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FOR EVERY APPLICATION
IMMEDIATELY AVAILABLE —FROM STOCK

Over 1,000 items to cover virtually every electronic application. . . . 400 Hermetic items,
proved to MIL-T-27A, eliminate costly test delays. . . . Highest reliahility in the field. . . .
Immediately dvailable from your local distributor. Write for catalog.

0. 70000

UNITED TRANSFORMER CORPORATION

150 Varick Street, New York 13, N. Y.

And Special Units to
Your Specifications

PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES: “'ARLAB"
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The engineering team that developed the incomparable SX-101 and HT-32 now
offers a precision rig that puts Single Sideband within reach of all.

SX-111 Receiver $249.50. Here’'s a CW/
AM ,'SSB receiver with the essential perform-
ance characteristics of the renowned SX-101

...at a price that can put it in your shack

tomorrow. CW/AM/SSB reception; com-
plete coverage: 80, 40, 20, 15 and 10 meters
in 5 separate bands, 6th band tunable to
10 Mec. for WWYV. Upper/lower sideband
selection; sensitivity: 1 microvolt on all
bands; 5 steps of selectivity: 5§00 to 5000
cycles. Dual conversion, crystal controlled
2nd converter, famous Tee-Notch filter,
built-in crystal calibrator.

the new ideas in communications are born at

Export Sales: International Division
Raytheon Mfg. Co., Waltham, Mass.
Canada: Gould Sales Co., Montreal, P.Q.

HT-37 Transmitter $450.00. A precision-
engineered CW/AM/SSB transmitter with
the same power, rugged construction and
smooth, distinetive speech quality of its big
brother, the famous HT-32. VFO employs
double reduction disc drive, fixed T.C. Side-
band suppression 40 db. at 1000 CPS. Power
rating: 70-100 watts P.E.P. output CW or
SSB. 17-25 watts carrier on AM phone. Two
6146’s in the final. 3rd and 5th order distor-
tion products down 80 db. Instant CW CAL
signal from any transmission mode.

hallicrafters

Chicago 24, Illinois



For the finest amateur SSB equipment

SEE YOUR NEAREST AUTHORIZED COLLINS DISTRIBUTOR

He'll show you amateur equipment with engineering
features based on the most advanced concepts in
radio electronics. You'll see why only Collins can

equipment costs just pennies a day to own because
of its high resale value. Sce the complete line of
Collins amateur radio cquipment, including the new

give you the finest in performance. And when ready
to trade for new equipment, you'll find that Collins

ALABAMA — Ack Radio Supply, Birmingham

ALASKA — Alaskan Electronics
Supply, Anchorage
ARIZONA — Elliott Electronics, Tucson
Southwest Wholesale Radio, Phoenix
ARKANSAS — Lavender Radio Supply,
Texarkana
Moory‘s Radio & Appliance, DeWitte
CALIFORNIA — Dow Radio, Pasadena
Elmar Electronics, Oakland
Henry Radio, Los Angeles
Larry Lynde Electronics, Long Beach
Northern California Amateur
Supply, San Francisco
Frank Quement, Inc., San Jose
Radio Products Sales, Los Angeles
Universal Distributors, Los Angeles
Valley Electronic Supply Co., Burbank
Western Radio & TV Supply Co.,
San Diego
COLORADO — Radio Products Sales
Co., Denver
CONNECTICUT — Hatry of Hartford,
Hartford
Radio Shack Corp., New Haven
DELAWARE — Willard S. Wilson,

Wilmington
DISTRICT OF COLUMBIA — Electronic
Wholesalers, Washington
FLORIDA — Electronic Supply, Miami
Grice Electronics, Pensacola
Kinkade Radio Supply, Tampa
Peard Electronic Supply, Jacksonville
GEORGIA — Ack Radio Supply, Atlanta
Specialty Distributing, Atlanta
HAWAIl — Kaimuki Radio, Honoluly
ILLINOIS — Allied Radio, Chicago
Klaus Radio & Electric, Peoria
Newark Electric, Chicago
INDIANA — Graham Electronics
Supply, Indianapolis
Radio Distributing, South Bend

COLLINS RADIO COMPANY [ ]

~

IOWA — Bob and Jack’s, Des Moines
Ken-Els Radio Supply, Fort Dodge
Radio Trade Supply, Des Moines
World Radio Laboratories,

Council Bluffs

KANSAS — Overton Electric, Topeka

KENTUCKY — Radio Equipment, Lexington

LOUISIANA — Radio Parts, New Orleans

MARYLAND — Amateur Radio Center,
Baltimore
EMCO Electronic Wholesalers,

Silver Spring

MASSACHUSETTS — DeMambro Radio
Supply, Boston
Radio Shack, Boston

MICHIGAN — M. N. Duffy, Detroit
Purchase Radio Supply, Ann Arbor
Warren Radio, Kalamazoo

MINNESOTA — Lew Bonn Company,
Minneapolis
Electronic Center, Minneapolis
Stark Radio Supply, St. Paul

MISSISSIPPl1 — Swan Distributing, Jackson

MISSOURI — Walter Ashe Radio, St. Louis
Burstein-Applebee, Kansas City
Henry Radio, Butler
Radiolab, Kansas City

MONTANA — Modern Equipment, Great Falls

NEW HAMPSHIRE — Evans Radio, Concord

NEW JERSEY — Federated Purchaser,
Mountainside
Hudson Radio & Television, Newark
Radio Electric Service, Camden

NEW YORK — Adirondack Radio
Supply, Amsterdam
Ft. Orange Radio Distributing, Albany
Genessee Radio & Parts, Buffalo
Harrison Radio, New York
Harvey Radio, New York

NORTH CAROLINA — Dalton-Hege
Radio Supply, Winston-Salem
Freck Radio & Supply, Asheville
Southeastern Radio & Supply, Raleigh

DALLAS, TEXAS

KWM-2 mobile transceiver, the S/Line and accessories
at any of the following authorized Collins distributors.

OHIO — Custom Electronics, Dayton

Pioneer Electronic Supply,
Cleveland

Selectronic Supplies, Toledo
Steinberg’s, Cincinnati
Universal Service, Columbus

OKLAHOMA — General Electronics,

Oklahoma City
Radio, Inc., Tulsa

OREGON — Portland Radio Supply,

Portland

PENNSYLVANIA — George D. Barbey,

Reading
Cameradio, Pittsburgh
Radio Electric Service, Philadelphia

RHODE ISLAND — W. H. Edwards,

Providence

SOUTH DAKOTA — Burghardt Radio .

Supply, Watertown

TENNESSEE — Electra Distributing,

Nashville .
W. & W, Distributing, Memphis -

TEXAS — Busacker Electronic

Equipment, Houston

Central Electronics, Dallas
Crabtree’s Wholesale Radio, Dallas
Electronic Equipment, Ft. Worth
Electronic Equipment &
Engineering, Corpus Christi

The Hargis-Austin Co., Austin
Howard Radio, Abilene

Modern Electronics, San Antonio
Radio & Television Parts,

San Antonio

o

WASHINGTON — C & G Radio Supply,

Tacoma
Northwest Electronics Distributors,
Spokane

WISCONSIN — Harris Radio, Fond du Lac

Amateur Electronic Supply, Milwaukee
Satterfield Electronics, Madison

[ BURBANK, CALIFORNIA
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EIMAC PIONEERED INTERNAL-ANODE TETRODES
PERFORMANCE LEADERS FOR OVER A DECADE

Developed and introduced to the industry in the
mid 1940’s, Eimac’s line of internal-anode radial-
beam tetrodes immediately received widespread
and enthusiastic acceptance. Well over a million
have been sold since that time. These tubes, qual-
ity leaders from the very start, still maintain that
position through advanced processing techniques,
inherently sound design and continuing concern
with production refinements.

Clean electrode design, for example, and the
exceptionally hard vacuums achieved on Eimac-
developed rotary vacuum pumps, result in con-
sistently reliable tubes with an exceptional ability
to withstand high momentary overloads and peak
powers. Rugged filament design with high reserve
emission contributes greatly to their reliability
and long life.

Stable operation at high frequencies is assured
by low inter-electrode capacitances and low lead
inductances. Driver requirements and associated

circuitry are simplified by the high power gain
and low driving power requirements of these tube
types.
yPI‘ hese features, plus other Eimac design inno-
vations such as the Pyrovac* plate and non-emit-
ting grids make Eimac internal-anode tetrodes
your logical choice for new equipment designs,
as well as tube replacements, when exceptional
perforinance and reliability are required. Most
types available for immediate delivery.

*Registered Trademark

EITEL-McCULLOUGH, INC.

San Carlos, California




It pays to insist on

PR crystals

STANDARD OF EXCELLENCE SINCE 1934

AMATEUR TYPES

Rugged. low drift,

24 to 27 Mc.,,

hermetically sealed;

Fifll} overtone;
metically sealed;

SPECIAL TYPES

Type Z-1 Aircraft
3023.5 Kc., .005%.....$3.45 Net

VHF Type Z-9R, Aircraft

For Lear, Narco and similar
cquipment operating in the 121
Mec. region, requiring crystals in
30 Mec. range. Each... .$4.95 Net

Type Z-1, MARS and CAP

(Official assigned frequencies in
the range. Calibrated to .005%.
1600 to 10000 Kec......... $3.45 Net

Type Z 1, TV Marker
Channels 2 thru 13...$6.45 Net
4.5 Mc. Intercarrier,

K1) S $2.95 Net
5.0 Mc. Signal Generator,

K1) B $2.95 Net
10.7 Mc. FM, IF,

T A $2.95 Net
Type 2XP
Suitable for converters, experimental, etc. Same holder
Jimensions as Type Z-2.
1600 to 12000 Kc., (Fund.) *5 KcCuoroiimiioiiicceceenee $3.45 Net
12001 to 25000 Kc. (3rd Overtone) *10 Kcuoe.... $4.45 Net

ALL PR CRYSTALS ARE UNCONDITIONALLY GUARANTEED.
ORDER FROM YOUR JOBBER.

40, 80 and 160 Meters, PR Type Z-2

fundamental woscillators.
power output. Stands up under maximum crvstal currents. Stable,
long-lasting, hermetically sealed;

PR Type Z-9A

Third overtone; multiplies into cither 2-meter or 6-meter band;
calibrated 24 to 27 Mec,

50 to 54 Mc., PR Type Z-9A

for operating directly in 6-mecter band; her-
calibrated 50 to 54 Mec.,

COMMERCIAL TYPES

Commercial Crystals available from 100 Ke. to 70 Mc. Prices on Request.

High activity and
+500 cvelesommn. $2.95 Net

=3 Ke.; 050" pins.

$4.95 Net

*+15 Kec.; .050” pins,

$6.95 Net

IZYLPE Z.9R CITIZENS BAND CLASS “D"

33, 27. B 5, U717
07,005, 27015, UT. 2255 callbrated to
160, 'Be sure to specify manufacturer of
equipment) ... .. $2.95 Net

TYPE Z-9R RECE]VER CRYSTALS FOR CITI-
ZENS BAND CLASS "D"—Specity I.F. fre-
quency, also whether I.F. is ahove or below
transmitter frequency. Calibrated to L105%.
(Be sure to specify manufacturer of equip-
ment) . ... ... $2.95 Net

TYPE Z-9R RADIO CONTROL CLASS ‘C*
ECC assigned nequenc:e> in megamcle%:
CGO05, 27.045, L7095, 0T.145, 27.195, 27.255;
callbr-lfed to .003%., (Be sure to sueufv
manuiacturer of equipment)...... $2.95 Net

Type Z-6A,
Frequency
Standard

To determine hand
edge. To keep the
VFO and receiver
properly calibrated.

100 Ke. .. $6.95
Net

Z-6A

PETERSEN RADIO CO., inc. 2800 W. ‘Broadway

COUNCIL

BLUFFS,

IOWA

EXPORT SALES: Royal National Corporation, 250 W. 57th Street, New York 19, N.Y., U.S. A.




Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, cspccmllv League ewmnbers, are m\ ited to ro‘purt station activities vu the first of each

month (for preceding month) direet tn the SCM, the administrative A

RRL othicial elected by members in each Seetion,

Radio club reports are also desired by SCNMIs for inclusion in@ST. ARRL Field Organization statlon '1ppolntments are

avatluble in the areas shown to qualified Leazue members holding Canadiun or 'CC

amateur license, General or Condi-

tional Clags or above. These include ORS, OLS, OPY, OU and OBS. SCMs 1lso desire upplications for SEC, 15C, RM and
P'AM where vacancies exist. QS appointment is availauble to Novices and Techuicians.

kastern Pennsylvania
Muaryland-Delawure- 1), ¥

Southern New Jersey
Western New York
‘Western Pennsylvaula

W3ZRQ
WIBKE
K2BG
K2HUK
W3UNN

Allen R. Breiner
‘I'homas B, Hedges
Herbert ¢, Brooks
C‘harles T, Hangen
Anthony J. Mroczka

linois
Indiana
Wisconsin

W ‘H\QB

CENTRAL DIVISION.

kidmond A. Metzger
Cliford M. Singer
Geurge Wolda

North Dakota
South Dakota
Minnesoty

l\llqilsqhml *
Tennessee

WOHVA
WHRRN
WIKJIZ
W5ZZY
W5SIAO
KS5HYO
W1UIO

Harold A. Wengel
J. W, Slkorskl

Nrs. Lydia 8. Johnson

ELTA Dl\’lSlON

_.ﬁ_u
\"lmon M. Goings
Thomas J. Morz.wl
‘Thomay C.
R. W. lngmh.un

Kentuceky
Michigan
Ohio

W4sUD

Robert A. Thomasun
Ralph P, Thetreau
Wilson E. Weekel

— l .;,slcrn New York

Connocticut

!, & Long 1sland
Norl herin New Jersey

Kansas
Mligsourt
Nebraska

WoBDR
WOL'NS
WpBUL
WUEXP

Gicorge W. Trucy
Harry J. Dannals
Edward Hurt, jr.

MIDWEST DIVISION

Russell B, Muarquis
Raymond K. Buker
. O, Gosch

Charles E. NeNeel

Maine
Eiustorn Massuchusetts
Western Massachusetts
New Hampshire
Rhode 1slund

Vermout

WITYQ
WIIMN

WI1VBA

Vietor L. Crawlord
Jetfrey (. Welnstein
kFrank L. Baker, jr.
Percy C. Noble
Robert H. Wright

John E. Johnson

tiarry A. Preston, jr.

Aluska*
idabo
NMontana
‘regon
Washington

KL7BZ0

W
\V7NPV/\\' XI
7JDX
\V7P(.:Y

Kenueth k. Koestler
Mrs. Helen M. M.J,Illct
‘Vernon L. Phillips
Hubert R. McN:x.lly
Robert B. Thurston

~ Hawal

Nevaa

Nanta Clara Valley
Hast Bay

San kruncisco
S|acramento Valley
San Joaquin Valley

KHBAED

W6GDO
W6IPU

Samuel H. Lewbel
Charles A. Rhines
\\ Conlcy Smith
W. southwell
Leonnrd R. Gerald!
Jon J. O)'Brien
Ralph S;u'oy'm

"~ North Carolina

South Carolina
Virginia
West Virginia

W4RRH

WaJIM

B, Riley Fowler
Dr, J. O. Dunlap
John ('arl Morgan
onald B. Morris

— Uolorado

Utah
New Alexico
" ummg

WPBWJ
W7QWH
KSDAA
W7AMU

C'yrl L. Smith
Thomas H. Miller
Allan 8. Hargett
L. D. Branson

Alabama

Kastern Florida
\\’cstcrn Ilorida
Ceorg

West lndles (Cuba-P.R.-V.1.)

Canal Zone

K4A0Z
WAKGJ
WiRKH
W4CFJ
KP4DJ

KZ5RV

SO
William D. Dotherow
John I, Porter
Frank M. Butler, ir.
Willlam F, Kennedy
Willfam \Werner

Ralph E. Hurvey

Lus Angeles
Arfzona

San Diego
Banta B.xrb.xru

WeJQB
W70IF
W6LRU
K6CVR

[¢]
Albert I, LI, §r.
Cameron A, Allen
Don Stansifer
Robert A. Hemke

"~ Maritime

Northern ‘I'exas
Oklahoma
Southern Texas

WSBNG
W5DRZ
WS5QEM

L. L. Harbin
Adrian V. Rea
Roy K. Eggleston

omtario
Quebce

Alber
Brm=h Columbla
'Yukon

Manitoba
Saskatchewan

VEIWB
VEING
VEZ2DR
VE6V M
VEZJT

VELIF
VESLU

*Ofiiclal appolnted to act temporarily in the absence of a regular officlal.

1, K. Weeks
Richard W. Roberts
¢, W, Bkarstedt

Ciordon W. Hollingshead
Peter M. Mclntyre

Jumes A, Elllott
Lionel O'Byrne

ATLANTIC Dl\'ISIO\T

DAKOTA DIV fsmN

GREAT LAKES DIVISION.

HUDSON DIVISION.
1138 North Country Club Drive
R L, Arbor fane, Dix Ifills

NEW ENGLAND DIVISION.
RED 5, Stadiey Rough Rd.

NORTHWESTERN DIVISION

PACIFIC DIVISION.

ANOKE DIVISION.
Box
ROCKY MOUNTAIN DIVISION.

UTHEASTERN DIVISION.

UTHWESTERN DIVISION.

WEST GULF DlYl SION.

CANADIAN DIVISION

212 Ruce St.

2202 C'ulver St.

80U Lincoln Ave,
211 Rosemont Drive
475-5th 8t.

‘fanagqua
\Vashlnzmn 21, D.C.

Donora

1520 South 4th 5t.
i 7070 East 21st St
23 South 10 St.

Springtield
Indianapolis
Muanitowoce

N21-14th B
lUU() S, Menlo Ave.
1258 Van Buren 8t.

Blsmarck
Sloux kralls
St. Paul 4

. Box 207
4!)9 Bc’mllcu St.
o 12

105 West Park Drive

1isceola
Metuire
C'leveland
Kingsport

626 Eustwood Drive
27209 W. Six Mile Road
2118 Tuscarawiy St., W.

wwenghoro
Detroft
Clanton 8

51 \Washington st.

Schenectady
Huntington, L. 1.
P!ulllpsburl

807 North kifth Ave,
1014 Lincoln St.

711 8. Oakland st.
Route 3, RI'D)

Marshalltown
Neodosha
Webb ity
North Platte

79 Caleb St.

‘-)l Atlantic st.
37 Broad st.

1X Pine St,

30 Frult st.

{0 C'herokee Ave.

Danbury
Portland

North Quiney 71
Westtleld
C'oncord
Pawtucket
kissex Jet.

2005 Sunrise Drive
Route 1, South
Box

71
11908 8.E. Madison 8t.
7700-318t Ave., N.E.

Anchorage
Pocatello
Hurlowton
Portiand 16
Seuttle 15

P, O, Box 3564

Box 1025

67 Cuesta Vista Drive
200 RBouth Beventh 8t.

h St
6204 ¥, Townsend Ave.

.i\)[lonterey

san Irancisco 12
Rlo Linda
I'resno

143
P, n Bnx 447

©¢/0 RadioStation WI'VA, Box 269

1111 Alexander Place

\loranton

Rock HIIL

l' redorlrksburg
I'uirmont

(070 Locust St.
1420 E. 3045 St
1001 Birch Lane
342 South ElK

Denver 20
Halt Lake City
Clarlsbad
Casper

RI' D7l
l‘)-( hl'lo tt

Box 90-8
Ludl.zm Branch

16R7 T erwu.y HIIl Drive, 8.E.

563 Ramon J.lovet
Box 15

er
hldg 155
Fort Walton Beach
Atlanta 17
Urh. Truman
Rio Piedras, P. R.
Balboa Heights

N61 No. Millard Ave.
1020 East Maryland Ave.
4427 Pescadero

728 \W. Mission

Rialto
Phoenix

San Dlego 7
Sunta Barbara

515 Calmont
P. 0. Box 23
1109 Vernon Drive

lrort \Worth 7
Pond C'reek
Corpus Christ

170 Norton Ave.
62 st. Johns Rd.

108 Hudson Rd.
9%1 West 26th Ave.

190 Oakdean Blvd,

St. sStephen, CN.BC
\Villowduale, ‘foronto, Unt.
Pointe C'latre

Alontreai .id P. Q.
(lalgary, Alta.
Vancouver, B. C,

St. Jumes, Winnipeg 12
Rowatt
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a2 AMERICAN
RADIO RELAY
LEAGUE, mc,

is @ noncommercial association of radioc amateurs, bonded for
the promotion of interest in amateur radio.communication 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 legislative matters, and for
the maintenance of fraternalism and a high standard of conduct.

Itis anincorporated associatian without capital stock, chartered
under the laws of Connecticut. Its affairs are governed by ¢ Board
of Directors, elected every two years by the general memberstip,
The officers are elected or appointed by the Direcfors, The League
is noncommercial and no one commercially engaged in the manu-
facture, sale or rental of radio apparatus is eligible to membership
on its board.

"'Of, by and for the amateur,” it numbers within its ranks practi-
cally every worth-while amateur in the naticn and has a history of
glorious achievement as the standard-bearer in amateuyr affairs.

Inquiries regarding membership are solicited. A bona fide
interest in amateur radio is the only essential qualification; owner-
ship of a transmitting 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 admnms-
trative headquarters at West Hart{ord, Connechcut.

Past Presidents
HIRAM PERCY MAXIM, WIAW, 1914-1936
EUGENE C. WOQODRUFF, WBCMP, 1936~1940
GEORGE W. BAILEY, W2KH, 1940~1952

Officers ’
. .GOODWIN L. DOSLAND, WOTSN
Moorhead, Minnesota
First Vice-President . .WAYLAND M. GROVES, W5NW
P.O. Box 586, Odessa, Texas
Vice-President . A R .FRANCIS E. HANDY, WI1BDI
38 La Salle Road West Hartford, Connecticut
" Vice-President . . . . . .PERCY C."NOBLE, WI1BVR
37 Broad St Westf:eld Massachusetts
Secretary . ., . 7 . .A. L BUDLONG, WIBUD
38 La Salle Road West Hartford, Connecticut

Treasurer . . .DAVID H. HOUGHTON
38 ta Salle Rood West Hartford, Connechcut

President

e @. ¢ e o

Generol Manager
Communications Manager
Technical Director

“FRANCIS E. HANDY, W1BDI
.GEQORGE GRAMMER, WI1DF

JOHN HUNTOON, WILVQ
JPERRY F. WILLIAMS, WIUED

GEORGE STEVANS, JR., KILYW
38 La Salle Rodad, West Hartford, Connecticut

Assistant General Manager
- Assistant Secretaries . . 7.

[ 4 . L L [ ]

General Counsel . .. .PAUL M. SEGAL
816 Connechcut Ave., Washingron 6,D.C.

. A. L BUDLONG, WIBUD.

DIRECTORS
Canada
ALEX REID.....ioiiiieinennnanensns VI2BE
240 Logan Ave.. bt Lambcrt r.oQ.
Vice-11rector: Noel R Faton, . ........... VE3CT
R.R. 3. Burlmgton Ontarlo

Atlanta Division

GIL.BERT L CROSSLEY , . ..... -1 ..... W3YA
Dept. of E.l.., Penna btarc Injversity
State College, 1

Viece-7'irector: ¥dwin 8. Van l_\euscn ,,,,, WaLep
3711 McKinley 8t., N.W.. Washington 15, D, C.
Central Division
JOHN G, DOYIE. ... ..o v, .n WIGPI
4331 N. Wildwood Ave.. Milwaukee 11, Wis,
Vice-Lilrector: Phillp E. Haller. . .. . ..., WOHPG
6000 8. ‘Tripp Ave., Lhk‘axo 29, I,
Dakota Division
CHARLES G. COMPTON WPBUO
1011 Fairmount Ave., St. Paul 5, Minn.

T'ito-lalreclor Martha J.8hirley. ........ WHZWL
Box 78, Black tHawk, 8. D.

Delta Division

SANFORD B. DE HART............ W4RRV
227 8. Purdue Ave., Oak Ridge, Tenn.
1 1ce-1:¢rectar Victor Caudeld . ........... \V5BSR
Rox 965, Lake Charles, La.
Great Lakes Division
DANA E. CARTWRIGHT . ........... \WRUPB
2979 Observatory Ave., Cincinnati 8, omo
Vice-/'irector: Robert B. Cooper. ........ AQA

132 Guild 8t., N.E., Grand Rapids, 5 Mwh
Hudson Division

MORTON B, KAHN. . .........c00snes W2KR
22 Birch Hlll Rd.. Great Neck, N, Y.
I'lce-hherlar Lloyd H. Manamon. . ..... W2VQR

709 Seventh Ave., Asbury bark, N. J.
Midwest Division

ROBERT W, DENNISTON.......... WHNWX
Box 631, Newton low
Vice-/'irector: sumner H. Foster......... woGQ

23415 Linden Dr., 8.k., Ledur Raplds, lowa

New England Divigion
MILTON k. CHAFFEE WIEFW
53 Homesdale Ave., Southington, Conn,
Vice-Director: Carmine A. £olo. ......... W18JO
17 Park st., West Haven 16, Conn.

Northwest Division

R. REX ROBERTS......0.uuiiann.,. W7CPY
%37 Park Hill Drhe. Billings, Mont,
Vtce-l){rmlar Harold W. Johnston. ....... W7PN

27 Belvidere Ave., Seattle 6. Wash.
Pacific Division
HARRY M. ENGWICHT.......0o0000.. W6HC
770 Chapinan, San Jose 26, Calif.
Vice-/drector: Ronald G. Martin, . ......... W6ZF

212 Berrendo Drive, Sacramento 25, Calif.

Roanoke Division

P. LANIER ANDFERSON, JR.. ...... W4AMWH
42% Maple Lane, Danville, Va.

Vice-Director: Joseph F. Abernethy. .. ... \\ 4AkC
768 Colonial Drive, Rock HIl, 8.

Rocky Mountain Division

CLAUDE M. MAER, JR... . ........... Wweic
485 Race $t., Denver 8, Colo,
Vice-/rirector: John H. Sampson, Jr.....,. W70CX

361% Mount Ogden Drive, Ugden, Utah

Soutbeastarn Division
JAI\II‘S . BORN,
25 First Ave., N K., &tlanm 17, Ga.

Vice-1)trector: ‘Thomas M. Mo W4HYW
¥.0. Box 644 l\lfllmlclnal Alrport Brantu,

nta 20, Ga.

Southwestern Division
RAYMOND E. MEYERS............ WEMLZ
717 Anderson Way, San Gabrlel, (,aluL
Vice-/lrector: Virgil Tulbott. .. ... ..., WeGTE
1175 Longhill Way, Monterey 'ark, Callf.
West Gulf Division
GRADY A, PAYNE.................. WSETA
5103 Linden &t., Bcllaire, Texas
Vice-1. >lrertnr Rohr‘rt D.Reed, .......... W5SKY

1339 . I'eoria, lulsa 5, Okla.



o)

“It Seems 10 Us...”

THE YEAR IN REVIEW

Bright-eyed, voung 1960 is running hard
(it's a political year). [Te'd like to match an
impressive list of amateur uactivities and
achievements recorded in 1959,

Old Man 1959 leaves him o legacy that's
going to he hurd to beat. For one thing, there's
the Geeneva rudio conference, u success story
¢limaxing more than three veuars of work on the
paurt of government and industry people, in-
cluding the League. )\ kind word from Presi-
den Lisenhower, two new third-party traffic
wagreements, new FCC rules permitting Tech-
nicians on two meters, along with other
changes. four new v.h.f. records, increased
Field Day activity, continued growth in the
National Tratlic Svstem, strengthening of
RACES, award winners — ull these ure part
of the 1959 history hook.

Topping the list is the (Geneva story. For u
solid four months commencing in mid-August,
delegates from more than 80 nations met to
examine the world’s raudio regulutions and dis-
cuss their numerous proposuls for revision.
At our copy deadline the conference is almost
- hut not quite — aver. Thus we can only
report the outlook as of the moment — the
happy prospeet that the (leneva (1959) radio
regulations will continue provisions for every
amateur frequeney assignment now available
in Canada and the United States. Should more
definite news arrive by press time, we shall
include it elsewhere in this issue.

More good news in 1959 was that President
Kisenhoswer, un the occasion of the opening of
the International Radio Consultative Com-
mittee technical radio conference ut los
Angeles, April 1, sent by amateur radio a
messuge of greetings and welcome to the dele-
wates from ull over the world. The President’s
message, bestowing praise on amateurs, was
delivered from W3WTE, the amateur station
at the \White House, which was in contaet
with K6USA, special amateur station at the
CCIR conference.

From the White House where the amateur
was in the limelight, we turn to the State
Department, which announced two new third-
purty agreements, one of them just at year’s
end. U. 5. amateurs may now exchange' mes-
sages on hehalf of third parties with Mexico
and Venezuela, making eleven countries with
which our government has agreements.

Domesticully, the Federal Communications

Jommission amended amateur rules making
two meters (actually 145-147 NMe.) available to
Technician Class licensees. \s the yvear drew
to a close, three amateur dockets awaited
Commission decision: the possibility of Extra
Class license incentives, two and six meter
e.w. sub-bands, and the proposed expansion of
the 2(-meter phone sub-hand.

That the FCC’s amateur license unit was
again & bee-hive of activity is best illustrated
hy the fact that we're now over the 200,000
mark in numbers of U. S. amateur licensees.
Only cight vears ago we topped 100,000; how
soon will it be 300,000 — or & million?

RACES also got w boost. Additional fre-
quencies now include sezments for c.w. (in
80, 40, 20 and 15) and phone (in 75, 40 and
15, along with milityry-to-amateur lirison
channels at 75 and 6 weters. F.s.k. is now
permitted in the 6-meter RACES band. There
was also a change to provide remote control
above 220 Me.

During the year, I'CC made other miscel-
laneous changes in the regulutions — for ex-
wnple, giving notice that it mizht eall up
Technician and Novice Class licensees for
personal examination in the event of a serious
violation such us out-of-hand oneration, lick
of purity and stability of siznals, or trans-
mitter-caused BCI or TVL State governments
kent pace with the FCC aniteur actions, too:
West Virginiu and Iowa, during the yeur, were
added to the list of states issuing amateur call
letter license plates, for a total of 45 out of the
A, including Alaska and Hawaii.

The growing number of amateur licensecs
was paralleled by notable gains in the National
Traftic System. Setting a good example, young
1959, for the month of January, reported mes-
saee traffic totuals rose from 14,000 to 24,500.
The 1959 Jield Day will also share in the
growth spotlizht — more than 13,000 ama-
teurs participated, representing a guin of 169%
over the previous year. There wus also a
marked rise in general contest activity and
award applications such as DXCC and W.AS.

Taking advantage of summer propagation
conditions, v.h.f. enthusiasts accomplished
four new DX records. Untopped at press time:
W6DQJ 6-K6AXN /6, Jiune 14, on 1215 Me..
400 miles; W7JIP/7—-\W7LHL 7, Julv 24,
10,000 Me., 187 miles; WoNLZ-KH6UI

{Pleasc turn the page)
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{mainland to Hawaii), June 22, 220 Me., 2540
miles; and thGWR—(“‘KEQ, June l.i 420
Me. 650 miles. The IGY v.h.f. propagation
study project coordinated by ARRL formally
termmated during the year, with considerable
praise for participating amateurs received
from the USAF Research and Development
(Cfommand aund the National Academy of
Sciences. A somewhat less ambitious program,
with a core of the same ohservers, was con-
tinued under the aegis of Stanford University
with the specific aim of learning more about
transequatorial scatter.

Some of our real old timers were taken back
35 years to “Wireless North Pole,” the first
radio communication with the polar area,
when special-license K1WNP was operated
aboard the historic Arctic exploration ship
Bowdotn during its last voyage to the Mystie,
('onn., sea museum. Kighteen-year-old Julius
M. J. Madey, K2KGJ, was chosen to receive
the GE Edison Award for his handling of more
than 12,000 messages for isolated South Pole
pcrsonnel James J. Lamb, former technical
editor of ST, was presented the ARRL
Merit Award “for his contributions to ama-
teur communication techniques, especially in
the development of methods for achieving
high selectivity and noise reduction in radio
receptions”.

In retrospect, 1959 gives us a lot to talk
about. Geneva, new FCC rules, v.h.f. records,
special events, operating and technical achieve-
ments, all produce a notebook Father Time is
proud to haul out of his vest pocket and show
to his grandchildren - the succeeding years.
It takes teamwork and our active locul clubs
across the nation — from Portland, Maine to
"Turlock, California — helped the amateur fra-
ternity makc 1959 a good vear to remember.

Welcome 1960! . .. and from the Head-
quarters gang, a Happy New Year to all!

COMING A.R.R.L. CONVENTIONS

March 18-19 — Michigan State,
naw. Michigan.

May 1 — New England Division, Swamp-
scott, Massachusetts.

July 30-31 — North Dakota State, Minot,
North Dalkota.

Sagi-

OUR COVER

Our cover this month is a “teaser,”
giving you an idea of what’s coming in the
February issue. It's a front-panel view of
the DCS-500, a receiver built by WI1ZIF
and featuring 500-cycle selectivity. Judg-
ing from our correspondence during the
past year, interest in home-built receivers
is running high, and we’re glad to add
another suitable design to the list.

And say, people really do look at QST
covers! The proof of that will be in the
“Correspondence from Members” scetion
of the February issue, where you will hear
about the shocking December cover from a
number of eugle-cyed readers.

Ay T ey e o T T e e 1 e

JZamfest Ca]enq%

Florida — The 1)ade Radio Club is spousoring the
Tropical Hamboree in Miami un January 30 and 31. T'wo
days of activities include techunical talke and sessions on
DX, V.ILF., untennas, sideband, and so forth. There will be
contests and prizes, and a display of commereial equipment.
The Hamboree activities will be held at the Miami Bayfront
Park Auditoriun. Pre-registration (prior to Jan. 15) is 50¢,
or $1.00 at the Joor, The Saturday night bunquet will be
held at the MeAllister Hotel, and the tab will be $1.75 per
person. ¥pecial Hamhoree hotel rates at the McAllister are
§7 for a single and $10 for a double. FFor further information
contact the Hamboree Chairman, %, Dade Radio ¢'lub,
P. O. Box 104, Miami 1, Fla,

Back Copies and Photographs

Back copies of QST referred to in this
issue are currently available, unless other-
wise indicated, from our Clirculation De-
partment. Please send money order or
check — 50¢ for each copy — with your
order; we cannot bill small orders nor can
we ship c.o.d.

Full size (8 by 10) glossy prints of equip-
ment deseribed in QST by staff members
{only) can be furnished at $1.50 cach.
Please indicute the QST issue, page num-
ber, and other necessary identification
when ordering, and include full remittance
with your order — we do not bill nor ship
e.0.d.

e Strays %}

A QSL card intended for KIBQT had a4 long trip — from Boothbay Harbor in Maine to Raymond,

Maine, by way of Oregon.

The address read K7TBQT, Chief Op., Raymond, Box 7, Portland, Maine, The box address was ap-
parently no good. There was no name. A helpful postal clerk with some ham district knowledge for-
warded it on to Oregon. The Oregon people discovered K1BQT on the face side of the QSL and sent it

to Raymond, Maine, where it belonged.

The Oregon ham and postal clerk W7NGW — who rescued this card — comments: ““This repre-
sents only a small percentage of cards with bad addresses. Most would be destroyed. If o card is
worth having printed and filling out, it should be worth the time to do it right.”
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WI1lID and W1WFIJ in front of the KG1FN shack. Rifle is
taken along at all times, as protection against polar bears.

BY ROBERT H. MELLEN,* WIIJD,
with FRED J. WILLIAMS,* W1WF]J,

and CARL T. MILNER,* WIFVY

Hams on Ice
Six-Meter DX Operation at Fletcher’s Ice Island, T3

N\ DN stations, few of us could resist the
chance to actually operate one. Our oppor-
tunity finully came about when the U. 8. Navy
Underwater Sound Laboratory, New London,
(*orm., beeame involved with Aretic work in con-
neetion with submarine operation under the ice
puck. After talking with the boys who partici-
pated in lust year's program in the far North,
IFred Williams, WIWFEJ, and I decided that it
probably wasn’'t ax rigorous as it might first ap-
pear, aud it would give us a chance to try out
some ideas on v.hf. propagation from north of
the auroral zone.

A letter to Isd Tilton, Q87" V.ILF. Iditor, re-
questing information ubout. summer v.h.f. propa-
wation eonditions in the Aretie gave us the an-
swer that very little was known and this might
he an excellent chance to learn something about
it. Clurl Milner, WI1FVY, veteran of the Nawtilus
polar trip, offered his spare-time services as ex-
pedition outfitter, procurement officer, public
relations man, equipment debugger, and guardian
of our interests ut the home front while we were
away, and the project got under way. By the first
of April all gear was ready and packed and I
headed north with three other Laborutory people
toward vur destination, Fletcher's Ice Island, T3.
Fred was to follow later in May.

T is o 150-foot thick kidney hean of glacial
ice about 5 by 10 miles in size, which had been
drifting around the Arctic Ocean long before the
Air Force first established a eamp there in 1952.
Nince then it has served as a scientifie station and
home for as many as u dozen scientists at u time,
with about an equal number of supporting mili-
tary persounel.

In April of this vear, T3 wus still under the
Greenland Air Command so entry to the far
North was made via Thule. Our call, KGIFN,
assigned by the MARS Dircctor, Eighth Air
Force, reflects the Ureenland origin and also is
appropriate for the phonetics “Frozen North,”
luter modified to “Frozen Nose.” In July the

PIER vears of trying to work those rare Arctic
L &

%070 1), 8. Navy Underwater Sound Laboratory, New
London, Conn.

January 1960

island was transferred to the Alaskan Air Com-
mand since it is quite a bit closer to Alaska thun
to Greenland.

During the week layover at Thule Air Force
Base we met some of the Greenland hams so
familiar to stuteside sidebanders; wmong them
Rick DeZuafre, KG1DZ, and Mel Fuhrmann at
KG1BO. iere my first contact was made with
home, via WIPHP and W1VP. Later during the
summer we contacted Thule many times and
chatted with the boys we had met on the way
through.

The flight to T3 from Thule was @ long one;
more than a thousand miles over rugged islunds
and ocecuns of ice. T3 had drifted southwest to
about 74° N 130° W, fur from its position ncar
the pole a few vears earlier. On the afternoon of
April 11, the plane let down into the snowy mist
and landed smoothly on the 6000-foot snow-
covered runway. The camp, which was to be
home for six months, looked like an ousis in the
frozen wastes, a lar ery from the pathetic wind-
blown tents of the eurly Arctic explorers.

We were met by the entire eamp personnel,
including Tramp, the huge Husky who turned out
to greet. us, tuking advantage of the nose wheel
to sulute us in the manner common to all canines.
Two of the boys held up a large banner reading
“Welcome Arctic Flero.” This was for former
T3er Paul Adaums, KNILCP, who wime to re-
place one of the \Weather Bureau men. The
temperature was 30° below but at least the
welcome was warm.

After introduction to Col. Ed Feathers, the
camp commander, 1 headed for camp to see the
boys at the radio shuack. The camp, a neat ar-
rangement of 30-foot aluminum house trailers
without wheels, looked very livable. One group
of three truilers formed the main complex, hous-
ing the mess hall, recreation room and work
room. Five others served as living quarters, and
another four were scientific luboratories and the
radio shuck. Besides these buildings there were
also a lurge garage housing the weasel and snow
vehicle, u supply building and numbers of cunvas-
covered Jameswuy huts. All buildings were cle-
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vated on ice pinnacles about ten feet above the
general ice level, w reminder of the previous
summer’s melt which eroded away the ice surfuce
evervwhere except under the trailers. Already
the yeurly task of resetting them on the level ice
and blasting away the remuining pinnacle was in
progress.

At the KG1DT shack, [ was warmly welcomed
by old-timer and chief operator Bob Olson,
W7YJP, und replacements Al Cresse, KSKJF
and Bill Yarborough, IK5DHY. The interior of
the shack looked like any first~cluss station at
home with the familiar KWS-1 and 75A-4, as
well as the usual BC-610, military v.h.f. geur,
and two beacon trunsmitters. \With all the geur
we brought along, it was surc to be an interesting
summer. I was soon initiated into the group with
a QS0 with Stan Surber, WONZZ, and sent some
of the fumous Stan-O-Cirams. These were to sub-
stitute well for mail service, especiully after the
runway melted out, when we would be com-
pletely isolated from the outside world.

The next weeks were spent setting up our
Jamesway laboratory hut at the edge of the island
about a mile from the main camp and getting our
scientitic projects going. Since the island was
completely surrounded by sew ice, we had some
trouble finding the cdge and the extreme cold
made our work quite difficult. One morning we
awoke to 40° below temperature and 30° below
was common, but we knew the duys were rapidly
wetting longer und the spring warm-up comes
fast. Soon the midnight sun would bring temperu-
tures into the comfortuble 30s.

Business Before Pleasure

There wusn’t much time for ham radio during
these first few weeks. Our project required drilling
several holes through the ice, which we svon
found wus 18 feet thick and cold enough to
frecze shut again in a few hours. Keeping the
holes open was o full-time job.

By the middle of June, however, all the snow
wus gone and the melt season hegan. Water col-
lected everywhere in ponds and puddles before
overflowing into the streams carryving it down to
the seu ice. A large pond behind the shuck was
frequented by o dozeun triendly and curious seuls,
which in turn attracted hungry polar beurs. We
spotted more than a dozen of these white mon~
sters during our stay, but only one gave trouble.

12

Main camp on Fletcher's Ice Island, T3. Most buildings are
aluminum house trailers, minus wheels. Island is floating
block of ice, about 5 by 10 miles in size.

He was surprised in the camp area and chased the
commander into his quarters.

After these many trials and tribulations things
scttled down and life was pretty easy. By the
time Fred arrived in the middle of May our sci-
entific projects were going well and we were on
the air on 20 c.w. and phone with a long-wire
antenna, Viking II CDC und GPR-90 receiver.
The v.h.f. beams had been installed and the N2
fired up to automatically crank out KG1FN on 6
meters whenever possible. Soon Carl, WIFVY,
reported the welcome news that he had con-
tacted the Collinse Company about our project
and they were shipping us a KWJI-1 on loan, to
be returned if it survived air drop and rigors of
the Arctic. Luckily, it arrived on the last plune
of the season und we quickly hooked it up to our
Telrex ‘Tri-hand beam to begin our ulmost daily
schedules with W1PHP and the Lab Club station,
WIRQU, operated by Carl. We were even able to
continue our regular schedules on the Shoreline
V.IL.F. Society 2-Meter Net, with the help of a
mike-to-speaker patch by WI1PTIP. Fred, who
had becn foreed to leave home to get to I'3 before
the runway disappeared, wus auxiously awuaiting
news of the long-delayed arrival of a new junior
uperator. When it finally happened the news tools
less than twenty-four hours to get through via
WI1PHY and the next morning Fred wus able to
get the news firsthand via W1VP. We got so used
to chatting with the boys back in the States that
only when the blackouts knocked out all h.f.
signals did we begin to feel the isolation of our
drifting home.

Six-Meter Signals, at Last!

In spite of the fact that Carl had written to
6-meter v.i.p.s throughout the world asking them
to listen for KG1FN’s six-meter signals on 50.04
Me., and publicity had been given our project in
(S and over W1AW, there was no sign of ac-
tivity until May 7. At 2025 PST, several weak
phoue signals were heard coming from the direc-
tion of the Great Lakes. These could not be
identified and fuded out quickly. Nothing more
oceurred until late in June, when Carl reported
that we had been heard in Tennessee and Florida
on June 26 at 2055 EST.! I was sure sorry to have
missed the opening but the long weury hours of
fruitless operating had dulled our alertness. From
that time on things started to pop aud we seldom
sutfered the frustration of lack of activity on 6.

Word finally got to us that Jack Reich,
KL7AUV, at Anchorage, about 900 miles to the
southwest, had his beam toward us and was run-
ning automatic keying between 6:45 and 7:45 a.a

' The time of this report does not tie in with the experi-
once of the KGIFN operutors us to time of band openings
in the evening hours. More information would be helpful,
and 50-Aec. operators who may have heard the KGIFN
signal in any areas or at times not mentioned in this article
are asked to s:nd details to ARRL.
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every day on 50.08. On July 7, the first time we
listened, Juck was heard weuakly but apparently
he could not hear us. We continued to listen for
him throughout our entire stay and heard him al-
most every morning except during h.f, blackouts.
He deserves a medul for persistence, having oper-
ated more than 150 hours before finally making
the grade.

Toward the end of July, strong signals below
the six-meter band and Canadian Channel 2 TV
signals were heard almost every evening. Finally,
on July 25 at 1830 Alaskan time (2230 C'ST), our
CQ was unswered by W9ADM, Baraboo, Wis.,
giving us our first complete QSO. This was fol-
lowed by an incomplete try with 4 VE4 in Mani-
toba, and a solid contact with KOGIQ, New
Prague, Minn. That evening WAG6AXG(?) and
other Culifornia stations were heard but not
worked. All were phone signals; weak and mostly
unreadable. Our eulls on e.w. failed to attract
their attention. Where were the c.w. DX hounds
who operate on 50 Me.? The next morning ut
0:00 a.m. KL7AUYV answered our call and our
first Alaskan contact was completed on c.w. with
55 signals.

Many evenings there were loads of signals just
below the band, from the south, but no ham sig-
nals were heard again until July 31, when QSOs
were completed with stations in Minnesota, VWis-
eonsin and Alberta. OOn August | ten stations in
these areus, and North Dakota and Michigan,
were worked between 1920 and 2110 AST. DX
hreaks continued throughout August and early
September. The total number of stations worked
increased to tifty, with repeat coutacts bringing
the yumber of G-meter (JSOs to more than twice
that number. Numerous attempts were made to
break through ou 2 meters but these fuiled, even
when 6-meter signals were 40 over 9. The final
score on 6 meters was 9 states worked, in the 7,
8, 9, 6 and KL7T call areas, plus VE4 and VES.
We missed a rare Utah coutact August 11, when
a Salt Take City station was heard with un
89 signal at 2130, Some of the contacts with
KL7CDG and KL7CJN were really “ragchews™
when the Alaska path opened up in the evening.
Our states worked were Alaska, Minnesota,
North Dukota, Wisconsin, Michigan, Illinois,
Nebraska, Iowa and Montunu. Utah and Culifor-
nia were heard.

If this doesa’t seem like much of a score for
six months' activity, compured to the hundreds
of (JS0s on the lower bands, cunsider that it was
all done without /s openings, yet most of the dis-
tances were over 2000 miles. It would appear thut
this mode of propagation, whatever it may huve
been, has no counterpart at lower latitudes.

Fred did most of the operating on (5 and 20
c.w. and s.s.b. and racked up quite o number of
contacts. Among the more interesting wus u
three-way between KC4USB in the Antarctic
giving a number of stateside stations pole-to-pole

Operating position, with transmitter rack at the left.
KWM-1 used mostly on 14 Mc. on the table at the right.

January 1960

Antennas at KG1FN include 6-element 144-Mc. beam
and 4-element 50-Mc. array, on 25-foot pipe, center,
long wire on pole at the rear of the shack,
and tri-band beam at the right,

contact in one operation. We also made contact
regularly with Chuck, W7BCJ/MM, aboard the
icebreaker Staten [Island, which was operating
in the area at the time, und in September learned
thut they were breaking through the polar pack
to T3. Fred took advantage of this unusual mode
of transportation to get. to Point Barrow where he
picked up a plune back to home aud family.,

New Propagation Mode?

As so often happens, the results of our v.h.f,
experience seem to ruise more questions than
they answer. At least we know that during the
summer and early fall months u sporudic type of
propagation occurs fairly frequently. Whether
this is connected in any way with auroral condi-
tions is not known. One of the problems we were
most curious about was the effect of transmitting
through the auroral zone. This is u circle of high
activity centered roughly at the north magnetic
pole and passing through College, Aluska. During
some periods of auroral propagation in the states
our signals were reported steady and clear with-
out any sign of auroral growl. If this is a type of
forward scatter, it appears to be peculiar to 6
meters, since we never heard signals on the
2-meter band, in muany hours of listening.

KL7AUV’s signal from Anchorage in the
moruings was also quite remarkable. At first, the
“bursty” quality reminded one of troporpheric
or ionospheric scatter. Between bursts there was a
weak but steady background. The signals up-
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V.h.f. setup at KG1FN. A 6N2 Viking combination served
for transmitting on 50 and 144 Mc. Tapetone converters
{not visible) worked into GPR-90 receiver.

parently disappeared completely during h.f.
blackouts, suggesting that the ivnosphere played
a part in propagation. Later in the summer the
signuls were entirely bursts of less than a second’s
duration, similar to meteor bursts, and often
impossible to read.

During several periods of high solar activity,
reception on v.h.f. was impossible because of the
extremely high sun noise, at times as much as 60
db. ubove normal in the direction of the sun.
Curiously enough, ut one time the sun was quiet
on 6 meters and 10 db. ubove normal on 2 meters.
When scanning tha horizon for sky noise with the
v.huf. beams, 4 hot spot in the dircction opposite
the sun wus consistently noted in periods of quiet
sun. Usually this effect gauve an increase in sky
noise 3 to 4 «b. above vormul on 6 meters and 1
to 2 db. un 2 meters. ‘P'racking the noise showed
that it followed the movement of the sun and
more careful measurement scemed to show that
it peaked up about 200° from the sun’s bearing
aud not 189° as we had first thought. The sun
was above the horizon twenty-four hours o day
in this period. The effect slso apparently disap-
peared during h.f. blackout.

in September and early October, when it was
beginning to get dark at night again, several
beautiful auroral displays were scen. Vixible dis-
plays scemed to huve little or nothing to do with
v.h.f. conditions exeept on one oceasion when
rapidly variable noise was noted on 6 and 2 for
several minutes.
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By the first of October the new runway was
ready and our projects completed. When we left
on October 9, the G-meter gear which had been
left in the care of a new operator, K4JXL, was
quictly grinding out KG1FN, but the cquipment
was taken off the air in late November. We are
planuing to return to the fur North in February,
but expeet to stay at the second ice stution,
“Charlie,”” which should be very near the pole
at that time. Pluns for bigger and better v.h.f.
beams and full scale operation on both 6 and 2 are
under way and we are looking forward to more
interesting v.h.f. activity from the North Pole.

Further Comments by WIFI'Y

Since this article was first prepared furtherstudy
of transmission modes has led to some interesting
possibilities. [ had been telling Dr. Mellen that I
felt sure that the auroral zone held the key to the
explanation, but not as originally envisioned.

last vear the December issue of Vilitary Elee-
tronies had an article on auroral effects on com-
munications, which showed the loecation of the
auroral zone. A study of Harang’s book The Au-
rorae revealed the distribution of ienization in
this luyer to be highly concentrated ut about 480
kilometers mean altitude. A reference to work of
Lovett, et al., veported in N ature of September 13,
1947, showed that their tests indieated that the
hase of the auroral cloud reflected 46-Me. sig-
nals, not 76-Me. signals. The latter work wus
apparently in connection with sounding the ion-
osphere from u location beneath the auroral zone.

With these bits of information the next step
was to investigate the behavior of the ionized
“auroral cloud” us s mirror reflector. Using a
chart, we laid out the position of the aurorul zone
and of T3. Next, we drew a line representing the
locus of reflections of T3 signals by the auroral
mirror. Lo and behold — this line neatly falls
direetly through all the areas which BBob had
worked this summer

We next used the 4/3 eurth radius formula to
determine how far along the auroral zone we
could go before we reached the radio horizon,
tuking the effective height of our reflector to
be about 500 km. This procedure indicated that
Bob should have been able to reach us far cast
as the Washington, 1. (. areu.

One other factor which may be of significance
was gleaned from the log: almost all contuacts
were made with stateside stations in periods of
high auroral activity and within an hour of solar
midnight at the stateside station, progressing
westwurd in step with midnight in each zone.

The idea that the mode was some sort of re-
flection is horne out in the fuct that the signals
were of high intensity and showed very little
“Arctic growl” or Hutter. There wus no auroral
character reported from any of the stations
worked and most reported only normal fading
usually associated with £y or sporadie-£ signals.

Harang's book indicates the base of the auroral
laver is essentially flat and may be up to several
degrees wide (100 to 200 miles). When this is con-
sidered, the mirror reflection zone will be twice
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this width, due to square-law spreading. The fact
that no 144-Me. signals ever got through ugrees
with Lovett’s findings for auroral reflection.
This theory may be verified during our 1960
winter trip to Station Charlie. A quick estimate
shows that due to the more northerly location of
Charlie the prubable mirror zone may be limited
to California, Nevada and Arizona. Areas farther
east may be hevond the radio horizon. It also
appears that a G-meter station at Point Barrow
ought to be able to work into the lakes region,
and a station at Resolute, on Cornwallis Island
in the Canadian Arctie, should be able to reach
a zone extending all across the southern part of
the United States. We hope we can get someone
to set up 50-Me. geur in these areas, to see if this
theory can be confirmed.

Editor's Note — Examination of the KGIFN
log shows instances of the band being open, judg-
ing by the evidence of commerciul signals close to
the band edges, but no signals of amateur origin

in the band. Other entries show amateur signals
heurd, but no coutacts possible. This lack of suc~
cess can be charged in part to the lurge time dif-
ferences. (13 time wus 5 hours earlier than Fast~
ern Standard, and nearly all the KGI1FN contacts
were made after 1830, their time.) But lack of
ulertness on the puart of some v.h.f. enthusiasts
must also be admitted. We need to keep a more
careful watch for weak signals, especially c.w.,
and we should not let our operating fall into too-
rigid patterns as far as beam aiming is concerned.

Future opcration on 50 and 144 Mec. at lee
Station Charlie, probably under a KL7 call will
otfer fine opportunities for gathering information
on v.h.f. propagation in the far North. V.h.f.
amateurs everywhere are asked to be on the look-
out for these stations, and to report contact with
or reception of them to ARRL. Whenever possi-
hle, details of these operations will be run in QST
Late information will be put out via the Head-
quarters station, WI1AW, and other Bulletin
stations.

A possible explanation for the far-north 50-Mc. propagation from KG1FN is reflection from the base of the aurora.

The auroral zone is shown here as a solid line, centered on the geomagnetic pole. The broken line shows points that are

within theoretical working range, assuming a reflection height of 500 kilometers. It will be seen that the areas worked by
KG1FN on 50 Mc. following this line closely, though they cover by no means all of it.
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The conversion unit for 144 Mc. by W3PYW is built in three small boxes, connected together. At the left is the crystal

oscillator-buffer on 39.2 Mc. The middle unit is the 6360 triplerto 117.7 Mc. At the right is another 6360 used as a mixer
Feeding 26.4- to 27.4-Mc. energy into this, along with the 117.6 Mc. from the
other two stages, produces a resultant signal at 144 to 145 Mc.

Mixing for Two-Meter V.F.0., S.S.B. and F.S.K.

VI F. Operation with an Existing H.F. Exciter

BY FRANK C. WHITE,* W3PYW

the last V.H.F. Sweepstakes, 1 decided
that a v.f.o. for my two-meter rig was o

“must.” During the contest, 1 wanted to be
within 10 ke. of the edge of the band, and I didn’t
have 2 rock that close. 1 also wanted to zero in on
a locul’s frequency and work VIS3DIR as soon as
the local xigned, and 1 didn't have a rock tor that
frequency, and so it went. Most v.h.f. enthusiasts
will have u dozen reasons of their own for want-
ing v.f.o., but the conventional oscillator-multi-
plicr arrangement simply is net good cnough to
sutisfy the exacting v.h.f. man, If T was going to
plunge and go v.f.0. on two, the results had to be
topnoteh. Here were my requirements:

{) Aceuracy in  calibration, preferably to
within a kiloeyele.

2) Stability, better than many erystal-con-
trolled two-meter rigs currently in use.

3) Good keying; no chirps, no key clicks.

4) Ability to use s.s.b. or f.s.k. on two, when
desired.

H) Suppression of all undesired products to
at least 50 db. down: preferably 70 db.

!F’I‘ER missing some choice DX contacts during

#2706 Harmon Road, Silver Spring, Md.
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The foregoing requirements meant. only one
thing, mixing in the v.h.l. range had to be em-
ployed. Mixing is a technique that has been used
since the advent of superhet reecivers, aud more
recently in all transmitters designed for s.s.b.
operation. Tt was appurent that a ervstal-con-
trolled frequency would have to be generated up
near {44 Me., with which a stable h.f, signal
could be mixed to give the 144-Me. cutput fre-
quency. Several rules would be applied early in
the design of such u unit. The ervstal frequencey
should be as high us possible to climinate un-
wanted harmonie radiation. The v.f.o0. frequency
should be as high as practicable to simplify elim-
ination of unwanted produets in the mixing
process. Harmonies of the v.f.o. or ervstal should
not fall near the desired two-meter output
frequency.

Some examples will serve to illustrate the
trouble that can be encountered. Let us assume
that we are going to use a 13-Mec. ervstal with o
quintupler and a doubler to give a crystal-
controlled 130-Me. signal. To the 130 Me. we
could add 14 Me. from the v.f.o. to give 144,
But wuit, & minute! The ninth harmonic of the
erystal (117 Me.) when added to the second
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harmonie of the 14-Me. signal (you can hardly
keep it out) gives an undesired product of 145
Me. And more yet! The thirteenth harmonie of
the erystal gives you 143 Me. Thix particular
arrangement would give strong unwanted prod-
uets every megaeyele and weaker products every
500 ke. We ean throw that combination out!

If we use a 26-Me. third-overtone ervstal (an
obviously better answer) we muke out. somewhat
boetter, but don’t forget the tenth harmonic of
the 14-Me. v.f.0. which ends up right smack on
144 Me., when the desired output is 144.8 Me.
(28.8 X ). Thus, ax you v.f.o. up the band to-
ward (45 Me., the undesired tenth harmonic
and the desired mixing product get closer to-
gether in frequeney. There is nothing mueh you
can do ta get rid of the unwanted products when
this occurs,

I was fortunate in one respeet.: 1 had a KWS-1
which scemed like an appropriate source of a
stable h.f. signal. The KWS-1 is provided with
several convenient test jucks, one of which cun
be used to “rob™ a small amonnt of h.f. energy.
The decision was made to use the |1-meter rauge
of the KWS-1, by tuking the 27-Me. signal from
the plate of the 6CT.6 driver,

If you don’t own u KWS-1, don't sign off at
this point. It ix relatively simple ta obtain o watt
or =0 from most any h.f. rig without a major modi-
fication. All you need to do is put u H-put. cupaci-
tor in series with the plate of a driver stage pro-
viding a few watts of power, aud go through a pi
network to mateh to a 50-ohm coax cable. In the
case of the KWS-1, it was necessary only to insert
4 BNC plug in the 6CLG driver plate cirenit test
point (which alrewdy had the 5-gul. cupacitor in
series with it) and build the pi network into the
smullest-sized Minibox. See Fig. [, This was at-
tached to the hack of the IKWS-1. Note that the
capucitance of the coax cable to the KWS-1 pro-
vides the input capacitanee for the network. The
coll is @ small slng-tuned 2-inch job, available
ready-made. ‘The output eapacitunee necd not he
variahle tmless you are a bit shy on drive, In
my case, I use thirty feet of coax ecable and end
up with ample 27-Me. signal to drive the grid of
the v.hif. mixer at the far eod.

When the KWS-1 is used in this way, the heater
use for the final (fuse Fs03) is removed and the

Fig. 1—Coupling unit for taking off 11-meter output from
the 6CL6 stage of the KWS-1. Capacitor values
in puf.

C1—Capacitance of the coaxial cable (& inches of

RG-58 /U, with BNC fitting attached).

C:—140-uuf. variable. (Need be variable only if avail-

able power output is marginal.)

Ji—Coaxial chassis fitting, BNC type.

P1—Coaxial cable fitting, BNC type.

heaters and blower motor are shut down. When
the KWS-1 is used on the h.f. bands, the pi net-
work is left plugged in, as it has no etfect on the
normal operation.

The 11-meter band of the KWS-1 was used, to
reduce undesired products in the mixer us much
as possible, If the 10-meter band had been used
and the 28-Me. output were mixed with a
116-Me. ervstal-controlled signal obtained from
the third harmonic of a 38.666-Me. crvstal,
trouble would be encountered ‘as this combina-
tion is tuned toward 145 Me. When it is heing
used ut the low end of the two-meter band, the
fifth harmonie of the 28-Me. signal (140 Me.) is
4 Me. removed from the desired output on 144
Me. (28 4 116). Four megacycles is enongh sep-
aration to keep the undesired products down
pretty well., but it doesn’t. provide the 70-db.
reduction which was stated in my requirements
as the goul. If you do not have an 11-meter out-
put available, the 28 4+ 116 combination can be
used for covering the lowest 500 ke. of the two-
meter band, but not mueh more, unless you live
oui, in the “hoon docks™ where a signal 30 to
40 db. down from vour fundamental won't. bother
neighboring hams. The best auswer is to buy sev-
eral ervstals and cover the band in 500-ke. chunks
and restriet the v.ro. range to 28 to 28.5 Me. The
overtone crvstals are relatively inexpensive any-
how.

The 1-meter range of the IKWS-1 is ideal for
the purpose. It covers from 26.1 to 27.4 Me.,
which provides I-Me. coverage at two meters. A

Bottom view of the three Minibox assemblies, with components in the order shown in the other photograph. Note that
copper shields are mounted across the tube sockets in the middle unit.

Januory 1960
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2
A

39.2MC.

A—

Fig. 2—Oscillator-amplifier assembly

for the 144-Mc. s.s.b. conversion string.

Capacitor values in uuf. Resistors Y2

watt.

Cr—Feed-through capacitor, 55 puf.
or more.

Cs, Cs—20-uuf. miniature variable
{Johnson 160-110).

Li—14 turns No. 22 enam. on %-inch
slug-tuned form.

L2—22 turns No. 22 enam., Y%-inch
diam., close-wound.

39.2 MC.OUT

1000 S|
ow. 082
Ce .
J:—) 3 HAS6 6AKS 2100k
. . af Y« 3f )4
+150 Ce
6.3V.

250w

third-overtone crystal at 39.2 Me. is used. The
third harmonic (117.6) is mixed with 26.4 to
give 144 Me. With this particular combination
of frequencies the nearest unwanted products
arc 157.6 (39.2 X 2 + 26.4 X 8) aud the fifth
and sixth harmonics of the erystal which fall
at 132 and 158.4 Mec. By careful check with a
75A-4 receiver, it has been proven that there
are no unwanted products with this frequency
oombination that ean be found, when a ‘50 db.
aver 89 signal on the fundamental frequency is
used as u reference.

The entire oscillator-mixer assembly is built
in three 2 X 4 X 1}4-inch Miniboxes. The iran-
sistron oscillator (Fig. 2) is novel and is highly
recommended. It is stable and settles down on
frequency after thirty seconds warm up. You may
have a pet overtone oscillator circust that gives
more output than the one shown, but 1 doubt if
you can find one more stable. In my opinion. a
major contribution to the success of my unit has
heen this circuit. The crystal is series resonant
and is part of a pi network. The grid-cathode ca-
pacitance of the 6AS6 is the other capacitive por-
tion of the network. The output of the oscillator
is only a few milliwatts. The 5-uuf. coupling ca-
pacitor is made from the insulated wire lends,
twisted together. Originally, I had planned to
triple in the 6A5K (5654) stage that followed the

Fig. 3—Tripler-amplifier for devel-
oping 117.6-Mc. injection for the
mixer. Capacitor values in puf. Re-
sistors Y2 watt.,
C5—20-puf. miniature variable,
{Johnson 160-110)
Cs—11-puf. butterfly variable
(Johnson 160-122).
Cr—Feed-through capacitor, 55
upf. or more.
L3—5 turns No. 16 enam., %-inch!
diam., 3% inch long, c.t.
Li—8 turns No. 18 enam., “4-inch
diam., % inch long. Mount
Lz and L4 parallel, ¥2 inch
c. to c. Link between has 2
t. No. 22 enam. at each
end, with leads twisted.
Insert links at centers of
both coils. See photo.

[5—Same as Ly;
ter.
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TRIPLER
6AKS

oscillator but because of the low output from the
oscillator it was found necessary to run siraight
through on the erystal frequency. Although I an-
ticipated trouble with the 6 AKS buffer, there was
no tendeney to oscillation.

The voltages of both the 6AS6 and 6AK5 are
stabilized, even though a plot of frequeney varia-
tion with ua.c. voltage change (no VR tube)
shows only minor frequency change. With the
VR tube installed, I varied the line voltage from
90 volts to 120 a.c. and the erystal frequency
didn’t move u cycle. As shown by the schematie,
the crystal oscillator and buffer are in a Minibox
by themselves, This type of construction is rec-
ommended for circuit isolation. The power leads
enter each Minibox on feed-through vapacitors. |
had 55 put. on hand. Any similar or larger value
would suffice.

The ovutput of the 6AKS buffer is fed to a
second 6AKS which operates as a tripler driving
1 6360 buffer on 117.6 Mec. With these two stages,
Fig. 4, housed in their own Minibox, the circuit
isolation is ideal. The 6360 mixer is in u third
Minibox. The 117.6-Me. output of the 6360
buffer is fed to the cathode of the mixer. This is
highly preferable to use on the screen, which has
been suggested previously. Clathode injection
with push-pull output nicely eliminates the
117.6-Mec. energy from the output. The cathode

1000 -
; TESTO
T S100
L ﬁ%‘

+150V. —25V. +200
6.3v.
ZH.v.
+25V.

RFC2— 1.8-uh. v.h.f. choke (Ohmite
Z-144).

2-turn link at cen-
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%.4-274MC. |

L, 144-145MC.

N
>
BNC
15K
TEST s 3
[ TwisT . RFCy
'°°I 1000 6360 S 3
i . ﬁ soo,J;-E
A o,
&8 6.3V.
b b TS b
—25v, 117.6 MC. —H.V. +250
INPUT +25V.

Fig. 4—Mixer stage for 144-Mc. output. Capacitor values in uuf. Resistors /2 watt.

C;, Cs—11-uuf. butterfly variable (Johnson 160-211).
Cy—20-unf. miniature variable {Johnson 160-110).
C ¢— Feed-through capacitor, 55 uuf. or more.

Li—50 t. No. 22 enam., Y4-inch diam., 1% inches long, c.t.

of the 6360 is not tuned.

The [I-meter output from the KWS-I (about &
wutt) was fed to the mixer through coux cable
and link-coupled to the grid of the 6360. With
push-pull input and output, the even-order har-
monics are eliminated in the output.

The 6360 mixer gives about 3 watts output,
which is used to drive a pair of 61558, Class A
at about 175 watts output. This combination,
using the WKWS-1 as a source of !l-meter s.s.b.
signal, has provided many excellent s.s.b. con~
tacts on two meters.

The KWS-1 frequency is varied to permit cov-
ering from 144 to 145 Me. with only a * touch-up”
of the 6360 mixer and 6155 output tuning near 145
Me. A ervstal on 39.533 Me. is plugged in to
cover 145-146 Me. No adjustment of the tuned

Can be wound on high-value resistor. 5-t. link at
center.
L7—6 t. No. 16 enam., ¥%-inch diam., $%-inch long, c.t.
Ls—3 t. No. 22 enam., %-inch diam., at center of ;.
RFC3—1.8-uf. r.f. choke (Ohmite z-144),

eircuits of the crystal oscillator portion is neces-
sury. Assuming the frequency of the [l-meter
signal is correet, the two-meter output. frequeney
should be within § ke. of that predieted. The
erystals supplied to me by the American Crystal
Clompany (823 Fifth St., IKKansas City, Mo.) pro-
duced un ontput on two meters that was within
2 ke, of the predicted frequency,

Anyone who has used a mixer to produce clean
signuls knows the pleasure that ean be expected
in keying the 11-meter signal to produce ¢.w. on
two meters. The signal is chirpless and sounds
more like & 40- or 80-meter signal than one on
two meters. I have been most pleased with the
performance of the unit deseribed and want to
pass on the information on design for the benetit
ot others,  [GE .

- Stravys X

Here are the January schedules for the various MARS technical nets.

First Army MARS
(Wednesday evenings, 2100 EST, 4030 ke. upper sideband)
Jan. 6 — The Automicron.
Jan, 13 — Antenna Multi-Clouplers.
Jan. 20 — Television and the Amateur Operator.
Jun. 27 — Basies and Applications of Re-inforeed
Plasties in Communications Products.
AF.-MAR Eastern
(Sundays 1400 EST; 5245, 7540 and 15,715 ke.)
Jan. 3 — Recess date.
Jun. 10 — Review of Technical Topies,
Jan. 17 — Basies of Single Sidebuand.

Jan. 24 — Fundamentals of Trunsistors.
Jan. 31 — Opties aad the Visible Spectrum.

AF-MARS Western

(Sundays 1400 local time; 7832.4, 3205 ke. and 143.46 Me.)
Jan. 3 - Teehnical Net Session.
Jun, - Basie Radioteletype Discussion.
Jan. 17 — Radioteletype  Printer  Maintenance
and Trouble Shooting.
Isleetrochemical Power Cells and Ac-
eessory liquipment.
Jan. 31 -~ Net Session and Conversion Informa-

tion with u Technical Discussion.

Jan, 24 —

— b o e

The Columbus, Ohio, Amateur Radio Assu,

made the Columbus Disratch Sunday magazing

with big pictures and headlines explaining Kield

Day activity. Commented the baffled reporter:

January 1960

“Radio amateurs’ Field Day is known far and
wide among the radio hams as real fun, but we
never sww o more serious, harassed bunch of guys
in our lives.”
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The break-in unit built by W2LYH makes liberal use of sur-

plus and salvaged ("junk box") components, but suitable

currently catalogued items readily can be substituted. The

chassis size is 7 X 11 X 2 inches. The circuit layout is not

critical, and may be varied to suit the builder’s taste. The

panel at the far end has the nine potentiometer controls
and the phone jack mounted on it.

Combining Keying Wave Shaping,
Antenna T.R. Switching, Receiver
Muting, and Side Tone

A Complete Break-In Unit for C.W.

BY ROBERT V. McGRAW,* W2LYH

wuyvs been break-in e.w. operation, and the

different. methods of obtaining it. Since
deseriptions of these methods have been very
interesting to me, 1 thought that perhaps the
svstem used at this station might he of some in-
terest. to others who have been working on the
sume problem. ‘The system provides full break-in
operation, in which the breaking signal can be
heard between dots at the tastest sending speed,
with no compromise in the quulity of the trans-
mitted signal. It uses ouly one antenna and gives
monitoring of the keying without clicks or
thumps in the headphones. Most of the functions
of the system have been combined into one unit,
as shown in the photographs. These functions
will be described separately.

O;m of my fuvorite ham radio subjects has al-

Transmitter Keying

The transmitter uses a shiclded v.f.o. unit
with a continuously-running oscillator and two
mntuned Class A buffer stages, and grid-block
keyving is applied in o stage which doubles to 80
meters. The locul signal is absclutely inaudible on
any baud with the key up, so there is no need to
key the oscillator,! and the keying can be shaped
as desired by udjusting the coustants of the
keyer circuit.

The blocking bias is supplied by a half-wave
rectifier, Tz, Fig. 1. The leading and trailing
edges of the keving envelope are adjusted by

# Peg's Lane, Riverhead, N. Y.

L This requires using u low-frequency (160-meter or
broadeast band) v.f.o. followed by a (‘lass A amplifier, both
well-shielded, hefore the keyed stage. Such a unit was
deseribed in QS7 for February. 1950 (Smith, “ A Solution to
the Keyed V.I.0. Problem ).

20

This unit does everything you need for
effective c.w. break-in operation. includ-
ing amplitude limiling of incoming sig~
nals and e¢limination of keying and
switching clicks in the reeciver. It's
based on using a **silent™ v.f.o.. the al-
ternative to oscillator keying.

means of g and 9. The purpose of diodes
Vea and Vep is to separate these two adjust-
ments, so that one does not affect the other.
When the key is closed, capacitor (7y discharges
through Veu and f2g, thus shaping the leading
cdge. When the key is opened, capacitor (%y
charges through Vsa and Ly, thus shaping the
trailing edge.

Inductance In could be replaced with a re-
sistatice but, us pointed out by WI1DX,? while an
RC circuit gives a good leading edge shape, a
better trailing edge shape is obtained with an
LC circuit. This is shown in Fig. 2. It is possible
to round off the trailing edge nicely without put-
ting tails on the signal, and the cuvelope as seen
on a scope shows the sumne shape on the leading
and trailing edges. In a high-impedance keying
circuit such as this, a rather high inductance
value is required tor L — something on the order
of 500 to 1000 henrys. The sccondary winding of
a junk-box audio transformer has worked very
well, and a good range of adjustmeut is obtain-
able by shunting the primary winding with Ryq.

The shape of the keving envelope seems to be
unaffected by the following stages of the trans-
mitter if no stage is overdriven. Naturally, if a

2 Gondman, ** Chirp-IFree Break-In Keying,” QST, Octo-
ber, 1953.
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Fig. 1—Circuit diagram of the c.w. break-in unit. Return paths for keying, audio and send-receive switch circuits are to

ground (chassis). See Fig. 3 for t.r, relay circuit. Unless otherwise indicated, capacitances are in uf., resistances are in

ohms, fixed resistors are ¥2 watt. Capacitors with polarity marked are electrolytic; others may be paper, micq, or
ceramic as convenient.

Ci, C3—O0.1-pf. paper.

Cz—0.035-uf. paper.

Ki—Fast-acting sensitive relay, s.p.s.t. or s.p.d.t. (see
Fig. 3).

Li—Audio transformer, interstage type; see text.

Ri, Ra—Composition control, linear taper.

R3—0.5 megohm, V2 watt.

R4, Re—Composition control, linear taper.

Rs, R7, Rs—Composition control, audio taper.

stage is driven bevond the point where its output
ceases to rise it will act as a limiter and will tend
to square up the keying cnvelope. The v.f.o. is
provided with an output control, which is set at
the point where the antenna eurrent just starts to
drop. This control is also used for adjusting the
puwer output of the transmitter, giving smooth
control from zero to maximum.

TRAILING EDGE SHAPE
WITH LC CIRCUIT

TRAILING EDGE SHAPE
WITH RC CIRCUIT

Fig. 2---Trailing-edge wave shapes with RC and LC
circvits,
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Ra, Rin—Composition control, lir.ear tager.

Ti—Interstage audio transformer, single plate to p.p.
grids (any type satisfactory).

T2, Ta—Output transformer, plate to line type {Thordarson
22572 or equivalent suggested).

T«—Power transformer, 125 volts at 15 ma. (Stancor
PS-8415 or similar).

Ts—Filament transformer, 6.3 volts at 3 amp.

Limiter and Keyed Audio Stage

The audio output of the receiver is fed through
a limiter, ¥y, and a keyed audio amplifier, 13, to
the headphones. The limiter prevents signals
from rising above a chosen audio level, and is
quite uscful for saving the eurdrums. The keyed
amplifier serves to disconnect the phones from
the receiver when the key is down, so that any
clicks or thumps which might be generated in the
receiver are not heard. When the key is closed,
I"3a conducts. and the voltage drop across 23 and
(’» instantly biases both triodes of Vs beyond cut~
off. When the key is opened, the triodes do not
conduct again until (‘2 has discharged through
R3, giving a few milliseconds delay, during which
time the transmitter output drops to zero, the
receiver r.f. gain is keyed to normal level, and the
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antenna is switched to the receiver. A push-pull
amplifier is used so that the plate current can be
cut off sharply without causing a click in the
phones. Potentiometer Rs is set to the point
where the click is halanced out.

Relay Tube

The *‘relay tube”, ¥, performs two funetions.
One triode keys the audio wmplifier, 17, us just
described. The other has two relays in its plate
vireuit. One relay (Fig. 3) serves as a t.r. switeh,
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Fig. 3—Coax-line break-in relay circuit. In actual construc-
tion, a single chassis-mounting type coax connector is used
ctthe junction of the lines from the transmitter and anterna
tuner, with a '"Tee” fitting for making the connecticn, as
shown in one of the photographs. The relay is the same as
the keying relay in Fig. 1; the one used by the authcr is a
Signal Corps type BK-35, but any fast-acting relay having
a 10,000-ohm coil can be used. Suggested alternatives are
the Sigma 4F, 5F or 11F, Advance SV, Potter & Brumfield

SS5D, or Struthers-Dunn 1AXA124.

and the other, K, keys the receiver r.f. gain by
the well-known method of lifting the normally-
grounded ¢nd of the r.f. gain control from
ground. Since there is no need to reduce the gain
all the way to zero, [y is included to provide n
means for adjusting the key-dewn guin: this
gives the relay countacts less work to do, and also
permits monitering the transmitted signal di-
rectly at the recciver output if desired. 1t is evi-
dent from the circuit diagram that when the key
is closed, capacitor ('3 will discharge rapidly
through diode 174, triode 13p will conduet, and
both relays will operate. The. relays are closed
before any r.f. comes from the transmitter.
While it is desired that the relays operate
quickly when the key is closed, they should hold
in for u tew milliscconds after opening the key,
until the transmitter output has dropped to zcro.
This action is achieved by allowing (', to dis-
charge rapidly through diode V54 when the key
is closed, and to charge more slowly through 25
when the key is opened. ‘The cathodes of the relay
tube und the uudio oscillator are returned to
ground through one pair of contuacts on un ex-
ternal d.p.s.t. “send-receive” switch, the other
contacts of which control the transmitter power
supplies. When the switch is in the recciving
(open) position the hreiak-in system is thus dis-
ubled, to allow spotting of the v.f.o. frequency.
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T.R. Relay

The t.r. relay performs the same function as
the more commonly used tube-type t.r. switch.
When the key is open the receiver input is con-
nected to the coax cuble inner conductor through
the normally elosed contacts of the relay, as
shown in Fig. 33, and when the key is closed the
receiver is grounded through the normally open
contacts. Note that the relay does not handle any
power, its only function being to lift the recciver
off the coux line.

Since the r.f. voltage on the voax line is low,
almost any type of small fast-ucting reluy is
suituble. The one used here is the same type as
the one which keys the receiver r.f. guin, shown
in the photograph. The t.r. relay is mounted in a
small metal box provided with coax fittings. A
“tee™ fitting is convenicnt for conneeting it into
the line. An antenna tuner is used for matching
open-wire feeders to the coux line.

This reluy t.r. switch has performed perteetly
on all bunds, 80 through 10 meters, and while 1
don’t claim that it has any signal gain, it has no
loss cither. Also, it gencrates no spurious signals
or TVI, and feeds much less r.f. into the receiver
from the transmitter than any tube-type t.r.
switch I have tried.

Keying Monitor

A blocking-type audio oscillator is used as a
keving monitor. One triode of V4 serves as a keyer
for the oscillator, to isolate the v.f.o. keying cir-
et from any voltage that is developed at the
vrid of the oscillator due to the hlocking action.
This oscillator gives a very distorted wave,
which is desirable for monitoring. A sine-wave
audio oscillator was used at one time, but it was
very tiring to the cars. 7 udjusts the piteh of the
tone, and 2y adjusts the level.

The t.r. switch, a keyed relay of the same type used in the

break-in unit, is mounted in a 4 X 4 X 2-inch metal box.

Practically any fast-acting sensitive relay can be used
since the contacts do not have to carry r.f. current.
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A neat wiring and cabling job
makes the bottom of the chassis
look simple. The power trans-
former visible through the cutout at
the lower right is a surplus item
combining the plate and filament
functions specified in Fig. 1 for
Tsand Ts

Analysis of Operation

The scquence of the over-all operation is
shown in Fig. 4. Potentiometer I2 in the grid-
hlocking supply is provided for setting the level
of the blocking bias. To key the v.f.o., it is re-
quired only that this voltage be sct to a value suf-
ficient to cut off the keyed stage. However, if we
set the voltage slightly beyond this point, there
will be a time intcrval, with proper shaping of the
leading edge, after the key is closed and before
there is any output from the v.f.o., which can be
used for setting the system to the transmitting

AUDIO AMP.
BLOCKED

KEY CLOSED

AUDIO AMP _
OPEN

Fig. 4—Sequence of events in the operation of the break-
in unit on each dot or dash. V.f.o. output is cut off during
the time the keying voltage is below the dashed line.

condition. During this period the phones are dis-
connected from the receiver, the receiver r.f. gain
is reduced, and the antenna is switched, all
before any r.f. comes from the transmitter. When
the key is opened, the transmitter output falls to
zero, the relays open, and the keyed audio ampli-
fier again conncets the phones to the receiver.

This action is repeated for cvery dot and dash,
giving the maximum opportunity to heur 2
breaking signal without the unnoyance of clicks
and thumps in the phones.

Adjustment

The nine potentiometers mounted on the panel
provide the adjustments required for setting up
the system for smooth operation. The first step is
to set the keying bias level (Rg) somewhut be-
vond the voltage required to block the keyed
stage. Then the leading and trailing edges are
shaped (Rg and Ria) to give the desired keving
characteristics. Next, the “relay hold” coutrol
(Rs) is set so that the relays hold in until the
transmitter output has dropped to zero, as deter-
mined by listening directly at the recciver out-
put. If the relays open too soon, a loud click will
be heard when the key is opened. K5 should be
set, just beyond the point where this click disap-
pears. The “‘amplifier balance” control (Io)
should be adjusted to halance out any click
which might be heard at the instant of closing the
key. The limiter control (£2;) sets a maximum on
the level of audio signal in the phones, and
should be set so that no clipping oceurs on nor-
mal signals. The pitch (£7) and volume (£25) of
the keying monitor can be adjusted to suit your
preference, and then you are all set for some
smooth break-in ¢.w. operating.

The only way I cau think of to improve on the
svstem would be to locate the transmitter about
ten ﬁlﬂes away, but it's handier to have it within
reacn. !

e Strays “§s

1t looked like a hungry trip ahead when Cup-
tain R. J. Beach’s river boat ran out of chow on
the Tahquamenon River in the wilds of Michi-
gun’s upper peninsula.

There were 80 passengers aboard and a five~
hour run to any restaurant., But the captain is
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WS8NBJ. Operating 75-meter mobile, he called
WS8ZDF who phoned the captain’s XYL. Mrs.
Beach drove to the rescue with hamburger and
buns, hiking the last part of the way to hail
the hoat from a deer camp near the down river
tie-up.
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This amplifier operates at a plate input of approximately
500 watts, uses a pair of 811As in grounded-grid, and is
complete with power supply on a 13 X 17 3« 4-inch
chassis. The rack panel is 10%2 by 19 inches. Front-panel
controls, arranged to give a balanced appearance, in-
clude the plate tuning capacitor and band switch in the
center, filament and plate power switches with their pilot
lights at the lower left, sensitivity control and forward-
reflected power switch for the directional coupler at the
lower right, variable loading capacitor and auxiliary
loading-capacitor switch underneath the 0-1 milliammeter
at the right, and the grid-cathode milliammeter with its
switch at the upper left. The filter choke, 866As and plate
transformer occupy the rear section of the chassis.

A Table-Top Half Kilowatt

An amplifier-cam-power supply on
one chassis is a4 convenient package to
have, especially when it fits in a re-
ceiver-sise tnble-type cabinet and can
be run at a half kilowatt input, Add
constructional simplicily, a mini-
mum of operating controls, and pleas-
ing appearance and you have the
article described here.

i amplifier shown here will run at about
T.’)OO watts input on c.w. — or p.e.p. input as
L osasb. lineav ——on all bands from 80
through 10 meters. | wanted a simple amplifier
that would be small and neat, and with which 1
could change bands quickly. The result. is smull
enough to sit on the operating table right along
with the rest of the station equipment; no need
for hig racks here!

Using u pair of 811As in parallel in the
grounded-grid circuit, this rig is 4 good one to
use following transmitters such as the Viking
Ranger, DX-10, Globe Scout, and others of
similar power class, for a worth-while inerease in
power output on ¢.w. As a linear amplifier fol-
lowing un s.8.b. exciter it recuires no swamping
not only because the 811A grids provide a fuirly
constant load in themselves, but also because the
fed-through power with grounded-grid presents
an additional constant load to the driver. The
totul driving power needed on any band is less
than 20 watts.

An additional useful feature is a built-in direc-
tional coupler using a version of the “Mickey
Muatch.” ! Besides its obvious application for
checking the s.w.r. on the transmission line to the

425 Atlantic ‘Terrace, Lynn, Mass,

1 Bunce, * The ‘ Mickev Mateh',” QST, November, 1958.

A modified version also is described in the chapter on
measurements in the 1959 edition of T'he KRadio Amateur's
Handbook. The circuit used here combines the r.f. switching
of the original ** Mickey Match ' with the fixed load resistor
used in the Handbook arrangement. — Editor.
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Grounded-Grid Parallel
811As for S.S.B. or C.W.

BY ERNEST A. COONS,* W1JLN/FOE

antenna coupler, it is practically indispensable
as an indieator of relative power output in tuning
the atnplifier, for reasons which will be disenssed
luter,

The Circuit

A number of tube types could be used in an
amplifier of this power class, but 1 deeided on the
811As becuuse they do not need o bins supply and
are not expensive, (Surplus 81 1= can be used if
vou don’t want to buyv new tubes; the ratings are
not. quite us high but they can be pushed a bit in
intermittent service such as c.w. and s.s.b.)

The complete circuit is shown in Iig. 1. Don't
expect to find anyvthing startling — the whole
thing was taken from parts of proven eircuits here
and there in the flandbonl: and put together to
meet my needs. To save trouble and work,
standard components were used throughout —
the only special construction is the shielding and
u few simple r.f. chokes. The tube filaments are
driven directly from coux input from the driver;
no tuning is used or is necded in this circuit. The
filaments are kept above ground by the B & \V
type FC15 filament. choke.

The plate tank is the familiar pi network, using
a B & W type 851 tapped coil and baud-switch
assembly. This assembly huas heen modified
slightly in two respects: First, the copper-strip
10-meter eoil normally mounted at the top of the
rear plate was taken off and moved so that it is
supported between the tauk assembly and the
stator of the tank tuning capacitor as shown in
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the top view. A short length of copper strip is
bolted between the free end of the cuil and the
right-hand stator connection of the tuning capaci-
tor, to support the free end. This change was
made in order to avoid the long lead that would
have had to he run from the capacitor to the
regular input terminal on the tank assembly,
since this terminal is at the right-hand side of the

REIN
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AMPLIFIER

Cs Cor—sp
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assembly as viewed from the top. The iurns of
the 10-meter coil were also sqyueezed together u
bit to increase the inductance, becuuse it was
found that a rather large amount of capacitance
had to be used to tune the circuit to the hand
with the coil at its original length. The length is
now 13 inches between mounting holes.

The second modification was the addition of 2

DECIMAL VALUES OF CAPACITANCE ARE IN uf.;
OTHERS ARE IN puf. EXCEPT AS INDICATED.

DIR. COUR

LOADING
MAX|

POWER SUPPLY

866A

JJ 55

EXT,
BIAS Dﬂa:

RFC;

nsv.
FILS.

8 AMP.

11sv,
PLATE

Fig. 1 —Circuit diagram of the parallel-811A grounded-grid amplifier. Unless otherwise specified, fixed capacitors are

disk ceramic, 600-volt rating.

C1—500 uuf., 20,000 volts (TV “'doorknob’’ type).

Cu—250-puf. variakle, 2000 volts (Johnson 250E20).

C3—325-uuf. variable, receiving type (Hammarlund
MC-325-M).

C4—Cs, inc.—1200-volt mica, case style CM-45,

11, l—6.3-volt dial lamp, 150-ma. (No. 47).

Ji, Ja—Coax connector, chassis mounting.

Js—Closed-circuit phone jack.

Js, Js—115-volt male connector, chassis mounting (Am-
phenol 61-M1).

Li, L2, S2—5-band pi-network coil-switch assembly; see
text (B & W 851).

t3—Swinging choke, 4-20 henrys, 300 ma. (UTC S-34).

Ls—Section of coax line with extra conductor inserted;
see Footnote 1 for construction references.

Mi, M2—Milliammeter, 3Y2-inch plastic case (Triplett
327-PL).

Ri—20,000-0hm composition control, linear taper.

RFC;—Filament-choke assembly, to carry 8 amp. (B & W
FC135).

RFCq, RFC3—2 ph. {National R-40).
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RFCs—90 uh.; 4%-inch winding of No. 26, 40 t.p.i., on
Y4-inch ceramic form (B & W 800).

RFC5—2.5 mh., any type.

RFCs—RFCo, incl.—18 turns No. 14 enam., close-wound,
Ya-inch diam., self-supporting.

S1—-4-pole 2-position rotary, nonshorting (Mallory 3242)
or Centralab 1450).

Sa2—Part of tank assembly; see LiL2.

Sa—Miniature ceramic rotary, 1 section, 1 pole, 6 posi-
tions used, progressive shorting (Centralab 2042).

Ss—M:iniature ceramic rotary, | section, 2 poles, 2 posi-
tions used, nonshorting (Centralab 2003).

Ss, Ss—S.p.s.t. toggle.

Ti—Filament )fransformer, 6.3 volts, 8 amp. min. (UTC
S-61).

Ts—Filament transformer, 2.5 volts, 10 amp. (UTC S-57).

Tz—Plate transformer, 3000 volts center-tapped, 300 ma.
d.c. (UTC S-47).

Z1, Zx>—Parasitic suppressor, 100-ohm 2-watt carbon re-
sistor assembled inside 2Y2-turn coil of No. 16
tinned, Ya-inch diameter, %-inch long.
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pair of awiteh contacts on the rear switch plate
of the tank assembly. There is an extra position
on this plate with holes already provided for con-
tacts, and it seemed like @ good idea to use a set
of contucts here to switch in additional output
loading capacitance on 80 meters, where a large
output capucitance is needed. The vuariable load-
ing capacitor, (s, and the five fixed mica capuci-
tors, ('s to (' inclusive, give continuous variation
of eapacitance up to 1275 wppf. on all bands, in-
cluding the regular band-switch pusition for the
80-meter band. However, if the switch is turned
to the extra position an additional 1000-gpf. mica
capacitor is conneeted in parallel, so that continu-
ous variation of capucitunce to over 2200 puf. is
possible on 80. This takes care of cases where the
load resistance happens to be unusually low or
reactive.’

A 500-ma. d.c. meter is used for reading either
total cathode current or grid current alone. The
cathode current is read in preference to plate
current because of safety considerations. Putting
the meter in the hot d.c. plate lead leaves nothing
but u little plastic insulation between the high
voltage and the meter adjusting screw. Although
the meter could have been connected in the nega-
tive plate supply lead since the power supply is
sell-contained, I prefer to have the negative
firmly grounded to the chassis. It is a bit of a
nuigance to have to subtract the grid current from
the cuthode current in order to find the plate cur-
rent, but it isn’t serious. The d.c. grid circuit has
a jack, J3. for introducing external bias either for
blocked-grid keving or for cutting off the plate
current during receiving, and a four-pole switch,
81, is therefore neceded for handling the meter
switching while keeping all circuits functioning
normally.

The power supply uses %66As with a plate
transformer giving 1500 volts each side of the
center tap, and working into a single-section
choke-input filter. The filter capacitor consists of

facturer of the tank assembly. To serure a set of contacts
with mounting hardware, send one dollar to Barker & Wil-
liamson, Beaver Dam and Canal, Bristol, Penna., specifying
the type of tank assembly for which they are wanted. The
contacts are not catalog items and are not available through
dealers.— Fditor,

four 80-uf. electrolytics connected in series to
handle the voltage, giving an effective filter
capacitance of 20 uf. This supply is running well
helow its capabilities in the intermittent type of
operation represented by c.w. and s.s.b., und the
amplifier is somewhat “over-powered” in this
respect. A lighter plate transformer can be used
since the average current in regular operation is
ouly about half the maximum tube rating of 350
ma. for the pair. However, a heavier supply was
used here hecause plate modulation may be tried
sotne day. This might make it necessary to use a
tank capacitor with larger plate spacing (3000-
volt rating instead of 2000 volts, which is plenty
adequate for c.w. and s.s.b.) but there is room
enough to install a capacitor about two inches
longer if it is needed.

The a.c. inputs to both filaments and plates
have TVI filters installed right at the a.c. con-
nectors. The chokes in these filters, RF(Cg to
RFCy inclusive, are homemade by winding 18
turns of No. 14 enameled wire close-wound on a
half-inch dowel or drill.

Construction

The ordinary principles of good construction
as given in the handbooks were followed in layout
and assembly. The only space available for the
filament transformers was below chassis, su these
were mounted on the front wall of the chassis as
shown in the bottom view. There is plenty of
room for all other power-supply parts below
chassis, and the photographs make uny further
comment on this section unnecessury.

The r.f. layout shown in the top view is almost
an exact copy of the circuit layout as given in
Fig. 1. The plate blocking capucitor, (', is
mounted on a small right-angle bracket fastened
to the left-hand stator connection of the tank
capacitor, ("a. The tube plates are connected to
(’y through individual parasitic-suppressor us-
semblies, Z; aud Z,. The hot end of the plate
choke, RFCy4, also connecets to this same point.
The tank capacitor is mounted on 34-inch ceramic
pillars to bring its shatt to the sume height as the
switch shaft on the tank-coil assembly. The
capacitor is grounded by connecting the bottom
of its frame through a half-inch wide strip of

In this below-chassis view, the two
filament transformers are at the top,
mounted on the chassis wall. The
811A sockets are at the upper left.
The rectangular box on the left-hand
wall contains the FC15 filament-choke
assembly. The ‘"Mickey Match" direc-
tional coupler is at the upper right.
Filter capacitors and the bleeder

resistors are in the lower section. A.c.

inlets, fuse holder, bias jack, and the

115-volt line TVI filters are on the
bottom chassis wall.
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aluminum to essentially the same point at which
the plate-choke bhypass capacitor, 2 0.001-uf.
2000-volt disk, is grounded. The ground end of
the aluminum strip actually is under the bottom
of the plate choke, and the ground lug for the
bypass capacitor is just to the Ieft. This strip,
plus short. leads in the circuit from the tube plates
through the tank capacitor to ground, keeps the
resonant frequency of the loop thus formed well
up in the v.h.f. region: this is important because
it permits using low-inductance purasitic chokes
in shunt with the suppressor resistors, and thus
tends to keep the r.f. plate cwrrent at the regular
operating frequencies out of the resistors. With
other tank grounding urrangements originally
tried, larger parasitic chokes had to be used and
it was impossible to prevent the resistors from
burning up when operating on 10, 15 and even 20
meters. Now they do not overheat on any fre-
quencey, aud v.hf. parasitics are nonexistent —
although without the suppressors the parasitics
are only too much in evidence.

The output loading capacitors, (% through
(g, are mounted toward the rear so the leads
from the tunk coil can be kept as short as possible.
A length of copper strip is used between the coil
and the stator of ('s; originally this lead was No.
14 wire but on 10 meters the tank current was
enough to heat it to the point of discoloratiou.
The ground lead from the fixed units, made to the
rear bearing connection of (%, is ulso copper
strip. (3 und Sz ure operated through extension
shafts, using Millen flexible couplings to simplify
the ulignment problem.

Underneath the chassis, each 811A grid is
hyvpassed directly to the socket-mounting screw
nearest the plate choke {right-hand side of the
socket in the bottom view). The d.c. leads have
small chokes, R’y and KF (3, with additional
bypasses for good r.f. filtering, particularly at
v.h.f. since grid rectifieation generates harmonics
in the TV bunds. The tilament choke, #/°Cy, is
mounted so that the filament side is close to the
filament terminals on the tube sockets: the other
end is bypassed directly to the chassis.

The shiclding around the amplifier consists of
two picees of sheet uluminum and o perforated
aluminum (“‘do-it-yourself” type) cover having
the shape of an inverted U. The top view shows
how the rear wall is made. Its edges are bent to
provide flanges for fustening the cover with
sheet-metal serews, and there is » similar flange
projecting to the rear at the bottom for fastening

The r.f. section with the shield cover removed.
Components here are readily identifiable by
reference to the circuit diagram. The meters
are enclosed in rectangular boxes made from
thin aluminum sheet, formed to be fastened by
the meter mounting screws. The back covers on
these boxes are made from perforated
aluminum, folded over at the edges and held
on the boxes by sheet-metal screws. The
switch for shifting the 0-500 milliammeter (left)
from grid to cathode is concealed by the box
which encloses the meter.,
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the wall to the chassis. The front picce extends
the full height of the panel and is identically
drilled and cut ont for meters and controls. It has
flanges at. the top and extending down the sides
from the top to the chassis. The vover itself ex-
tends down over the sides of the chassir for about
one inch, Numerous serews are used for fastening
the cover, to prevent leakwyre of harmonices.

The shields over the meters are made us
described in the caption for the inside top view.
Meter leads are bypassed to the shield boxes
where they emerge.

The Handbook should be consulted for methods
of checking and adjustment of the directional
coupler.

Operating Conditions and Tuning

The voltage delivered by the power supply is
approximately 1500 volts with no drive and with
the tubes taking only the no-bias static plate
current, which is ubout 60 ma. At the full load of
350 ma. the voltuge is slightly under 1400. Op-
timum operating conditions for 1400 volts ut 350
ma. peak-cuvelope power input as an s.x.b. linear
eall for a peak-envelope grid current of 60 ma.
The peak-cuvelope tube power output is close to
350 watts under these conditions. The same oper-
ating conditions are ulso about optimum for c.w.

The behavior of the cuthode current when
tuning a grounded-grid triode amplifier is ex-
tremely confusing, and the meter is principally
useful as a cheek on operating conditions rather
than as o tuning indicator. The best. indicator of
proper tuning of the plate tank capacitor is the
forward-power reading of the directional coupler.
For any trial setting of the loading controls and
driving power, ulways set the plate tank capacitor
control at the point which results in a maximum
reading on the power-output indicator. The power
indicutions are ouly relative, of course, und the
seusitivity control should be sct to give u reading
in the upper half of the scale.

The objective in adjusting loading and drive
is to arrive at maximum power output simul-
tancously with a plate current of 350 ma. and u
grid current. of G0 ma. — that is, a total cathode
crrent of 410 ma. when the grid current reading
is 60 ma. The loading is critical. If the amplifier
is not loaded heavily enough the grid current
will be too high aud the right value of total
cathode eurrent either will not be reached or, if
reached, the amplifier will be operating in the

(Continued on page 156)
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Simplifying Transmission-Line Problems

5
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One of the most useful tools at the
disposal of the radio engineer is a
transmission-line calculator known
as the Smith Chart. This device elimi.
nates the need for mathematical gym-
nastics and greatly reduces the Ia-
borious task of solving most trans-
mission-line problems. In this article,
K6CRT discusses the use of the Chart
in some of its simpler applications.
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Some Amateur
Applications of the
Smith Chart

By L. A. CHOLEWSKI,* K6CRT, EX-W8SVK

use of the Smith Chart is not made by ama-

teurs in solving some of their antenna-feeding
vroblems is its formidable appearance at first
elance. But a brief deseription of its construction
and some of its simpler applications will show
that it is fur less complicated than its aspect.

IN ALL probability, the chief reason that more

Resistance Scales

Referring to Fig. I, the Smith Chart ! consists
basically of a cirele upon which are placed various
circular xeales. The only straight line on the
C'hart — the verticul one in Fig. 1A —is the
reststance axts. The numbers along this line
indicute percentages of the value assigned to
the center point — the 100 per cent point indi-
cated by the numeral 1.0 — usually referred
to as prime center. The calibration of this line
runs from O at the top to infinity (o) at the
hottom. If prime center is assigned a value of
{00 ohms, then 0.5 represents 50 ohms, 0.2
represents 20 ohms, 2.0 represents 200 ohms, cte.
1If a value of 50 ohms is assigned to prime center,
corresponding values will be 25, 10 and 100 ohms.

[t is scen that in each case the point on the
Chart for any resistance value is determined by
dividing the value by the number ussigned to
prime center. This is called ““normalizing.”
Similarly, points on the Chart are converted
back to actuul resistance values by multiplying
by the value assigned prime center. This process
permits the usc of the numbers printed on the
Smith Charts for values irrespective of their
magnitudes. It is common practice to indicate
actual impedance values in capital letters (7,
Za, Zi, ete.) and corresponding normalized
values in small letters (21, 24, 21, ete.).

Resistance cireles (see Fig, 1A) are centered on
the resistunce axis, are tangeut to the outer cir-
ele at the £ == «© point, and pass through the
calibrated points on the resistance axis. All
points along any resistauce circle have the same
registive value as the point where the cirele crosses
the resistance uxis.

# 110 Camino de las Colinas, Redondo Beach, Calif.
!Smith Charts can be obtained at most college book
atores.
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Reactance Scales

Superimposed on the rexistance-cirele pattern
are segments of other circles tangent to the resist-
ance axis at 1 = o, See Fig. 1B. These ure
reactance circles, the large outer circle heing the
reactance axvs, The reactance axis is also cali-
brated in percentages of a selected value — usu-
ally the value assigned to prime center. All points
along any reactance cirele have the same reactive
value as the point, where the reactance cirele
touches the reactance axis (outer circle). Vulues
to the right of the resistance axis are positive
(induetive), and those to the left of the resistance
axis arc negative (capacitive).

Plotting Impedances

The plotting of complex impedances ¢an hest
be explained by one or two examples. Suppose
we have an impedance consisting of 50 ohms
resistance aud 100 ohms inductive reactance
(Z = 50 4 j100). If we assign u value of 100
ohms to prime center (Z, = 100), the z point
will be plotted at the interseetion of the 50/100 =
0.5 resistance eirele and the 100/100 = 1.0 posi-
tive reactance circle (point A in Fig. (B). {f a
value of 50 ohms had been assigned to prime
center, the same impedance would be plotted ut
the interseetion of the 50/50 = 1.0 resistance
cirele and the 100/50 = 2.0 reactance cirele
(point B in Fig. IB).

For example, if a value of 200 is ussigned to
prime center, then point ! in Fig. 1B represents
an impedance of 0.5 X 200 = 100 ohms resistance,
and 1.0 X 200 = 200 ohms negative {capacitive)
reactance (Z = 100 — ;200).

In solving transmission-line problems, prime
center is usually assigned a value equal to the
characteristic impedance of the transmission
line to be used. Always record this value at the
start to avoid any possible contusion later on.

Wavelength Scales

Aside from the calibrations already mentioned,
the perimeter of the large circle hus additional
scales. Two of these scales (sce Fig. 1C) are cali-
brated in terms of portions of a wavelength
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along a transmission line, one scale (running
counterclockwise) starts at the generator (trans-
mitter) end of the line and progresses toward the
load (antenna), while the other scale, in reverse,
starts at the load and works back toward the gen-
crator. The complete circle represents a half
wavelength. It is assumed that no amateur should
have difficulty in determining portions of an
electrical wavelength from the formula:

where [ = length in ft. and / is the velocity tactor
furnished in transmission-line characteristic ta-
bles. Since the sume conditions repeat every half
wavelength along the line, the zero point on the
wavelength scales may be considered as any mul-
tiple of a half wavelength as well as zero. The use
of the wavelength scales will be illustrated
presently.

Impedance Transformation

When a lossless transmission line is terminated
in some impedance other than a pure resistance
having a magnitude equal to the characteristic
impedance of the line, the input impedance of
the line will vary depending on the length of the
line. If the terminating impedance is known, it is
a simple matter to determine the input impedance
of the line for any length of line by means of the
Smith Chart.

First we plot the load (antenna) impedance
on the Chart. Suppose we have an antenna that
shows u resistive component of 25 ohms and an
inductive reactance of 25 ohms (Za =25 4

J25). If the transmission line has a characteristic

impedance of 50 ohms, we normalize the antenna
impedancee by dividing by 50 (za = 0.5 + j0.5).
"This is plotted as point za on the Chart of Fig. 2.

A cirele whose center is on prime center and
whose perimeter passes through the plotted
point is next inseribed on the Chart. This circle
is usually referred to us un s.w.r. circle, since the
s.w.r. on the line when terminated by the plotted
impedance can be determined by the points at
which the circle crosses the resistance axis. The
s.w.r. (2.6 in this case) may be read directly
where the bottom of the vircle crusses the resist-
ance uxis. (The reading of 0.384 at the top of the
circle is the reciproeal — 1/2.6 — which, of course,
indicates the same s.w.r.)

‘The next step in determining the input
impedance of the line is to draw a vector from
prime center through za to interscet the wave-
length scales. Since we ure starting at the load,
the “Toward (iencrator” scale is used. To find
the input impedance of the line at any desired
distance from the antenna, we simply rotate the
veetor through this distance along the wave-
length scule. The za veetor intersects the wave-
length scale at 0.088. If we want to tind the line
input impedance when the line is 0.3 wavelength
long, for instance, we add 0.088 4 (L3 = ().388
and move the vector to this point on the wave-
length scale. Then the normalized impedance ig
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Fig. 1—Construction of the Smith Chart. A—Resistance
scales. B—Chart with reactance scales added.

C—Wavelength scales.
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read at the interseetion of the new veetor and the
s.w.r. ecirele. The reading here is o = 0.6 —
j0.67. The actual input impedance is obtained
by multiplying bhack by the line 7, = 30, to
give 7 = 30 — j33.5 (30 ohms resistance, 33.5
ohms capacitive reactance).

It is interesting to note that the Chart indi-
cates two line lengths for which the input im-
pedance will be resistive. These points are indi-
cated by z; and 2z in Fig. 2, where the untenna-
impedance vector swings across the resistance
axis. ()ne of these lengths is 0.25 — (0.088 =
0.162 wavelength: the other is 0.5 — 0.088 =
0.412 wavelength. Since the (‘hart reading at z
is 2.6, jO, the line input impedance Zp = 50 X
2.6 = 130 ohms for the 0.162-wavelength line.
Similarly, the reading at zz is 0.384, /O and the
input impedance with the 0.412-wavelength
line is 50 X 0.384 = 19.2 ohms. Tt should always
be remembered that any number of half wave-
lengths cau be added to the lengths given
by the Chart without changing the line in-
put impedance (assuming u lossless line).

From this, it can be seen that a trans-
mission line terminated in a load not
the saumec as the characteristic im-
pedance of the line acts as an im-
pedance transformer, transforming
the value of the load resistance to
some other value at the input to the
line. By proper selection of line length
charucteristic impedance, any load
resistance can be transformed to any
other value desired.

Fig. 3—Chart for determining antenna impedance

(Zs) from measured line input impedances, Z1a

with line terminated in an antenna, Zis with the
line terminated in a short circuit.
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Zy=50.1.

Fig. 2—Determining line input impedance (Z1) when
antenna impedance (Z4) and line length are known.
At two line lengths, the input impedance will be resis-
:ve and have values (normalized) of zi and z,.

Measuring Antenna Impedance
Remotely

From the foregoing, it may he
evident that the proeess can be re-
versed to determine the feed-point
impedance of the antenna when the
length of the line and the line input
impedance are known. The line input
impedance can be measured by means
of an impedance bridge. The electrical
length can also be determined either
by direct measurement of its physical
length and applying the veloeity fuctor,
or indirectly by measuring the input
impedance of the line when the line is
terminated in u short circuit.

In one actual measurement made by
the author, the input impedance of a
50-ohm line terminated in a short eir-
cuit was 2.5 4+ j50, or a normalized
value of 0.05 + jl. This point, z1s, is
shown plotted on a Smith Chart in Fig. 3. The
terminating load in this cuse is Z1s8 = 0 -+ jO (a
short circuit). The vector for this load coincides
with the upper half of the resistance axis. Using
the “Toward Generator™ scale, we find that the
distance between the Z, g vectorand the Zis vector
is 0.125 wavelength. This is the eleetrical length
of the line.

With the antenna replacing the short cireuit,
the line input impedance was measured at Zya =
50 — j35, which normalizes to zry = 1.0 — jO.7.
This impedance is plotted, the s.aw.r. circle is
seribed and the zry vector drawn. Since this is
the line input impedunce, the “Toward Load”
scale is used. The vector intersects the wave-
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Fig. 4—Chart for correcting for losses in transmis-
sion line. Zyy is the measured input impedance of
the line; Z;p is the true load impedance.

length scale at 0.153. The vector is now
moved the length of the transmission
line — 0.125 wavelength —— toward the
load, to 0,153 4+ 0.125 = (.278 wave-
length. The normalized antenna im-
pedance, 24, can now be read at the
intersection of the new vector and
the s.w.r. circle. The Chart shows
this value to be 1.82 4+ j0.48, which
gives an actual value of Za = 50
(1.82 + j0.48 = 91 + j24. The s.w.r.
eircle shows that the s.w.r. on the line
is 2:1.

Cable Attenuation

In the foregoing, a lossless transmission line
has been assumed. With a practical line, the
a.w.r. will change with the length of the line, being
greatest at the load end of the line and decreasing
as the length of the line is increased. Similarly,
losses in the transmission line will cause the line
input impedance to vary as the length of the line
is changed, even though the line may be termi-
nated in an accurately-matched load. Therefore,
s.w.r. measurements made at the input end of
the line are not a strictly true indication of the
mismatch between the load and the transmission
line, and losses in the line will cause some error
in the caleulations of load impedance from meas-
urements of impedanece made at the input to the
line, unless suitable correction is applied. The
error in both cases will be small if the line is short
and has low inherent loss, and the load is rea~
sonably well matched to the line. The error will
be greater if the line is long, has high loss per
unit length, or if it is operated at a high s.w.r.

True values of s.w.r. and load impedance ean
be determined from the Smith Chart if the total
line loss is known, as in the following example.

The input impedance of a H0-ohm terminated
line having a loss of 3 db. is measured and found
to be Zin = 100 4 jO. This meusured value is
normalized and plotted and the s.w.r. eircle aud
veetor are drawn as shown in Fig. 4. The chart
of Fig. 5 shows that a line having a 3-db. loss
when terminated by a load cqual to the character-
istic impedance of the line will have an saw.r. of
3 when terminated in a short circuit. This s.w.r.
circle is drawn on the chart. A line ABC is
drawn ut rvight angles to the zim vector, inter-
secting the s.aw.r. circle of the shorted line and
the reactance axis. A straight line is then drawn
from B to zim. A sceond line parallel to the lutter
is drawn from point C' to interscct the Zim
vector. An s.w.r. circle drawn through this inter-
section indicates the true s.w.r. (4.8). (It should
be noted that the ratio of measured load imped-
ance, 100 4 jO, to the line charucteristic imped-
ance, 50 ohms, would indicate an s.w.r. of only
2 to 1.) The true value of load impedance is
4.87Zy = 1.8 X 50 = 240 ohms. (This compures
with the measured value of 100 ohms.)
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The loss of 3 db. used in this example is repre-~
sentative of what might be found in a 150-foot
length of small coax eable at 28 Mec. So the next
time anyone tells you that his s.w.r, is 1 to L,
vou will have good reason to doubt his accuracy.

If the same construction is applied to Fig. 3,
it will be found that the true values will be ouly
slightly different from the uncorrectéd values,
In this case the s.w.r. with the line shorted is
35 to 1, corresponding to a line loss of 0.25 db.
on the chart of Fig. 5. This low line loss, of course,
accounts for the smaller error. S
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Fig. 5—Graph showing the relationship between the s.w.r.
measured with a line terminated in a short circuit and
the loss in db. measured when the line is terminated in its

characteristic impedance.
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This teletype converter works from the i.f. output of any
receiver having an intermediate frequency in the 190-
550-kc. region. Components on the 10%2 X 19-inch rack
panel include meters for reading plate current of the keyer
stage, discriminator balance, and keying loop current.
The controls immediately under the meters are the toggle
switch to change from receiving to local keying, a cali-
brate switch, and push button for scope checking. Along
the bottom of the panel are the power switch, signal
reversing switch, and controls for per cent mark, sensitiv-
ity threshold, and r.f. gain of the BC-453 receiver in-
corporated in the unit. The BC-453 tuning control, "align
input" knob, and window for reading the dial are in the
right-hand section,

Radioteletype Conversion from
Receiver LF.

NI IT IR TR RS R LR R R L L O O O 0 )

-

The i.f. type converter for radioteletype
makes direct use of the f.s.k. signal, with
suitable cleaning up and amplification,
and does not require the sharp audio
filters used in the two-tone method. Al-
though at first glance the unit described
here may seem to be elaborate, this is
partly because it includes power supplies
and a scope amplifier for adjustment and
monitoring. The principal sections are
shown in four separate diagrams; in only
one, the concerter proper, are there any
techniques unfamiliar to the amateur
without previous RTTY experience.

HERE are two general methods of receiving
Tr-:xdiowletypc. One is to use a diseriminator
-2 to detecet the signal shift ut the intermediate
frequeney of the receiver. The other is the audio
system, using two tones either received directly
from a modulated signal or developed in the re-
ceiver by using the b.f.o. to beat against the shift-
ing carrier, the audio tones then being separated
in filters to develop the proper keyving.
This article will discuss the circuitry and opera-
tion of an i.f. tvpe converter or terminal unit that

v 7‘1"41 Bgdth, Kansas Clity, 3, Kansas.

Surplus Receiver Conihined
with F.S.K. Detection

Shaping and ./fa:w'ﬂg

BY JAMES L. McCOY,* WOLQV /AFPLQV

was constructed as a projeet for the Central
Technical Net of the Air Forece MARS program.
Clertain portions of the eircuit were taken from
the CV-57/URR military radioteletype con-
verter, with various modifications to make the
unit adaptable to currently-available surplus
purts.

Converter Circuit
The C'V-57/URR converter operates on re-
ceiver intermediate frequencies from 395 to 470
ke. The recciver’s i.1. is converted to 40 ke., then

The loop-circuit relay, K2, is at the upper left in this view.
Other principal components can be identified by their
relationship to the top view, with the amplifier-trigger
circuits at the upper left, power supply at lower left, and
external i.f. strip running from rear to front just to right
of center. Shielded leads through holes in the chassis
under the BC-453 are used for r.f. and i.f. input and
output connections.
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Fig. 1—Circuit of the 85-ke. i.f. amplifier-dis-
criminator. Fixed resistors are Y2-watt composi-
tion except as indicated. Except for the 1-unf.
capacitor, which is paper, and the 0.02-pf.
capacitors, which are disk ceramic, fixed ca-
pacitors may be either mica or ceramic.
M1—50-0-50 zero-center microammeter.
R1—10,000-0hm wire-wound control.

R2— 1-megohm control, audio taper.

Ti-Ts, inc.—85-kc. i.f. transformer (surplus BC-
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amplified, clipped by a limiter and fed into a
diseriminator. The diseriminator output is am-
plified, filtered, amplified again and then used
to trigger two leeles-Jordan Hip-Hop multi-
vibrator stages in cascade to key the RTTY
loop keyver tubes.

The muin point of difference in the unit con-
structed here is the use of 85 ke., the inter-
mediate frequency of the BC-453 Clommand
receiver, us the second i.f. The 453 not only
mukes an excellent “front end”’ for the con-
verter but is capable of tuning to nny recciver
intermediate frequency from 190 to 550 ke.
The BC-453 is modified by removing the third
i.f. can and the nudio tubes, and then the
plate of the 125K7 second i.f. tube is coupled
to an external i.f. strip using the same if.
trupstormers as in the second stage of the
BC-453 (part No. 7267). The signal next is
passed throngh one stage of amplification and
one stage of limiting, und then into 4 discrimi-
nator using two i.f. transformers as shown in
Fig. 1.

From this point on the circuit, Fig. 2, is
much the sume as that of the (!V-57. The
pulses from the discriminator are amplified
and fed into # low-pass filter having u cut-off
frequency of 140 cycles. The signal is again
amplified and then applied to the grid of the
trigger driver tube. Ve Connected between
the grid of the trigger driver tube and ground
is a d.c. restorer and its associated eircuits.
This circuit uses the two diodes of a GALS5;
V5: the lower one in Fig. 2 clips off the nega-
tive portion of the signal and the upper one,
with positive back bias, clips the signal above
a level of plus four volts. The clipping elimi-
nates any superimposed noise and telegraph
distortion, so the signal appearing at the grid
of Vg is a square wave having a peak ampli-
tude of four volts and is identical in shape with
the discriminator output.

Keying Circuits

The output of the trigger driver is direct-
coupled to an liceles~Jordan Hip-flop stage, V7,
which in turn is capacity-coupled to a similar
flip-lop stage, 1's. The Hip-Hop stages have
two stable conditions, one of which results in a
higher d.c. voltage across the load resistor
than the other, and the stages are switched
from one stable state to the other according to
the polarity of the square wave of signal volt-
age from the trigger driver tube. The trigger
output, taken from one or the other of the
second-stage grids, is thus a keyed d.e. volt-
age, and is applied to the grids of the 6AQ5
kever tubes to shift them between the con-
ducting and nonconducting states.

In normal RTTY practice, the loop or
locally-keyed cireuit is closed during stand-by
or mark signal. This keeps the machine in an
idling condition to receive the coding pulses
that key the loop circuit. The machine is keyed
directly from the plates of the 6AQ5s in the
CV-57, but in this unit we wished to key a
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Fig. 2—Converter keyer circuit. Fixed resistors are ¥2-watt composition except as indicated. Capacitors with capacitance
expressed in uf. are paper; others may be either ceramic or mica. The control circuit (K2} and external keying terminals
are used with associated f.s.k. transmitting equipment.

Ji—Open-circuit jack.

Ki— Polarized relay (Sigma 7JOZ-160T).

Kz—A.c. relay, 115-volt coil, s.p.d.t.

L1—32 henrys at zero d.c., approx. 500 ohms (military
surplus; suggested replacement, UTC type
VIC-18 or VIC-19, or filter choke rated at approx-
30 henrys).

scparate loop circuit so a biased polar relay is
connected in the plate circuit of the 6AQSs. Be-
cause of the capacitive coupling in the amplifiers,
no d.c. voltage is available from the signal to keep
the output tubes conducting during mark or
idling. Therefore, a ‘‘mark return’’ circuit is pro-

M2, M3—0-100 d.c. milliammeter.

R3—750-ohm composition control, audio taper.
R4—50,000-ohm wire-wound control, 4 watts.
Rs—2500-ohm 25-watt rheostat (Ohmite H-0159).
Si—S.p.d.t. rotary or toggle.

Sa—3-pole 2-position rotary.

S3—S.p.s.t. toggle.

vided in the trigger driver stage for this purpose.
In the *“normal’ position of Sy, used when the
signal shifts to the higher frequency in the mark
or stand-by position, the grid of the trigger driver
is four volts positive, sctting the trigger stages to
cause the 6AQ5s to conduct. The “‘reverse’’ posi-

Top view, from the rear, of components on the 12 X 17
X 3-inch chassis. Power connections to the BC-453, at
left, are made through the dynamotor socket on its rear
deck. Between the 453 and the chassis wall are the out-
put jack (which must be insulated from the chassis) and
the loop current control, Rs. The external i.f. strip (Fig. 1)
is alongside the 453, beginning near the rear edge of the
chassis and running toward the front (top in this view).
The 12AX7 scope amplifier is alongside the limiter, V2,
with its controls, Rs and Rz, nearby on the chassis. The signal
amplifier and trigger circuits (Fig. 2) are alongside the
two right-hand meters. The large can in this area is the
low-pass filter inductor, and to its right is the polar relay,
Ki. Power-supply components are grouped on the near
right-hand corner of the chassis.
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tion is used when the r.f, signal shifts to the lower
frequency on mark. In this position of Sua the grid
of the trigger driver is ut zero voltage: this sets
the trigger stages in the opposite stute, but S,
simultaneously selects the trigger output of
proper polarity to cause the 6AQ5s again to
conduet.

The “per cent mark” control, a variable re-
sistor in the cathode circuit of the trigger driver,
Is, i8 for adjustment of the operating bias for
most linear amplification of the pulses in this
stage. This is necessary beeause the pulse widths
in the loop circuit must he the sume us at the
output of the diseriminator to prevent loss of
printing margin. This control, 23, is adjusted to
give u symmetrical square wave at the plates of
the 6AQ5s.

Discriminator Alignment

For proper operation the output of the dis-
eriminator must be kept at u zero average: that
is, the incoming signul must be tuned so that its
mean frequency is centered in the diseriminator
characteristic. The tuning (assuming that the
diseriminator eirenits have heen properly aligned
for & symmetrical characteristie) is checked by
connecting a 50-0-50 microammeter in series with
the onc-megohm *‘threshold” (audio level) con-
trol, I». This potentiometer limits the current
through the meter as well as acting as an output
control for the discriminator.

Most teletype transmissions operating at sixty
words per minute use a shift of 850 cycles. It was
decided, therefore, to adjust the diseriminator to
detect u shift of 425 cycles cither side of eenter of
the nominal 85-ke i.f.

First, it. is necessary to have some sort of signal
generator which cun be accurately adjusted to
shift the output frequency 425 cycles either direc-
tion. Most signal generators will reach the normal
i.f. of 455 ke. C'onneet the generator to the input
terminals of the couverter and adjust its fre-

Fig. 4—Power-supply circuit. Ca-
pacitors are electrolytic.

CRi—Selenivm rectifier
100 ma.
La—Filter choke, 8 hen-

rys at 200 ma.
(Stancor C-
1721).
R3z—0.1-megohm compo-
sition control,
linear taper.

+ 150V,

—~—0 FROM

L 22MEG.N(
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.47 PAPER

|

~150V.
FROM BIAS SUR
Fig. 3—Oscilloscope monitor vertical output circuit. Capac-
itances are in uf.; fixed resistors are Y2 watt.
Rs—1-megohm composition control, audio taper.
R7—0.5-megohm compesition control, linear taper,
S4—3S.p.d.t. push-button switch.

quency to the i.f. of the receiver to be used. Tune
the BC-453 to this frequency and peak the i.f.
strip in the BC-453, including transformers 7',
7', and T3, for maximum d.c. voltuge developed
across the I-megohm resistor in the grid return
of Ty (see Fig. 1). With full limiting this should
be about —40 volts.

Next, iucrease the generator frequeney 425
cveles and adjust 7' for maximum positive out-
put at Pin | of the 6ALS discriminator, 17, using o
v.t.v.m. with a zero-center seale. Reduce the
generator frecquency K50 eveles and tune 1% for
maximum negutive output. Adjustment of one
transformer affects the adjustment of the other;
conseguently,  alternate adjustments must be

made as the frequency is shifted through 850

eyeles to obtain equal and opposite voltages at

Pin 1 of 3. It should be remembered that in

[.s.k. the mark condition is high and the shift

to the space condition is to u frequency 850
(Continued on page 158)

BIAS
3UP

5X4

Ss—S.p.s.t. toggle.

Te—Power transformer, 540 volts
ct, 120 ma.; 5 volts, 3
amp.; 6.3 volts, 3.5 amp.
(Stancor PC8405).

Tr—Filament transformer, 6.3 volts,
3 amp. (Stancor P-6466).

Ts—Power transformer, 125 volts,
50 ma.; 6.3 volts, 2 amp.
(Stancor PA8421).
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( There must be many owners of BC-
454 Command receivers who have
gazed at the 6-Mc. end of the dial,
wondering if there were not some
way of stretching the range a hair to
include the 40-meter band. This arti-
cle tells you how to do it, and also in-
cludes information on operation at
higher frequencies. |

80 and 10 on Same Receiver

BY YARDLEY BEERS,* W2AWH

‘Two-Band Coverage with the BC-454

e BC-154 Command receiver, whose tuning
Tmngo is nominally from 3 to 6 Me., may be

modified very simply to cover the entire 3.5-
and 7-Mec. bands.

With the bottom cover removed, the coil unit
is observed right behind the front adapter. Re-
move the two screws which hold the coil unit to
the sides of the cabinet and then gently pull the
coil unit, which is held in place by sets of minia-
ture banana plugs, out of the chassis,

Coil Alterations

Remove the coil for the r.f. amplifier, which ig
identified by a red dot and which hereafter will
be called Ly, from its ease and remove 7 turns
and then restore it to its case. In the correct
orientation, the three colored dots wre in & line.

Next remove the interstuge transtormer, de-
noted by a vellow dot. from its case. This con-
tains two coils. The multilayer coil, Ly, is con-
nected to the plate of the amplifier and is un-
tuned, while the single-layer coil, L, is connected
to the grid of the mixer. Remove 7 turns from the
single-layer coil at the end remote from Ly, and
then restore the transformer to its casc.

Next, remove the local oscillator coil denoted
by a blue dot. This contains a small tickler coil,
Ly, and a larger tuned coil, L;. Remove 4 turns
from the far end of the long coil, and restore this
to the holder. Note that in the correct orientation
the banana jucks of the blue-dot cuils are oppo-
sitely directed to the others. In soldering, be sure
that no excess solder flows into these jucks, as the
plugs will jam. Then replace the coil set in the
chassis. Before applying any appreciable foree, be
careful that the plugs and jacks are correctly
seated because these miniature plugs will not
withstand much abuse, and a hroken plug would
be almost impossible to replace.

Circuit Alignment

Next, remove the outer cover exposing the
screw adjustments on the trimmer capuacitors.
Set the main tuning dial to the highest possible
frequency setting (considerably bevond the 6-Mec.
mark). Adjust the frequency of a signal generator
to 7.3 Me., and align all the trimmers. Then set

* 4 Ploughman’s Bush, Riverdale 71, New York.
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the generator to 3.5 Me., and its signal should be
found very close to the minimum frequency set-
ting of the main dial. Test the ulignment of the
mixer trimmer and see whether masimum re-
sponse on the input cireait ean be obtained within
range of the trimmer on the front panel.

If these tests vield satisfactory results, the
modification ean be considered complete. Other-
wise it is necessary to trim the eoils, If the tuning
range of any cireuit is insufficient (a situation
which is indicated by the ueed for more capuci-
tance than is available in the trimmers to reach
3.5 Me.). the inductance must be inereased and
the capacitunce of the trimmer must he decreased.
Conversely, if the tuning range is excessive, the
inductance must be deereased and the trimmer
capacitunee inereased. In this way good tracking
can be obtained in the amateur bauds at the ends
of the dial. In the center the tracking is not
perfect but is adequate for most purposes.

Un finding that the performance generally was
sutistactory by following this procedure, 1 put
both covers hback on and indicated the new enli-
bration on the dial by making faint seratches
at 0.1-Me. intervals. Beecause of the success of
this modilication, [ have never felt the desire
to by a 6-9.1-Me. Command receiver for cover-
ing the 7-Me. band.

Other Bands

Some time later I bought o second BC-154, and
1 had the unusual luck of being uble to obtain
several extra coil sets also. I proceeded to wind
coils which covered all bands from 1.7 to 50 Me.,
inclusive, us shown in the accompanying table.
Coil Sets A (1.7-3.6 Mec.) and C (7.0-14.4 Me.)
etuployed the original forms. Tn fact, some of
the windings were left undisturbed. In sei
the desired tuning range was obtained by re-
moving more turns than in set B. In set A, part
of the original windings were removed und re-
placed by new windings. In sets 1) and ki, the
original forms were veplaced by pieces of 34-inch
polystyrene rod held by serews tapped in at
one end (exeept that L; in sct 1 is sclf-support-
ing). The spacings between the near ends of the
Ly und Ly, and the neur ends of Lg and Ls were
about 1716 inch. The coils were trimmed by u
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° O0SCILLATOR

INTERSTAGE (MIXER) R.F. AMPLIFIER

NEAR END Lg
FARENDL,
I LUE \DOT’ FAR END Ly YELLO‘IN 00T RED D!OT'
\. ¥ v
’ NC ® NC o
) @) sQ
Fig. 1—Sketch showing coil-holder con- ! % hg
nections, looking at the bottom of the r(O O o,
holder. 2 L \‘Lx
La »
Eo 1 1 /b e}
NC
O o) o)
/
7
NEAREND L, l NEAR END L4
FAREND L g

process analagous to that deseribed in connection
with set B (3.5-7.3 Me.). On several of the higher-
frequency coils it was necessary to adjust the
spacing of the last one or two turns to get good
tracking. The values for Ly und L4 were deter-
mined by guesswork, except that Ls of set E was
adjusted for resonance at 51 Me. with a grid-dip
meter, with L3 disconnected. Also, no attempt
was made to vary the resistors in the oscillator
coil holder. Holes were drilled in the outer cover
to permit direct access to all trimmers.

With set A, some background QRM results
from i.f. feedthrough because the i.f. of 1.415 Me.
is so close to the signal frequency. Also, for the
same reason, tracking is difficult and it is not
possible to cover hoth the 1.7- and 3.5-Mec. bands
with the same coils. With sets ' and D, tracking
in the center of the dial is poorer than with set B,
and it is usually worth the effort to resct the
mixer trimmer on 21 Me. after having sect it
for 14 and 28 Me. The stubility is not goul. but
c.ay. contacts may be carried out on 28 Me. with
a little effort. Although set Is tunes down through
the 28-Me. band, no sutisfactory operation below

contacts on 50 Me. is adequate, but it is inade-
quate for e.w. coutacts. On these higher frequency
bhands greater stability and sensitivity can be
obtained by using this receiver at low frequency
with a converter ahead of it.

Even though I have demonstrated that the BC-
454 can cover all the bands from 1.7 to 50 Me., I
do not feel that it should be considered an “all-
band”’ receiver, even if one is able to acquire extra
coil scts.

The inaccessibility of the coils and the fra-
gility of the miniature banana plugs make fre-
quent coil changing undesirable, and ideally each
receiver should set permanently on one range.
With two receivers respectively employving sets A
and (!, one can cffectively monitor the five
most popular bands, 3.5-28 Me., inclusive, and
should there develop any pile-ups denoting the
presence of some rare DX, he cun then set his
receiver of more advanced design and his trans-
mitter on that band and go after it. This is one
of the principal facilities provided by Larson K.
Rapp’s famous QS-59 reeetver, aud it is obtain-
ible by the method which has been deseribed ut a

about 40 Me. was obtained. Stability for phone  price somewhat less than $40,000. O5T—
Data for Modified BC-484 Coils
Fre- Iy Ly L3 Ly Ls
quency (Amp. (Osc. (Ose.
Set (Me.) Form (R.F. Amp.) Plate) {Mixer Grid) Tickler) Tuning)
A 1736 Original 3" of orig. with 4"’ Original *#’of orig. with %'’ of 14"’ of 51s’" of No, 32

winding of No. 32 wire
added at each end

B 5573 Original 7 turns off original

14 turns remain

D 14.0-287 35
No. 28
5 turns No. 14, 14’/ long 8 turns
Na. 28

E  40-56 34"

Notes: 1.) All wire enameled.
3.) Ls and Ls are wound in the same direction.

cent to the other winding on the sawme form.

Original 7 turns off far end

C 7.0-14.4 Original Original trimmed until Original Far end of original Original

9 turns No. 22, }{’’long 15 turns

2.) All windings are close-wound unless both the number of turns and the length are sperified.

4.) “Far” denotes the end remote from the other winding on the same form, and ‘ near” denotes the end adja-

5.) The oscillator operates on the high-frequency side of the signal.,

No. 32 wire added to No. 32

near end and ¢’/ of No.

32 added to far end

Original 4 turns off far
end

t'ar end of origi-
nal trimmed un-
til 11 turns re-
main

14 turns 9!4 turns No.

trimmed until 12 turns
remain

10 turns No. 22, 3%’/ long

No. 28 22, 5% long
4 turns No. 14, 3§’/ long § turns 4 turns No. 14,
No. 28 12’ long
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The

S.S.B.

The substitution of a mechanical filter
for the original crystal filters the addi-
tion of a slide-rule dial and an improved
Keying system for the WOTEU s.s.b. ex-
citer desceribed in an earlier issuc of
ONST are fealures of the modifications
described here by WISNN. Layout
sketehes are available from the author.

“A Single-Sidebaud Package,” by George
Bigler, W6TEU. It scemed to answer the re-
quirements for an exciter at WISNN. My friend,
WI1AZH, aund I decided to build this unit but to
make some circuit changes and add some other
requirements to those originally outlined in the
article, Since these circuit changes proved to be
advantageous to this station, I thought other
amateurs would also be interested in them,
The changes to be outlined are:
1) A mechanical filter to veplace the erystal
filter.
2) Keying eircuitry to reduce or eliminate
thermal noise generated by the 6146 umplifier.

IN T June. 1958, issue of QST was described

Fig. 1 —Diagram showing bal-
anced-modulator circuit and
connections to mechanical filter.
Unless otherwise indicated, ca-
pacitances are in puf., capaci-

# 54 Linda Ave.. Saxonville Station, T'ramingham, Mass.
tors marked with polarity are
electrolytic, resistances are in

V3018
{ ) D
)
210k <
]
ohms, and resistors Y2 watt.

Ci1—Valve designated for each +8
filter by manufacturer.

Ca—Ceramic trimmer.

Ti—Tube-to-line transformer;
primary 10 to 20 K,
secondary 500 or 600
ohms, c.t. (Thordarson
22559, UTC A25 or
equivalent).

Z;—1N40 (Sylvania). Number-
ing refers to pins on
octal base of 1N40.

#3—Mechanical filter (Collins
F455 F-31).
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A home-built s.s.b. exciter with professional appearance.
The slide-rule dial is described in the text.

Some Modifications
for a Popular Unit

BY STIRLING M. OLBERG,* W1ISNN

Package” Plus

3) A slide-rule dial to tit the required capacitor
gang,

4) An electronically-regulated power supply
for the 195-volt needs of the unit.

5 A notebook uand mechanical-layout Jia-
grams so that the unit could be reproduced.
These objectives were accomplished as follows:

Filter

1) The use of u mechanical filter involved
a change in the original circuitry. (lonsiderable
time was spent in deeiding what type of circuit
should be used with 4 Collins Model F-455
mechanical filter. A breadboard unit was con-
structed and several popular systems  tried.
These did not work well or would not stay in
adjustment as far as carrier balance wus con-
cerned. A circuit shown in the Collins advertise-
ment on page 2 of the June, 1958 issue of QST
was the next to be tried. It seemed to be the an-
swer to the problem and was the ecircuit even-
tually used.

To sulve the problem of obtaining closely-
matched diodes, a Sylvania Type IN40 was
purchased. This small unit, which resembles
outwurdly a 6HG6 tube, proved to he an excellent
choice since it is not affected by ambient-temper=

2200
YW~
TO GRID
C| OF v,
2

10
LIMITER

-
5K $<———-—> T0 Via
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WISNN's s.s.b. generator chassis. The mechanical filter
is near the bottom edge of the chassis in this view.

ature changes that might seriously affect carrier
halance. This unit is easily mounted in an oetal
socket. The circuit is shown in Fig. . A photo-
graph of the x.x.b. generator unit is also included.

2) The keying relay for this unit is a double-
throw type. It was evident that the thermal
noise generated in the 6146 amplifier while in a
stand-by condition impaired reception. This relay
therefore swings the sereen voltage from a posi-
tive voltage to a negative one.

The relay is a Sigma tyvpe 22RJCC-5000-G /SIL
found in most surplus advertisements. Its coil
resistance is 5000 ohms and the relay directly
replaces  the Potter-Brumfield type SMSLS
originally designated. The circuit changes in-
volved in the use of this relay are shown in Fig.
2, The relay is small enough so that it can be
mounted in the sume position as the original one.

Dial

3) The ARC-5 gang capacitor originally pre-
seribed for this unit ean be modified for a slide-
rule dial very easily and without the need for

Fig. 2—Circuit for eliminating amplifier diode noise
while receiving. The relay is d.p.d.t. with a 5000-ohm
coil (Sigma 22RJCC-5000-G /SIL).

This relay replaces Kani in the original circuit,

K ﬁ TO CONNECTIONS

1 FOR K301

TOVIO! ey vOx
®) ;:K,A ()

showing
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Fig. 3 —Sketch
slide-rule
dia! diive.

any special tools. A 214-inch dial pulley is fast-
c¢ned to the threaded dial shaft with the original
ial nut. At the top front will he found on either
end of the capacitor two threaded mounting
tabs bent at right angles to the gung. An alum-
inum plate 7 inches long and 2!4 inches wide,
made of [6-gauge aluminum, is mounted on
these tubs. This provides a mounting plate for
two cable pulleys. The cable, made of standard
radio dial cord, is fastened to the large dial
pulley ut one end. T'wo tnrns are wound around
the drum and then passed over the cable pulleys
and back to the dial pulley, where it is tensioned
with g radio dial spring.

Attention should be given to the dircetion that
the gung moves so that it will coinecide with a dial
scale marked 0 to 1. The dial is marked off in
teuths tor a one-megacycele range. The photo-
graph and the sketeh found in Fig. 3 will probably
furnish a hetter description.

Regulated Supply
4) An electronically regulated supply was used

o) casLe casLE (©
PULLEY PULLEY

2 TURNS
AROUND |
PULLEY

DIAL CABLE

SMALL PULLEY—""

SPACER.

CAPACITOR
GANG

LARGE PULLEY

DIAL HUB
— DIAL DRIVE GEAR
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hecause the sereen voltage of the G146 aiid ull
other eircuits at 195 volts scemed quite o load to
pull through a resistor and two VIR tubes. The
cireuit used can be found in The Radio Amnatenr's
Handbooi:, 1957 edition, Chapter 7, page 228,

Fig. 7-17. (Also puge 232, Fig. 7-17, 1959 edi~
tion — Kd.) o
Drawings

5) A notebook full of data wus kept on the
progress and results of this exciter. All schematie
changes were entered and, last but most impor-
tant, mechanical lauyout drawings were made to
full scale. Two units were constructed from these
drawings. A full set of drawings for the mechagi-
cal layont of the panel, chassis, s.s.h. generator
chassts and dial are available at WISNN ,tpr
postage to unyone who would like them.

A Varitlex chassis was used. This is made hv
the Hamner Company (Princeton, N. J.) and can
be obtained at most electronic distributors for a
moderate sum.

The unit in use at this station has given me
many happy hours of s.5.b. and c.w. operation;
the unit for WI1AZH is nearing completion and
looks exactly like mine. Two other operators,
WIYBN and WIKYE, have counstructed these
unity, one with the crystal filter, the other with a
mechanical tilter, and they likewise find them a
pleasure to operate.

A phasing-type s.s.b. geucrator chassis that can

Interior view of W1SNN's filter s.s.b. exciter.

be used in place of either ervstal or mechanical-
filter chassis is being tried experimentally and
works quite well. It follows the eircuitry of
W2LWL's © Cheap and Iasy Stdeband,”” without
the wmplifier. Tt tits on o small chassis that could
replace  the mechanical-ilter or  erystal-filter
chassis.
The only adverse comments on the whole sys-
tem were by nonhams. My XYL und XYLs of
WIYBN and WIKYLS feel that it looks nice
when it's all done, but the interval between the
start and linish was sort. of hard to take, since we
all heeame very hard to live with until we had the
beasts tamed and on the air.

New dpparatus —

Amphenol Marine-Core Twin-Lead

MPHENOL'S new Marine-Core Twin-Lead is an
; inexpensive, flexible, lightweight and low-
loss trunsmission line designed for television use
in weuak-signal or fringe areas where attcnuation
shonld be kept at a minimum. Of course it has
immediate amateur application as o low-loss
line, especially ut v.h.f. where damp or rainy
conditions usually upset transmission-line per-
formance. Marine-C'ore line is practically im-
pervious to moisture ctfects and the attenuation
increases only slightly even when the line is com-
pletely submerged in water! For wstance, 100 feet
of regular Twin-Lead submerged in water has
an attenuation at 100 Me. of 11.5 db., but Ma-
rine-Clore shows only 2.5 db. In dry air it has an
sttenuation of about 1.5 db. per 100 feet at 100
Me. It probably would be possible to bury
Marine-Core, if necessary — an advantage for-
merly possible only with coaxial feed lines.

Marine-Core has a nominal impedance of three
hundred ohms, an over-all width of a little under
14 inch and a conductor spacing of 0.178 inch. The
two conductors are each 7 strands of No. 28

40

vopper wire, imbedded in foamed polyethylene.
The entire cable ix covered with an outer jacket
of brown polyethylene. A cutaway section of
Marine-Clore Twin-Leud is shown in the accom-
pauying photograph. It is available in 50-, 75-,
100- and 500-foot coils.

—E. L.C.
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Detail photo showing gamma matching sections
and one of the 20-meter loading coils and its
electronic switching circuit.

This beam for 10, 15 and 20 has a
maximum element length of less
than 19 feet. Both capacitive and
indnctive loading are employed.
Bandswitching is automatic. A
10-meter beam will serve as a
suitable subject for conversion.

BY K. W. SWAIM,* WO9KPM

Short Tribander for 10,

15 and 20

3 Bands on a 12-Foot Boom

the space for a fullsize 20-meter beam, 1
& huve been sold on the short-heam compromise
ever sinee the idea was first introduced several
vears ago. More recently, having the desire fo
expand to three-band operation, I decided to see
what could be done using clements of exsentially
10-meter size. The final result is shown in the
sketeh of Fig. 1 and the photographs.

There is w total of fonr elements. Three cle~
ments are active on 20 meters and two elements
on 15 and 10 meters. Element A is the driven
clement for both 15 and 20. Capacitive hats (sce
FFig. 2) serve to load the clement to resonanee at
15 meters. Loading coils £, are used to load the
clements further for 20-meter resonance. Ly and
'y are scries resonant at 15 meters and serve as
an clectronie switch to aytomatically short out
the 20-meter loading coil when cperating on 15.

lslement B is a 15/20-meter retlector operating
on the sume prineiple as the driven element.
Operating in a like manner, Flement. (¢ serves as
director for 10 and 20 meters, the series-tuned
circaits in this case being tuned to 10 meters,
lilement 1) is a conventional 10-meter driven
element.

The driven element A is fed with o single RG-
58/U line with separate gamma matching sections
for 15 and 20, while the 10-meter driven clement
ulso has its own line and matching scetion. The
matching seetions are the “trombone” type
"% 3710 Winter St., Fort Wayne, Ind.

[N coanoN with many others who do not have

January 1960

deseribed in carlier ivsues of QS7T.!

Construction
The capacitive hats, shown in Fig. 2, are 18-
inch wheels of !j-inch aluminum tubing with

.

! Reynolds, *Simple Gamma Mateh Construetion,” Q8T
Jdnly, 1957, “Hints & IKinks,” QS7, Auwust, 195K,

Worm's-eye view of WPKPM's compact
3-band parasitic beam,
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Fig. 1 —Sketch showing essential dimensions of W9KPM’s tri-band beam. Coils L are the
20-meter loading coils. The series combination of coils L2 and capacitors Ci provide elec-
tronic shorts across the loading coils when operating on higher frequencies. See Fig. 3
for details. The capacitive hats are used to load the elements
to 15 meters. See Fig. 2 for details.

four spokes of the sume material. The ends of the
spokes are Hattened, bent at right angles, and
drilled. Small rivets are used to fasten the spokes
to the rim. Two bolts at right angles fasten op-
posing pairs of spokes to the ends of telescoping
auter sections of the 15/20-meter elements.

The counstruction of the sections which include
the loading coils and the associated series-tuned
circuits ig shown in Fig, 3. Fach of the loading
coils has 18 turns of No.. 12 wire wound at the
center of a 12-inch length of 1-inch maple dowel
hoiled in paraflin. The cods of the dowel are
inserted 4 inches into the adjacent element mem-
bers, leaving a 4-inch length of exposed dowel
on which L, is wound. Bolts through the tubing
and dowel keep the dowel in place.

The series capucitors are tubular, made in the
sume manner as the gamma capacitors.! Alumi-
num strap is used to suspend the capacitor from
the element members so that it will bridge the
loading coils. One of the straps is broken with
u strip of polvstyrene insulation, and the series
coil, Ly, is bridged across the polyvstyrene. [ach
of these coils has 12 turns of No. 12 wire 3£ inch
in diameter, approximately 2 inches long, self-
supporting,.

Adjustment
The adjustment procedure should be the same
l“ -"asm%'
A ,ELEMENT\ _L 2/ -ENDOF

" ELEMENT
. ll «® 3
RIVET

ALTERNATE
SPOKES
REVERSED

+

APPROX 18" -~
DIAM. P RIvET
v
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us for any other parasitic beam *, with the fol-
lowing variations. \With shorting jumpers placed
across the loading coils, the 15-meter series eir-
cuits are tuned to the center of the band (21.35
Me. for phone), using a grid-dip oscillator. Then,
with the jumpers removed, the element length is
adjusted for resonance at the same frequency.
Finally, with the element excited at the center of
the desired portion of the 20-meter hand (14.25
for phone), the taps on the loading coils are ad-
justed to resonute the element at this frequeney,
keeping the turns equal in the two coils.

The sume procedure is followed next in adjust-
ing the 15/20-meter reflector, but using frequen-
cies of 20.35 and 13.6 NMe. The 10/20-meter direce-
tor (Element (') is adjusted similarly for frequen-
cies of 29,5 and 14.85 Me. Adjustments of an-
tenna resonance and the gamma matching sce-
tions were made with the aid of an “antenna-
scope.”’

Performance of the beam compares very well
with a stundard 2-element short beam on 10 and
15 meters. Estimated gain is at least 4 db. On 20
meters, performance equals or betters o well-
known 3-element center-loaded commercial short.
beam which we have hud in use here for the last
four and one half years. Cheeks with an s.w.r.

2 Nose, *Adjustmeut of CGamma-Matched Parasitic

Beams,' QST dMarch, 1938,

Fig. 2—The capacitive hats are made of Y4-inch aluminum
tubing. Note that interference between mounting screws is
avoided by reversing alternate spokes.

QST for



Fig. 3 —Details of the 20-meter loading coils and
series-tuned shunts. The loading coil L1 has 18 turns

wood dowel to a length of 4 inches. The ends of the

No. 12 wire wound at the center of a 1-inch hard- Sx—.--———'——m

SHORTING TAP

ALY CLAMP

dowel extend 4 inches into each section of the ele-
ment, the total dowel length being 12 inches. Coils
L: have 12 turns of No. 12, % inch in diameter.
Turns spacing is adjusted as necessary. The capacitor
C; is composed of two lengths of aluminum tubing
with a section of polystyrene tubing as the dielectric.
Capacitance can be adjusted by sliding the Y2-inch
inner tubing back and forth. Maximum capacitance is
approximately 35 uuf. Other suggestions for ca-
pacitor construction will be found
in footnote references.

bridge after tinal adjustment indicated an s.w.r.
of less than 1.5 to ! over the 10- and 15-meter
hands. As might be expeeted, the loaded 20-meter
clements caused some rise in the s.w.r. at the high

2

3, x Vg x3%
POLY STRIF,

5/ i.d. ALUMINUM
4"LONG'
©

"’/; o.é.

l;ll_.ﬁgTIC byid. ALUM.
POLY 8"LONG
5"LONG

and low ends of the band, but held within less
than 1.5 to | over the range of 14,150 to 14,300,
when the tuning was centered on the phone | .

o Now Apparatus

Esico Gunchoke

r[\HE formidable looking objeet shown in the
AL photograph is not a shotgun accessory as its
name might imply. Instead, it is a power reducer
thut is inserted between the a.c. line and a solder-
ing gun, for use when soldering printed circuits
and laminated wiring boards. Using the gun with
full-on heat could damage the delicate printed
eireuits,

The Ciunchoke reduces temperatures of solder-
ing guns to two selectable temperatures of 500
or 600 degrees Fahrenheit. Selection is made hy
simply plugging the soldering gun into vither
one of two sockets provided at one end of the
Gunchoke. The solldering gun (or a conventional
iron of equivalent wattage) takes slightly longer
to heut up to the required temperature when
the deviee is in use; the time lug varies from 25
to 40 seconds depending upon the type of iron
or Gunchoke. Several models are available for
almost every widely-used gun.

The (iunchoke mensures about 6 inches long
and 2 inches wide and is manufactured by the
Klectric Soldering Iron Co., Inc., Dcep River,
(‘onn. — K. 1. C.

e Strays i

rnest T. Rosing, W9ZZU, is looking for fel-
low hams who were in the submurine service
during World War II. Rosing, sccond vice presi-
dent of the U.S. Submarine Veterans of World
War 11, suys the group is plunning a big reunion
in San Diego, Culif. next August, Meanwhile,
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he'd enjoy some ragchewing about old under-
water days.

The York, Pa. Amateur Radio Club reports
three father-and-son combinations: W3ZRI-

W3ZRJ, K3BZRE-K3BYF, and K3CET-K3BPO,
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o Beginnen and Vavice —

How To Get Rid of the Other Fellow's
Key Clicks

A Simple Audio Limiter

BY LEWIS G. McCOY,* WIICP

up because of key clicks from some other

stution? You've probably had it happen
often, in spite of the fact that clicks ure pro-
hibited by the amateur regulations. What you
probably don’t know is that there is a simple way
of getting rid of the preblem. No, vou don’t have
to chop down the other guy’s antenna — ul-
though vou probably would like to!

This “wayv" is a simple device, called an audio
limiter, that can be plugged into the headphone
jack on your receiver. Not only will it help on
clicks, it will also serve as i noise limiter for cer-
tuin types of noise, including the popping type of
noise you get from spark plugs and electrical
switches. The limiter has unother useful funetion
in that it tends to hold very strong c.w. signals
down to u comfortable listening level. If you use

Huw many times have yvou had a QSO fouled

many hams do, the limiter eliminates the neces-
sity for changing the gain-control setting of your
receiver when you transmit.!

How It Works

The circuit of the limiter is shown in Fig. L.
The unit consists principally of two IN34 diodes,
two penlite cells, u resistor, and a switch. All the
components are mounted in a small metul box
which is equipped with & phone juck and plug.

# Technical Assistant, ST

1 Providing, that iy, that the receiver, with the gain con-
trols sct for normal reception, is capable of giving a satisfae-
tory heat tane on vour trausmitted sigmal. Many receivers
overioad so hadly thut the beat note either isn't heard or is
chirpy, — Edilor.

The plug is inserted into the headphone juck on
the receiver and the headphones into the unit.
No modifications are necessury as far as the
receiver is concerned because the limiter is en-
tirely external.

As you probably have observed when listening
to c.w. signals on your communications receiver,
the signals reaching the headphones will vary
considerably in amplitude. They will range from
ear-busting loud ones to very weuak signals. When
the receiver is switched for a.m. phone reception
this condition is not as noticeable becuuse nearly
ull communications reccivers have automatic
volume control for a.m. reception and the a.v.e.
holds the stronger signals down to a comfortable
listening level. However, when switched to c.w.,
most receivers have no provision for automatic
gain control und the stronger signals blast
through. Many hams maintain a comfortable
listening level by “riding” the gain controls on
their receivers. With the audio limiter connected
to the receiver any signals that excced a certain
level are automatically clipped.

The diodes, CR; and CRy, ure back-biased by
114 volts from the penlite cells, With this bias
voltage the diodes are normally nonconducting.
When a signal from the receiver excceds the bias
voltage the diodes couduct, putting a short cir-
cuit aeross the headphones for all voltages above
the bias level. There is no limiting action when
the signal voltage is below the hius voltage on the
diodes. One diode clips the positive signal peaks
and the other, the negative.

The limiter circuit as shown works best with
high-impedance headphones,
2000 ohms or more. Many of the
headphones that wercavailuble on

For what it costs in time and money,

an "ear-saver” simple audio limiter

is one of the best investments you

can make for operating comfort in

c.w. work. It's useful in other types
of reception, too.
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the surplus market are the low-impedance type
and the clipper will not work well with these un-
less a step-down transformer is used. (A tube-to-
line output transformer having 500-ohm output is
suitable. The headset should be counected to the
500-ohm winding. The high-impedance winding
can be connected to a phone plug to go into J3.)
Also, the clipper will not work when a speaker
voice coil is plugged into Jy.

Construction and Wiring

The unit shown in the photograph was con-
structed in a 234 X 21{ X J-inch Minibox. How-
ever, any convenient size hox or chassis can he
used us neither the dimensions nor layout ure
critical. The penlite cells are held in place by
small bracket, sccured by a screw and nut that
also holds a two-terminal tie point. If desired,
battery holders ean be used for the cells, but it
was felt that the extra expense wasn't warranted
in this unit.

The leads from CI; and CR» are soldered dir-
cetly to the penlite case (negative) and tip (posi-
tive), respectively. 1f you happen to get the type
of cell that has 2 foil wrapping, take it out of the
wrapping so you can solder directly to the case,
Lecause the contact between the cell case and the
disk at the bottom of the wrapping is poor unless
there is pressure on the bottom. Wrap the hare
cell case with tape, if necessary, to avoid short
eireuits,

When soldering a diode lead, hold the lead
with metal pliers near the point being soldered.
This will serve to conduct uny heat away from
the diode. This is important beecause it is very
casy to ruin the diode if too much heat reaches it.

How To Use It

To usc the limiter, simply plug it into the re-
ceiver phone juck and plug your headphones into
J1. Set your receiver gain controls us you nor-
mally operate them, and then tune across the
band with limiter switched off. Next, switch in
the limiter and go ucross the band again. You
should immediately note the difference, since the
stronger signals will be held to one level and any
noisy rlicks should be suppressed to the point
where they are hardly noticeable.

In this simple limiter cireuit there is no control
over the maximum headphone volume, beeause
the peak signal voltage ix set by the bias voltage
(1.5 volts in this case) on the clipper diodes. As it
happens, this represents a signal level that is
satisfactory to most operators. The fact that the
elipper bias is not adjustable simply means that
the over-all signal level has to be fitted to the
clipper, for optimum results. The optimum con-

The simplicity of the audio limiter is apparent from this
interior view. The headphone jack is on the end at the top
in this view. The two flashlight cells are clamped to the
case by the small bracket, above which the two diodes
and the series resistor can be seen. The cord to the phone
plug {ordinary lamp cord is suitable) can
be any convenient length.
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Fig. 1—Circuit diagram of the audio limiter.

CRi1, CR2— 1N34 or similar germanium diode.

Ji—Open-circuit headphone jack.

Pi—Headphone plug.

S;—2-pole, 2-position rotary switch {Centralab 1464).
Photo shows a 2-pole 3-position switch, which was
used because it was available conveniently. A
d.p.d.t. toggle switch also can be used.

dition usually is one where clipping just begins on
the moderately strong signals, leaving the weaker
ones and the usual hiss-type noise background
unaffected: this gives good protection to the ears
without making the general run of signals take
on the somewhat “thin” round that accompanies
heavy clipping. Generally, it is best to run the
audio gain fairly wide open and adjust for the
clipping level by means of the r.f-i.f. gain con-
trols on the receiver.

3.5.b. reception is handled the sume way as
c.w. For a.m. phone, use the receiver’s a.v.c.
system a8 vou normally would, and adjust the
audio guin to set the desired signal just below the
clipping level, so that noise peaks above the
signal will be clipped off. As it stunds, the clipper
is, of course, only uszble with headphones, so
speuker reception is “out” unless the circuit can
he installed somewhere between uudio stages in
the receiver itself.

It is interesting to observe the clipping action
on an oscilloscope, if you happen to own one.
Belore clipping, key clicks and spark-plug noise
have tall, sharp spikes when observed on a scope.
With the limiter in these disappear ahove the
clipping level, und by observing the scope you
can see for yourself what a good job the unit does.

For what the limiter costs, about $3.50, you
can’t hardly beat it for what it adds to_your
operating comfort and convenience. [




o flocont fquipment —

Johnson Viking 6N2 Thunderbolt

Hosk familiar with the Johnson Viking Thun-

derbolt, will realize, after a glunce at the photo-
vraphs shown on these pages, that there is sume-
thing new and different about the v.h.f. version.
The most obvious feature of the 6N2 model is the
unique r.f. circuitry which is contained in a spe-
cial silver-plated r.f. compartment.

The amplifier is designed for bhandswitched
coverage of the amateur 6- and 2-meter bands. It
uses two 7034 power tetrodes connected in purallel
and contains its own high-voltage plate, screen
and bias supplies. It is capable of the maximum
legal input on both bands when operated Class C.
It can also be operated Class ABy for s.s.b. or
d.s.b. ernission at the legal input. If a.m. linear
operation is desired, the wmplifier may be biased
for ABy operation uat reduced input. Drive re-
quirements for the amplifier are about 5 watts for
Class ABy linear operation or about 6 watts for
lass €.

Fig. | shows a simplified diagram of the 6N2’s
r.f. input circuitry. Although the input is switched
from the front panel for 6- or 2-meter operation,
the ygrid circuit is actually a multiband circuit;
the switching action simply connects the proper
link to couple energy into the network. Fig. 2 is a
simplified diagram showing how the multiband
input cireuit appears on the two bands. On six
meters, the cirenit is u conventional parallel-
tined circuit with Lz und (' forming the resouant
circuit. Inductance /.4, which is a two-turn strip
coil (sce photographs), appears on six meters as i
“hunk of eonneecting wire’’ which joins the tuned
circuit to the two grids. However, on two meters
the circuit becomes series tuned with Ls being
the tank inductance. The G-meter tank, 7307,
has capacitive reactance on this frequeney, and
varving ('; tunes the scries circuit much as if Lg
were not preseut. However, Ly provides a con-
WTQSAT. “ Recent Equipment, '’ July 1958,
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View of the 6N2 Thunderbolt with its case removed and
without the r.f. compartment cover. Power-supply com-
ponents are grouped along the right side of the chassis.
The final amplifier tuning shaft (string drive) is visible
between the shielded meters on the front panel. Connec-
tors and controls available on the rear chassis wall are,
left to right, r.f. output, ground stud, r.f. input, bias control,
external bias jack, fuses, and a.c.-line input connector.

venient means for coupling drive power into the
2-meter circuit.

Simplified diagrams of the 6- und 2-meter
plate tauk circuits are ulso shown in Fig. 2. The
output eircuit will match transmission-line im-
pedances of 30 to 300 ohms. On 6 the tank is
eusily recognizable as a pi network. The tank
inductance, Ls, is a five-turn coil wound with
silver-plated tubing (see photographs). When
changing to two meters Ls is shorted out, leaving
in the ecireuit a couxial line consisting of a lurge-
diameter silver-plated e¢ylinder as the inner
conductor and the shield box as the outer con-
ductor (on 6 meters the cylinder acts merely as a

=

o

TO OUTPUT
CIRCUIT Fig. 1—Simplified diagram
of a portion of the 6N2

Thunderbolt transmitter's r.f.
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SCREEN

Cs section. Capacitances are in
upf. Capacitor C is the grid
tuning control, C3 and Cs are
in the bridge neutralizing
network and CsRi is the grid-

%RFC circuit parasitic suppressor.
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Fig. 2—Simplified diagrams
of the input and output r.f.
circuits of the 6N2 Thunder-
bolt transmitter. Refer to Fig.
1 for the actual grid circvit
diagram.

b
PLATES

connecting lead between the tubes and the
i-meter inductance, Ls). The r.f. compartment
hox is also silver-plated. Since the line is short it
has inductive reactance, and it operates as u
high-@ tank coil in a pi network. The sume input
and output capacitors used in the 6-meter pi also
are used on two meters, but since the plate
tuning capacitor (‘s has a relatively large ca-
pacitance for two meters (25 puf.) it is tupped
down slightly on the line which is labelled Lg in
Fig. 2. Use of the high-() couxial line on two
meters boosts the efficiency of the amplifier. The
manufacturer cluims that losses on 144 Me. are
only about 5 per cent of the total tube output.

To insure stubility in the amplifier, Johnson
uses # parasitic suppressor in the grid circuit
{sce Fig. 1). It consists of an KCL network which
includes (‘4 and R, in shunt with the inductance
of the grid-lead strap which, although small, is
not negligible at 144 Me. This network, along
with the two 15,000-ohm grid loading resistors,
 ean be seen in the closc-up view of the grid cir-
cuit. In addition tu the purasitic suppressor the
amplifier also has capuacity-bridge neutralization,
using cupucitors C3 and (5, Fig. 1, as part of the
bridge. Capacitor ('3 is a small post that comnes up
between the two 7034 tubes from the lower grid
compartment.

The grid ecircuit r.f. hypass capacitor, s,
is a metal plate, about 234 X 314 inches in
dimensions, sepurated from the chassis by a sheet
of plastic dielectric. All leads in the grid cireuit
requiring an r.f. ground return are physically
vonnected to this capucitor.

The Thunderbolt plate power supply delivers
about 2000 volts under full load. Screen voltage
iy obtained from the plate supply through a
sereen-dropping resistor and is regulated by a
string of VR tubes. Bias for the amplifier is sup-
plied by a combination bias-filament transformer
which delivers heater voltage to the final am-
plifier tubes, filament voltage for the 866AX
rectifiers, and 115 volts for the hias rectifier-
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