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The past decade has shown tremendous strides in the
adaptation of e¢lectronics to the industrial ficld. The new UTC
Commercial Grade Series of transformers was developed to mect
the requirement of this ficld as well as that of the
discriminating amatcur and public address man.

CG units are conservatively designed with low temperature
rise and good insulation factors to assure dependability in
continuous service, All coil structures arc vacuum
impregnated, and cases arc poured with special scaling
compounds to assure stability under adverse climatic conditions.

The mechanical construction is rugged. Audio units and power
units up to 300 V.A. arc housed in hcavy drawn steel cases with
rugged lugs on moisture-proof bukelite, arranged for chassis mounting.
Large power and audio components employ cast aluminum shells for
minimum weight, and support the lamination in vertical position to occupy
minimum chassis spacc. CG units are finished in light grev cnamel and result in
unusual professional appearance on equipment in which they arc used..

The CG line includes audio components for all applications ranging from low level ...
humbucking . . . multiple alloy shiclded input transformers to 600 watt Varimatch
modulation transformers. Power and filament components range up to those

required for a 3,000 volt 1 Amp. plate supply.

For full details on this new line, write for catalogue PS-408.

150 VARICK STREET . NEW YORK 13, N. Y.
EXPORT DIVISION: 13 EAST 40th STREEY, NEW YORK 16, N. Y. CABLES: “ARLAB”




GL-8025-A

ELECTRICAL CHARACTERISTICS

Filament voltage 63 v
current 1.92 amp

Interelectrode capacitances:
grid-plate 3.0 mmfd
grid-filament 2.7 mmfd
plate-filament 0.4 mmfd

Frequency at max ratings 500 mc

Ratings (ICAS) for typical operation
R-f oscillator, Class C Telegraphy

Plate voltage 1,000 v

current 50 ma
Grid voltage —90 v
Power output 35w

AMs seldom are satisfied —

which of course means radio
progress. Now that long-distance
contacts are an old story on 6 and
2 meters . . . how about 235 mc
(1Y meters) and 420 mc (3} me-
ter)? What is needed to get on the
air on those bands? '

It’s clear that your lower-
frequency equipment won’t serve.
A new circuitand new components
are called for, with spotlight fall-
ing on the power tube.

Type GL-8025-A takes the cen-
ter of the stage by reason of (1) a
frequency range up to 500 mc at
max ratings, (2) adequate power—
50 w max CW input, (3) advanced

design, especially in features that
contribute to low lead inductance,
so important in u-h-f work.

Note, for example, the double
side leads to plate and grid,
extremely short; also the center-
tapped filament, by means of which
vou can cut filament-lead induc-
tance to 2 minimum.

Inspect this modern u-h-f power
triode at your G-E tube distribu-
tor’s. And get ready for a pleasant
surprise when you ask the price,
for the GL-8025-A is another G-E
top tube value! Electronics Depart-
ment, General Electric Company,
Schenectady 5, New York.

March-April issue of Ham News is cailed the “‘gadget edition™
because it describes a whole group of novel devices to add to

your satisfaction as a ham—a

e 2 e I—ah 4,

, a field-

strength meter, and many others. Don't miss this idea-packed
issue, which will be available shortly. Ask your G-E tube dis-

tributor to reserve a copy for you.

ELECTRONIC TUBES OF ALL TYPES FOR THE RADIO AMATEUR

 GENERAL @2 ELECTRIC

161-GA3-8850



“To Work Them . ..
You Have To #ear Them”

Nothing is any truer than the oft re-
peated statement that if you can’t hear
‘em you can’t work ’em. By supplying the
finest in receiving equipment, RME is
helping hams pile up impressive DX rec-
ords — whether it be on the lower fre-
quencies or on two or six meters.

THE RME 84

For Home, Portable or Mobile Operation

The RME 84, illustrated above, is a
quality receiver in the lower price field
that will give you the most for your
money. It operates from 115 volts, AC,
batteries or from the VP2, a six volt
power pack, optional with the RME 84.
Also optional, is the CM-1 - Carrier Level
“S” Meter. The RME 84 outperforms any-
thing in its price class.

VHF-152 CONVERTER
For 2, 6, 10 and 11 Meters
Illustrated at top left is that popular
matched instrument that has set scores of
new DX records on the high frequencies.
1t has built in power supply, voltage reg-
ulator and temperature stabilized oscil-
lator circuits. There’s provision for con-
nection of 4 separate antennae.

DB22 PRESELECTOR

TNustrated at top right is the new DB22
Preselector, with self - contained power
supply, and an over-all gain of 30 db
throughout its tuning range of .54 to 44
mec. The image ratio is 50 db down with
a communications receiver such as the

RME 45, or the 84.

" (1€ COMMUNICATIONS EQUIFMENT

RAﬂlﬂ MFG. ENGINEERS, ivc.
M@ﬂx«a, 0.5, A,

THE HF 10-20 CONVERTER

This unit provides outstanding and
imageless reception on 10, 11, 15 and 20
meters. Qutput (if. frequency) is 7 mc.
Features include provision for separate
antenna, band selector switch, self-con-
tained power supply, planetary tuning
and high gain. If your receiver tunes only
to 18 me, the HF 10-20 is necessary for
reception on 10, 11 and 15 meters, and
will provide improved reception on 20
meters.

THE "BOOMERANG" (MB-3)

The new “Boomerang” is a break-in
device, a signal monitor, a code practice
unit and a tone modulator for MCW. It
will follow the fastest bug and provide
the best method for
rapid and efficient
break-in. Because it will
help you monitor the
band even when send-
ing — your receiver is
in operation when the
key is up—-you can
avoid needless QRM.
Hams everywhere are
finding that the new
“Boomerang” improves
QS0’s 100%. Unit has
self-contained power
supply. See this marvel
at your dealer.

[llustrated Folders On Request

Canadian Representative: Measurement
Engineering Ltd., Arnprior, Ont.
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$110.00 Amateur net

HALLICRAFTERS MODEL HT-18
VARIABLE MASTER OSCILLATOR DQES
FOR IMPROVED AMATEUR TRANSMISSION

The HT-18 is called by hams who have
used it the most efficient, flexible piece
of gear to be developed in recent years.
Easily added to your present transmitter,
it brings it right up to date. Narrow band
FM and calibrated 5 band V.F.O. com-
plete in one compact cabinet with all coils
and power supply concentrates and sim-
plifies vour entire operation. Put your
transmitter anywhere, place the neat,
highly functional HHT-18 on the operating
table and you’re in action. Narrow band
FM quality like you’ve never heard be-
fore. The HT-18 places your signal any-
where in the band with excellent stability.
Go to your nearest Hallicrafters distrib-
utor today for a demonstration and
complete technical data on this splendid
instrument.

Follow the Gatti Hallicrafters scientific safari to the " Mountains
of the Moon™ — Hallicrafters sponsored mobile radio equipped
expedition now in East Africa, operating regularly via shortuwave.
See your local distributor for maps, itinerary, and probable
schedules.

EASY, PRECISE,
FLEXIBLE OPERATION
FOR THESE REASONS:

¢ Converts any good CW trans-
mitter to a high quality phone
transmitter.

® Eliminates 90% of broadcast
interference.

® Puts your signal anywhere in
the band with stability compara-
ble to crystal controlled trans-
mitter.

® Gives you direct calibration,
direct output on all bands 80,
40,20,15,11,10.

® Simplifies operation of entire
station. Puts both frequency se-
lection and power control at
your finger tips. 72 ohm output.
Remote power control terminals.




FREQUENCY COVER
FROM 540 kc TO 110 Mc

IN 6 EANDS: AM-FM-CW
$275.00 Amateur net

ALL THE ESSENTIAL
AMATEUR FREQUENCIES
FROM 540 kc TO 108 Mc

The SX-13 provides custom quality, preci-

sion engineering, excellent performance and
wide frequency range at a medium price. The SX-43 offers contin-

M o D E I. - uous coverage from 540 ke to 55 Me and has an additional band
from 88 to 108 Mc. AM reception all bands. CW on four lower
bands and FM on frequencies above 44 Mc. In the band44 to 55
Mc, wide band FM or narrow band AM, just right for narrow
SX- 43 band FM reception, is provided.
$169.50 Amateur net

hallicrafters raoio

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO
AND ELECTRONIC EQUIPMENT, CHICAGO 24, U.S. A,

Sole Hallicrafters Representative in Canada:
Rogers Majcstic Limited, Toronto-Mantreal




Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially League members, are invited to report station activities on the first of each
month (for preceding month) direct to the SCM, the administrative ARRL official elected by members in each Section.
Radio Club reports are also desired by SCMs for inclusion in QST. All ARRL Field Organization appointments are
now available to League members. These include ORS, OES, OPS, OO0, and OBS. Also, where vacancies exist SCMs desire
applications for SEC, EC, KM, and PAM. In addition to station and leadership appointments for Members, all amateurs

are invited to join the ARRL Emergency Corps (ask for Form 7).
~ATLANTIC DIVISION

623 Crescent Ave.
132 Tennessec Ave., N.E.

509 Beechwuod Ave.

(;lenside Gardens
Washington 2, D. C.
Audubon

624 College Ave
Route 1, l.oldwat.er Road
029 5. Tth Ave.

Dixon
Fort \Wayne 8
Wausau

Kastern Penngylvania W3BES ferry Mathis

Maryland-Delaware-1).C, W3IBWT pa W. Darne

Southern New Jersey WIOXX Y. (Bill) Tunnell

Western New \Vork W2PGT Harding A. Clark

Western Pennsylvania W3IKWL Ernest J. Hlinsky
CENTRAL DIVISION.

illinois WOAND Wesley I, Marriner

indiana WISWH Ted K. Clifton

Wisconsin WIRQM Renn ' W. Goetsch
DAKOTA DIVISION

North I)aknta Wﬁi(.’/D PPaul M. Bossoletti

204 Polk St.

Grand Forks

South Dakota WONGM 1. 5. Foeshorg 509 Idaho Ave., S.E. Huron
Minnesota W PCWRB| Walter ;. Hasskamp 116 3rd Ave., S.W, Croshy
—DELTA DIVISION.

Arkansas WSTIC Ma.rshall Riggs 4405 Howell Ave Fort Smith

I.onisiana W5VT V. J. Wilkinson, jr. Room 311 leﬂcrson Hotel Shreveport

Mississippi WS1GW Harold Day Route 2, Box 3 Greeuville

Tennessee WIFLS James W, Watkins 270 North Howell St. L h.\ttanooga 4
GREAT LAKES DIVISION. - S

Kentucky W4CDA W. C. Alcock 155 St. Mildred’ s (_oun. Danwlle

Michigan WBSCW Joseph R. Beljan, ir. 13959 Tuller Ave. Detroit

Ohio WSPNQ William D. Montgomery 1290 Coolidge Ave. Cincinnati 30

e HUDSON DIVISION.

(<,ag(cm New York W2H7I, Emest E. George 2044 Lexington farkway Schenectady 8
V. X: }.ong Island W2KDC ¢harles Ham, jr. 200 Harvard St. Westbury
North(-rn New Jersev W21IN John J. Vitale 87 Sayre St. Elizabeth 3
MIDWEST DIVISION. -
lowa \NﬂP William (7, Davis 3rd St. Mitchellville
Kansas wWoAWP Alvin B. Unruh 842 N. Terrace Drive Wichita o
Missouri WEOUD Mrs, i.etha A, Dangerfield HI Moffett Ave. loplin
Nebraska W@RQK William T. Gemmer 1708 West 6Gth St. North Platte
. NEW ENGLAND DIVISION.
“onnecticut* Wivs \Valt,er .. Glover Cslover Ave. Newtown
Maine WIGK]T Norman Davis RED 1 Old Orchard Beach
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Haw'm I\HGFL John Souza Wailuku, Maui
wic N. Arthur Sowle Rox 2025 Reno
WﬁRPT Roy J.. Pinkham 1061 Fremont St. Santa Clara
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Ceo W4HYW ‘Thomas M. Moss 870 Oak Drive Hapcville
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N Vinccntl Haggerty
Arizona WIMLI, Giladden C. Elliott
San Diego W6GC frvin 1., Emig

Northern Texas WSDAS/MNL N. C. Settle
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WEST GULF DIVISION

1017 Indio Muerto St.

'santa Barbara

39 North Melwood Tucson
4852 Marlborough Drive San Diego
30 McCommas Dallas

6

* ()ificials appointed to act temporarily in the absence of a regular official.

)klahoma WSHXI Bert Weidner Box 1 ( rescent
“outhern Texas WSHIF ‘ed Chastain 3037 '\n \taplen St. Cormus Christi
New Mexico WSSMA L.awrence R, Walsh P. O. Box 166! Los Alamos
MARITIME DIVISION.
Maritime (Nfid. & Labr. att.) VEIDQ A. M. Crowell 69 Dublin St. Halifax, N. S.
ONTARIO DIVISION. N
ntario VE3IDU David S. Hutchinson 90 Wellington Road London, Ont.
QUEREC DIVISION -
Juebec T VE2GL (sordon A. Lynn c¢/o Radio Division,
Montreal Airport Montreal, P. Q.
VANALTA DIVISION.
Alberta VEOGLQ \V W. Butchart 10,740-107 St, Edmonton, Alta,
British Columbia VETWS W. Storey 391s W. 32nd Ave. Vancouver
Yukon VESAK \V R, \ViLhamson Radio Range Sta,, D.O.T, Teslin, Y. T,
PRAIRIE DIVISION. - Vit
Manitob: VE4AM A. W, Morley 26 L St Vi
Sa:rklg.tchzwan VE5CO Norman Thompson 1120 7th Ave N. w. Moose Jaw
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They fit anywhere —in 90-degree corners —
flat on walls — ot in clusters to give wide-
angle distribution. Perfectly adapted for
nearly all interior sound installations, be-
causc of their economy, small size and, above
all, the high quality performance of JENSEN
speakers in Bass Retlex cnclosures, Use with
any JENSEN 8-inch speaker. Model P8-SH
is recommended for high fidelity as required
by many wired music installations.

Type H Sector Cabinets are built around a
frame of solid wood with wood composition
replacing the conventional plywood pancls.

P rade Mok Rogistored

THER JJensen CABINETS

Model H-81 Sector Gabinet (ST-121) List Price 322.50

Finish is brown opaque lacquer although
covering colors may be applied on the job
if desirable to match environment. Size:
Height 22'4", width 17%,”, depth 814" Fur-
nished with mounting brackets and screws.

JENSEN MANUFACTURING COMPANY
6611 South Laramie Avenue, Chicago 38
In Canada: Copper Wire Products, Lid., 11 King St., W,, Toronto




Speak out...
and be Heard!

Overncome Roowm

Reverberation . . .

The Only High Level Cardioid Crystal

Microphone with Dual Frequency Response

You can sit back and relax . . . when you call
with the CARDAX. E-V Mechanophase*
unidirectivity overcomes room reverbera-
tion, permits working at greater distance
from microphone. Dual Frequency Response
gives you high fidelity for clear channel or
rising characteristic for extra crisp speech
signals that cut through QRM. Brings more

and better QSO’s. For DX or Rag-Chewing,
there’s nothing like it! Smart looking, too!
CARDAX, Model 950, lists at $39.50.

Authorized Distributors Everywhere

NO FINER CHOICE THAN

SlecticYore=

ELECTRO-VOICE, INC., BUCHANAN, MICH. Export Division: 13 East 40th St.,, New York 16, N. Y. Cables: Arlab

“Cardyne” Cardioid Dynamic
Models 731 and 726

*Patent Pending.

8

Crystal—Model 910
Dynamic—Model 610

High Fidelity Dynamic
Model 630

Crystal Microphones Licensed under Brush Patents

“Comet” Crystal Model 902
Dynamic—Model 601

Send for Catalog 101
Get valuable data on
today’s most com-
plete microphone line.




H to Make Friends

operate phone or CW, or both, you
will appreciate the fine dependabili-
ty. high output. economical operation
and hdir-line accuracy of PR Crys-
tals. They're UNCONDITIONALLY
GUARANTEED, and your Jobber can
supply you with the EXACT FRE-

\ friends and keep them. Whether you

Many a beautiful friendship has been
lost to a handful of kilocycles! More

and more...under crowded present
day band conditions...amateurs are
learning IT PAYS TO STAY PUT...
with PR Precision CRYSTAL CON-

QUENCY YOU WANT (Integral kilo-
cycle) WITHIN THE AMATEUR
BANDS AT NO EXTRA COST, NO
PREMIUM. Insist on genuine PRsl—

TROLS. Yes, PRs pay off . . . with
stable, trouble-free operation on spot
frequencies ... where you can make

Petersen Radio Company. Inc., 2800
W. Broadway. Council Bluifs, Iowa.
{Telephone 2760)

Harmonic oscillator, Ideal for
S‘straight through' mobile opera-
tion. High activity, Heavy drive
wuiitgzout damage in our special

¢

S50 10 METERS
N PR Type Z-5.  o.ihout damage in our speci 45°00

PR Type Z-5.

SINCE 1934

Harmonic oscillator. Low drift.
High activity. Can be keyed in
most circuits, High power output.
Just as stable as fundamental os-
cillators ......... feee e $3.75

20 METERS
PR Type Z-8.

Rugged, low drift fundamental os-

cillators. High activity and power
40 & 80 METERS output with maximum crystal cur-
PR Type Z-2. rents. Accurate calibration. .$2.75

9
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Alternate: P Arthur Smoll...oovve.ena.. WOK
529 No. Nevada Ave., Colorado Springs, Colo.

Southeastern Division

WILLIAM C. SHELTON............. W4ASR
527 Revilo Bivd., , Daytona Beach, ¥la.

Alternate; Willlam P, $ideS. o oo\ ........ W4AUP

JJeming Road, Montzomerv, Ala.
Soathwestern Division

HANS R, JEPSEN.. ..............., WHKEI
6837 Ethel Ave., No. Hollywood, Calif.

1lternate Arthur k. Schifferman, gr.... ... W6CGI

445 Raymond Ave., Glendale T, Calit,
West Gulf Division

WAYLAND M, GROVES............. .W5NW
. O. Box 586, Odessa, Texas
W5NW at Humble Plpe Ane C‘amp, Odessa
Alternate: Jaok ‘T. Moore..,............ WAHALA

4531 [-.xirwny Ave.. Dalias 4, Texas ,



“It Seems 10 Us...”

THE 'PHONE POLL

As the month of May draws closer the peren-
nial argument over the division of our bands
between "phone and c.w. approaches its annual
peak intensity of 89 and many plusses, and the
radio amateur’s bills for electric power, throat
gargles and new key contacts are reaching new
highs. This is democracy at work. It is a good
thing, because in this difficult problem we must
all be sure that we reach the wisest possible
decision, the one that will do the greatest good
over the longest period for the greatest number.

As we listen on the air, the arguments are
running all the way from proposals that all
frequencies be open to ’phone down to sug-
gestions that no “phone be permitted below 25
Me. Our correspondence shows one group say-
ing, in effect, “ What on earth is the matter
with ARRL that it cannot see that these pro-
posals will ruin ¢.w.?” and another saying, in
effect, “What on earth is the matter with
ARRL that it cannot see that these proposals
are pitifully inadequate for ’phone’s needs?”
There is indignation from both camps over the
Board’s present poll, some doubts of its wis-
dom and value, misunderstanding of its pur-
pose and its status. And, despite the care with
which the matter has been presented in QST
we hear it being said, *“ Let’s fix up the bands
the way we want them, not as a few individuals
at Hq. want them.” .

There are enough misapprehensions im-
plicit in the foregoing to warrant a careful re-
view of this subject in this column. Let us en-
deavor again to sort out the facts: )

This problem never ends. There is nothing
new about the present rehashing; it comes up
every year. Meeting after meeting, year after
year, it occupies more preparatory time and
more meeting time on the part of the ARRL
Board of Directors than all 6ther League prob-
lems put together. This year is just more of the
same. It will probably continue that way.

1t is essentially insoluble, in the sense that no
conceivable solution will be equally acceptable
to 'phone and c.w. men. Formula approaches
and other attempts at automatic solution have
been found unsatisfactory. The Board con-
siders that all it can do is to get the widest

possible amateur opinion, to study the matter
most conscientiously, and then, with due re-
gard for the long-term safety of our basic
rights as a radio service, to endeavor to give
effect to majority desire on the basis of the
greatest good to the greatest number. Each
new review of the subject can be expected to
reflect the changes in our operating preferences.

In the affairs of ARRL, 'phone-c.w. band
planning is handled exclusively by the Board
of Directors. It is in no sense decided by the
service headquarters at West Hartford or by
any individuals in the employ of the League.
The field is preémpted by the Board and, as a
continuing question of important League
policy, only the directors have jurisdiction.

From some of our recent letters we think it
necessary to digress here a moment and explain
that the League is a nonstock nonprofit mem-
bership corporation. It divides the United
States into fifteen divisions and in each of
these divisions the licensed-amateur members
nominate and elect a director of their own
choosing. These directors, and the similarly-
elected (lanadian General Manager and the
president and vice-president of the League
elected by those sixteen, constitute the Board
of Directors of the League. That Board con-
trols the affair of the League. It is that Board,
thus elected, that we are talking about.

A year ago the Board decided to make no
further requests of FCC for postwar rearrange-
ment of our bands until after the Atlantic City
conference. But it didn’t want to wait until
this coming May just to get up some proposals
for band rearrangement, nor did it wish to
decide the matter cold at that time without
full knowledge of the wishes of members. The
Board put it down as a principle that it was
necessary to know amateur opinion on specific
proposals. It therefore gave to one of its com-
mittees, the Planning Committee, the task of
studying the problem, recommending desirable
changes in assignments, and reporting to it —
as soon as possible after Atlantie City. That
could make it possible to get amateur reaction
to specific proposals and still decide the matter,
one way or the other, at the May meeting.
That committee is just what its name implies,
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a committee of the Board. It is not the League
nor the Board nor the Headquarters. It is
made up exclusively of elected directors, not of
Headquarters men.

The committee sent its report to the Board.
The Board has not adopted the committee
proposals; it will not even consider them until

May. But the Board did order, meanwhile,

that the proposals be published in QST and a
poll of amateur opinion thereon taken. QST
1s the official organ of the League, not a maga-
zine owned by some guys in West Hartford.
It is proper for the Board to use it as the me-
dium for addressing members. The presenta-
tion of the subject in QST last month is in a
form directed by the Board. The explanation
of the pending proposals is a direct quotation
of the language of the Planning Committee,
not the words of any member of the Head-
quarters staff. The language of the polling card
was written by the committee of directors and
approved by the Board as a whole, not gen-
erated at Hq.

The poll idea itself is nothing new; the
mechanism has long existed on the Board’s
books. Precisely what it is, and its position in
our affairs, is shown in the following standing
resolutions adopted by the Board ten years
4go:

On any matter, the Board may order the taking
of an advisory, informative poll, through the
columns of QST', as to the wishes of the amateurs
or the members, as the case may require; and
thereafter the Board, in acting upon the question
presented, shall take into consideration the result
of such poll, the number of expressions received
and the percentage of votes by which such poll
was determined. never an advisory, in-
formative poll is taken through the columns of

IN . ., then there shall be provided a de-
tachable postcard in the pages of QST to be used
for balloting purposes; and the call for such poll
and information published concerning it shall be
printed in reasonablgrnprominent form, using type
and headings no smaller than those used for arti-
cles in the same issue.

This poll of opinion is now going on and you
have until March 31st to get your card from
February QST back to Hq. if you have not yet
sent it. At Hq. the cards will be tallied for the
information of all directors, by divisions, and
the cards representative of each division’s
figures put in the hands of the director con-
cerned. The Board will then finally consider
the pending ’phone proposals at its May meet-
ing, in the light of the opinions expressed in the
poll and in the light of all the other information
the division directors have collected.

The fear has been expressed that when the
Board holds a poll it is “abdicating” and that
it is bound by the results of the poll, pro or con,
whether those results are in the interests of
amateur radio or not. Such worries do not
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seem justified. This is no referendum. Members
are not deciding the ’phone allocations by a
popular vote. The League is a corporation and
its directors must and will carry out the usual
functions of directors of deciding policy in this
matter. The purpose of the poll is simply to
adduce information on amateur desires for the
directors. It is advisory only, not binding. It
isn’t even confined to members — an opinion
is solicited from every UJ.S. licensed amateur,
member or no. Unquestionably the Board will .
carefully study the statistics yielded by the
poll before it decides what seems to be in the
best interests of amateur radio, but let it be
clearly understood that the Board cannot be .
bound by the poll, that it would be unlawful
for it to bind itself, and that it is entirely free
to accept the recommendations of its Planning
Committee or to reject them or to alter them
in any way it sees fit.

We have been getting quite a few letters at
Hgq. asking us such questions as these: “How-
cum the Hq. staff dictates the form of the
questions we can answer?” “Why can’t we
vote for how much we want for ’phone in each
band?” “We believe every band should be
50-50 but there’s no place for that on the card;
what do we do about it?”’ Well, fellows, we
hope the answers to such questions are clearer
now. There is no board or committee at West
Hartford; the only board is the one made up
of your elected directors. The pending pro-
posals are matters before that Board, written
by one of its own committees, and we at Hq.
are serving only  as the Board’s publishing
agents. We can tell you, though, that the
Board felt that the only poll expressions that
would be helpful were yes or no opinions on
specific proposals, and so it had its committee
study the whole amateur situation and get up :
proposals that it thought represented the best
possible over-all arrangement of operating
privileges. That is what is before you now,
and it comes to“you from the Board of Direc-
tors and your answers are to be returned to the
Board. You have it as a duty to yourself to
understand the organization of your League
and how it is functioning, through its Board,
to decide the ARRL position on ’phone sub-
assignments. It seems to us that the method

being used incorporates every safeguard of the
(Continued on page 130)

OUR COVER

In preparation for the change from 235 to 220
Mec., expected some time in April, our V.H.F.
Editor has been cooking up some gear for the new
band. Built entirely of miniature components and
using four 6J6 tubes and a 12.5-Me. crystal, this
exciter delivers two watts on 225 Mec. This and
other gear for 220 Me. will be described in an
early issue of QST.

QST for
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500 Watts of Audio from AB,

High Output with No Driving Power and Low Distortion

BY HARRY A. MANDOLL* EX-W6HAM, AND DAVID H. ATKINS,** W6VX

e (Class B audio amplification gives high
tube output and high efficiency, but is
not distinguished for low distortion —
particularly when the driver is “skimpy.”’
Here’s a speech system employing the
principles of high-fidelity audio at an as-
tonishing — relatively speaking — power
level. Compact construction and les-
sened speech-system troubles are a natu-
ral accompaniment.

bands it may be stated that “all modulators

are not good modulators,” and that perhaps
the first step in improving conditions should be to
provide the beleaguered r.f. stage with some
“clean” audio. With the general increase in
power apparent since the end of the war, many
modulators are doing duty not formerly expected
of them. Described here is an audio source which
will easily supply 500 watts to modulate 1-kw. in-
put, and do it in very little space. The business
of achieving “broadecast quality,”” while not war-
ranted from the standpoint of existing crowded-
ness in the amateur bands, is still a desirable
characteristic in a really good audio system. The
amplifier to be described has excellent quality
from the standpoints of frequency response, low
harmonie distortion, and low hum level. Having

*Formerly of Eitel-McCullough, Inc., San Bruno, Calif.
#¢ &/ Eitel-McCullough, Inc., 8an Bruno, Calif,

a-m‘mz taking a quick listen over the ’phone

first found the amplifier to be stable on a wide-band
basts, the frequency response in the low-level stages
may be trimmed to include a desired range.’s % 2
As a result, the modulator will be free of fuzz on
peaks of audio, and will have no tendency to
oscillate when subjected to the passband excita-
tion impacts normal to voice operation.

Some Factors in Class B Operation

The introduction of Class B audio in 1931 came
as g relief to those who sought a source of high-
powered audio. However, many tubes tried in
(Class B exhibited mysterious characteristics and
the modulator emitted strange sounds. Gradually
the reasons for these troubles came to light — the
result of work by many investigators.® & & Today
the Class B modulator can be endowed with fine
properties, providing that the several points of
good design are heeded. One of the most important
of these is that the driver and its coupling trans-
former, and even the grids of the driven modulator
tubes, be suited to be operated in conjunction
with one another.

! Grammer, ** House Cleaning the Low-Frequency 'Phone
Bands,” May 1947 QST.

2 Chambers, *“ A 120-Watt Modulator and Speech Ampli-
fier,” August 1947 QST.

3 8mith, “More on Speech Clipping,” March 1947 QST.

4 Barton, “High Audio Output from Relatively Small
Tubes,” July 1931 Proc. of I.R.E.

8 Collins, *“Getting Quality Performance with Class B

Modulation," May 1933 QST.

8 McLean, “Distortion in Class B Audio Amplifiers,”
March 1938 Proc. of I.R.E.

¢

With the exception of the
modulator power supply, the
whole 500-watt speech system
is contained in ome unit.
Elimination of power drivers
makes it possible to assemble
the entire speech amplifier
and power supply on the same
chassis with the modulator
tubes and output transformer.
An outstanding electrical ad-
vantage is reduction of har-
monic distortion to a very low
value.
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Most high-power audio amplifiers capable of
100 watts or more, operating Class B, require a
substantial driver. This driver must push the
modulator grids well into the grid-current region,
which calls for considerable power ahead of the
high-level stage and an input transformer of good
design for use with a particular tube type.5 The
total harmonic distortion is seldom less than 8 per
cent in Class B modulators where the design has
been passed over lightly, and no small part of
this distortion is attributable directly to the grid
circuit. Part of this distortion shows up as ad-
jacent-channel interference resulting from higher-
order harmonics generated because of the grid-
circuit characteristics. This well-known effect is
common in any of the ’phone bands, and the
sound has been likened unto “sheet ripping.”
Several cures for the above defects are known and
used where the economics of the design permits.
These include oversized Class A driver equip-
ment, “building out” the secondary of the driver
transformer with corrective filters, ete.!

A point not usually given due consideration in
modulators is the plate-voltage stability. Lack of
regulation here and in the grid-bias supply (when
zero-bias tubes are not employed) can cause
distortion and a marked reduction in peak out-
put. Bias-supply comgensation will materially
help the latter trouble.

With the advent of the high-powered tetrode
4-250A, a compact resistance-coupled high-gain
amplifier may be used to take the place of the
high-level driver components needed for good
Class B performance at this power level. To see
what can be accomplished, let’s take a typical
“line-up” for both systems. The Class B system
in its most elaborate form (sce Fig. 1) consists of
three amplifiers, and possibly three supplies fur-
nishing filament and plate power. The amplifiers

SPEECH A DRIVER
0 A . TINE . B

i T

1 POWER SUPPLY |

2 POWER SUPPLY

Fig. 1 — (Class B modulator speech system in block form.

often are built with low-impedance couplings for
interconnection as indicated by A1 and B;, with
associated transformers T, T'9, T'3 and T'4. Simpli-
fication of this line-up might eliminate or com-
bine Supplies 1 with 2, or 2 with 3. In the speech
amplifier and driver, or driver and power stage,
combinations may be made which should elimi-
nate two or possibly three transformers, which is
about as far as we may go in a 500-watt system.

7 Attributed to W. 8. Mortley.

8 Rockwell & Platts, * Automatic Compensation for Class
B Bias and Plate Voltage Regulation,” April 19368 Proe. of
I.R.E.
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B, MODULATOR
. LINE . C >outPUT

Utilizing the high gain of the 4-250A8 and Class
AB; operation, the entire audio system may be
built into one unit, eliminating all transformers
shown in Fig. 1, and doing away with the “driver”’
and its supply, leaving the block diagram shown
in Fig. 2.

SPEECH
N A MOD. soow
—_—1 e -4 »ureur
T C
- SUPPLY
Entire ~ T
fat: or
C(;’fl a;rz:s PLATE SuppLY
as:
FOR MODULATOR
R-F AMPLIFIER

Fig. 2 — Block diagram of Class AB; modulator and
speech amplifier.

Considerations in Class AB; Operation

Since AB; operation specifies no grid current
during any part of the cycle, the “driver”” may be
reduced to a compact high-gain resistance-coupled
amplifier. To take full advantage of the benefits
offered by an amplifier of this kind as a driver —
i.e., low distortion and high voltage gain — the
power-stage tubes should have a high “maximum
effective input resistance’” rating, otherwise im-
pedance or transformer coupling again becomes
necessary. The 4-250A tetrode has an allowable
grid-circuit resistance of 250,000 ohms, making
it entirely suitable for direct application to re-
sistance coupling. Published values for the re-
gistance permissible in series with the bias for
mmost large tubes range from 200,000 ohms to as
low as 10,000 ohms. Such tubes require this low
value as a safety measure because of:

1) Internal lecakage, which reduces the actual
bias because of voltage-
divider action in combina-
tion with the grid-circuit
load resistor.

? 2) Residual gas within

the tube, which results in
positive-ion grid current,
tending to lower the bias.
Here the plate current is
increased which produces
a cumulative effect of less and’less bias and
higher current which may lead to

3) Grid emission, which also may contribute to
this vicious circle resulting in the sudden demise
of the vacuum tube.

This black picture is often partially offset by
the compromise of employing cathode resistance:
this tends-to restore the bias but unfortunately
lowers the peak performance of the stage at the
same time. For the same plate voltage this
amounts to roughly a 309, reduction in maximum
output. For resistance-coupled amplifiers, a load
much below 100,000 ohms in the grid circuit of
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the driven stage results in rather low gain for the
stage driving it. The preceding plate load resistor
is normally equal to or several times less than the
100,000-ohm value, Therefore, the selection of
the driven (output) tube type depends to some
extent on the value of the maximum allowable
grid resistance and the driver-stage character-
istics desired.

Some tubes of a given type vary widely in re-
spect to the input resistance allowable, and also
in the control effect of the grid because of produc-
tion limitations.’ To compensate for these effects
the circuits for push-pull stages are often pro-
vided with individual bias adjustment.

Probably the most attractive feature of Class
AB, is the elimination of the large complement of
parts ordinarily needed to furnish adequate, dis-
tortion-free drive to a Class B output stage. In
addition, the application of negative feed-back is
simplified — if required at all — because of the
absence of interstage transformers. A compact
high-gain amplifier may be built into the same
unit with the power stage, thus doing away with
interconnecting cords and impedance-matching
devices. R.f. feed-back such as that encountered
near transmitters is easily handled.because of
the single-chassis ground. By using data now
available? a variety of output characteristic
curves may be realized without resorting to dis-
tortion analyzers and other expensive equipment,
not usually found outside a laboratory. The gyra-
tions of plate current are less severe than those
encountered in Class B audio stages but the factor
of plate-supply stability is still & major one, and
where full output and low distortion are required
the high-voltage supply must be designed to have
little or no voltage drop on modulation peaks.

¢ Terman, Radio Engineer's Handbook, pp. 223, 230.
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Consiructional Features of the ABy
Modulator

As shown in the photographs, the entire speech
amplifier, from microphone jack to high-level out-
put, is built ona 3 X 13 X 17-inch chassis and
supported on a standard 3/16 X 19-inch relay-
rack panel 14 inches high. A large part of the
chassis is occupied by the output transformer,
which is proportioned to handle the plate current
to the modulated 1-kw. r.f. amplifier. The small
transformer near the output transformer fur-
nishes power to the speech amplifier. Four metal
tubes comprise this amplifier. The two 4-250A°
tetrodes are placed as shown to provide normal
circulation of air around their envelopes. Plate-
terminal coolers are employed to allow conduc-
tion of heat away from the plate seals. Plate and
filament power are supplied from outside sources.
The four tubes alongside the transformer are
voltage regulators connected to furnish screen
voltage to the 4-250As through the dropping re-
sistors placed just above the VRs. The 6E5 tube
located at the upper center of the panel indicates
maximum permissible grid swing of the 4-250As.
Besides this, the only parts on the panel are the
microphone input connector, the gain control,
and a toggle switch and pilot lamp in the speech
power-supply circuit. For quick change to c.w.
operation & relay (not shown in the circuit dia-
gram, Fig. 3) mounted over the output trans-
former shorts the 4-250A screens to ground, thus
cutting off the modulator plate current. The sec-
ondary of the transformer is shorted simultane-
ously to remove its inductance from the r.f.
high-voltage supply. This protects the transformer
and allows good keying characteristics.

As shown in the below-chassis view, a small fan
Jdraws air through a screened opening in the side

This hottom view of the
unit (with bottom plate re-
moved) shows the small fan,
at the left, for cooling the
4-250A bases. The speech
amplifier occupies the lower
right-hand corner. This pho-
tograph was taken before the
voice-frequency filter was in-
stalled.
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'ig. 3 — Circuit diagram of the speech-amplifier-and-modulator unit.

(A — 10-gufd. 500-volt mica.

2, Cs — 0.1-ufd. 600-volt paper.
(..s, Cig — 50-pfd. 25-volt electrolytic.
Cy, Ci3, Cu4, C18 — 8-pfd. 450-volt electrolytic.
Csy C17 — 0.5-ufd. 600-volt paper.
Cz, Cg — 0.03-4fd. 600-volt paper.
Co, (40 — 0.1-ufd. 1000-volt paper.
Ci1, C1a — 0.005-ufd. 1000-volt paper.
C18 — 50-ufd. 150-volt electrolytic.
C19 — 0.5-ufd. 1000-volt Pyranol.

R1 — 4 megohms, 3% watt.
Ra, Riz, Rz, Ris, Rza — 1| megohm, 13 watt.
Rz — 1000 obms, 1% watt.

R¢y, Ro — 0.1 megohm, % watt.

Rs — 0.3 megohm, 1 watt.

Re — 0.25-megohm potentiometer.
R7 — 1500 ohms, 15 watt.

Rs, R3o — 50,000 ohms, 14 watt.
Ri0 — (.25 megohm, 15 watt.

Ru1, R1¢ — 500 ohms, 14 watt.

Riey, R17 — 0.1 megohm, I watt.

Ris, Rip — 0.2 megohm, 1§ watt.

of the chassis for the required cooling of the tube
bases, to exit by the openings in the tube-base
shields. A small sheet-metal cover encloses the fan
and its motor, which causes the fan to force air
into the chassis more effectively than if there were
an opening in the chassis alone. The dimensions
of the cover are 214 X 274 X 3% inches. If de-
gired, the chassis may be used to take the place of
one side of the cover. The motor is of the in-
expensive shaded-pole variety made by Barber-
Coleman (motorid Yab 549-1, fan Yab 355-2,
214-inch diam.). Clips are provided on the chassis
to ground the tube-base shields. A metal chassis
cover provides shielding and an air enclosure for
tube-base cooling.

An 0C3/VRI105 (or 0B2 miniature may be
used) regulates the bias on the push-pull 4-250A
grids, It is placed below the chassis to prevent
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Ra2o, R21 = 50 ohms, 10 watts.

Ra2z — 25,000 ohms, 25 watts.

Res — 10,000 ohms, 10 watts.

R4 — 2000-ohm potentiometer.

Ras — 20,000 ohms, 14 watt.

R27 — 3000-ohm wire-wound potentiometer.

Ras, R2p — 50,000 ohms, 100 watts.

Rs1 — 0.2 mcgohm, 2 watts.

Raz2, Rsa — 10,000 ohms, 14 watt.

Ra¢t — 0.5 megohm, 14 watt.

Ras — 1000 ohms, 1 watt.

Ras — 3000 ohms, 1% watt.

L1 — 9 henrys, 85 ma.

F1 — 2-amp. fuse.

I1 — 6.3-volt pilot lamp.

J1 — Microphone connector.

M — Small 115-v. fan (data in text).

S1 — S.p.s.t. toggle switch.

‘T1 — 700 volts c.t., 70 ma.; 6.3 volts, 1.5 a.; 5 volts, 3 a.

‘Ta — 600-watt modulation transformer; pri. 10,300
ohms plate-to-plate.

grid-plate coupling and possible r.f. feed-back..

On the rear of the chassis are mounted a 115-
volt power socket, connector terminals to the fila-
ment-transformer secondary, a ground terminal,
and two potentiometer controls, one for 4-250A
bias adjustment and one for the 6E5 indicator
bias adjustment.

No provision is made for high-voltage terminals
gince they are furnished on the output trans-
former.

Speech Amplifier — ‘“Zero.Power’’ Driver

Two speech stages are used to drive & 6SJ7
phase inverter which in turn drives the 4-250A
push-pull grids to 90 volts peak per grid. The in-
put circuit is designed for a crystal microphone
and includes an RC network which corrects the
high-frequency response to compensate for the
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by-passing action of the shield indicated in Fig. 3.
A copper-tubing jacket, attached to the rear of
connector J1, encloses the resistors Rj;, Ry and
capacitor C;. Complete shielding of the grid and
plate circuits of the 6J7 input stage minimizes
any feed-back and hum pick-up. A 6SJ7 originally
tried in this position produced hum, presumably
because of the proximity of the grid and heater
leads within the tube itself.

The 6J5 stage includes the gain control and
feeds a phase inverter, the constants of which
were carefully chosen to give the utmost in bal-
anced output. Two important factors leading to
ideal balance in this circuit are a high value of
amplification and a high value of resistance to
ground across the inverting-tube grid circuit (Vs,
Fig. 4-B). The 6SJ7 is capable of very high gain,
and its grid resistance may be as high as 1 megohm
in conjunction with self-bias, which makes this
tube excellent for use as a phase inverter,

It may be noted that the signal for the inverter
is taken from the resistor combination Rye, Ry
and Ry3. The usual procedure is to take it from the
following-stage grid resistors, such as Rjg and R1g
in Fig. 4-A. This can be done when the permissi-
ble grid resistance is normally quite high, as is the
case with most receiving tubes. However, in this
case the maximum allowable grid-circuit resistance
for the 4-250A is 250,000 ohms. Since at 200,000
we are nearing the point at which the bias may
be affected to some extent (for the reasons ex-
plained previously) a divider RjoR;s is used in-
stead across the preceding plate circuit. The re-
sistance values, 1 megohm each, are not allowable
in the grid circuits of large tubes, but have no
deleterious effect when placed across the plates of
the 6SJ7s (Fig. 4-B) as they are working into a
combined load resistance of somewhat less than
100,000 ohms.

A high degree of balance is realized with this
circuit. With various 6SJ7s tried, and 10-per-cent
tolerance resistors, the maximum push-pull out~
put unbalance proved to be less than 3 per cent
and could be made apparently zero by selecting
1-megohm resistors for R and Ris. A General
Radio v.t.v.m. was used in these tests in conjunc-
tion with a harmonic analyzer and a 5-inch oscil-
loscope. For practical purposes an unbalance of
only 3 per cent is considered entirely adequate.

Resistors R32 and R33 in the 4-250A grids, as
well as Rop and Ro; in the plates, are not actually
required, but were considered worth while from
the standpoint of accidental application of exces-
sive gignal inputs. Their use therefore constitutes
a precautionary measure to guard against over-
load oscillation.

6ES Peak-Signal Indicator

The 20,000-ohm resistor, Rgs, located in the
bias supply to the 4-250A grids, causes the 6ES
bias to change when the signal peaks exceed the
zero-bias point at the grids of the 4-250As. Any
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grid current flowing through Rz and Ry to
ground via Rgs disturbs the bias on the “eye”
tube, giving an immediate indication of overload
distortion. Plainly enough, it is not the purpose of
this indicator to show overmodulation, or dis-
tortion arising from some other cause.

Screen Supply for the Tetrodes

In Class ABj operation, the screen power taken
by the 4-250As is quite low, in this case amount-
ing to 6.5 watts with full signal input. With no
signal, the power is very nearly zero. It is impor-
tant that the voltage at the screen have excellent
regulation. The power output and low distortion
desired demand a fixed value close to 550 volts,
which is easily furnished by the VR series of gas
regulator tubes, since the maximum-signal screen
current is only 13 milliamperes. The voltage
needed is arrived at by the series combination
105 4 150 4 150 + 150. Since the small power
supply included for the speech amplifier has less
than the nominal 550 volts, a dropping resistor
from the 2500-volt plate supply is used to ignite
these voltage regulators. A total of 100,000 ohms
with a zero-signal screen current of zero milli-
amperes and a VR ignition current of 20 milli-
amperes gives a stable operating point. The IR

VWAV

VVWWH

Fig. 4 -—— A — The_conventional self-balancing phase-
inverter circuit. B — Circuit for use with power tubes
having a definite limit of allowable grid resistance. The
two circuits are compared in the text.
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loss in the resistance comes to 40 watts. The rea-
son for the apparent discrepancy in the power
ratings for Rgs and Ry is that it is necessary to
provide a high-enough voltage rating while keep-
ing the mounting space sufficiently small. The
two resistors specified should easily carry the
peak current at a voltage drop of 1000 each. It is
probable that resistors of half this power rating
could be used for voice operation where the aver-
age screen current is low, provided they will stand
the voltage drop involved.

Bias and Speech-Amplifier Voltages

T furnishes 350 volts each side of center-tap.
The center-tap returns to ground through a series
of resistors across which a regulator tube is placed
to furnish a steady source of bias to the 4-250A
grids. Note here that the VR itself need not fur-
nish the exact amount to satisfy the Class AB;
bias conditions. The VR is used to keep the d.c.
source constant with respect to line variations,
and a potentiometer Kgq permits setting the bias
to the 90 volts (approximately) required for cor-
rect zero-signal plate current.

Operation & Resulis

To operate, the spcech power supply is turned
on and Ry adjusted to open the 6E5 approxi-
mately 20 degrees. Sct R4 to give maximum nega-
tive voltage to ground. The 2500 volts may then
be applied, a 500-ma. meter having been placed
in the filament center-tap return to chassis
ground. The plate current is now raised (by ad-
justment of the bias) to 140 milliamperes with
no audio input. (This figure includes a current
of 20 milliamperes drawn by the 4-250A screens.)

With the exception of the inductance coil, the voice-
frequency filter is compactly mounted on a small termi.
nal board installed near the input 65J7 tube socket.
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Fig. 5 — The amplifier, working into a correctly-ad-
justed Class C r.f. amplifier (resistive) load, is capable
of this kind of response. Since the harmonic distortion
is low over a very wide band, there will be no tendency
for the system to generate undesirable high-frequency
energy which, although possibly above audibility in
some systems, creates a repulsive din when mixed with
other carriers. A stable amplifier such as this readily
lends itself to a parrow speech passband of high in-
telligibility in accordance with present-day requirements
for ’phone communication.

The plates of the 4-250As should show color at
this dissipation, which is approximately half max-
imum plate power per tube. With full-signal input
just short of 6E5 overload indication, the meter
current should rise to a steady value of approxi-
mately 410 ma. A sine wave is assumed as the
signal source. For speech, the meter should sel-
dom hit over 200 ma. at peak output, using a
500-ma. Weston 301 meter.

With a plate supply of ample proportions, mak-
ing use of a swinging-choke input filter, the useful
output at the secondary of the modulation trans-
former was measured at 520 watts. The total
harmonic distortion was not over 3 per cent.
Hum was extremely low, forming an insignificant
part of the total distortion at full power output.
The over-all frequency response was found to be
within plus or minus 2 db. between 30 and
20,000 cycles, operating into a resistive load. No
oscillations were evident over the entire input
range, including the possible harmonics of these
frequencies.

It was not necessary to use inverse feed-back
because of these low values of distortion and noise,
although extra gain was originally provided in the
specch amplifier for this purpose.

In conclusion, attention is again called to the
references in regard to limiting the amplifier fre-
¢yuency response. There has long been the thought
on the part of those interested in making the most
of the available ’phone channels that the high-
frequency end of the voice spectrum could be
suppressed with a reduction of interference. As
revolting as it may sound to many of the ‘“high-
quality”’ brethren, there is always the lowly car-
bon microphone, which is certainly an inexpensive
starter on the road to a narrower ’phone channel.
The familiar “F-1’’ unit of the telephone handset
falls off rapidly on both ends, which tends to bal-
ance the quality so that neither tinniness nor
heavy bass prevails. It must be admitted that it is
not difficult, to recognize the speaker’s voice, ag
well as to understand it readily, over modern
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Fig. 6 —Circuit diagram of voice-frequency filter. Note: the circuit
designations should not be confused with those of the main diagram.

C1 — 500-pufd. mica.

Ca, Cs — 0.1-pfd. paper, 600 v.
Cs — 150-pufd. mica.

4 — 300-ppfd. mica.

Ce — 0.02-ufd. paper, 600 v.
R; — 25,000 ohms, 1 watt.
Rz — 5000 ohms, 15 watt,

telephone circuits. With a microphone of this
kind, connection to the amplifier should be made
to the grid of the 6J5 stage through a microphone
transformer. This transformer secondary, and the
modulation-transformer primary and secondary,
are all good locatlons for “building out” with
suitable capacitors.® Any objectionable harmonics
attributable to the microphone itself are thus at-
tenuated to a low level in the output.

A Bandpass Speech Filter

Bandpassing in the low-level stages may be
done in several ways, most of which are involved.

Rz — 70,000 ohms, 14 watt.

Re — 35,000 ohms, 14 watt.

Rs—1 mcgohm, wau

Ra — 0.5 meg., 4 wa

L~ I‘hordarson T 81C15 0.75 hy. at 0.5 ma., 30 ohms
d.c. resistance.

A, B, C — See text.

third element is a series-resonant LC circuit to
lower the response near 600 cycles and smooth off
the passband region. Last, there is a low-pass RC'
circuit located in the grid circuit of the 6J5 at
4. The purpose of this portion is to prevent the
response sabove 17 ke. from rising too rapidly.
Attempts to attenuate the high-frequency part of
the response curve as shown in the wide-band
characteristic curve by ‘building out” with ca-
pacitance were of no avail apparently because of
the low lea,ka.ge reactance of the particular
transformer used.!

One of the photographs shows the additional
components mounted under the chassis

hetween the 6J5 and one of the 6SJ7

<

sockets. With the exception of Ry and

(1, all capacitors are mounted on one
side of the bakelite card, which is 234

\ inches square. The resistors are located

o/

\ on the reverse side of the card, with

choke I, near by on the chassis. Ry and
! "1 are mounted as shown in the dia-

.

Decibais
N

-
e

\ gram, close to the 6J5 grid terminal. If
‘ desired, a switch may be used at points

-40

‘r A, Band Cto give either the wide-band

—

- or passband response.
The AB; approach set forth here has
helped in the attainment of better

20 50 100 200 200 1000

Cycles per second

2000

Fig. 7 — Response curve of speech filter shown in Fig. 6.

The circuit of Fig. 6 is simple to build and, aside
from the 0.75-henry choke for the series-resonant
section, is composed entirely of resistors and ca-
pacitors. While the slopes of the ‘‘cut-off”’ por-
tions of the curve are not all that may be desired,
measurement and listening checks show the
circuit to do the job well and without the addi-
tion of appreciable distortion. The filter insertion
loss at 1000 cycles is 15 db.

The elements of the circuit may be broken down
into four parts. Two of these are parallel-T-“slot”
circuits adjusted for the audio-band ends. The
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quality at higher audio levels. The ap-
plication of “clean” audio will help
in the greater utilization of the present
bands, regardless of audio bandwidth.

10 Peerless Elec. Prod. C'o. M-2121-T.

‘e Strays ¥

The recently-revised WWYV schedule is carried
on page 72 of this issue. A detailed announce-
ment of the many WWYV technical broadcast
services, Pamphlet I.C886, may be obtained
without cost from the National Bureau of Stand-
ards, Washington 25. D. C.
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Coaxial-Line V.H.F. Receivers
Improvéd Selectivity in Simple Receivers for 144 Mc.

BY JOSEPH SANTANGELO,* WINXY

in the thickly-populated areas where there

i8 extensive activity has long since become
convinced of the necessity for a more selective
receiver than the familiar superregen. The
logical answer for the advanced home station is,
of course, the superhet. It cannot be denied that a
good converter ahead of a communications
receiver will provide performance superior to that
obtainable by any simpler method, but not
everyone can afford this approach, and the
superhet is seldom practical for mobile applica-
tions because of the excessive battery drain
imposed by its extensive tube line-up. A good
compromise was found in the employment of a
coaxial-line circuit in an otherwise conventional
superregen.

With only a detector stage it is possible to
achieve sensitivity and selectivity equal to all but
the better superhets, yet with a low cost and
simplicity of construction which should make the
coaxial-line job attractive to the mobile en-
thusiast and the fellow who likes to build his own
receivers. No complicated and expensive equip-
ment is required to get a receiver of this type
working satisfactorily, as there are no alignment
or tracking problems.

Actually the principal difference between this
receiver and the conventional superregen is the
substitution of the coaxial line for the coil-

*194 Barbara, Waltham, Mass. -

!;NYONE who has attempted 144-Me. operation

¢ For mobile operation, and for the fel-
low who likes to build his own receivers,
the superregen has its advantages. It can
hardly be equalled for high performance
with a few tubes, and its worst failings
can be corrected to a large extent through
the use of coaxial-line circuits and
properly-designed r.f. stages. The re-
ceivers described here by WINXY have
selectivity and sensitivity approaching
that of the simpler superhets, yet their
cost is low and their construction is
simple.

condenser combination in the grid circuit of the
detector. The high selectivity is attributable to
the high @ of the coaxial circuit. It is desirable to .
obtain as high a @ as possible in this tank because
the @ of the resonant circuit fundamentally
controls the bandwidth of the receiver. Using the
coil-condenser tank circuit, the average strong
local signal covers 10 or 15 per cent of the band,
making it possible to receive a maximum of only
eight to ten S9 signals at a given time. With the
coaxial-line detector these same signals cover
only 3 to 5 per cent of the band, thus allowing a
maximum of twenty to thirty S9 signals received.
An even greater degrce of selectivity may be
achieved, approaching that of a communications
receiver with a high-frequency i.f., but this was

¢

Panel view of
the coaxial-line re-
ceiver built by
WINXY. The
broad-band r.f.
stage requires no
adjustment other
than an original
getting of its trim-
mer, which is
reached through a
hole in the top of
the r.f. stage shield.

¢
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Fig. 1 -~ Schematic diagram of the 144-Mc. coaxial-line receiver. If no r.f. stage is used the antenna connection
is made by means of a coupling loop inserted at the bottom of the coaxial line, or by a small capacitor at Cy (see text).

C1 — 3-13-ppfd. ceramic trimmer.
(g, Cs, Cas, C24 — 470-ppfd. mica. '
C¢ — 2-ppfd. ceramic (when r.f. stage is used). For use
as antenna coupling condenser, see text.
Cg — 25-pufd. air trimmer.
Cg — 15-ppfd. air trimmer.
Cr — 15-pufd. variable.
Cs, Co — 56-pufd. mica.
Ci0 — 0.5-pfd. tubular.
C11 — 0,001-pfd. mica.
Ci2, Cis — 0.0062-ufd. mica.
Ci4 == 0.00075-pfd. mica.
Ci1s, C17 — 25-ufd. 50-volit electrolytic.
Crg — 0.1-ufd. tubular.
Ci18 —~ 0.0051-ufd. mica.
('1 9, C20 — 0.0022.u4fd. mica.
Car, Lzz — 40-ufd. 450-volt electrolytic.
80 ohms, 15 watt.
Rz — 3900 ohms, 14 watt.
Rz — 1 megohm, 14 watt.
R¢ — 0.1-megohm potentiometer.

1— L

deemed inadvisable because there are still some
modulated oscillators on the band. A compromise
was made so that the better of these can be
copied with little difficulty.

Building the Coaxial Line

The coaxial-line assembly was made of brass
and then silver-plated. Copper and even alumi-
num pipes have been used and apparently work
as well, but since it is rather difficult to solder
aluminum without special apparatus, it is not
recommended. Silver or hard soldering is preter-
able, although several successful units were made
up by ordinary lead soldering over a gas flame.

The essential materials required for the coaxial
tank are as follows: (1) a 714-inch length of
2-inch diameter thin-wall pipe, (2) a 71%- to 8-
inch length of !4-inch-diameter pipe, and (3) a
flat sheet stock of suitable thickness about 214
by 4 inches to be used as the shorting plate of
the coaxial section as well as a means of mounting
the assembly. This flat stock should, if possible,
be of the same material as the pipes. The cost of
the materials for the assembly was less than $1.00
at a local plumbing shop. Suitable pipes are also
available on the surplus market.
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Rs — 47,000 ohms, 1 watt.

Rs — 0.25-megohm potentiometer.

R7 ~- 3900 ohms, 1 watt.

Rs — 0.12 megohm, 14 watt.

Ro — 0.47 megohm, 14 watt.

Rio — 330 ohms, 2 watts.

R11 — 0.125 megohm, 4 watts.

L1~ 4 turns No. 16, ¥{-inch diameter, 24 inch long,
tapped at 14 turn from cold end.

Iz — Coaxial line 714 mches long. Outer conductor
2-inch dlameter, inner conductor }4-inch di-
ameter, tapped 2 inches from cold end.

L.z — Filter choke, 11 hy. at 50 ma.

J1 — Coaxial fitting.

RFCj — V.h.f. choke, Ohmite Z-0.

RFCz — 80-uxhy. r.f. choke.

S1 -~ S.p.s.t. toggle switch.

Ty — Power transformer, 600 volts a.c., center-tapped;
5 volts, 3 amp.; 6.3 volts, 2 amp.

‘T2 — Interstage audio transformer.

T's — Pentode output transformer.

The above-mentioned dimensions may vary up
to one-half inch in length without affecting re-
sults, but the diameters specified should not be
altered. The important factor is to maintain a
ratio of approximately 4-to-1 between outer and
inner conductors, providing a coaxial-line im-
pedance of approximately 80 ohms. More inform-
ation is available for this type of line, hence the
pipes were made to conform as closely as possible.
The pipe may be mounted in any convenient
position. The outside of the coaxial line is at
ground potential and therefore may be fastened
directly to a metal chassis or panel for firm
support.

Circuit Details

As in all v.h.f. gear, short leads are absolutely
necessary in the r.f. section. The schematic shows
the grid leak of the8AKS5 and the tuning condenser
connected to the pipe approximately two inches
from the closed end. The usual practice is to
mount these components on a bracket that ig
soldered or screwed to the pipe as close to this
point as feasible. The resistance of the grid leak
is a determining factor in the selectivity of the
receiver, the value shown being chosen to give
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reasonably-high selectivity without bringing the
quench frequency into the audio range. If pre-
ferred, this may be a variable resistor of about
1 megohm in series with a fixed 0.5-megohm re-
sistor, connected from grid to ground, acting as
a bandwidth control.

The cathode choke for the 6AKS5 is approxi-
mately 1.5 microhenrys. An Ohmite Type Z-0
may be used or a choke may be made by winding
approximately 80 turns of No. 28 enameled wire
on a Y{-inch form. It is essential for smooth
operation that the plate, screen, and ungrounded
side of the filament be by-passed for r.f. at the
tube socket. The screen voltage is obtained from
a potentiometer or voltage-divider arrangement
connected across a VR-150. The detector will
superregenerate with approximately 25 volts on
the screen. The plate of the 6AKS is fed through
a quench-frequency filter to a conventional inter-
stage audio transformer. The audio level is lower
than that obtained from the usual triode super-
regenerative detector; however, no additional
amplification other than the ordinary 6J5-6V6
combination was found necessary.

The receiver is relatively inexpensive to build.
As a matter of fact, for the receiver shown, with
the exception of the cabinet, the most expensive
gingle part was the vernier diall It is not difficult
to adjust, since no auxiliary equipment is needed
and there are no tricky i.f. stages or mixers to
align, but the care in layout and construction
necessary for any 2-meter circuit must be exer-
cised. The pipe circuit may be visualized as &
tapped coil in which the tube is connected across
a portion of the coil to maintain & higher effective
Q. If the grid and cathode leads are too long, the
circuit may oscillate without the pipe controlling

the frequency. The center-conductor connection
was made with an 866 plate connector trimmed
down so that the position could be varied. Chang-
ing the tap affects the amount of bandspread as
would changing the ratio of the capacitance at the
end of the pipe with respect to that at the tap.
Moving the tap toward the shorted end increases
the bandspread, while moving it away decreases
bandspread and lowers the selectivity.

When the receiver is used without an r.f. stage
the antenna may be coupled in either of two ways.
At WINXY we use 72-ohm coaxial cable for all
v.h.f. antennas, and this is coupled to the coaxial
tank circuit by means of a small capacitance at
C4. This coupling capacitance was obtained by
extending the center of the coaxial cable and
running it parallel to one of the stator bars of the
band-set condenser, (’s, When maximum signal
wags obtained the lead was cemented in place.
This coupling arrangement does not work well
with 150- or 300-ohm line, however, and on most
other units that have been built locally a con-
ventional coupling loop, shown in dashed lines in
Fig. 1, has been employed. It was made by drilling
several holes longitudinally through the outer
pipe, about !4 inch apart, and passing a loop of
insulated wire from one hole to another until
maximum signal is coupled into the detector.
In this way a coupling loop could be formed and
coupled as tightly as desired to match the particu-
lar feed system used.

The sensitivity of this coaxial-tank detector is
equivalent to that of a conventional supcrregen
circuit with one r.f, stage. The selectivity was
found to be approximately 100 ke. at 20 times
down. At the same time a conventional coil-
condenser superregen cireuit using a 9002 de-
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Side view of the
coaxial-line super-
regen, showing the
end of the coaxial
assembly and the
broad-band r.f.
stage. The detec-
tor tube and asso-
ciated components
are mounted on a
bracket attached
to the top of the
line assembly, at

the right.
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Below-chassis view,
showing the audio
components and
quench filter.
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tector was found to be 600 ke. wide at
20 times down, or 6 times as broad.

With the home transmitter running on
147.5 Mc., it is possible to copy several
stations in a crystal net operating on
147.96 Mc. Modulated oscillators with
a high percentage of modulation are
very difficult to copy, but the band-
width is effectively widened as the re-
generation control is advanced. Some-
times this helps in reading some of the
broader signals.

Adding an R.F. Stage

Addition of a coaxial-line r.f. stage
brings up the gain and selectivity to a
point that far surpasses the conventional

circuit. Several of the concentric-line
receivers have also been built with a broad-
band r.f. stage that gave a gain of about 214
times. The isolation provided by such a stage
is so complete that with two such receivers
separated by about 35 feet, it was possible to
copy an 56 signal with both receivers tuned to
the same frequency. If one recciver was detuned
about a quarter of a megacycle, the radiation
from the other could not be heurd. The diagram,
Fig. 1, includes the details of this broad-band
r.f. stage, and the receiver shown in the photo-
graphs is of this type.

The most recent coaxial-pipe receiver, which
includes a broad-band r.f. amplifier, was built by

" About the Author

Joseph Santangelo, WINXY, was first
licensed as W2MGG in 1939, later hold-
ing the call W3JGT. His licenses include
first-class ’phone and second-class
telegraph. He is a graduate of RCA
Institutes, and was a television engi-
neer for Philco in 1940 and *41, previous
to a four-year hitch in the Army which
included 33 months of overseas service.
Since his discharge in the summer of
1945, he has been employed in television
engineering work for Raytheon, at
Waltham, Mass. :

He is a member of the Eastern Massa-
chusetts Amateur Radio Association
and the El-Ray Radio Club. His primary
interest in radio liesin v.h.f. experimen-
tal work, with DX and traffic as side
lines.
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W1JSM. It is compactly constructed so as to fit
ou the steering post in his car. The r.f. stage has
some gain, but primarily its purposes are to
isolate the antenna from the detector, keeping
radiation down to & minimum, and to make the
receiver easier to handle under mobile conditions.
It has the variable-selectivity feature mentioned
earlier.

Mention should be made of the work on this
type of receiver done last year by W1KZD and
WILJIN. The unit shown combines the good
features of their receivers and some desirable
modifications. The coaxial-line oscillator has also
been uscd for transmitting with good results.
WI1KZD had a pipe oscillator feeding an 829 on
two meters last year, and the stability was such
that his signal could be copied on a conventional
communications receiver.

- Stravs 5

The following graybeards — ham-wise, that is
—are charter members of the newly-formed
Quarter Century Wireless Association: W1HRX;
W2s BW, KR, AMJ, AMB, EF, RB, EZ, CO,
LFR, CVF, FD, BJ, GX, DX, UD, FO, EC, IJ,
FZ, YW, PL, MM, BT, KW, OG, BR, WZ,
AFB, GG; and W3IXP. Officers of the As-
sociation, which is a purely-social group, are
President John DiBlasi, W2FX, Vice-President
George Droste, W2IN, Secretary Leon Hansen,
W2FIT, and Treasurer Dave Talley, W2PF.
Iicensed amateurs who have been on the air for
25 years, or who were active 25 years ago and
have since returned to the game, are eligible for
membership in the organization.
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WASHINGTON NOTES

The moving of the temporary amatecur assign-
ment 235-240 Mec. to its permanent home at
220-225 Me. is now in sight. Washington has
been in touch with London and Ottawa about
the arrangement which temporarily displaced our
band and now FCC is preparing proposed rule-

making for the shift. Best present guess is that -

it will be effective in middle April. . . . FCC
has recently authorized the use of 420-460 Me.
for the obstacle detector carried by civil aircraft
as a conversion of the APS-13. The operation of
this device is not recognized as a safety service
but only as a temporary experimental investiga-
tion, in no case to endure beyond early 1950.

The resignation of FCCommissioner Jett mak-
ing it impossible for him to head the U. S. delega-
tion on the Provisional Frequency Board at
Geneva, the Telecommunications Coérdinating
Committee named as the U. S. representative
former Commissioner Ray E. Wakefield. PFB
began its estimated 1Y4-year session in middle
January.

On the legislative front, there is a new White
Bill in the Senate to reorganize FCC, chiefly in
the interests of improved regulation of broad-
casting. In the House Congressman Lemke has
introduced a resolutlon that would direct FCC to
make a “downstairs”’yprovision for f.m. broad-
casting. Although ARRL maintains close touch
with such matters, neither of the pending meas-
ures is of direct concern to amateur radio.

FCC announced as of the end of November
that since the war it has issued 62,365 five-year
amateur station licenses and 62,775 amateur
operator licenses, these figures including both the
renewal of the majority of the prewar licenses
and the newcomers. With many licenses due for
renewal only on the 1948 anniversaries of their
dates of issuance, the total of outstanding ama-
teur authorizations in the 1J. S. is about 51,000.

Have you a copy of the treaty and regulations
for the control of radio signed by the governments
of the world at Atlantic City last summer? You
will find them interesting reading. ARRL acts as
the Western Hemisphere agent of the Interna-
tional Telecommunication Union in the dis-
tribution of these books, which are available from
the League at $1.50, postpaid.

INTERLOPERS

League Headquarters zealously watches against
unauthorized invasions of the amateur bands.
¥or example, although broadcasting in 7200-
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7300 ke. is permitted only outside the American
Region, occasionally it is tried on this side, and
we have recently prepared and filed formal
complaints against the unauthorized operation
of PJCI1, Curacao, and a similar station in the

‘Dominican Republic, both on about 7250, which

complaints are now the subject of diplomatic
representations by our (Government. When the
Harvard ionosphere station WI1XJ began to
cause widespread QRM in the low end of our
3.5-Me. band, we filed'a complaint with FCC and
the station was closed down. We arc now en-
gaged in collating¥data collected_ by the Official
Observers on unauthorized broadcasting in the
3500-3800 range in3Latin America. Members
will help along our work in this respect if they
will send reports to Hq. when they come across
such interlopers in our bands.

CALL-BOOK LISTINGS

We’ve had occasion recently to check up on a
number of listings in the Radio Amateur Call
Book Magazine where the QTH was no longer
correct. In almost all the cases we investigated,
the Call Book correctly reflected the FCC records
~- which is its job. The impressions we get are
that the Call Book does its work with satisfactory
accuracy and commendable enterprise but that
many amateurs have been negligent in applying
for modified licenses because of changes of ad-
dress. The publisher of the Call Book is eager to
cooperate with amateurs in making his book of
maximum usefulness. As we pointed out in this
department last month, all amateur licenses not
vet renewed on the five-year form are due to
expire on the 1948 anniversary of their dates of
issuance. If yours is in that category, you should
of course prepare to file for renewal as your date
approaches. We would also suggest that you
check your listing in the Call Book and, if it is not
in accord with the data you are filing with FCC,
that you advise the (Yall Book direct of your
proper address.

ARE YOU LICENSED?

e When joining the League or renewing
vour membership, it is important that
vou show whether you have an amateur
license, either station or operator. Please
state your call and /or the class of oper-
ator license held, that we may verify
vour classification.

QST for



A Single-Control 180-Watt Transmitter

Bandswitching and Ganged Tuning for Three Bands

BY T. A. BENHAM,* W3DD

® This article describes a 180-watt trans-
mitter with bandswitching and ganged
tuning. After preliminary adjustments,
the tune-up procedure consists of only a
turn of a switch and the change of a
single plug-in unit in going from one
band to another. The antenna tuning is
ganged along with the other tank cir-
cuits so that the transmitter is truly
single-control in operation. As described,
the unit covers 3.5, 7 and 14 Mec., but the
principles may be extended to include
other bands.

T 18 probably not often appreciated that the
design of a transmitter to meet present-day
amateur requirements is, in many respects,

a more difficult job than the planning of one for
some of the various commercial services. While
the commercial transmitter often need cover
only a few fixed frequencies, the nature of ham
operation, through gradual evolution, has come
to the point where rapid selection of any fre-
quency within a band, as well as shifting between
bands, is almost as important in the transmitter
ag in the receiver. Meeting this requirement
means, of course, single-dial control and band-
switching for the transmitter just as it does
in the receiver.

Single-control transmitters follow one of two
general lines in design. The tuning controls of
the various stages may be ganged to a single
eontrol, or a bandpass system may be used. In
the latter arrangement, the circuits are designed
to provide essentially flat response over the
width of an amateur band with fixed tank-circuit
values, thereby eliminating the necessity for
tuning controls. Although it solves the problems
of tracking and ganging, a bandpass system is
not the easiest thing to get working properly.
Stages thus operated are relatively inefficient
and therefore the idea cannot be applied feasibly
to stages which are called upon to develop ap-
preciable power. Thus, even in a bandpass ar-
rangement, & minimum of two tunable stages

¥ Assistant Professor, Physics Department, Haverford
College, Haverford, Penna.
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Complete gang-tuned transmitter in cabinet.
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(the oscillator and the output amplifier) is re-
quired in addition to the antenna tuning. While
the ganging of several condensers to a common
control sometimes may constitute a mechanical
problem, this is offset to a large extent by the
fact that adjustment for uniform output over
a band is relatively simple and straightforward
with ganged tuning.

The unit shown in the photographs is of the
gang-tuned type, operating from a single motor-
driven or manual control, antenna circuit in-
cluded. Bandswitching, 3.5 through 14 Me., also
is incorporated in the exciter stages. In the final
amplifier and antenna tuner, bands are shifted
by the change of a single common plug-in-coil
unit, L7Lg. No resetting of padder condensers
is required in any tank circuit. The output stage
can handle up to 180 watts input and the entire
transmitter is contained on a standard 8-inch
chassis, which may be conveniently housed in
a cabinet of receiver size.

Circuit Discussion

The circuit, shown in Fig. 1, incorporates
features of several units which have appeared in
previous issues of QST. The bibliography which
terminates this article lists material to which
reference was made in designing this transmitter.
The VFO circuit makes use of a 6C4 triode in
a tickler-feecd-back arrangement. The oscillator
operates at 1.75 Mec. with low-voltage battery
plate supply. This is followed by a choke-resist~
ance-coupled 6AG5 Class A isolating amplifier
which drives a 6AG7 doubling to the 3.5-Me.
band. The 6AG7 drives a 2E25 which may be
operated either as a straight amplifier at 3.5 Me.
or as a doubler to 7 Me., depending upon the
tank circuit sclected by the bandswitch, L4Coo
for 3.5 Mec. or LgCqs for 7 Me. The output of
this stage may be switched to drive either the
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Fig. I—- Circuit diagram of the gang-tnned transmitter.

Ci— 103-”yfd. midget-type variable (Hammarlund
Cg ~— 400-pufd. mica; 350-uufd. zero-temperature co-
efficient plus 50-uufd. negative coefficient.
Cs, Ci3, C21, C290 — 0.0022-4fd. mica.
g — 0.1-ufd. paper. )
Ca, Cs, Cio, Cn1, Cr2, C19, Cg3 — 0.01-4fd. paper or mica.
Cs — 220-uufd. mica.
Ce, Co — 100-pufd. mica.
o1 — Approximately 50-ppfd. mica (see text for ad-
justment).
Cis, Cao, Ca0 — 20-ppfd. variable midget (Hammarlund
MC20S).
Cie, C2s — 68-pufd. ceramic.
Ca7, Cig, Cas, Car —0.01 pfd. (mica preferred).
Saa, Cas, ot SC? — §50-pufd. variable (Hammariund

Cog— 47-;ulfd mica (see text).

Cag — 0.0047-pfd. mica.

(G2 — 150-pufd. mica.

(34— 0.005-41d. 1000-volt mica.

Cas— 0.002-pfd. 1500-volt mica.

Cgs, Css— Approx. 30 uufd., double-spaced midget
variable (Hammarlond MC35SX with 1 rotor
and 1 stator removed).

Ca7, Cag— 50-uufd. double-spaced midget variable
(Hammarlund MC508X).

R1 — 47,000 ohms, 14 watt.

Rz, R¢ —~0.15 megohm, 34 watt.

Rs — 470 ohms, 1 watt.

Rs — 1000 ohms, 1 watt.

Re, Rg — 47,000 ohms, 1 watt.

Rz, Rg — 15,000 ohms, 10 watts, with adjustable slider.
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Rio — 2000 ohms, 1 watt.

Ru —- 30,000 ohms, 30 watts.

Riz — 10,000 ohms, 30 watts.

Rizg — 500 ohms, 10 watts.

L1 — 20 turns No. 32 enam., wound at ground end of
La. Ground ends of coils adjacent, turns in same
direction.

L2 —40 turns No. 30 enam., wound on 4-inch diam.
form, with tuning slug (approx. 16 phy.; see
text).

L3, L« — 38 turns No. 26 enam., l-inch diam., 1 inch
long (23.7 phy.).

L5 — 19 turns No. 22 enam., l-inch diam., 1 inch long.

Las — 13 turns No. 18 enam., l-inch diam., 1 inch long
(3.0 phy.).

L7 —3.5 Mc. — 26 turns No. 16, 214 inches diam., 214
i‘l'!Jch;s fong, tapped at 11 turns from hot end (28

y.).
o= 7 Me. — 10 turns No. 16, 214 inches diam., 1 inch
long, tapped at 3 turns from hot end (7. 1 phy.).
- 14 Mec. — 4 turns No. 12, 3 inches diam., 114 in-
ches long, tapped 1 turn from hot end (1.8 xhy.).

Ls — Same as L7 for all bands except 11 turns for 7 Mc.
and 5 turns for 14 Mc.; no tap. Final adjustment
by spreading turns,

B — 45.-volt **B” battery, Type Z-30 (oscillator plate
supply).

T, J2, J3 — Closed-circuit jack.

RFC — 2.5-mh. r.f. choke.

$1 — Push-button or toggle switch.

S2 — 3-section 3-position ceramic rotary switch.

T1 — 6.3-volt 6-amp. filament transformer.
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final amplifier for 3.5- or 7-Mec. output, or a
second 2E25 doubler to 14 Mec. which, in turn,
drives the final amplifier when 14-Me. output is
desired.

The 14-Mec. band is sufficiently narrow so
that satisfactory drive to the final may be ob-
tained over this band without ganging the tuning
of the 14-Mec. doubler stage with the others.

The final amplifier is a 4D32 which was selected
because it will deliver a respectable amount of
power at low plate voltage — 135 watts c.w. at
750 volts. The switching system shifts its grid
to the appropriate driver stage for the desired
output frequency. Plug-in coils in the output
circuit of the 4D32 and the antenna tank circuit
are not a great disadvantage in an otherwise
completely-bandswitching transmitter, espe-~
eially since it is unnecessary to reset the padding
condensers. To maintain proper tank-circuit €
on all bands without the use of an excessively-
high-capacitance tank condenser, the capacitance
is made appropriate for 14 Mec. and the plate
tapped down on the coil for the lower frequencies.

Straight inductive coupling, rather than link
coupling, is used between the final amplifier and
the antenna to facilitate tracking in the antenna
tank circuit.

Although the frequency range covered can be
adjusted to suit any requirements by the seice-
tion of proper tank-circuit values, in this case
the oscillator range has been confined to cover
only 1750 to 1925 ke. to give the output-stage
range of 3500 to 3850 ke. and harmonics of this
range. The fact that this does not provide full-
scale bandspread for the 7- and 14-Mec. bands
has not proved to be a handicap. The 7-Mec. band
is spread out over approximately 90 degrees of
dial rotation, while the 14-Mec. band is covered
in about 60 degrees.

A miniature tube is used in the oscillator be-
cause its filament contributes less heat than that
of a regular-size tube. This, to-
gether with the low plate-power
input from the ‘“B” battery and
the use of zero- and negative-tem-
perature-coefficient padding con-
densers, helps to minimize fre-
quency drift. The oscillator is keyed
in the negative high-voltage lead.

The parallel-condenser method
of bandspread and tracking is used,
although the tapped-coil method

i Mix, *Gang Tuning for the Multistage
Transmitter,” QST, June, 1938, p. 8.

L 4

Front view of the gang-
tuned transmitter with panel
removed.
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may be used if preferred.! All padders, except
those in the oscillator and 6AG7 doubler stages,
are adjustable. It will be noticed in Fig. 1
that when the bandswitch is turned for 7-Mec.
output, the grids of both the final amplifier and
the 14-Mec. doubler are connected to the output
of the 7-Mec. doubler, but when the switch is
in the 14-Me. position, only the input of the
14-Me. doubler appears across the output of the
first 2E25. To compensate for the loss of the
4D32 input capacitance, C'3; is shunted across
the output of the 7-Mec. stage when the switch
is in the 14-Me. position.

Normal coupling to the grid of the final ampli-
fier results in proper excitation (10 to 15 ma. grid
current). at 7 and 14 Mec. However, at 3.5 Mec.
the available driving power is considerably more
than that required for optimum excitation.
Therefore the switching system reduces the
coupling for this band by inserting Cog in series
with the normal coupling condenser, C3;. With-
out this reduction in coupling, the grid current
at 3.5 Mec. will run 30 to 40 ma.

Construction

The general mechanical arrangement can be
seen best in the view of the front of the unit
with the panel removed. The components are
assembled on an 8 X 17 ¥ 2-inch chassis with
a standard 10Y4-inch rack panel. The ganged
tuning condensers, with the exception of the
one for the 6AG7 doubler, are mounted so that
their shafts line up along the front of the chassis.
The condensers should be of the type which
has a tail shaft to which a coupling may be at- -
tached for ganging. Condensers with semicircular
plates are preferable, since they will track regard-
less of the direction of rotation. Of the condensers
in the gang, (5, C3, and C3s must be insulated
from ground. Low-loss insulation should be used
for the one in the antenna tuner; the rotors of the
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others require only d.c. insulation. Condenser
mounting holes should be loose so that the shafts
can be lined up accurately after they are in place.

‘The four condensers for the final amplifier and
antenna tuner at the left are insulated from the
chassis by mounting them on a sheet of bakelite.
Those which are ganged are elevated above the
padders on aluminum-strip brackets. The plug-
in-coil assembly is supported on pillars to the
rear of the gang. Coq, which tunes the first 2E25
tank circuit, is mounted behind the two padders,
Cag and Cg4, on the right-hand wall of the double
partition at the center. This partition serves as
4 shield between the final amplifier and the rest
of the transmitter, as well as a support for the

End view showing partitioning of shielding compart-
ment containing first three stages. The oscillator is to
the left and the 6AG7 doubler to the right, with the
6AGS isolating amplifier in between.

driving-gear mechanism. The two coils, L4 and
Ls, are mounted immediately below on the
chassis, one behind the other, with the first 2E25
in the shiecld can to the right.

Components for the oscillator, the 6AGS
isolating stage and the 6AG7 doubler, including
the Z-30 “B” battery for the oscillator, are
mounted at the right in a shielding box made
of aluminum sheet. The oscillator tuning con-
denser, (', is mounted so that its shaft lines up
with the others in the gang. The tuning con-
denser for the 6AG7 stage, C15, is mounted at
the rear of the compartment near the bottom
and its shaft is cable-driven from a pulley on
the shaft of the oscillator tuning condenser, C.
The end view shows the vertical partitions sepa-
rating the first three stages of the transmitter.

The rear view shows the positions of the 14-Me.
doubler tube at the rear of the chassis, the band-
switch mounted vertically between the two
2E25 stages, the tuning motor and the 4D32
to the right.

‘The leads indicated as shielded in Fig. 1 are
sections of RG8-U concentric cable.
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The tuning motor is a small one having a
shaft speed of 1 r.p.s. It can be reversed with
a 8.p.d.t. switch. This switch should have a
neutral position for stopping the motor. A shaft
coupled to the motor carries the worm gear and
runs through to a bearing necar the front panel.

The shaft then extends through the panel so '

that an external crank-type manual control

may be fitted to it. The worm works against a

pinion gear on the gang shaft. The gears, which

provide a reduction of 50 to 1, are obtainable -

from the Boston Gear Works (worm gear No.
ISH and pinion gear No. (1021). With this
combination, it takes about 25 seconds to cover
the 3.5-Mec. band, 12 seconds for the 7-Mc. band
and about 8 seconds for the 14-Mec. band. The
pinion can be drilled out and mounted on a short
length of }4-inch shaft which will ride in the
i-inch space between bearings set in the shield-
ing partitions. This short length of shaft is
coupled to the ganged condensers on either side.
The shaft may be of either metal or plastic, but
a metal shaft will, of course, require an insulating
flexible coupling at one end.

The pulleys or drums by which the 6AG7
tuning condenser is ganged may be of the type
manufactured for b.c. receivers, or they may
be turned out of sheet bakelite and fitted with
brass hubs. If desired, a drum-type dial may be

used in place of the gear combination for manual |

control.
Coils
The oscillator coils, L; and L, are wound on

a M-inch form fitted with a permeability-tuning
slug. This form may be salvaged from a surplus

i.f. transformer or may be one of the Millen .

Type 74001 forms. The slug saves a lot of cutting
and trying in setting the frequency range of the
oscillator.

All doubler coils are wound on low-loss bake-
lite forms 1 inch in diameter.

The final-amplifier plate tank cvils and the
antenna tank coils are cut from Barker & Wil-
liamson strip coils, although similiar homemade
coils may be used.? They are mounted on strips
of Plexiglas fitted with banana plugs. In making
the plug strips and the jack into which the coils
plug, it is advisable to space the plugs and jacks
in such a way that the coils cannot be plugged
into the jack in reverse direction.

Metering

Jucks are provided for checking the most

significant currents. The condition of the oscil-
lator battery may be checked from time to time
by plugging a low-range milliammeter in the
keying jack. Final-amplifier grid and cathode cur-
rents also may be checked readily. If desired,
Jo and J3 may be open-circuit jacks shunted by

2 Muldoon, ‘‘Low-Loss Low-Cost Transmitting Coils,”
QS8T, Dec., 1934, p. 41.
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appropriate range-multiplying resistors so that
the same milliammeter may be used for all read-
ings. During preliminary adjustments, the cur-
rents of other stages may be checked by insert-
ing a meter in the various plate and screen leads.

Power Supply

Four power supplies, mounted ona 7 < 17 ;< 3-
inch chassis, are used with this transmitter. A
small supply with a VR-150 and VR~105 in series
with an appropriate dropping resistor across the
output is used to supply 150 volts for the screens
of the 6AG5 and 6AG7 and 225 volts for the
plates of these tubes. A second supply delivers
350 volts at 80 ma. for the screens and plates of
the 2E25s. Screen and plate voltages for the
4D32 are furnished by a conventional 750-volt
300-ma. supply. Fixed bias for the final amplifier
may be faken from dry batteries or from a small
pack with a VR~75 regulator. Protective bias for
the 2E25s is supplied by the center-tap biasing
resistor, Rz (which does not affect the other tubes
since they are indirectly heated), while the 6AG5
and 6AG7 have their own cathode resistors.

Adjustment of Tracking

Since the circuits of a transmitter are loaded
quite heavily, the problem of adjusting the track-
ing is not so critical as it might be in a receiver.
Also, it should be remembered that the circuits
need not track over the entire condenser range
for 7 and 14 Mec. Each circuit must be tracked
\Vlith the following stage coupled and its tube in
place.

The oscillator is first set to cover the desired
frequency range. Set C1 at maximum capacitance.
By listening on a calibrated receiver, or by other
means, adjust the slug of La until the signal
appears at 3500 kc. At this point the tickler
winding, Ly, should be adjusted for best keying
characteristics. Then set (' at
minimum eapacitance and check
the high-frequency end of the
range, If this frequency is lower
than desired, use a condenser of
lower capacitance at s and re-
peat the entire process. If the high-
frequency limit is too high, use a
higher-capacitance condenser at
Ch.

To set the tuning range of the
6AG7 doubler stage initially, a
pick-up coil connected to the re-

¢

Rear view of the single-
control transmitter with panel
in place.

ceiver input was coupled to Lz and the receiver
tuned for maximum noise. The value of C14 was
then changed until the point of maximum noise
in the receiver came at the low-frequency end of
the band with C}5 set at maximum capacitance.
From then on, grid current to the following
2E25 may be used to check the alignment.

Disengage the tuning condenser from the rest
of the gang. Set C; at maximum capacitance and
adjust Lz until maximum grid current to the
following 2E25 occurs with Cys set at maximum
capacitance. Turn ; to minimum capacitance
and retune (15 for maximum grid current. If
maximum grid current occurs before minimum
capacitance of Cj; is reached, C14 should be made
larger and the whole process repeated. If it is
found impossible to tune Cisl3 to resonance,
the capacitance of Cy4 should be reduced and the
adjustment process repeated. Since they can be
hought reasonably, it is advisable to have several
fixed mics condensers, 10 to 100 gufd., on hand
for trial. When the plate tank circuit of the 6AG7
has been adjusted correctly, it should be possible
to gang it to the oscillator and obtain substanti-
ally constant grid current to the following 2E25
over the entire tuning range.

The adjustment of the first 2E25 plate tank
circuit for the 3.5- and 7-Me. bands is similar, but
is facilitated by the fact that the padders are
adjustable. The tracking may be checked, as
described previously, by observing grid current
to the 4D32. To help stabilize this stage when
it is being operated as a straight amplifier, the
screen voltage should be kept as low as possible
without reducing excitation at 7 Me. below
normal requirements. When the tracking of this
stage is complete for both bands, set the VFO
and the rest of the gang for the center of the
14-Mec. band. Then, with the bandswitch in the
14-Me. position, tune (3 for maximum 4D32
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grid current. With this adjustment, the 4D32
grid current should hold quite constant over the
entire 14-Mec. band, peaking at about 13 ma. at
the center and dropping off to 11 ma. or so at
the band edges.

Adjustment of Final-Amplifier
and Antenna Tuning

To adjust the 4D32 plate tank circuit, couple
8 50- or 100-watt lamp to the cold end of L-.
Since the adjustment for 14 Me. is the most
critical, fire up the transmitter at the low-
frequency end of this band (C3s at maximum ca-
pacitance) and tune C37 for resonance as indicated
by minimum plate current. Tune the transmitter
to the high-frequency end of the band and check
the plate current to make sure that the tank
circuit is still tuned to resonance. If it is not,
retune to resonance with (37, If retuning to
resonance requires an increase in Cjz, the size
of the coil should be reduced slightly and the
process repeated. If a decrease in C3y is required,
the coil should be increased in size. Subsequent
lining up of the circuit for 7 and 3.5 Me. consists
of carefully pruning the coil to tune the circuit
to the low-frequency end of the band with Czs
set at maximum capacitance. The setting of Csz
should not be disturbed after having once been
get for 14 Me. This same setting should be made
to serve for all bands by correct adjustment of
the coils only.

Antenna tracking is simplified if the antenna
system is cut so as to be self-resonant on all bands.
Otherwise compensation must be made for the
reactance which the antenna system presents
at the antenna tuner. The antenna system chosen
for use at W3DD is a center-fed half-wave with
quarter-wavelength feeders for 80 meters. Thus
on all three bands, the system is resonant with
a high-voltage point at the ends of the feeders
where they connect to the antenna tuner and
parallel tuning can be used.

With the final amplifier tracking correctly, the
antenna tuner with the antenna connected should
be coupled in place of the lamp load and the trans-

Typical Current and Voltage Values in
the Single-Control Transmitter

Qsgcillator plate current. ... ........... 17 ma.
6AGS5 platecurrent. . ..........0... 6.5 ma.
6AG7 plate current. ... . 7 ma.
First 2E25 grid current. ............... 2 ma.
First 2125 screen voltage. . ......... . 265
First 2E25 plate current (3.5 MeJ)....... 32 ma.
First 2E25 plate current (7 Mec.)........ 238 ma.
First 2E25 plate current (14 Mc.)....... 28 ma.
Becond 2E25 screen voltage. .. ......... 275
Second 2E25 plate current (operating). . 28 ma.

Second 2E25 plate current (nonopcratmg) 31 ma.
4D32 grid current....... ]

2E25 plate voltags. .
2E25 cathode bias
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roitter switched to the 14-Mec. band. With the
transmitter tuned to the low-frequency end of
the band (Czs at maximum capacitance), tune
(39 for resonance as indicated by the peak in
plate current. Adjust the coupling until the
desired loading is obtained and readjust C39 for
resonance as required.

During the adjustment of the antenna tank,
it is important that the tuning of the 4D32 plate
tank circuit remain fixed as adjusted previously.
The reason for this is that tuning of the antenna
circuit will detune the plate tank circuit tempo-
rarily until the antenna circuit is at resonance.
When the antenna system is at resonance, how-
ever, its effect upon the final-amplifier tank
circuit should be resistive only and therefore
should not alter the original tuning of the final-
amplifier tank circuit. This correct setting should
be disturbed only as a means of checking to make
certain that the antenna circuit is tracking as it
should and the original setting should be restored
a3 soon as the check has been made.

Now retune the transmitter to the high-fre-
quency end of the band and retune C39 for reso-
nance. As in the case of the final amplifier,
decrcase Lg if (39 must be increased to restore
resonance, or increase Lg if a decrease in Cyy
restores resonance. If a check shows that the
final-amplifier tank circuit docs not stay close to
resonance over the band with the antenna
coupled and tuned, it may be necessary to read-
just the tracking of the final amplifier slightly.
Usually, however, this procedure should not be
necessary.

When the coupling has been finally adjusted,
the spacing between the two coils should be
fixed by tying them together with strips of cellu-
loid fastened with cement.

After the antenna tuning has been lined up
for the 14-Mec. band, coils for the other bands
may be checked by pruning them as described
for the final-amplifier tank. The same setting of
('39 must serve for all bands, and the coils pruned
to suit.

With the antenna described, sufficient coupling
was obtained at 7 and 14 Mec. with a spacing
between coils of an inch or more. However, at
3.5 Me., the amplifier could not be loaded up to
maximum rated plate current with the two coils
placed close together. The coupling was increased
by augmenting the existing coupling by means of
a single-turn link inside each coil. These links
must be polarized correctly so as to assist, and
not buck, the coupling between the two coils.
At 14 Me. it was found that the antenna coil
had to be adjusted to within less than a full
turn. This was accomplished by cutting the
outer turn loose from the rest of the coil, except
at the bottom, and then bending it away from
the coil until the inductance was reduced to the
correct value. This turn was then fixed firmly

{Continued on page 138)
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Adjusting the Matching Stub

Getting the Best Match with the Least Effort

BY WILLIAM L. SMITH,* W3GKP

HE shorted stub, illustrated in Fig. 1, is one
of the simplest and most effective methods
of matching a nonresonant transmission line
to an antenna. When cut to a length of one-
quarter wavelength, it works well with such high-
impedance type antennas as the “J,” Zepp,
double Zepp, pitehfork, and end-fed WSJK array.
When adjusted to alength of one-half wavelength
it is suitable for matching low-impedance loads,
such as the center impedance of a half-wave
" dipole or the radiator element of a beam antenna
employing parasitic directors or reflectors. The
shorted stub is considerably more flexible than
either the open-ended stub or the quarter-wave
“Q-bar” transformer, since the effective length
can be adjusted readily by moving the shorting
bar.

Antenna
rerminals
° °

7

L

/Fee/er L

Fig. 1 — "The shorted stub, with feeders tapped on
for matching. If the antenna impedance is higher than
the line characteristic impedance, the stub should be
approximately one-quarter wavelength long; if the
antenna impedance i3 lower than the line impedance
the stub should be one-half wavelength long.

Stub

- Shorting Bar

The usual method of adjusting a stub of the
type indicated in Fig. 1 is somewhat as follows:

a) Disconnect the feeder.

b) Remove the shorting bar, and replace it
with a thermocouple galvanometer or other
radio-frequency current indicator.

¢) Excite the antenna by placing it in the field
of another antenna that is radiating on the de-
sired frequency, and then adjust the position of
the galvanometer on the stub for maximum cur-
rent.

d) Remove the antenna used for excitation.

e) Remove the galvanometer, and place the

#* 10110 Pierce Drive, Bilver Spring, Md.
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¢ The ordinary method of resonating
and tapping a matching stub does not
lead to optimum results because the sys-
tem goes out of resonance when the
feeders are tapped on the stub. This
article describes a simple procedure for
finding resonance and maintaining it
while matching. No auxiliary antennas
required.

shorting bar at the same position on the stub.

f) Attach the feeder to the stub, and couple
the other end of the feeder to the transmitter.

¢) Check the standing-wave ratio on the feed-
line, and adjust the position of the feeder tap on
the stub for minimum s.w.r.

This method does not always yield an ac-
ceptably low s.w.r., because of the presence of
factors that tend to make the first match obtained
imperfect, and because in the final adjustment
there is no definite procedure for making things
any better. At the higher frequencies the galva-
nometer may not look like a ‘“dead’’ short — i.e.,
it may have more inductance than the shorting
bar. Furthermore, when the feeder is attached to
the stub it tends to detune the stub and antenna
system from the condition of resonance originally
obtained. While this might be corrected by mak-
ing additional adjustments in the position of the
shorting bar, it is frequently found in practice
that any such adjustment makes the s.w.r. higher
instead of lower. Lastly, the position of the
feeder tap on the stub for minimum s.w.r. is
rather indeterminate in that there is no way of
ascertaining in which direction the tap should
be moved to get the s.w.r. lower.

Matching Procedure

The method to be described gets around most
of these difficulties by providing a simple set of
rules for determining which of the two adjust-
ments should be changed, and in which direction
it should be changed, to get the &.w.r. lower.

The procedure used is as follows:

1) Cut the antenna to length, using the usual
formulas for the type of antenna involved. Note
that if the element to be matched is the radiator
of a beam antenna that employs parasitic ele-
ments, then the antenna must be excited by any
convenient means and the parasitic elements ad-
justed for best directivity before proceeding with
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the matching. Any attempt to adjust the re-
flectors and directors after the feeder has becn
matched to the radiator will probably change the
impedance of the radiator and upset the match.

2) Construct the stub and attach it to the
antenna. If the antenns is being fed at a high-
impedance point, set the shorting bar one-quarter
wavelength from the antenna. If the antenna is
being fed at a low-impedance point, set the
shorting bar one-half wavelength from the an-

Antenna
lerminals
o 0
Feeder
7o Xmir:
A 8
A
|~ T "l Stub
A
Ng
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'ig. 2~ In the preliminary test, the fecders are dis-
connected from the stub and points 4 and B are located
hy measurement. .{ is any integral multiple of a half-
wavelength from the open end of the feeder, B a quarter
wavelength ncarer the open end.

tenna. In either event the position of the shorting
bar need not be exact; it can be found with suffi-
cient accuracy simply by measuring it off with
a rule.

3) String the feeder so it will reach from the
transmitter to any point on the stub, but do not
attach it to the stub. Arrange matters so that
s.w.r. measurements can be made over a section
of feeder about a half-wavelength long, It does
not matter whether this section is near the an-
tenna or back toward the transmitter.

4) Referring to Fig. 2, measure back from the
antenna end of the feeder and locate point A,
which is any full number of half-waves from the
open end of the feeder. This point should fall
within the section of feeder over which s.w.r.
measurements are to be made. Mark point A
with a piece of friction tape.

5) From point -, measure off one-quarter
wavelength toward the antenna, thus locating
point B, which should also be marked.

6) With the antenna end of the feeder discon-
nected from the stub, loosely couple the other
end to the transmitter, thereby setting up
standing waves on the feeder.

7) Using a standing-wave indicator,! locate a
" \The *'Micro-Mateh™ und similar indicators are not
suitable for this tvpe of measurement. The traveling-
thermomilliammeter type indicator described in the ineas-
urements chapter in the Handbook is satisfactory. A crystal
detector and d.c. milliammeter can be substituted for the
thermomilliammeter if desired. Whatever the indicator, it
ghould introduce as little unbalance on the line as possible;

it should therefore have small capacitance to ground and
should take negligible power for operation.
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point of minimum feeder current in the vicinity of
point 4. Remove the marker from point 4 and
place it at the point of minimum current, desig-
nated as point € in Fig. 3.

&) Locate a point of maximum feeder current
in the vicinity of point B. Remove the marker
from point B and place it at the point of maxi-
mum current — point D in Fig. 3.

9) Attach the feeder to the stub at a point
about a quarter wavelength above the shorting
bar — i.e., at the top of the stub if the stub is a
quarter wavelength long, or at the middle of the
stub if the stub is one-half wavelength long,

10) Using the standing-wave indicator, look
around on the feeder in the vicinity of point C'
for a point of minimum current. The actual cur-
rent at the minimum point may be higher than
that obtained before the feeder was connected
(Step 7 above) but this does not matter; the only
thing of importance is the location of the mini-
mum-current point with respect to point C. If
the point of minimum current lies between point
(' and the antenna, the shorting bar must be
moved up higher on the stub, but if the point of
minimum current lies between point C' and the
transmitter, the shorting bar must be moved
farther down on the stub. (If two points of mini-
mum current are encountered near point C, the
one falling closer to C is the one to be used as
a guide.) Using this criterion, adjust the position
of the shorting bar until the point of minimum
current coincides with point C. Although the
position thus found for the shorting bar is not
the final one, the bar will not have to be moved
very much in the course of subsequent adjust-
ments.

11) Check the current at D and compare it
with that at C. The current at D will be larger.

Antenna

Termimals

o o0

Feeder
75 Xmir: c o
Stvb |

Minimum Maximu) le—s]
Current Curren

Fig. 3— Points C and D are located by standing-
wave measurements, C being a point of current mini-
mum, [) a current maximum,

Move the feeder taps on the stub down toward
the shorting bar in small steps. Each time the,
feeder taps are brought closer to the shorting
bar the current at D will drop slightly and the
current at C will rise slightly. Continue to adjust
the position of the feeder taps on the stub until
the currents existing at points C' and D are equal.
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12) Run the stending-wave indicator down
a section of line a half-wavelength or longer to
get some idea of the maximum and minimum
currents on the feeder. Now look in the vicinity
of point C and there will be found a rather broad
point of maximum or minimum current. Regard-
Iess of whether & maximum or minimum is found
on this part of the line, note whether the maxi-
mum (or minimum) coincides with point C. If
it does not, further adjustment of the shorting
bar is in order. If the maximum (or minimum)
falls between point C and the antenna, the short-
ing bar must be moved up, and vice versa.

13) Having gotten the maximum or minimum,
as the case may be, to correspond with point C,
compare the currents at points C and D. If they
are not equal, another adjustment of the fecder
taps is in order. If current D is higher than C,
the feeder taps must be moved down slightly
(toward the shorting bar) whereas if the current
at C is higher than that at D, the feeder taps
raust be moved up (toward the antenna). In
any event adjust the position of the feeder taps
slightly until equal currents are found at D and C.

14) Run the standing-wave indicator down a
section of line at least a half-wavelength long to
find the s.w.r, The s.w.r. will probably be 1.5:1
or less, a value suitable for most amateur work,
but if it is not acceptably low, Steps 12 and
13 may be repeated as many times as necessary
to get it still lower.?

A Few Hints

Some general notes on the adjustment of an-
tenna matching systems may be in order. In the
first place, sta.ndmg-wave ratios below 2:1 result
in only a very slight increase in loss over the
minimum possible. While still lower standing-
wave ratios are desirable from the standpoint
of uniform transmitter loading and uniform
receiver matching over a band of frequencics,
case of loading cannot generally be used as an
indication of s.w.r. Contrary to popular opinion,
extremely ‘‘easy” loading of the transmitter
usually indicates a high s.w.r. If uniform loading
over any of the wider amateur bands is to be
obtained, an antenna that is inherently un-
selective must be used. Antennas employing
parasitic reflectors or having two elements ex-
cited 180 degrees out of phase are naturally
selective — they have a high ¢, and exhibit
high currents and voltages for the power applied.
The only remedy for this situation is to use
thick elements or to use a folded doublet or
multiwire doublet as the radiator. The attain-
ment of 8.w.r.s below about 1.5:1 demands that
the coupling between the feeder and the stand-
ing-wave indicator be kept absolutely constant
28 the indicator is moved along the line.

2 Since the methods depend on locatm;z;“uhe position of the
standing wave, it will not usually giveZa perfect 1:1 match
because the standing wave then ceases tofexist.
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Last but not least, avoid making measure-
ments on the line near the point where it joins
the stub, because the field from the stub may
affect the reading of the indicator. At 144 Me.
or higher frequencies be careful to drape the
feedline in approximately its final position rela~
tive to the antenna, and make all measurements
at a point on the feeder well removed from the
antenna and with the antenna in the clear.

In speaking of antennas, the terms ‘high
impedance” and “low impedance’” have been
used, and some additional explanation may be
in order. If the feed-point impedance of the
antenna is higher than the surge impedance of
the type of feeder used, it is a high-impedance
type; conversely, if the antenna impedance is
lower than that of the fecder it is a low-impedance
antenna. Cases may arise where the antenna
impedance cannot be estimated in advance, but
this difficulty can be resolved by a simple test.
Leave the stub construction until last, and follow
Steps 1, 3, 4, 5, 6, 7 and 8 to locate points C and
D, Attach the feeder directly to the antenna and
compare the currents at points C and D. If the
current at D is the larger the antenna is of the
high-impedance type, but if the current at C is
the higher the antenna is low-impedance. If by
any chance the currents at C' and D are equal,
check the section between €' and D to see if
a maximum or minimum is located on this part
of the line. If such & maximum or minimum is
found, satisfactory results can usually be obtained
by treating the antenna as a high-impedance
type, but if no maximum or minimum is found
the antenna is already matched to the feeder
and no matching stub is required.

If an extremely low s.w.r. is required, one
curious effect may be noticed after Steps 12 and
13 have been repeated two or more times. As-
suming that a broad maximum or minimum has
been located near point C, and it is desired to
adjust the position of the shorting bar to make
the maximum (or minimum) coincide with point
C, it may be found that moving the shorting
bar will cause the broad maximum to change to
a slight minimum, or vice versa. This is not a
cause for alarm, but one should be aware of
what is going on. At this stage the best scheme
is to move the shorting bar only in very small
steps, and after each step look over about a
half-wavelength of line to determine the maxi-
mum and minimum line current before looking
in the vicinity of point C to find if the maximum
or minimum, as the case may be, coincides with
point C.

SWITCH
TO SAFETY!




A Bandpass Converter for 144 Mec.

An Improved R.F. Section for Use with the 522 or Other Receivers
BY JOHN E. WILLIAMS, * W2BFD

dissatisfaction with the receiver portion of

these equipments led the writer to seek
methods of conversion other than those previously
tried.

Amateurs who convert these receivers by alter-
ing the 8-Mec. erystal oscillator so that it is
tunable soon learn that not only the oscillator
but also the 2-gang harmonic generator and the
3-gang r.f. tuning condensers must be adjustable
from the front panel. Nor is this all. As the
condensers originally covered the range of 100
to 156 Mec. with an angular displacement of 90°
from minimum to maximum, a motion of about
an eighth of an inch at the periphery of a three-
inch dial suffices to tune across the 144- to 148-
Mec. band. Gearing the condensers together re-
duces the number of controls but imposes severe
mechanical requirements such as freedom from
back-lash, and if the condensers fail to track
properly the penalty is a drastic loss of sensitivity.
There is also the sad fact that no receiver tuning
across so large a range will have LC circuits of
optimum value for a narrow amateur band.
Compare the BC-624’s tuning ratio of 1.56 to 1
{or 44 per cent of the center frequency) to the
tuning ratio of 1.028 to ! needed to cover the
2-meter band (less than 3 per cent of the center
frequency) and you will readily see how much
improvement is possible with these sets.

Thinking along these lines inevitably will lead
vyou to the conception of a fixed-tuned converter
which can be set at the center of the band and
which would require no tuning adjustment other
than the oscillator. Conventional tuners will not
accomplish this, as will be made apparent by
considering that a tuner whose resonant circuits

¥ &, The Electronics Device Co., 3806 61st St., Wood-
side, N. Y.

POSSESSION of several surplus SCR-522s and

¢ The SCR-522 transmitter-receiver, pur-
chased on the surplus market in tre-
mendous quantities for use on 144 Me.,
bas worked wonders in converting that
baad to the crystal-control-and-super-
het-receiver approach. 'F'he transmitter
is practically ready to go, as purchased,
but the receiver conversion is more diffi-
cult, and at best the resuit is not too
satisfactory. The simple bandpass con-
verter here described by W2BFD was
designed especially for use with the i.f.
and audio sections of the 522, but it will
work equally well in conjunction with
any communications receiver. Its per-
formance far cxcceds the best that is
possible through conversion of the 522
r.f. section.

are sufficiently broadened by shunting them
with resistors (as in television practice) will have
a considerable response to the image frequency,
which is 24 Mec. away in the case of the BC-624.
The energy dissipated in the shunting resistors
would reduce the sensitivity appreciably as well.

“Well then, how about bandpass filters?” you
ask. Fine, but what are we going to use to mea~
sure the precise values of inductance and capaci-
tance which we must know to a high degree of
accuracy in order that the filter may perform
properly? And at 144 Me.!

Cheer up; we are not beaten yet! The equiv-
alent of bandpass filters can be had by the
simple expedient of overcoupling pairs of or-
dinary tuned circuits. The effect of varying the
mutual inductance between two circuits tuned

_to the same frequency is well known. Less than

# value known as “criticul coupling” transfers

¢

The 144-Me. bandpass con-
verter designed by W2BFD
in use with a revamped
SCR-522 receiver.
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CIZIC“I Cls:I_: C.a_: .

OAKS5 9002
MIXER osc.
34 N4

C

Cw]:: CIBJT: -J:fus R f =

" Heater circurt for 12-volt operation 12V. AC.

C4—C20, C25 — Midget mica by-pass, any value between
250 and 500 upfd.

Cop — ls-pufd. ceramic.

Cog — H-pufd. mldget variable.

Co3 — 3-30-upfd. mica trimmer.

Cizg — 100-pufd. ceramic.

Ri1, R4, R7 — 560 ohms.

R2, Ri0, R11 — 10,000 ohms.

Ra, Rs — 5600 ohms.

Rs, Ro — 0.1 megohm.

Ra — 1.0 megohm.

Riz — 220 ohms.

Riz — 5000 ohms, 10 watts.
All other resistors 3% watt.

energy, at the resonant frequency, of an amount
dependent on the degree of coupling. Coupling
in excess of the critical value results in & double-
peaked response, with larger values of coupling
producing greater separation of the peaks. The
depth of the valley between the peaks is deter-
mined by the & of the circuits. Experiments
made in overcoupling the tuned circuits of the
BC-624 without removing the gang condenser
were fruitless because of the very low LC ratio;
and, as the cownponents of the r.f. and mixer
portions utilize the gang condenscr for their sup-
port, we would have just a handful of paris if we
removed it.

The maximum value of LC ratio is obtained at
these frequencies by resonating the coils with no
other capacitance than the tube interelectrode and
the distributed coil capacitance. Tuning is ac-
complished by varying the inductance of the
coils.

If you have had the patience to read this far,
by now you have reached the same conclusions
that the writer did; that is, we want to build a
converter to be used with the if. and audio
portion of the BC-624, that will give uniform
sensitivity across the band without sacrifice of
gain by resistance loading. It must have the
maximum value of inductance in its coils to make
a substantial improvement in gain over the old
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Fig. 1~ Schematic diagram of the bandpass con-
verter for 144 Me.

L—2 turIrjs No. 18 enameled wire, closely coupled
to
L2, La, L4 Ls, L7 — 514 turns No. 18 enameled wire,
3%.inch diameter, spaced approximately 1 diam-
ﬁter )(bee text for detailed adjustment proce-
ure.

La, L12a — 1 turn push-back wire.
Ls, Ls — Output transformer; see text and photo.

Lio—3 turns No. 18 enameled wire, $4-inch diam.,
spaced two wire diameters.

L11 —2 turns No. 18 enameled wire, close-wound, 34-
inch diameter, closely coupled to Lia.

J1, J2 = Coaxial fitting.

tuner, and a reasonable degree of discrimination
against images must be provided. That these
objects have been attained with the converter
pictured on these pages can be attested to by the
large number of amateurs who have already
built “Chinese copies” of the one in use at
W2BFD for the last several months,

Converter Details

Despite the size of the chassis (5 X 10 X 3
inches) shown in the pictures there are no parts
or wiring inside. Everything is visible on the
surface. Each stage is built separately on its own
shielding partition which is cut out of pure sheet
copper, 0.030 to 0.040 inch thick, with a pair of
ordinary tinner’s shears. The metal is obtained
from any roofer or tinsmith shop.

A rectangle of copper 2% X 24 inches
wide is folded over a half inch at the battom so
that it will be sclf-supporting. Two holes 134
inches apart are drilled in the folded portion and
tapped to take 6-32 screws. Two holes are drilled

5% inch apart and % inch down from the top
of each partition with an !}g-inch drill, and then
cut out to form a mount for the J ohnson ceramic
miniature sockets. Stability will be difficult to
achieve unless the copper tab is securely soldered
up into the eyelet in the center of the tube
socket. The tube sockets are also soldered to the
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partition at the point where the socket mounting
holes are located. Care should be taken to sce that
the grid prongs face in the same direction for the
r.f. and mixer stages, but the socket of the 9002
oscillator should face in the opposite direction, in
order that the wiring be kept at minimum length.
R.f. by-pass condensers are laid flat against the
partitions and soldered to the tube-socket prongs
directly. The other lead of each condenser is
soldered to the copper plate with no more than
Y45 inch of wire left at each end. The three 6AKS5
tubes must have buth terminals of the cathode
by-passed, one on each side of the partition.

Both sides of the heater of each of the four
tubes are by-passed at the socket, even though
that particular prong may be grounded else-
where. If the hecaters are run in series-parallel
for 12-volt operation a 220-ohm 4-watt resistor
must be connected across the 9002 heater to
equalize its current with that of the other tubes.

All rf. and mixer coils consist of 5% turns of
No. 18 enameled wire wound on & 3%4-inch rod
{(which is removed) and given a preliminary
spacing of the diameter of the wire. When the
partitions are mounted on the chassis exactly
234 inches apart, the cold ends of the coils of
each coupling unit should approach to within
3 inch of each other. This spacing should be
maintained in readjusting the coils during the
alignment process. The oscillator coils have three
turns with rather wide spacing for the grid coil,
and two turns close-wound and closely coupled
for the plate coil. Polarity must be observed for
the connections of these coils or the tube will
refuse to oscillate. For oscillator injection a one-
turn link coil of No. 22 push-back wire is fastened
near the cold end of the oscillator coil with a drop
of Duco cement, and a link runs through several
inches of twisted wire (which has one side
grounded to the mixer partition) to another one-
turn link coil inserted between the cold ends of
the second-r.f. plate and mixer-grid coils. A tie-
point strip runs vertically along one edge of each
partition and all power wiring for that stage is
brought to it.

The 12-Me. transformer from the mixer plate
to the coaxial line is one of the four slug-tuned
coils which were originally the crystal-oscillator
plate inductors. A two-turn link of hook-up wire
wound tightly around the cold end matches the

y e B8+300v.
Leave this

% junction of
/22?%76%1 resistors 217 and
ConnesLea 276-1(BC-6244M)

Fig. 2 — Diagram of an S-meter arrangement for use
in the 522. The 12AH7 tube is alrcady in the unit,
having served previously as a crystal oscillator.

Ri —-5000-ohm potentiometer, wire-wound (zero ad-
justment).

Ra — About 10,000 ohms. Choose proper value for
desired S-meter readings.

MA —0-1 d.c. meter.

52-ohm coaxial very well. A similar link on the
secondary of the first i.f. transformer in the BC-
624, brought out to a coaxial fitting on the right
s1de of the set, affords easy connection for the
converter output. If the link is placed on the
primary instead of the secondary there willbe some
improvement in if. selectivity at the expense of
a small loss of gain.

As the photo shows, the first-r.f. grid coil is
placed with its axis vertical so that the grounded
end is just over the center connector mounted
above the rear edge of the chassis. A two-turn
link is tightly coupled to the grid coil and runs
to the coaxial fitting with 24-inch leads.

Changes in the I.F. Unit

The r.f. unit is removed intact from the BC—624
and as a later project you can just increase the
size of the coils and have an excellent f.m. broad-
cast tuner. The capacitance ratio of the tuning
condensers is about right to cover the 88- to
108-Me. range. In the compartment previously
occupied by the tuner a picce of aluminum, 53
X 5% inches, is mounted flush with the floor of
the rest of the chassis. The power-supply com-
ponents are supported by this plate.

The squelch relay is removed and an OD3
(VR~150) regulator tube is placed in a 1}§-inch
diameter octal socket, which fits the hole left

¢

Rear view of the 144-Mc. bandpass converter. Each
stage is mounted on an individual verueal copper shield,
with the overcoupled tank circuits in between. The
oscillator ix nearcst the front panel. Fittings across the
rear pancl are the power rccentacle, and coaxial con-
nectors for the antenna and 12-Mec. i.f. output.
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by removal of the relay. In those models using
electronic squelching the socket of the squeich
tube is rewired for the regulator. Regulated
voltage is fed to all the tubes in the converter, as
the 6AXK5s have very short life when subjected
to higher-than-normal potentials. The receiver
can be made completely hum-free if the intercom
(crew microphone) transformer (No. 295) is dis-
connected and the circuit rewired to conventionanl
resistance coupling. This will also increase the
audio gain. Another source of hum in certain
models having a 12H6 noise limiter under the
chassis is the connection of a 6800-ohm resistor
(No. 254-3) directly to the heater line which is
now fed with a.c. This resistor should be replaced
with a 0.1-megohm value going directly to B--.

A very sensitive S-meter arrangement utilizing
the 12AH7 former crystal-oscillator tube as a
push-pull cathode-follower amplifier is shown in
Fig. 2. Only a single resistor and a potentiometer
are needed in this circuit, which makes use of
existing parts and wiring. The potentiometer sets
the meter to zero and the resistor determines its
sensitivity, its value falling between 10,000 and
20,000 ohms. An if. gain control is added to
reduce the amplification of the set which becomes
excessive when two high-gain r.f. stages are
employed.

Tane-Up with a Grid-Dip Mefer

A great deal of time will be saved by spending
an hour to build the simple grid-dip meter shown
in Fig. 8. It may be assembled on a piece of
wood or other insulating material, and the only
calibration needed on the dial are three marks

£ ;

+300V.

Fig, 3-— A simple grid-dip oscillator for use in

aligning the bandpass r.f. circuits.

Cj1 — 5-pufd. air trimmer, with 3-inch insulated shaft
extension.

L2 — 50-pufd. ceramic.

Cg — 25-pufd. ceramic.

R1 — 18,000 ohms, 13 watt.

Ra — 47,000 ohms, 14 watt.

L4 turns No. 16 wire, }<.inch diameter. Spread
turns to center band on dial.

MA —0-1 d.c. meter.

in the approximate neighborhood of 144, 146
and 148 Mec. Alignment of the r.f. section then
consists of adjusting the turns in each copper-
plate subassembly (after it is wired, and without
any power wiring connected to it) until the grid-
dip meter shows resonance at the center of the
band. The oscillator subassembly can also be
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given a preliminary adjustment before bolting
to the chassis if two additional calibration marks
are available on the grid-dip meter at 132 and
136 Mec. The final adjustment to the oscillator
should be made, however, after it is completed
and coupled to the mixer, as it is unavoidable
that the frequency will shift with loading. The
coils should be adjusted, keeping in mind that,
after assembly of the partitions on the chassis,
the cold end of the coils must be about 3% of an
inch apart. Greater coupling will widen the band
unnecessarily and lesser coupling will allow the
peak at the center of the bandpass response to
build up considerably higher than the gain at
either end of the passband. When everything is
working right the level is substantially constant
from about 142 to 150 Me. with a rather sharp
drop-off at each side of this 8-Mec. bandwidth.
Even if only the 2-meter band is desired, the r.f.
and mixer stages should be left 8 Me. wide, and
bandspread tuning accomplished by readjustment
of the oscillator padder and spreading the turns
of the oscillator grid coil.

Now for the pay-off! When you bought that
SCR-522 you thought you were buying a rig
for the 2-meter band only but you were mistaken.

Sonverters of this general design can be built
for the other v.h.f. bands and the object in the
writer’s case i8 to have a total of 4 of these tuners
built for the 50-, 144-, 235- and 420-Mec. bands.
The 4 tuners will be fastened side-by-side behind
one 7 X 19-inch rack panel to match the BC-624
mounting, and placed-under it to be convenient
for tuning. As the 12-Me. output coaxial line is at
low impedance it could be switched from tuner
to tuner, making an unbeatable 4-band v.h.f.
receiver.

In closing, the writer wishes to give credit to
the Amateur V.H.F. Institute of New York, of
which club he is a member. The design of this
tuner is part of an aggressive program of develop-
ment of inexpensive v.h.f. and u.h.f. equipment
sponsored by this up-and-coming organization.
See you on 2 meters, fellers!

About the Author

e john E. Williams, W2BFD, has been
in radio since 1920, having been a li-
censed amateur, under his present call,
since 1927. He is a member of the Ama-~
teur V. H. F. Institute of New York, and
is secretary of the V. H. F. Teletype So-
ciety, both of which give evidence of his
primary leanings in amateur radio. The
latter organization, already numbering
45 members, employs automatic page-
printing teletypes, relaying automati-
cally from originating to terminating
stations. Thus far all such work has
been done on 144 Mec.
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Public Relations for the Amateur
A Guide for Promoting Good Will in Your Community

HEN arecent QST editorial ! remarked that
good publicity is not something for ama-
teurs to sneer at, the editor wasn’t just
beating his typewriter to hear the keys rattle.
‘The suggestion deserves more attention than it

- probably received, for the time has passed when

amateur radio, as an institution, can hide its
light under a bushel and continue to survive.
There are too many people and institutions who
are not only revealing their merits to an immodest
extent, but are erecting ncon signs, both literal
and figurative, to draw attention to themselves.

Why

F The facts of the case are that amateur radio, in
the United States, depends for its existence upon
three interrelated elements: FCC, the Congress,
and the American Public; every amateur, whether
he realizes it or not, is obliged to remain in the
good graces of all three. As to the good old Ameri-
can Public, once upon a time it could be de-
pended upon to see through any sham, to eventu-

The Michiana Amateur Radio Club of South Bend,
Ind., was one of numerous amateur groups which took
advantage of 1947 National Radio Week to do a good
public relations job. They arranged to broadcast the
ARRL script over WHOT, with WOWCE and W9YWE
participating. Then they obtained the codperation of
Robert Drain of the script department of WSBT in
writing a new 15-minute program and put it on the
following day with (above, L. to r.) W9RZO, An-
nouncer Kryer, and W9ABL taking part.

ally discover the true merit of any proposition,
and to make up its own mind. But that was be-
fore the days of Big Business. . . before it cost mil-
lions of dollars to start publishing a newspaper %;
before 30-second spots were priced in three figures
-— or before there were any spots, for that matter.
In other words, before the means of public ex-
pression became too expensive for the public to
14Tt Seems to Us,” QST, Aug., 1947.
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