—S:p.s.t. toggle ing choke, 150 ma.
switch

RFCi—215-mh. 125- Ly, L La—.Manufac-
ma. r.f. choke tured coils — see

RFC:—2Y3-mh, 250- Buyer’s Guide
ma. r.f. choke M—0-250 ma.
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Figure 3. Under-chassis

view of the r.f. section

showing the neat bus-bar
wiring.

is well isolated from the r.f. section. Jewel
lights are provided to show when the a.c.
line is on, when the modulator is on, and
when the entire transmitter is on the air. This
latter jewel light is the large one in the center
of the bottom shelf and serves not only as an
indicator but as a warning that high voltage
is present on all shelves.

Wiring

In wiring the r.f. section, it will be noted in
figure 3 that square corner wiring is used.
While this always takes a little longer than
point-to-point wiring, it is usually well worth
the added effort as the unit is easily serviced,
circuits are less difficult to trace, and, of
course, it looks well. No. 16 half-hard tinned
copper wire does the job very well as it stays
in place, yet is easily worked. Filament and
link leads should be connected with regular
push-back wire. All ground connections are
made to the ground wire running through the
center of the chassis. In no case should the
chassis be relied on for any ground connec-
tion, and the ground wire itself should pref-
erably be attached to the chassis at only one
point. Before wiring the voltage divider, the
taps should be set at the points which, it is
thought, will place 250 to 300 volts on the
screen grid of the oscillator tube, and 50
volts on the suppressor. Final adjustment
of these voltages should be made with the

aid of a voltmeter when the unit is placed in
operation.

As the 6L6G tubes require a small amount
of neutralization, a small condenser is made
by running a wire from the 6L6G grids to
form a 3-turn snug fitting loop around a
soldering lug on the rotor stud of the ampli-
fier plate condenser. This loop is adjusted
to neutralize the 6L6G tubes when amplify-
ing straight through in the parallel connec-
tion. If this adjustment is made on the high-
est frequency where parallel operation is to
be used (usually 20 meters), the stage will
remain sufficiently neutralized on the lower
frequencies for all practical purposes.

The feed through insulators on the rear
of the r.f. chassis are the link output leads.
The center S-prong socket in the rear is for
the crystal holder, while the S-prong socket
near the corner is for power connections.

In wiring the modulator, all by-pass con-
densers should mount as close to the cor-
responding tube socket pins as possible, and
the grounding points for each stage should be
the shield or no. 1 pin on the sockets. The
volume control should preferably be mounted
close to the sockets and controlled by an ex-
tension shaft to facilitate short wiring. High
voltage wire or hookup wire with spaghetti
covering should be used in making the modu-
lator plate, modulator output, and B plus
connections. No meter was put in the modu-
lator as the current to the modulator tubes
is essentially constant.
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Figure 4. The speech amplifier-modulator
section of the transmitter with its power
supply.

Operation

The accompanying operating table clearly
shows all the combinations that are possible
with this transmitter to secure output on the
five bands. Very little difficulty should be
encountered in adjusting and operating the
entire transmitter. Small commercially avail-
able air-wound inductances were used
throughout the r.f. portion, but coils wound
on regular plug-in forms may be used with
some sacrifice in efficiency on the higher fre-
quencies. It will be noted that the coils
recommended for the cathode circuit are or-
dinarily intended for circuits operating at
four times the crystal frequency. This is due
to the fact that the cathode circuit of a
tritet oscillator is tuned to approximately
twice the crystal frequency, but at the same
time should be quite high C. It has been
found, however, that with some sluggish 40-
meter crystals, oscillation takes place more
readily when a 20-meter coil is used in the
cathode circuit instead of the 10-meter coil
specified.  The cathode tuning condenser
should always be set at the least capacity
consistent with good output as crystal current
rises quite rapidly as this capacity is in-
creased. The proper setting will be found
to be much more critical when the scillator
is doubling.

With a set of coils and crystals in place,
and with the switch, S,, in the proper position,
the plate voltage may be applied to the oscil-
lator alone after permitting the heaters to
come up to operating temperature. Oscil-
lator current will read about 50 ma. if the
crystal is oscillating (about 70-75 ma. if not)
and will show a pronounced dip when the
plate circuit is tuned through resonance on the

Figure 5. The bottom panel of the transmit-
ter which contains the r.f, section power
supply.

fundamental frequency and a small dip on
the second harmonic.

With the oscillator functioning properly but
without any plate voltage on the 6L6G stage,
the amplifier should be neutralized as ex-
plained under Wiring. Once neutralized, the
plate voltage may be applied and the stage
tuned to resonance. Under normal operat-
ing conditions this amplifier stage should draw
not over 30 to 40 ma. at resonance (with-
out load) on all frequencies whether operat-
ing as a doubler or straight amplifier. This
stage may be loaded up to 125 ma. for both
phone and c.w. operation.

After it has been made certain that the
modulation transformer is connected for the
proper r.f. load, all that is required to place
the transmitter in operation for phone work
is to throw the switch, Ss, on the modulator
and turn up the gain. As previously stated,
the entire transmitter is put on and off the
air by the one switch, S.. One precaution in
this connection is necessary. Care should al-
ways be taken to see that Ss is off before plac-
ing the transmitter in operation on c.w. to
prevent the modulation transformer from be-
ing unloaded with the modulator turned on.
Also, when operating cw., the crystal will
usually follow the keying much better if the
crystal oscillator plate condenser is tuned
slightly higher in frequency than exact res-
onance.

While this is classified as a "25-watt” rig,
outputs in excess of this amount are easily
obtained on all bands and range upward to
about 45 watts, secured on 40 meters. In
addition to the 8-prong ceramic based GL6G
tubes shown in this r.f. amplifier, the 6-prong

[Continued on Page 164}
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By GEORGE W,

BROOKS,*

WI1JNO

There is another article elsewhere in this issue which ex-

haustively treats the subject of frequency modulation. For

those amateurs who would quickly be ‘“‘exhausted” by such a

treatment we present this non-technical discussion of the

subject with especial emphasis on the design of receivers for
the new type of modulation.

As this is a how-to-build-it paper and not
a technical discussion, I suggest that the more
technical minded skip this and allow us
“simple folk” to get down to one lung words.

First let us take a look at the block dia-
gram of the typical setup of a frequency
modulated and of an amplitude modulated
receiver. From this point on we shall call
them the FM and AM receivers to save time
and space. Gander the diagrams, and one
thing 1s evident right off. That is that between
the i.f. amplifier and the a.f. section we have
some extra grief stuck in. These positions
are filled by a limiter, discriminator, rectifier,
and audio restoration circuit.

Don’t let these names bother you. The
limiter is nothing more nor less than a high
sounding name applied to a tube working
with low plate and screen voltage, and with
its bias secured by a resistance in its grid
circuit. The tube is operated nearly at the
saturation point and any increase in input
above a certain predetermined amount will
give practically no increase in output. The
discriminator is nothing but a glorified version
of our old friend, automatic frequency con-
trol, and the discriminator employed in the
FM receiver is very much like the one used in
a.f.c. circuits. The same applies to the rec-
tifier which is used in a very similar manner
to the way the one is used in a.f.c. circuits.
And the audio restoration circuit is nothing
but a series condenser and resistor, to restore
the audio waveform balance in the rectified
program, a characteristic of the present prac-
tice of music and voice transmission. It is

* 28 Friendship St., Newport, R. I.

the purpose of the discriminator to change
the variations in frequency to variations in
amplitude.

Practical Considerations

We now are at the point of construction
of a receiver and we shall begin with the
input circuit and work toward the speaker
or reproducer. The r.f. input and first de-
tector circuits are similar to those used in
any ultra-high frequency front end and any
good one can be employed. The main require-
ment is, as in any good receiver, mechanical
stability and freedom from hum modulation
of the h.f. oscillator. The tuner can have
either a stage of r.f. or not, although the r.f.
stage is highly desirable. The tuner will be
required to cover the frequencies from 40
to 44 Mc. The best thing I can say is that
if you are lazy like I am, you had better
purchase the high-frequency end.

Intermediate Amplifier

The i.f. amplifier is similar in construction
to any good 1500 kc. or higher intermediate

(R.F.ADEYHOSLHLR AMPLIFIER H:ECTIFIERH_AU—DI_OH
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Block diagram comparison of the various divi-

sions of an amplitude modulation receiver as

compa