


FIXED NEUTRALIZATION

Fixed neutralization means a
great deal more than simply
providing the neutralizing con-
denser with some sort of locking
device. For unless the output
cireuit is ,designed to take care of
antennas po sing unbalanced
reactance characteristics deneutralization w111
result in the final amplifier. In all COLLINS
transmitters neutrzalization is quite independ-
ent of antenna characteristics or transmission
frequency.

quhr. Type 14
Type CD-104

‘30FX

100 WATTS CW
40 WATTS PHONE

| Left, Type 7X S m%h A-nplifier

stal Microphone |

GRID MODULATION
Grid modulation is of course not
new - but the COLLINS sys-
tem of control-grid modulation
is. It makes possible for the first
time e manufacture of a
highly-efficient grid modulated
transmitter free from the petty
annoyances inherent in earlier systems. Maxi-
mum power output with 100 percent modula-
tion is assured together with high tube efii-
ciency and simplicity of operation.

“ontrol Box and

ANTENNA MATCHING NETWORK

An antenna matching network to match the
various types of antennas put up by amateurs
must be more than just a couple of condensers
and coils. It must be capable of a multiplicity
of circuit combinations. To do this effectively
the coils must have taps for varying the amount
of inductance, plus some simple means of plug-
ging them into different sections of the net-
work. It should be possible to change the con-
figuration of the network without unsoldering
connections or removing nuts and lugs.

Fixed neutralization, control-grid modulation
and the use of antenna matching networks are
just a few of the recent COLLINS RADIO
COMPANY developments. These and many
other worth-while improvements incor-
porated in the type 30FX ntrol-Grid
Modulated Transmitter — a set made by 2
firm well acquainted with the amateur's
problems and sold at a price well within his
reach. . . For more complete information and
price write to:

COLLINS RADIO COMPANY

New York Office

CEDAR RAPIDS,

IOWA

11 West 42nd Street
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VARIABLE
SELECTIVITY

Without Affecting Tuning

see the remarkable range of selectivity

variation obtainable in even one of
these new Hammarlund LF. Transformers,
equipped for continuously variable coupling
between the coils.

STUDY THE DIAGRAM and you will

From a needle-sharp peak to the flat top
required for high fidelity — without affecting
tuning.

Exceptionally efficient, new triple-type, pie-
wound Litz coils and air-dielectric con-
densers are used.

Canadian Office:
41 West Ave. North,
Hamilton, Ontario

ot v oo

Fov Bettw Radior
| ammarlund

RRECISION

‘ PRODUCTS

Shield cut away
to show -
mechanism

Adjustment of coil coupling in each trans-
former may be fixed at any point, or con-
tinuously varied by panel control, individ-
ually or ganged, according to selectivity
desired for any special receiving condition.

This new Hammarlund development is one
of the startling features of the COMET
Super “PRO" Receiver you'll soon be
excited about. But it is available also for
improving the selectivity flexibility of other
superheterodynes.

Code No. VT-465 (465 ke.). List price,
$5.50 each, less 40% to experimenters.

HAMMARLUND MANUFACTURING CO.
424-438 W. 33rd St., New York

i1 Check here for detalls of new Variable-Coupling IF.
Transformer.

[ Check here for 1935 General Catalog.
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Ribbon Lallvey

2

OPERATES TRANSMITTER IN
SPECTACULAR PARACHUTE JUMP

During the recent All-American Air Races at Miami, Clem Soh, world
famous delayed parachute jumper, plunged over a mile and a half through
space before he opened his parachute! During this death-defying dive,
he wore a BURGESS Ribbon Battery around his waist to operate a two-
and-a-half pound transmitter! This tiny transmitter, according to its
builder, Norman 8. Bean, E. E., of Miami, “enabled thousands of specta-
tors to hear the rush of wind and crack of the parachute as it snapped
" open barely six hundred feet above ground. The jerk was terrific. Land-
ing heavily, falling on his back and rolling over, Soh calmly announced
that he felt all right. The BURGESS Ribbon Battery announced that
it was all right, too. Not a single stick was crushed or broken, nor a
lead torn loose through it all!” @ Photograph shows BURGESS Ribbon
Battery used during this spectacular delayed parachute jump. Like the
BURGESS Batteries in your set, it was built to *“‘take it and still give
the superior performance Engineers and Radio Amateurs demand.
BURGESS BATTERY COMPANY, FREEPORT, ILLINOIS.
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QSL

PRIZE WINNERS!

HUNDREDS COMPETE IN

$500 PRIZE CONTEST

Hundreds of licensed amateurs
competed in Sylvania's QSL
contest which closed February 4th.

were received. The winners did a lot of
hard work, and Sylvania congratu-
lates them as well as all of the other

contestants who failed to win an
award. Prizes have already been sent
out to the following winners:

l.iterally thousands of QSL cards
from other amateurs using Sylvania
Graphite Anode Transmitting tubes

Ist PRIZE......
2nd PRIZE .....
3rd PRIZE .....

4th, 5th, 6th PRIZES. .

Gene Armstrong, Niceville, Florida, Station W4AGS

Fred H. Stiening, 3245 Piedmont Ave., South Hills, Pitts-
burgh, Pa., Station W8FIP

Lawrence Lasser, Kenilworth, D. C., Station W3CIC

O.L. Glbson. 056 Oklahoma A. and M. College, Snllwater, Okla., Station
\ViAﬁF Ozburn, 110 South 10th Street, Marion, lowa, Station
W; R. F‘ Fennessy, 306 Chalfonte St., f)lttsburgh. Pa., Station

T. A. Githens, 2320 South Boots, Marion, Ind., Station WOAEH; Dr.
L. R. Carmona, Tuckerton, N. J., Station W2 HHM; R. B. Parmenter,
3939 Gilman St., Mt. Mathews, LOUISVLUC, Ky., Station WOPIM

E. E. Bryant, Rt. 2, Box 400, Vacaville, Cal., Station W6EYR; Milton
Dreyfus Rt. 2, Box 60, San Angelo, "Texas, btauon WS/\JY A

Filkins, Fort johnson, N, Y., Station W8ISX; H. D. Gott, 36 Mt.
Pleasant St., Rockport, Mass., ' Station WILT

Bennett Adams, %, American Tel. and Tel. Co., Birmingham, Ala.,
Station W4APU; br George A, Mack, Aldrldge Rd Chappaqua,
N. Y., Station W2BYP; Frank G. Mullins, 3214—8th St., Tuscaloosa,
Ala., Station W4BOL J; T.M M. Jones, jr., 602 East Walnut St Decatur,
Ala., Station W4BEI; ‘AR, Eg ensperger, 812 11th Ave,, i‘aruo,N D.,
.Statnon WQLBI Gerard Calli an, jr., Caruthersville, Mo., Station
w9 %7, E. E. Hare, 1336 East 4th Street, Owensboro, Ky., Station
wa W'I Gunter, 1715 Divine St., Columbia, S. C., Station
2)\\;4;;(])\;‘(/ j W Donahue, 40444 W. 30th Sr
©]

HYGRADE SYLVANIA CORPORATION

ELECTRONICS DIVISION

AMATEUR RADIO DIVISION

7th, 8th, 9th PRIZES . .

10th, 11th, 12th, 13th
PRIZES .

14th to 22nd PRIZES . .

e o o o o o o

Los Angeles, (.dl Station

CLIFTON NEW JERSEY
4 Say You Saw It in QST — It Identifies You and Helps QST




Section Communications Managers of the A.R.R.L. Communications Department

All appointments in the League's field organization are made by the proper S.C.M.,

elected by members in each Section

listed. Mail your S.C.M. (on the 16th of each month) a postal covering your radio activities for the previous 30 days. Tell

him your DX, plans for experimenting, results in ‘phone and traffic. He is interested, whether you are an A.R.R.

L. member

or get your OS'T at the newsstands; he wants a report from every active ham. If mterested and qualified for O.R.S., O.P.S.
or other appointments he can tell you about them, too.

Eastern Pennsylvania

Maryland-Delaware-District
of Columbia

Southern New Jersey*®

Western New York

Western Pennsylvania

Illinois
Indiana
Kentucky

Wisconsin

North Dakota*
South Dakota
Northern Minnesota
Southern Minnesota

Arkansas
Louisiana
‘Mississippi
Tennessee

Eastern New York
N. Y. C. & Long Island
Northern New Jersey

Jowa
Kansas
Missourl
Nebraska

(& onnectlcut

Maine

Eastern Massachusetts
Western Massachusetts
New Hampshire¥
Rhode Island

Vermont

Alaska
Idaho
Montana

Oregon
‘Washington

Hawail

Nevada

[Los Angeles

Santa Clara Valley
llast Bay

San Francisco
Sacramento Valley
Arizona
Philippines -

San Diego,

San Joaquin Valley

North Carolina
Virginia
Weat Vu’gm!a

Colorado
Utah-Wyoming

Alabama

Eastern Florida

Western Florida

Georgia-So. Carolina-Cuba-
Isle-of - Pines-Porto Rico-
Virgin Islands

Northern Texas
Oklahoma
Southern Texas
New Mexico*

Maritime
Ontario
Quebec

Alberta
British Columbia

Manitoba
Saskatchewan

WSABI
WSDWW
W5CWQ
W34BBT
W2Ly
W2AZV
W2FOP
WeLEZ
WOEVCJPT
WOFA

ATLANTIC DIVISION

Jack Wagenseller

Edgar L. Hudson
Carroll D. Kentner
Don Farrell

. H. Grossarth

CENTRAL DIVISION
Fred J. Hinds

Arthur L. Braun

G W. Mossbarger
Kenneth F. Conroy
Robert P. Irvine
Harold H. Kurth

DAKOTA DIVISION
Hartwell B. Burner
Mike G. Strahon
R.L. Rode
Francis C. Kramer

DELTA DIVISION
H. E. Velte
w. HI \V‘lemaon Jr.
{4 s, Jr.

ernll B Parker Jr.

HUDSON DIVISION
Robert E. Haight

E. L. Baunach

‘harlu J. Hammersen

MIDWEST DIVISION
Phil D. Boardman

0. J. Spetter

C. R. Cannady

Samuel C. Wallace

Frederick Ells, Jr.
ohn W. Singieton
oseph A, Mullen
Percy C. Noble
Robert Byron
Albert J. King
Harry Page

26 Meadowbrook Ave.

1107 Park Ave.
213 Hickok Ave.
R.F.D, 3, Eicher Rd.

6618 West 34th St.
52 llB_Il_"ookville Rd.

753
5508 Northclifie Ave.
031 State St.

601 S. Grange Ave.
W. Bluff St.

2018 West 15th St.
1624 Allen Ave.

P, O. Box 244

1912 Oak St.

1080 Helderberg Ave.
7823 10th Ave.
92 C laremont Ave.

325 Kirkwood Blvd.
3U5 Western Ave,
Broadway at Ninth
Green St.

NEW ENGLAND DIVISION

19 Merrill Rd.

10 High Street
218 Jamaicaway
37 Broad St.

12 Humphrey St.

;{0 ?Ieu'opolican Park Dr,

NORTHWESTERN DIVISION

Richard J. Fox
Nellie H. Hart

Stanley J. Belliveau

PACIFIC DIVISION

Atlas 0. Adams
Keston [.. Ramsay
Howell C. Brown
Charles J. Camp

. W. Dann

Alan D. thttaker. Jr.
Geov. L. Woodington

Ernest Mendoza
Newton E. Thompson

Harry A. Ambler

Clyde C. Anderson

ROANOKE DIVISION

H. 8. Carter
Neil E. Henry
C. S. Hoffmann, Jr.

B
1502 McPherson St.
Route 7, Box 387

1st Infantry Brigade
151 Buena Vista Ave.
20 N. El Molino Ave.
18 Hawthorne Ave.
421 Chestnut St.

8 Elinor Ave.

16 Redwood Ave.

434 East Madison St.
FP. O. Box 849

4101 Hamllton St.

931 Orange Ave.

2
1
1
3
1
7
7
1

115 Crafton St.
1017 Knight St.
100 20th St.

ROCKY MOUNTAIN DIVISION

Glen (:lasscock
Arty W, Clark

1171 Detroit St.
260 So. 9th West

SOUTHEASTERN DIVISION

W4KP
W4RBCZ
W4MS

W4CE

VE4GD
VESAC

VE4BG
VE4EL

1. D. Elwell
Philip A. McMasters
Edward J. Collins

Bannie L. Stewart

WEST GULF DIVISION

Glen E. Talbutt

Robert Shadden

MARITIME DIVISION

A. M. Crowell

ONTARIO DIVISION
S. B. Trainer, Jr.

QUEBEC DIVISION
Stan Comach

VANALTA DIVISION
{{ bmallev Jr

PRAIRIE DIVISION
A. J. R, Simpson
Wilfred Skaife

6 Waverly St.
9th St., North
7 Fast Brainard St.

106
212
151
310 Orange St.

1133 Amarillo St.
2010 So. 4th St.
2030 Quenby Road
1006 Orchard Place

69 Dublin St.
4 Shorncliffe Ave.
780 Brault Ave.

611 1st Ave., N. W,
1754 Graveley St.

71 Thelma Mansions
2040 McTavish St.

1
1
ox
88 E. Robinwood Ave,

Llanerch, Upper
Barby' "

Laurel, Delawm
(‘ollmgswood
Syracuse

hmsworth Bellevue,

Berwyn
lndlanapohs
Camp_ Taylor
Detroit
Cleveland
Madison

Hope

Sioux Falls
White Bear Lake
St. Charles

Little Rock
Shreveport
State College
Chattanooga

Schenectady
Brooklyn
Verona

l)avenport
Topeka
Monett
Clarks

Concord
East Providence
Hinesburg

Ketchikan
Twin Falls
ed Lodge
North Bend
Yakima

Schotield Barracks
Reno

Pasadena

Palo Alto

Berkeley

Mill Valley

North Sacramento
Phoenix

Manila, P. I.

San Diego

Fresno

Winston-Salem
Lynchburg
Warwood, Wheeling

Denver
Salt Lake City, Utah

Tarrant
St. Petersburg
Pensacola

Georgetown, S, C.

Abilene
Ponca City
Houston
Albuquerque

Halifax, N. S.
Toronto
Verdun, P. Q.

Calgary
Vancouver

Winnipeg
Regina

* Officials appointed to act until the membership of the Section choose permanent S.C.M.'s by nomination and election.
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every two years by the general membership. The
officers are elected or appointed by the Directors.
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“Of, by and for the amateur,”” it numbers
within its ranks practically every worth-while ama-
teur in the world and has a history of glorious achieve-
ment as the standard-bearer in amateur affairs.

Inquiries regarding membership are solicited.
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WHEN this particular issue of QST gets into
the hands of its readers the annual meeting
of the A.R.R.L. board of directors will be ap-
proximately six weeks distant. It therefore be-
hooves those members who have something on
their chests to begin thinking just what it is they
want or expect of their director and to advise
him of their wishes, recommendations and desires
with respect to amateur matters.

The board meeting is an important event in the
yearly conduct of amateur radio and the League.
It is the meeting where all the directors assemble
in person from this country and Canada to
analyze the present status of amateur radio,
examine the affairs of the League, scrutinize the
performance of the paid officers and other Head-
quarters employees, study our existing regula-
tions for possible recommendations or amend-
ments in the light of technical progress or limiting
conditions in operation, map out plans of cam-
paign for forthcoming national or international
conferences and formulate policies for the coming
year of activity.

The directors come to this mecting well pre-
pared to discuss these subjects. The board meet-
ing does not spring unheralded, as it were, from
the sea of ham Tadio. During the past year a
constant stream of information on all phases of
amateur and League affairs, regulations, Wash-
ington developments, ctc., has proceeded from
Headquarters to each director, for his informa-
tion. In addition, correspondence assuming, at
times, almost voluminous proportions has been
carried on between individual directors and West
Hartford. Subjects for the coming meeting have
been introduced, working rules suggested, mail
votes taken on this matter or that, proposals to
review certain actions taken at last year’s meeting
have been considered and voted upon. About the
time this issue of QST goes out each director, too,
will receive lengthy and detailed written reports
of the year's activity in their particular depart-
ments from the League’s president, vice-president,
secretary, treasurer, communications manager,
fieldman and general counsel. Coincidentally,
each director will be doing his best to acquaint
himself accurately with the affairs of his division,
for each director is required to bring to the board

mecting an annual report of his own, reporting on
the current situation in his part of the country
and recommending this or that change in the
light of the majority opinion of his division.

Your director wants to hear from you. All
during the year he has been kept in intimate touch
with national and government matters through
Headquarters and will come to the meeting
thoroughly informed on those subjects. But in
order to reflect the opinion of his division and to
act in a manner which will represent the majority
views of the League members in his territory, he
must have your views expressed to him suffi-
ciently far ahead of the date of the meeting to
permit him to combine your opinions with the
opinions of others and thus arrive at some com-
prehensive picture of the desires of the division
as a whole. It is your right and privilege to let
him know what you think and what you want;
more than that, it is your duty.

A point often overlooked by individuals in any
group when conveying their desires to their ac-
credited representatives is that asking or demand-
ing something creates a responsibility on the part
of the petitioner to acquaint himself with the
subject involved, thoroughly and in detail. It is
easy to makean unconsidered request for all the
things you’d like to have, Santa Claus fashion.
It is not quite so convenient to make a study of
the basic facts pertaining to such requests, which
is probably why so few people do it. The views of
those who shirk that responsibility, however,
deserve scant consideration.

Your directors . . . we have said it many
times before . . . your directors are the bosses of
A.R.R.L. The future of amateur radio and the
future of the League lie in their hands. Nomi-
nated and elected by you, the members, they are
answerable only to you and to themselves. More
than ever before, they are endeavoring to obtain
a true picture of the conditions in and wishes of
their divisions, so that this information may be
combined with the data which they have ac-
cumulated on the national and international
aspects of amateur radio to result in decisions
that will reflect the greatest good for the greatest
number.

—A. L. B.

April, 1935




Do You Want a Kilowatt?

A High-Power Band-Switching 204-A Amplifier Requiring Only
50 Watts for Excitation

By Don H. Mix*

theory, for pointers on why impedances

must be matched here and not there, or
an argument on high-C' versus low-C' circuits is
advised to skip the next few pages. This is not that
kind of story, but one dealing with what hap-
pened in the construction of a high-power c.w.
amplifier and what was done about it. Some of
the dope may be ancient history, but we believe
it will bear repeating nevertheless.

For quite some time now, in comparing the rela-
tive merits of transmitters, more stress secems to
have been placed on plate circuit cfficiency than
other features. While high efficiency is of major
importance and certainly something worth striv-
ing for, it scems probable that, in many cascs, the
average amateur considers the cfficiency of his
transmitter to a degree entirely out of proportion
to one or two other important factors.

Each of the frequency hands assigned to ama~
teurs offers its special brand of intcrest. With
hourly changes in conditions, one frequency band
rmay prove more effective than others for a given
communication circuit. Hence, the amateur who
cannot shift from one band to another quickly
and without too much effort is missing a lot.
Quick-switch medium-power transmitters and
exciter units have been shown in QST. A great
deal of time and effort has been devoted to this
feature by commercial designers, until now a
number of modern commercial transmitters in-
clude push-button frequency-changing devices.
It would seem that quick shifting should be just
as important to the high-power amateur, at least
over the three most commonly used bands: 14, 7,
and 3.5 me. After all, what difference does it
make if such a system might reduce the output 25
percent when, in most cases, a receiving station
is unable to discern the difference in signal
strength with a variation in output power of 300
to 500 percent? Fortunately even a 25 percent
sacrifice in output is not necessary. With a few
simple preccautions, tapped coils may be used in
high-power stages with negligible losses.

The factor which more than any other deter-
mines the amplifier layout and circuit is the tube
selected. The number of high-power tubes outside
the water-cooled class is limited to perhaps a half-
dozen or less types. Although one or two of these
have been designed particularly for high-frequency

# A R.R.L. Technical Information Service.

THE reader looking for a discussion of

work, in this case a 204-A was available and,
conscquently, was used. A few years ago, when
most amateur operation was confined to the lower
frequencies, the 204-A was highly respected and
had the reputation of being a tube that could
“take it”” well. Its structure is such, however, that
the interelectrode capacities are high, making it
difficult to handle at the higher frequencies, par-
ticularly 14 mec., and for this reason, it has bheen
more or less eclipsed in recent years, despite its
ruggedness. Recently improvements in circuits
have revived interest in such high capacity tubes
as the 203-A and 211, however, so it was decided
to give the 204-A a chance to redeem itself.

The first circuit tried was that shown in Fig. 1.
It was hoped that before the job was finished it
would be possible to use tapped coils in the grid
and plate circuits for band changing. This practi-
cally dictated the use of the split-stator type of
ncutralizing circuit if re-neutralization with each
change in frequency was to be avoided. The idea
behind the particular circuit shown was, of course,
to avoid the necessity for a high-voltage split-
stator condenser in the plate tank circuit, not only
because of expense but also hecausc it is difficult
to obtain one with any appreciable maximum
capacity. The condenser in the grid circuit might
be one with a much lower voltage rating.

‘When an attempt was made to put the amplifier
into operation, however, it was found that we had
a first-class example of an amplifier which could
not be neutralized, at least not within the range
of a standard 50-upfd. neutralizing condenser.
Capacities greater than 50 pufd. brought no im-
provement, so the 50-uufd. condenser was ripped
down until it was a mere skelcton of its former
self—one rotor plate and one stator plate with an
inch spacing between. With the plates of this
condenser barely meshed, a point was found
where the amplificr might be neutralized.

However, this didn’t seem reasonable, and sus-
picion began to fasten upon the input capacity
of the tube. The unbalancing effect of a high tube
output capacity upon the split-stator neutralizing
circuit has heen pointed out in @ST 12 previously,
and it was found that an even worse unbalance
can occur in the grid circuit.

! Grammer, ‘* Improving the Performance of the Neutral-
ized Power Amplifier,”” QST. Jan. 1934.
2(Gioodman, “Simplifying Split-Stator Final Amplifier.”
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To compensate for the tube input capacity and
restore a more normal capacitative balance in the
grid circuit, the tuning-condenser section between
filament and neutralizing condenser was shunted
by a variable condenser which was adjusted to
make neutralization possible with a neutralizing
capacity approximately equal to the grid-plate
capacity of the tube. It took nearly 350 uufd. to
do it! Since the grid'and filament of the tube cer-
tainly did not look like a broadcast receiver
tuning condenser, an explanation was sought in
one or two reference books. From one of these?

it seems that the actual effective tube input ca- -

pacity may be entirely different from the grid-
filament capacity and that a capacity of 350
uufd. is not an unreasonable figure. While the
addition of this capacity might not be too ob-
jectionable, a more serious difficulty was en-
countered almost simultaneously. The amplifier
would remain neutralized over only a very narrow
range of plate circuit tuning. It is probable that
the explanation for this was found along with
that for the original trouble. The input capacity
of a tube varies with plate load-circuit impedance,
or, in other words, with tuning of the plate tank
circuit. Therefore, it would scem to be impossible
to maintain neutralization over an appreciable
frequency range with a neutralizing system
which depends upon the input capacity of the
tube to maintain a balance in the grid circuit.

As a result, this circuit was abandoned and the
circuit changed to that shown in Fig. 2. This cir-
cuit is similar to one of those shown previously in
QST * where the advantages of the split-stator
circuit may be realized even though the tuning
condenser may be of the single-stator type. A
slightly different method of neutralizing is em-
ployed in this case, however., The neutralizing
condenser is a fixed condenser of a capacity ap-
proximately equal to the grid-plate capacity of
the tube. Neutralization is then obtained by
adjusting the variable section of the capacity
bridge until a balance is obtained. Since this
balance is undisturbed by varying the capacity
of the tank condenser or the inductance of the
coil, neutralization is maintained over a practi-
cally unlimited frequency range. Fortunately the
output capacity of the tube, unlike the input
capacity, does not vary appreciably with tuning
but remains quite satisfactorily fixed with
changes in plate load-circuit impedance.

One more piece of irrational operation showed
up before our neutralizing troubles were entirely
eliminated. Although the same setting of the neu-
tralizing adjustment held perfectly at 7 and 14
mc., an entirely different adjustment was required
for 3.5 me. After an extensive search, a change in
r.f. chokes solved the difficulty and neutralization
held perfectly over all bands.

Provision for antenna coupling for the various
bands often is found to be an awkward job me-
"3 Morecroft, Principles of Radio Communication. T

chanically and electrically. In this case the
problem was solved in a simple manner by the use
of a low impedance link between the amplifier
plate circuit and the antenna circuit. This system
has demonstrated its effectiveness and should
tend to reduce undesirable harmonic output.t
With a simple arrangement it is possible to pro-
vide variable coupling between the tank coil and
the small link coil. To render the antenna tuning

-y

PLATE CIRCUIT DETAILS SHOWING PLATE CIR-
CUIT LINK COUPLING ARRANGEMENT, FIXED
AIR CONDENSER, Cs, NEUTRALIZING ADJUST-
MENT CONDENSER, Cs, AND THE PLATE CHOKE

equipment effective over a wide range of fecder
lengths, a pair of loading coils is included.

CONSTRUCTIONAL DETAILS

Turning to the physical construction of the
amplifier, the arrangement is of the open frame-
work type. The frame is constructed of 1- by 2-
inch smooth redwood given two or three coats of
high-gloss quick-drying enamel. The panel is a
single piece of quarter-inch plywood covered with
a sufficient number of coats of Dupont flat black
to obliterate the grain. The four vertical corner
posts are 4514 inches long, the cross-members
running from front to rear 1534 inches long and
those running from left to right 1334 inches long.
The panel is 1534 inches by 4514 inches.

There are three main decks. The lower deck
contains the grid circuit coil and condenser with
the grid end of the 204-A. The central deck serves
as a mounting for the plate circuit condensers,
the fixed neutralizing condenser, r.f. choke, plate
blocking condenser, and the plate end of the tube.

4 Boland, “Link Coupling to the Antenna Tuner,” Ex-
perimenters’ Section, QST, June, 1934; Grammer, ““ A Gen-
eral Purpose 50-Watt Transmitter,” QST, Jan. 1935.
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The third and top deck supports the plate circuit
tank coil and the antenna tuning equipment.
Horizontal cross-members below the lower deck
hold the grid coil switch and grid circuit link coil.
The plate coil switch is mounted on a vertical
strip running between the central and upper
decks. This construction results in an extremely
rigid frame. All units are insu-

For each grid circuit coil and antenna loading
coil, two strips 534 inches long and two 414 inches
long are required. Three of the strips for each coil
have 24 wire holes and the fourth 25. In threading
the strips onto the coil, the strip with the extra
hole should always be started first.

The antenna circuit coupling coil is constructed

in a similar manner, the strips

by means of stand-off insulators
or insulating flexible shaft cou-
plings. Filament by-pass con-

densers are mounted directly l:'

lated from the frame and controls J_

being 3% and 234 inches long.
One strip has 13 holes and the
remaining three 12 holes each.
: The spaces which may be seen
— at the center of the grid and an-

M
F Al

upon the lower tube mounting by
means of small pieces of brass =

tenna coupling coils were made

1 for experimental purposes and

strip one-half inch wide. Lt

Referring to the front view
of the panel, the lower dial con-
trols the grid circuit tuning con-

FIG. 1—CIRCUIT USING SPLIT.
STATOR CONDENSER IN THE

N should be disregarded. The two
cross-pieces of each coil for
mounting are strips of 3/16-inch
bakelite, 14-inch wide and 234

denser, Cl, the one above it is ‘GRID CIRCUIT—THE CIRCUIT inches Iong.

attached to the neutralizing
adjustment condenser, Ci, and
the next one turns the plate tank condenser.
The two dials at the top of the panel are the an-
tenna tuning condenser controls. The meter on
the left is the plate circuit milliammeter and
the one on the right the grid circuit milliammeter.
There. is sufficient space between and slightly
below the antenna tuning dials for a thermo-
ammeter for reading antenna or feeder current
if one is available. A meter with a range of 5
amperes should be about right for most common
feeder lengths. The knob at the top of the panel
controls the loading coil switch.

INDUCTANCES :
The grid circuit and antenna circuit coils are
constructed by winding several more than the re-
quired number of turns of No. 12 soft drawn
copper wire on a form 2 inches in diameter.
‘When released from the form, the coil will spring
to a slightly larger diameter and by the time the
coil is mounted, the diameter will be just about
214 inches. Four strips of 1/16-inch by l4¢-inch
fibre or bakelite are used to space the turns of the
coil and make it rigid. Two of these strips extend
about one inch beyond the first and last wire holes
to provide a means of mounting the coil. The
other two are cut off about }4-inch beyond the end
holes. Holes spaced 5/32-inch are then drilled
along the center line of each strip with a No. 36
drill. The strips are then threaded onto the coil
simultaneously and in correct order. Care should
be taken never to force the strips along more than
a quarter turn at a time. When the threading has
been completed, the four strips should be spaced
equally around the circumference of the coil and
then cemented to the turns with Duco cement.
This construction takes a little patience but the
reward is a coil which may be bounced upon the
floor without damage and one which is easily
tapped.

WHICH DIDN'T WORK

The plate tank coil is made in
a similar manner except that the
conductor is 3/16-inch copper tubing and only two
strips are used for support. These strips are made
of 1{-inch bakelite, the lower being 634 inches long
and the upper 634 inches long. The holes for the
tubing are made with a quarter-inch drill and the
hole centers spaced 5/16-inch. Because of the stiff-
ness of the tubing it was found impossible to wind
this coil satisfactorily with the strips projecting
far enough past the ends of the coil to provide a
means of mounting, so one strip was drilled and
tapped and fastened to the stand-off insulators
with short pieces of 8-32 threaded brass rod. The
link coupling coil for the grid circuit and the one
for the plate circuit are constructed similarly to
the other wire-wound coils, using short pieces
of fibre strips for separators. The winding form
diameter for the plate tank coil should be 214
inches, that for the grid circuit link coil 234 inches
and the one for the plate circuit link coil 134
inches. The grid circuit link coil is mounted
upon a pair of stand-off insulators close to the
ends of the coil.

In winding the plate circuit link coil, several
turns more than the number required should be
added. After the strips have been threaded to the
center of the coil, the extra turns at each end
should be straightened out and bent around as
shown in the photographs. By using two large
Eby binding posts with holes for the wire a sim-
ple variable coupling arrangement is provided.
To vary the coupling, the two post tops are
loosened and the end wires of the coil slid through
the holes in the posts.

FIXED AIR CONDENSERS
The fixed air dielectric condenser C3 is con-
structed like the one suggested on page 39 of QST
for June 1934 with four National type GS-1
stand-off insulators as the mounting posts. Each
plate is a piece of 1/32-inch sheet aluminum 2
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inches by 274 inches. Holes are drilled in two
edges of each plate 3/16-inch from the edge with
a No. 28 drill to pass a long 6-32 screw. Brass
spacers 5/16-inch long and J4-inch outside
diameter separate each set of plates, giving
plate separation of approximately 5/32 inch.
Similar spacers }4-inch long are used hetween
the top of the insulator and the first of one set of
plates. A total of five plates is used for this
condenser. The four insulators carrying the plates
are mounted on a bakelite base 3 inches square.
There is no reason why a similar condenser might
not be constructed for the neutralizing condenser
C's. One with 5 or 6 plates 2 inches by 314 inches
spaced 14-inch should be satisfactory.

R.F. SWITCHES

At the outset one of the problems encountered
in changing inductance by means of taps was that
of obtaining compact switches of suitable rating.
Several different types were sketched but all of
them seemed to be unavoidably bulky and diffi-
cult to construct without the aid of machine
shop equipment. By the time we were ready for
the switching mechanism, the Ohmite rotary
switches became available. Although these
switches were designed originally for low- and
medium-power transmitters, they have worked
out in an entirely satisfactory manner even at

LEFT—The 204-A tube is easily accessible at the back of the set. The ﬂ
terminal of the tube, the fixed neutraliziniz condenser to the left and the terminal connections are visible in this photo-
t

graph. CENTER—The frame itself is bui g{
circuits plus fixed neutralization make rapid fre

high power so long as reasonable treatment is
accorded them.

For wiring, No. 12 enameled wire makes a good
job. The ends of the copper tubing coil are ex-
tended directly to the plate tank condenser ter-
minals. Ordinary lamp cord is used for the link
line between the plate and antenna circuits. A
twisted pair made up of No. 18 “push-back”
wire works well in the grid circuit link line to the
driver, but lamp cord may be used here also, of
course. One thing of great importance is that
the leads between the grid and plate coils and
their short-circuiting switches should be made
as short as possible. Every inch counts here. Six
porcelain feed-through insulators mounted on a
strip at the rear of the frame serve as power
supply terminals. R.f. excitation feeds into the
pair on the left. Of the next group of three, the
two outside terminals are for filament supply and
the central one for bias. The single terminal to
the right is for connecting the positive high-
voltage lead. Two additional terminals at the top
of the frame are for antenna feeder connections.

PARASITIC OSCILLATIONS

It should not be necessary to stress the impor-
tance of short leads in wiring. Unfortunately,
however, with high-power tubes of this sort and
the necessarily larger dimensions of the circuit

2/"%¢1” pine. The panel is o

Late blocking condenser, to the right of the plate

lywood. Panel switching of plate and grid

ency shifts easy with this rig. RIGHT—The frame consists of three

main decks holding the equipment. The tuned grid circuit equipment is supported by the lower deck, with plate circuit
the central deck. The feeder tuning condensers and coils are mounted at%’e top. blate ctrcuit on
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equipment, longer than normal leads cannot be
avoided. But these should be made as short.and
direct as possible, avoiding ‘pretty-looking”
bends.

The importance of lead lengths and placement
of leads is illustrated by something which occurred
just after the amplifier was first put into opera-
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FIG. 2—FINAL CIRCUIT DIAGRAM

C1—150-pufd. maximum. Hammarlund TC-150-B, 0.08-inch spacing.
C2—200-upfd. maximum. Hammarlund TCD-100-A with sections

connected in parallel—).192-inch spacing.

34
Cs—Fixed air condenser, capacity approximately 25 uufd. (See text.)
C4—100-ppfd. maximum. National type TMC-100—0.077-inch

spacing.

choke in the grid circuit, while eliminating the
parasitic oscillation, also upset the neutralization
to a certain extent. An attempt was made to trace
the oscillatory circuit with a neon bulb with the
amplifier operating at reduced plate voltage, but
the entire set seemed to be ablaze with r.f. from
top to bottom. Unfortunately, because of the
construction and physical dimensions
of the tube and associated equipment,
it was impossible to reduce the lengths
of leads appreciably. After several
Le trials at alterations in the wiring, the
tixed neutralizing condenser was moved
to a different position which made it
possible to reduce the length of its
leads by a few inches. Although it was
not found possible to eliminate the par-
asitic oscillation entirely, this change
moved the point of oscillation to the
maximum capacity end of the grid
tuning condenser. This was entirely
satisfactory for all practical purposes
since it was well removed from the
operating range.

While on the subject of parasitic
oscillations, it might be well to mention
that a low-frequency oscillation was
eliminated by removal of an r.f. choke
in series with the grid-biasing circuit.
Sinoe this circuit is series-fed, the choke

“is unnecessary.

Cs—Plate blocking condenser. .0015-ufd, 5000volt Dubilier Type 86.

Cg—Fixed neutralizing condenser. 20-uufd. 3000volt Dubilier type

PL-370-54,

DRIVER REQUIREMENTS

Cr—.001-ufd. fixed by-pass condenser—Sangamo mica, receiving type.

C3—230-pufd. maximum. National TM-230—0.077-inch spacing.

L1—24 turns No. 12 wire, 21/ inches diameter, turns spaced 5/32 inch
center to center, tapped at 314 and 10, turns from filament
end. (See text.) )

La—20 turns 3/16 inch diameter copper tubing, 234 inch inside diam-
eter, turns spaced 5/16 inch center to center, tapped at 314
and 111 turns from neutralizing end. (See text.)

L3—3 turns No. 12 wire 3 inches diameter, turns spaced 5/32 inch

center to center. (See text.)

L4—41/ turns No. 12 wire, 1% inches diameter, turns spaced 5/32
inch center to center. (gee text.)

Ls—I2 turns No. 12 wire, 214 inches diameter, turns spaced 5/32

inch center to center. (S‘ee text.)

L.s—24 turns No. 12 wire, 214 inches diameter, turns spaced 5/32 inch
center to center. (See text.)

Considerable experimental work was
done to determine the minimum driver
power requirements. Obviously, a
worthwhile amplifier should provide &
reasonable step-up in power. An ampli-
fier requiring a driver operating a plate
voltage of a few thousand with & power
input equal to one-third or one-half
that of the final does not warrant the
additional stage. It was found, however,
that a driver output power of 50 watts

M1—Grid circuit milliammeter—0-200 scale.
Ma—Plate circuit milliammeter—0-500 scale.
S—Inductance tap switch—Ohmite transmitting.

tion. Although the immediate intention was to
operate on 3.5 mec., the amplifier apparently was
under the impression that it was supposed to be
an ultra-high frequency transmitter working in
the neighborhood of 50 me.! Investigation showed
that the parasitic oscillation was set up only
when the grid circuit tuning condenser was
adjusted near minimum capacity. But, unfor-
tunately, this was the portion of the condenser
capacity range which was desirable for tuning
the grid circuit to the operating frequencies.
Since tuning the plate circuit or even short-
circuiting both plate and grid coils had no effect
upon the parasite, the oscillatory circuit was
made up, obviously, of the wiring leads. A small

(actual, not reputed) would do a pretty

good job of exciting the amplifier to an

input as high as 1000 watts at a plate
voltage of 2000 with reasonable efficiency for c.w.
work. Undoubtedly an improvement in efficiency
would be obtained by operating the amplifier at
a plate voltage of 2500 or 3000 volts, but voltages
of this order were not available for test. The
driver in use at the present time is the transmitter
described by George Grammer in QST for Janu-
ary, 1935, with a pair of 830’s substituted in the
output for the 801’s. This pair of tubes operates
at a plate power input of about 85 watts. This is
about the same order of power input often used
with a pair of 10’s or 801’s. In fact, & pair of 10’s
was substituted with no noticeable difference in
power output. This does not mean that any
exciter unit using a pair of 10’s in the output

12
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working more or less indifferently will suffice.
The 10’s will have to operate at a good full 600
volts on the plate and deliver an output of not
less than 50 watts at all three frequencies, which
is not always easily done—especially at 14 me.
A pair of these tubes works nicely in the exciter
mentioned above, however. If the amplifier is to
be plate modulated, it probably would be advis-
able to use a somewhat greater driving power
and also to hold the plate power input to not
over the rated value.

BIAS

Starting with a grid leak biasing resistance of
10,000 ohms, the value was gradually reduced
with improved efficiency, to a value of about
1500 ohms. With higher values of grid leak
resistance, the amplifier operated less efficiently
and trouble was experienced at 14 mec. with a
reversal in grid current. In fact, the same trouble
continued to a lesser degree with lower values of
grid leak resistance. The substitution of & 90-
volt “C’ battery eliminated this trouble com-
pletely. Apparently peculiarities of the tube

characteristics are responsible for this action..

NEUTRALIZING

In tuning up an amplifier of this sort, neutral-
izing, of course, is the first step. For this purpose,
the grid circuit milliammeter is almost indispen-
sable. Ordinary methods utilizing neon bulbs or
flashlight lamps are not as useful with high-power
amplifiers because the amount of energy fed
through to the plate circuit often will be great
enough to light a neon bulb almost to full bril-
liancy even.when the amplifier is satisfactorily
neutralized from a practical standpoint. This
does not mean necessarily that the high-power
amplifier may be neutralized less accurately than
one of low power, but simply that commonly-
used indicators are not sufficiently sensitive to
show up minor discrepancies with the low-power
rig. As a matter of fact, however, it is reasonable
to expect that the larger dimensions of units re-
quired for the higher voltages aud currents of a
high-power - amplifier, and the simultaneous
necessity for longer leads, will tend to increase
the feedback through stray couplings which
cannot be neutralized out. The following proce-
dure for neutralizing may be subject to criticism
by some since it is carried out under conditions
which are not exactly the same as the operating
conditions. However, it has worked out in an
entirely satisfactory manner and reduces uncer-
tainties to a minimum.

The amplifier should be connected up as for
regular operation except that the antenna and
positive high voltage leads should be discon-
nected at the terminals at the rear of the amplifier
frame. The exciter should be fired up and tuned
for maximum amplifier grid current, the grid
circuit of the amplifier being tuned simultane-

u No duaguvc

ously, of course. In most cases, the tuning of the.

amplifier grid circuit and that of the driver plate.
circuit will not be independent so that the two
must be juggled around a bit to give the greatest
grid current reading. It is a good idea to keep
the amplifier plate tank circuit well away from
resonance during this adjustment. The grid cur-
rent should run between 160 and 180 ma. at 3.5
me. and 7 me., and about 120 ma. at 14 mc.
When maximum grid current has been obtained,
the plate tank circuit should be tuned through
resonance while the grid circuit milliammeter is
watched closely. Unless the amplifier happens to
be completely neutralized, there will be a dip in
grid current as the plate tank circuit is tuned
through resonance. The dip may amount to a
decrease of 50 percent if the adjustment is far
from the neutralizing point. The condenser Cy
should now be adjusted in small steps while tun-
ing the plate tank circuit back and forth through
resonance continuously. As neutralization is ap-
proached, the dip will become less pronounced
and when C; is correctly adjusted, the dip, if
any, should be no more than barely perceptible.
With this particular amplifier the correct point
comes at about half scale on the dial of C¢. An
attempt was made to neutralize the amplifier
with the positive terminal of the power supply
connected to the amplifier (plate transformer
primary circuit open, of course), but the correct
adjustment was more difficult to determine.
1t was found that the grid current changed when
the plate tank circuit was tuned through reso-
nance with the positive power supply terminal
connected, even though the amplifier operated in
an entirely stable manner. Under these condi-
tions the grid current increased rather than de-
creased so long as the amplifier was neutralized
by the above method. When the amplifier was
not neutralized, the grid current went through a
combination of dip followed immediately by a
rise, or vice-versa, when the plate tank circuit
was tuned. through resonance. While it was
difficult to distinguish between the rise and the
dip, a careful adjustment made it possible to
remove the dip, leaving only the rise. This point
coincided with the point determined by the
previous method, which was so much easier that
the other was discarded. The same adjustment of
(?¢ should hold for all frequencies. If it doesn’t,
try a change of plate circuit r.f. chokes.

TUNING

When first tuning up an amplifier, especially
one of high power, it is always advisable to start
out with reduced plate voltage. This is particu-
larly important with this amplifier, because the
current circulating in the tank eircuit when un-
loaded will be extremely high with possible danger
of burning up the short-circuiting switch and
excessive heating of the tank coil itself. After one

(Continued on page 102)
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Stepping Up the Output of the High-Stability
56-mc. Transmitter
An Added Stage for the 58-58 Oscillator-Amplifier Transmitter

By W. Conrad,* WOWC

of the 58-58 oscillator-amplifier trans-

mitter, we spent some time planning a
similar unit but with an additional and more
powerful output tube. For the final amplifier
we decided on a pentode which would oper-
ate at a plate potential of about 500 volts,
and one having low enough grid-plate capac-
ity to make it suitable for u.h.f. use. At the
time of design the only tube available was
the RK-23 or RK-25, depending on the fila-
ment requirements; in our case it was the
RK-23 with the 2.5-volt heater. Having de-
cided on the tube, we went about the circuit
design and finally employed the standard
pentode amplifier circuit with a few minor
changes to adapt it for u.h.f. use.

In modifying the original transmitter, the
antenna coupling condenser coil should be
removed from the 58 transmitter and room
made for the RK-23 and its associated plate
coil, condenser, and the midget coupling con-
denser. The circuit is then arranged in ac-
cordance with Fig. 2. Therc are a few points
that descrve special mention. Firstly, induc-
tive coupling was not used because we wanted to
climinate an extra tuned circuit and keep the
shielding down to a minimum; secondly, we are
able to adjust the r.f. input to the RK-23 simply

U PON seeing the description in August QST

biasing is used throughout with exception of the
suppressor grid. This bias voltage is obtained from
batteries (in the original design, batteries with
114 volt taps were used).

58

o
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FIG. 2—THE AMPLIFIER CIRCUIT

C1—35-pufd. double-spaced transmitting midget condenser.
C2—100-ppfd. midget.

C3—100-up;
(”4—50-lmf
R—25,000.0hm 2-watt.

R1—+400-0hm 20-watt.

CH—Radio-frequency choke (National Type R-100).

L1—2 turns No. 12 enameled wire, 7/8-inch diameter, turns

d. mica by-pass condensers.
midget.

spaced diameter of wire.

L2—4 turns same as L1.

As seen in Fig. 1, the layout of parts is such as
to keep all the r.f. leads down to the shortest
possible length, and we suggest that this layout
be followed. The RK-23 is mounted with the
control-grid terminal toward the

FIG. 1—THE COMPLETE TRANSMITTER

by varying the midget condenser ;. To avoid
overloading the 68 amplifier and to keep the
excitation under control for suppressor grid modu-
lation, the adjustment of the r.f. input is very
important.

Voltage for the screen grid is obtained from a
bleeder-divider across the plate supply. Resistor

* 142 Clyde Avenue, Evanston, Ill.

58 amplifier.

TUNING

In tuning the transmitter, first
open the plate supply to the
RK-23 and put the grid meter
in the jack supplied to measure
the control-grid current of the
RK-23. The 58-58 section of the
gear is tuned up as suggested in
August 1934 QST, with the cou-
pling condenser set at about half
capacity. After the frequency has
been set by the oscillator, the grid and plate tun-
ing of the 58 amplifier are adjusted for maximum
grid current at the RK-23. This should be in the
order of 3-7 ma. and about 5 ma. should be ob-
tained for suppressor modulation. After this grid
current is obtained in the RK-23, its plate voltage
is applied and the plate tank is tuned for maxi-
mum output. The antenna is then coupled and

14
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tuned in.the usual manner. Any other form of
antenng tuning and coupling may be employed.
The one shown is that used in the original trans-
mitter.

THE MODULATOR

The modulator unit used for the original trans-
mitter was altered as shown in the diagram (Fig.

%o Suyp. Grid

2AS

-SSBIAS. +30V -
FIG. 3—THE MODIFIED MODULATOR

T1—Single button microphone transformer.
T2—1-1 output transformer to match plate of 2A5.
R1—2500-0hm 10«watt.

R2—600-0hm 10-watt.

Ra—250,000-0hm potentiometer.

Cy—10-ufd. dry electrolytic, 50-volt rating.

3) to make it suitable for suppressor grid modula-
tion. Since we had already used a 1-1 output
transformer for 7’2, we merely changed the con-
nections as shown. The resistor R, is used to place
a permanent load on the modulator unit. The
2A5, when using a single-button mike, will deliver
sufficient audio voltage for 100 percent sup-
pressor-grid modulation of the RK-23.

POWER SUPPLY

In the power unit, the power transformer was
replaced by one delivering 525 volts each side of

values are given but they are not necessarily
correct for all cases. We used a 25,000-ohm
resistor for the control-grid bias and a 400-ohm
resistor in the cathode to keep plate current within
safe limits in case of a failure of excitation. The
control-grid current ran about 5 ma. with the
screen voltage at 180 and with 490 volts on the
plate. The plate current was 50 ma. with the
antenna coupled. The best suppressor bias under
these conditions was found to be minus 35 volts.

We would appreciate comment from anyone
trying this layout and we will be glad to answer
questions regarding the transmitter.

The original set is now operating daily at
WowC.

Drag out your directive arrays and your
ultra-high frequency gear, gang. Signals
on 56 and 112 mc. are climbing steadily
as the Spring approaches and this Sum-
mer is certain to see records broken right
and left. And while you’re at it; keep in
mind the Grunow U.H.F. Competition,
announced in March QST.

B Strays Ky

FLASH!
Winners in VK Contest
(via radio from VK2EL, March 15th)

CT1ED, EA1AE, EI8B, F8RJ, G2ZQ, GI5NJ,
HB9AT, I1ER, J2GX, LA3C, LY1J, MX2A,
OE1ER, OH3NP, OK20P, ON4RX,

>

Jov.

FIG. 4—THE NEW POWER SUPPLY

‘T—Power transformer, 525-0-525 volts at 150 ma.
Ch—10-henry 150-ma. choke.

CH1—20-henry 150-ma. choke.

C1—4-pfd. 1000v0lt rating.

Cy—8-ufd. 800-volt rating.

R1—26,000-ohm bleeder-divider with adjustable taps.

center at 150 ma., and the Type 80 was replaced
hy an 83. Choke input is also used (sce Fig. 3).

MODULATION

For suppressor modulation, many factors enter
the problem of getting good voice quality. These
are: The adjustments of excitation, screen volt-
age, plate .voltage, and control grid bias. Our

SL___°+350
>
>

S——0t180

—0+490

PAOAZ, PK3HT, SUIEC, TI2KF,
V8AF, VE5BI, VP3AM, VQ4CRL,
VS5AC, VS6AH, VS7GJ, VU2FY, W1SZ,

$——ot2s0 W2AIW, W3BES, W4AJX, W5AX,

W6TI, W7DVY, W8ZY, W9TB, X1AM,
XLA1Y, YM4ZO, ZE1JO, ZL2FR,
ZS1H, D4BAR. VE5BI won the station
description for Amateur Radio magazine.

W8MJR suggests coating crystals with
Higgins Waterproof Drawing Ink to lower
the frequency. Frequency changes of as much as
12 kilocycles have been obtained by putting a
few thin coats on each side of the crystal. The
thicker the coat the greater the frequency change.
The ink, which can be obtained from stationery
stores or drafting-supply houses, can be washed
off readily with alcohol or ether.

Did you notice the article in August Atlantic
Monthly entitled “Paddling Through Europe?”’
‘The author is ex-CH9TC, Major R. Raven-Hart,
Los Andos, Chile.

—WQQ -
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A Compact “200-Watt” Transmitter

Three-Band Operation Featuring C.W. as Well as
Class-B and Grid-Bias Modulation

By Edwin Y. Webb, Jr.,, W4UP *

YINCE 1920 several transmitters have been
used at WALP-W4AUP—some, in fact, stay-
ing together as long as overnight! However,

changing conditions recently made it necessary to
build a transmitter for service only; one that
‘would require little attention and no disassem-
bling. The transmitter now at W4UP is the prod-
uct of two months’ designing and 21 months’
constructing. It is capable of 'phone and ¢.w. op-
eration on three bands, with provision being made
for the use of either grid or plate modulation for
the former. Using plate modulation, the 300-
watt input to the final stage can be completely
modulated by a Class-B 800 audio amplifier,
giving a carrier output of 200 watts. On c.w.,
power inputs as high as a kilowatt readily can be
used, with 600 watts or more going into the an-
tenna.

A pair of Western Electric 261-A tubes in
push-pull constitute the output stage of the r.f.
end of the transmitter. These are driven by a
three-stage exciter consisting of a 59-Tri-tet
oscillator, 59 doubler

GENERAL CONSTRUCTION

The cabinet stands 56 inches tall and is fin-
ished in walnut. Four shelves made of $§-inch by
1%%-inch stock covered with plywood hold the
four chassis, which rest on small metal knobs and
are readily removable. The three doors make all
controls easily accessible. These doors are covered
with maroon damask to make the transmitter
dust proof. The plate glass front is outlined by
gold molding. The glass top is raised when the
transmitter is in operation to allow air circulation,
which is helped by a small fan beneath the am-
plifier-modulator. shelf. Small gold holders, lathe
turned, at each end of the test panel at the top
hold 14-watt neon bulbs, one side of each being
connected to the antenna feeders. The antenna
outlets are tip jacks on top of the cabinet. Antenna
tuning is accomplished by two condensers on the
test panel. Either series or parallel tuning can be
used by changing a switch on the rear of the panel.

As the photographs show, the transmitter is in

. four separate and

(the ‘“‘universal ex- .
citer unit”’) and a 10
neutralized amplifier.
The 10 is link-coupled
to the tuned grid cir-
cuit of the final am-
plifier. The speech
amplifier driving the
800’s is push-pull
throughout, using 57’s
in the first stage, 56’s
in the second stage,
and 2A3's in the

complete units. The
main power supply
chassis, at the bot-
tom of the cabinet,
is arranged for either
full-wave or bridge
rectification, the
change being made
by means of switches
on the chassis. With
the center-tap system
the output voltage is
1300, with bridge,

driver stage. Circuit
diagrams of- the r.f.
and audio ends are
given in Figs 1 and 2,
respectively.

When a transmitter is to be situated in a living
room a great deal of attention must be given to
its appearance. Insofar as possible it must re-
semble, if not disguise itself as, a piece of furni-
ture. Because of this requirement considerable
thought was given to the physical layout and
appearance of the set. The entire transmitter, r.f.,
a.f., and power supplies, is contained in the single
cabinet, shown in one of the photographs.

*¥a/o A. T. & T. Co., 51 Ivy St., Atlanta, Ga,

THE SPEECH-AMPLIFIER AND CLASS-B MODULATOR

Although this compact unit contains a three-stage speech
amplifier, Class-B 800 modulator with all transformers, and a
power pack for the speech stages, careful design and construc-
tion has made the assembly humless and free from feedback.

2600 volts. All chassis
are made of 3{- by 2-
inch stock covered
with plywood, and
all except that for the
amplifier are covered with 16-gauge aluminum. A
hole in the plywood to fit the wire, with a larger
hole in the aluminum to pass it, affords a conven-
ient means of running connections through the
chassis. Wet electrolytic condensers were chosen
for the main filter unit because of their low cost
and healing qualities in case of breakdown. Wooden
holders mounted in poreelain stand-off insulators
bring the high voltage to the plates of the rectifier
tubes. Outlet terminals are on porcelain stand-off
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insulators at the rear of the chassis. The higher
voltage of 2600 volts, obtained by bridge rectifi-
cation, is used for c.w.

SPEECH AMPLIFIER AND MODULATOR

The amplifier-modulator unit, next above the
main power supply, contains a separate power
supply for the speech amplifier. The push-pull
57’sin the first speech stage are resistance-coupled
to push-pull 56’s; transformer coupling is used
between the 56’s and push-pull 2A3’s. All tube
sockets are mounted on 34-inch brass supports to
raise them abouve the aluminum. The W.E.
microphone transformer, on the front left corner
of the chassis, is pivoted on one of its corners and
4 micrometer screw adjustment brings it to the
angle giving least hum pickup from the plate-
supply transformer. The plate-supply trans-
former, rectifier, choke and filament transformer
ure in the left rear corner. The Class-B output
transformer is on the right rear corner. The
volume-control potentiometer and microphone-
current control potentiometer are mounted on
the chassis behind the microphone transformer.
A jack makes mike-current readings convenient.
The bias control potentiometer is located just
beyond the 2A3’s. Porcelain bushings bring the
high-voltage leads to the output transformer, and
poreelain standoff insulators at the rear of the
chassis serve as terminals for external connec-
tions. The bias for the 800’s is obtained from ‘“B”
batteries' mounted under the shelf holding the
chagsis: Batteries are used for this job because
they form a convenient low-voltage supply main-
taining practically constant voltage under fluctu-
ating loads. After being in service for about six
months they now show a higher voltage than
when new, as a result of the charging effect of
grid current.

In this chassis every connection except those
for the high voltage is made with shielded wire,
with the shields grounded at each end and in the
middle. ‘This is a necessary precaution both from
an audio and radio frequency standpoint, the grid
leads to the 57’s especially being very susceptible
to r.f. Since the picture was made, the grid caps
themselves have been shielded by spiraling tin
foil around them, with friction tape for insula-
tion. Jacks for reading plate currents and voltages
are mounted in the frame of the chassis. As the
diagram (Fig. 2) shows, the microphone current is
obtained from the amplifier plate supply. The
rheostat (P; in the diagram) shunting the
microphone voltage affords a very convenient
and effective means of controlling the current.
Every resistor and condenser unit is in an alumi-
num shield can. Resistances in proximity to each
other in the circuit—such as K; and R, R3 and
R4, Rip and Ry3, Rs and R, ete.—are paired in the
same shield cans, with the braid covering of the
connecting wires entering the cans. These pre-
cautions are necessary because of the high gain

and compactness of the unit. Hum in the ampli-
fier is imperceptible. A few of the higher har-
monics of the power supply could not be balanced
out by orientation of the microphone transformer,

THIS COMPLETELY SELF-CONTAINED TRANS-
MITTER CAN BE OPERATED ON BOTH C.W. AND
'PHONE ON THREE BANDS

Input for plate-modulated 'phone is 300 watts; on c.w.
up to_a kilowatt. The final amplifier also can be grid-
modulated.

being of dissymmetrical wave form, but ground-
ing one side of the filament winding eliminated
all trace of them.

RADIO-FREQUENCY EQUIPMENT

The rf. exciter unit consists of a Tri-tet
oscillator, 59 buffer-doubler and 10 driver.
During two weeks of experiment with a Tri-tet it
was found that the oscillator was more stable
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with the third grid grounded than with any other
connection, hence the arrangement shown in
Fig. 1. The coils are shop-made and plug into
'phone tip jacks inserted in small stand-off legs
which raise the coils about 214 inches above the
aluminum panel. The “plugs” of the coils are
made of 6/32 machine screws with the section
entering the jack turned smaller to fit. This al-
lows the ‘“plug” to be fastened to the bakelite
coil form with 6/32 nuts. The turning can be
done easily by mounting a hand drill in a vise

with the 6/32 bolt in the chuck; then, while the
drill is turned, pressing a file on each side of the
revolving screw. The part of the screw in the
chuck is unaffected; it is this part which is
fastened in the coil form. A single-pole double-
throw switch eliminates the buffer-doubler stage
when not needed. Potentiometers control the
bias voltage on the buffer and driver stage. This
voltage is critical for maximum output on all
frequencies above 3900 ke. The oscillator stage
is at the left of the chassis, with the buffer tube

FIG. 1—CIRCUIT DIAGRAM OF THE R. F. SECTION
The exciter, consisting of the 59 oscillator, 59 doubler and 10 buffer, is one unit; the final amplifier and bias supply

are in a separate section.

C1—100-pxfd. midget variable.

Cz, Cs, C4—50-upfd. midget variables.

Csy Ce—.01 5fd., 600-volt.

C7—.001 ufd., 600-volt. )

Cs to Ci4y ince—=.01 pfd., 600-volt.

C15—.001 pfd., 600-volt.

C16—.01 ufd., 600-volt.

C17—50-upfd. midget variable.

st—Sp{stl»stator variable, 250 pufd. per section, 7000-
volt.

Ci9, C20—25-ppfd. neutralizing condensers (double-spaced
from 100-pufd. midgets).

C21, C22—.002 pfd., 5000-volt.

C23—.001 gufd., 200-volt.

Ca¢, C25—.01 pfd.

Ca6—.25 pufd., 1000volt.

Ca7, C28—200-uufd. variables, double-spaced.

Cag, Cao, C31—8-pfd. electrolytics, 500-volt.

Cr—100-upfd. midget double spaced to give 25 ppfd.

R1—<¢00,000 ohms, l-watt.

R2—50,000 ohms, 1-watt.

R3—500 ohms, Savatt.

R¢—100,000 ohms, l4watt.

Rs—100 ohms, center-tapped.

Re—750 ohms, 25-watt.

R7—100 ohms, 5-watt.

Py, P3—50,000-0hm, 5.watt potentiometers.

P3—25,000-0hm volume control potentiometer.

P¢—15,000-ohm, 10<watt potentiometer.

RFC1—8-mh. r.f. chokes.

RFC3—4-mh. 500-ma. r.f. choke. :

J1, Ja, Js to Jg, inc.—Single circuit-closing jacks.

Ja, Js—Single open-circuit jacks. )

L1—34 turns No. 18 d.s.c. on 114’ form, close«wound.

L2—3.5 mc.—same as L.

7 mc.—15 turns No. 18 d.s.c. on 114" form, close-

swound.

L3— 7 me.~15 turns No. 18 d.s.c. on 114’ form, close-
wound. ;

14 mc.— 8 turns No. 18 d.s.c.on 114’ form, close-

wound.
L4—~3.5 mc—18 turns No. 18 d.s.c. on 3’ form, close-
wouna.
7 mc.— 9 turns No. 14 on 3’ form, 1’ spacing be-
tween turns.
14 mc.— 5turns No. 14 on 3’/ form, 14'’ spacing be-
tween turns.
Ls—3.5 mc.—34 turns No. 18 d.s.c.
wound.
7 mc.—15 turns No. 18 d.s.c. on 114’ form, close-
wound.
14 mc.— 8 turns No. 18 d.s.c. on 1%’ form, close-

on 114" form, close-

wound.
Ls—3.5 mc.—25 turns V4'’ tubing, diameter 214'/, 14'’
spacing between turns.
7 mc—15 turns '’ tubing, diameter 2v4'’, 14"
spacing between turns.
14 mc.— 6 _turns 34’ tubing, diameter 3!, 14"’
spacing between turns. )
Link turns are 4, 3 and 3 (at both ends) for the 3.5-, 7- and
14-mc. bands respectively.
L7, Ls—3.5 mc.~7 turns V'’ tubing, diameter 314", 14"’
spacing between turns.
7 mc~5 turns 14'' tubing, diameter 314"/, V'’
spacing between turns.
14 mc.—4 turns Y,"’ tubing, diameter 314"’, 13"’
spacing between turns.
Lo—30-henry choke.
Ti1—Transformer for grid modulation.
To—Power transformer, 600 volts c.t., 100 ma.
T3—10-volt filament transformer.
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in the middle at the front; the buffer tuning cir-
cuit is at the right. The 10 driver is to the rear
of the buffer tank circuit. The plate trans-
former, choke, condensers and rectifier are at the
rear of the chassis. All connecting leads terminate
on porcelain stand-off insulators at the rear.

The top chassis is that of the final amplifier.
The tank assembly is complete within itself
and the entire unit is removable. The bias sup-
ply for the amplifier is at the left in the photo-
graph of the amplifier unit. The neutralizing
condensers are mounted on hard rubber sup-
ports at the sides of the tubes. The regular type
of split-stator condenser was not convenient to
mount here so two single condensers, one on top
of the other, were used. This chassis is covered
with hard rubber instead of aluminum because
of the intense field in the vicinity of the tank
coil. The audio transformer in series with the
bias supply makes grid modulation possible in
this chassis. This type of modulation is used
only in case of emergency, the change-over re-
quiring about thirty seconds.

The meter panel at the top of the cabinet con-
tains a thermocouple r.f. meter, & universal test
meter assembly and the antenrna tuning con-
densers. When currents are being checked the
test cord is inserted in the current jack J., Fig. 3.
The shunt E. is then across the circuit, with the

calibrated resistance P in series with the meter,
which has a 0-1 milliampere range. The shunt,
R, was made from the element of a ls-ampere
filament rheostat and measured with a Wheat-
stone bridge to have a value of 5 ohms. The cali-
brated series resistance P controls the amount
of current flowing through the meter itself. The
resistance needed at P will depend upon the cur-
rent range desired and the resistance of the
milliammeter; for the 37-ohm instrument used
in this case the following values are needed:

Full-Scale Deflection Restistance of P

10 ma. 8 ohms
50 ma. 208 ohms
100 ma. 458 ohms
200 ma. 958 ohms
400 ma. 1958 ohms

For milliammeters of other internal resistances,
the following equation will give the proper value
for P for any current range:

I1—1In)R.
Rp ( "“""‘)_— — Rn

where R, is the required resistance, / is the de-
sired full-scale deflection, I'm is the full-scale
reading of the milliammeter alone, R. the resist-
ance of the calibrated shunt, and R,, the internal
resistance of the meter.

% #od Amp.
e 56, P-
L Ta
$
2Ri0
Rﬂ 1 1Ce |<|:9
R w 11
Ry " %R,; %R,, Ry ({
1
"Ct'
56
=], =V, = Js
=T
—— b L iy

y 0
5za [ [w“' ' {
____Cu _]_C:s Al -fov. 1oV, +HV.

FIG. 2—SPEECH AMPLIFIER, MODULATOR AND SPEECH-AMPLIFIER POWER SUPPLY DIAGRAM

Ci1, C2—.001 pfd.
Cg—25-pfd., 25»001: electrolytic.
C4, Cs, Co—:1 pfd.
€7—8l-pf;1 electrolytw

3g—,
Co, Cm—»s ufd. electrolytic.
Cn, Ci2, C13—.1 pfd.
Ci4, C1s, C16—8-ufd. electrolytics, 500-volt.
C —.01-ufd. mica condensers.
Rl—IO0.000 ohms, I-watt.
R2—1500 ohms, 2-watt.
Rs, R¢+—50,000 ohms, 1<watt.
Rs, Re—200,000 ohms, lwatt.
R7—10,000 ohms, 2-watt.
Rs, Rg—200,000 ohms, 1watt.
R10, R11—500,000 ohms, 1-watt.
R12—100,000 ohms, lavatt.

R13—1500 ohms, 2-watt.

R14—3000 ohms, 5~vatt.

R15—40,000 ohms, 2-watt.

R16—50,000 ohms, 2-watt.

P1—250,000-0hm (each section) dual potentiometer.
P3—500-ohms, 10-watt potentiometer.
P3—1000-0hm, 24wvatt potentiometer.

J1 to Js, inc.—Single circuit-closing jacks.
Js—Open-circuit jack.

Ti1—Microphone transformer (W.E.).
‘To—Audio transformer, 1:3 ratio.

Ta—Class-B input transformer.

‘T4—Class-B output transformer.

Tes—7.5-volt filament transformer.

Te—Power transformer, 250 watts, 600 volts c.t.
RFC—S8-mh. r.f. chokes.
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When the test cord is inserted in the voltage
jack, J,, the 5-ohm shunt is removed and the
series resistors enter the circuit. Since one milli-
ampere will always deflect the meter to full scale,
and one mil through the thousand-ohm resistor
£, will result when one volt is applied, the meter
will then be reading one volt at full scale. Three
thousand volts across
a 3-megohm resistor
will force one milli-
ampere through it
and the meter will
again read full scale.
This neglects the re-
sistance of the meter
itself, but the error so
introduced is negligi-
ble—less than that
resulting from devia-
tions of the resistors
from' their rated val-
ues. Plate voltages
are read by inserting

sleeve is already grounded on the jack in the
aluminum base. Since grid voltages are negative
above ground and plate potentials are positive,
the polarity reversing switch SW; gives the
correct deflection without changing the plug
conncctions.

On this test panel are located the two buttons
for starting and shut-
ting down the trans-
mitter. This opera-
tion is accomplished
by a small reversible
a.c. motor. The ac-
tual switching is per-
formed by a thrce-
way key switch to
which the control
buttons, motor, pow-
er line and power
transformers are so
connected that when
the switch lever is
down the power is

the plug only par-
tially in the jack in
the circuit under test.
This places a voltage
above ground on one
side of the meter and .
the switch ST3 connects the other side to
ground. When reading grid. voltages the tip of
the jack connects to the voltage source and the

O SxE

and antenna coils

izing condenser.

FIG. 3—TEST PANEL WIRING

A single 0-1 d.c. milliammeter is used for multirange
voltage and current measurcments.
M~—0-1 d.c. milliammeter.
P—Calibrated potentiometer (sec text).
R1—1000 ohms.

R3—10,000 ohms.
R3—50,000 ohms.
R4—100,000 ohms.
Rs—500,000 ohms.

Re—1 megohm.

R7—2 megohms,

Rg—3 megohms.

R¢—5 ohms, 254vatt.
Jv—Single closed-circuit jack.
Jo—Open-circuit jack.
Sw1—D.p.d.t. toggle switch.
Su2—8-point rotary switch.
Suw3—S.p.d.t. toggle switch.

THE FINAL AMPLIFIER UNIT WITH TWO 261-A TUBES
IN PUSH-PULL

An unusual feature of this amplifier is the coil assembly, tank

being constructed

The bias rectifier is in the shield can to the left of the ncutral-

off, when in the neu-
tral position ‘the
power is applied to
the filaments, and
when in the up posi-
tion the plate power
is applied. The motor connections are likewise
changed so that when the transmitter is in full
operation, pressing the stop button will reverse
the direction of motor rotation, thus shutting off
plate and filament power. The switch is operated
by a six-inch hard-rubber disc having a pin in its
periphery which engages with the switch lever.
The disc is belt driven by the motof, the speed re-
duction being 20 to 1. A variable resistance in
series with the motor field used for the starting
direction permits further reduction of speed so
that the time delay between application of fila-

in one removable unit.

-ment and plate power can be adjusted to any

practical value desired. No resistance is used in
the reversing field winding, so the transmitter
shuts down rapidly. The motor automatically
stops itself when its operation is completed.
Extensions from the two control buttons are
mounted on a small panel on the side of the re-
ceiver table. With them is a small rotary quick-
acting snap-switch for break in. Operating this
switch operates a relay which opens the plate sup-
ply of the oscillator and opens the primary of the
high-voltage transformer. A }{-watt neon lamp
shunts this switch and acts as an indicator to show
when the transmitter is in the operating condition.
When the switch isopen the voltage across it lights
the neon lamp, showing the transmitter is idle.

OPERATING NOTES

Crystals ground for the 3500- to 4000-ke. band
are used for work on all frequencies. On 3.5 me.
(Continued on page 98)
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More on the Practical Operation of
Transmitting Antennas

Impedance Matching and Directional Features of Harmonically-

Operated Long-Wire Types

By W. S. Potter,* W8GLY, and H. C. Goodman, ** W8BOG

o

LTHOUGH much information has been pub-
A lished recently on the subject of trans-
mitting antenna systems, little has been
said concerning certain practical aspects involving
the radiator itself. It is the purpose of this article
to attempt, in & measure, to explain something
of the theory involved insofar as it atfects prac-
tical antenna erection and operation, particularly
for harmonie operation, and to describe practical
checks on the performance such that we may
realize still greater effective radiated power per
transmitter watt. The introduction of mathe-
matics into the discussion has been purposely
limited to simple algebraic expressions and these
have been used only where they are essential.

RADIATOR LENGTH AND IMPEDANCE

We know that an r.f. transmission line, to func-
tion most efficiently, must be terminated in its
surge impedance. In order to realize proper
conditions of match in terms of power transfer,
the terminating impedance at each end must
appear to the line not as a complex reactive
impedance but as a pure resistance. In other
words, the algebraic sum of capacitive reactance
and inductive reactance at the antenna end as
well as at the transmitter end must equal zero;
that is, the reactance of capacity must equal in
magnitude the reactance of inductance.

Now, without delving into complex calcula-
tions, we find that if we have an impedance Z,
then

7= XT T R? (1)

Supposing resistance R equal to 73.2 ohms, as in
the case of a half-wave radiator, and inductive
reactance X equal to 42.5 ohms, we can determine
Z by substituting in (1)
Z = \/(425)3 F (73.2)*
= 84.5 ohms (reactive)

But we have a value of inductive reactance in our
calculation and we want Z to equal only a value
of pure resistance. We can again bring Z equal
to 73.2 ohms (the non-reactive value) by decreas-
ing the value of the inductive reactance (positive)

* 400 North Lexington Ave., Pittsburgh, Pa.
*+ 125 South Graham 8t., Pittsburgh, Pa.

or by increasing in the correct amount the value
of capacitive reactance (negative).

Let X1 = Inductive reactance
X¢ = Capacitive reactance
X=X5- Xe¢ (2)

then 7Z = R, from (1)
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ANTENNA LENGTH = A

FIG. 1—THE IMPORTANT CURVES FOR HARMON-
ICALLY.OPERATED HORIZONTAL ANTENNAS

Curve A shows the variation in radiation resistance
with antenna length. Curve B shows the power in the lobes
of maximum radiation for long-wire antennas as a ratio to
the maximum of a halfwave doublet antenna.

The fact that in practice we can so juggle the
reactive component of a complex impedance by
tuning, and do so quite accurately, without
worrying about the definite values we are sub-
tracting or adding, accounts for the comparative
ease with which we may arrive at a perfect or
near perfect match at the input.terminals <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>