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_he 127E Transmitter is designed with
features which make it universally appli-
cable as a multifrequency transmitter for
marine - shipboard, marine shore,  aero-
nautical ground and police sérvices, A
combination of high frequency and inter-
mediate frequency operation, with the
latter optional, covers most commercial
r(‘quxrcments. .

The 127E is completelv housod in a
compact sturdy cabinet of processed metal
construction for protection against salt
water atmosphere. Components are  as-
sembled on removable cast ~aluminum
frames and decks. Electrical circuits_are
made by heavy duty automatic ¢onnectors
and wiring is not disturhbed when sections
are removed through the ‘front .of the
transmitter for inspection and service.

Collins Autotune System is operated by
a ten position selector swnch whxch com-

“MopULATION CAPSABILITY:

~CARRIER NoISE LEveL:

#POWER SOURCE:

pletely retunes the transmitter, in six sec-

onds or less, to any one of ten crystal con-

“trolled [requencies.

Ratep Power Outpur: 500 watts A; emission
and 300 watts. A2 and Az emissjon.

FreQuency Rance: High frequency 2000 to 16,000
ke, - Intermediate frequency 300 to 500 ke (op-
tional).

10055,

Aupro Irequency Resrosse: . Uniform  within
plus or niinus 2 db from 200. to 3000 cycles.
Aup1o” Frequency Hiarmonic Distortion: Less
than 109 R.M.S. total harmonics at any modu-

lation le\el at 400 cycles.

More than 40 db below
1007 modulation on As.

KE\U\(‘ SystEat: Allows full break-in operation.
Antenna keyed on if. only. Antenna chunge-over
relay provided for hf operation. Keying speed
of 40 w.p.m.

CABINET DimENsIoNs: 72" high, wide, 22"
deep.” Shock mounting supplied when required.

115 volts, 60 cycle single phase

21

a.c. A converter_ is supplied for operation from
110. volt. d.c. "when required.
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SKY BUDDY is an 18-feature communi-
cations receiver with continuous coverage
from 44 MC to 545 KC with uniform
sensitivity over the entire range. Electrical
band spread. Beat frequency oscillator.
Built-in line filter. Built-in $2 50.
rubber mounted speaker, etc. . 9

Skyrider DEFIANT offers performance
usually associated with more expensive
receivers. Four bands cover from 43.5 MC
to 545 KC. Frequency Meter tuning on
10, 20; 40, and 80 meter amateur bands.
Controls include RF gain, Selectivity
switch, Crystal phasing, Audio gain, Pitch
control, Bandspread tuning, A.N.L.
switch, BFO, etc., with crystal, § 6950

less speaker ... , Super SKYRIDER $X-17

(illustrated at the left) is

the finest communications receiver the Halli-
crafters make. Has two stages of preselection,
built-in Dickert noise limiter. Iron-core air
tuned L.F. circuits provide wide range variable
selectivity—from broad high-fidelity to single
signal sharpness. 1000° Spiral bandspread
dial. Plus numerous other quality

features. With ctystal, less speaker. $13750

HT-4 (shown at right) is a
high-powered amateur transmitter, giv-
ing 450 watts on CW and 325 watts on
phone. Separate preamplifier allows re-

mote control of volume, keying and
standby. Transmitter may be set to any
three of the 10, 20, 40, 80 or 160 meter
bands. Like all Hallicrafters equipment,
immediately available. Includes Pre-

amplifier, coils and crystals
for three bands $695
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SALUTES
HELWIG-SPEER

In acknowledging the tremendous popularity of Taylor’s two Wonder Tubes,
the T-40 and TZ-40, it is natural tﬁat Taylor Tubes salute the Helwig-Speer
Carbon Company, whose fine Carbon Anodes have proved their stamina in the
T-40 and TZ-40, by devoting this space to tell you —

WHY CARBON IS BETTER!

The ability of carbon to stand up and deliver maximum results under all work-
ing conditions — its better physical characteristics, makeit truly a splendid
anode material. Remember tEat the amount of power a tube will handle as an
Oscillator — Amplifier — Doubler-Modulator or Rectifier — depends to a
large degree on the ability of the anode to dissipate heat. Because carbon has
an extremely bigh radiation emissivity, and high thermal conductivity, anodes
made of carbon are superior. We list here some of the major reasons why car-
bon is a preferred anode material.

RADIATION EMISSIVITY

It is an established scientific fact that rough, black surfaces radiate heat many

times faster than smooth metallic surfaces. This feature of carbon insures lower
temperatures of all associated tube parts — adding to the tube’s ability to with-
stand overloads.

THERMAL CONDUCTIVITY

The high thermal conductivity of Helwig-Speer Carbon Anodes, produces
quicker diffusion and a more uniform distribution of heat throughout the
anodes. This feature prevents hot spots which result in warping and fusing of
the anode material. Tubes using Carbon Anodes, can be made with smaller
elements because carbon radiates heat at a faster rate. This means low inter-
electrode capacities and permits successful operation at higher frequencies.

DEGASSING QUALITY

All known materials, usable as anodes, have a heat point at which all gasses
will be expelled. In degassing a tube, tremendous heat is induced into the anode
by Radio Frequencies while a series of vacuum pumps of special design carry
away the gases being liberated. (It is interesting here to note that carbon has the
highest melting point of all common anode materials. Carbon does not melt at tem-
peratures under 3537°C while Tungsten has a 3370°C melt point, Tantalum a 2850°C
melt point and Molybdenum a 2620°C melt point.) Regardless of the anode material
used this process of degassing is always followed. A TUBE MADE “GAS-
FREE” IN PRODUCTION REMAINS “GAS-FREE”. Helwig-Speer Processed
carbon anodes have ideal degassing qualities and compare, in this respect,
more than favorably with all other anode materials.




EXPERIENCE GAINED IN
PRODUCING 20,000

T-40’s and TZ-40’s

NOW MAKES POSSIBLE

Over 20,000 of these Wonder Tubes have been made and sold
in 20 months. Continued research and experiment have proved
that in INTERMITTENT AMATEUR SERVICE our origi-
nal Operating Ratings were extremely conservative. The
new ratings shown below are still conservative and allow you
true long life performance. The regular operating ratings
remain the same for continuous commercial service, the new
ratings for Intermittant Amateur Service.

T40 . . ... . TZ-40

Commercial Class C Telegraph Amateur
1250 V. Plate Volts 1500 V.
125 M.A. Pla'te Current 150 M.A. -
31 MA, Grid Current 38 M.A. cUsSTOM guitT ‘
v Class C Telephone ‘
1000 V. Plate Volts 1250 V.
115 M.A. Plate Current 125 M.A. T 4 o
40 M.A. Grid Current 40 M.A. o

Condervative /\’GW
The performance in actual service of the Wonder Tubes T-40
and TZ-40 over the past 20 months prove that Taylor's ratings
are conservative. The husky Carbon Anode is rated at only
40 watts, yet it actually takes 70 watts plate dissipation to
cause the anode to show color. That means your, T-40 or
TZ-40 can stand serious overloads without damage—a real
safety factor. The complete Molybdenum Grid designed for
heavy duty service withstands abnormal abuses. Taylor Tube
filaments are designed as to diameter and length so that they
provide the necessary surface area needed to furnish emission
in amounts well beyond the requirements of maximum peak
plate current with good emission efficiency in terms of fila-
ment power at safe temperature for long life.

When Taylor Tubes brought out the Wonder Tubes—T-40 and
TZ-40 — comparative types sold at $10.00. Amateurs the
world over quickly recognized the outstanding value of the
T-40 and TZ-40 and rapidly they have become the most
popular of all Amateur Transmitting Tubes. Naturally the
tremendous success of these Wonder Tubes has attracted
competition—and we expect more. We ask you to remember
that the experience gained in producing this large number of $ 5 o
tubes is your best assurance of Better Performance and Top —
Value. Insist on Taylor’s T-40°s and TZ-10's—conservatively

rated like all Taylor Tubes—and proved through use. ACTUAL SIZE

RECOMMENDED BY LEADING PARTS DISTRIBUTORS

”/{o'te u/az‘fi pe'c po//dt”

TAYLOR TUBES, INC, 2341 WABANSIA AVE, CHICAGO, ll.l.lNOlS




Section Communications Managers of the A.R.R.L. Communications 'l)epartment‘\

All appointments in the T.eague’s field organization are made by the proper 8.C.M.,, clected by members in each Section
listed. Mail your S.C.M. (on the 1ath of each month) a pustal covering your radio activities for the previous 30 days. Tell
him vour DX, plans for experimenting, results in 'phone and traffic. He is interested, whether you are an A.R.R.L. metuber
ar get your (N7 at the newsstands; he wants a report from every active ham, [f interested and qualified tor (. R.S., O.P.S.
or other appointments he can tell vou ahont them, too.

ATLANTIC DIVISION,

Eastern Pennsvivania WIIRKES Jerry Mathis 5132 Haverford Ave. Philadelphia
Marviand-Delaware-Listrict ) i

of Columbia \'\‘ARAK tdgar L. Hudson Laurel, Delaware
Southern New Wi Lester H, Allen 704 Quinton Ave. i'renton
Westrrn N \' }< kEd Preston 10) Lincoln Ave. Tully
‘Waestern Pennsylvania W )«JM ) Kendall Speer, Jr. l.owber

CGENTRAL DIVISION,
Ilinois WORMN l eslic M., Dickson Fdellyn Farms Waunkegan
indiana WaQi, Noble Burkhart K. 4, Box {ndianapolis,_,
Kentucky WOUARL I)arr('ll A. l)ov\ nard 116 N, l,omzworth Ave. {.ouiaville
Michigan WXDIPPE Harold C. L ‘ontiac
)hio WHRAQ .M. (nhlm_ J(N Brnad St. Wadsworth
\Wisconsin WouIT \ldrich C. Krones 7-A Weut, Madison St. Milwaukee
DAKOTA DIVISION.

“North Dakota WOUWWIL, .\nton C. Theodos ¢ ‘v American Cafe Minot
South Dakota WOV A. L. Rossell Philip

orthern Minnesota WIIGZ l‘f n i.. Wicklund R.ED, 3 Kensington
sautheru Minnesota WOYNQ Millard L. Bender 60% N, Huron Ave, Spring Valley

DELTA DIVISION.
Arkausas WSAR) H. E. Velte 4415 West 12th St. Little Rack
{.onisiana WSDRR Fugene H. Treadawav 3}40 Myrtle 5t New Orleans
Missisnippi WSKWD fewell W, Cole n('v«v of McComb Water
§ l)" MecComb City

Tennessen WATWS William Harold Walker ’\0( ‘Belmont Bivd. Nashville

HUDSON DIVISION.

i'anturn New York Robert K. Haight 311 South Holmes st. Suotia
NLY X long Island F. 1., Bauuach 102 Central Ave. Massapequa, L. 1,
Nortlmrn New Jersey foseph ') Tessup 131 California St. Ridgewonr}

MIDWEST DIVISION.

fowa WOPIR L. B. Vennard 1. 0. Hox 304 \West Hurlington
I ansas WOUEG Melvin 1), Kirby Arlington
Misronri WeonL Misx Tetha Allendorf 1015 W. 3rd St. foplin
Nebraska Woni William [. Bamer T'obias
NEW ENGLAND DIVISTON...
Connecticut WICTY hrcdc-nck s, 3r. 19 Merrill Rd. Norwalk
\Aamc WL . W. Caxtner 147 Church {Damariscotta
tern Massachiusetts \ 1HIL | a_rry Mitchell 94 Hnward St. Melrose
stern Massachusetts A 1JTAH William J. Barrett 239 Columbia St. Adams
New Hampshire 1BET tarl B, hvam 163 South Main St. Concord
Rhode fstand IH RC (layvton (", Gordon 192 Washington Ave. Providence
Swrmont Al RJG Clifton (v, Parker Hox 537 Morrisville
N()RTHWESTI‘,RN DIVISION.
Alaska nu b, Osterman ( mmmhouwr \Wrangell
arl ichelberger Route 2 Huna
(.. A. Waadhouse Holter Dam Wolf Creek
Harold W. (ohnston 205 North (irant St. Pendlcton
\W. Reale R, 4, School Ave. Walla Walla
PACIFIC DIVISION
Hawaii brancis 'I'. Blatt 37 16th Ave. Honoluln
Nevada Fdward W. Heim 309 Claremont St, Reno
Santa Clara Valley blhr'rt Amarantes 154 Washington St. San Jose
Fast Bay race R, Greer 414 Fairmount Ave. Oakland
“ate b rancisco ~enneth E. Hughes 622-30th Ave San Krancisco
Sacramento Valley incent N. Keldhausen IH South Ouincy St. Mr:( “loud
i*Inlippines orge l.. Rickard &40 Manila

KALG
WoeKUT

San joaquin Valley fdwin A. Andress ""! Nr)rth Van Ness Bivd, M'P‘mr\

ROANOKE DIVISION
W4HCYRB W, . Wortman

North Carolina P. 0. Box 566 Morganton

sonth Carolina W4ABOE/ANG Ted Kerguson 1213 College St. Columbia
WIALVA < har es M. Watt, jr. Box 1212 University
West Virginia WRHD ¢*, 8. Hoffmann, jr. 47 T.ynwood Ave. Wheeling
ROCKY MOUNTAIN DIVISION.
Colorado WORHC ¢arl C. Drumeller %19 East Dale St “'olorado Springs
1Itah-Wyoming WICLG Krnest K, Parshall salt Creek Electric Plant  Midwest, Wyoming
SOUTHEASTERN DIVISION
Alabama WADGS James k. T'hompson 12 Clanton Ave. Montgomery
Waucoma Apts.
Eastern Wlorida WALVO (.. A, Connolly ;10 \o Willow Ave. Tampa
Western Klorida WHAXP O)scar Cederstrom X St. & Bruee Ave. e knniak Springs
(reorgia X \WAAGT } ~land W. Smith '\H\) Pnnnnvlvwnla Ave, Augusta
West Indiex ((‘nba-Isle-of - Pines- 5
J’orto Rico-Virgn Islands) CM20P Maria de la Tarre F.scobar 110 (Altos) Hahana, Cuba
SOUTHWESTERN DIVISION
f.o8 Angeles WOMOM Ralph S, Click 1048 Milwankee Ave. Los Angrles
Arizona WOKAMM Marson B, Hull hl/ Nurﬂl Fourth Ave. Phoenix
“an Diego WhikM Howard K. Breediove 2, Box 036 San Diego
WEST GULF DIVISION
Northern T'exas SWSDXNA l.ee Hughes 125 N, Main 5t. Childress
Oklalioma WSCEZ t'arter .. Simpson 2010 No. 4th St. Ponca Caty
Southern Texas WEBHO Pave H. Cal Hni2a Ave, Q) Houston
New Mexico WSENT T3r. Hilton W. Gillett fLovington
MARITIME DIVISION
Maritime VEIDQ A. M. Crowell 69 Dublin St. Halifax, N, S,
. ONTARIO DIVISION. -
Ontario VE3ISG ¥. H. B. Saxon 402 Lee Ave, Toronto, Ont.
QUEBEC DIVISION
Quebec YE2CO Lindsey G. Morris Apt. 6, 4510 Giirouard Ave.,
N.D .G Maontreai, P, Q.
—VANALTA DIVISION,
Alberta . VESGE €. 5. Jamieson SR1 W, Riverside Drive Urumheller, Alta.
RBritish Columbia VESHP I Hepburn. Ir. 335 Foul Bay Road Victoria
PRAIRIE DIVISION.
anitoba VELAAW A, W, Morley 747 McMillan Ave, Winnipeg
Saskatchewan \'EASY Arthur Chesworth 1071 4th Ave,, N. W. Moose faw
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We make more different types of resist-
ance units than any other company in
the world — each having characteristics
making it particularly suitable for a
certain class of service.

There is naturally a temptation to de-
vote this page to some new developmerrt
in resistors or circuit application, but
we should not neglect one of our old
standbys — in fact, our Bread and Butter
in the average ham shack — the cement-
coated power wire wound resistors.

L

INTERNATIONAL RESISTANCE COMPANY « 401 NORTH BROAD STREET, PHILADELPHIA, PA.=
ADVERTISEMENT

Their acceptance is no accident. In food
mixers and Pullman cars, desk fans and
submarines, furnace controls and dental
equipment, in Peace and in War, they
carry on their unspectacular task. They
make no headlines but many headlines
would not be made without them.

All the ingenuity we can muster in their
design, all the care we give to their manu-
facture is to the end that you can install
them, depend on them — and forget
them.

7
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HE AMERICAN Rapio Reray Leacug, INc.,

is a non-commercial association of radio
amateurs, bonded for the promotion of interest in
amateur radio communication and experimenta-
tion, for the relaying of messages by radio, for
the advancement of the radio art and of the
public welfare, for the representation of the radio
amateur in legislative matters, and for the main-
tenance of fraternalism and a high standard of
conduct.

It is an incorporated association without capi-
tal stock, chartered under the laws of (,.onnectl-
cut. Its affairs are governed by a Board «
Directors, elected every two years by the gencral
membership. The officers are elected or ap-
pointed by the Directors. The League is non-
commercial and no one commercially engaged in
the manufacture, sale or rental of radio apparatus
is eligible to membership on its board.

“0f, by and for the amateur,” it numbers
within its ranks practically every worth-while
amateur in the nation and has a history of glori-
ous achievement as the standard-bearer in
amateur affairs.

Inquiries regarding membership are solicited.
A bona fide interest in amateur radio is the only
essential qualification; ownership of a transmit-
ting station and knowledge of the code are not
prerequisite. Correspondence should be addressed
to the Secretary.

HIRAM PERCY MAXIM, FIRST PRESIDENT

Officers
President............EuceNE C. Wooprurr, WBCMP
State College, Pa.

Vice-President. . . .........Georce W, BaLey, W1KH
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‘West Hartford, Connecticut
Communications Mgr. . ....F. Epwarp Hanpy, W1BDI
‘West Hartford, Connecticut

General Counsel . .....................PauL M. SeeaL
1026 Woodward Building, Washington, D. C.

Address all general correspondence to the administrative
headquarters at West Hartford, Connecticut.



“IT SEEMS T0 US—"

POSITION REPORT

As we write, in early October, we are
keenly conscious that fast-moving develop-
ments in the international situation may make
hash of what we write before the printer’s ink
isdry. It has been that way the past two weeks.
We can only do our best.

We have just returned from Washington,
where we talked over the position of the ama-
teur with officials in every branch of the gov-
ernment concerned with radio. We still feel
assured that there is no present room for un-
easiness about our situation, provided that
we continue to behave ourselves. Officials
watchfully ponder the whole communications
picture, but there are no deep and foul plans
to do away with us. They don’t know what
may happen to alter America’s position in the

. international picture; they don't know what
steps may later become necessary to protect
our country’s interests. But stories that there
are intentions to close us down are completely
untrue. The nation needs its radio amateurs
as it never has before, and that fact is realized.

In the month since we presented the
A.R.R.L. neutrality code the ether has rung to
the retelling of that story on eyvery band.
By now it must be known to every amateur.
And by now it is clear that only our prompt
and voluntary adoption of that code, and our
ability to show Washington that we were tak-
ing care of our own house, saved the day for
us during the early unsettled period. It con-
tinues to be of transcendent tmportance that we
observe neutrality by refratning from discussing
on the aitr any manifestation of the war and any
subjects that might have military interest for an
interceptor. To the extent that you value your
right to operate, let that be your code, un-
failingly!

ABOUT INTERCEPTING

WV amaTEURS have trained ears and
sensitive receivers, and our numbers blanket
the nation. We are ready for any emergency
job that might be entrusted to us. There have
been reports in the press that amateurs were
being appointed “radio detectives” - we’re
not sure what for --- and some of us are simply
bustmg to get going on such an assignment.

Sorry, fellows, but there is nothing stirring.
There are no such Jjobs. The press stories are
incorrect. The League has offered our services
to the appropriate government agencies but

November 1939

they are not needed. America is at peace with
all the world. There is no situation existing
that cannot be covered by the normal facili-
ties of the government. The government says
it wants no self-appointed vigilantes, no super-
patriots going around chasing spies.

We are even less free than the ordinary
citizen in such matters, for the secrecy provisions
of radio law are still in full force. It 1s against
the law to divulge the text of a message, or its
general meaning, or even its existence. We
must not appoint oursclves super-patriots
and commence copying down everything that
we can’t understand, and reporting it. To do
so will cause us about as much embarrassment
as to violate neutrality ourselves. Frequency,
calls and hours of course can be mentioned,
but not the nature of a communication. Ama-
teurs must not copy texts and send them to
Haq. for study, because that constitutes divulg-
ing them. They may not send them to govern-
ment agencies because these agencies have not
requested and authorized it.

The foregoing refers to the authorized com-
munications of government and licensed sta-
tions. The protection of the secrecy provisions
does not extend to unlicensed stations operating
in defiance of law. If amateurs hear an un-
licensed station sendmg a message that violates
U. 8. neutrality, and if they are sure the station
is unlicensed, they may report the matter in
detail. But if it turns out to be the communica-
tion of an authorized station, the amateur is in
great danger of being penalized for wolatmg
the secrecy provisions. (And — while it’s an
academic point —- that would be true even if
the text violated neutrality.) We would be
praised for turning in an unlicensed station
engaging in unauthorized activities, but there
are surely not many such, and the risk is great
that we would only be mterceptmg a routine
military tactical drill and that the result would
he a suspension for the reporter and a black
eye for all of us.

Now under these circumstances, what should
we do? We suggest that we ““lay off.”” We may
listen and keep our ears open but we counsel
every amateur to sit tight unless he is dead
sure what he's talking about. We repeat that
there is no large situation needing our assist-
ance. Existing agencies can deal with it. Let’s
stick to our own operating.

While amateur communications also have
the protection of the secrecy provisions, this

9



doesn’t bar an amateur from commumcatmg
by radio or mail with dnothex ham who is
“talking about the war,” to call our code to
his attention and ask his compliance. We re-
quest all hams to help us make sure that our
house is clean as clean.

FORWARD!

K.e1’s summarize: The period of jitters
is over. If we'll only carry on as we were doing

[our months ago, before this war was imminent,
we eah do 30 indefinitely. et us show calmness
and restraint. Let us squash stories that any-
thing is going to happen to amateur radio. We
have a mighty busy aud interesting winter
ahead of us. Let us have only one bhig rule for
ourselves: to ignore the w-r completely as a
topic of conversation and action!
K. H. W.

+ SPLATTER ~

@5 rarTicULAR interest to the u.h.f. gang
will be the description of WIXEH’s coaxial
antenna by Ed. Sanders. This antenna, besides
being an original piece of design, is intriguing
because it is right down the alley of a ham experi-
menter: a pair of tin shears and some gutter pipe,
and you have the essentials for a highly effective
general coverage 1adiator

Phil <Gil” bﬂdersleeve, W1CJD, has been
making QST cartoons for over a decade. In 1931
he did a series of cartoon strips depicting the
maneuvers of the Podunk Hollow gang for QST
wovers. That this series was well liked is evidenced
by the fact that fellows still ask, ‘ When are you
going to have some roore cartoon covers?’” For
the past two yeurs Gil has forsaken Gildersieeve-
on-the-Coonnecticut for life among the banana
hoats, pounding brass and air-mailing cartoons
hetween ports. We are indebted to W1DDB for
a self-portrait that Gil made and exchanged with

* DDB, another artist, some years ago.

1’5 ,(,\wcﬂ’
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‘That annual coutest, the Sweepstakes, by far
the most popular national contest, is announced

10
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in this issue. Besides the distinction that comes
from being a Section winner, there is an award to
be made — and it is a honey. It is a chromium tie
holder with diamond-shaped medallion. The
winner’s call is inscribed on one side of the dia-
mond and the name of the contest on the other.

This design, was made and produced by ‘I'he
Robbins (fompany and is one of the neatest we
have ever scen. An award will be made to both
¢.w. and 'phone participants in every A.R.R.L.
section.

FEEDBACK
Equation 2, p. 40, October QST
This equation should read:
Xo =\ /Ry ey — %

P. 39, October QST

If there is anyone, besides the Managing
Editor, who didn’t catch this one (a couple
more states and we would have WAS),
that halftone 73 upside down.

Our Cover

This is a rather shuffled array of gear com-
prising a portable station that was built by Clint
DeSoto for the new Handhook, about to be

08T for



More Thoughts on

Effective Antennas

Proven Designs for 14, 28 and 56 Mec.; Four-Element
Beam Supports; Tuning the Array

BY ARTHUR H.

[N

Koz many years we have held the idea
that amateurs generally were not taking full ad-
vantage of the better performance which could be
obtained from a given transmitter and receiver by
using antennas suitable for the particular job the
station was intended to do. It has been a source of
great satisfaction to find that the past few years
have focused more and more attention on that
subject. As most of us now know, it is easier to
maintain contact between two given stations,
with reasonably low power but equipped with
suitable beam antennas pointed at each other,
than it would be with several times the power and
the older types of aerials—und very much
cheaper.

Many of the commercial companies have been
using large rhombic antennas to good advantage
for some time, and the reports from those ama-
teurs who are lucky enough to have the space
available to duplicate them have been so glowing
that the rest of us have burned up with envy.
Since radio began, we have gone about our busi-
ness by starting with something rather large and
gradually cutting and trimming until much more
efficiency has been brought out of equipment
which, in many cases, is less than a quarter the
size of the original. It is therefore with a feeling of
confidence, founded on the solution of many
knotty problems in the past, that some of the
more pioneering souls aumong hams have at-
tempted to produce small antennas which would
approach the performance of the envied larger
ones, but which could be used by those of us who
are not blessed with many acres.

In presenting the following facts — and suffi-
cient time has elapsed to be certain that they are
facts — we make no claim for any particular
originality, other than certain portions of the
mechanical design which seem to contribute to
the ease and the permanence of the final assem-
blies. As was the case with the former articles
which we prepared for QST, the present one com-~
bines our own investigations with those of many
others, and we trust that the present digest will
bring the same hearty response which came from
the past efforts.

* Managing Director,
World’s Fair, 1939.

November 1939

W2USA Radio Club, N. Y.

LYNCH,* W2DKJ

''he 56-Mc. antenna at
W2USA, dimensions of
which are given in Fig. 1.
Note the World’s Fairscen-
ery. (Photo by W2AHC)

Five Meters

Like many other amateurs whose property is
not large enough to warrant extensive: antennas
on the lower frequencies, we have been confining
our own investigations to the five- and ten-meter
bands. It is fairly well understood that most of
the conditions which obtain on the higher fre-
quencies can be duplicated on the lower fre-
quencies, giving due consideration to some of the
important factors such as height above ground
and freedom from other objects, when the dimen-
sions are increased to produce similar results on
the lower frequencies.

This is both an advantage and a handicap. 1t is
an advantage for the reason that the adjustments
hecome less critical as we go lower in frequency.
Adjusting a matching stub on 112 megacycles is
much more of a precise undertaking than doing
so on an antenna designed for twenty-meter
operation. It is u handicap for the reason that
aerials approach in actual performance the
theoretical only when they are sufficiently above
ground and well in the clear, so far as other ob-
jects are concerned. The latter fact becomes more
important as the natural radiation or absorption
qualities of the objects within the field of the
antenna increase. Well known as these facts are,
they are sometimes forgotten.

Based upon the informative article on the * Kix-
tended Double-Zepp Antenna,” by Hugo Ro-

Besides giving some timely electrical
dope on antennas useful in the 5-20
meter range, the author shows how,
with a few simple changes, the frame-
work described in a previous QST article
can be adapted to support multi-
element rotary beams.
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tended double Zepp” mounted
vertically for 56-Mec. work
and fed by twisted pair line,
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mander, W2NB,! Frank Lester, W2AMJ, and
Lawrence Cockaday, W2JCY have applied the
same principles to five meters. Most of the
Romander article had to do with horizontal
aerials, while most of the five-meter activity is on
vertical units. There was no reason to believe that
the change of plane would change the overall re-
sults very much. Actual experiment, however,
indicated that a very considerable change in the
dimensions suggested by Romander would be
necessary if the best results were to be obtained
on five meters with a vertical antenna. This type
of antenna has been used to better advantage by
both Lester and Cockaday than any antenna they
had previously used for five-meter operation.
Equally improved performance has been the ex-
perience of all the other stations which have in-
stalled this very simple aerial, including the one

- which has been in use at W2USA ever since that
station has been on the air, which will be nearly a
vear by the time this article is published. (The
five-meter transmitter at the N. Y. World’s Fair
was operated as W2DKJ/2, until the issuance of
the W2USA call.)

The arrangement shown in Fig. 1 is in use at
W2USA at present. It is frowned upon by both
Lester and Cockaday, for the reason that a
twisted pair is used to feed it. They claim that the
Josses in that form of transmission line are too
great. We agree that some gain in efficiency could
be brought about by the use of & spaced trans-
mission line on the high frequencies, but there are
certain limiting factors over which we have no
control, and we are forced to take the loss and like
it. In spite of loss in the line, the convenience
warrants its use in any number of places and we
do know that we are getting better results than
would be possible with a half-wave antenna
delta-matched to an open line, a type commonly
used for five-meter operation. That fact has been
borne out at all of the stations which have made
the change. Just how much better the open-wire

! Romander, “The Extended Double-Zepp Antenna,”
QST, June, 1938.
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Fig. (right) — The an-
tenna system of Fig. l matched
to an open-wire line.

arrangement would be, we cannot say, but we do
everything we want to do with our present ar-
rangement,?

All of the important dimensions (for the middle
of the band) will be found in the drawings, and
the picture of the antenna in use at W2USA in-
dicates how it is done. Of course dimensjons can
be altered and standing waves can be eliminated
in the usual manner. For all practical purposes,
however, we know that the system may be set
up just as shown and excellent results will be ob-
tained.

The second figure gives all the necessary in-
formation for the use of an open line of the type
used by both Lester and Cockaday. For the oper-
ator who is acquainted with antenna and trans-
mission-line tuning and pruning, there will be no
difficulty in bringing the whole system to peak
performance; for operators who do not have such
experience, we suggest the setup just as it is
shown. Any number of installations have becen
made in just that manner with very gratifying re-
sults in every case.

Beam Antennas

‘There is an old saying: *“You don’t get some-
thing for nothing — for long.”” It is pretty well
borne out in connection with the use of beam
aerials for improving the performance of any
radio station. We hear a lot of conversation on the
air and we read much about the “gain’ to be ob-
tained from a given antenna system. To be sure,
the use of a suitable antenna system will improve
the performance of any station. But if the gain

2 Depending upon the spacing of the open-wire line and
the way in which it is brought from the antenna, radiation
from the line may cause the radiation angle to shift upward,
with consequent reduction of the effectiveness of the an-
tenna on 56 Me. This accounts for the superiority of the
concentric line antenna over the “J,” for example. Since
radiation is negligible from a twisted pair, the overall per-
formance of the system may not compare as unfavorably
‘with an antenna fed by an open line as might be thought
from consideration of the considerably higher losses in the

rubber-insulated line. — Editor
OST for



for certain antenna systems were actually what is
claimed for them, we should be well on the road
to the solution of the perpetual motion prob-
lem.

The simplest way to understand why beam
aerials are superior to the ordinary kind is to con-
sider the analogy of an automobile headlight.
An ordinary 32-candle-power bulb, if used with-
out reflectors and hung directly from the ceiling
of the ordinary room, would produce anything
but good illumination. And, even in this case,
there is a certain amount of reflection from the
bright ceiling. But if we take the same bulb and
place it in front of a good reflector, it can be
made to produce a beam which will have the
equivalent of several hundred candle power, in the
direct line of the beam.

If we move the lamp toward or away from the
central portion of the reflector, within certain
limits, we will increase or decrease the width of
the beam. As the width of the beam is increased
the intensity of the light in the direction of the
Leam is cut down, and as the beam is sharpened
the intensity is increased. It is easy to see that
the light intensity at a distance of say thirty feet
from the lamp would be much greater for a highly
directive beam than for the lamp used without
any reflector.

Additional increase in the luminosity of the
beam is produced by the introduction of one or
more lenses ahead of the lamp, as is done with the
common flashlight. We know that we can operate
an ordinary flashlight in a dark room without any
reflector or lens and the light it produces will not
bother our eyes, even if we look directly into it.
The same bulb, with suitable reflector and lens,
when properly adjusted to produce a sharp beam
will give a blinding light at more than two hun-
dred yards.

And so it goes with the radio beam. Our trans-
mitter, tuned to the nth degree, may well be
considered the flashlight battery; the regular
antenna, or radiator, the flashlight bulb; the re-
flector remains the reflector and the lens of the
flashlight is replaced by what we call the director.
We do not get any additional power from the use
of suitably designed beams; what we do is use the
available power more efficiently. We put it where
we want it and where it will be useful, without

The f{ramework for the
four-element 14-Mec. beam,
the lighter portions being the
additions to the original frame
escribed in October, 1938,
()ST. Shown in the author’s
yard prior to its installation
at W2USA. W2BRI in at-

tendance.

having the light shining in other people’s eyes.
On the other hand, when similar antenna systems
are used for receiving we have the advantage of
receiving with greatest intensity from the desired
direction, with great attenuation of signals com-
ing from undesired directions.

Without delving into the complications of the
underlying theory of antenna design we get right
down to the details of an antenna system which
has given remarkable results in the 14-Mec. band.
Certain mechanical defects which showed up in
an early model of this antenna have been over-
come in the design shown in Fig. 3.

Supports

The ‘““ladder” type of construction has given
satisfaction with 14-Mc. beams when the number
of elements has not exceeded three. However,
when four elements have been used, there has
been noticeable warping of the central structure,
with resultant disulignment of the elements
which in turn has brought about a serious reduc-
tion of the overall efficiency of the beam. In many
instances the pattern, originally of a very fine
character, has been so badly distorted that the
front-to-back signal ratio has been more than cut
in half, and signal strength off the ends, which
would normally be almost zero, has come up to a
point which competes with the other angles. It
was with a view to preventing such warping,
without going to a mechanical assembly which
would be unduly heavy, that we developed the
support shown in Fig. 3.

Retracing our steps to the framework we
described in October, 1938, Q¢ST,® and considering
the additions we made to that original design to
use it for a threc-element beam, we decided that
it would be a reasonably simple job to use the
same design for two new supporting frames, one
for a four-element 28-Mec. array and the other for
a four-element 14-Mec. array.

For 14 Mec., it was only necessary to extend the
length of “D,” in our original Fig. 3,> and add
two additional “E” sections which are used to
carry the two additional elements. Additional
transverse struts have been added, similar to
those shown as ““F,” in the first drawing. Exten-

3 Lynch, *Some Thoughts on Rotary Beatn Antennas,”
Q87T, October, 1938.
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sion of the long arms of the bean is simplified by
using single extensions instead of double rails,
and this alsv has the effect of holding the weight
down materially. The transverse struts have been
made very much lighter than in the original
design to hold the weight down, and both strength
and rigidity are attained by the use of the raised
guy wires. And that brings up a few points which
are well worth considering.

Guying

in addition to providing unusual strength
with very light weight, the use of the proper sort
of guying arrangement gives us very satisfactory
control over the positions of the outside elements.
It is bad practice to run the guys through the
ventral support and carry them to more than one
of the outside points: each guy should be ter-
minated at the central support. Then, by proper
adjustment of the turnbuckles, we can raise or
fower the outside elements with relation to the
two central units and we can raise or lower the
outside ends with relation to the central axis.
Thus all the elements can be maintained in the
same plane, cven if a certain amount of “set”
occurs after the beamn has been completed. As all
the turnbuckles are located near the center of the
heam framework, suitable adjustments may be
made before the assembly goes into the air.

In our own case, certain precautions were taken
which we believe to he well worthwhile. For in-

2"0.d pipe with .-

Hange for mointing

Gritled at top for
Juy wires

Shoréin 2
dar E) ~ ,
2
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stance, we chose the National Type AA-5 com-
pression-type strain iusulators for making up the
guys. They are very sinall and therefore offer
very little wind resistance; furthermore, they arc
very light. For the guy wires we used No. 12
Clopperweld. It is steel wire with a copper coating,
and is also enameled. 1t is not the easiest wire to
work with since it is very stiff, but a couple of
pairs of gas pliers did the trick for us in good
shape, The turnbuckles we selected are light, but
well plated, so as to withstand the weather.

We found it convenient to use ringbolts for the
puy terminations, as they served the purpose of
holding the various portions of the framework to-
gether, along with their function of providing a
suitable guy anchorage. Like all the other metal
parts, they should be weather-resistant.

Lengths and Spacings

After long experience with various types of
beam antennas, as well as from comparing notes
with other workers, we have come to the conclu-
sion that the formulas to be given constitute a
very good starting point for the adjustment of
any antenna. It must be borne in mind thai no
formula will apply under all conditions. The
height of the seriul above ground, the proximity,
us well as the character, of surrounding objects
and other variables of a similar nature, will alter
rases to u greater or lesser degree. ‘The character
of the ground above which the antenna is to he

Fig. 3-—'t’he 14-Me. four-clement beam
framework. Tt is an extension of the frame
described by the author in October, 1938,
OST. Strength with light weight ie secared
by guving. A late communication from the
author adviser that the cross-bracing at the
end section may be omitted without foss of
strength,

08T for



erected will have a very important effect upon its
final performance. None of these things can be
determined with much accuracy in advance. So,
while the tables which most of us are wont to
mention so glibly are correct for a theoretically
perfect group of circumstances, they will hardly
fill the bill in the average case. For that reason we
suggest them as nothing more than the starting
point.

Since all the dimensions for the various portions
of the 14-Mc. band are so much alike, it is possi-
ble to utilize a supporting framework with fixed
spacing between the elements, compensating for

any variations by the adjustment of the small

tuning stubs, as outlined later on.
The formulas are:

2 = 492,000/f (ke.}
A = 0.95R
D = 0.925R
RtoA =01X2R
Ato D =0.95x0.1x 2R
Dtoh =095 X 0.1 X 2R
All dimensions are in feet. K is the length of the
reflector, found by dividing the constant 492,000
by the frequency in kilocycles; 4 is the actual
antenna, or driven element; D and D are the
directors. From these formulas we have the fol-
lowing approximate figures for the ends and cen-
ter of the 14-Mc. 'phone band:

14160 ke. 14,200 ke. 14,250 ke.
R . 34701, | 348" 34 615"
Ao 33’ 321034 | 32/ 934"
Do 32115 | 320 157 | 31111"
RtoA..... . 6117 | 610" 6 9"
AtoD. ... . 6 7" | 6 6l | 6 6"
DtoD...... Lo 7 | & 6147 | o 6

Except for slight differences in the lengths of
the various elements, it will be seen that varia-
tions in the other portions of the ussembly, for
frequencies within the 14-Mec. 'phone band, are
very small indeed. They may be neglected, as we
have said, and compensated for by the adjust-
ment of the stubs in the various elements.

Tuning the 14-Mec. Four-Element Beam

Although others have been able to get satis-
factory results by tuning their four-element arrays
while they were on the ground and then making
slight adjustments to bring them ‘“‘on the nose”’
when they got them into the air, we have never
had much luck with that procedure. Then, too,
we set about the job with misgivings for the
reason that we knew the adjustment of any one
of the elements would have a certain effect upon
all the others. The task appears to be much more
difficult than it really is.

For the following complete information for the
tuning of this type of beam, we are indebted to
James Tynan, W2BRI, who actually did the
work. The idea of using the short tuning stubs has
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~ An end view of the four-element frame. Note the
insulators in the guy wires supporting the end sections.

always appealed very strongly to us since we
first ran across it. .

All the elements were mounted, in accordance
with the dimensions for operation on 14,200 ke. as
outlined in the table given previously. None of
the shorting bars are attached to the short stubs
of the reflector or either director until after the
radiator has beeu suitably adjusted. The method
used to accomplish this is to set the radiator to the
indicated length, which figure includes the length
of the two halves plus fourteen inches. This latter
tigure is made up by considering the shorting bar
to be half way down the stub, the two sides of
which are two inches apart. That permits us to
ruise or lower the shorting bar six inches from the
central position, which has proved to be ample.
The stubs themselves consist of two separate
wires, each a foot long.

While it is possible to do the tuning by having
another person listen in for the signals from the
beam to be adjusted, we belicve the following will
be much simpler and more satisfactory.

Considering that we are to use a delta matching
transformer for the transmission-line, the radi-
ator system all the way down to the final tank
will have the genecral appearance of Fig. 4. The
uumber of turns required to couple the line to the
final amplifier will be determined by the imped-
ance of the line; in the case of the 600-ohm line,
four turns will do very well. If the center of the
coupling coil is grounded, as indicated, very
satisfactory lightning protection is provided.
Tt will be seen that the wires which form the delta
will be attached about 22 inches from the inner
extremities of the two units which form the
radiator. The equilateral triangle generally used
seems to be thrown out of kilter, but if we con-
sider that the portion of the short stub which is
to be used is actually added to the center of the
matching transformer, it will be seen that the pro-
portions of the triangle are fairly well kept.

Now, we set up a good field-strength meter, a

4 Smith, “PracticaTDesign of Close-Spaced Uni-Diree-
tional Arrays,"” Radio, June, 1938.




couple of wavelengths from the radiator. It is
worth mentioning that the antenna used in con-
junction with the field-strength meter, should be
in the same plane as the antenna. However, it is
not necessary to have it at the same height,
though this is desirable. If we are using the an-
tenna in a horizontal plane the field-strength
meter should have its antenna in a horizontal
plane, and vice versa.

Now, the radiator is energized with low power
— just enough to provide suitable readings on the
field-strength meter. Naturally, the radiator and
the field-strength meter antenna should be
purallel. The shorting bar is raised and lowered
until the greatest reading on the field-strength
meter is obtained. This adjustment is not too
critical and may be accomplished by sliding the
bar up and down by hand —- though it is impor-
tant, even with low power, to use gloves. This is
just as true when we ure working on the other
elements as it is when we are adjusting the
directly-fed element.

Next, swing the beam around to & position
where the reflector is between the radiator and
the field-strength meter, attach the shorting bar
to the reflector stub and adjust for the lowesf
reading on field-strength meter.

Now swing the beam around again so that it is
pointing at the field-strength meter and manipu-
lute the stub of the first director until the greatest
field streugth is indicated on the meter. In some
instances it will be found, even when this adjust-
ment is made with fifty watts or less going into
the radiator, that the fieldstrength meter will
have to be shunted to prevent its going off scale.
Some experimenters advocate the reverse pro-
cedure, in which the reflector remains between the
driven radiator and the field-strength meter and
the director is adjusted until the lowest reading,

_____ ST
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Fig. 4 — 1)imensions of the delta watching system,
for 14,250 ke. Slight adjustment of the taps ou the
antenna element may be necessary to eliminate standing
waves, as described in the text. The coupling coil at the
transmitter may be grounded at the center to reduce
lightning hazard.
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indicating the greatest rejection, is obtained.
Both methods will work.

Finally, coming to the second director, the stub
of that element is adjusted until the highest read-
ing is obtained on the field-strength meter. At
this point, it will be found that the front-to-back
ratio of the beam is tremendous and no further
adjustments need be made. However, by trim-
ming here and there, it will be found that even
greater increase is made possible. There is no
cheaper way of improving the efficiency of »
transmitter. The power gain which these few,
easy adjustments make possible is highly gratify-
ing.

Standing Waves

Above, we mentioned that the field-strength
meter should be a couple of wavelengths or more
from the radiator. One important reason for this
precaution is the fact that, with the transmission
line tied to the antenna in the manner suggested
for starting the tests, it is very likely to be out of
adjustment as far as impedance match is con-
cerned and will no doubt have some standing
waves and may be somewhat unbalanced. 1f that
is the case, and the field-strength meter is too
close to the line, the meter will respond to radia-
tion from the line in addition to that from the
racliator, resulting in readings which are likely to
he inaccurate.

Except for the misinformation they would give
us with regard to the proper adjustmeut, it is
doubtful if standing waves on the line wonid have:
any serious effect on the overall performauce of
the beam. However, they are very easy to elim~
inate and, if we are going to operate with high
power in a congested area, the possibility of inter-
ference with broadcast reception can be reduced
by eliminating them,

Six-volt flashlight bulbs coupled to the line by a
loop of wire will do the trick. The amount of wire
in each of the loops will depend on the amount of
power in the line. In our case, a couple of inches
was all that was necessary, with 500 watts input
to the transmitter. First locate » point on the line
where the bulb lights up brilliantly and clip one
bulb there. Place u second bulb a quarter wave-
length along the line from the first. This point is
easy to locate by finding the spot where the bulb
shows the least brilliancy.

Now it is only necessary to increase or decrease
the distance hetween the points of the delta
where they join the radiator until the brilliancy of
the two bulbs is equal.

The 28-Mc. Beam
The only essential differences between the new
four-element 28-Mec. beam frame and our original
framework for a 14-Mc. WSJK array are in the
fength of the longitudinal sections and the fact
that we use single wooden supports for the ele-
{Continucd on page 116)
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WIXEH, the u.h.f. transmitter of
WTIC. originally was installed a few
years ago to provide a continuous 63.5-
Me. signal for recording at Harvard, in
cooperation with the late Ross A. Hull’s
program for investigation of air-mass
bending of u.h.f. waves. The antenna
described here has given such satis-
factory performance, in comparison to
the conventional multi-element array,
that it certainly warrants trial by ama-
tecurs interested in improving the
strength of their 56-Mc. signals. Con-
structed of tinsmith’s matcrials, its ap-
pearance is far from conventional.

A Novel Four-Element
Collinear Array for
56-Mec. Work

¢

The stacked coaxial radiator at W1XEH has four
in-phase e¢lements made of downspouting with sheet-
metal sleeves. The downspouting scrves as transmission
line, part of the radiating system, and part of the phase-
reversing stubs. It is all one piece — no insulated joints
are necessary.

¢

Stacking Goaxial Antennas

BY EDWIN R. SANDERS *

Kax original antenna at WIXEH was a
bi-directional array toward New York and Bos-
ton, hung from a halyard between two poles.
Arrays hung in this fashion must be light in
weight and sv are susceptible to damage by
storms. Further, the insulators were located at
voltage loops, so that rain and snow changed the
characteristics of the antenna so much that the
final stage was sadly detuned and mismatched in
bad weather.

To overcome these defects a second antenna,
an 8-element array 4 elements high and two wide,
supported from a central lattice tower, was con-
structed. The phasing sections were made of
34-inch 1.D. hard copper tubing and supported
from the tower by standoff insulators near their
centers where the voltage is low. The antenna
elements were }4-inch 1.D. hard copper tubing
run vertically between the ends of the feeders.
Since the phasing sections were very stiff no
insulators were needed at the junctions with the
antenna elements, and since there was no feeder

*BEx-WI1EDY, Development Xngineer, WTIC; 179
Prospect St., Bloomfield, Conn.

<& A close-up of one section of the antenna.
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ut the top or bottom of the array
the upper and lower elements
were supported at their centers,
where the voltage is low, from

I'ig. 1 — The constructional de-
tails are shown in this drawing.
The cone standoffs are mounted
about three inches up inside the
sleeve for protection from rain; the

wooden crossarms and standoff - 3" downspouting in.ner‘bends.arel not fa§tcmizld to the
. “ B ‘ pipe but simply rest in the corru-
insulator, as shown in the {.aycrca/mﬁ: ks cut ond gations. The long piece of the feed-
photograph. 7’55?2‘,‘,’;’,‘,’?*\ . . tastened topipe  through insulator should be fas-

‘The array was excited through T (UL, withshectmetol  tened to the wire at the right point
4n open line of 3/16 copper tub- [ screws hefore the wire is pulled through the
an op ot ppe ! Soidored pipe, 8o that the lead can be fished
ing spaced 4 inches. This was seed throwgh | V] B ’ through the hole when the inner

pulled tight with turnbuckles so
that spans of 25 feet were per- 1
missible without the use of Lt

insulator _}_'E;t

wire conductor is in place. This
must be done before the sheet-metal
sleeve is installed on the pipe.

. : I N
spreaders. "The line was sup- o] . .
ported by metallic insulators Y conductor pipe were “slipped”
consisting of lj-wave shorted o1 6] together to lap 8 inches and fas-
stubs. A matching stub was used | ! ' tened with sheet metal screws.
to couple the line to the middle NP ‘éf{}e 1 Since the spouting is only in-
of the center horizontal phasing ,LJ/V g tended to lap a few inches, spe-

section.

‘This antenna was a great im-
provement in the matter of
rhanges because of ice and snow.
However, the hurricane of 1938
took it down rather handily.

About this time the coaxial
antenna ! was announced. We have long adhered
to the principle that a high order of vertical
directivity is needed at 5 meters. We decided to
stack four coaxials vertically.

Four ten-foot sections of 3-inch galvanized iron

“T"Arnold B, Bailey, Pick-ups, Septomber, 1938; J. J.

Long, *“The Cloaxial Vertical Radiator,” QST. January,
1939.

CoNTUELOr ——w|

This is the 8-element array which the present coaxial
antenna has replaced, giving as good signal in all hori-
zontal directions as the irective system in its best
direction.
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«ial treatment is needed here to
get the longer lap which is nec-
essary for good mechanical
strength. The diameter of the
pipe which is to be the inside
mewmber of the lap must he
made smaller than normal for
the length of the lap. This can be done by plac-
ing a thin piece of wood longitudinally in the
bottom of the groove and hammering so that the
grooves tend to “‘pinch” together slightly. Treat
each groove similarly. The two sections of pipe
can be slipped together by holding the inner one
firmly and having a helper pound on the opposite
end of the outer section, using a block of wood to
prevent damage to the hammered end. The lap
should be made so that the top section slides over
the vne below it to keep water out of the inside.
A visit to the kitchenware department of the
“5 and 10" will provide a cap for the top.

‘The lower half of each antenna element is a
sleeve of galvanized iron 6 inches in diameter and
959, of 14{-wavelength long. The top end is slit
and bent to fit around the conductor pipe where
it is fastened with sheet metal screws and solder
as shown in Fig. 2. A coat of roof cement of the
asbestos-base variety keeps the inside dry. The
bottom of the sleeve is spaced from the pipe by
three standoff insulators fastened only to the
outer sleeve and resting in the bottoms of the
grooves in the pipe. The sleeves are so spaced on
the pipe that the clement length, bottom of one
sleeve to bottom of the next, is 95% of a half
wave.

It is now apparent that we have a Franklin
antenna (in phase collinear clements) in which the
phase reversing stubs are coaxial instead of
spaced, and the stubs are turned up inside the
clements. .

I't is desirable to feed the antenna from the top
to insure a maximum of energy in the top ele-
ments, since these are the most effective from a
radiation standpoint due to their elevation. On
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Fig. 2 Theelectricalarrangement of the four-clement
coaxial antenna. The top element and the third from
the top are directly driven. Dimensions in feet can be
found by applying the factors given in the drawing to
492/freq. (Mec.). 'I'he concentric line may be continued
to the transmitter or matched into another line by any
of the conventional methods suitable for the purpose.

the other hand we were told of the excellent
isolation of elements produced with coaxial stubs
and we wanted some energy in the lower elements.
We decided to feed both the top sleeve and the
third from the top. Thus the top element is driven
directly, while the second from the top can be
considered to be excited as an end-fed half-wave
element through an inverted quarter-wave stub
at the top. The third and fourth sections dupli-
cate the first and second.

Since all the elements are to be fed in phase and
these two stubs are approximately one wave-
length apart they may both be connected to the
line and will be effectively in parallel. The pipe is
used for a transmission line of about 220 ohms by
stringing a No. 14 wire down its center. The wire
is kept central by squares of bakelite panel cut to
slide in the grooves of the pipe. These are fastened
to the wire at 2-foot intervals by drilling two
holes in the bakelite and feeding the wire in one
and out the other, us shown in Fig. 2. Care in the
use of sheet metal screws must be used to prevent
fouling the groove for these spacers; that is, at
least one pair of diametrically-opposite grooves
must be clear of screws for the entire length of the
antenna. The bakelite spacers should be cut
slightly small so that they will pass through the
laps without binding. In pulling the wire through
the pipe, start from the proper end so that there
is no danger that the spacers will catch on the
edge of the inner pipe at & lap joint. The center
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wire is attached to the outer slecve after going
through a lead-through insulator in the side of the
pipe. The point of feeder attachment to the sleeve
is figured for about 440 ohms so the two loads in
parallel will match the transmission line of 220
ohms. There is, of course, a slight mismatch on
the last section of line, between the two directly-
driven elements, but it is not serious.

The photographs show the 8-foot fir sticks used
for guy wire insulators to help keep the guys out
of the argument. The guys should be sttached
2/3 of the way up and at a low-voltage point. The
center of the second element from the top was
used so there is 11 feet above the guys and 19 feet
between the guys and the bottom braces shown
in the photograph. The 3-inch pipe will stand a
70 m.p.h. wind before buckling.

Reports on the signal indicate that even though
this antenna radiates equally well in all horizontal
directions and has only half as many elements as
the previously-used 8-element array, the signal
strength is as high as that from the directional
array on the center of its lobe of maximum

radiation.
Stra X

Minus the time to put up another antenna
after a change of location, 1 hooked the bed-
springs to antenna tank coil link coupled to the
final. The final loaded up nicely and, with 100-
watts input, K60XJ gave me 87 on 40 in the day-
time. Worked several others with good reports.

- W6NCO

Silent Reys

It s with deep regret that we
record the passing of these amateurs:

George JJ. Besnah, ex-\WW9GB, Appleton,
Wis.

Max Brown, WW5FPI, Pinc Bluff, Ark.

Vineent L. Crawford, WS5GVB, "Texar-
kana, Ark.

Clyde A. Gardner, W6KOT, Los Angeles,
Calif.

Wendelin J.
Plaines, Il

James Lewis Haynic, W5GZE, Texarkana,
Ark.

Sullivan Herring, W5GHM-\W4ESI, (lin-
ton, N. C. :

Morris 1.. Hoag, WBIKKMA, Ogden, Utah

Warren I. Jepson, W1NB, Melrose, Mass.

Paul V. Mayer, W2JGO, West New York,
N. J.

(icorge Robinson, WOMMU, Lombard,
.

A. M. Veune, Jr., WOTCM, Hannibal, Mo.

Gunther, W9TOD, Des
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A Simple Freqmeter-Monitor

Using Low-Drain Tubes for Low Drift

BY H. S.

THE prime requisite for a good frequency
meter is stability. However, there is one kind of
instability that is very difficult to avoid with the
ordinary heater-type tubes, especially when the
tube and associated parts are enclosed in a metal-
lic cabinet. This is the frequency drift due to the
heat from the tube itself, which manifests itself
as a quite rapid drift when the tube is first turned
on and then more gradually as the heat is trans-
mitted to other parts, so that the oscillator does
not settle down for quite a time. In fact, the state-
ment is made in some articles that, for greatest
accuracy, the meter should be left running a haif
hour before taking readings.

Using a low-drain battery-type tube as an
oscillator practically eliminates this drift. The
filament power required is so low that the tem-
perature rise of the tube is not noticeable, and the
readings may be taken at once. Against this, of
course, are the disadvantages of batteries, but in
the freq-meter-monitor to be described, these dis-
advantages are minimized.

Referring to the diagram, there is nothing
novel in the circuit itself. The oscillator uses the
IN5Q, aud filament supply for this tube is ob-
tained from a single dry cell, while the remainder
of the power requirements are satisfied by a
separate external a.c. power supply. An ordinary

¥ Box 3. Newberg, Oregon. '

The simple freqmeter is built on a plywood base with
aluminum shielding of the frequency-control unit. The
knob on_the front changes the range of the meter (see
text) and the small screw ahove the knob permits initial
setting of the tuning range.
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BRITY.* W7CQE

dry cell should give sumething like 1000 hours of
service here.

Construction

I consists of 3614 turns of No. 22 enameled
wire, wound on a 114" coil form which sets in a
separate ceramic socket. The length of winding is
1.4 inches and the cathode tap is 11.4 turns from
the ground end. Lg is 11.4 turns of No. 22 d.s.c.,
wound over the corresponding part of L;. The
grid end of Lj is not taken out through the socket
but is terminated at a small machine screw
passing through u hole drilled in the form near
the upper rim.

(' is a Centralab ceramic capacitor with a
negative temperature coéfficient to compensate
for changes in temperatures. To determine the
necessary coéfficient, the meter should be put in
operation without the compensator and a series
of observations made to determine the change in
frequency per degree of temperature change.
From this the necessary compensation can be
computed. (Data sheets on these capacitors may
be obtuained from the manufacturers which will
give a convenient formula for working this out
as well as other information for ordering.) For
closest compensation, the capacitor should be
ordered to the next ¢ven figure above the exact
value worked out from the tests, then, if it is
found that after putting the compensator in the
eircuit (as shown by the full lines in the diagram),
the meter is over-compensated, the grid terminal
of the compensator may be tapped down on the
coil a few turns, until by trial the compensation is
made as close as desired. These capacitors are
very small, actually less than the size of a 14-
watt resistor, and hence are very easy to introduce
into the circuit.

(4 is a 35-upfd. variable, controlled by the
small knob on the panel to the left of the tuning
dial. This condenser’s shaft extends about Y3
inch back of the rear bearing. A collar on this
shaft, held by a long set-screw, forms an adjusta-
ble stop, and it is set so that the capacity range of
Cy is slightly less than that of ('3, the main
tuning condenser. When (4 is set against the
stop at maximum ecapacity, C3 tunes over the
lower half of the 1.75 and 3.5-Mc. bands, and over
all of the other bands. Then by turning the knob
against the stop at minimum capacity, the high-
frequency part of the broad bands may be cov-
ered. By this means the band spread is approxi-
mately doubled, with a corresponding increase in

O0ST for



One simple way to reduce the tem-
perature effccts in a frequency meter is
to work everything near room tempera-
ture. The new dry-cell tubes allow this,
and W7CQE describes a simple meter
using the principle. FTemperature com-
pensation takes care of changes in room
temperature.

accuracy in reading the tuning dial, and at the
same time the meter can be quickly and ac-
curately re-set.

The second movable element of (4 is a “cor-
rection” attachment, for bringing the meter back
to a previous calibration and thus compensating
for slight changes which may occur over a period
of time. It consists of a small plate (about !4
inch square) soldered to une of the stator termi-
nals of Cs. The end of along screw passing through
a hole tapped in the panel approaches this plate.
Another small plate has a hole tapped at its cen-
ter and is screwed on the end of the long screw
with a lock nut behind it, to form the other
plate of the condenser. A milled nut on the pro-
jecting part of the screw provides a means for
locking the screw firmly in any desired position.

(% is a single bearing condenser, with ceramic
insulation, mounted in the upper compartment by
means of a bracket or angle fastened to the panel
with its shaft vertical and with a slot cut in the
end of the shaft so that it may be set by a screw-
driver,

"The oscillator section of the meter is mounted
in an aluminum cabinet. The front panel of this
cabinet is 7 inches by 814 inches high, and the
hottom, 6 inches by 634 inches wide, is raised
214 inches from the bottom of the panel. The 56
tube and its associated parts are mounted on and
under a base formed from a sheet of aluminum
414 inches by 12 inches, with ends bent down to
form 234-inch deep sides and top 414 inches by
614 inches. A 234-inch circular hole in this ac-
commodates the dry cell. This base is located

Fig. I — Wiring diagram of the simple freqmeter-
monitor.
Cy — 50-ppfd. ceramic, —0.0003 coefficient ((Centralab)

just back of the cabinet but separate from it to
avoid heat transmission from the 56, both base
and cabinet being fastened to a 7-inch by 11-inch
plywood base. The cabinet rests on this base at
only threc points, to avoid possible distortion
effects.

The dial is a 4-inch National Type A with a
home-made vernier. No doubt a dial of the pre-
cision type would be better, but this one had been
in use on another meter, and with a little care it
can be read to 2{g of a division or closer which,
with the spread available, is accurate enough.

Switching arrangements are not shown in the
diagram. The receiver output and B supply are
brought into the freqmeter-monitor and, in trans-
mitting, a three-pole double-throw switch
switches from receiver to monitor, at the same
time cutting the oscillator filament and receiver
“B” in and out.

The meter is quite insensitive to voltage varia-
tions. At 7 Mec. a drop in oscillator filament
voltage from 1.50 to 1.25 volts produced no per-
ceptible change in frequency; a drop to 1.15 volts
produced a change of about 400 cycles. Dropping
the B supply voltage from 265 to 210 volts pro-
duced no perceptible change.

From experience so far with this meter, I be-
lieve that, with occasional checks from a fre-
quency standard or from a broadcast station, it
can be relied on within 15 ke. at 7 Me., or to
within about one part in 15,000. This mnay be
much closer than is really necessary unless one is
working very close to the edges, but the ability
to measure frequencies to this degree of ac-
curacy is a source of considerable satisfaction at
all times and is very much worth while.

Stra X

The type 1624 beam-power tube recently an-
nounced by RCA should be of unusual interest
to those contemplating emergency or portable
equipment. In characteristics, it is identical to
the type 807 used so widely in portable gear, but
has a 2.5-volt 2-ampere fast-heating filament
which permits quick on-off operation with the
possibility of a saving in filament-battery life.

See text for adjustment data. o 56
C2 — 140-ppfd. variable condenser. I it
(g, C4 — 35-pufd. variable. See text on Cq. Cio
(,15 — 250-ppfd. mjdget mica. )
g — 0.006-xfd. mica.
C7 —0.01 #fd paper. _—T -l_ 2
Cx — 50-ppfd. mica. L 1< 2 ¢ 3 Re lsv g
Cg — 0.5-ufd. paper. ! ™ ™ Rs £Rs
C10 — 1.0-pfd. paper. T 3
Rjy, R7 — 100, 000 ohms. gewatt. Cs
1{2 —-~ 15,000 ohms, l-watt L Ry
Ra — 10,000 ohms, 1-watt, 2 c c T
R¢ — 25,000 ohms, 2 -watt "'. L | |
Rs, Rs —- 50,000 ohms, 15-watt. = }—I L
Ro— 0.5 megohm, }4-watt. I N ° e S "
[1, La — See text. + 4. - Ry Ra Rg +250 -
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x WHAT THE LEAGUE IS DOING «

7-MC. POLL

B wiit be remembered that in July, at
the instance of the A.R.R.L. Board, we took a
poll of amateur sentiment on the question of
whether the Leugue should endeavor to get
7200-7300 ke. opened to ’phone work in the event
this step was found necessary to enable us to com-
bat foreign broadecast interference. About 827,
of the replies favored such a course:

Vs No
11.8.A. and Possessions 357 S1.99, 1416 (8.1
Catdan, oo . 372 84,47 69 15,689
6759 X204 1485 1K.0¢;

As we explained in July QST, the Board of
Directors then proceeded to study these expres-
sions in the light of the actual interference fouud
to exist since September ist. It was of course just
then that Europe’s difficulties began. Whether
the war has slowed up the occupancy of these
frequencies for broudcasting abroad we don’t
know; it secins likely. But at any rate, us every
amateur knows, the actual interference situation
has not been particularly bad. It may become so
later in the winter, in which event the subjcct
will be studied ancw. But for the present the
A.R.R.L. Board has decided it requires no action.

WASHINGTON NOTES

T minor changes in o regs mentioned
fast month, including authority for carrier-on
operation ahove 112 Mec., are still pending before
F.C.C. . . . Nobody sees how the Stockholm
(.C.1.R. mecting can be held and its postpone-
ment is expected. However, the inter-American
regional conference at Suntiago, Chile, in Janu-
ary is still on the docket and preparatory work
has begun. The League will be represented there
by General Counsel Segal and Secretary Warner.
. . . Reecent interference statistics show numer-
ois b.ed. QRM complaints caused by 28- and
56-Mec. operation. As much of the work in these
hands is done by portable stations which do not
have to report their whereabouts, the stations at
fault are often hard to locate. The F.C.C. is con-
templating extending to 60 Me. the requirement
to report in advance the locations where portable
(but not mobile) work will occur.

MEMBERSHIP ¢ ONTACT

WWVits the return of the active hamming
season the officers of the league and Head-
quarters stalf members have been getting around
the country extensively, meeting with and speak-
ing before our affiliated clubs and other member-

")

- ot

ship gatherings. President \Voodruff attended
meetings in Montana und Washington and was
the guest of honor at the Roanoke, Rocky Moun-
tain and Northwestern Division conventions.
Vice-President Bailey also attended the Roanoke
Clonvention and, together with Secretary Warner,
represented the League at the Hudson Division
Convention. Clommunications Manager Handy
found time from the rush of Fall activity to be
present at the Vermont State Convention and the
New Hampshire Hamfest.

Most of the Lecague’s travel, of course, is to
affiliated clubs, and the early Fall has seen a.
great deal of this type of contact. Assistant Secre-
tary Budlong has just finished an 11,000-mile trip
to the (foast and back, during which he attended
meetings with fifteen affiliated clubs, wvisited
Teague members in six additional cities and was
present at the Rocky Mountain, Northwestern,
the combined Pacific-Southwestern and West
Ciulf Division conventions; Assistunt Secretary
Huntoon completed 4 two-weeks’ trip through
Kastern States for a total of nine club sessions, a
hamfest, and the Central Division and Wisconsin
State conventions; and Assistant Communica-
tions Manager Battey is now on a jaunt through
the Midwest, which will take him to affiliated-
¢lub meetings in fourteen cities and to the Mid-
west Division and Kansas State conventious.

It’s a busy season!

Excerr for the specinl broadcasts of
WWYV using 20 kw. as described below, WWYV is
now running % continuous schedule (day and
night) on 5000 ke. with a power output of 1 kw.
This continuous transmission is modulated with
the standard pitch in musice, 440 cycles per second.
Each Tuesday, Wednesday aud Friday (except
legal holidays), the National Burcau of Standards
station, WWV, transmits with a power of 20 kw.
on three carrier frequencies as follows: 10:30 to
11:30 am., EST., on 5000 ke.; noon to 1:30
pm., EST., on 10,000 ke.; 2:00 to 3:30 r.M.,
E.S.T., on 20,000 ke. The ‘Tuesday and Friday
transissions are unmodulated c.w. except for
{-second standard-time intervals consisting of
short pulses with 1000-cycle modulation. On the
Wednesday transmissions, the carrier is modu-
lated 30% with a standard audio frequency of
1000 c¢.p.s. The accuracy of the frequencies of the
WWYV transmissions is better than 1 part in
5,000,000.
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(athode
Modulation

¢

A complete *phone transmitter, in-
cluding power supply and modulator,
capable of delivering a 100%;-modu-
lated carrier of 60 watts. The two
OF6 tubes used to modulate the
push-pull T20 amplifier can just be
seen in back of the tank condenser.
‘I'he crystal socket is just to the left
of the 6V6 oseillator.

¢

Combining Grid and Plate Modulation for Economy and Kfficieney

BY FRANK C. JONES, WG6AJF* AND FRANK W.

CATHODE modulation is a system of
modulation which brings the advantages of high-
power 'phone operation to a much greater group
of amateur operators than has herectofore been
possible. By means of this system of modulation
it is possible to modulate a high-power Class C
amplifier with a surprisingly small amount of
audio power, thus appreciably decreasing the
size and cost of the modulation equipment.

This system of modulation, as the name im-
plies, impresses the audio signal on the cathode
circuit of the Class C stage, as shown in Fig. 1.
Since the cathode circuit is common to both the
grid and plate circuits of the Class C stage,
cathode modulation is thus a combination of
plate and grid modulation.

'The audio power required for 1009 cathode
modulation is greater than that required for grid
modulation, but considerably less than that
ueeded for plate modulation. Cathode modulation
is not attended by the difficulties of adjustment
inherent in grid-modulated equipment, nor does
it require the abundance of Class C r.f. grid drive
necessary for plate modulation.

Whereas a plate-modulated Class C amplifier
requires audio power equal to 509, of the Class C
d.c. input power, the amount of audio power re-
quired for cathode modulation is between 5 and
159, of the d.c. input power, depending on the
amplification factor of the Class C tube and on
the degree of impedance mismatch between the
modulator and cathode impedance. The im-
pedance of the cathode circuit of the modulated
stage will appear to be between 300 and 2000

*2037 Durant Avenue, Berkeley, Calif.

*¥ United Transformer Corp., 150 Varick St., New York
City.

November 1939

EDMONDS, W2DILY **

ohms, depending on the characteristics of the tube
or tubes. An impedance mismatch of 4 or 6 to 1
has little effect on the character of the modulation
but will require the use of slightly more audio
power, depending on the degree of mismatch. An
average value of 500 ohms will be found satistac-
tory in most cases, and transformers designed to
work into a 500-ohm load may bhe used for
cathode modulation provided that the 500-ohm
winding is sufficiently heavy to carry the Class C
plate and grid current, and the size of the trans-
former is sufficient to permit dissipation of the
additional heat due to the added /2R losses in-
volved. Transformers which are designed to per-
mit a closer matech of cathode impedance will, of
course, result in greater modulation efficiency
and hence less audio power will be required.

The mechanics of cathode modulation are as
follows: The instantancous negative peak voltage
impressed on the cathode increases the instan-
tancous plate voltage, and at the same time de-
creases the grid bias, both of which factors cause

Any modulation system that requires
only about one-fifth the audio power
required for plate modulation and still
allows the final amplifier to realize be-
tween 50 and 609 efficiency would seem
to be destined for widespread applica-
tion. It now appears that cathode
modulation =— known years ago as
“center-tap modulation> — has been
hiding its light under a bushel, since
it is just such a system. Here’s your
chance to get acquainted.
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an inecrease in r.f. output. Similarly, un instan-
taneous positive voltage will cause a decrease in
r.f. output due to a decrcase in plate voltage and
an increase of bias. Thus the grid and plate
modulation is in phase and capable of 100Y%
modulation.

The ratio of grid and plate modulation deter-
mines the efficiency at which the Class C stage
may be vperated. A Class B amplifier which is
1009, grid-modulated usually runs at 30 to 35
per cent efficiency with no modulation. A cathode-
modulated Class (' amaplifier can be adjusted to
run at 60Y% efficiency. If the grid modulation is
reduced to 70 to 75% of the total, the amplifier
may then be adjusted to run at a resting efficiency
of 50 to 60%, with resultant higher carrier output.
The remaining 25% modulation may then be ob-
tained in the form of plate modulation of the
cathode circuit. The 25% plate modulation can
be obtained with an audio power of approximately
47 of the.d.c. plate input under idecal conditions.
The power required for grid modulation of 60 to
70Y%, is approximately equal to 1 to 2% of the
d.c. plate input. Therefore, under average condi-
tions, an audio power equal to 109, of the d.c.
plate input will be sufficient for 1009, cathode
modulation.

Low-u triodes should be used in the cathode-
modulated Class C amplifier, since they are some-
what more suitable for grid modulation. Pentodes

or tetrodes are uot suitable because of their ex- -

tremely high amplification factor, although
triodes with a u of 20 to 30 may be used with a
slight sacrifice of carrier power. Bias may be
obtained by means of a grid resistor, although a
source of fixed bias voltage is preferable and will
give better grid voltage regulation. The bias
should be several times cut-off and, if obtained
by a grid-leak resistor, the resistance should be
several times greater than that used for ec.w. or
plate-modulated amplifiers. The grid-leak ie-
sistance should be bypassed for audio frequencies
by a !5- to f-ufd. paper condenser. If too much
grid modulation is obtained, part of the grid
resistance should be left without by-pass to limit
the degree of grid modulation. It is advisable to
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A view underneath the chassis
shows how compact the modulator
unit of a cathode-modulated trans-
mitter can be. The entire modulator
unit requires only the two small
transformers shown at the extreme
right.

AR

usc a variable grid resistance or variable-voltage
bias pack in order to compensate for the varying
r.f. drive and antenna loading on different bands,
if the transmitter is to be used on more than one
hand. This is easily accomplished by using a num-
ber of resistors in conjunction with a rotary tap
switch to cut in the required amount of grid re-
sistance. In adjusting the bias resistance, the
resistance should be increased until the monitor-
ing ’scope shows full modulation is being ob-
tained. If the resistance is too low, the carrier will
not be fully modulated; if it is too high, over-
modulation will result.

Too much r.f. drive will decreasc the pereentage
of modulation obtainable, but will not scriously
affect the quality. Too little drive will reduce the
available carrier and result in over-modulation.
The antenna loading should be rather heavy, as
is the case with a Class B lincar amplifier. Too
light loading will result in downward modulation.
The (lass C stage should be loaded to the point
where & further increase in loading causes a de-
crease in antenna current, for proper operation.

Audio from ’3“
jator —~—

moduia

Fig. 1 —- The fundamental cathode-modulation cir-
cuit. Audio from the modulator unit is introduced in the
cathode (center-tap) circuit of the tube or tubes being
modulated. The grid-leak resistance R1 is adjusted for
proper modulation characteristics, and Rg3 serves to
give some original bias to the tube. Condenser C must
be large enough to by-pass the modulation frequencies.
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When the transmitter is properly adjusted, the
cathode current will remain very nearly constant
under modulation. Some slight change (5%) is
not scrious, however.

4 100-Watt Transmitter

A representative transmitter, employing cath-
ode modulation, is shown in the photographs.
This 100-watt transmitter is indicative of the
space economy which may be obtained with &
cathode-modulated transmitter. It is mounted
on a standard 10" x 23’ x 3" chassis which con-
tains the three r.f. stages, two power supplies, and
the speech amplifier and modulator.

The r.f. line-up is a 6V6 regenerative crystal
oscillator, an 807 buffer, and a push-pull T20
power amplifier. In the audio, a 6SJ7 pentode
feeds a 6C5 which is transformer-coupled to the
p.p. 6F6 modulators. The modulation transformer
is one which has been designed to match several
impedances between 300 and 2000 ohms for
proper matching to the cathode circuit of the
Class C amplifier. The low-voltage supply fur-
nishes power to the specch amplifier and to the
oscillator and buffer. The Class C plate power is
supplied from the high-voltage power supply at
the left-hand end of the chassis. The 6SJ7 was

(Continued on paye 102)
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Fig. 2 — Diagram of the 100-watt cathode-modulated transmitter.

C1 — 500-upfd. mica.

Cz, C7 =~ 0.01-pfd. mica.

(.3, Cs — 100-pufd. variable.

( 4y Cs, Ca21 — 0.01-ufd. paper.

5 — 50-ppfd. mica.

(.,‘p — 1.0-pfd. paper.

Cyo. Cnn — Split-stator, 100 uufd.
each section, variable.

Chs — 20-henry,
choke (S-31).

Ri — 50.000-ohm, 1-watt.

R2 — 25,000-ohm, 50-watt.

R3 — 15,000-0bm, 2-watt.

R4 — 100-ohm, 10-watt.

Rs — 100-ohm, l-watt.

225.ma. filter RFCi, RFCz — 2.5 mh. r.f. choke,

125 ma.
RFC3 — 2.5 mh. r.f. choke, 500 ma.
SW; — S.p.s.t. toggle.

SW2, SW3 — D.p.s.t. togele.
SW4 — On volume control.
SWs — 1l-position rotary switch.

Ci2, Ci3— 10-ppfd. neutralizing Rs— 20,000-0hm, 20-watt. Ty — Plate-filament  transformer:
condenser. i R7 — 16,000-ohm, 20-watt, tapped 525 volts at 250 ma. (3-39).
Cia, Cig—8-pfd., 450-volt elec- every 2000 ohms (made Te:— Vilament transformer, 4.
trolytic. from ecight 2000-obm re- volt, 10-ampere (S-57).
Cis, L17 — 2.ufd., 1000-volt. sistors). T3 — Plate transformer, 990-volt,
Cis, Co2—10- yfd 25.volt elec-  Rs — 50,000-ohm, 100-watt. 200-ma. (S-45).
trolytic. Ro, R11 — 2-megohm, lo-watt. T4 — 7.5-volt filament transformer.
Cra — 0.25-ufd., 400-volt paper. Rio — 2500-ohm, !4-watt. 8-ampere (S-61)
Cigo — 0.5-pfd., 400-volt paper. Ri2 — 0.25-megohm, l3-watt. Ts — Interstage audio transformer,

Chy — 5-25-henry swinging choke,
175 ma. (S-30).

Chz — 10-henry, 175-ma.
choke (S-29).

(:hz — 5-25-henry swinging choke,
225 ma. (8-32).
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filter

Ria — 100,000-0hm, Ya-watt.

Ri4 — l-mcgohm volume control,
with switch.

Ris -—2,000-0hm, l:-watt.

Rias, R17 — 200-0ohm, 20-watt.

Rigs — 10,000-ohm, 1-watt.

plate to p.p. grids (3-30).
Ty — Cathode modulation trans-
former, 6F6 plates to 300—
2000-ohm load (CM-15).
Figures in parenthcses refer to

UTC type number.
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