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C YOU WON'T BE SATISFIED UNTIL YOU OWN

the chpIetely new

VARIABLE D*

CARDIOID

DYNAMIC MICROPHONE

The 664 will equal a useful power increase
of four times over commonly-used peaked
microphones, and could well be the best
investment, dollar-wise, in your shack

Here is a totally new concept in microphones for
------- : amateur phone communication.

The cardioid (high directivity at all frequencies)
pickup pattern enables you to have a real *‘arm chair
QS0.” The forward gain of 5 db** allows you to speak
at nearly twice the distance you have been working to
a conventional microphone. Unwanted sounds in the
shack are rejected nearly twice as effectively as by
ordinarily-used non-directional microphones.

The response curve ig tailored to put the highest

degree of intelligibility on your carrier. Your 100%

modulation is all speech . . . in full character . . . with

bite and punch. This curve, compared to ordinary

microphones, will give you up to 12 db more usable
_ audio—without splatter or hash.

We invite you to prove to yourself that the 664 will
outperform your present mike by a direct comparison,
If it doesn’t out-hurdle QRM, your distributor will
refund the purchase price without qualification.

" |MAXIMUM POWER

New Variable D* Dynamic Microphone operates on the prin-
ciple of multiple sound paths to the diaphragm. Spaced
apertures to the rear of the diaphragm are phased to pro-
vide cancellation of rear sounds and give full response to
sound from the front.

This new principle enables the curve to be free from peaks
or dips. Insures freedom of blasting and boominess from
close talking. Eliminates effect from mechanical shock.
High level —55 db. Acoustalloy diaphragm. Switch easily
changed to relay control, if desired. Absolutely unaffected
by moisture, humidity, or temperature.

EAK [MODULATION & MAXIMUM POWER

Mode! 664. Without Stand.............. Net Price: $49.50

Model 419. Desk Stand.........ccvueen vees..Net: 6,00
#*Forward gain is that compared to a

pressure mike; actual front-to-back *Patent

hemisphere pick-up ratio is 20 db. Pending

EletthoYores

ELECTRO-VOICE, INC. * BUCHANAN, MICH. * Expori: 13 E. 40th St., N. Y.



Left: smallest receiving tube—a General Electric 6BY4, only 45"
high! Above: Robert Bailey tests 2 micro-miniature tube at 900
megacycles for noise factor and power gain.

Amateur know-how is asset to W4JZ0 in
tlevelopment work on G-E micro-miniatures!

ROBERT BAILEY, W4JZO, is a development
engineer in General Flectric’s Owensboro,
Ky., receiving tube plant. His work centers on

+~~ u-h-f, and he has taken active part in the design

of G-E miero-miniature tubes—new ulira-compact
metal-ceramic types with outstanding perform-
=sance. A TV-tuner triode, the 6BY4 is the first
" micro-miniature, with others to follow.

U-h-f designers are helping to shape the elec-
tronic world of tomorrow. According to Bailey,
they need the amateur’s willingness to search for
new solutions to new problems. Bailey strongly
endorses ham philosophy as an approach to

creative effort in his field. He stresses this in a
G-E engineering course he conducts, and takes
every opportunity to keep active as a ham by
working the 75, 40, 20, and 10-meter bands with
mobile phone equipment he has designed.

W4JZO has been a radio amateur since 1946,
Like hundreds of other hams who design, build,
and test G-E tubes of all types, he brings to his
work extra experience and resourcefulness—
yualities reflected in a superior G-F product.
Buy the tubes that hams help build! Your G-F
tube distributor stocks them. Tube Department.
General Electric Company, Scheneciady 5, N. Y.

Progress s Ovr Most Important Prodvct

GENERAL @3 ELECTRIC

166-184



Forerunner of
TOMOrrow ...
here today!

In its entire Amateur line, Collins
has long been recognized for its -
leadership in forward-thinking de-
sign and development. Now, lead- -
ing the trend to Single Sideband
excellence, Collins is producing the
top performing feam on the air —
the KWS-1 Kilowatt Transmitter
and the 75A-4 Receiver.

You can be enjoying this fore-
runner of tomorrow — today — on
a small down payment and up to
18 monthly installments. Your
nearest Collins distributor will be
happy to give you the figures today.

1
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table-top
kilowatt
amplifier

The B&W Model L-1000-A is a carefully engineered Grounded Grid Linear Amplifier with a
power packing punch which will stand out in signal eloquence whencever the going gets rough. The
clean design climinates unnecessary circuits, yet all essentials have been included to give you long,
dependable performance.

Just consider these features: 1,000 watts input SSB, 875 watts CW . ., . completely self-contained
including power supply!. .. bandswitching on all amateur bands 80 to 10 meters inclusive . . .
pi-network final . . . broadbanded input — requires no tuning . . . all operating controls on front
panel . . . controllable bias supply . . . completely shielded for T'VI suppression . . . requires only
80 watts r.f. excitation . . . ideal for use with any transmitter nominally rated at 100 watts such as
B&W 5100 Series, Collins 32V Series, Johnson Viking I & II, etc. Net Price, L-1000-A . .. $460.00

MODEL 5100-B A SUPERLATIVE AM-CW TRANSMITTER

e high level push-to-talk AM telephony . . . 140 watts input e clean CW keying-break-in
on all bands . . . 180 watts input e sparkling SSB . .. 180 watts peak envelope input . . .
when combined with the 51SB-B single sideband generator ¢ bandswitched throughout
integral VFO or crystal frequency control ® coveraze of 80 through 10 meter amateur
bands e ideally suited to drive L-1000-A Linear Amplifier.

INet PriCe. . et et $475.00

MODEL 51SB-B GENERATOR FOR SUPERLATIVE SSB

¢ fully bandswitched

® voice operated control e push-to-talk e speaker deactivating circuit

¢ powered by 5100-B transmitter

¢ no wiring required

® TVI suppression ® unitized construction,

Net Price. .o i e e e e .$265.00

truly outstanding SSB reception, select upper or lower sideband at the flip of a switch
true single signal CW opcration suppresses unwanted heterodynes by 50db

selects either sideband of an AM signal

may be combined with any communications receiver

normal operation of your receiver is not disturbed in any way.

Net Price. . .ouoi i $131.50

WRITE FOR LITERATURE, OR SEE THESE FINE PRODUCTS AT YOUR DISTRIBUTOR’S

Prices SurjecT To CHANGE WitaouT NoTIiCcE

BARKER & WILLIAMSON, INC.
237 Fairfield Avenue, Upper Darby, Pa.




Stand d

of
Excellence

PRs are on top! Wherever you go, the world around . . .
wherever dependable radio frequency control is essential
. . . PR Crystals stand out as the standard by which other
crystals are judged. This is no accident. PR stands for superb
QUALITY. Nothing is spared to make PRs truly the standard
of excellence...and your dealer will tell you the same thing.
20 METERS, Type Z-3, $3.95 « 40, 80 AND 160 METERS, Type Z-2, $2.95

Since {Iny 1934

\./
use [i07] anD Know wHERE You At

PETERSEN RADIO COMPANY, INC.
2800 W. BROADWAY « COUNCIL BLUFFS, IOWA

EXPORT SALES: Royal National Company, Inc., 8 W. 40th Street, New York 18, N. Y.

5



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 ciub reports are also desired by SCMs for inclusion in QST. ARRL Field Organization station appointments are

available in the areas shown to qu:

ed League members. These include ORS, OES, OPS, 00 and QOBS, SCMs also desire

applications for SEC, EC, RM and PAM where vacancies exist. All amateurs in the ‘United States and Canada are invited
to join the Amateur Radio Emergency Corps (ask for Form 7).

ATLANTIC DIVISION

WIBVF
W3PRL
K2BG
W2SJV
WINCD

Fastern Pennsylvania
Maryland-Delaware-D. C.
Southern New Jersey
Western New York
Western Pennsylvania

Clarence Snyder 717 Porter St.

I W, Gore 1707 Woodbine Ave.
‘Herbert C Bmoks 300 Lincoln Ave.
bdward (: %1 Km St

R. eck D1

1ilinois WOYIXN
indiana WINTA
Wisconsin WORQM

CENTRAL DI VlSION

HEaston
Baltimore 7, Md.
Palmyra
Tonawanda
sharpsville

(eorge Schrelber 239 5. Scoville Ave.

th L, B 276 West Sumner Ave,
Reno W (:oetsch 929 8, 7th Ave,
DAKOTA DIVISION.

North Dakota WOKTZ
“South Dakota
Minnesota

Oak Park
Martinsville
Wausau

Klmer J. Gabel

t.es Price Custer State Park

Charles M. Bove 161114 E. Lake St.
DELTA DIVISION.

}\ékansas
l.ouisiana
Mississippi

Tennessee W4SCH

Hankinson
Hermosa
Minneapolis 7

Owen (. Mahatfey Box 157
Thomas J. Morgaw 3409 Beauheu bt.
Julian G. Blakely 525 So. M.

Harry C. Simpson 1863 So. Welh.ugton St.
GREAT LAKES DIVISION.

Kentucky W4aSB1
Michigan WERAE
Ohio WSAL

“Robert E. Fields

Springtown
Metairie
Creenville
Memphis

Thomas (. Mitchell 409 Liberty
Wilson E, Weckel 2118 Tuscarawas St., W.,
HUDSON DIVIbION

l‘;astu’n New York T W2EFU
N. & Long Island W2TUR
Northern New fersey W2VQR

831 Central Ave., (Kentucky side)

Williamson, W, Va.
Buchanan
Canton 8

Creorge W, Tracy
Harry J. Dannals 139 East Zoranne Drive
Lloyd H. Manamon 709 Seventh Ave,

MIDWEST DIVISION.

“Towa WOBDR
Kansas |
Missour i

Nebraska WHCBH

1138 North Country Club Drive

Schenectady
Farmingdale, L. I.
Asbury Park

Russell B, Marquis K07 North Fifth Ave.
Hari N, Johnston 1100 Crest Drive
James W. Hoover 15 Sandringham Lane
Floyd B. Campbell 203 W, 8th St.

NEW ENGLAND DIVISION.

(lonnecticut WIEFW

Maine WI1BPI/VYA
WIALP
WIHRYV
WIHS
WIKKR
WIOAK

Fastern Massachusetts
Western Massachusetts
New Hampshire
Rhode Island

Ferguson 21
North Platte

Milton E. Chatfee 53 Homesdale Ave,
Allan IJ. Duntley
Frank L. Baker, jr. 91 Atlantic St
Oshorne R, McKeraghan 22 Mutter St,
Harold J. Prebl Ronte 4
‘Walter B. Hanson.l r. 54 Locust St.
Mrs. Ann L. Chandler D2

Vermont*

Alaska KL7AGLU
idaho Wi7Twu
Montana wicT
Cregon W7I<.SI
Washington WIFRIX

Suuthington
Casco

North Quincy 71
Kasthampton
Concord
Providence 6
Barre

e NORTHWESTERN DIVISION
Dave A, Hulton Box 103
2105 Irene St.

088

Leslie . Crouter 1211 Hollins
HEdward ¥. Conyngham 11901 Powell Blvd.
Victor 3. Gish 511 East 71st St.
PACIFIC DlVlSION

Hawaii KHOAED
Nevada W7JU
Santa Clara Valley

iast Bay

san Francisco
Sacramento Valley

wej DN
San Joaquin Valley

welrty

Anchorage
Boise
Helena
Portiand
Seattle 5

Samuei H. Lewbel P.0), Box 3564
Ray T. Warner 539 Birch St.

R. Paul Tibba 1946 Harmil Way
Roger L. Wixson

Walter A. Buckley

Harold L Lucero

Ralph Saroyan 36
ROANOKE DIVISION

North Carolina W4RRH
sSouth Carolina WAHMG
Virginia W4KX

West Virginia WSPQQ

Honolulu
Boulder City
an Jose

()akland 2
San Francisco
Dunsmuir
Fresno

B. Riley Fowler x 143
Bryson L, McGraw ”27 Kalmia Ro;
John Carl Morgan
Albert H, Hix 1013 Belmont St.,

WPHEM
WILOE

Wyoming W7PKX

Morga.utown
bia

ad olum
¢/n Radio Station WFVA, Box 269 Fredencksbur

Forest Hills, (harleaton 4

ROCKY MOUNTAIN DIVISIO
Jamea B. Simpson 25 South Weber
ames L., Dixon
‘Wallace J. Ritter P.O. B

Alabama WAMI
Eastern Florida WAFE
W‘este.rn Florida W4aMS
Geo) W4CF]
West Indies (Cuba-P.R.-V.I) KP4DJ

Canal Zone KZERM

931 (‘.hnlds 97ve P 0 Box 1045

{ olorado Springs
Ogden

Sheridan

SOUTHEASTERN DIVISION
Joe A, Shannon
h £.0. Box 358

1003 E. Blount St,
\Vxl]lam Kennedy
William Werner 563 Ramon Llovet

Roger M. Howe Box 462

459 Fairway Hill Drive, S.E.

(ottondale
Howey-in-the-Hills
Pensacola
Atlanta
Urb. Truman,

Rio Fiedras, P, R.
Balboa Heights, C. Z.

SOUTHWESTERN DIVISION

{.os Angeles W6CMN
Arizona W70IF

San Diego WoLRES
banta Barbara W6OIW

William J, Schuch 07 Beck

Cameron A, Allen 1020 East Maryland Ave.
Pon Stansifer 4427 Pescadero

William B, Farwell 90 Grapevine Road
WEST GULF DIVISION

Northern Texag* WSTEP
(klahoma
Southern Texas

New Mexico

North Hollywood
Phoenix

San Diego 7

Oak View

Ray A, Thacker 0 West Hanover
fwing Canaday 1

Morley Bart.holomew x 65
¥inar H., Morterud 2717 Qumcy St., N.E.

Dallas
Stillwater
Austin
Bel Air Albuquerque

Maritime
Cintario
¢uebec

Alberta
British Columbia
Yukon

Manitoba
Saskatchewan

VE4HL
VESHR

* Official appointed to act temporarily in the absence of a regular official.

CANADIAN DIV[SIOI\'\I3

13, K, Weeks
Richard W. Roberts 170 Norton Ave,

Gordon A. Lynn R.R. No. 1

10706-57th Ave,
981 West 26th Ave.

109—13th N.W,
1044 King St.

“ydney T'. Jones
Pete: M. MclIntyre

ohn Polmark
aroild R. Horn

st. Stephen, N. B.
Willowdale, Toronto, Unt.
Ste, Genevieve de
Pierrefonds, P. ().
Edmonton, Alta.
Vancouver, B, C.

_Portage la P'rairie, Man.,
Baskatoon




NOW..., MODEL $X-100
SELECTABLE SIDE BAND RECEIVER

BUILT TO THE SPECIFICATIONS
OF 1,000,000 FIELD EXPERTS

See it at Your Jobber—only $29500

Hallicrafters 22 years of production know-how, the engineering experience of developing over 100 different major
receiver designs, plus the advice of over 1,000,000 field experts operating Hallicrafters receivers all are combined to
bring you this outstanding new receiver—the SX-100! Hallicrafters alone, long recognized as the leading designer and
manufacturer of quality communications equipment, can offer you the dependability and performance of this great new
$X-100 at the amazingly low price of just $295.00.

Look at these features you enjoy with the SX-100. . . before, they were available only on receivers costing a great deal more!

1. SELECTABLE SIDE BAND OPERATION.

2. “TEE-NOTCH"” FILTER—This new development provides a
stable non-regenerative system for the rejection of unwanted
hetrodyne. The “Tee-Notch” also produces an effective steepen-
ing of the already excellent 50 KC i.f. pass band (made famous
in the SX-96) and further increases the effectiveness of the ad-
vanced exalted carrier type reception.

3. NOTCH DEPTH CONTROL for maximum null adjustment.
4. ANTENNA TRIMMER.

5. PLUG IN LABORATORY TYPE EVACUATED 100 KC QUARTZ

CRYSTAL CALIBRATOR—included in price.

6. LOGGING DIALS FOR BOTH TUNING CONTROLS.

7. FULL PRECISION GEAR DRIVE DIAL SYSTEM.

8, SECOND CONVERSION OSCILLATOR CRYSTAL CON-
TROLLED—greater stability through crystal control and addi-
ti.ona]t temperature compensation of high frequency oscillator
circuits.

Controls

Pitch Control

Reception

Standby

Phone Jack

Response control (upper and
lower side band seiector)
Antenna Trimmer

Notch Frequency

Notch depth

Calibrator on/off
Sensitivity

Band Selector

Volume

Tuning

AVG on/off

Noise limiter on/off
Bandspread

Selectivity

Model SX-100. Amateur Net $295.00
Matching R-46B Speaker $17.95
Frequency Range 538kc-1580 ke

hallicraﬂers

CHICAGO 24, ILLINOIS

1720 kc-34 mc



2 AMERICAN
RADIO RELAY
LEAGUE, c.

is a noncommercial association of radio amateurs, bonded for ]
the promotion of interest in ot radio « ication and
experimentation, for the relaying of messages by radio, for the
advancement of the radio art and of the public welfare, for the
representation of the radio amateur in legisiative matters, and for
the maint e of fraternalism and a high standard of conduct.
It is an incorporated association without capital stock, chartered
under the laws of Connecticut. its affairs are govemned by a Board
of Directors, elected every two years by the general membership.
The officers are elected or appointed by the Directors. The Leagye
is noncommercial and no one commercially engaged in the manu-
facture, safe or rental of radio apparatus is eligible to membership
on its board,
"Of, by and for the amafeur,” it numbers within ifs ranks practi-
cally every worth-while amateur in the nation and has o history of
glorious achievement as the standard-bearer in amateur affairs.
inquiries regarding membership are solicited. A bona fide
interest in amateur radio is the only essential qualification; owner-
ship of @ transmitfing station and knowledge of the code are not
prerequisite, although full voting membership is granted only to
licensed amateurs.
All general correspondence should be addressed to the adminis-
trative headquarters at West Hartford, Connecticut.

Past Presidents
HIRAM PERCY MAXIM, W1AW, 1914-1936
EUGENE C. WOODRUFF, WECMP, 1936-1940
GEORGE W. BAILEY, W2KH, 1940<1952

Officers

President . . . . . . . GOODWIN L, DOSLAND, WHTSN
Moorhead, Minnesota

First Vice-President , . . . . WAYLAND M. GROVES, WiNW
P.O. Box 586, Odessa, Texas

Vice-President , . . . . . ., .  FRANCIS E. HANDY, WI1BD|
38 La Salle Road, West Hartford, Connecticut

Vice-President . . © . . PERCY C. NOBLE, WIBVR
37 Brond Sf., Westf:eld Massachusetts

Secretary . . « + « A. L BUDLONG, WIBUD
38 ch Salle Road West Hartford, Connecticut

Treasvrer . . . + « « « DAVID H, HOUGHTON
38 l.u Su!le Roud West Hartford, Connecticut

e« 0 ¢ o o

General Manoger . . . . « . . . A, L BUDLONG, W1iBUD
Communications Manager . . . . FRANCIS E. HANDY, WI1BDI
Technicaf Director . . . . . . . GEORGE GRAMMER, WIDF
Assistanf General Manager . . . . JOHN HUNTOON, WiLVQ

Assistant Secrefaries . « 2« .2 o . « o LEE AURICK, WIRDV

PERRY F. WILLIAMS, WI1UED
38 La Salle Road, West Hortford, Connedxcut

L - L T ‘.

GeneralCounsel , -, . . .70 v o & o o 0 0t PAULM SEG
816 Connechcut Ave., Woshmg!on 6 D.Co

DIRECTORS

ALEX REID.....0iieaiesvinesesonnss YE2BE
240 Logan Ave,, 8t. Lambert, I, Q.

Vice-Director: Willlam R. Savage. .. VEBEO
833 10th 8t N., Lethbrldge A
Atlantic Division
GILB}’.R’I‘ L. CROSSLIEE

L W3YA
ity

Vice-Trirector: Charles O, Badgett. ....... W3LVE
725 Garden Road, Uilenside, a.

Central Division
ITARRY M. MATTHEWS cae .. WOLIQT
RFD 1, &prlngneld il
Vice-1)4rector: (,pnrge ¥, el
RFD 2, Box 2"-A Utlc'\, L

Dakota Division

ALFRED M. GOWAN............... WEPHR
1012 South Willow Ave., bioux Ialls, b D.
Vice-Director: Itorrest Bryant., .. ........ WOFDS

6%40 Harriet Ave., Mlnne.moll-s, Minn,

Delta Division
VICTOR CANFIELD . ................ WS5BSR
Box 485, Lake Charies, La.
Vice-Iirector: Milton W, Kirkpatriek. ., . W5KYC
113 Patton Ave., Hattiesburg, Miss.
Great Lakes Division
JOHUN H. RR

Hudson Dzvxsxon
(xlu()R(.rI] V. COORE, JR............. Ww20BU
]8-31 239 8t., Bellerose 26,

Vice-l)irectar ‘Thomas J. Ryan, Jr....... \VzNKD
2339 Redwond Rd., Seotelt Il ving, N. J,
Midwest Dzvxsxon

ROBERT W. DEN’\IS .......... WoNWwX
Box 631, Newton lowa

v lre-i)lm'tnr Humuer H, Tros wWiGQ
2315 Linden Dr., 815, Cedar I ds, lowa
New England Division
PIILIP 8. RAND., ..........00vnenn. WIDBM
Houte 58, Redding Ridge, C'onn,
Vice-Director: Clayton C. Gordon. . ..... WIORC
65 Kmerson Ave,, Plttsﬂuld Mass,
Northwestern Division
R. REX ROBERTS. ................. WICPY
%37 Park Hill Drive, Billings, Aont.

Vice-Director:
Pacific Division
HARRY M. ENGWICHT.,..........., WG
770 Chapman, 8an Jose 16 Calif.
Vice-Director: Harold L. Lucero......,.. W6IDN
1113 Flinore Ave.. Dunsmuir, Calit.
Roanoke Division
P. LANIER ANDERSON. JR....._.. WAMWI
8 Maple Lzme D.mvl!ln va.
ch—hirzctor ‘Theodore P. Mathewson. ... .. W4T
110 N, Colonial Ave., Richmond, Va.
Rocky Mountain Division
CLAUDE M. MAER, JR.. ....0nuv,.0.. WOIC
740 Iafayette St., Den olo

Vice-I )lrggor Walter M. Reed......... WHWRO

ed
k. Amherst Circle. Denver, Colo,
Southeastern Division
JAMES P BORN, JR....ouviiiin s, W4ZD
5 First Ave.. N.0., Atinnta, ¢ia.

v lce-/)trector ‘Thomag M. Moss. CWAHIOYW
o). Box 644, Municipal Alrnort Tiranch,
Atlanta, (.

Southwestern Division
WALTER R, JOOS., .. . .o WOLKM
1315 N, uverhill Drive. Inglewood 3. Culil,
V'ice-Director: Robert 15, Hopper........ WBYXU
4327 santa Cruz. San Diego 7, Calil,

West Gulf Division
ROBERT E, COWAN

3640 kncanto Drive. Fort Worth

Vice-IMrector; John F, Skelton.....
1916 Briarwood Lane. irving.




‘It Seems toUs..”

Amateur Museum

Always popular with visitors is the Muscum of Amateur Radio maintained at League
Hq. Featuring several hundred exhibits, it runs the gumut of antique paraphernalia. Its
interest is not confined to the old-timer either (though a faraway look has been noticed
in many an eye) for it gives newcomers the opportunity to view for themselves an arriy
of historic equipment that -
they would otherwise never
see. One of the oldest pieces
of gear on display is a
Marconi Magnetic De-
tector, used commercially
about 1901, while the oldest
compléete station that we
know of, dating from 1907,
occupies a prominent place
on the second floor landing,

The historic achieve-
ments of our hobby literally
jump forth when you read
some of the important docu-
ments preserved here.

Among them are the orig-
inals of a scratch log re-
corded by Paul Godley
' while at Androssan, Scot-
land, for the League in 1921,

- indicating the first U. S.
stations ever heard in Eu-
rope; the crumpled piece
of paper on which was
copied a message of greeting
tn American amateurs from
the Radio Society of (ireat
Britain in 1922, the first
received here; and last, but
not least by any means, a
photostatic copy of the true
log of 1MO, operated by the
League’s Traffic Manager,
j Fred Schnell, on the night

of November 27, 1923, when he was the first station to &ccomphsh the “1mposs1ble” and
work two-way across the Atlantic on short waves. There is more to be sure, but it would
take many pages. The only way you can see all of it is to be sure to stop in at Hq. yourself.




Hamfest Calendar

K Arizona — The 1956 Southern Arizona Labor Day Ham-
fest at the Army Electronic Proving Giround, sponsored by
the Fort Huachuca Amateur Radio Club, features a **chuck
wagon” dinner and a reenactment of events historic to the
<'Wild West” days of Cochise County.

‘The program offers varied activities starting at 0800,
Saturday, and ending at (100 Monday. The Tombstone
“Vigilantes” of Helldorado fame will stage the Wild West
Day Entertainment, and prepare the chuck wagon dinner.
An interesting tour of the Army Electronic Proving Ground
and & display of the latest Signal Corps equipment will high-
light the first day’'s activities, Group “songfests” around a
esmp fire will complete each evening’s activities.

There will be camping sites in scenic Garden Canyon
Jocated in the heart of the Huachuca Mountains;

Nursery service for children, and a women’s program
organized and sponsored by the Fort Huachuca Women’s
Club;

Contests for OMs, Novices, XYLs and Junjor Ops.

Prior to August 27, ticket prices including the chuck
wagon dinner will he $2.00 with half price for children under
122, After this date, tho price of tickets will be $2.50 for adults
und $1.25 for children. Advance reservations may be made
by writing to the Fort Huachuca Amateur Radio Club,
P.0. Box 903, Fort Huachuea, Arizona. Tourist accommoda-
tions are limited and persons planning to attend should
come prepared to camp if prior commercial reservations are
not confirmed.

California — 8econd Annual Pomona Valley Hamfest-
Picnic to be held Sunday, August 26, at Westmont Com-
munity Center, 9th & Goldenrod Streets, Pomona, Calif.
Bring the family and a picnic lunch. Games and accommoda~
tions for the children. Starting time is 11:00 o.M, with ad-
journment no later than 5:00 ».mM.

Illinois — The Fourth Annual Sideband Dinner of the
Chicago area will bo held Saturday evening at 6:00 ».m.,
August 11, at the Midwest Hotel, Hamlin Ave. and Madi-
son, Chicago. Advance reservations and hotel accommoda-
tions may be made with E, L. Hanna, WONWK, 640 New-
ton Avenue, Glen Ellyn, The dinner tickets are $5.00 per
person.

Indiana — August 5, 1000 EST to 1600 EST, at the
Highland Park Big Buil Pen. Games and fun for all. Bring
your family and the lunch basket; pleniy of tables and, in
eage of rain, we have a shelter house. Rides and playground
for the Jr. Ops. Donations, $1.50 per person. We will be glad
to take reservations in advance — address sll queries to:
Jerry Smiley, WIDKR, P.O. Box 200, Kokomo, Indiana.

Kansas — The Kansas-Nebraska Radio Club Hamfest
will be held on August 19, st the Armory in Concordia,
Kansas.

Malne — Maine's only hamfest this yenr — Stevie's
Hamfest at Dexter, Maine, August 19. Reservations may be
wade by contacting W1BOK or WI1VYA, Turkey dinner
with all the fixings. Transmitter hunt and other activities.
Tickets $2.50 each, payable in advance.

Massachusetts — The Minute-Man Net will hold its
annual outing this coming August 12, starting at 11:00 A,m.
at Point Breeze on Webster Lake, Webster, Mass. All in-
terested in attending contact W1EJD, 440 Main 8t.. Oxford,
Mass. Reservations close August 6,

Michigan — The annual West Michigan V.H.F. Picnic
will be beld August 12 at Allegan County Park on the shores
of Lake Michigan, Free admission, and all are invited. Many
games and & v.h.f. demonstration,

Minnesota — The Saint Cloud, Minnesota, Mike und
Key Radio (‘lub is holding their annual family picnic on
August 5 at Wilson Park, located in East Saint Clloud on the
banks of the Mississippi, across the river from the hospital.
All modern facilities, shelter house, picnic tables, playground
erquipment, swimming beach, and free cofiee will be served.
Signs will be posted on all highways.

Activities will include hidden-transmitter hunt, mobile
field-strength contest, oldest ham present, ham from the
furthest distance and games for the XYL and harmonics;
8o bring the family.

Registrations start at 10:00 o.M, — $1.00 per call includes
the family. For further information, please contact Bob
Molitor, WERVO, 3135 — 7th Avenue North, St. Cloud.

Mississippi — The Jackson Amateur Radio Club will
spongor the annual hamfest at Legion Reservation, Hway
Hast, Jackson, on August 5. Lunch on the ground, swim-
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ming, ragchew, and a playground supervisor for the children
are & few of the activities scheduled. Donations $1.00; 50¢
for the ladies. Plenty of refreshments, For reservations or
further info, write JARA, Box 8371, Jackson,

Ohio — The Findlay Radio Club, Ingc., will hold its an
nual hamfest on Saturday, September 9 at Riverside Park
in Findlay. Advance registration, $1.00; $1.50 at the gate.
Mobiles listen for W8I'T on 3812 ke. and 144.1 Me,

A swap-shop and & mobile-transmitter hunt will be fea-
tures. Bring your family and enjoy & niee picnic outing.
{loncessions will be open. For advanced registration, or any
other information, write or eall Phil Predmore, 1200 Coun-
try Club Drive, Findlay, Ohio.

Ohio — The Buckeye Shortwave Radio Association, Inec.,
is sponsoring its 10th annual Ham Quting on August 26.
The location will be the Happy Days Camp of Virginia
Kendall Park in Akron, Ohio, as in past years.

Rain or shine, there's plenty of shelter in the big lodge,
80 set aside the last Sunday in August for this, the second
largest hamfest in Ohio.

Lots of events for OMs and XYLs, with games and free
pop for the kiddies. Mobileers call in on 10 meters, and
everyone bring gear for the Swap-Shop. Bring your chow
and your appetite. Donation is $2.00. For tickets and in-
formation, contacy Arnold Farkas, WS8UPG, 804 Garson
Dirive, Akron 19, Ohio.

Pennsylvania — A picnic and swap-shop will be held
by the Pennsylvania Fone Net, the Anthracite, and Eastern
Penngylvania Traflic Nets at Hershey Park on Sunday,
August 12, Pavilions #7 and #8 near the band shell have
been reserved for this purpose. Please remit §1,00 per ham
call to Jack Todd, W3UWP, Maple Crest Manor, Rt. 88,
Harrisburg, Pa. All Pennsylvania amateurs are invited;
bring the XYL, kiddies, and your own lunch,

Virginia — The Annual Hamfest of the Shenandoah
Valley Amateur Radio Club will be held Sunday, August 5,
at Dickey Ridge on the beautiful Skyline Drive near Front
Royal, Virginia.

There will be & ham-and~chicken dinner and very little
apeaking. Ho, come and meet the operators of those stations
with whom you've talked. Plenty of room for the whole
fumily, Prices are just $1.25 for the dinner, and §$1.00 for
registration.

There will be lots of stations on the air to guide you in.

For further information, or maps, write to: Holmes Bay-
lins, K4CYH, Secretary, Shenandoah Valley Amateur Radio
Club, P.O. Box 139, Winchester, Virginia.

COMING A.R.R.L. CONVENTIONS
Sept. 1-2— New Brunswick Province,
Bathurst, N. B.
Sept. 15-16 — Dakota Division, Water-
town, South Dakota

Sept. 30— New Hampshire State,
Concord

QOct. 21 — New Engiand Division, Provi-
dence, Rhode Island

W Stravs “§s

Members of the Disabled American Veterans
are invited to join a new national chapter of
DAV devoted to amateur radio. Mr. Louis M.
Caron, WITTF, prime mover in the group, and
Commander of Chapter 97, Boston, states that
the objectives are to provide a source of rehabili-
tation, furnish valuable training for employment,
and further increase the number of trained radio-
men for Clivil Defense, at the same time giving
disabled vets an interesting and important hobby.
Those interested can write Mr, Caron at the
Mass. Hq. of DAV, Room 517, State House,
Boston, Mass.

QST for



Notes on the Development of Yagi Arrays
Part I — Multielement Beams

BY CARL GREENBLUM*

¢ Here is a wealth of information on the
perennially-hot subject of beam an-
tennas. The author is the chief projecct
engineer for a well-known antenna man-
ufacturer, and a close study of this arti~
cle is well worth the while of any past,
present or future beam builder. Part 11
will discuss stacked beams.

been concerned with the effects of the va-

rious parameters upon the performance
characteristics of Yagi antennas. The objective
was to try to establish a formal design procedure
which would result in a minimum of experi-
mental or breadboarding efforts to convert u
specified set of characteristics into a final pro-
duction model. Some of the data which resulted
from this study are presented here and may be
of use to those interested in this subject.

Of specific concern here is the treatment of
arrays up to approximately four to eight wave-
lengths long. Short arrays of two and three ele-
ments are fully treated elsewhere! and are in-
cluded here only for completeness. The mathe-
matical treatment of Yagi arrays depends upon
the solution of s number of equations involving
the feed voltage, the currents in each element and
the self and mutual impedances of all elements.
These equations may be exactly solved if all the
self and mutual impedances are known. Unfortu-
nately, the mutual impedances for arrays of more
than three elements are not known, so that o
paper calculation for arrays of more than three
elements is not possible at this time. Exact solu-
tions will have to wait until accurate experimental
data for the self and mutual impedances are com-
piled. In the meantime, a combination of mathe-
matical and experimental methods will have to
serve as the major means of designing long, multi-
element Yagis.

In general, the major requirement in the de-
sign of long Yagis is to obtain maximum gain
for a specified over-all length and number of
elements. The forward field is a function of the
current amplitude and phase in each element
and the interelement spacing. This field is di-
rectly on the array axis. Its mathematical de-
seription? involves a phase-lead factor with A
{wavelength) in the denominator, which indi-

*Telrex, Inc., Asbury Park, N. J.

! tUda and Mushiake, Yagi-Uda Antenna, Maruzen Co.,
Tukyo, Japan,

" For brevity, the matheinatical foundation supporting
gome of the material in this article was deleted, — Eb.

% Frequency range over which the antenna impedance
falls within stated limits. — Fb.

!. DEVELOPMENT program at Telrex, Inc. has
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cates its direct dependence upon frequency.
It is partially for this reason that the forward
field or gain of Yagis varies with frequency.
If the objective is to maximize the forward
field, it would be a straightforward matter to
do so if all the currents and their phases were
known. Since this depends upon the solution
of the equations mentioned earlier, our remarks
pertinent to exact solutions made above are
equally of import in connection with forward
gain.

In the Uda book,* voluminous data are pre-
sented which show the effect of element tuning
and spacing for two- and thres-element arrays,
the net result of which indicates that as far as gain
is concerned, a wide variation of different spacing
combinations may be utilized to yield gains
whose optimum values are of the order of 10 per
cent (1 db. approximately) of each other. The
impedance bandwidth 3 for these different spacing
conditions varies somewhat, and the choice of
interelement spacing for 2- and 3-element Yagis
would normally be made to satisfy either this
requirement or other requirements such as front-
to-back ratio.

Gain

The data presented here applicable to the de-
sign of long Yagis were obtained over a consider-
able span of time in connection with a Yagi de-
velopment program for TV, amateur radio, and
commercial communication arrays at Telrex,
Ine. The data represent a compilation of results
taken at o test site free from QRM, stray reflec-
tions, etc. They have been rechecked at various
frequencies ranging from 7 to 500 Me., and are
presented in the form of curves which will enable
a rapid preliminary design or an evaluation of a
proposed design. An initial step in the design of
a Yagl is to determine the number of elements
and the overall array length required in order to
satisfy some particular requirement of gain. Fig. 1
is a curve showing the variation in gain over a
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Fig. I—Gain in db. over a half-wave dipole s,
the number of elements of the Yagi array.
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Fig. 2 — Yagi array length in wavelengths v the
number of elements with optimum spacing.

tuned dipole as u funetion of the number of ele-
ments in the array.

Fig. 2 shows the length of the array in wave-
lengths vs. the number of elements. Figs. 1 and 2
used together enable both the length of the array
and the number of elements to bhe picked directly
from the curves for a specific gain requirement.
For example, suppose we desire an array with a
10.5-db. gain. From Fig. 1 we get 6 clements re-
quired (1 reflector, 1 fed element and 4 directors)
and from Fig. 2 we obtain an array length of 1.15
wavelength. Figs. 1 and 2 are readily reduced
to an easily-remembered approximate formula:

G = 10 log 10L—1
where (¢ = gain in db. over a A/2 dipole
L = length of array in wavelengths

This formuls is only a fair approximation to
Fig. 2 up to 1A and is more accurate for longer
arrays. This formula indicates that it takes
doubling the over-all length to produce gains of
3 db. which is interestingly in accord with the
fuct that two arrays vertically stacked will pro-
duce a gain of 3 db. Thus, the same gains may
be achieved with the same overall array length
by either vertically stacking two unit arrays or
using one array of twice the unit length. The
choice becomes one of structural simplicity or a
choice of which polar patterns are more de-
sirable. {We shall show the relationship between
the number of elements and the polar patterns
subsequently.) The net result for gain when
ratios are used rather than decibels comes to an
extremely, almost intuitivelvy, simple result;
namely, that for a given length of array its gain
iz doubled when doubling its length. We believe
that so long as the losses remain very small,
which is certainly the case for larger-diameter,
high-conductivity elements, this will hold true.
As o practical matter, Yagis up to 16 wavelengths
long or longer may be built with u giin of 21
db. or more at frequencies whirh will not make
the array structurally unwieldy or impractical.

4 The “E" plane iy the plane of polarization of the signal;
it corresponds to the plane of the elements in this case. The
“H'" plane is at right angles to it. In a horizontal Yagi,
the E-plane beamwidth is the so-called horizontal pattern
in free space. - Ep.
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Beam Directivity

I'requently, the requirement in an antenna
design is the polar energy distribution where pat-
terns in the “&” und/or “H" planes * are speci-
fied. Figs. 3 and 4 are curves which relate the
variation of beamwidth at the half-power points
to the number of elements emploved. Obviously,
Figs. 3 and 4 may be used with Fig. 2 to relate the
variation of heamwidth in both planes to the
length of array. These figures 1 through 4 make
possible 2 very rapid preliminary design based
upon a single requirement. For example, an “£”
plane beamwidth of 25 degrees from Fig. 3 indi-
cates the use of a Yugl with 13 elements. From
Fig. 2 we obtain an array length of 3.6A. From
Fig. 4 we sce that the “H” plane beamwidth is
26 degrees.
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I'ig. 3— " E”.plane beamwidth zs. number of ele-
ments (including one driven element and one reflector).

In a Yagi, the patterns in both planes are inter-
dependent where the “H” plane beamwidth
generally is slightly broader than the *““E" plane
beamwidth. As the number of elements increases,
the difference hetween the beamwidths continu-
ally narrows.

Element Spacing

After determining the length of the array and
the number of elements required to satisfy 2
specified gain requirement, we require the spacing
between elements. The equations show that the
forward ficld for even a moderate number of ele-
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Fig, 4~ H”.plane beamwidth s, number of ele.
ment (including one driven element and one reflector) -
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ments, such as 6, will depend on § spacing dis-
tances, and 6 element currents in both amplitude
and phase. It is not surprising that there are
large discrepancies in spacing arrangements in
the literature on this subject. We have previously
noted that for 2- and 3-element arrays there is a
rather wide Iatitude in spacing arrangements.
The following chart gives the range in which the
spacing yields optimum gain from our data.

all difference in length of directors is approxi-
mately 0.017.

It will be re-emphasized that the thickness of
the directors is enormously important in the
tuning of the directors. These curves show that
while a properly-tuned director with a thickness
of A/150 is equivalent electrically to one with «
thickness of A\ /25, the difference in length between
these directors is 0.033, which may be a very

No. |

llements R-DE DE-Dy -12 ! Tra-Tg I3-Dy l De=Ds Dg-Dg
i |

2 0. 1500.2)

4 0.07-0.11x

3 .16 -0.23 | 0.1 -0.19

4 018 ~0.22 } 0.13 -0.17 0. 1400, 182

I3 0,18 ~0,22 | 1,14 -0.17 0,170-0.,23)

[ (.16 -0.20 0.14 -0.17 0.16 -0.25 0.22 ~0.30 0,250}, 32A

8 0.16 ~0.20 0.14 -0.18 (.18 -0r.25 0.25 -0.35 0,27 -0.32 0.270-0.33\ | 0.300-0 40n
Sto N 0.16 -0.20 F 0.14 -0.16 0.18 ~-0.25 0.25 -0.35 0.27 -0.32 1 0.27 -0.33 0.35 -0.42

This vhart shows the range for interelement
spaecing for which a variation in gain of less
than 1 db. may be obtained. The elements, of
eourse, must be optimum tuned for any value
throughout the spacing range chosen. In & genersl
wuy, the conclusion is drawn that the optimum
inter-director spacings are close near the driven
viement and inerease with the director number,

Element Tuning

The tinal step in Yagi design is establishing
the current phase and amplitude in each element,
which is done usually either by changing the
length of the elements or by using tuning stubs
or coil inductors to tune the elements. Fig. 5
is a plot of the length of a director required vs.
its position in the array for optimum gain. Six
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Fig. 5 — bLength of director vs. its position in the
array, {or various element thicknesses,

curves are shown for six different element thick-
nesses in A. It will be seen that there is an oscil-
latory condition in which the element lengths
vary depending upon their position in the array.
The perturbutions become smaller as the position
of the element goes farther out and gradually
sottles to a fixed value in the same way as the
spacing, It will be noted that the largest pertur-
hations oceur in the first five directors. The over-
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lurge dimensional difference depending upon
the frequency of operation. The curves in Fig.
5 may be used for intermediate element thick-
nesses by interpolation between the curves. In
estimating the length of a Yagi director, we first
determine the thickness factor (diameter of ele-
ment in wavelengths) then the suitable curve from
Fig. 5 is chosen (or an interpolated one there-
from) and the element length picked off, depend-
ing upon its position in the array. This procedure
will result in a first approximation of length
which will be quite close. These curves are based
upon the elements piercing a boom approxi-
mately 2 to 3 times the diameter of the element.
It is almost impossible to use these curves with
any aceuracy for elements of special shapes, such
as tapered section, square cross scctions, ete.
The curves in Fig. 5 are based upon low-loss ele-
ments of cyvlindrical cross seetion.

Losses in a Beam
The efficiency of an antenna is determined by
the power radiated divided by the power input.
. Power input ~ power lost
Efficiency = - — =
. power input

power input

Now the power radiated is equal to the power
input minus the power lost. The power is lost
in various ways among which a major item is
that due to the loss resistance. This loss is the
sum total of the losses in every element in the
system.

The loss resistance is inversely proportional
to the diameter (decreases with increased di-
ameter), directly proportional to the square root
of the frequency (doubles when frequency is
cuadrupled), and inversely proportional to the
square root of the conductivity of the element.
The only control we have in the design for a
fixed frequency of operation is the radius and
conductivity of the element. The relative re-
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sistance of some different materials (using copper
#8 a gtandard of comparison) is:

Silver 0.95 Nickel 5.05

Copper 1.00  Steel 8 — 52,

Gold 1.4 depending upon
Aluminum 1.64 ronstituents

The conductivity of the various metals varies
widely with silver being the best and copper,
gold and aluminum following closely behind. Such
metals as nickel and steel have comparatively
high losses and would be ineflicient if used as
radiating elements. Thus, aluminum is almost uni-
versally accepted because of its weight, strength
and excellent electrical efficiency.

The loss resistance is inversely proportional to
the conductor radius which indicates that from
a Joss point of view, the larger the radius, the
lower the losses. The self-impedance of a radiating
element is approximately given in the region of
A2 by:

Equation Z = 73 & j[w.b' — 18 éili in -;‘3]
L4 o

where I = length of element
AL= 222 — L
p = element radius
The reactive part of this impedance is shown

in Fig. 6, where three different curves are shown
for three different element radii. It is obvious
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Fig. 6 — Variation of input reactance with length
of an element in the region of A/2,

that the rate of change of reactance is smallest
for the thickest elements, which means that the
bandwidth for the thicker elements will be larger.
This comes about due to the fact that as the fre-
quency changes, this will correspond to a change
in length (in wavelengths) of the element. For a
given change in electrical length, the reactance
change will be smaller for thicker elements. This
point will be taken up dgain when we consider
the bandwidth factor of Yagis. It is sufficient to
say here that to minimize losses in long Yagis,
we desire thick, high-conductivity elements.

Minimum Rear Radiation

Maximum gain designs dre not always the only
requirement for Yagi arrays. Frequently, a re-
quirement exists for niinimizing the response

14

in some particular direction; for example, the
rear.

Both the rearward and forward field depend
upon exactly the same factors (element tuning
and spacing). Minimization of the rearward re-
sponse and maximization of the forward field
are almost never compatible, so that the tuning
procedures which are normally recommended
{see ARRL Handbook, for example) are compro-
mises between best gain and F/B ratio. In theory,
it is certainly possible to obtain very high F/B
ratios by making the proper current amplitude
and phase adjustmentscombined with properspac~
ings to minimize the rearward response. Indeed,
the relationship between forward gain and F/B
ratios for 2- and 3-element Yagis has been de-
scribed in detail! and need not be repeated
here.

A requirement for minimizing the rearward
response for long, high-gain Yagis is of some
importance in some communication links, A
theoretical solution of this problem is of the same
order of complexity as the maximum gain (for-
ward field) Yagi. There is, however, a straight-
forward experimental method of adjustment
which yields a very satisfactory solution to ob-
taining minimum rearward field for long Yagis.

Suppose we first design a long Yagi without
any attention to the rearward response; namely,
to produce a maximum-gain Yagi. This will re-
sult in a particular distribution of currents in
both amplitude and phase and element spacings.
A proper mathematical addition of these currents
yields the rearward response. If now another
element is added to the array, suitably spaced
from the driven element and tuned so that its
field, in amplitude and phase, will be equal and
opposite to the net rearward field resultant
without this element, o minimum rearward field
will result.

In practice, cancellation of the order of 25-40
db. can be achieved by the utilization of 1 or 2
elements whose primary purpose is rearward
field cancellation. These excess elements may
be employed with negligible effect on the gain
characteristic. The procedure depends upon a
well-instrumented site free of reflections and
where the forward and back field are simultanc-
onsly monitored. An element of length equal to
the shortest element used is attached to an in-
sulator and run along the boom of an array. It
will be found that the position for minimum rear-
ward response is quite eritical.

Since the addition of an excess element to
minimize the rearward response affects the for-
ward response, we generally choose that position
for the excess element which causes no decrease in
gain. After the position of this element has been
established, further tuning and slight reposition-
ing of the element will be found to bring to an
absolute minimum the value of the rearward
response.

Bandwidth

The bandwidth of an antenna is generally
defined as that frequeney range over which the
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gain will not vary by some specified limit; e.g:,
1 db. Antenna bandwidth requirements differ
widely, being extremely broad for TV use and
narrow for single-frequency communication links.
The bandwidth of a Yagi antenna is determined
by the following factors:

) The loss in power transfer to the antenna
due to mismatch as the frequency varies.

2) The variation of forward field due to the
currents (amplitude and phase) changing with
frequency. It is ulso apparent that the rear-
ward field is influenced by the same factors as
the forward field and that the F/B ratio will
also vary with frequency.

The variation of the s.w.r. with frequency in a
Yagi depends upon the following factors:

1) The tuning of the elements.

2) The spacing of the elements.

3) 'The diameter of the elements.

4) The nature of the driven element (simple
dipole, folded dipole, multiple driven elements,
efe.)

The above characteristics determine the self
and mutual impedances in the antenna, and they
also determine the gain or forward field of the
Yagi. There is a basic difference, however, in
the action of these effects. The forward field is
expressed by a distribution of element currents
in space for which there is an optimum relation-
ship. This results in an impedance at the antenna
terminals which is some function of frequency.
Now we can treat the antenna terminals as any
other two-terminal circuit and furnish iroped-
ance compensation 80 as to improve the match.
This matching technique in no way alters the
phase relationship of the current distribution
in the elements. It changes the current amphi-
tudes by the amount of increased power furnished
to the antenna terminals due to the increased
power transfer resulting from the impedance
compensation. The form of impedance compensa-
tion employed depends upon the impedance char-
acteristics of the antenna and a technique for
employing wide-band impedance compensation
may be found.®® The point we nre making here
ig that, at least in theory, the additional line
losses introduced by an increase in s.w.r. caused
by mismatch between line and antenna can be
made very small compared to the gain loss
occasioned by changes in current and phase
distribution in the Yagi elements. The theoretical
limiting factors for the gain over a wide band-
width are due only to the vuriation of the for-
ward field with frequency.

The impedance bandwidth may be conven-
iently chosen as that frequency range over which
the s.w.r. does not exceed 2.0 to 1. As an example,
the bandwidth of a 3-element array with a spac-
ing from reflector to driven element and from
director to driven element of (.12, element
thickness of A/800, stub-tuned, fed element is
shown in Fig. 7. The solid curve shows the array

5 King, Mimno and Wing, Transmission Lines, Antennas
and Wave Guides, MceGraw-Hill,

# Radio Research Laboratory Staff, Harvard University,
Very High Frequency Techniques, Vol. I, Van Nostrand.

August 1956

8.0
4.5 /
4.0
}
3.5/ I DIRECTOR TUNED /
""\_| FOR OPTIMUM GAIN ]

€40 - DIRECTOR TUNED 15%
x 30 71CN" SHORTER THAN OPTIMUM 7
(']

s TN AV
\\ / Y
ya
2.0 < /(
NN
1.5 NN\ /[l
M) LA,
N /'
1.0 o o o
8 w 8 e 8 & 8 2
o o e - o o~ " ©
f £ T ¥ ¥ ¢ ¢ ¢
FREQ IN KC

Fig. 7 Standing-wave ratio »s. frequency; 3-

element Yagi antenna.

tuned for optimum gain (maximum forward field)
and shows a bandwidth of 160 ke. or 1.12 per cent
of the operating frequency. The dotted line shows
the same array with the director detuned 1.5 per
cent shorter than optimum. The shorter director
increases the impedance bandwidth to 200 ke.
or 1.40 per cent of the operating frequency. The
loss in gain due to the shorter director was 0.35
db.

The use of a fed element of the folded, *“T,”
or “H” type increases the impedance bandwidth
from the simple half~wave dipole type. For ex-
ample, a 3-element array ewploying a folded
dipole as the driven element with an element
thickness of A/300 covered a range of 8 per cent
of the operating frequency with the s.w.r. less
than 2.0 to 1. The “I"” matched and “H” type
dipole had impedance bandwidths of approxi-
mately 3 to 5 per cent.

We have previously discussed the change of
self-impedance of parasitic elements in the A/2
region and pointed out that the thickness of the
elements determines the rate at which the reac-
tance changes with length or equivalently with
frequency (see Fig. 6). Naturally, the mutual im-
pedance changes also with different thicknesses
but here we can only guess that it will change
with frequency in some similar fashion to the self-
impedance. It is obvious from Fig. 6 that the use
of thin elements with a p = A/1000 or less will
result in extremely rapid changes in self-imped-
ance with frequency. We should, of course, like
to use elements as thick as possible, but practical
limitations generally restrict the maximum diam-
eter to 114 inches which is equal to 2 p = A/1100
at 20 meters and A/2200 at 40 meters, which indi-~
cates the narrow impedance hbandwidth charac-
teristics to be expected at low frequencies with
practical elements.
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mince folded dipoles are relatively impractical
at such low frequencies, we are forced to the use
of impedance-compensating devices to improve
the impedance bandwidth for low-frequency
Yagis. Ordinarily, the bandwidth required is usu-
ally small at these low frequencies; nevertheless,
the 40-meter band is 300 ke. wide, representing
# 4.2 per cent frequency excursion and, since we
may obtain only about 1 per cent bandwidth with
ordinary construction, we must he content with
covering approximately 80 ke. without excceding
asw.r. of 2.0 to L,

At 2 meters a l9-inch diamecter element is
equal to a p = N/320, which enables us to obtain
readily a bandwidth of approximately 2 per cent
with no other change in the design of the array
{same type of fed element, sume electrical spacing
and tuning).

In considering the impedance bandwidth of

long Yagis we might surmise that the larger the -

number of elements, the smaller the impedance
handwidth. This, however, does not appear to be
the cuse from a study of our data on long Yagis.
A case in point is shown in Fig. 8, which is a plot
of s.w.r. vs. frequency for one of our 15-element
2-meter arrays with an over-all length of almost
28 feet.

2.8
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148

Fig. § —- Standing-wave ratio rs. frequency; 15-
clement Yagi.

It will be observed that this array maintaing
a g.w.r. of 2.0 to 1 for over 3.5 Me., or almost
2.5 per cent of operating frequency. This im-
pedance bandwidth is about the same as our 6-
element 2-meter array which is approximately a
third the length of the 15-element unit. There
does not appear to be a law of diminishing imped-
ance bandwidth as the number of elements in-
creases.

A possible explanation for the lack of diminish-
ing impedance bandwidth as the number of ele-
ments increases is that the farther away we get
from the fed element, the less coupling effect there
is on the driven element. As an example, at 144
Me. a parasitic element a mile from a driven di-
pole will have an insignificant reaction upon the
dipole. The radiation field from the dipole will
cause currents to flow in the parasite, which in
turn will set up a radiation field due to the cur-
rent flowing in it. The field at any point sur-
rounding the parasitic element will be the (vec-
torial) sum of the original field from the dipole
in addition to the reradiated field from the para~
sitic element which will result in reinforcement
in some directions and cancellation in other di-
rections, resulting in increased directivity or gain

16

in the reinforced direetion. The reaction of the
parasitic element on the driven dipole will be ex-
tremely minute, for the clectromagnetic coupling
exists solelv in terms of the radiated and re-
rudiated fields. In the immediate region of a cur-
rent clement, we must, in addition, consider the
effect of the induction fields sometimes called
“near fields” or *‘Fresnel fields.”” These ficlds
ure rapidly damped out with distance since they
are inversely proportional to the square and the
cube of the distance. The near field, nevertheless,
is greater than the radiation field at distances less
than A/2x or 0.16x, approximately. Since the cou-
pling between elements depends npon the total
field interaction, it is not very surprising that
the spacing in the region of the fed element for
long Yagis is different from those elements far
away from the fed element.

[n the same way, it is found that the tuning
and spacing of those elements closest to the
fed element have the greatest effect on the band-
width. Since the first director has the greatest
effect, our recommended spacing for this element
is of the order of 0.2, due to bandwidth consider-
ations in addition to that for maximum gain. We
conelude that the effect on bandwidth of the num-
her of elements is minor due to other factors such
a8 nature of fed element, diamcter, tuning and
spacing of elements.

Dual-Fed Driven Elements

An example of a broad-band Yagi which em-
ploys a dual-fed driven element is of great prac-
tical interest for TV and other applications where
impedance bandwidths of the order of 12 per cent
are required. Fig. 9 is a sketch of such a unit
{1 broadband Channel 5, 76-82 Me. T'V antenna)
of six elements, reflector, two fed elements and
three directors. The fed elements are cross-fed
somewhat less than 180 degrees out of phase. The
two driven elements resemble a dual-driven, end-
tire array. The rear fed element is tuned to the
hottom end of the band and the forward fed
element is tuned to the upper edge of the band.

REFLECTOR
DRIVEN ELEM.NO.|
DRIVEN ELEM NO.2

DIRECTOR NO.1
DIRECTOR ¥0.2
DIRECTOR NO.3

HAIRPIN

FEED
POINT

ECAPACITWE IMPEDANCE
CORRECTING STUB (SHORT SECTION
ISOSY TRANSMISSION LINE,

Fig. 9 — Broad-band dual driven element Yagi array.
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The hairpins at the centers of the fed elements
are used for tuning, The reflector is tuned for
peak response slightly above the low-frequency
odge of the band and the directors are funecd so
that their gain is peaked somewhat below the
upper irequency limit of the band. A capacitive
stub consisting of an open scetion of transmission
line is then placed on the connecting harness,
its length and position selected so as to compen-
sate for impedance variations with frequency.
Fig. 10 is a plot of the s.w.r. vs. frequency for
this array from 76 to 82 Me. This plot indicates
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Fig. 10 — Standing—wave ratio vs. frequency for dual-
driven 6-clement Yagi array.

that the s.w.r. over the entire 6-Mc. band (7.5
per cent of center frequency) never goes be-
yond 1.7. Variations of this technique may be
employed to an extent where the impedance
bandwidth is not of any consequence in limiting
the over-all gain bandwidth of the Yagi array.
We have previously made the assertion that
the limiting factor in the gain bandwidth of
Yagi arrays was esseptially due to variation
in forward field caused by changes in current
amplitude and phase and the spacing of the
elements as the frequency was varied. We have
given at least one illustration above of a
device (dual-fed driven elements) to show that
an excellent match over a considerable frequency
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FPig. 11 — Gain of a 3-element Yagi over dipole as a
function of the length of director.
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band may be achieved without a major increase
in complexity. The complexity, of course, depends
upon the frequency; the higher the frequenecy,
the simpler the construction.

Gain vs. Spacing

T'he basie factor to he considered with regard
to the effect of frequency on the gain bandwidth
is the effect of change in current phase and ampli-
tude, and the change in spacing in wavelengths
as the frequency is varied. Fig. 11 is a plot of the
change in gain »s. length for a director whose
spacing was 0.2\ from the fed element. The re-
flector was also spaced 0.2\ from the fed element.
Fig. 12 is a plot of the change in gain vs. director
spacing from the fed element. From these figures
we can see that the element tuning has a much
greater effect on the gain than the element spac-
ing. Although not included herein, the gain »s.
relative spacing of the reflector where the di-
rector spacing is maintained at 0.2\ will remain
constant to within 0.75 db. over a spacing varia-
tion of from 0.1-0.3A.

From Fig. 12 we observe that the variation
in gain with change of spacing is not rapid, and
in a region over approximately 0.Ix (0.151 to
0.25\) the variation in gain due to spacing is

V!
4

GAIN IN DB
@

]

Q.10 0.18 0.20 0.28
SPACING FROM DIRECTOR TO FED ELEMENT IN A

0.30

Fig. 12-— Gain of 3-element array over dipole vs.
spacing of director.

negligible. For long Yagis we have previously
observed that for each element there is an opti-
mum position.

‘We have also observed that this position is
actually a region in which the element adds gain
to the array. Outside of this region, the element
may yield no gain or actually decrease the gain
of the areuy. The region over which we can get
gome gain from the director will be approximately
0.151. The actual position of the element was
covered in the prior discussions of optimum
spacing,

The fact that we can derive gain from a di-
rector over a fairly wide spacing region enables
us to use paired sets of parasitic elements which are
set within the range over which the spacing of
the director will yield gain. As the frequency
shifts, the optimum spacing point for the director
will move so as to engage either one director or
the other, depending upon which direction the
frequency is moved. This device might be called
“stagger spacing ' in analogy to “stagger tuning”’
us used in broadband amplifier design. It makes
possible minimizing the gain variations with fre-
quency due to changes in spacing.

(Continued on page 114)

17



“Tattoo’— Automatic C.W. Transmitter
Control

A Simple Device for Semibreak-In Operation

BY E. LAIRD CAMPBELL, WICUT

popularity of single-side-band phone is the

convenience of voice-controlled operation,
which permits a semibreak-in type of operation.
The gadget to be described permits & similar
type of operation on c.w. With simple connections
to the transmitter and receiver, “Tattoo’ (The
Automatic Transmitter Turner Onner Offer) will
turn the transmitter and antenna relay on
automatically when the key is closed and, if de-
gired, at the same time silence the receiver, This
condition holds true as long as the key is closed
and for a short period after the key is lifted. The
period of “hold in”’ is adjustable by the operator.
Thus the use of Tattoo offers a type of “poor
man’s break-in”’ without the need for a separate
recelving antenna and sometimes-difficult trans-
mitter and receiver changes. The adjustable time
delay can be set to drop out between characters,
words or complete transmissions, within limita-
tions set by the normal sending speed of the oper-
ator, Since Tattoo is a complete station control
unit, it can also be used with phone by substi-
tuting a push-to-talk switch for the key. Com-
pletely self-contained with its own power supply,
it van be installed in the station by making

ONE OF THE FEATURES contributing to the

1 Hiehle, “An Automatic Transmitter Turner-Onner,”
QST, May, 1950,

2 Btein, "“Some Hints on Relay Operation,”@ST, June,
19586,

few simple connections to receiver and trans-
mitter,

The Circuit

The principle of this automatic device was
first described by Hiehle.! In its latest version we
have included a few refinements: one side of the
key is grounded as a safety measure, keying-relay
techniques described by Stein® have been incor-
porated to permit relay keying that can follow
any bug perfectly, and modified circuit constants
allow the transmitter to turn on slightly faster
than it did with the original model.

Fig. 1 — Schematie diagram of Tattoo. All resistors
1, watt unless specified otherwise; all capacitances in uf.

C1 — 0.05-uf. 600-volt paper capacitor, good quality.

K1 —2000-0hm s.p.d.t.
2000FK-TUN).

K2~ 10,000-ohm sensitive relay (Potter & Brumfield
I.B-5 or LM11, See text).

SR — Low-current selenium rectifier (Federal 1002).

I'y — Small power transformer (Thordarson 26R32).

keying relay (Sigma 41F.

Referring to the schematic diagram in Kig. |,
# simple power supply using a selenium reetifier
furnishes about 120 volts, The keying relay, K,
operates from this supply through dropping re-
sistor Re, which hus 4 value that gives both
current and voltage overdrive? of the relay and
makes it follow a bug perfectly. The relay con-
tacts (not shown) are connected to the keved
vireuit in the transmitter.

¢

‘Tattoo does for the c.w. station what
voice control does for phone. It turns on the
transmitter with the first dot or dash, and
holds in for a period of time determined by
the setting of the panel control.

¢
QST for



¢

Resistors and the selenium rectifier are
mounted under the chassis on tie points or
tube-socket pins.

¢

When the key is closed on the first dot or
dash, Cy is charged through the diode-connected
section of the 12AU7. This volitage overcomes
the bias on the friode section of the 12AU7,
plate current flows, and relay K5 pulls in. The
contacts (not shown) on K are used to turn on
the transmitter power, close the antenna relay,
and turn off or mute the receiver. If the key is
opened, C; starts to discharge through the two
resistors shunting it. If the key is not closed
again, 'y will eventually discharge, but before
this time relay K2 will have opened, depending
upon the setting of Ri. The higher the arm is
set on Ry, the longer K» will hold in. The values
in the cathode circuit of the diode are such that
you can go from s condition where K5 will open
between words at about 12 w.p.m. to where it
won’t open between sentences at 15 w.p.m.

Construction and Wiring

Although there are obviously a number of
ways in which Tattoo can be incorporated in the
station, we elected to build itin a 4 X 5 X 6-inch
cabinet. A U-shaped chassis was bent from a
piece of serap aluminum; the chassis is 114 inches
high at the rear but has only a 1¢-inch lip at the
front to clear the cabinet. The chassis is 334
inches deep and 413{¢ inches wide. The 6-terminal
Millen strip (37306) mounts on the rear lip, and
the a.c. line cord is brought out through a grom-
met in the lip. By cutting a 13{ ¢-inch strip off the
hack cover, an opening is provided for the termi-
nal strip and the line cord.

A little juggling of the parts on the chassis
should bring you a reasonable facsimile of the
arrangement shown in the photographs. The two
relays were mounted with serews and small
rubber grommets, to minimize any noise that
might otherwise have been transmitted to the
chassis and cabinet. A couple of tic points were
required under the chassis, but otherwise prac-
tically all of the wiring is point-to-puint on com-
ponents. The selenium rectifier is supported by
soldering one of its terminals to a tie point. The
paralleled resistors cvident in the photograph are
the 2-waftt resistors mentioned in Fig. 1; we used
suitable I-watt resistors in parallel rather than

¢

The two relays, the power transformer and
the tube are mounted above the chassis.
Capacitor C1 and a 1.5-megohm resistor are
mounted direetly on Ri.

+
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wait for the local dealer to replenish his supply
of 2-watters.

Operation

You may have noticed in Fig. 1 that there is no
switch for turning on the a.c.; this was considered
unnecessary because we plan_to get the‘a.c. from
the transmitter, so that when the transformer
filaments are turned on a.c. is applied to
Tattoo.

UTo check Tattoo, connect the a.c. and plug
in your key at the key jack. The keying relay
K, should follow your bug nicely If you're
a purist and want to check the keying relay, turn
off Tattoo and remove the key plug from the
jack. Connect an chmmeter across your bug and
send a few strings of dots. The ohmmeter should
hover around half scale; its exact setting will
depend upon how you have the bug adjusted.
Now disconnect the ohmmeter from the key and
Continued on vage 116)




To add an international flavor to this “stump-
the-experts’ department, Mr. Jacques Vernet,
FOTV, submits this teaser for the circuit masters
who found the earlier quizzes too simple.

In an unnamed town in France a coal-and-wood
dealer has an electric sign in his shop window.
When there is wood for sale four lamps light in
the sign and the word WOQOD is illuminated.
When the wood is gone six lamps are lit and the
words NO WOOD are illuminated. The power
line is 220 volts (no neuftral) and 110-volt lamps
are used. The dealer controls the lamps through
a two-pole three-position switeh; for safety rea-
sons the center position is “Off”’ and, in this posi-
tion, no voltage appears past the switch, The
basic problem is shown in the sketch; all you have

SRR RARR

o2 All lomps HO volts; full britfioncy

O e

TLamps WOOD light in switch position 1, lamps NO
WOOD light in switch position 3. Use only the four
}eads from the switch contacts (nome from the 220-volt
inej.

to do is draw in the connections, Hint: There are
several possible solutions, but look for the sim-
plest, with 2 minimum of extra components, if
any.

ABOUT JULY'S QUIZ

Did you figure out what was in the box? You
were right if you decided it had to be some kind of
rapid interrupter device (possibly clockwork
driven) that provided u short cireuit half the
time and an open cireuit the other half of the
time. When it was closed the voltage would be
zero and the current would be limited by R
When it was open the current would be zero and

the voltage would be that of the battery. Since
the interrupter works at a rapid rate, the volt-
meter and the ammeter would indicate half the
peak readings. However, no power would be con-
sumed past the wattmeter, because W = FI, and
E or I is zero at any instant. The watimeter
would indicate only the small amount of power
used by the voltmeter and ammeter.

For the meters to read half these peak values
when the switch is at 7, By = R\,

(

25Years Ago |

August 1931

In QST 25 years ago, Ross Hull deseribed equipment for
Duplex Phone on 56 Me., with the editor pointing out that
it would be much more sensible for the local ragchewers to
use the 5-meter band than 75 meters. (Sound familiar,
gang?) At that time, amateur mobile operation was not
permitted, but Hull's experiments showed that mobile
operation could be quite practical.

— 0 b —

Robert Brooke, WOCH, delireated a portable receiver
completely self-contained in a box 5 by 6 by 9 inches and
using type '30 tubes. Battery-powered. it was used both at
home and portable locations, and also came in handy for
tracing interference.

Paul Hendricks, W1IAXV/W1XP, explained the standard
frequency transmitter at WIXP,

(ieorge Grammer, assistant technical editor, describes
the addition of an amplifier to any low-power transmitter.

-y o o m—

Boyd Phelps, W2BP, points out the advantages of fre-
quency-tripling over doubling, while James MeLaughlin
and James Lamb discuss the mystifying decibel.

Ev Battey reports on the very successful Fourth Inter-
national Relay Competition. The big news was that six
of the U. 8. stations participating managed to work all six
continents!

Clinton B. DeSoto reported on the formation of a new
suciety entitled the Wives and Mothers of Radio Amatenrs.

&

W e thought you'd be interested in
seeing this view of a stacked ceramic
receiving tube recently announced by
Fimac. The tubes feature long life
(they will be wired directly into cie-
cuits, thus eliminating the need for
tube sockets) and a type of construe-
tion which will enable them to with-
stand shock, vibration, and high
temperatures. At the present time
the price is rather high for ordinary
amateur use, but extended use will
undoubtedly lower the cost. The
photograph at the left shows the
size of the tube as compared with a
paper clip, and also an exploded ver-
sion indicating the construction.



Changing the 6146 Oscillator into an
Amplifier
80 Watts Input on 80 Through 10

BY LEWIS G. McCOY, WIICP

the two-band 6146 crystal oscillator de-

seribed a year ago! was built by many
amateurs. Several of the letters asked for in-
formation on converting the unit to an amplifier.
This article deseribes how the change can be
made from the original oscillator to an 80-watt
hand-switching amplifier capable of operation in
the ham bands 80 through 10 meters.

The changes consist of rebuilding the grid cir-
euit to a link-coupled bandswitching cireuit, and
the tank cireuit to a pi network designed to oper-
ate into a 50- to 75-ohm load. As a convenience
during tune-up periods, a 25-ma. meter and a
switch have been added, to permit reading either
grid or cathode current.

If the reader has built the oscillator and wishes
to make the changes to be outlined, it is suggested
that he study Fig. 1 here and the circuit diagram
of the original oscillator, io familiarize himself
with both ecircuits. Most of the components used
in the original unit are incorporated into the am-
plifier If the reader has not built the oscillator
and wishes to construct the amplifier, the details

I McCoy, ‘‘One Tube—%0 and 40 Meters—75 Watts,"
QST, August, 1955,

!s EVIDENCED BY THE MAIL to Headquarters,

given in this article are complete enough so that
no previous reference should be necessary.

Circuit Details

The inductances in the grid circuit are made up
from two lengths of B & W Miniductor stock.
By shorting out sections of Ls and Ly with 8y, it
is possible to resonate the circuit to the desired
hand.

The tank circuit of the 6146 employs a pi net-
work that is designed to work into a 50- to 75-
ohm load. A 400-puf. variable capacitor is used
as a loading control in the output of the pi. When
the pi-network circuit is switched to 80 meters,
a fixed capacitor, ('s is switched in parallel with
the variable. This furnishes enough capacitance in
the output circuit for matching to 50- to 75-ohm
loads. A similar system is used for 40 meters. By
using the bandswitch to connect the fixed capaci-
tors in parallel with the variable, the customary
“eoarse” loading control is eliminated.

The original power supply is used, one of the
“aconomy’’ type that utilizes a replacement type
transformer in a bridge circuit. The supply can
be switched from high to low voltage to facilitate
tune-up without danger to the tube.

The 6146 oscillator is now an amplifier. Comparing this photograph and the one on page 26 of August 1955 QST

will show the panel and chassis changes. As mentioned in the text. the crystal
The dial light that was below the erystal socket has heen removed and the key jack installed in its place.

e

holder becomes the r.f. input jack.
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Metering of the amplifier is accomplished by a
25-ma. meter that can be switched to read either
grid or cathade current. In the grid position the
full scale reading is 25 ma. and in the cathode
position, 250 ma.

Consfruction

An 11 X 7 X 3-inch chassis is more than large
enough to take care of the power supply and r.f.
section. TVI shielding is provided by using a
6 X 6 X 6-inch aluminum box as an enclosure for
the r.f. components. To provide ventilation, a
row of }4-inch holes is made along the bottom
sides of the box and in the lid over the tube. The
face of the box serves as a panel for the meter-
and tank-circuit controls.

The power transformer and rectifier tubes are
mounted on the chassis top at one end. Al of
the other power-supply components are mounted
below the chassis, In the original oscillator unit,
the 6146 socket. was mounted 114 inches in from
the front of the chassis. This is sufficient to per-
mit the use of the Shurite meter shown in the
photographs., However, if the builder is starting
from scratch, the 6146 socket should be mounted
at least 2 inches from the chassis front to permit
greater clearance behind the panel. One other
suggested change from the original model is to
mount an RCA phono jack on the back of the
chassis. This will accommodate coax input from
the driver stage. In the unit shown here the
crystal socket was used as ther.f. input connector.

The variable capacitor, (7, is mounted on a
bracket positioned approximately 2 inches in
from the back of the chassis. A panel bearing and
shaft coupler is connected to the rotor of C; to
allow for panel control of the capaci-
tor. The tank capacitor, Cs, is mounted
on the panel to the right of €. The meter
switch, Sg, is mounted to the left of Cr.

As can be seen in the top view, the
inductance Ly is mounted on two isolantite
stand-offs which are mounted on the side
of the box. The plate coil Lg is mounted
at right angles to L+, A standard two-
terminal tie-point i8 used for a mounting
point for the neutralizing capacitor C's
The coax output receptacle is mounted on
the rear side of the box.

This below-chassis view shows the
mounting details of the grid circuit com-
ponents. All of the parts in the foreground
are power supply components. If the
builder is constructing the unit as an
amplifier and not a modified oscillator, the
r.f. input terminal could be mounted on
the rear chassis wall which would allow
more space on the chassis front for greater
spacing of the grid switch and variable
capacitor,
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COIL TABLE

The coils L1L2 are made from a single length of B & W
Miniductor stock, Unwind 8 turns from the support bars
and using side cutters, snip off the projecting bars. Snip the
unwound piece of wire off about one inch from the coil stock.
Next count off 13 turns and bend the 13th turn in toward
the axis of the coil and cut the wire at this point. At the cut,
unwind 34 turn from each coil. This leaves two coils on the
same support bars. Unwind 14 turn at the end of the large
eoil. The 12-turn coil is L1 and the 42-turn coil is La. Similar
procedure is followed in making LaLs.

It — 12 turns of No. 24, 1-inch diam., 32 turps per inch

(B & W 3016).

Ly~ 42 turns of No. 24, l-inch diam., 32 turns per inch

(B & W 3016).

40-meter tap is made at 25th turn counting from junction

of LaLs,
L3~ 4 turns of No. 20, 54-inch diam., 16 turns per inch

(B & W 3007).

L4 — 13 turns of No. 20, 8%4-inch diam., 16 turns per inch

(B & W 3007).

20-meter tap is made at junction of LyL4.

15-meter tap is made 714 turns from junction of Lalg.

10-meter tap is made 4 }4 turns from junction of LaLas.
Ls—4 turns of No. 14, }4-inch diam., turns spaced wire

diam.
Lg — 53 turns of No. 12, 1-inch diam., turns spaced so that
eoil is 1-inch long.

10-meter tap is made 134 turns from junction of LseLr.
Ly — 1734 turns of No. 16, 2-inch diam., 10 turns per inch

(B & W 3907-1).

15-meter tap is made 2 turns from junction of LeLy.

20-meter tap is made 5 turns from junction of Lslz.

40-meter tap is8 made 9 turns from junction of Lsis.

The grid tuning capacitor C; and the grid band-
switch Sy are mounted on the chassis front, below
the 6-inch box. Two four-terminal standard tie-
points are used to mount the coils LyLg and L3Ls.
The bottom-view photograph shows the place-
ment of the two coil agsemblies. The turns on the
coil that are on either side of the tap points should




he bent in townrd the axis of the coil. This will
allow sufficient space to solder the tap lead with-
out shorting to adjacent turns.

The neutralizing capacitor (‘s is made from two
lengths of insulated wire approximately 4 inches
long. Only a very small amount of capacitance is
needed to neutralize the amplifier, and the two
wires twisted around each other furnish the neces-
sury capacitance. The ends of the wires are con-
nected to 4 standard two-terminal tie-point that
is mounted on top of the chassis to the rear of the
6146 socket.

Testing

The amplifier is designed to be driven by a low-
power driver capable of at least two watts output.
‘There is not enough output from the usual one-
tube v.f.0. to drive the amplifier.? A Heuathkit
AT-1 was used to drive the amplifier desecribed
here. The output from the AT-1 was fed into the
amplifier by means of a short length of RG-59/U.

Looking down into the amplifier box before the out-
put coils und bandswitch are mounted in place. The
meter switeh is between the 6146 and the front panel.
The output capacitor is mounted on a bracket and is
turned by the extension shaft. ‘I'wisted wires to the
right of the loading capacitor form the neutralizing
capacitor.

«

For test purposes, a 60-watt lamp bulb was
used a8 a dummy load for the amplifier. The
amplifier wus tuned up on 8) meters first and
all initial tests were made on low power. The
output stage of the driver and the grid cireuit of
the amplifier should be adjusted to give a grid
current of 2 to 4 milliamperes. With the rated
grid current, the output circuit can be adjusted
for resonance and loading to a plate current of
about 75 ma. To check for neutralization, turn
off the excitation and hit the key for a eouple of
short dots. No grid current should be indicated,
although the plate current will kick up quite
high. (That’s why the dots should be short, to
avoid overheating the tube.) If grid current is
indicated, it shows that the stage is not neutral-
ized. Turn off the power and untwist a turn from
the neutralizing capacitor. Repeat the test for
neutralization. It may be nccessary to make
several adjustments of the ncutralizing capacitor
hefore the correct amount of cupucitance is found.
Usually it will be found that the neutralization
will hold on all bands but it is & good idea fo
check it. If you find that the neutralization
doesn’t hold on the higher frequency bands, then
the amplifier should be neutralized on the highest
band used.

With the amplifier fully loaded to draw 150-
ma. the plate voltage on the high-voltage switch
position will be approximately 540 volts. Screen
voltage should be about 150.

If this is your first use of a pi-network fank
circuit there are a few things you should know
about the use of one. It is recommended that
an antenna coupler be used to couple the out-
put to the antenna feedline. Preferably, the
coupler should be a tuned job and link coupled.
This will greatly assist in reducing harmonie
radiation. Several suitable couplers and methods
for using them are described in The Radio Ama-
teur's Handbook. Though your best friend may
tell you to conuect a long wire (“long” being
anything from 20 feet on up) to the output termi-
nal of a pi tank, avoid like the plague such a
system. 1t will produce contacts but is also likely
to produce [rom the FCC a QSL card for har-
monic radiation . . . and who wants such cards?

? Several current v.f.o. units were tried and none furnished
enough drive, These included the Heathkit, World Radio,
wnd Knight. A driver-multiplier stage between the v.f.o.
and amplifier is needed to furnish adequate drive.

«

This view shows the completed output circuit. The
tubular capacitors on top of the bandswitch are the
nutput capacitors (s and Ca. The output coax fitting is
mounted on the outside of the box.

QST for




Simple LC Filters for Amateur Use

A Wide-Band Filter for Receiver R.F. and Exciter-Multiplier Stages

BY HENRY RICE, JR.* WIPMT, EX-W4FWW, EX-WO9YZH

e While band-pass r.f. filter circuits can
admittedly be built by the ‘*by-guess-
and-by-gosh® method, there is another
way. Here is an account by a man not in
the electrical engineering field who did
a little digging into the other way and
found that it wasn’t too tough and that
it was actually interesting once he got
into it. We think you will have the same
reaction. ~ T T o o

cerned with communication. He was

deeply interested in the correct usage of
words. It has been told that one day his wife
egught him kissing his secretary and exclaimed,
“Why, Noah — I'm surprised!” As might be
expected of a technical man, he considered the
matter quite carefully before answering. Then
he said, ‘‘No, dear. You mean you are amazed.
I am the one who is surprised.” Here there were
two thrills, the original smooch and the perfect
answer. This article iz concerned with just one
of the many thrills in amateur radio: the thrill
that a person without & technical background
experiences in learning to design on paper a
simple cireuit that will do a specific job.

The basic wide-band filter circuit we elected
to use is not new to ham radio. It has been used
in several exciters described in ¢ST and will be
familiar to all constant readers. It is shown
schematically in Fig. 1 and will be recognized as
two parallel-tuned circuits coupled to give the
desired bandwidth. The quantity M is merely

o |
%é 7 ;fRs

Fig. 1 — Basic diagram of the double-tuned cirenit
under discussion.

NOAH WEBSTER'S hobby, like ours, was con-

T 2
..___J\/\
\
__!—or‘
s
JA]

the effective coupling between primary and
secondary, This statement Jdoes not imply ecare-
jessness in the choice of a coupling method, but
in this case unly one type of coupling will be
considered. (A combination of inductive and
capacitive coupling is sometimes used.) The
secondary response curve of a band-pass filter
of this type depends solely on % (coupling co-

* Raytheon Mfg. Co. Home address: 58 Old Marlboro
Road, West Concord, Mass.
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efficient) and the actual @ of the loaded resonant
eirciuits. -It makes no difference how the cou-
pling or @ of the coils was obtained. This is im-~
portant to a clear understanding of the following
procedure.

It should be pointed out that the primary
circuit in Fig. 1 does not necessarily have to be
the plate load for a vacuum tube — it can, and
will, be used as an antenna load, as will be shown
later. ‘Bub from this point {et's work withi spe-
cific examples that ean be built and tested and
used. Things are more constructive that way.

A Receiver R.F. Amplifier

Let’s get to work on an r.f. amplifier stage for
a 14-Me. receiver. Of course, the input and out-
put LC eircuits could be tuned separately, ganged
together or ganged with the high-frequency oscil-
lator but {(yvou've guessed itl} we have just
decided to make them bandpass. This means
that the completed amplifier will have a response
curve of the general shape of Fig. 2. Here f, is

F<-A‘F= 248 Kc-bg

AMPLITUDE L
(@b) fo=a350Kke -

FREQUENCY

Fig. 2 —— A typical response curve of a double-tuned
circuit. This one is centered on 14,175 ke.

the center frequency in the passband, and also
the frequency to which the two circuits are
tuned. Further, Af is the deviation frequency
{peak to peak) and f}, is the bandwidth measured
at the —3 db. points. The double-humped char-
acteristic disappears at a value of coupling = &,
{eritical coupling), but we have decided on a
rlouble-peaked curve (coupling coefficient > k)
beeause we want good amplitude near the edges
of the band and reasonably good attenuation of
strong adjacent-channel signals. Obviously we
are shooting for a curve that is roughly symmet-
rical about f, both in the location and relative
amplitude of the peaks, and this is all that the
eurve shows or implies, Further, we assume that
Lip == Ly and @y = €., and that & < unity. I'm
sure our technical friends will bear with us long
enough to establish that > means *‘greater
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than', < “a lot less than’’, and ‘““‘unity”’ means
“one.” And now we have just completed Step 1:
establishing fo, fpeax and the fact that we plan
to use the customary -3 db. band-edge response.
And perhaps we have learned a fact or two —
I'm sure 1 have.

Step 2: 1f we had a chart of universal response
curves (Fig. 3), it would show that f, down 2 db.
from the peak response results from Q) = 2, an
easy relation to remember.

0 =
-<i<\ AN
s \\:\ N\
] N

. \ \ \
§, © \\ \ ‘\;
8 A1 NANE
2 U\ N
oy =
% L\ 2
lu—ZG = <?;|_——-
. IN\VARAPIN
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KRN
o AN

-30
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crees ore fo o g

o

Fig. 3~ Universal response curves for a pair of
tuned circuits for various products of ( and coupling
coefficient, k.

Step 3: Because we have decided on 2-db.
peaks and assumed & small compared with unity,
the equation to use in figuring the approximate
coefficient of coupling is

Thus 14.299 o B -
st = ) 1 T ko= 7
175 1.0087, 5 0.0087, k = 00174

{k = 0.02 is close enough and will move the peaks

out a little more and bring up the weak signals

near the band edges just a whisper.)

Somewhere I read a rule of thumb that states
s “reasonably flat response” will result it the
bandwidth is not much greater than 1.2 k f..
Well, 1.2 3 0.02 X 14.2 = 340.8 ke. I'm sure
Mr. Webster would agree that a ‘“reasonably
flat response’ defines what we are after, and
that 340.8 is near enough to 350.

Step 4: We made kQ = 2 (Step 2), so ) =
#2/k = 2/0.02 = 100.

Step 6: Decide the value of capacitance to
use. If we use 3- to 30-uuf. mica trimmers, and
take average input and output capacitances of
tubes into account, we can cut 19 turns off a
length of }4-inch diameter 32 turns-per-inch
Miniductor and get neat little coils of about
3.4 ph, with Qs of about 200. There is no black
magic involved in arriving at this — the ARRL
Type A Lightning Calculator gives a close ap-
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proximation, or you can arrive at it with a
grid-dip oscillator and a little patience, by re-
moving turns from a coil until it resonates at
14.2 Me. with the assumed capacitance shunted
across it.

Step 6: Find the equivalent parallel resistance
of one unloaded LC circuit where the coil @ =
200. We can ignore the effects of the plate re-
sistance of the tube (the plate resistance of pen-
todes is very high) and choose R, and R, as
follows:

Q) = R/2xfL (the reciprocal of the usual equa-
tion involving the resistance in series with the
inductance).

R = 2xfLQ = 2 X 3.14 ¥ 14.2 X 3.4 X 200
= 60,800 ohms.

When @ = 100 the corresponding equivalent
parallel resistance is half as much, or 30,400
ohms. To find the resistor needed in shunt with
60,800 ohms to bring the resultant down to
30,400 ohms, RRi/(Ry — R) = (30.4 X 60.8)/
(60.8 —30.4) = 60.8 = 60,800 ohms, and we
can use 62,000 or 56,000 ohm M-watt resistors.
(The answer was obvious in this case, but we
wanted to record the formula for resistors in
parallel).

Step 7: Make two coils as described in Step 5
or, better yet, make four at once if you have an
inclination to build a complete stage. It is wisc
to look them over carefully to be sure there are
no shorted turns or any lossy crud between turns.
The little 32 t.p.i. coils are usually high ¢, but
once in a while something gets on them und
knocks their ¢ way down. Assuming that you
do not have ready access to a @ meter, a simple
check is to use a grid-dip meter and find the
self-resonance point of the coil alone. This will
be up around 100 Me. and, if the Q is up where
it should be, you will get a clean indication and
a1 sharp dip even with the coil several inches
from the grid-dip meter. Naturally, if a @ meter
is available you would check the @ and use the
value in figuring the shunt resistors (Step 6).

Couple two of the coils closely by sliding them
over a dowel or eardboard tube. The objective
now is to determine the separation between coils
that will give the value of k determined in Step 3.
There are methods for this with a ¢} meter or
inductance bridge, but it can also be done with
a grid-dip meter and calibrated capacitor. The
coils are connected in parallel and brought to
resonance at a convenient frequency by the ca-
pacitor. Call this capacitance value (1. The
leads from one coil are then reversed and the
cireuit brought back to resonance with the ca-
pacitor, and call this value Cs. From these two
values,

AC

k L+ Ce
where A ( is the difference between ¢ and Cs.!
Continue this reading and reversing process for
different spacings between the coils until a value
of k = 0.02 is obtained. Record the final spacing
! Langford-Smith, [Radiotron Designer’s Handbook, p.
4.
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i 530 s 1,
R 4 o 3 [
Fig. 4 — Practical sche- ! by
matic of the two-band H T ’ +150
broad-banded amplifier. ! ' MIXER
‘The values of the coils are 5,y
7.0-7.3MC 51

A connects to a —22 volt
gource and the key.

givenin thetext. Terminal  coiL ti

¢
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to the nearest 1/32 of an inch and use that di-
mension when the coils are mounted in an actual
cireuit.

That’'s the whole story for this particular
band. Stage gain has not been considered beeause
it seemed advisable not to confuse the issue by
including it. For the same reason, perhaps we
should let well enough alone and stick by our
guns with the £Q = 2 (Step 2). However, for
those who would like to choose their own curve,
we can perhaps help a little by noting that k@
= 1 = k, or the flattest top we can get without
double peaks (0 db. down at f,). Also, kQ = 2.3
gives 3 db. down at f, and kQ = 2.75 gives 4 db.
down at f,. As these k¢ figures increase, the
peaks move out and become sharper and the
skirt slope becomes steeper at the top. Fig. 3
shows the start of this effect.

Another Example

We have all been sitting for quite a spell now
and I, for one, have a slight case of weaver’s
hottom. But let's see what we have learned, by
applying the procedure to the 40-meter band.
We certainly don’t need to draw any pictures,
and we will number the steps as we did previsouly.

1) fo=17.15 Me. fo =300 ke, and Af =
300/1.414 = 2.2 /2 = 106 ke., so one peak
will fall at 7.15 4- 0.106 = 7.256 Mec.

2) Set fo at —2 db. again.
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3) 7256/7150 = 1 -+ (k/2), 1.0148 = 1 -+
(%/2), k/2 = 0.0148, &k = 0.0296 = 0.03. But the
rule-of-thumb check shows that 1.2 X 0.03
7.15 = 257 ke., 8o we will increase the coupling
to k = .034, which (working backwards) puts
one foeax at 7.272 Me., brings Af to 0.244 Me,,
and makes fi, = 0.345 Me.

4) Q@ = 2/k =~ 2/0.034 = 59.

5) We can use 3 - 30-ppf. mica trimmers for
this band, too. Make any kind of small coils of
about 12 wh. inductance. The #4-inch by 32
t.p.d. Miniductor (B&W 35008) would be satis-
factory, and again the € would be around 200.

6) R =2 X 314 X 7.15 X 12 X 59 = 31,800
ohms equivalent parallel resistance of a loaded
LC circuit with @ = 59. The equivalent parallel
resistance of the unloaded eircuit is B = 2 X
314 X 7.15 X 12 X 200 = 108,000 ohms, and
the necessary shunt resistor to bring the Q to 59
is R = (31.8 X 108)/(108 —31.8) = 3430/76 =
45K = 45,000 ohms.

7) Determine eoil spacing for & = 0.034 and
record it.

Construction

The coils, spaced and loaded as previously
outlined and tuned with 30-puf. mica trimmers,
were used in the eircuit shown in Fig, 4 The
antenna coils have about 1/3 the number of

{Continued on page 118)

A two-band broad-banded r.f. amplifier, with the shield cover removed. The partition straddling the sockets
i=olates the input and ontput circuits and permits running the stages at high gain.




Multiple V Beams

High Gain in All Directions with Four Wires

BY LLOYD D. COLVIN,* DL4ZC

® This is a description of the V-beam an-
tenna system used at DLAZC. Alithough
it is impossible to *‘design’’ such a sys-
tem for more than one band, since the
optimum angle varies with frequency
and leg lengih, experience has shown
that such a combination of long wires at
a compromise angle can be quite effee-
tive as a multiband antenna. For those
who have the necessary space, an ad-
vantage is that no rotating mechanism is
required.
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LEG1 USED INSTEAD
OF INSTALLING FIFTH
WIRE HERE

Fig. 1 - Directions covered by the DL4ZC V-beam
array. Direction A-A’ is covered by legs 1 and 4 working
as an obtuse-angle V heam.

[\ for 10, 15 and 20 meters plus dipoles or
L “all-band’’ antennas for 40 and 80 meters?
1f g0, and if you are lucky enough to have the re-
quired area, multiple V beams may be the answer
to your problem.

A simple multiband arrangement of multiple V
heams may be switched instantly for high gain in
wight different directions (two at a time), covering
360 degrees. It may be simply built with just four
radiating wires and two relays, if you can find
several hundred feet of antenna space over 135
degrees on any side of your QTH.

! RE YOU tired of erceting separate rotary beams

#*Lt. Col., Bignal Corps, U. 8. Army, 4th Signal Group,
APO 403, New York, N. Y.
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The theory and feeding of V beams is well
covered in many radio books. However, a few sim-
plifications were employed by DL4ZC that may
make your next V-beam installation easier. An
unterminated V beam is bidirectional. Gain and
directivity is about the sume in either of two
directions 180 degrees apart. If 45-degree spacing
is used between legs, five radiating wires are nor-
mally required to cover all directions. In the
ID1A4ZC installation the fifth leg was eliminated
and the first leg is used, in combination with the
fourth leg, to form un obtuse-angle V.

An obtuse-angle V radiates in a direction at
right angles to the bisector of the obtuse angle.
This combination is used to cover the missing
sector A-A’ in Fig. 1. Although according to
theory the gain of an obtuse-angle V is not as
great as with one having a proper acute angle, in
actual operation the gain in directions A-A’ com-
pares favorably with gain in the other directions.
The standing-wave ratio as measured in the
coaxial line between the antenna coupler and the
transmitter changes only a minor amount when
switching to any of the available directions.

Switching of the beams is accomplished by in-
stalling two double-pole double-throw relays in
4 box at the apex of the beams. Standard 115-volt
antenna relays were used and u plastic box of
the type used to store foods in a refrigerator,
mounted upside down, provides a cheap all-
weather housing for the relays. To keep the box
dry, a low voltage is applied to the antenna relays
during all periods the antennas are not used. The
voltage need not be enough to operate the relays
hut just enough to generate a little heat in the
box. A few protected small holes on the under side
of the box will help prevent sweating. The wiring
of the antenna relays is shown in Fig. 2. It is
advisable that the relay control line be installed

RELAY 1 RELAY 2
DY M i
L S Ft S .
IM 3 4 o__mj

-0
L____.o 1 2 o———J

TRANSMISSION LINE TO TRANSMITTER

Fiyg. 32— Circuit showing how two d.p.d.t. relays are
used to switch V-beam legs. Numbers indicate connee-
tions to leg designations in Fig. 1. For direction A-A’
{Fig. 1), both relays are unenergized as shown. For
direction B-B’, both relays are energized. For direction
-0, Relay 2 is energized, and for direction D-DV, Re-
lay 1 is energized.
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lig. 3— Feeding arrange-
ment for the V-beam array.
The antenna tuner is a con-

ANTENNA

RELAY

ventional one for coax input BOX

and balsnccd oll;l.put. If\n

s.w.r. bridge may be installed

in the coax line between the ANTENNA

transmitter and antenna tuner TUNER =

for matching the antenna sys- @

tem to the coax line. ‘EMCOAX b
¢ TRANSMITTER

as far away from the antenna transmission line as
possible. Different routes for the two lines
should be followed if practicable.

The 45-degree spacing used between legs is a
compromise value which permits reasonably high
gain on any frequency between 3.5 and 30 Me.
The length of the four wires is not critical, so long
ag all four wires are exactly the same length.
It is recommended, however, that the length
used be approximately that shown in Fig. 3.
Bach leg should be approximately the same dis-
tance from ground and other obstacles. The apex
of the legs and the far ends of the legs should be
close to the same distances above ground.

A well-designed 600-ohm open-wire line is
recommended in textbooks for use between the
antenna tuner and the feed point of the V beams.
Open-wire ‘I'V line should also be satisfactory for
low- or medium-power transmitters. Transmit-
ting-type Twin Lead for high power, or TV-type
for medium or low power, might be satisfactory
if the line is short, but standing waves will run
. the losses up on longer lengths.

At DIL4ZC the final “dressing up” of the in-
stullation consists of placing a great circle map in
1 frame on the wall and mounting eight light bulbs

Lights may be installed
around a great-circle map to
indicate direction of beam in
use.

around the map spaced every 15 degrees 1n the
primary directions of the beams. The lights are
operated in pairs and are switched by the station
operator at the same time the antenna relays are
switched. A multiple-contact switch is used to
control the operation of the antenna relays simul-
taneously with the lighting of lights on opposite
sides of the great circle map. A quick glance at the
map shows which beam is in use and what two
directions it will operate in with maximum gain.
Operation on all bands has netted 171 coun-
tries worked in one year. Experience has shown
that on the higher-frequency bands transmission
reports are in general better than when using
three-element rotary beams, while reception, on a
relative hasis, is generally poorer because of the
bidirectional characteristics of the V beams.

e OM Colvin is well-known in DX circles.
Besides eleven different W ealls, he has
been FASJD, KLTKG. J2AHI, JA2KG,
J2USA, JA2US, and now DLAZC. As you
might suspect, the list of DX awards he
holds is a yard long!
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o flecont fquipment —

RA-1 Single-Sideband Receiving Adapter

that a single-sideband receiving adapter is a
gadget that will eliminate the necessity for
careful tuning in thereception of s.8.b. signals. That
would be nice, but it isn’t true. An 8.8.b. adapter

E‘{OME AMATEURS have the erroneous impression

‘Lhe toroidal filter section of the RA-1 kit is pre-
tuned and requires no adjustment by the builder.

i8 a device that adds single-sideband selectivity
to a receiver, enabling the operator to receive
only one side band of an a m. signal, to provide
good reception when the other sideband has
interference on it. In the reception of ss.b.
signals, it has the advantage that it passes only
the single sideband and nothing else, giving the
maximum chance for QRM-free reception. By
removing the vestigal sideband of a mediocre
s.8.b. signal, it presents a better s.s.b. signal to
the detector and makes tuning seem to bhe an
easier job, since inadequate sideband suppression
makes a signal hard to “clear up” on a receiver
that doesn’t have s.8.b. selectivity.

S.s.b. adapters are closely related to s.s.b.
wenerators; they use either the filter or the
phasing principle of operation. In the RA-1 kit,
made by D&R Ltd: of Santa Barbara, Calif.,
the manufacturers have elected to use the filter

CIN- DEMOD- ALDIO~ OuUT=~
VERTER a0k Ul ATOR (1%\ PUT .
T, & , ' 5
SEMSBEE Fnﬂ»—( ------ zAu7HsAob)«>—«——o—~o SPRR
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GAIIN | sspc RECT,

SIDERAND: e

Fig. 1 — Block diagram of the RA-1 s.s.b. receiving adapter.
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system. The adapter is complete with power
supply, and connecting it to the receiver requires
no modification of the receiver, a point resale-
conscious hams always consider. As the block
diagram of Fig 1 shows, the if. signal of the
receiver is picked off and fed to a 6BE6 converter
stage. Assuming the receiver i.f. to be 450 ke.
{the RA-1 will work with input frequencies of
450 to 500 ke.), the 6BE6 oscillator can be on
425 or 475 ke. and still heterodyne the incoming
signal to 25 ke. This oscillator frequency is
determined by a panel switch marked am-uPPER-
10WER. The heterodyned signal passes through
a sharp filter and then into a ring demodulator.
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Fig. 2 - Seleetivity characteristic of the toroidal
filter.

The ring demodulator i8 a detector circuit using
four copper-oxide diodes, driven by s 25-ke.
oscillator. The ring demodulator is one of the
family of “product” detectors, in which the local
oscillator has complete control over the incoming
signals. Unlike in diode detection, a strong in-
coming signal does not mask, or “take over,” a
weak one unless, of course, they are both on the
sume frequency. The output of the detector is fed
to a 12AU7 triode audio amplifier and
then to a 6AQ5 output stage.

Toroidal coils are used for the trans-
formers and tuned inductors in the
sharp filter. The selectivity curve of the
filter is shown in Fig. 2. A toroidal coil
is also used in an output coupling trans-
former following the demodulator
which, together with F-C filters in the
audio stages, minimizes the 25-ke. at
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the output-audio-stage grid. The 6BEB oscillator
frequency is controlled by a slug-tuned inductor,
and a mica compression trimmer is used as a pad
that is cut in when the oscillator is shifted to a
lower frequency. When the oscillator is on 475 ke.,
and an incoming carrier at 450 ke., a 452-ke.
side frequency would be heterodyned within the
pass band of the filter, while a side frequency of
448 ke. would fall outside. Switching the oscil-
lator to 425 ke. leaves the heterodyned carrier
at 25 ke. but throws the 448-ke. side frequency
into the pass band. This is the familiar principle
of selectable-sideband reception. In operation,
when a signal is properly tuned in, it requires
only the flick of the switch to investigate either
sideband.

The am position of the switch changes the
external loudspeaker and the panel phone jack
over from the adapter to the normal output of the
receiver.

A @ainN control on the panel determines the
amount of signal fed to the 6BE6 grid from the
receiver, and also handles the a.c. switch for the
adapter.

The RA-1 kit comes complete with all of the
necessary components, with the filter wired and
pretested, and with the 25-ke. oscillator circuit
pretuned. A 16-page instruction book gives a
step-by-step story on assembly, wiring, testing
and operation, and 8 line drawings and diagrams
supplement the written instructions.

-— RB. (.

High Pass Filters for the 50-Mc. Operator

receiver overloading from amateur signals
on all bands through 10 meters are com-
mon today. Their general availability has been a
major factor in the solution of our TVI problems.
But they are no help to the 6-meter operator. The
cutoff frequency of the usual high-pass filter may
be anything between 30 and 54 Me. and it will
still do the job for the ham who is operating be-
low 29.7 Me., but designing and building filters
that will reject 50 Me. and pass 54 Me. is a more
eritical task than most filter makers have cared to
attempt.
That it is possible to build such filters was
demonstrated by W2IDZ, in his prize-winning
two-part article in June and July, 1954, QS7.

HIGH—PA.SS FILTERS that will take care of TV

The Grallen_Filter

The Grallen Filter, shown herewith, is a duplicate
of the W2IDZ design. Each filter is individually
tested, and an attenuation curve supplied to the
purchaser. They are manufactured by Grallen
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Electronics, P.0Q. Box 245, Hanover, N, J., and
distributed by Hudson Radio and Television
Corp., Newark 2, N. J.

The Drake Type TV-300-HP Filter (R. L.
Drake Co., Miamigburg, (hio) is a 4-section lad-
der of unusual design. Tiny bifilar-wound coils

The Drake Filter

ont fron cores are used to achieve perfect center-
tapping and close coupling between each half of
the windings.

Where the interference is mild in nature both
the Grallen and Drake filters may be used without
grounding them to the TV chassis. Insertion in
the 300-ohm lead at the back of the receiver will
do the trick. If the interference is severe the case
of the filter should be bonded to the TV chassis,
and provision for this is made in both filters,
Connection of the filter right at the point where
the lead enters the tuner may also be important.

It should be pointed out that these filters are
not solely for use where 50-Mec. operation is a
source of TVI. They are the first commercial
products that will help the 6-meter man, but they
also do an equally-good job of preventing funda-~
mental overload from any lower amateur fre-

quency as well, ~ K. P, T,
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Simple Voice Control for the A.M. Station

An Easily-Constructed Unit for Break-in Operation

BY ARTHUR FARRINGTON, W2NDG* AND ROBERT E. DRUMMOND,** K2DKD

HERE IS LITTLE NEED to discuss the advan-
Ttages of a voice-controlled break-in system.

Recent articles in QST have already done so0.
However, once sold on voice control, it remains
for the amateur either to purchase & commereial
unit or to find and construct the eircuit bhest
suited for his particular needs.

The unit deseribed herein was designed to be
huilt on a budget yet retain the best points of the
more elaborate systems. Our original desires were
as follows:

‘The voice-control unit is assembled in a 4 X 5 X 6-
inch box. The gain control Ry is at the left, and the
delay control Ro at the right. Sz is between these two
controls. The microphone connector and pilot lamp
are below.

1. A “use” or “not-use” item, simple to con~
nect or disconnect, and one that would require no
modification of the receiver or transmitter.

2. Flexible operation, preferably with some
means of limiting sensitivity and with adjustable
delay (cut-off) time.

3. Small physical size, but self-contained.

4. Construction as cheap and simple as possi-
ble, consistent with the features desired.

We were obviously limited to a relay-type
keyer. Further, since sensitive plate-circuit relays
are not designed to handle heavy loads nor to
feature the plurality of necessary contacts, it
should be assumed that a push-to-talk system is
already in use or can be installed.

The unit shown in the photographs has been in
use at this QTH for over six months and has fully
satisfied the authors in every respect. No altera-
tions have been made to our equipment other

~ *552 Milton Road, Rye, N. Y.
#% 632 Milton Road, Rye, N. Y.
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o Here is a simple system that turns on
the phone transmitter when you start
talking and shuts it off when you stop.
1t can also be used to control the an-
tenna change-over relay.

than installing the push-to-talk relay recom-
mended for the Viking Ranger by the Johnson
Service Manual. The total cost should run $20.00
or under.

Circuit Details

The voice-control input is fed in paralle] with
the speech-amplifier input from a crystal mike.
(1f the speech amplifier has no blocking eapacitor
between the microphone counector and the grid
of the first speech-amplifier tube, the connection
can be made simply by plugging into the speech-
amplifier microphone jack.) The 12AX7 twin-
triode, Vi, is in a two-stage amplifier with a
variable-resistor sensitivity control in the eathode
of the first stage. The a.c. voltage output from
Vs i8 rectified by the detector tube Va4, filtered
by Rs and €, and the resultant negative d.c.
voltage is applied to the grid of the relay tube
V.m. The d.p.d.t. relay K in the plate cireuit of
V':s keys the control circuit, and is shown in the
schematic in the “transmit” (relay coil de-
energized) position.

With no signal input from the mike, there is no
output from the detector, and therefore the
control-grid voltage of Vg is effectively 0 volts
(actually the grid is slightly negative due to the
cathode resistor RBy); Vep is conducting and the
relay is energized.

When an adequate signal is supplied by the
mike, the grid of Vap is driven in s negative
direction, reducing the conduction through the
relay tube sufficiently to de-energize the relay
which keys the transmitter. Simultaneously, the
relay switches (s into the grid circuit. As a result,
('» acquires s negative charge. Thus, when the
gource signal ceuses, the grid of Vo will stay
negative (leaving the fransmitter on) until the
RC delay network, consisting of €'y, Ca and R,
discharges to ground. This cut-off time is wi-
justable within limits by potentiometer s.

Power Supply
The power supply was included to make the
unit self-contained, and to reduce the number of
connecting cables required. However, if desired,
power may be taken from the receiver or trans-
mitter.
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Fig. 1 — Circuit of the voice-con-
trol unit. Al capacitances are in pf.
Capacitors marked with polarity are
electrolytic. All resistors are 14 watt
unless otherwise specified.

Ry — 35-ma. selenium rectifier.

I1 — NE-51 neon pilot lamp.

J1 — Microphone connector.

K1 —10,000-0bm d.p.d.t. sensitive
plate-cirenit relay (Potter and
Brumfield LM-11).

R1, Rz — Linear taper.

RFC; — L8.ph. (Ohmite Z-144).

S1, 52 — S.p.s.t. toggle.

‘I'y — Half-wave power transformer:
150 r.m.s.v., 25 ma.; 6.3 volts,
0.5 amp. (Stancor P-8181, Merit
P-3046, ete.).

The power supply shown is conventional, ex-
cepting only the substitution of a resistor for a
filter choke.

Consfruction

The only eritical wiring of the unit is in the
grid cireuit of 114, and care should be taken that.
the unshielded portions of this wiring be kept as
short as possible. This was accomplished by plac-
ing the 12AXT7 directly behind the mike con-
pector. Notice that there is no grid-return
resistor in this stage; the grid resistor in the
speech amplifier performs this function. How-
ever, if the speech amplifier used has a capacitor
hetween the microphone connector and the first
speech-amplifier grid, a l-megohm resistor should
be connected between Pin 2 of V4 and ground.
The small choke in series with the grid of 1714
prevents r.f. from the transmitter entering the
voice control and causing erratic operation.

The entire voice control is built in an in-

Wiring underneath is simplified by the use of 2 muld-
terminal tie point across the middle of the chassis.
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expensive 6 X 5 X 4-inch utility box (with re-
movable covers on the 6 X 4-inch sides) (Insuline
3821). The tube sockets are mounted close behind
the front panel, with the 12AX7 on the left be-
hind the mike conneetor. The relay is positioned
behind the 12AU7, and the power supply is laid
out across the back edge. Three grommet holes
along the back apron are for the power cord, the
control cable and the shielded mike cable lead to
the speech-araplifier input. The sensitivity con-
trol is on the upper left panel, the delay control
on the upper right panel and the tune-up switch
centered between them. The on-off switeh and
the pilot are mounted under the chassis in line
with the two econtrols.

Operation
The switch Sy is included to allow the operator
to turn the transmitter on manually for tuning
up, ete.
(Continued on page 118)

Tnside view of the voice-control unit. Power-supply
components are lined up across the rear of the chassis.
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Improved Keving for the DX-100

BY ROGER MACE,* WSMW2Z

"M M ORE THAN ONE HAM has observed that the
M keying of the DX-100 leaves something to

be desired. Cathode keying of the v.f.0. and
buffer stages results in rather “hard’ keying, a
polite way of saying that the signal has key elicks.
This article is intended to show DX-100 owners
how to become friends with the ham in the next
block, provided the improved signal does not re-
sult in a higher Sweepstakes or DX score. The
basic change is to key the buffer stage in the
grid circuit, instead of keying the v.f.0. and buffer
stages simultaneously in the cathode eircuit.
While buffer keying precludes the use of break-in
on one’s own frequency, it was felt that the ad-
vantages of the improved keying outweighed the
disadvantages of not being able to operate good
break-in. The few additional components required
for the conversion are readily available. One hole
must be added to the panel, for a pushbutton
‘*gpotting” switch. The appearance is not im-
paired a bit by the addition of the switch; in
fiet, it_tends to balance the panel a little better.

Circuit Description and Operation

Referring to the partial schematie of Fig. 1, the
22K resistor provides isolation from the hias

introduces a slope un “make” und prevents
the click. When the key is opened, ('1 must
charge through the 22K resistor. Thus the buffer
grid voltage does not rise instantaneously to the
cut-off value, and the tralling edge of the en-
velope is again rounded off. The overall effect is to
soften the keying and prevent the starting and
stopping transients which cause key clicks.

A double-pole push-button switch on the panel
duplicates the effect of the cathode side of the
plate switch and also the key. It turns on the
first three stages of the fransmitter without
applying high voltage to the final. It is handy for
checking v.f.0. frequency on the receiver, and it
also helps to save 6146’s during tune up.

Modification Procedure

It will be necessary to drill a 34-inch hole in
the panel for the push-button switch. This hole
can be located on the right hand side of the front
panel, 3 inches in from the gide and 444 inches
down from the top. As the average ham probably
doesn’t have a 34-inch drill, the best way to do
this is to drill a small hole first aud then driil larger
and ream to size. To protect the filter capacitors,
place a wood block behind the panel while drilling.

BUFFER VFO
128Y7 oAlie ’

FroM 100K I o < -
sine v‘v‘. .L _].. MW l < — Fig. 1 - Schematic diagram of the
SUPPLY g l 2005t 3 N I3X-100 wiring changes. Values are shown
I 10K I 7 i VEO-XTAL on the additional components only. Re-

[ : # 00— sistors are ld-watt.
5 o Ci— 0.1 to 0.25 pf. See text.

3 | cammne—— S1—-I).p.s.t. normally-open push-button

PHONE-CW switch (Switcheraft 1001).

g——l -’__é

supply. It also controls the charging time of the
shaping capacitor C;.

. The 10K resistor in series with the key controls
the discharge time of (3. The 100K resistor iso-
lntes the grid of the 12BY7 stage from the keying
cireurt andthe0.005-uf. capacitor provxdes un
r.f. ground at this point,

In operation the v.f.0. and buffer cathodes arc
returned to ground through one side of the plate
awitch. This turns on the v.f.0. and keeps it oper-
ating as long as the high voltage is on. The buffer
stage is prevented from operating by the — 50
volts applied to its grid. When the key is closed,
the voltage on the buffer grid drops to approxi-
mately —17 volts, allowing this stage to excite
the rest of the r.f. stages. The shaping capacitor
'y has to discharge through the 10K resistor, pro-
viding a time constant in the keyed stage. This

# Project Tngincer, Heath Company, Benton Harbor,
Mich.
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Wire the push-button switch before mounting
it on the panel. Connect two terminals of the
switch together as shown in Fig. 1, and attach o
wire about 7 inches long to this junction. Either
use a different colored wire for this connection.
or tie a knot in the end of the wire for identifica-
tion. Attach 7-inch wires to the two other ter-
minals, Pass all three wires through the hole be-
tween the filter capaeitors and mount the switch.

Now turn the transmitter over and, using the
capacitor mounting screw near the key jack,
mount a one-lug terminal strip. Remove the end
of the line choke from terminal 9 on the pRONE-CW
switch and connect it to the sirip; also connect »
wire 14 inches long to this point and run it over
into the center compartment near the 12BY7
huffer stage socket. Of the three wires coming
from the push-button switch, connect the knotted
or otherwise identified wire to the grounded

(Continued on pag 120)
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Portable Beam for 50 and 144 Mc.

BY EDWARD P. TILTON, WI1HDQ

full value out of a v.h.f. rig in the car you

need something better than a simple whip.
Even where vertical polarization is in general use,
the mobile whip is nothing to get excited about for
coverage. Some sort of portable beam antenna
that can be set up readily when time and circum-
stances permit will extend the sphere of influence
of the mobile station tremendously.

If the station works only on the 144-Mec. band
the problem of a portable beam is easily solved.
Most 2-meter beams now on the market can be
dismantled and stowed in a small space, and a
vut-down TV antenna is a practical and inexpen-
sive solution if you want to save some money.
An efficient antenna for 6 takes a little more
room, however, and something in the way of
sectional elements is desirable if the array is to
be carried in the average family car.

The arrays for 6 and 2 described by the writer
in QST for August, 1955, and in the 1956 edition
of the Handbook, have been used in five call
areas since they were built last spring. They have
been well worth their small cost, but what ham
is ever satisfied with anything for long? We de-
vided that something still more compact and
Iight in weight was in order for a long trip coming
up this summer, .

MOBILE WwORK on 6 and 2 is fine, but to get the

This was accomplished by making the 6-meter
elements in sections of such length that the mid-
dle portions would be suitable for 2-meter ele-
ments as well. The result is a 3-clement array
for 50 Mc. and a 5-element one for 144 Me. with
3 combined weight of 214 pounds, including the
boom.. The latter was made in two sections, so
elements, boom and 16-foot support carry easily
in the smallest size canvas golf bag. Either array
can be set up in less than ten minutes’ time, and
their performance is as good as that of home sta~-
tion arrays of similar size. The 6-mefer agsembly
fooks a bit flimsy, but has taken mountaintop
winds in its stride so far.

As may be seen from the photographs, the
venter section of the reflector element for 50 Me.
is also the 144-Me. reflector. A sepurate driven
element is used for 144 Mec. The middle of the
50-Me. driven element doubles as the first direc-
tor for 144 Me. One of the extensions for the 50-
Me. director is used for the second 144-Me.
director, while the forward director dismantles
to serve on both bands. Both driven elements are
gamma matched. This feed method provides a
means for matching at any frequency, und also
is readily adapted to dismantling, ‘The basic fea-
tures of the arrays are shown in Fig. 1. The ele-
ments are 9{g-inch dural tubing. This size was

A 5-e¢lement 2-meter beam becomes a 3-clement 6-meter beam in a matter of seconds. Four extensions all the
same length serew onto the reflector and middle element. One of them is the second 2-meter director, which is slipped
ont of the boom for this purpose. Two shorter extensions screw onto the forward director, The coaxial cable is
shifted from one gamma section to the other. and the 6-meter heam is ready for ase.
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Fig. I — Details of the portable 6-2 array.
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In the upper drawing, Dimension A is the
length of the 50-Mec. element. Dimension B
is the length of the center portion that acts

1%x1 ANGLE

ELEMENT

selected because it may he tapped for 14-20
threaded inserts. The latter ean be made by
threading 14-inch aluminum rod, or sections of
aluminum 14-20 bolts can be used. Such alumi-
uum hardware is readily obtained from *‘do-it-
vourself” hurdware stocks. Brass or cadmium-
plated steel bolts may be substituted, il nec-
ogsary. Slip-on inserts can be used, but the
threaded rod method is preferable. Dimensions
for the various elements are given in Table 1.

The method of mounting the elements to the
boom was taken from =z neat idea we first saw in
use on Telrex v.h.f. arrays. The boom is drilled
to pass the element, and then two small clips of
sheet aluminum hold it in position. When the nut
is tightened, pulling the clips together, the ele-
ment is clamped tightly in place.

The boom can be anything around I-inch
diameter. It is made in two 36-inch sections and
vlamped together (and to the vertical support)
between two pieces of aluminum angle stock and
8 TV U-clamp as shown at the lower right in
Fig. 1, and in a photograph. The angle stock
braces are about 6 inches long.

The series capacitors and the coaxial fittings
for connecting the feedlines are mounted perma-
nently to the boom on small U-shaped brackets
of sheet aluminum. The ecapacitor should be
about 50 puf. maximum for the 144-Me. driven
element and 75 uuf. for the 50-Mec. one. We used
shaft-type Hammarlund MAPC trimmers. With
low-powered portable rigs of 25 watts or less the
smallest available capacitor is operating well

an a 144-Me. element, including one-half
inch of the threaded insert at each end. Di-
mension C is the length of the clement exten-
sion that converts an element from 111 to 50
Me. Figures for these dimensions for the
various ciements are given in Table 1.

At the lower left the method of holding the
elements in place in the boom is shown. At
the right is the clamping device for joining
the two sections of the boom and mounting
them on the vertical support.

7

within its voltage breakdown rating.

The gamma sections are supported on 2i-inch
¢eramic cones. Their lengths should be about 13
inches for 50 Me. and 5 inches for 144 Me. Be
sure that the sliding clamp mukes solid contact
to both the arm and the driven element. To
fucilitate dismantling, a flexible copper strap
conneets between the capacitor and the matching
arm. The strap slips under the head of the serew
that holds the arm to the cone insulator.

In adjusting the matching an s.w.r. bridge
should be used. The position of the adjusting
elamp and the sciting of the series capucitor are
varied, first one and then the other, until the re-

TABLE 1

Dimensions for the elements of the portable array, in
inches

A B (A
50-Me. Ref, 114.5 40,5 37.5
50-DMe. Dr. EL 110.5 36.5 37.5

H50-Ale, Dir. 107 35.5 36.25
The 144-Me. driven element is 38.5 inches. Boom is six feet
overall, in two sections. Reflector to driven element, 50 Me.:
3214 inches, Driven element to director, 50 Me.: 384
inches., 144-Me, element spacings are, back to frong, 21,
1184, 16, 2214 inches. None of these element spacings is
particulurly critical, and other combinations could be
worked out readily enough.

flected power indication is made to go to zero.
1f this is done at some frequency near the middle
of the range over which you want to work, the
setting will be close eénough for operation over
the major portion of the 2-meter band and over

Detail view of the 50-Mc. driven
clement, showing the tuning capac-
itor und gamma matching arm. The
clamp that holds the two portions of
the boom tegether, and to the ver-
tical support. is seen at the right.
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better thun one megacycle at 50 Me. Any type of
coaxial line. may be used, with RG-58/U and
59/U being preferable for portable work berause
of their small size and light weight. Line loss is
negligible with the 20 feet or so nceded for this
instatlation,

The vertical support is made from sectional
aluminum TV masting. Originally the sections
were 10 feet long. We bought two and cut them
in half, using three of the 5-foot sections that
resulted. This was fine, except that the réar
compartment of our car wasn’t quite long enough
to take 5-foot lengths, without laying them cross-
wise. When a long trip loomed, and with it the
problem of accommodating baggage for fwo
people for seven weeks travel, we had to devise
a package that would lay along one side of the
luggage space, over the spare tire,

The solution, which incidentally also gave us
another foot of height, was to cut each length
of masting to 4 feet, and add another 4-foot
section. The four lengths of masting, the boom
sections and all the elements now stow neatly in
a canvas golf bag of the type commonly known
as 4 “Sunday bag.” The zipper pocket carries the
miscellaneous hardware, s screwdriver and a
socket wrench, to use in assembling the array.
The entire package weighs under 10 pounds
and it fits into a space that is of little value for
anything else.

The mounting arrangement for the mast is the
sume as described previously: a sheet aluminum
elamp that was made to fit the masting and the
cur door handle. The mast is held firm at the
ground by pushing an old screwdriver into the
ground and setting the bottom mast section down
over it. Rocks piled around the bottom will serve
the same purpose, if you're on a rock ledge,
where you can’t drive a pin into the ground.

We've added a few refinements to the mast
since the original deseription last summer. It is
now keyed to prevent the beam from turning in
the wind a8 one section slips on another. This
wus done by notching the end of each mast

Packing up for a cross-country trip, the 16-foot sup-
port and all the parts of the knock-down beam stow
neatly in a Sunday golf bag. Pocket holds hardware and
simple tools needed to assemble the array. From bag to
beam is less than ten minutes work.

section, and then putting a self-tapping screw
into the sleeve of the adjacent section, to catch
in the notch. The section just above the hottom
one hus a four-inch 14-20 bolt through it, at a
point so that the bolt just rides on the top of the
section below. This makes a bearing surface
ingide the mast, and the portion outside the mast
serves as a turning handle and direction indicator.
1t should bhe lined up with the boom, of course,
to perform the latter function. It may be seen in
the two assembled views, just below the top of
the car window.

- Strays “§s

(loncerning the June QST item on ‘Mobile
Laws,” W2DKH points out that the law in New
York State was amended some time ago to
exclude amateurs from the provisions which
require a local police permit for mobile installa-
tions eapable of tuning to certain frequencies.
Since the umendment of the law, Section 1916
of the Penal Law of the State, there has been no
problem of permits.

K2MPB, “Methodist Preacher Bill,”’ has per-
haps been an over-zealous operator during his
first year of amateur radio. An error in the spell-
ing of a sermon title posted on the bulletin board
outside his church has almost convinced him that
he had better employ more of his time with
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church work and less with amateur radio. Re-
cently his sermon title was “Our Brother Man.”
On the bulletin board it read “QOur Brother
Ham.”
K2HOG working W2PIG.
Who says the FCC doesn’t have a sense of
humor? WIHAG was just issued to Sandra
Burke.

Addrecent QS0s

The American Bible Society of 450 Park
Avenue, New York 22, N. Y., will be pleased to
send & supply of their Bible Stamps to amateurs
who wish to paste them on QSL cards in order
to encourage reading of the Bible.
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Modulation Monitor Using an
Electron-Ray Tube

Negative-Peak Overmodulation Indicafor in a Simple Unit

BY J. G. CORMACK.,* W4ERE

e Although the cost is negligible and the
construction shouldn’t oceupy more
than an evening’s spare time, this circuit
not only gives you an approximate idea
of how well you’re modulating your Class
C amplifier but gives positive indications
of negatlve-peak overmodulation. No
calibration is needed.

VERY RADIO amateur who operates an a.m.
E transmitter needs & method for measuring
the modulation .percentage. This need, in
practice, reduces to two ‘‘measurements” to
answer the following questions.

1) Is the modulation sufficient, and

2) Is overmodulation occurring?

While the need for these measurements is wide-
spread, it is the author’s observation that many
hams have no method of measuring modulation
percentage except the plate-current meter of the
Class B modulator — or perhaps a neon bulb
attached to one of the antenna feeders!

‘The inexpensive modulation monitor described
helow provides, simultaneously, three items of
information:

1) Whether or not the transmitter is on the
air,

2) Whether or not the carrier is being modu-
lated, and

3) A definite indication whenever negative-
peak overmodulation ocecurs.

Negative-peak overmodulation, which i3 a
principal cause of severe sideband splatter, is
easy to detect with this monitor.

The indicator is a type 6AL7GT tube, com-
monly used as the tuning indicator in f.m. broad-

* LCDR, USN, 9 Moore Drive, Westwood, Charleston,

8. C.

TRANSMITTER OFF TRANSMITTER ON,

NO MODULATION

cast receivers. Fig. 1A shows the presentation on
the 6AL7GT when the transmitter is off the air,
This is the normal pattern for this tube when no
voltages are impressed on its deflection plates.
Fig. 1B shows the indication when the transmit-
ter is on the air unmodulated. The right half of
the pattern has increased in height but no other
change has taken place. When the transmitter is
modulated, the indication is as shown in Fig. 1C;

e., the bottoms of both halves of the pattern
wiggle up and down with modulation. With some
experience with this modulation indicator it is
possible to estimate roughly the modulation
percentage by the umount of wigglee. When
negative-peak overmodulation occurs, the top
portion of the left half of the pattern moves up
and down with each overmodulation peak as
shown in Fig. 1D. In addition to these visual
indications, the transmitter can be monitored
aurally by plugging a pair of headphones into
J1, Fig. 2, and adjusting the headphone volume
with Rj.

How It Works

The theory of operation is simple. R.f. energy
ig fed in through link L, which is loogely coupled
to the final amplifier tank coil. The r.f. is recti-
fied by one diode of the 6AL5 and the audio
component of the detected signal is impressed on
plate P of the 6AL7GT. P; controls the deflec-
tion of the bottom parts of both halves of the
pattern. The detected signal also is filtered by
the low-pass filter composed of the two 0.05-uf.
capacitors and the two 2.2-megohm resistors to
remove the audio, and the resulting d.c. is im-
pressed on plate Pa. This plate controls the de-
flection of the top part of the right half of the pat-
tern as seen in Fig. 1B.

To obtain the overmodulation indication, a

(D)

Y
TRANSMITTER ON, TRANSMITTER ON,
NORMAL MODULATION| OVERMODULATED

Fig. 1 — Patterns on the 6AL7GT indicator tube under various conditions. With modulation (C) the dotted area
expands about the lower edge, X, of the pattern line in proportion to the modulation percentage. Negative.
peak overmodulation is indicated’ by a similar movement about the upper edge, Y, of the left-band side of the

pattern.
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4250 To 350

6ALS BALTGT
. S
3N gy
6.3v T

Fig. 2 — Circuit of the modulation indicator. Capaci-
tances are in uf. except where indicated otherwise. Re-
sistors 3% watt unless otherwise specified.

J1 — Open circuit phone jack.

Ly — Pick-up coil; one or two turns coupled to final-
amplifier tank, Adjust coupling for suitable
deflection on 6AL7GT.

Ry — Depends on modulated-amplifier plate voltage.
See text for method of determining value.
Power and voltage ratings of resistors making up
Ri should be observed.

Ras — Volume control potentiometer.

Ty ~ Microphone-to-grid transformer (Stancor A-4700).

portion of the modulated plate voltage of the
Class C amplifier, taken through voltage divider
R1R3, is fed to the remaining 6AL5 diode. Nega-
tive-peak overmodulation cccurs whenever the
instantaneous plate voltage of the plate-modu-
lated final amplifier goes negative. When this
happens the diode conducts and current flows in
the primary of transformer 7;. The voltage de-
veloped across the secondary and applied to plate
P’3 causes the top part of the left half of the pat-
tern to wiggle, as seen in Fig. 1D.

Resistors R; and Re are mounted inside the
transmitter as a safety precaution to avoid bring-
ing the final amplifier plate voltage out of the
transmitter. Their values were chosen so that
the peak inverse voltage rating of the 6AL5 tube
would not be exceeded at 100 per cent modula-
tion. The author’s transmitter uses 1250 volts
d.c. on the plate of the final amplifier, and there-
fore the peak plate voltage with 100 per cent
modulation is 2500 volts. The peak inverse volt-
age rating of the 6AL5 is 330 volts. For fg=
100K, the vorrect value for ) can be found by
the following formula:

R1 = 300 (2E;, — 340) ohms
where Eyy, is the final-amplifier d.c. plate voltage.

No constructional details are necessary since
the circuit is very simple and construction is not
eritical. The author’s unit is built in a homemade
cabinet 3 inches wide by 4 inches high by 4 inches
deep, with a sloping front panel. A commercially-
made cabinet of slightly larger dimensions, with &
sloping front panel, is available for less than one
dollar. B4 and filament voltages were obtained
from the station receiver since the current drain is
negligible.

This unit has been in use for several years, and
18 now considered indispensable.
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AR.R.L. NEW BRUNSWICK
CONVENTION

Bathurst, N. B. — September 1-2

The North Shore Amateur Radio Club is
sponsoring the big affair of the year at Kent's
Lodge on Chaleur Bay, Bathurst, on September
it and 2nd. Activities start at 9:00 A.m. Satur-
day, and arrangements have been made for the
Jr. Ops, YLs, and XYLs. You will be treated to
s great display of Swap and Shop gear, so be sure
to bring along all your excess gear. If you can’t
trade it, sell it, and if you can’t sell it, we'll help
you throw it away. Refreshments? Food? Your
between-meal snacks have not been forgotten,
and there will be a banquet to satisfy any gour-
met. Lots of entertainment, but to appreciate it
you just have to wait until you get there. Ad-
vance registrations may be made through Law-
rence Anderson, VEIWF, 243 St. John Street,
St. John, Bathurst, N, B,

FEEDBACK

We hasten to call to the attention of the Con-
federate Signal Clorps an error in the map of
160-meter band privileges, page 66 of July QST.
The table on page 67 i8 correct, and South Caro-
lina 7s allowed to operate 200 watts during day-
light hours and 50 watts at night on 1800-1825
ke, and 1875-1900 ke. Thanks to W4PVT for
catching this one.

A 7
e Strays %

That famed radio station, NAA, closed down
permanently on June 30th, after 43 years of
service. You young squirts might find it hard to
realize how many of the old-timers learned the
code from the weather and news that was trans-
mitted from NAA. Back in “the good old days”
NAA’s signal went out on & wavelength of about
3000 meters!

On June 27, 1936, W8NATF worked his first
out-of-state DX on 5 meters. On June 27, 1956,
WSNAF worked his first out-of-state DX on 6
meters., What will he have to report on June 27,
19767

Dr. John Kraus reports that signals which in
many ways resemble radio telegraphy are being
picked up on a sky radio telescope pointed at
Venus. (See p. 17, May 56 QST.)

MEMBERSHIP CHANGES OF ADDRESS

Four weeks' notice is required to effect
change of address. When notifying, please
give old as well a8 new address. Advise
promptly so that you will receive every
issue of QST without interruption.
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Single-Ended Push-Pull Modulator

Class B without a Modulation Transformer

single-ended push-pull audio amplifier was
described by engineers of the General Radio
Company,' it must have occurred to some ama-
teurs who saw the circuit that it might have an
application in Class B modulators. Walt Nettles,
WOAJL, thought so and proceeded to try it. The
practical cireuit information given below is based
on WPAJL’s experience.
The basic circuit is shown in Fig. 1. The
two tubes are connected in series, cathode of
V1 to plate of V4. This requires that the plate

IN THE FEW YEARS that have elapsed since a

Fig. I-—'The fundamental single-ended push-pull
arrangement. The output connections of one tube are
inverted across the load with respect to the other tube,
giving true push-pull operation without a balanced load.
Separate input circuits are nsed since the tube cathodes
are not at the same d.c. or a.c. potentials.

supply have twice the output voltage that would
be used for the same tubes In the conventional
push-pull arrangement. However, the total cur-
rent is the same as that for one tube, so the
power consumption is not altered from that of
the standard circuit. The audio load is connected
as indicated.

The grids of the two tubes are driven out of
phase with audio in the normal push-pull fashion.
Transformer input is shown in Fig, 1, separate
input transformers — or at least u transformer
with two separate secondaries — being necessary
because the cathode of Vy is ut a different d.c.
potential than the cathode of V. (Resistance
coupling between the driver and amplifier is
perfectly feasible when the amplifier is operated
without grid current, as shown in the referenced
article,)) The polarities of the windings are such
that the grid of V7 is driven positive when the
grid of V3 is negative, and vice versa. Now since
the plate of V71 is connected to one end of the load
{through the plate supply HV}, which is assumed

IPeterson and Sinclair, “A Single-Finded Push-Pull
Audio Amplifier,” Proc. [.R.E., January, 1952,

% For discussion on Joad impedances, see “Twice or
Four Times?", Tech, Topics, QST, April, 1956.
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¢ The audio system desc.ibed here,
originally developed for high-quality
audio amplifiers, has somec interesting
possibilities in amateur equipment. A
practical application in the kilowatt
a.m. transmiiter at WUAJL, Denver, is
discussed.

tn have negligible audio impedance), while the
plate of V' is connected to the other end of the
load, the output is true push-pull in the load,
although no center-tapped transformer is needed.

Let us assume that the ftwo high-voltage
supplies have the same output voltage. The volt-
age drops irom plate to cathode in each tube can
be made to be the same if the individual bias
voltages are adjusted to that end. Then there
is no d.c. potential across the terminals of the
lIoad and no direct current Hows through it. In
fact, it is not necessary to have a d.c. path
through the load - that is, between the junction
of the cathode of V; and the plate of Vs, and
the junction of the two plate supplies. A block-
ing capacitor of appropriate value for the
frequencies to be handled can be used here, if
desired, giving the effect of parallel feed without
the necessity for using a shunt choke or resistance.
When such g blocking capacitor is used the end
of the load shown connected to the junction of the
two supplies in Fig. 1 may be grounded. A single
plate supply of the proper total voltage will suf-
fice, of course.

Note that since the two tubes are working into
the same load without any transformer to change
the impedance picture, the load resistance is the
same a8 it would be were the two tubes working
in parallel with the same operating conditions.
That is, the optimum load for straight Class A
operation would be one-half the optimum Class
A load resistance for each tube working alone.
In pure Class B each wants the optimum Class
B “per tube” load resistance — i.e., one-fourth
the plate-to-plate load resistan: e as given by the
data sheets — and this isalso th.e totalload resist~
ance since the two tubes work alternately.? This
figure also applies in Class AB; or AB; operation.

There may be cases where the required value
of load resistance is essentially the same as
the modulating impedance of the Class C ampli-
fier that is to be modulated. If this is so, then no
modulation transformer is needed, and simple
capacitor-choke coupling will suffice. The fact
that a judicious choice of tubes and operating
voltages will permit the use of a comparatively
inexpensive choke instead of a modulation
transformer would appear to be one of the
principal advantages of the cireuit from the amu-
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teur viewpoint, particularly in high-power trans-
mitters. :

In some cases it may not be possible to match
the Class C amplifier and modulator so simply,
and a transformer will be required. If so, & multi-
mateh transformer will provide the proper match
if it is capable of matching the Class C load to
the same modulator tubes in the normal circuit.
The circuit difference is that the two windings
that normally would be connected in series for
the primary (plate-to-plate winding with center
tap) will simply be connected in parallel. In
making the parallel connection the end of one
winding that formerly went to the plate must go
to what was formerly the B-plus or common cen-
ter-tap connection of the other winding. Once
the windings are properly paralleled it does not
matter which end of the combination is con-
nected to the tube junetion, in the single-ended
circuit.

From the audio-quality standpoint, an out-
standing feature of the circuit is that it eliminates
the ‘“‘commutation” transients that oceur with
conventional transformer output. These occur
at the crossover point where the cycle swings
from positive to negative and vice versa, and
cause some distortion which can appear as splat~
ter if there is no splatter filter between the modu-
fator and Class C stage. The cross-over is smooth
in the single-ended circuit whether or not a
transformer is used.

A Practical Circuit

The modulator circuit as used by WHAJL with
a pair of triode Class B tubes (810’s) is shown
in Fig. 2. 71 is an audio input transformer of
conventional design, made for coupling a pair
of push-pull 6B-{G drivers to 600 chms. T is a
G00-t0-600-ohm transformer having suflicient
insulation to stand the voltage at the plate of Ve,
which at full output will reach an instantancous
peak equal to nearly twice the no-signal d.c.
voltage between its plate and cathode.?

Bias supply B has no special insulation re-
quirements to meet, but bias supply A, like T,
has to be insulated for twice the plate voltage on
Va. With one exception, the insulation problem
here is not a difficult one since ordinary com-
ponents can be used and the entire assembly can
be given the necessary voltage rating to ground
by mounting it on stand-off insulators having
adequate height. The exception is the power
transformer used in the supply which, for a low-
voltage unit, would have to be exceptionally well
insulated and thus not readily obtainable as a
catulog item. This problem was neatly dodged
on a suggestion from WOLMB, a filament trans-
former connected to the filament of ¥y being
used so that the primary rides up and down with
the voltage at the plate of Vy. The circuit of the
supply is given in Fig. 3, about 80 volts bias

8 The transformer is made by H. C. Storkman, 618
So. Williams, Denver, Colo.

+HY, =RV +HV,
£90,
20W
Vi
T2
r_____.‘ ;
i To AL
- BIAS : ——— L, H
SUPPLY A | YYY ] 500 MA c ¢
L J usv [ 2 3
T CLASS €
PLATES
Ly
o— K
PUSH-PULL
‘Joriver
O BIAS
LSUPPLY B

ARV

Isv

Fig. 2 - The modulator circuit used by W@AJL in a kilowatt transmitter. This has choke coupling to the modu.

lated stage and eliminates the customary modulation transformer. Bias supply

A must be insulated from chassis

for about twice the d.c. voltage appearing at the plate of }72. See Fig. 3 for bias-supply circuit. The 200-.0hm resistors

at the tube plates are for parasitic suppression.

Ca, Cg, Lz — Splatter filter (see text).

T1— Driver transformer, 6B4G plates to 600 ohms.

Tz — 1-to-1 transformer, 600 ohms, 10,000-volt insula-
tion (see text).

T's — 10-volt filament transformer for 810 or 822.

‘T4 — 10-volt filament transformer, 10,000-volt insula-
tion,

August 1956

Ts — S5-volt filament transformer for 872A, 10,000-volt

insulation.
V1, Vz—810.
Vi — 872A.

Power supply HV delivers 2500 volts; 11V2 delivers
5500 volts.
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Fig. 3 — Bias supply circuit.
T1 is a 7.5-volt, 6-amp. filament
transformer with its low-voltage
winding connected to T4, Fig. 2.
Bias supply B in Fig. 2 uses the
same circuit but a transformer
having a 115-voit primary and
150-volt output can be substi-
tuted. CR; consists of four Y00

J: —

™.

ma., 130-volt selenium rectifiers,

being required for the 810 grid. The circuit of
bias supply B is the same except that a trans-
former delivering about 150 volts and working
from the 115-volt line is used.

The audio output voltage is developed across
Iy, which is coupled to the tubes by (4. €y must
be insulated from the chassis for the maximum
instantaneous voltage at the plate of Vj, but
the capacitor itself only has to stand the differ-
ence between the d.c. voltage on V3 and the
voltage on the Class C stage. Hence the 1500-
volt rating shown, even though W@AJL uses
2500 volts (HV3) on the Class C amplifier and
5500 volts (HV3) on the modulator tubes.

As with all plate-modulation systems in which
no modulation fransformer is used, the d.c.
voltage on each modulator tube must be higher
than the d.c. voltage on the modulated amplifier
in order to get 100 per cent modulation. Just how
much more voltage must be used depends on the
minimum permissible instantaneous voltage, for
undistorted amplification, at the plate of the
modulator tube. The exact figure has to be ob-
tained from the characteristic ecurves of the
modulator tubes. It is about 100 volts in
W@AJL's case.

The normal method of adjusting the system
would be to set the output voltages of the two
bias supplies o that the voltage at the plate
of Vg, as read by voltmeter V, is one-half the
total supply voltage. It is possible, however.
to adjust the biases so that the d.c. voltage on
1"y is somewhat less than that between plate and
cathode of V4, although Vg's plate voltage should
not be less than the voltage applied to the Class
C stage. Using unequal voltages in this way per-
mits V; to swing up farther than would be the
ease with equal division of voltages, hence gives
increased upward modulation. If the voltage on
179 is about the same as that on the Class C

Ts

nsy

L]

|

stage, a certain amount of negative-peak clipping
will take place in V3. This, in conjunction with a
following splatter filter, will prevent overmodula-
tion downward. In W@AJL’s arrangement a
diode, V3 (an 872A), isused to accomplish the same
result, so the voltage on V7 is ordinarily adjusted
to be equal to the Class C voltage.

LoCsC3 is a low-pass filter for splatter sup-
pression, and may be designed from the ordinary
formulas based on the modulating impedance of
the Class C amplifier.

The system should be set up with the aid of
an oscilloscope. The two biases should be ad-
justed for the type of operation wanted, as
described above, the values being chosen to give
# no-signal plate current that resulfs in 100 per
cent modulation with the least observable
distortion, using sine-wave audio input. The
scope can be used as a modulation monitor in the
regular way if the wave-envelope pattern is used.
The modulator plate current with voice input
may be checked against the scope pattern to de-
termine the value that results in full modulation.

For the high-voltage supply, a bridge rectifier
can be substituted for the familiar center-tap
arrangement to double the output voltage.
Filter capacitors of adequate rating must be
used, of course. A combination supply, built
around an already-available center-tap system,
is used by W@AJL. As shown in Fig. 4, it requires
the addition of two rectifiers, V3 and V4, two
rectifier filament transformers, T's and T4 (or a
single transformer with two separate sccondaries),
und the filter components (3, C4, L3 and L4, This
supply gives two output voltages, one the voltage
that normally would be obtained from the center-
tap rectifier, the other approximately twice as
high. A strict 2-to-1 relationship between the two

4 The Radio Amateur's Handbook, chapter on modulation
eyuipment.

Fig. 4 — Conventional power supply converted to dual-voltage supply by
----- addition of tubes for bridge rectifier and filter for high-voltage output. In the
normal center-tap circuit the lead from Li shown going to the center-tap
lead of the high-voltage transformer, T1, would go to the filament winding of

Ta. 'This is the only rewiring
needed in such a circuit, all

T

1

HYy
64'[ Rg

=7 1 O+ other components simply be-

3 = BEE

ing added on. The additional
components are T3, T¢, Ls,
L4, Cs, Cs, Ra, V3, and Vi,
Values are normal for the
voltages and currents to be
handled. Ls, L4, Cs and (s
should have the same ratings
as In, Ly, C and Ca, respec-
tively. 'The same is true of

Ra and Ry, the bleeder re-

aistors.
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voltages would not permit full 100 per cent modu-
lation, but in practice the voltage between termi-
nals HV; and HV, is somewhat more than the
voltage between HV; and negative because the
upper section carries only the modulator load
while the lower section has both the Class C and
modulator loads. There is thus less voltage drop
in the upper section, so that the total voltage
available from HVj is greater than twice that
available from HV1. Although C3, C4 and Ls may
have ratings as suggested in the caption, these
components are at considerably higher voltage
to ground and should be mounted on insulators.

Parallel Plate Supply

It is possible to operate triode modulators
with the same plate supply that would be used

pose of bringing the cathode of V; and the plate
of Vg to the same audio potential. It should have
low reactance compared with the plate load
resistance required by one tube. A capacitance
of 4 uf. should suffice for most modulators, al-
though a larger capacitance will do a somewhat
better job with low load resistances at low fre-
quencies.

Choice of transformer ratio is based on the
same consisderations as discussed above — Le.,
the load reflected to the tubes through either
Py or Py should be one-fourth the rated plate-
to-plate load resistance for the desired power
output, The transformer manufacturer’s sheet
can be followed, except that the two primary
terminals designated for connection together and
to B-}-plus should not be connected together. One

\ ' ——O+HY

Ak
NS

:

AF IN

LOAD

«

Fig. 5~ 1n this arrangement the
d.c. plate cirenits of the two tubes
are in parallel and thus the same
power supply that would be used
with a conventional push-pull circuit
will suffice. The direct currents in the
two primaries produce opposing
fluxes in the core.

«

with the normal push-pull arrangement, provided
4 modulation transformer having separate wind-
ings for the two halves of the primary is used.
Most multimatch units are of this type. The cir-
cuit is shown in Fig. 5. The input side is the sume
as Fig. I. On the output side, the plate voltage
for V4 ig applied through primary P; of modula-
tion transtormer 7%3, and the d.c. return circuit
of Vi is completed through primary P;. This
places the plate circuits of the tubes in parallel
for d.c. as well as audio.

Japaeitor (1 is an sudio by-pass for the pur-

~Q ~HV

lead (from the lower end of P; in Fig. 5) goes to
the plate of V and the other (from the upper end
of Py in the figure) goes to the B-minus ter-
minal.

Unfortunately, this circuit cannot readily be
applied to tetrode modulators because of the
complications caused by the necessity for sup-
plying screen voltage. With a double-voltage
supply, however, a somewhat similar arrangement
of dual primaries will permit screen current to
be series-fed through the transformer windings.!

———————— q. a.

5 Strays ¥

W6HS writes that he worked WOWBH, West-
mont, [llinois; W8TQZ, Dayton, Ohio, and
WS8YHO, Akron, Ohio, all within a short time
and that later, while writing QSLs, he discovered
that all three stations have QTHs on Roslyn
Avenue. )

One of the more interesting accessories avail-
able from the telephone company is their
Speakerphone. This unit has & microphone built
into the base of the set, und a separate loud-
speaker. Thus, any sound present in your shack
would be picked up by the Speakerphone, und

August 1956

any voice coming over the Speakerphone could
be picked up by another microphone.

Amateurs desiring information on types of
tubes not available from' the Handbook may
obtain it from the National Bureau of Stand-
ards, Washington, D. C., where a tube informa-
tion service for accumulating and disseminating
technical data on both domestic and foreign radio
tubes has been established. At this time nearly
10,000 cards, filed by tube type number, are
appropriately referenced to manufacturer’s source
material.
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An Outboard Automatic Band-Scanner

Monitoring the Bands with a Simple Motor-Driven System for the Receiver

BY CHARLES M. ARNOLD,* W3YDF

e An automatic tuning system for the
receiver can save a lot of effort in keeping
an eye out for band openings and rare
PDX. This motor-driven system can be
quickly adjusted to cover an entire band,
or a portion of it as desired. It requires
no alteration of the rcceiver except re-
placement of the original tuning knob.

HE OPERATING ACTIVITIES ab W3YDFE are
mostly on 10 and 15 meters, with a smatter-
‘& ing of 40 and 75 thrown in. Anyone ac-
quainted with the higher-frequency bands knows
that they open up sumetimes without notice, and
vou have to be there in the right spot at the right
time to grab a rare one, Even after a band has
opened up, it is often a great convenience to have
some sort of automatic tuning device so that you
won’t have to stay glued to the receiver in order
to keep tabs on any new DX that may show up.
The photograph shows a simple outboard
motor-driven tuning system applied to a Collins
receiver. The same system may be adapted to
most other makes of receivers. You don’t have to
e R:.F.D. 1, Cheswick, Penna,

touch the inside of the receiver to install it. It
doesn’t impair the normal functioning of the re-
ceiver in any way. You can set the sutomatic
stops to cover as much or ag little of the band as
desired.

Consfruction

In this sytem a small reversible motor drives
the receiver tuning shaft by means of a chain
engaging in sprockets. The chain carries a bar
with adjustable stops. The stops operate a d.p.d.t.
toggle switch which reverses the motor.

In this instance, the original tuning knob was
replaced with a knurled brass knob 3 inches in
diameter, turned out in a lathe, as shown in the
sketeh of Fig. 1. A 3¢-inch shaft to fit the hub of
the sprocket is turned out on the front of the
knob, and a hole to take the tuning-knob shaft on
the receiver is drilled out on the hack.

The sprocket is CA-24 (24 teeth) obtained from
Boston Gear Works, 14 Hayward St., Quincy 71,
Mass., if you eannot find one of their distributors
locally, For normal manual operation, & thumb
set screw on the sprocket releases the sprocket
from the tuning shaft. Similar sprockets are
mounted on the motor drive shaft and on a sec-
tion of shaft threaded into one of the panel-serew

‘The automatic hand‘syanneg installed on a Collins receiver. The motor-driven chain that operates the tuning
shaft oi‘: the receiver carries adjustable stops that actuate a reversing switch. As much or as little of the band can
be monitored as desired.
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Fig. 1. — Sketch showing the Jetails of the 3-inch
brass knob that replaces the original tuning knob.

holes. The rive chain is No. 1A brass ladder
chain also obtainable from the firm mentioned
above. About 4 ft. of chain is required.

The motor is a Bodine KVC-22-1RPM obtain-
able from Bodine Electric Co., 2254 West, Ohio
8t., Chicago 12, Ill. 1 f