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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 reliability in the field, . . . Ry
Immediately available from. your local distributor. Write for catalog.

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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from hallltraﬂers

Two great néw kits...a complete, high-performance AM/CW station,
from the world ’s most experienced designers of short wave equzpment

- HALLIKITS, we call them—a completely

- new concept of kit engineering that brings

L to your workshop, for the first time, these
' two outstanding advantages:

First, the unparalleled design experience

of Hallicrafters’ communications labora-

HT-40 TRANSMITTER, $79.95

A perfect match for the handsome SX-140, both
in quality and appearance. Hallicrafters’ trans-
mitter leadership is evident in every precision-
engineered feature of this crystal-controlled
75-watt beauty —features as important to old-
timers as they are to novices.

¢ FEATURES: You get excellent CW perform-
ance as well as AM. Full band switching, 80
through 6 meters. Enjoy easy tune-up and
crisp, clean styling that has efficient opera-
tion as well as appearance in mind. Unit is
fully metered, TVI filtered.

¢ SPECIFICATIONS: Maximum D.C.powerin-
put: 75 watts. Power output in excess of 35
watts CW, 80 watts peak AM phone. (Slightly
less on 6 meters. ) Frequency bands: 80, 40,
' 20, 15, 10 and 6 meters.

7 ~.. o TUBES AND FUNCTIONS: 6DQ5 power
| output; 6CX8 crystal oscillator and driver;
Y .. 12AX7 speech amplifier; 6DE7 modulator;
silicon high voltage rectifiers.

¢ FRONT PANEL: Function (AC off, tune,
standby, AM, CW); Band Selector (80 40,
20, 15, 10, 6), Drive control; Plate tumng,
plate loadlng, Crystal-V.F.O. ‘Grld Current;
Meter; AC indicator light; RF output.

o REAR CHASSIS: Microphone gain; antenna
co-ax connector; remote control termmals,
AC power cord.

hi"l kliS from N

tories; and second, production-line proof of
“Constructability” before you buy.

Have a wonderful time! Save a bundle of
money! End up with a station the most ex-
perienced amateur would be proud to call
his own.

SX-140 RECEIVER, $94.95

Doesn’t it make sense to team up your skill
with the experience of a company who has de-
signed and built more high-performance receiv-
ers than any other in the world? Especially when
the result is the lowest-priced amateur band re-
ceiver available?

o FEATURES: You get complete coverage of
all amateur bands 80 through 6 meters, with
extremely high sensitivity and sharp selec-
tivity. Unit has RF stage; S-meter; antenna
triél})meri and XTAL calibrator. Tuning ratio
is 25 to 1.

¢ CONTROLS: Tuning; Antenna Trimmer;
Cal. Reset; Function (AC off, standby, AM,
CW-SSB); Band Selector; Cal. on /off; RF
Gain; Auto. Noise Limiter on/oﬂ' Selectivity
/BFO; Audio Gain; phone jack; S-meter Adj.

o TUBES AND FUNCTIONS: 6AZ8 tuned RF
amplifier and crystal calibrator; 6U8 oscilla-
tor and mixer; 6BA6 1650 ke. IF amplifier
and BFO; 6T8A 2nd detector, A.V.C., ANL
and 1st audio; 6AW8A audio power ampli-
fier and S-meter amplifier; (2) silicon high
voltage rectifiers.

Both units are available fully
wired, and tested. SX-140,
e $109. 95. HT-40, $99.95.

hallicrafters

Chicago 24, lllinois

vhere the new ideas in communications are born!

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




@@U:H;‘ m$ distributors are proud men ... and they have

reason to be. Not only do they deal in the finest amateur radio
equipment made . . . but they're rather special people themselves.
Each Collins distributor is a specialist who can give you expert
advice on installing and maintaining your Collins system-engineered
station. Collins training programs are provided for each distributor.
And each Collins distributor is carefully selected for ethical and
financial responsibility . . . your guarantee of reliable service when
you deal with him. Visit your Collins distributor. You'll quickly dis-
cover why he's proud of his Collins equipment, and why Collins is

proud of him.

HERE ARE YOUR AUTHORIZED COLLINS DISTRIBUTORS

ALABAMA

Birmingham Ack Radio Supply Co.
ALASKA

Anchorago Yukon Radio Supply, Inc.
ARIZO

Phoemx Southwest Whsle. Radio, inc.

Tucson Elliott Electronics, Inc.
ARKANSAS

DeWitt Moory’s Whsle. Radio & App.Co.

Texarkana Lavender Radio & TV Supply

Co,, Inc.

CALIFORNIA

Burbank Valley Electronic Supply Co.

Burlingame Amrad Supply, Inc.

Los Angeles Henry Radio, Inc.

Radio Products Soles, Inc.

Oakland Elmar Electronics

San Diego Western Radio & TV Sup. Co.

San Jose Quement industrial Electronics
COLORADO

Denver Radio Products Sales Co.
CONNECTICUT

Hartford Corky’s of Hartford, Inc.

New Haven Radio Shack Corp. of Conn.
DELAWARE

Wilmington Willard S. Wilson, Inc.
DISTRICT OF COLUMBIA

Washington Electronic Wholesalers, Inc.
FLORIDA

Jacksonville Peard Electronic Supply Co.

Melbourne Electronic Supply Co.
Miami Amateur Radio Center, Inc.
Electronic Supply Co.
Pensacola Grice Electronics, Inc.
St. Petersburg Broad Radio
Tampa Kinkade Radio Supply, Inc.
GEORGIA
Atlanta Ack Radio Supply Co.
Specialty Distributing Co., Inc.
HAWAII
Honolulu Kaimuki Radio Company, Ltd,
ILLINOIS
Chicago Allied Radio Corp.
Newark Electronics Corporation
Peoria Klaus Radio & Electric Company

COLLINS RADIO COMPANY e

INDIANA
Fort Wayne Brown Electronics, Inc.

Indianapolis Graham Electronics Sup., Inc.

South Bend Radio Distributing Co., Inc.
Iowa
Council Bluffs World Radio Lab., Inc.
Des Moines Bob and Jack’s, Inc.
Radio Trade Supply Co.
KANSAS
Topeka The Overton Electric Co., Inc.
KENTUCKY
Lexington Radio Equipment Company
LOUISIANA
New Orleans Radio Parts, inc.
MASSACHUSETTS
Boston DeMambro Radio Supply, Inc.
Radio Shack Corporation
MICHIGAN
Ann Arbor Purchase Radio Supply
Detroit M. N. Duffy & Company
Kalamazoo Warren Radio Company
MINNESOTA
Minneapolis Electronic Center, Inc.
Lew Bonn Company
St. Paul Stark Radio Supply Company
MISSISSIPPI
Jackson Swan Distributing Co., Inc.
MISSOURI
Butler Henry Radio Company
Kansas City Burstein-Applebee Company
St. I.ouu Walter Ashe Radio Company
MONTAN
Great Fulls Electric City Radio Supply
NEW HAMPSHIRE
Concord Evans Radio
NEW JERSEY
Mountainside Federated Purchaser, Inc.
Newark Hudson Radio & Television
Corp. of N.J.
NEW YORK
Albhany Ft. Orange Radio Distr. Co., Inc.
Amsterdam Adirondack Radio Supply
Buffalo Genessee Radio & Parts Co., Inc,
New York Harrison Radio Corp.
Harvey Radio, Inc.

7"\
COLLINS
N/

CEDAR RAPIDS, IOWA L]

DALLAS. TEXAS ]

NORTH CAROLINA
Asheville Freck Radio & Supply Co.
Winston-Salem Dalton-Hege Radio
Supply Co., Inc
HIO

Cincinnati Steinberg’s Inc.
Cleveland Pioneer Electronic Sup. Co,
Columbus Universal Service
Dayton Custom Electronics, inc.
Toledo Selectronic Supplies, Inc.
OKLAHOMA
Oklahoma Cny General Electronics, Inc,
Tulsa Radio, inc.
OREGON
Portland Portland Radio Supply Co.
PENNSYLVANIA
Philadelphia Radio Electric Service
Company of Pa., Inc.
Pittsburgh Cameradio Company
RHODE ISLAND
Providence W. H. Edwards Co., inc.
SOUTH DAKOTA
Watertown Burghardt Radio Supply
TENNESSEE
Memphis W. & W. Distributing Company ~—
Nashville Electra Distributing Company
TEXAS
Abilene Howard Radio Company
Austin Hargis-Austin, {nc.
Corpus Christi Electronic Equipment &
Engineering Company
‘Dallas Amateur Electronics, Inc.
Central Electronics
Crabtree’s Wholesale Electronics
El Paso McNicol Inc.
Houston Busacker Electronic Equipment
Company, Inc.
San Antonio Modern Electronics Co.
Radio & Television Parts Company
WASHINGTON
Spokane Northwest Electronics Distr.
Tacoma C & G Radio Electronics Co,
WISCONSIN
Fond du Lac Harris Radio Corporation
Madison Satterfield Electronics, Inc.
Milwaukee Amateur Electronics Supply

BURBANK, CALIFORNIA



JANUARY 1961

VOLUME XLV . NUMBER1

OS5+

PUBLISHED, MONTHLY, AS ITS OFFICIAL ORGAN, BY THE AMERICAN RADIO RELAY LEAGUE, INC.,
WEST HARTFORD, CONN., U. 8. A.;: OFFICIAL ORGAN OF THE INTERNATIONAL AMATEUR RADIO UNION

' STAFF
JOHN HUNTOON, WILVQ Co N T E NT S
Editor -
RICHARD L. BALDWIN, WI1IKE
Managing Editor TECHNICAL —_—
RGE GRAMMER, WIDF . e
GEO T('iclmical Editor A Parametric Amplifier for 1296 Mec.
DONALD H. MIX, WITS W. O. Troetschel, K6UQH, and
BYRON GOODMAN, W1DX H. J. Heuer, KH6CYI 13
Assistant Technical Editors Transistor Antitrip for the 204
EDWARD P. TILTON, WIHDQ R. L. Anderson, WA2JDF 26
V.H.F. Editor New Apparatus:
LEWIS G. McCOY, WIICP Mobi B
E. LAIRD GAMPBELL, W1CUT obile Burglar Alarm ..... ettt teeceieeaeaeaas veee 27
Technical Assistants S.C.F.M. —Improved System for Slow-Scan Image
ROD NEWKIRK, WOBRD Transmission (Part I)
Contributing Editor, DX Copthorne McDonald, WA2BCW 28
ELEANOR WILSON, W1QON A 4-400A Amplifier for C.W., A.M. or S.S.B.
Contributing Editor, YLs Kenneth C. Lamson, W1ZIF 33
. g&}g giggg ‘\llVVII;Zé ¢ Timing Adjustments in a Sequenced Change-Over System
Contributing Edillor.s, V.H.F. . . Grady B. Fox, jr., wa2vvC 40
Some Applications of the Semiconductor Diode
LORENTZ A. MORROW, WIVG James G. Lee, W6VAT 42
Advertising Manager Brief-Case Portable Antenna
EDGAR D. COLLINS Jo Emmett Jennings, W6EI 43
Advertising Assistant Recent Equipment:
Chris Dunkle and Associates National NC-270 Receiver........... PN . .. 46
740 S. Western Ave. A
" Los Angeles5 The Heath Model VHF-1 Transmitter ........... .o 48
California Representative Technical Correspondence . ....cvvovveeenns P < (0]
P i Cereeae N L
DAVID H. HOUGHTON ‘That Prolessional Touch C. E. Miller, W1ISI 68
Circulation Manager
]. A. MOSKEY, WLIMY BEGINNER & NOVICE —
Assistant Circulation Manager A Novice T. R. Switch..........L. G. McCoy, WIICP 20
OFFICES MOBILE
38 La Salle Road -
West Harttord 7, Connecticut Not Just a Novelty.........Davis A. Helton, WOPME 22
» TEL.: ADams 6-2535
e i oF year. nostpald: OPERATING —
- $5.25 in the Uomln'lon of Canada, . .
! ?gf:}gﬁ)%”n% u«t:;.xx:].r_or*%’\zlgmgliceﬁm;{ggg Annual ARRL Novice Roundup Competition .......0e000. 76
: § ¢ . .
i :’;‘[’)‘l}essb Fm';‘py':‘nfgl%‘rl EFaba'z:&??jr 20 27th ARRL International DX Competition ........c.c.. 77
J the . B, 1 1
ﬂﬁﬁ?&‘ien"{é’&u‘}nnn st dor an ARRL Countries List .. ...cvtrsninrererecsrsrcsasnsess 80
second- {d at Hartford,
st sdditional maling otlices. GENERAL —
Copyright 196 Radl ce ” .
o Fosave. Dy the amenican Radlo Bud” Retres. . ooocoueeeenrneonenenecncananns R § |
L :533;8‘3_““:_%,,11“1‘5?,’,;‘,?3"',‘3;;’,‘{!},{; Communication on 52,000 Mc..... M. C. Gale, K2ZUND 52
Y exerradof v S derechos.
e e TaN O (odos s derechos ADead Art? . ...oivvienenn [N Cheieecenes ..... 88
INDEXED BY “It Seers to Us .. ." 9  World Above 50 Mc.
Applied Science uand Technology Our Cover...... 10 YL News and Views. .
Index Hux:!\f)est kCulendcu "513(2) Iélow'n DX; i PSRY vee
i t C Catal Feedback....... orrespondence from the Mem-
Librory o Mo aroo4zr % Hints and Kinks- BB BerBuseecoraennorntrnenneens a7
~ Happenings ot the Month. .. 62 OperatingNews..........c0000 38
In QST 28 Years Ago......... 67 Station Activities..........c... 100
Silent Keys.o0ss0vsesesvesnss. 67 Index to Advertisers........., 174



4

i

4E27A/5-125B

4CX1000A

4CX250B

EIMAC FIRST...

for all band transmission ™

4-65A Radial-Beam Power Tetrode
Smallest of the Eimac internal-anode
tetrodes, the 4-65A has a plate-dissipa-
tion rating of 65 watts and is ideal for
deluxe mobile as well as fixed-station

service.
cw AM SSB

Plate Voltage ~ 3000v 2500v  3000v
Driving Power 1.7w  2.6w 0
input Power 345w 275w 195w

4-400A Radial-Beam Power Tetrode

Ideal for high power amateur rigs, it
will easily handle a kilowatt per tube in
CW, AM or SSB application. Forced-air
cooling is required.

C AM

SSB
Plate Voltage 3000v 3650v  4000v
Driving Power 6w Aw 0
1000w 1000w 1000w

Input Power
4E27A /5-125B Radial-Beam Power
Pentode
The Eimac 4E27A/5-125B is intended for
use as a modulator, oscillator or ampli-
fier. The driving-power requirement is
very low, and neutralization problems are
simplified or eliminated entirely.

cwW AM SSB

3000v 2500v  4000v
Driving Power 1w 2w 0
Input Power 500w 380w 360w

4CX1000A Ceramic Power Tetrode

Specifically designed for SSB operation,
the ceramic-metal 4CX1000A Class AB,
linear-amplifier tube achieves maximum
rated output power with zero grid dsrsi\[l;e.

Plate Voltage

Plate Voltage 3000v
Driving Power 0
Input Power 2700w

4CX250B Ceramic Power Tetrode

A compact, rugged tube unilaterally in-
terchangeable in nearly all cases with
the famous 4X150A, with the advantages
of higher power and easier cooling.

cwW AM SSB

Plate Voltage  ~ 2000v 1500v  2000v
Driving Power 2.8w 2.1w 0
Input Power 500w 300w 500w

4-125A Radial-Beam Power Tetrode

The versatile tube that made screen grid
transmitting tubes popular. This favorite
for commercial, military and amateur use
is radiation cooled.

c AM SSB

Plate Voltage 3000v 2500v  3000v
Driving Power 2.5w  3.3w 0
Input Power 500w 380w 315w

4-250A Radial-Beam Power Tetrode

A high power output tube with low
driving requirements. A pair of Eimac
4-250A’s easily handle a kilowatt input
in AM, CW or SSB service.

cw AM SSB

Plate Voltage 3000v  3000v 4000v
Driving Power 6w 3.2w 0
Input Power 1000w 675w 660w

4CX300A Ceramic Power Tetrode

A new ceramic-metal high power tetrode
designed for rugged service. Will with-
stand heavy shock and vibration and
operate with envelope temperatures to
250° Centigrade.

cwW AM SSB

Plate Voltage 2500v  1500v  2500v
Driving Power 283w  2.1w 0
input Power 625w 300w 625w

Information on these popular tubes for
amateur applications is available from

our Amateur Service Department.

EITEL-McCULLOUGH, INC.

CcC A L

S AN C ARLO S,

The World’'s Largest Manufacturer of Transmitting Tubes

4-250R

1 F O RNIA

4CX300A,

coumuus v



It pays lo insist on

PR crystals

STANDARD OF EXCELLENCE SINCE 1934

\ AMATEUR TYPES
40 and 80 Meters, PR Type Z-2

Rugged. Low drift, fundamental oscillators. High activity and
power output. Stands up under maximum crystal currents. Stable,
long-lasting; =500 cycles..... .$2.95 Net

Third Overtone, PR Type Z-9A

Hermetically secaled; calibrated 24,000 to 24,606 and 25,000 to
27,000 Kec.,, =3 Kec.; .050" pins $4.95 Net

6 Meters, PR Type Z-9A

Fifth overtone; for operating directly in 6-mcter band; her-
metically sealed; calibrated 50 to 54 NMec.,, #15 Ke.; 050" pins.

$6.95 Net
CITIZENS BAND CLASS “D”
Type Z-9R, Transmitter

FCC assigned frequencies in mega-
cycles: 26,965, 26,975, 26.985, COCOM.N,‘ER(EIIAL TIPES
27.005, 27.015, 27.025, 27.035, Frercial Mystas avalable rom

27,055, 27.065. 27.075. 27.085. 100 Kc. to 70 Mc. Prices on request.
27.105, 27.115, 27.125, 27.135, Type Z-1, MARS and CAP

27 ) 717 27 W . . .
é;%gg ;'3:,,7:)116,’55’73‘,,‘715'?; lubr;?csd Official assigned frequencies in
y wdiald, Lilasd cat the range. Calibrated to .0053%.
to .005%. (Be sure to specify manu- 1600 to 10000 Kc $3.45 Net
facturer of equipment)......$2.95 Net | “- 7 "0 FUUEE ARG -

"y T e Z 1, TV Mcrker
CITIZENS BAND CLASS “D LA A 13 $6.45 Net

Type Z-9R, Receiver 4.5 Mc. Intercarrier,
Specify LF. frequency, also wheth- 01 e $2.95 Net
er recciver oscillator is above or 5.0 Mc. Signal Generator,
below transmitter frequency. Cali- 01D $2 95 Net

brated to .005%. (Be sure to specify
manutacturer of equipment.) 107 Mc. FM, IF,

$2.95 Net M) B — $2.95 Net

Type Z-9R, Radio Control | Type Z-6A,
FCC assigned frequencies in mega- Frequency
cvcles: 26,995, 27.045, 27.095, | Standard
27.145, 27.195, 27.255; calibrated | T4 dctermine band
to .005%. {Be sure to specity manu- | edge. To keep the
T %P facturer of equipment).....$2.95 Net erggerl“){‘gal‘:g‘;ggs‘j

ype 100 Ke. .. $6.95
Suitable for converters, experimental, etc. Same holder Net
dimensions as Type Z-2.

1600 to 12000 Kc., (Fund.) =5 Keuiiee

12001 to 25000 Kc. (3rd Overtone) =10 Kc

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

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

Z-6A

COUNCIL BLUFFS, 1OWA

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, eapecmlly League members, are invited to report station activities on the tirat of each
month (for preceding month) direct to the SCM, the administrative ARRL official elected by members in each Section.
Radio club reports are also desired by SCMs for inclusion in QST. ARRL Field Organization station appointments are
available In the areas shown to qualified League members holding Canadian or I'CC amateur license, General or C'ondi-
tional Class or above. These include ORS, OES, OPS, OO and OBS. SCMs also desire applications for SEC, EC, RM and
PAM where vacancies exist. OES appointment is available to Novices and Technicians,

Haustern Pennsylvania
Maryland-Delaware-1. C.
Southern New Jersey
Western New York
Western Pennsylvania

W3ZRQ
3BKE

Allen R. Breiner
Thomas B. Hedges
Herbert C.

¢‘harles T,

Anthony J. Mroczka

Illinols
Indiana
Wisconsin

Edmond A. Metzger
l‘llrrord M, Singer
Cieorge Wold

North Dakota
South Dakota
Minnesota

WOHVA
WORRN
WPKJIZ

Kkors
Mrs. Lydia $. Johnson
DELTA Dl’VIleN

Arkansas
Loulsiana
Misstssippi
‘I'ennessee

W5SMN
W5FMO
W5MUG
W4UTIO

Daniel B, Patterson
‘Thomas J. Morgavi
Floyd ¢'. Teetson
R. W, Ingraham

‘Kentucky
Michigan
Ohlo

wW4sUD

Robert A. Thomason
Ralph P, Thetreau
Wiison E. Weckel

HUDSON DIVISION

ha,stern New York
N. Y. & Long Island
Northern New Jersey

(ieorge \V. Tracy
Harry J. Dannals
J. Sparks Remeczky

MIDWEST DIVISIO

Iowa
Kansas
Missour]
Nebraska

Russell B. Marquis
Raymond E. Baker
€, 0, Gosch

Charles E. McNeel

Connecticut *
Maine

Fastern Massachusetts
Western Massachusetts
New Hampshire

Rhode Island

Vermont

Henry B. sprague, jr.
Jeffrey 1. Weinstein
I«‘rank L Baker, jr,
Pere: Noble
)«IllﬁF Miller

John E. Johnson
Mrs. Harrlet Proctor

Alaska
Idaho
Montana

fjregon
Washington

W7PGY

John P. Trent

Mrs. Helen M. Malllet

Ray woode
Hubert R. McNally
Robert B, Thurston

Hawall

Nevada
:pntaBClarn Valley
San branclqco
Sacramento Valley
San Joaquin Valley

KHBAED
W7VIU

weJPU

ﬂamuel H. Lewbe
Charles A. Rhlnes
W. Conley Smith
B. W. Southwell
Leonard R. Geraldt

Jnn J. O'B

Ralph Baroyan

North Carolina
South Carolina
Virginla

West Virginia

W4RRH
w4aGQV
W4QLY
W8IM

ROA.

B Rlley bowler
r. J. O. Dunlap
Robert L I«ollmar
onald B. Morris

Colorado
1itah

New Mexico
Wyoming

WPBWJ

\V7AMU

RO
Carl L. Smit]
‘Thomas H. Miller
Newell . Greene
f.. D. Hranson

Alabama
Sastern [lorida
}Yeatern Klorida

¢‘anal Zone

K4AL )Z

rRi W
\West Indles (Cuba-P.R.-V.L.)

John . Portel

Krank M Hutler. ir.
Willlam F. Kennedy
William \Verner

‘Thomas B. DeMefs

Los Angeles
Arizona

San Dilego
Santa Barbara

Albert I, Hill, ir,
Kenneth P. Cole
Don Stausifer
Robert A. Hemke

Northern Texas
Oklahoma
Southern Texae

W5BNG
W5DRZ
WAQEM

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

Maritime
¢intario
Quebec

Alber!
Brltlsh Columbia
Yukon

M. a.nltoba
Saskatchewan

| —

T VEIWB
VEING
VE2DR

VFBKC
VETJT
VE4JY
VESHR

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

D. E. We
Richard W. Roberts
. W. Skarstedt

Kenneth G. Curry
Peter M. Mclntyre

" Watson

ATLANTIC DlVISIgN

CENTRAL DlVlSlO

AKOTA DIVISION

GREAT LAKES DIVISION.

NEW ENGLAND DIVISION.

NORTHWESTERN DIVISION

ACIFIC DlVISlO

NOKE DIVIBSIO
CKY ll]\'iOUN’I‘AINll[))lVlSIO

_SOUTHEASTERN DlVlSKON
Willlam D. l’othprow

SOUTHWESTERN

WEST GULF DlVlSlO

(“;NADIAN DIVISION.

ace 3
2202 (,ulver St.

200 Lincoln Ave.
211 Rosemont Drive
475-5th St.

Tamaqua

Washington 21, D. C.
Palmyra

Buffalo 26

Donora

N
520 South 4th St.
(0 East 21st St.
‘702& South 10 St.

Springtield
Indianapolis
Manitowoe

1416-6th Ave.
1900 8. Menlo Ave.
1258 Van Buren St.

Willliston
Sioux alls
St. Paul 4

C‘ourthouse
‘5422 Beaulleu St.

aden
105 West Park Drive

Rerryville
Metaire

Jackson 4
Kingsport

626 Eastwood Drive
27209 W, Six Mile Road
2118 Tuscarawas St., W.

Owensboro
Detrolt

(‘anton 8

1138 North Ciountry Club Drive
'D 1. Arbor Lane, Dix Hills

RF.
.30 Kelly Parkway

Schenectady
Huntington, L. I,
Bayonne

ON.
K07 North Fifth Ave.
1014 Lincoln 8t.
711 8, Oakland 5t.
Route 3, RFD

halltown
dosha

b Clty
North Platte

Cartbridge Rd.
79 Caleb St,
91 Atlantic st.
8 8t. nennls St.
Hox 395

0 Frult St.
P O. Box 9

Weston
Portland

\Ionh Qulncy 7
Westtield
Wolfeboro
Pawtucket

East Middlebury

P. O. Box 82
Route 1, South

11908 8.E, Madison St.
7700-31st Ave.. N.E.

Kodiak
Pocatello
Brady

Portland 16
Heattle 15

. (). Box 3564
H 1025
67 Cuestn vista Drive
200 South Seventh St.
1500 Cnyuga Ave.
‘606-5 th S
6204 Townsend Ave

Honolulu

M onterey

Dixo

3an l«'rnnclsco 12
Rio L

l"resno

P. O, Hox 447
1057 Dune St.
1111 Alexander Place

Morganton
Roek Hill
Norfolk 3
Falrmont

70 f.ocust St.
1255 East 17th St.
504 West Second St.
342 South Elk

Denver 20

Salt. Lake Clty &
Roswell

asper

.471 Park
HBox 7295, Ludla.m Branch

194 Elliott Rd.

1687 Falrway Hill Drive, 8.E.

383 Ramon Liovet

P. O, Box 1111
DlVlSlON

Blrmlnghnm 9
Miam
Fort Wnlton Beach
Atlanta 17

Urb. Trum:.

Rio Pledras. P. R.
Balbo

61 No. Mlllard Ave.
1132 North 18th Ave,
$427 Pescadero
728 W. Mission

Rialto
Phoen{x

San Diego 7
lanta Barbara

515 Calmont
917 Osage
1109 Vernon Drive

Fort Worth 7
Muskogee
Corpus Christy

l70 Norton Ave.
2 8t. Johns Rd.

11114-80th Ave

981 West 26th Ave.
249 Lanark 8t.
2121 Ewart Ave.

Harvey Statlon, N. B.
illowdale, Toronto, Ont.
re

Polnte 'lal
Vontreal 33. P. Q.

tdmonton, Alta,

Vancouver, B, C.

Winnipeg
Saskatoon




Frere TIMC

COMPLETE COMMUNICATIONS
SYSTEMS wvw/ G

EQUIPMENT

CAREFULLY PLANNED ¢ THOROUGHLY TESTED o COMPLETELY INTEGRATED

to meet your most exacting performance standards . . . to meet your
every requirement for HF Telecommunication systems.

TRANSMITTING SYSTEMS e RECEIVING SYSTEMS e TRANSMIT/RECEIVE STATIONS

Point-to-point . . . Ship-to-shore . . , Shore-to-ship . . . Mobile . . .
Fixed ... Transportable . . ."‘Fly-away.”

Engineered by men with many years
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“It Seems to Us...”

THE YEAR IN REVIEW

Father Time’s note pad for 1960 is again
a story of unlimited horizons stimulating the
imaginative interests of amateurs, with v.h.f.-
w.h.f. records and communication at the top
of the list.

Heralding a challenge, amateur groups
climaxed weeks and months of detailed and
careful preparation by creating a DX record
that's going to be hard to beat! For the first
time, amateurs achleved two-way contacts by
bouncmg signals via the moon, July 21, on

1296 Me., between San Carlos, Calif., and
Boston, Mass. Spanning the two points 2700
miles distant, but with a half-million mile
roundtrip for the signals, team-working hams
of the Rhododendron Swamp V.H.F. Society
{W1BU) and the Eimac Radio Club (\W6HB)
are credited with the first contacts. The
moon-bounce (Q30s came just 10 years after
the first moon experiments by hams on 144
Me. .\nother entry went into the DX record
hooks, too, when a 265-mile QSO was carried
out on July 31 between W7JIP/7 uand
W7LHL/7 on 10,000 Me.

Continuing this sccent on v.h.[. are WENLZ
and KH6UK, who were presented the 1960
ARRL Mlerit Award for pioneering work on
144- and 220-Mc. tropospheric propagation.
Last summer, the two continued attempts at
432-Me. contacts between the mainland #nd
Hawaii but equipment failure at one end pre-
vented an actual completion of another
startling record.

One of two FCC decisions during 1960 also
dealt with v.h.f. amateur bands, creating c.w.
sub-band segments at 50.0-50.1 Me., and
147.9-148.0 Me. In another Commission action,
phone sub-band privileges were granted at
14,300-14,350 ke. Still awaiting FCC decision
are proposals involving Extra Class license
incentives and a change in the rules to make
it easier for American citizens living overseas
to obtain Conditional Class licenses. Canadian
amateurs received welcomed news of expanded
phone sub-bands, from 7 Me. through 28 Me.,
after a survey of the desire of Canadian ama-
teurs by their Department of Transport.

Amateur license applications get a ‘“‘new
fook”” during 1961 with revision of FCC Forms
610 and elimination of the old Form 405-A.
FCC license exams also got the new look, too:
applicants from now on will be marking IBM

answer sheets for faster grading. Under the
new system, applicants will have to recognize
circuits and catch errors or omissions in dia-
grams, on a multiple-choice busis, instead of
actually drawing the schematics.

FCC announcements during the past year
also inade it easier for amateurs in another
way: new uagreements. with Venezuela, Hon-
duras, Haiti and Paraguay bring to 14 the
number of countries with which U. S. amateurs
are permitted to exchange third-party traffic.

In other international matters, the govern-
ment of Iran at mid-vear withdrew its objec-
tions, filed with the ITU ten vears ago, to
communications between its umateur und
those of other countries, and was removed
officially from the banned countries list. Laos,
however, was returned to the banned list.

ARRL General Manager Budlong, acting in
his capacity as Secretary of the LARU, at-
tended the fourth Region I IARU conference
a4t Folkstone, England during June. \lready
concerned with the outlook for the next inter-
national radio conference, the [ARU gathering
discussed FEuropean amateur allocations, gov-
crnmental liaison, ITU’s forthcoming Panel
of Experts (to study allocation methods) and
o general review of the recently concluded
Cxeneva conference.

Americans can be proud of the election of
Crerald C. Gross, W3GG/HB9I, us Secretary-
General of the International Telecommunica-
tions Union, the first amateur to hold this key
administrative post.

Other American amateurs pitched in to
help, internationally. Project flfope, a tnercy
ship and foating hospital, begun visiting
foreign countries giving free medical aid; the
ship is outfitted with amateur gear and oper-
ates on 14 Mec./MM under special FCC
authority, with W8OLJ at the mike.

Turning again to stateside matters, drama-
tic evidence of the ingenuity of two teeu-age
hams was the houncing of 15-meter signals off
passing earth-satellite trails. Over the New
York-to-Bethesda (Maryland) path (about 200
miles), K2QBW and K3JTE claim two-way
(onta.(,ts through aid of satellite trail “scat-
ter,” possibly involving the *“Kraus effect.”

As Old Father Time ticked along, he also
encountered vicious Hurricane Donna which
lashed the entire Eastern seaboard. .\mateurs
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from the Florida keys through New England
offered emergency communication facilities
and handled emergency traffic. Mother Nature
taught Father Time another lesson in the
disastrous Southern California forest fires,
where hams again provided valued assistance.

These emergencies proved the continuing
need for AREC and the RACES programs
with membership in both groups reported up
again over the preceding vear. At year-end,
there was also the steady-pace growth in
traffic nets with net registrations at ARRL
mounting to an all-time high.

Participation in the uznnual Field Day,
ARRL DX Contest and Swecpstakes re-
sponded to growth in the amateur ranks,
but less spectacularly us we drift toward the
downward side of the sun-spot cycle. DX-
hunting was heightened by the uaddition of

12 new countries to the ARRL DX Countries
List, more than double the usual number
during a normal year. Award-hunters con-
tinued in great numbers with the Rag Chewers
Club certificate still the front-runner in de-
maund, especially among newcomers.

Checking off the items for 1960: It was
notably o vear of teamwork-experimentation
with many forward strides in our growing
hobby. Recounting the u.h.f. records gives
gratifying proof that umateurs have only
begun to tap the potentialities of that spec-
trum. Amateurs will try new modes to make
the new year another mbtolv-makmg period,
with plans well along for amateur transmitting
and transponding gear in an earth-orbit satel-
lite.

A hearty wish for another productive and
rewarding year, OMs and YLs! 57—

OUR COVER

Tune in next month for u discussion of
some practicul operating hints for 1215
Me. WIHDQ huas been working up some
good dope that you megucycle men will
cnjoy, and the story may even excite the
imagination of some of you who hung
around on the so-called “d.c.” bands.
Our cover this month shows some of the
antenna geur that W1HDQ and W1CUT
have been playing with. And our photog-
rapher had a great time with this month's
tuble-top photography.

(”‘(?‘I‘M.Tjﬁﬂwf?, T e e T e
sHamfest Calend

Florida — The Tropical Hamboree of 1961 will be held
on January 14 and 15 at the Bayfront Park Convention
Auditorium, 5th and Biscayne Blvd., Miami, spunsored by
the Dade Radio Cllub, The headquarters hotel is the Bis-
eayne Terrace, 340 Biscayne Blvd., one block from the
auditorium. This is a combined ham equipment show and
hamfest, with many equipment displays and all sorts of
contests, technical talks, open forums, and a ham auction.
Activities xo on each day from 0930 to 1700. There will be
a banquet Saturday evening at the hotel, where W4BPD is
scheduled to describe his recent I)Xpedition. Hamboree
registration is $1.00, while banquet tickets are $5.00.
Obtain reservations by writing to the Dade Radio Club,
P.O. Box 104, Miami 1.

e Strays “§s

Here is the January a(-hcdule for the Air
Force MARS Eastern Technical Net, meeting
on Sundays at 1400 KEST (1900 GMT) on 3295
7540, and 15,715 ke.

Jan, 8 — kixotic Applications of Semiconduc-
tors.

Jan. 15 — Pussive Satellite Cotnmunications.

Jun., 22 -~ Some Aspects of Iixtra-Terrestrial
(Communications.

Jan. 29 — Plasma Physics.
Feb. 5 — Titration With H.F. Radiation.
Feb. 12 — The Klectron Emission Microscope.

The Third Army Technical and Educational
Net will meet on 5850 kec. at 0000 GMT on the
following dates.

Jan. 7 — Radiotelephone Procedure.
Jan. 14 — Operating Procedure on a C.\W. Net.

Jan. 21 — Procedure for Radioteletype for
MARSAmateur Operation.
Jun. 27 - - What Makes a Good Net Operator.

A 1960 replica of a 1903 Oldsmobile has em-
barked on a 3300-mile endurance test from Los
Angeles to New York. K8KEC is accompanying
the expedition, truveling in u separate house
trailer and operating on 14,310 ke., and he will
be relayiug reports on the progress of the antique
replica. The 125-pound vehicle is equipped with a
four h.p. engine and will do 25 m.p.h.

i
i

cards again this yeur.

This issue of QST will reach you during the Christmas holidays, and it brings you the $
best wishes of all the gang at Headquarters for a joyous holiday season and for s happy
1961. Our deep thanks to all of you who have helped to fill our lobby with Christmas

!
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“Bud” Retires

RTHUR L., BUDLONG, W1BUD, Secrctury and
Cieneral Manager of the League and Editor
of @S, is retiring at the end of 1960 after

a period of League service spanning 37 of the
ARRL’s 47 years of existence. In an unprece-
dented action, the League’s hoard has specified
that he be designated as secretary and general
manager emeritus, and page 8 of this issue of YST
reflects this directive.

Bud has seen the League grow from 16,000
members to 100,000; its headquarters staff from
19 to 65; its operating gross from $150,000
annually to ten times that figure. A large part of
this progress took place under his own supervision
as Secretary and Ceneral Manager the past
twelve years.

Such growth is, as he is the first to contend, the
product of many hands at 38 La Salle Road. But
mere energy without direction gets nowhere, and
no one knows better than we at Hq. the vital
importance of the leadership and guidance which
our “boss” has supplied, the application of
experience and outstanding creative thinking
to provide the right decision at the right time —
whether they be crucial moments involving the
safeguarding of amateur frequency allocations,
or in the daily routine involving the activities of
an operation grossing some 1!4 million dollars
annually. It has been a steady and capable hand
at the helm.

Few can match his half-century experience as
a ham. A native of Washington, D. (*., in 1911
Bud became interested in a magazine article
concerping *‘wircless”; he scraped up enough
money to buy a silicon crystal, from which he
then constructed a detector, a single headphone

Arthur L. Budlong, W1BUD
Secretary and General Manager
Emeritus, ARRL
This photo was taken in the office he has occu-
pied for the past 12 yeors, surrounded by
mementos of 37 years of service
with the League,

January 1961

and the wire and brass strip for a single-slide
tuner (using, believe it or not, the then tradi-
tional rolling-pin!). With this gear he listencd
faithfully but fruitlessly every night until he
was finally rewarded when NAA hegan putting
out a whopping signal from nearby Arlington.
He had alrcady built a Ford spark-coil rig and
was on the air signing — but for a while not
working — with the call “AB.”” Eventually, the
contacts came along and he was in business. In
March of 1917 he was persuaded by u friendly
Department of (Clommerce official to take the
examination for the relatively new government
amateur license; his first-class operator ticket
came through promptly but \World War I was
declured while his separate uapplication for a
station license was being processed in Baltimore.

With every expectation of pursuing a newspa~
per and writing carcer Bud joined the staff of the
Technical News Serviece in Washington in the
early ’20s; in his spare time he wrote several
articles for QS T, based on home experimentation.
He became assistant division publicity manager
for the Washington area in the League’s famous
‘“Inkslingers”, a volunteer group ot writer ama~
teurs dedicated to publicizing amateur radio’s
feats. When the Leaguc nceded an editor for its
new syndicated newspaper column ‘“Current;
Radio” it turned to the young Washington
newspaperman and brought him to Hartford, in
February, 1924. Unfortunately, press interest in
radio was then on the decline, after a temporary
surge with the initial broadecast boom, and the
project was soon dropped. Bud, for a brief period,
was acting traffic (communications) manager; a
particular acecomplishment, started while he was




still in Washington, wus the organization and
supervision of the PRR lmergency Net for the
Pennsylvania railroad — the first wmateur net
devoted solely to emergency communications
preparedness and still remembered by those
in it for its stiff requirements and high morale.
(It was in this group that QRR — now QRRR)
came into being as the amateur’s land-SOS
signal. When then-assistant secretary Charles
Service (now WA4IE) resigned in 1926 to become
a Floridian, Scerctary Kenneth Warner picked
Bud as his new assistant and right-hand man. On
Warner’s death, in Scptember, 1948, Bud became
Sceretary and General Manager.

Probably no amateur is more widely traveled.
Bud, until his retirement, set an example in his
oft-cxpressed belicf that the hest way to keep in
touch with amateur radio is to visit amateurs.
He hus spoken before convention aud club
groups in every state of the Union, Puerto Rico,
Guam, Mexico, several South American coun-
tries, most of Canada, Ireland, England, Ger-
many, France, Italy, and Switzerland: in the
process he has also been present, in his capacity
as sceretary of the International Amatewr Radio
Union, at three of the four conventions of the
Region 1 (Burope and Africa) scetion of the
Union. The guy gets around!

Although constantly supervising the general
activities of the League and its Headquarters,
Bud’s extra~special field has been international
regulation of radio und frequency allocations —
the latter perhaps the single subject most impor-
tant to the amateur radio service. He has heen
involved, one way or another, in every inter-
national radio conference since the opening of
the short waves in the middle 1920s, and first
represented the amateur service at the Inter-
Americun Radio Confercuce in Chile in 1940.
This sort of background ticketed him, in World
War II, for the post of Chief of the Frequency
Allocations Section of the U. S. Coast (Guurd,
when he was commissioned in that service (his
preference was for a deck officer’s assignment,
and to that end his application gave the address
of a relative in another USCG district where he
hoped the name Budlong would not ring & bell —
but in vain). During the war he wus a member of
the allocations committees of the Joint and Com-~
bined Chiefs of Staff and, perhaps more signifi-
cant, a member of the all-important Inter-
department Radio Advisory Committee (IRAC)
and for his last two years of service Chairman of
its Technical Subcommittee, which established
the basic pattern for the 1945 general reallocation
of the frequency spectrum and, in effect, became
the Atlantic City world allocations table (in
which, among other thingg, we gained our 21-Me.
band). During the war, he attended the Bermuda
Telecommunicatious Conference, 1945, was a
government delegate to the London conference
on Radio Aids to Marine Navigation and, using
some of his accumulated leave, was a member of
the U.S. delegation for ARRL to the 1945 inter-
American conference at Rio de Janeiro. Postwar,
for ARRL, he participated in the Moscow Five-
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Power Radio Conference in 1946; the Atlantic
City Radio Conference, 1947; the fourth inter-
American Radio Conference at Washington,
1949; the Extraordinary Administrative Radio
Conference, Geneva, 1952; and the Geneva Radio
Conference which ended @ year ago, once again
with remarkable results for the umateur radio
service in that every frequency privilege U. S.
and Canadian hams now enjoy is provided for
in the basic international tuble.

We’re sure thut Bud, » man of many interests
and skills, won’t have un idle retirement. Re-
cently, he mentioned he already had a variety
of projects lined up that will occupy his time for
at least the next five years, He’s going to get
back to hamming, for one thing., There's work
on his place on Long Island Sound and his house
there (every inch of which, inecidentally, bhe
designed and which he and his wife then built
with their own hands); a sailing enthusiast all
his life and an expert sailor and deep-sca naviga-
tor, he hopes to get some real use out of his boat
which has lain dormant on lund much too long
because of the demands of Leugue duties in
recent years. When it comes to other activities,
we hesitate to speculate: one of the most widely-
read people we've ever known, his interests range
in many directions: he’s made free-full para-
chute jumps, is a crack shot (he was on the
State small-bore military championship team),
draws and paints with more than average ability,
has raised a varicty of livestork {rom mink
and rabbits to bees, is an expert cook, once
“crammed’”’ on the one-hand »sign language in
order to be able to converse over a long week end
with a deaf-mute host on one of his trips, and
probably will take up a few additional languages
to add to the French in which he is slready rea-
sonably proficient. (In this connection, Canadian
League members will recull his recent “farcwell”
speech at the Montreal convention, where he
delivered his address in English, then proceeded
to repeat it in acceptable French; our favorite
story, however, concerns his welcoming address
at the 4th Inter-American Conference to vne of
the series of fabulous Leugue international con-
vention dinners when, knowing no Spanish, he de-
livered his remarks in that language, amid much
hilarity and a complete breakdown of formality!).

His interest is in people as well as things; at
ARRL he is responsible for putting through the
H-day week (although his actual weekly hour
schedule is longer!), extra vacation time for long-
term ecmployees, our pension plan, a sliding-
scale annual bonus plan for all employees (except
himself) and yearly comprehensive medical exams
for key personnel —some of these long before
they became accepted business standards.

In the lute 1920s, Bud served as Radio Aide of
the First Corps Area urganization of the Army-
Amateur Radio System. On his rctirement from
that activity, New England ham members of
AARS presented him with a certificate proclaim-
ing him **Onehellofaswellguy.”

We of the Hq. staff couldn’t put it better
ourselves.  [EE=



A Parametric Amplifier for 1296 Mec.

Try This on Your Crystal Set!

BY

W. O. TROETSCHEL,* K6UQH, ex-WZLVO

AND H. J. HEUER,** KH6CY]

or have some sort of 1296-Me. receiving capa-

bility, this article is for you. It describes an
casy-to-build parametric amplifier for 1296 Me.
that will provide at least 25-db. gain with a noise
figure less than 2 db. Two of these amplifiers are
currently operational at the authors’ respective
stations.

While present-day theories of parametric amplfi-
tiers are heavily e¢ncrusted with mathematics,
certain general rules are evolving for an intuitive
understanding of what goes on. Previous articles !
have gone into the theory and are recommended
reading. The amplifier to be described here uses

* 3405 Kenyon Drive, Santa (Mara, California.

#* 616 Sperry Loop, APO 915, San Francisco, California.

! Bateman and Bain, *New Thresholds in V.H.F. and
\1.H.F. Reception," QST, January, February and March,
1959.

IB' YOU are interested in parametric amplifiers,

The choke flange at the left end of the
amplifier connects to the pump unit, and
the 9200-Mc. pump signal enters the
guide at this point. The screws on top
tune pump and idler cavities which are
formed by irises fitted into slots in the
guide and a plate across the far end.
Between the pump and idler tuning
screws is the cap which holds the varac-
tor crystal in its mounting. Below the
guide section is the signal tank. The BNC
fittings are for the input and output
signals; which is used for which doesn't
matter (until the amplifier is tuned up,
that is!). The fine tuning screw is near the
middle of the tank, and hidden on the
other side is a screw for coarse tuning.
Farther down the side of the tank is
the feed-through capacitor at which bias
is applied. Two of the four screws holding
one end-plate bypass can be seen just
below the waveguide.

January 1961

At 1296 Me. few vacuum-tube r.f. ampli-
fiers show much improvement over a
cerystal wmixer, but this paramp will
literally bring in signals you never knew
were there. Seldom do we have the op-
portunity to describe a device which
offers so much for so little. By using a
surplus klystron pump oscillator and
sections of X-band waveguide, cost and
metal work are kept to a minimum.
Since the design has been successfully
duplicated by at least 25 California
u.h.f. men, you can consider the con-
struction and adjustment techniques
well proven.

a few little tricks to get around the points that
generally reduce the enterprising ham to a frus-
trated madman. The following rules merit your
careful attention:

1) A well-designed parametric amplifier should
have mechanical as well as electrical stability
and simplicity, ease of tune-up, and smooth
control. An amplifier that does not have these
characteristics may work, but it does not repre-
sent a, practical communications device.

2) The ultimate noise figure possible to achieve
in a parametric amplifier is determined essentially
hy the ratio of the signal frequency to the idler
frequency. Since the signal frequency plus the
idler frequency is equal to the pump frequency in
amplifiers of this type, the rule is then the higher
the pump frequency, the better the noise figure.
Ciood practice and practical considerations indi-
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cate that the choice of o pump frequency on the
order of ¢ to 10 times the signal frequency is
desirable.

3) Best noise figure and amplifier stability
oceur in the amplifier when o/ tuning adjustments
are in the direction of reducing pump power for
a given gain value. A recommended ‘‘round-
robin”’ tune-up procedure will be described. Since
the pump power is an important tune-up indi-
cator, a good method for attenuating pump power
is essential. Simply coupling a grid-dip oscillator
to the circuit is the way to madness.

From these general rules we see that in order
to-amplify at 1206 Mec. we need a pump frequency
of at least 7800 Mec. The 2K25 (723A/B) reflex
klystron available ou the surplus market can
provide 10 milliwatts output at 10,000 Mec. In
testing this klystron we found a mode which
tunes uicely through 9200 Me. Choosing 9200
Me. for the pump frequency then establishes that
our idler frequency will be approximately 7900 Me.

The heart of the parametric amplifier is, of
course, the diode. There are severul diodes on
the market which operate nicely on this amplifier.
The uuthors recommend the Microwave Associ-
ates MAH-U diode * as the least expensive ap-
proach. Other good diodes {but expensive) are the

MA 450C, D or I and the 460C, D) or E. One of
the new Sylvania diodes wus tested and found to
work very well. Other diodes such as the Hughes
HPA series were tested but caunot be used in this
amplifier design. They are self-resonant at approx-
imately (600 Mec., and require pump powers
greatly cxceeding the capability of the 2K25
klystron.

Pump and Power Supply

The klystron is mounted on a 10-cm. length
of standard N-band waveguide (1 X !g-inch
outside dimensions) with one end closed and the
other equipped with s flange for connection to
the amplifier. This waveguide section is mounted
on top of the 3 X 5 X 10-inch power-supply
chassis near one end as shown in the photos. The
klystron probe should project into the waveguide
I.1 em. from the closed end. The probe has
metal jacket which covers ull but about 14 inch of
its length. The end of this metal jacket should be
just Hlush with the inside surface of the wave-
guide. The jacket is above ground by the +B
voltage, so cover it with insulating slecving where

2 Available to hams ouly for $10.00 from Microwave
Associates, Burlington, Mass. Be sure to specify the MAH-U
along with your amateur call.
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Fig. 1 —Circuit of the power supply for the klystron pump. Capacitances are in uf.; capacitors marked with polarity are
electrolytic, others are paper. Resistances are in ohms, and resistors are Y2 watt unless otherwise specified.
CRi, CRz, CR3, CRs— 150 ma., 100 p.i.v. germanium diode = Si—D.p.s.t. toggle.

(G.E. IN91). Ti—Power transformer, 600 v. ct., 70 ma.; 6.3 v, 2
Li—Filter choke, 8 hy., 70 ma. (Stancor C1355 or similar). amp. or more (Thordarson 22R02 or similar)

Ri—0.2-megohm, 2-watt control, audio taper. §
R:—O0.1-megohm, 3- or 5-watt, 10-turn control, linear ~ T2—Filament transformer, 6.3 v, 1 amp. {Thordarson
21FO8 or similar).

taper (Borg Model 1111B or 205 ""Micropot'').
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it passes through the guide wall.

If you don't have a klystron socket, use an
octal socket and drill out Pin 4 to accommodate
the probe. Make a copper or brass cylinder which
fits around the socket in order to mount it the
proper distance above the waveguide. Heater and
shell connections are made to the socket through
holes in this cylinder. Be sure to provide some
sort of shield around the klystron, as its outer
shell is about 300 volts above ground. The pump
power attenuator consists of a piece of resist-
ance paper ¥ which is inserted in a slot in the
waveguide, The amount of insertion is adjusted
with a small planetary dial. The slot is cut in
the upper surface of the waveguide and runs
lengthwise along the guide. It should begin 5 mm.
back from the flange and be about 1 mm. wide
by 35 mm. long. The resistance paper is shaped
like the rotor plates of a straight-line frequency
capacitor so that insertion area is nearly a linear
function of rotation angle. Shape the paper so
that 180 degrees of rotation results in complete
penetration. A flexible coupling between the dial
and the l4-inch shaft will compensate for slight
irregularities in the alignment of the supporting
brackets. The resistance paper is cemented to a
L{-inch shaft coupling which facilitates assembly
and adjustment.

The power supply diagrammed in Fig. i pro-
vides all necessary voltages for the klystron. One
point of interest is the use of d.c. on the klystron
filament. Klystrons at their hest are noisy oscil-
lators, and all this noise shows up when you at-
tempt to obtain the maximum gain that is avail-
able from the parametric ampliier. We found
that much of the noise was being coupled to the
¢lectron beam from the filament circuit, so 6
volts d.c. was obtained from four germanium
diodes in a full-wave bridge operating from fila-
ment transformer 7.

3 Suitable puper is commercially available but hard to
locate. Old or surplus attenuators are one source. Ramage &
Miller, Inc., 3221 Florida Ave., Richmond, Calif., will sell
to hams an X-band attenuator which uses nunstandard
waveguide for $4.00. This attenuator will provide two
carbon-deposited vanes or might be used directly with soine
hard work in changing from one waveguide size to another.
We have also had same luck in rubbing a soft lead pencil on
a piere of paper and then coating the deposit with Krylon.
This works ull right since accurate calibration of the attenu-
ation is not required. The problem is getting the graphite
on heavy enoug™ and holding it on so that the uttenuation
value doesn’t change.

Fig. 2—Top and side views of the wave-

guide section used in the amplifier assembly.

Note how the guide is slotted from the top

to accept the pump-coupling iris and from

the sides to take the two halves of the in- P
ductive iris. The latter slots should end be- /

tween 1/32 and 1/16 inch from the crystal
mounting holes. The holes for the tuning
screws should be centered in their respective CHOKE
cavities. Cavity dimensions shown are for FLQ‘\GE
standard X-band waveguide (1 X Y2 inch

outside) and must be modified as explained ,
in the text for guides of a different size. \
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The output voltage from Ty and full-wave rec-
tifier Vy is electronically regulated by V3 and V3
and applied to the klvstron shell. ) sets this
voltage to 300 volts, the desired value. Half-wave
rectifier V3, working from half the sccondary of
T, operates VR tubes V5 and Vg which provide a
reference voltage for the electronically-regulated
supply. Ry is connected as part of a voltage di-
vider across the VR tubes and used to adjust
the negative voltage on the klystron repeller.
The 10-turn potentiometer specified tor Re is
strongly recommended since its high resolution
makes tuning up the amplifier much easier. How-
ever, if cost is very important, a standard 2-watt
composition potentiometer can be substituted
at the expense of more critical adjustment.

Clonstruction of the power supply is not critical
— just a little crowded with the chassis xize
specified. Power leads are brought out through the
top of the chassis and terminate at a barrier strip
for convenience.

Amplifier Construction

The amplifier is made from }4-inch brass stock
and X-band waveguide. Lighter brass stock can
be used, but we do not recommend thicknesses
less than 1,16 inch because of mechanical and
thermal instability. Silver plating is not required
for good operation, but if you have the facility,
go ahead: it won’t hurt a thing. Figs. 2, 3 and
4 show the construction details, and the photo-
graphs show the appearance when completed.

The waveguide scction is 6 inches long and
equipped with a choke flange at one end for con-
neeting to the pump waveguide. A choke flange
is one that has a 1{-wavelength groove cut around
the rectangular opening in the face. The groove
is to prevent r.f. leakage out of the joint when a
Hange-to-flange connection is made. Actually,
only a very small leakage will be experienced
at this power level, and two plain flanges will
work nicely, but the choke fype costs little more
and was used for the sake of purity.

The 9200-Mc. pump energy is transferred from
the transmission line part of the waveguide into
the pump cavity by means of a resonant iris. The
diameter of this iris is 5/16 inch and is quite
important. If you choose a pump frequency other
than 9200 Me. you will probably want to experi-
ment with different size irises to minimize the

¢ A
:'f,,c”',{ 28CM.
DRILL FOR
__H—sNUG CcrysTAL
] FIT,TOP AND
P BOTTOM
N
/_/»_..f" \\\ \,
~~"DRILL AND”
PUMP— \
TAP FOR .
COUPLING T8 s Ry INDUCTIVE | 1 Brass

IRIS .. IRIS
ISEE FIG3) ™ TOP ONLY  (SEE FI6.3) | ENDPLATE

.
N, ).
" Y

PUMP WAVEGUIDE E;{}@Eggﬁ '
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Fig. 3—(A) The iris used to couple pump energy into the
pump cavity. The 5/16-inch hole is centered horizontally
and off-center vertically by one wall thickness. (B) Details
of the crystal mounting and the inductive iris used to cou-
ple the crystal to the pump and idler cavities. Both irises

are 1/32-inch brass.

v.s.w.r. between the pump generator and the
pump cavity. Alternate methods of adjusting
the line v.s.w.r. are all right, but the fewer knobs
you have to adjust during alignment the better.
The pump cavity is made slightly less than
a guide half-wavelength long at the pump fre-
quency to allow tuning with the No. 10 screw
plunger. If you use standard X-band waveguide,
the pump and idler cavity dimensions shown are
valid! If von use other size guide, the guide
wavelength can be found from the formula

where Ag is the guide wavelength, Ao is the free-
spuce wavelength, und e is the guide cutoff

4 Standard 1 X Y%-inch guide has a cutoff wavelength of
4.57 cm. and a guide wavelength of 4.65 cm. at 9200 Me.

wavelength. The latter is equal to twice the longer
inside transverse dimension of the waveguide for
the TE;0 mode used here. The sume units
should be used for all three wavelengths in this
expression.

As an exumple, another available X-band
waveguide measures 114 X %4 inch outside and
hus u !fg-inch thick wall. The cutoff wavelength
is therefore 2 X (114 — 1¢) = 21 inches, or
5.72 em. The frec-space wavelength correspond-
ing to 4200 Me. is 30,000,9200 = 3.26 cm. From

lengths should be adjusted accordingly.

At the back of the pump cavity the parametric
diode is centered in an inductive iris which cou-
ples the diode to both the pump and idler cavities.
This iris should clear the erystal by at least /32
inch und not more than 1/16 inch. These dimen-
sions represent rather loose coupling, which is
desired. This contrasts sharply with other ampli-
fiers which have bheen deseribed and is prob-
ably the key to the euse of tune-up, stability
and the very small amount of pump power re-
quired for proper operation. The loose coupling
allows excellent Qs to be attuined in all of the
tuned circuits. Four different amplifiers have
been built and tested with operating powers on
the order of 8 db. below a 10-milliwatt level.

The crystul holder was made by drilling out
the center of a microphone juck to a snug fit for
the crystal cartridge. The jack must also be cut
and filed down until only the flange and a couple
of threads remain, so that the buttom end of the
brass ferrule of the crystal comes just flush with
the inside surface of the waveguide. This will
provide the necessary clearance at the other end
of the ervstal where the tip goes through into
the signal tank. The fitting is then soldered to the

Bottom view of the amplifier with the signal tank cover plate removed. The input and output connectors are near the left

end, and the tuning screws are in the middle. The lower screw with the nut soldered to the end is used for coarse tuning,

and the upper screw gives a fine adjustment. The 500-uuf. feed-through capacitor and the 1500-ohm Y2-watt resistor
for supplying bias to the diode are near the right end.
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Fig. 4—Details of the signal-tank inner con-

'3 BRASS END PLATES —__

. DRILL AND DRILL AND TAP .
ductor and end-plate bypasses. This assembly REAM FOR SNUG. 4 HOLES FOR /Y5 BRASS TUBING—_
should be mounted in the signal tank so that FITTO¥jg ™\ 4-40 SCREWS SLOTTED AT END PN
the center of the inner conductor is 0.8 cm. ~JUBING STIRAST oscu. ~ﬂ 0
below the bottom surface of the waveguide 045 Cu, e - 7
section. The piece of Ya-inch brass tubing N PO, 4 ¢ BRASS TUBING™"  ogcwm.

soldered into the inner conductor slips T 4 "
over the tip of the diode. k- 34—

guide. A “cap” to hold the crystal in place can be
made from a nut which will screw onto what’s
left of the mike connector. Solder a washer into
the threads of the nut where it will bear on the
end of the crystal when the nut is screwed in
place. The rear end of a BNC screw-type chassis
connector can be similarly manhandled to pro-
vide an alternative mounting.

Particular care should be used when construct-
ing both the resonant iris and the inductive iris
to be sure that no burrs or filings are left in the
cavities. After soldering and cleaning, run a sharp-
tipped screwdriver or scribe point along the solder
head to verify that you have a clean metallic
joint rather than a film of solder flux.

In back of the inductive iris is the idler cavity
with its tuning screw. This screw is shown
mounted on a machined r.f. choke which would
be hard for most builders to duplicate. However,
the simple screw and locking nut used for the
other adjustments will work fine here, too. Do
not solder the end plate on the idler cavity until
you are satisfied that the iris and the crystal
mounting are completely satistactory. Hold the
end plate tightly in place with tape until you have
tested the amplifier; then solder it in place.

The signal-frequency tank is the part of the
amplifier built from sheet stock and mounted
below the waveguide scction. The side pieces of
the tank are soldered to the sides of the guide,
and the bottom surface of the guide becomes the
top of the tank. The tank ends and bottom plate
are lastencd to the side picces with screws as
shown.

The diode is coupled into the signal tank
through a hole the diameter of the crystal body
in the bottom of the waveguide. When properly
positioned, the part of the brass tip which con-
nects to the ceramic body of the crystal cartridge
should just clear the bottom of the waveguide.
This is critical since it is a part of the r.f. choke
which prevents the pump energy from getting
into the signul tank.

The tank inner conductor is made of 5/16-inch
diameter brass tubing (available from hobby
shops) and is mounted off-center to contain the
field as far up in the tank as possible. This allows
adjustments to be made with the bottom plate
off. A 34-inch square brass plate is soldered to
each end of the tubing. These plates, separated
from the ends of the tank by 0.01-inch Teflon or
Mylar, form bypass capacitors and ground the
inner conductor at each end for r.f. In the orig-
inal amplifier, four 4—40 nylon screws were used
to hold each bypass “sandwich” together. If such
serews cannot be obtained, use metal ones with
insulating wushers where they pass tlwrough the
end walls of the tank.
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Since the line is insulated from ground for d.c.,
biasing voltage for the diode can be applied to
one of the end plates. The resistor that feeds
the bias to the line is a combination non-critical
r.f. choke and an important diode protector in
case you accidentally apply an improper amount
of bias voltage.

The diode tip is connected to the inner con-
ductor with a short piece of lg-inch diameter
brass tubing. One end of this tubing is soldered
into a hole drilled into the inner conductor, and
the other end is slotted to fit snugly over the
brass tip on the crystal. ‘

The tuning screws for the signal tank are lo-
cated at the center of the tunk (r.f. voltage
maximum point) and tune the tank capacitively.
One screw has a nut soldered on the end and is
used for coarse tuning. The other, left plain,
provides a fine adjustment.

I

Close-up of the pump klystron and attenuator mounted
on one end of the power-supply chassis. The flange con-
nects to a similar one on the amplifier unit. The resistance
paper vane, shown partially inserted in the waveguide
slot, is supported between brackets in front and in back
of the guide and is adjusted with the planetary dial
{Lafayette F-348) fastened to the front of the chassis.
The other knob is for setting the repeller voltage. Power
connections are brought out to the barrier strip, and from
there wires run through holes in the brass cylinder used to
mount the klystron socket above the guide.
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The input and output links are placed at the
opposite end of the tank from the diode for
symmetry. At these frequencies it is possible to
exeite various undesirable modes of operation,
and lack of symmetry may suppress the very
mode you want. The links are mounted on the

BNC serew-type input and output fittings
{Amphenol 31-102) and should be 1716 to 332
inch from the inner conductor. The fittings screw
into threaded holes in the sides of the tunk 1 cm.
irom the inside surface of the end plate and ullow
adjustment of coupling during alignment. Then
they can be secured for normal operation by
tightening the mounting nuts. In gencral, you
will find that the antenna coupling must be a
little tighter than the output coupling. Don’t
be misled by appearances, though, as a slight
difference in the positioning of the links cun
mean a vast difference in the degee of coupling.

Tune-Up and Operating Procedure

First you must determine whether or not the
klystron pump generator and the pump cavity are
compatible. To do this install a test diode such
as a IN21 in the amplifier. Measure the rectified
diode voltage with a v.t.v.m. connccted to the
bias feed-through capacitor. The pump cavity
screw should tune well out of the cavity when
vou are close to 9200 Me. with the klystron. The
exact frequency used does not matter except that
the difference between it and the signal frequency
must be within the tuning range of the idler
cavity. Adjust the pump cavity tuning and the
klystron wuning (repeller voltage) for maximum
diode voltuge. This should be 5 volts or more,
depending on the test diode used. The exact
value is not important: all you are after here is
to check the pump generator for output and the
pump cavity for tuning.

Now replace the IN21 with the parametric
diode and repeat the tuning process. No external
bias iy used yet. You should note two things at
this time: (1) The diode voltage is «quite low, on
the order of 0.3 to 0.7 volt. This is all right —
vou have a poor rectificr, but possibly a good
voltage-tunable capacitor. (2) The pump cavity
probably had to be retuned considerably because
of the capacitive reactance of the diode.
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Bottom view of the pump and power-
supply chassis. From left to right across
the front panel (top) are the power
switch, control Ri for setting the klystron
shell voltage and the 10-turn ""Multipot,"
R2, for adijusting the repeller voltage.
The fuse holder is on the rear panel.
Parts placement is not critical, but the
upper surface of the chassis at the right
end must be left clear for the klystron
and attenuator. In this version, the power
transformer is at the left, and the six
rectifier and regulator tubes are grouped
in the middle. Chokes Li and L2 are
mounted below chassis on the left end
and on the rear apron next to the fuse.
Filament transformer T2 appears
in the lower right corner.

Now with everything tuned up for maximum
diode voltage, curctully tune the idler ecavity
through its range. At some point the voltage
should kick up to between 0.9 and 2.0 volts. If it
doesn’t kick up, try another combination of
pump frequency and pump cavity scttings he-
cause it is likely that you are out of the range of
the idler eavity tuning (assuming that the diode
is not detective). Set the idler tuning at the kick
point for now. Some diodes have a sharp kick,
while others have a generally broad rise in voltage
as the idler is tuned. Either indicates that the
signal circuit is oscillating, and if it is not operat-
ing at an undesirable mode it should be oscillating
around 1300 Me. At this point vou should be
able to connect your prescnt 1296-Me. crystal
set to the paramp and hear the oscillation as a
loud, rasping buzz.

A signal source, preferably tone-modulated,
is needed for the next step. If you don’t have one,
simply follow standard operating procedure for -
the 1296-Mec. band and telephone oue of your
friends for an appointment to turn on his trans-
mitter for you.

Jonnect the antenna or signal source to the
paramp input and your present equipment to the
output. Apply bias to the diode, using a reverse-
bias voltage of approximately 0.7 volt. The bias
supply ecan be a 10,000-ohm [0-turn potentiome-
ter (similar to K2) connected as a vcltage divider
across a 1.3-volt battery. Again a regular com-
position potentiometer can be substituted if nec-
essury. With no pump power applied (maximum
attenuation) adjust the »ignal tank coarse-
tuning screw for maximum signal in the receiver.
Now increase pump power to maximum and care-
fully tune the idler eavity until vou heur oscilla-
tions in your receiver. Reduce pump power until
oscillations just stop, and then retune the idler
cavity for oscillation aguin. At this point you
must start a systematic round-robin procedure
or you will get lost. Refer to Rule 3 near the be-
ginning of the article and proceed as follows:

{All adjustments are for either oscillation ¢r
for a given value of signal gain with reduced
pump power.)

Retune idler - reduce pump power

QST for
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Adjust bias toward zero — reduce pump power
Adjust repeller voltage -— reduce pump power
Retune signal tank — reduce pump power
{fine tuning screw)
Adjust input and out~
putlinks e reduce pump power
Retune pump cavity = — reduce pump power

At some point in these proceedings you may
find that the gain is still rising and that you have
reached zero hias voltage. Simply reverse your
bias polarity and continue the round robin, slowly
increasing the bias voltage in the forward di-
rection. The value of bias voltage that you end
up with is a function of many things; you just
have to find it for the diode you are using and
the amplifier you have built. Typical values
for approximately 15 diodes tested ranged irom
0.3-volt forward bias to 0.7-volt reverse hias.

When you have reached the point where no
further adjustments cause a gain in signal or
a reduction of pump power for a reference rignal,
vou are done. Now the pump power attenuator
is your gain control. You should notice that
an increase in pump power produces an increase
in signal gain. A further increase in pump power
will result in a small drop off in gain, and then
as the power is further increased, the amplifier

will break into oscillation. This gain reversal
is quite convenient, as it allows a nice broad
operating point and permits stable operation
with minor variations in klystron pump power.
Minor adjustment of the diode bias may le
needed for marimum amplifier gain as the pump
power is increased.

Once tined up, this amplifier will remain stable
over long periods of time without any adjust~
raent other than the repeller plate voltage. Next
time vou set up the unit it will only be necessury
to adjust the bias to the correct voltage, ride herd
on the repeller voltage, und adjust pump power
to the desired value.

This amplifier will provide a dramatic experi-
ence the first time you put it ahead of your
crystal-mixer converter. With 25 db. plus of sta-
ble gain, the noise figure of your receiving setup is
that of the parametric amplifier. Qur units are
currently providing a 5 S-unit gain on 75A-2 and
75A-4 reccivers. If that looks like nearly 30 db. of
gain, you are correct. Local Bay Area tests by
K6UGH with W60HO and K6ONM have been
very gratifving. Combined with a little transmit-
ter power and a high-gain stecrable antenna, this
little gem should be just the thing for moon
bounce. s

‘W-Straysys
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When old-timer 7WD got interested in ham
radio again, his first project. was to build the IBR
receiver described in QST by W6TC hack in July
of 1057. (Apparently 7WD added something, be-
cause the originul was called an HBR-14!) Next
step was to study up for the General Class license
and apply for K7WD, which he now holds. Nice
piece of construction, isn't it! (It would be inter-
esting to know how many fellows have built
some version of the HBR receivers. If each one of
vou who has would send a QSL card to WIIKE,
we could tally up the score — and perhaps have a
pretty interesting display of QSLs for future use
in QS7T.)
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sion to use a transmitter with a built-in

t.r. switch that was designed by Ed Hart,
\WW2ZVW. Never having used a t.r. switch to any
great extent, it was interesting to note how
smoothly this particular unit worked. What was
of even greater interest was the simplicity of the
t.r. circuit. IHere was something any Novice
could build, didn’t cost much, and would simplify
the operating controls of his station.

How the T.R. Switch Works

Tt is always to the amateur’s advantage to
use the same antenna for both transmitting and
receiving. Many amateurs accomplish this with
switches or antenna change-over relays. This, in
turn, calls for a manually-operated switch which
actuates the relay when going from transmit to
receive. A t.r. switch is an electronically-operated
device requiring no manual operation.

Fig. 2 shows how the t.r. switch is used in
two types of installations. ()ne method shows
how the unit is installed in & system where an
antenna coupler is used. The other setup shows
the installation of the t.r. switch where couax
is used directly between the transmitter and
" *Technical Assistant, Q87.

DURING last Field Day the writer had occa-

T.R.SWITCH

J3

This photograph shows the completed unit. The only
components mounted on the top of the chassis are T: and
the 6AH6. At the left front is Si.

More Operating Convenience

for Your Station

BY LEWIS G. McCOY,* WI1ICP

A Novice TR. Switch

antenna. Now look at Fig. 1, the circuit of the
t.r. switch.

The operation goes like this: \When the trans-
mitter key is closed, u signal is sent out along the
roax line. Attached to the line is the t.r. switch.
A portion of the r.f. voltage appearing on the
line drives the 6AH6 grid positive. The rectitied
voltage then biases the 6AHG6 so very little power
is fed to the receiver. When the key is opened,
any signal coming down the line from the antenna
is not strong enough to cause bias to be devel-
oped. The 6AH6 then acts as a cathode follower
feeding the signal into the receiver. A cathode
follower, while not. having any gain, does have a
broad-band characteristic in its output circuit
which is ideal for this application.

Construction Details

The unit shown in the photographs was built
on a 2 W 5 X 7-inch chassis. The t.r. switch
described here hus its own power supply. How-
ever, many receivers and transmitters have
power takeoffs, and if yours does, the cost of the
t.r. switch can be lessened by eliminating the
power supply. Power requirements for the 6AH6
are approximately 100 volts d.c. at about 10 ma.
and 6.3 volts at 0.45 ump.

CRi—Selenium rectifier, 50 ma.
(Sarkes-Tarzian Model
50).
J1, J2, J3—Coax chassis recep-
tacles, or phono jacks.
R1—220 ohms.
22 S1—S.p.s.t. toggle.
Ti—Power transformer, 125
volts, 15 ma., 6.3 volts,
0.6 amp. (Stancor PS-
sy 8415, Knight 61G410).

6.3V. 51

Fig. 1 — Circuit diagram of the t.r. switch. Unless otherwise indicated, decimal values of capacitance are in uf., others are
in uuf., resistances are in ohms, resistors are Y2 watt. Capacitors marked with polarity are electrolytic.
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If you decide to use an external power source,
the plate voltage sbould be fed into the 6AH6
at the point marked .X. The resistor R, serves
the saume purpose as an r.f. choke, hut is, of
course, much cheaper. In connecting an outside
power source vou'll need three leads, vne for the
plate voltage or B plus, one for a ground connec-
tion, and a lead for the 6.3-volt heater line.

When installing the socket for the 6AH6
mount it as close to the terminals J; and J2 as
possible. This is done in order to keep the lead
length between J/; and J2 to the grid of the 6AH6
as short as possible. This reduces the chances for
stray pickup of r.f. which may tend to “block”
the receiver when transmitting. For the same
reason, a short length of shielded wire is used
hetween the cathode, Pin 7, and a tie point
mounted at J3. The 0.01-uf. capacitor is coun-
nected between the tie point and the terminal
of J3, keeping the capacitor leads us short as
possible.

Regular coax chassis terminals were used for
J1, Ju, and J3. However, phono jacks can be used
instead, thereby cutting the cost of the unit.

Installing the T.R. Switch

Fig. 2 shows two examples of how the t.r.
switch should be installed. There is one impor-
tant point to keep in mind about the t.r. switch.
If the voltage appearing at the grid of the 6AH6
is too high there is a danger that the tube can be
ruined. For this reason, the standing-wave ratio
on the coax line should not be over 2 or 3 to 1 for
Novice powers of 75 watts input or less. In any
event, it is always a good idez when using a
coupler to have an s.w.r. bridge ! installed in the
coax line to show when the coupler is correctly
adjusted. The t.r. switch can be used for power
inputs up to about 300 watts if the line is well
matched.

If vour system has direct coax feed from the
transmitter to the antenna, the t.r. switch should
be installed close to the transmitter. If you live
lkS;e measurements chapter, T'he Radio Amateur’s Hand-
book,

Note that the 6AH6 socket is mounted close ==

to the coax terminals. This is done to keep z=

the lead lengths short. CRy is the rectangu-

lar object at the top center. Just above the

rectifier is the dual 20-uf. electrolytic

capacitor, mostly concealed by the chassis
flange in this view.
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Fig. 2—Two methods of installing the t.r. switch
in your station.

in an area where TV1is a problem (who doesn’t!),
a low-pass filter should be installed on the coax
line between the t.r. switch and the antenna.
Most t.r. switches are harmonic generators and
this one is no exception.

The t.r. switch described here was tried with
three or four different makes of receivers. In no
case did the signal pickup block the receiver
when the transmitter was keyed. The signal was
loud enough so that it was more comfortable
listening with the r.f. gain reduced during trans-
mission, particularly if the listening was done on
ths eame frequency as the transmission. An ideal
system would have means for receiver muting
whenever the key was closed. However, any such
system would be more complex than the simple
t.r. switch shown here. [G5T—
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Not Just a Novelty

The Secret of Mobile C. W.
Operation

BY DAVIS A."HELTON,* WPME

4 crowd of active mobile 40-meter c.w.

men. I know I haven’t worked them all,
but I think 1've worked my share — W2BO,
W@DIC, W@BNQ/W5BMI, W5BXN, \W8NZ,
WIMIO/WIEDO, WSEZG, WI9EVA, W5MU,
K5VLG, a few W6s, and even a couple of Novices.
Most of them work c.w. us easily from a car as
they would from a fixed station and even manage
to keep schedules while ia motion. The surprisiag
thing isn’t how well they get out, but how many
times they have to answer the question, ‘‘ How
in the world do you manage to key and drive,
too?”, from otherwise competent c.w. men.

For the benefit of those who are interested in
handling a mobile c.w. rig, I’d like to pass on a
few hints on how to rig the mobile station for
euse of operation. Behind these kinks are more
than 50,000 miles of mobile ¢.w. work on 40 me-
ters. I doubt if most of the mobile c.w. gang will
ugree with all of my theories on the subject, but
I do believe that they will agree with most points.

Keep Things Simple

First, if vou are building up the rig from
scratch, kecp everything simple. Preferably, the
only coutrols on the receiver should be the r.f.
gain control and the dial knob. If the transmitter
has 4 number of tuning adjustments on the front
panel, the change-over switch should have a
much larger knob than any of the other controls
to facilitate locating it without taking one’s eyes
off the road. If you are of the type that must
dip the final every QSO, you will find that a pilot
light in the final B+ lead makes a much better
tuning indicator than a meter, since you can
see it from the corner of your eye while driving.

V.F.O. vs. Crystal

Most of the mobile c.w. gang prefer the v.f.o.,
but I still stick with crystal control since I run a
fair amount of power and can punch through any-
thing but the kw. gang on the low end of 40. By
using crystal control one can save the power drain
of a buffer and the VR-tube bleeder, and thus run
a little more input to the final. Crystal control
has the added advantage of keeping your trans-
mitter where you think it is, no matter how
rough a road you're traveling. It also means that
there is no v.f.o. dial to watch when you should
be watching the highway ahead.

* Radio Division, Missouri State Highway Patrol, Jeffer-
son City, Missouri. (ex-D4AGC, DL4CX)
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OVER the past few years there has grown quite

This article is a compilation of various
bitg of pertinent information gathered
in over 50,000 miles of successful
40-meter mobile c¢.w. operation. It
covers everything from the antenna to
the log book.

Transmitter

The circuit diagram of my 100-watt mobile
40-meter c.w. transmitter is shown in Fig. 1. It
consists of a 12BY7 in a grid-plate oscillator
circuit driving a pair of neutralized 1625s in
parallel, with low-impedance link output cou-
pling. The neutralizing capacitor C; consists of a
strip of aluminum approximately 14 inch wide
and 2 inches long, bent !4 inch from one end to
form an angle. A hole is drilled in the short end
and the angle is mounted on a ceramic feed-
through insulator placed in the chassis at a spot
midway between the two 1625s and slightly to
the rear of center. The surfaces of the two tube
plates serves as the other member of the capacitor.
The bottom end of the feed-through insulator
is connected to the oscillator plate tank ecircuit
mounted on the underside of the chassis.

Kxcitation may be adjusted by varying the
screen voltage of the oscillator. The rig is keyed
in the cuthode circuit of the amplitier. 1t will be
noticed that there are no meters; a dial lamp in
series with the plate-supply circuit and a neon
bulb coupled to the output tank coil serve us as
indicators for output adjustment.

The control and change-over functions are
performed by a three-position six-pole rotary
switch, S;. The first position is ‘“‘off.” In the
sccond position the transmitter filaments are
turned on. In the third position, the plate and
screen voltages are applied, the antenna is trans-
ferred to the transmitter and the receiver gain is
reduced. The circuit arrangement for the latter is
included in Fig. 1.

A good addition to the mobile station is some
sort of field-strength meter. If your mobile rig
has grid-drive control, the hest procedure is to
tune the final for maximum output and then
adjust the drive control for maximum output.
Then, after you become accustomed to the normal
field-strength reading at a certain distance out-
side the car window, you can recognize certain
characteristic troubles, such as a slipped contact
in a variable-tap mobile loading coil, a damp
loading coil, intermittents, and others.

Antenna

The secret of any good mobile signal lies in
the antenna system. 1f you’re married, use the
higgest ‘‘hat’ capacitance the XYL will allow;
if you're fortunate enough to be single, use a
hat about twice as big as any you have scen on
anyone else’s rig. In addition to the hat, use
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Fig. 1 —Schematic of the simple mobile transmitter. Unless indicated otherwise, resistances are in ohms, capacitances are
in uuf., and resistors are 2 watt. Capacitors not listed below are disk ceramic.

Ci1—Midget variable.

Cz—1000-volt variable.

Cj, C4, Cs, Cs, Ca—Mica.

C1—Neutralizing capacitor (see text).

I1—150-ma. dial lamp shunted with 47-ohm Yz-watt

resistor.

Ji—Open-circuit jack.

J2, Ja—Chassis-mounting coaxial receptacle (SO-239).

L1—18 turns No. 24, 4-inch diam., %4s inch long (B & W
3012 Miniductor or Air Dux 632).

some sort of impedance-matching network be-
tween the base of the antenna and the coax feeder.
My matching network for 40 is shown in Fig. 2.
It consists of a 2-inch-diameter coil, 8 turns per
inch, with one end grounded to the car, with the
hase of the antenna tapped about 4 turns up from
ground, and the coax line tapped about 114 turns
up. It is doubtful if this particular combination
would work for all cars, but it gives a general
idea of whut to expect. With a Heath reflectome-
ter in the coax line, the entire system was reson-
ated for 7040 ke. At 7005 ke. the s.w.r. was
1.35:1, and at 7100 ke. it was 1.5:1. At 7150 ke.
the s.w.r. had jumped to 2.5:1. Thus, it may be
seen that the band-width restrictions are not
nearly so severe on 40 as on 75 meters.

For those who aren’t happy until they have the
ultimate in radiation efficiency from their mobile
antennas, a worthwhile improvement over the
conventional 8-ft. center-loaded whip was found

CENTER~
-—— LOADED
WHIP

———— 4t

1 L

Fig. 2—Antenna-matching circuit. Taps may have to be

adjusted for specific installation. See text for coil dimen-

sions. System is maintained at resonance by adjustment of
center loading coil.
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L3—10 turns No. 14, 1Y2-inch diam., 1%2 inches long {Air
Dux 1206).

Ls—3-turn link at ground end of L.

L4, Ls—35 turns No. 16 wound on associated resistor.

R1—50,000-0hm 2-watt control (Ohmite CU5031 or
similar).

Rz—25,000-0hm 4-watt control {Mallory M25MPK).

S1—3-section é-pole 3-position rotary switch (CRL 2525,
3 of 5 positions used).

Vi1—Y%-watt neon bulb mounted near hot end of L2,

hy replacing the common 39-inch lower antenna
section with one made from a 3Y-incher welded to
one of the 18-inch types. This raises the loading
coil farther from the car body, and increases the
radiation resistance on the lower-frequency
bands.

Since the amount of loading inductance re-
«quired is largely determined by the size of the top
section and capacitive hat, there will be very little
change in loading-coil adjustment when this
change in antenna length is made.

In the few months that the new antenna (about
11 ft. over all, including the loading coil and
mounting spring) has becn in use, it has been
found that it improves signals, coming or going,
by about one S unit. Several of the 40-meter
c.w. gang in the midwest have volunteered the
observation that the signal from W@PME/M
is the strongest mobile signal theyv have cver
heard on the band.

Receiver

Now for the receiver: Probably some of the
best single-hand mobile receivers are conversions
of the ARC-5 series. My receiver is a much-
modified BC-455 that, in its present form, will
copy i 0.5-microvolt signal if I’'m parked in a
quiet space, and which has sufficient audio out-
put to override the wind and motor noise in a
small foreign car while traveling at the speed
limit. In addition, it has a crystal-lattice i.f. filter
with about a half-ke. bandwidth to enable me
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to sort out the signals on the low end of 40 with
no more effort than would be required on some
of the more expensive ham receivers.

The receiver conversion followed the best
points of & number of conversion articles. All
hut two rotor plates in each section of the tuning
capucitor were pulled. Each capacitor scction
was then shunted with u zero-temperature-
coefficient 50-uuf. ceramice trimmer. The realigned
receiver covers 7000 to 7700 ke.

Audio

An audio filter-aniplifier stage was added
hetween the detector and 12A6, and the audio
output trausformer was replaced with one of the
“6VO6-to-voice-coil” varicty. This revision is
shown in Fig. 3. The filter has a design cutoff
frequency of 2200 cycles.t

B.F.O.

1t was found that while the drift of the h.f.o.
in normal operation was but a couple of kilo-
eycles, the b.f.o. drifted several kilocycles while
warming up and wandered about under primary
voltage fluctuations as the engine speed varied.
Therefore, the b.f.o. transformer assembly waus
removed and the b.f.o. circuit was changed to a
Pierce crystal circuit as shown in Fig. 4.

B.EO,

1000

Fig. 4—Circuit of the crystal-controlled b.f.o. Capacitances
are in uuf. C, is an air trimmer. R4+ and R;s are original
BC-455 components. See text for Yi.

Crystal Filter

A 2831-ke. half-lattice erystal filter was con-
structed following the general circuits presented
in earlicr issues of (QST.? The circuit is shown in
Fig. 5A. Rather than become involved in a lot of
r.f. measurcments, 1 purchased about a half dozen
surplus 2831-ke. rocks® and made some rough

! Fryer, ‘' How To Design Low Cost Audio Filters,”” Elec-
tronics, April 10, 1959.

2 Vester, ‘' Surplus-Crystal
QOST, January, 1959,

4 Advertised in QST
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High-Frequeney  Filters,'

resistances are in ohms, re-

sistors are %2 watt, and

capacitances are in puf.

Capacitors marked with

polarity are electrolytic;

use paper or ceramic for
others.

> 220K

frequency measurements. The lowest-frequency
crystal was used in the b.f.o. Of those remaining,
the two with the greatest frequency difference
(actually a fraction of a ke.) were selected for
the lattice. In operation, a double hump appears
in the response characteristic, but it is so slight
that it was not felt necessary to etch one of the
rocks. In individual cases, it may be beneficial to
alter the value of the filter load resistor (shown
as 2700 ohms in Fig, 5-A), going as low as 470
ohms, if necessary. to reduce the humps. The
lattice filter is fed from a link, La, wound over
the cold end of the coil in the tuned circuit in the
first i.f. can in the BC-455, as shown in Fig. 5B.
The output of the lattice is used to drive an added
i.f. stage which more than makes up for the in-
sertion loss of the filter. The output from this
stage is used to drive the original first i.f. stage in
the 455. The lattice assembly and the added
i.f. tube were mounted in 4 small Minibox which
was mounted on the side of the receiver adjacent
to its first i.f. ean. C'onnections between the i.f.
and filter links are made with shielded wire run
through slots in the i.f. can and the receiver cover.
Most authors of recent crystal-filter articles
seem to write with the impression that a good r.f.
toroid coil can be found in any respectable hum
junk box. Mebbeso, but I had to make my own.
To make a couple of cheap toroids for high-
frequency lattice filters, obtain a slug from the
final tank coil of a Command transmitter. This
slug is about %4 inch in diameter and %% inch
long. Slice this in half, as shown in Fig. 6A. Drill
out the hole in each of the resulting wafers
until the toroid has an approximately square
cross scction, as shown in Kig. 6B. Dope the
toroid well and, after it has dried, wind on a
bifilar winding of about 75 turns of Litz wire
taken from an old r.f. choke or r.f. transformer,
as shown at B. After this winding is complete,
add a 10-turn link at the ground end of the
winding. It's the cheapest toroid you can find.
Ly was made by scramble-winding Litz wire from
an old r.f. choke on the core of a Miller 4.5-Mec.
sound trap. The number of turns was adjvsted
until the circuit resonance checked at 2830 ke.
on a grid-dip meter. Any other convenient type
of winding may be used in the same manner.
Some purists might add a noise clipper to the
converted receiver, but with the extreme skirt
seleetivity from the lattice filter, it is my opinion
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Fig. 5—~{A) Circuit of the crystal half-lattice filter. Unless indicated otherwise, resistances are in ohms and capacitances
are in uuf. Resistors are Y2 watt. See text for L1, T, Y1 and Ya. Terminal numbers on T, refer to Fig. 6. (B) Revision of first
i.f. transformer assembly in BC-455. La is a 4-turn link at the B+ end of Ls. Le, L7, Ci2, Cis and Cis
are BC-455 original components.

that a limiter just isn’t necessary. When one is
driving along a truly noisy R.E.A. line with a
12-volt Ford following, no limiter will help,
anyway.

Since one needs single-switch change-over
control with a mobile rig even more than in a
fixed-station, the monitoring system should not
require adjustment. The simplest system consists
of an auxiliary r.f. gain control, mounted in the
transmitter, which is shorted by the change-
over switch in the receiving position (see &),
¥ig. 1). This control can be of the screw-driver-
adjusted type, and can be mounted almost any-
where, since it will seldom require adjustment.

The Answer

When 1 first began mobile c.w. operation,
nearly all the uctive boys used straight keys
mounted either on the steering post or on smull
shelves hinged from the center of the dusl. Since
a couple of hitches in the Army cured me of any
desire to use a straight key anywhere, I decided
that a bug lying on the seat cushion would be the
answer. After consulting several experienced 40-
meter mobile operators, I learned that this was
impractical and would likely cause the bug to
dive through the fire wall at the first fast stop.
Because I still disliked straight kevs in any form,
I went ahead and laid the bug out across the
seat cushion in such a position that my right
arm would be supported by the cushion when
keying. Not only has this been satisfactory, but
I find that the weight of the bug causes the feet
to sink far enough into the seat cushion so that
any tendency of the bug to jump off is curbed.
Eventually 1 acquired a Dow-Key which features
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the rotating head. This allows me to adjust the
weight of the dots while driving down & road by
rotating the head of the key until the lever is
working in a level plane. The adjustable head
also proved to be an advantage when traveling
on country roads with a high crown where the bug
would normally be tilted to the right enough to
prevent the dot contact from closing.

About the only places I have found where this
arrangement is unsatisfactory is in working
through some tight switchbacks in the mountains
in the West. Around left-hand turns, the centri-
fugal force may prevent the dot contact from
closing. Since this condition probably would be
seldom encountered, it is doubtful that it would
be considered an inconvenience. In adjusting a
bug for mobile use, it should have the contacts
opened to at least twice the normal gup —
preferably more. Then, the spring tension on
both dit and dah sides should be increased to the
point where you can still send even code while
driving down a rough gravel road. The increase in
contact gap and heavier springing will prevent
the dot side from making up its own code on
rough roads.

{B)
Fig. 6—Sketches showing (A) how the toroid core is cut

from an iron coil slug, and (B) how the bifilar winding is
made.
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Logging

If you keep a complete log, as 1 do, you will
find the ARRL mobile log bool a little small for
entering all of the desired information. A good
substitute is the standard ARRL book. This one
won’t fill so quickly, and the “other data”
column can be ruled off on the right edge to record
such items as your location and route. In addi-
tion, to prevent filling the log with unsuccessful

(’QJs, you can rule off the bottom margin to log
these times. However, if you pay sufficient atten-
tion to yvour antenna installation, you won't
often find this necessuary.

For those of you who begin your QSO with any
mobile c.w. station with “How in the world do
you do it?"’', that's how. I hope that I am fortu-
nate enough to QSO you from somewhere on
the highway.

Jransistor. Antitrip for the 20-4

Simple Unit of Small Dimensions
BY R. L. ANDERSON,* WA2JDF, ex-W8KZM

As most 5.5.b. operators know, a voice-controlled change-over system requires some
means of preventing the loudspeaker output during the receiving period from feed-
ing back into the microphone and thus operating the change-over system. The
simple unit described here requires only a handful of inexpensive components.

the 20-A s.s.b. exciter. It contains only a

single n-p-n transistor, two diodes, a capaci-
tor, transformer, and a handful of resistors. The
circuit can be built in a more compact package
than the conventional type using one or more
vacuum tubes. The author constructed the circuit
in a standard 2 X 134 X 234-inch Minibox,
which plugs into the socket provided in the 20-A
exciter for the C.E. QT-1 unit.

The circuit, shown in Kig. 1, operates on a
different principle than the vacuum-tube version,
und is nothing more than a limiting circuit whose
limiting value depends on the collector voltage
of Q1. The circuit contains a gate or “clamping”’
diode that is connected between the VO X-tube
erid and the collector of ;. The transistor is off
when a signal does not appear across the speaker
terminals. Under these conditions, the collector

Tms article describes an antitrip ecircuit for

¥ Wlectrical enginecr, General Electrical Co. Home ad-
dress: 122 West End Ave., Binghamton, New York.

Ci1—Polarized capacitor (Aerovox PWE-3100).
CRi, CR2—1N34A germanium diode.
P;1—Chassis-mounting octal plug.

Q1—2N444A n-p-n transistor (CBS).
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voltage is approximately 20, and the diode ('K,
is reverse-biased for all voltages on the grid of
the VOX tube not exceeding + 20 volts. The
20-A VOX circuit will operate normally, since it
requires approximately -- 11 volts on the grid
of the VOX tube to operate the VOX relay.

When a signal appears across the speaker
terminals, it is rectified by ('R;, filtered and ap-
plied to the base of Q1 as a d.c. signal which is
proportional to the speaker output. 1f the input
level is high enough, @; conducts, the collector
voltage is reduced to helow 11 voltg, and the
input to the grid of the VOX tube is clamped by
C'Ra.

The circuit time constant of approximately
0.15 second is provided by Rs, I3, and (). The
bias network, resistors R4 and 5, reduces the
amount of dead band (minimum base voltage at
which Q; will start to conduct) in the input cir-
cuit. The base-to-emitter voltage of the average
transistor is 0.6 volt. The hias network was de-

e
2
13| Fig. 1-—Transistor antitrip circuit
4] for 20-A exciters. Resistors are in
5 ohms and fixed resistors
6] are Y2 watt,
|
18]

Ri—Carbon control.

Rz, R3, Rs, Rs—10 per cent tolerance (see text).

Ti—Output transformer: 825 ohms to 3.4 ohms (Thor-
darson TR-29 or equivalent).
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Fig. 2—Graph of Qi collector voitage vs. signal input.
When the collector voltage is less than 11 volts, the VOX
circuit is clamped off. The setting of the sensitivity control
(Fig. 1) determines the slope of the conduction line.

signed to give about 0.4 volt of bias, thercby
reducing the dead band to 0.2 volt. The network
also prevents the collector-to-emitter voltage
from exceeding its maximum rated value (40
volts). The sensitivity of the circuit is set by Ri,
which determines the slope of the conduction
line in Fig. 2.

Fig. 3 shows a sketch of the unit. The octal
plug is mounted at the bottom end of the alumi-
num hox, and the sensitivity-control poten-
tiometer on top where it is conveniently accessible
for adjustment.

an

L | °

Fig. 3—Sketch showing the mounting of the plug and
sensitivity control on the transistor antitrip unit.

Adjustment of Ry is relatively simple. First, the
VOX gain on the 20-A is set in the desired posi-
tion, and then R is turned so as to increase the
cirenit sensitivity until it is no longer possible to
trip the VOX by audio output from the station

receiver. [as7=]

o Now Apparatus

Mobile Burglar Alarm

Tms photograph below shows an alarm system
manufactured by Zimco Alarms, 2005 Atlantic
Ave., Brooklyn 33, N. Y. It can be mounted in
any vehicle for the protection of expensive radio
equipment. The alurin consists of a siren which
is mounted in 4 rugged cast aluminum bell; six
push-button switches that can be mounted on
the doors, hood, or trunk; a key-operated switch;
and sufficient wire for an average installation.
The system is wired so that a siren will sound if
any of the push-button switches are keyed by
opening a door, hood, or trunk. A latching relay
located in the siren housing keeps the siren
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running, even if the push button that triggers the
alarm is returned to the off position. The only
way the siren can be turned off is by use of the
key-operated switch which is usually mounted on
4 fender. This same key switch is used to put the
svstem in a ‘‘ready” position. About the only
thing the alarm does not do is remind the owner
to switch the system off when returning to his
vehicle. He may get caught in his own trap!

—E. L.C.

‘a-Straysys

A newspaper account of the WI1BU-W6HB
moon-bounce experiments explained that its suc-
cess lay in the fact that the upper sideband
oscillated with the lower sideband to produce
TVI harmonics and therefore amplify the signal
to produce the wavelength.

A group of American amateurs will be touring
Europe this spring, visiting six countries between
April 22 and May 10. They will be greeted by
many European amateurs, and a number of par-
ties, receptions, and other personal QSOs are
being planned. There will also be tours of indus-
trial sites, and in addition a Parisian style show
for the XYLs. The total price for the trip is
$1065, and a postcard to Hugh Tinley, K6GHK,
6741 North 35th St., Omaha, Nebraska, will
bring you a brochure with complete details,
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S.CF.M.—-An Improved System for
Slow-Scan Image Transmission

In Two Parts
Part I — Slow-Scan Modulation Tests and Proposed Standards
BY COPTHORNE MACDONALD,* WA2BCW

In the auwthor's original slow-scan
system, a 2000-c.p.s. subcarrier was
amplitude modulated with video in-
formation and sync pulses. Since then
he has developed subcarrier frequency
modulation gear for doing the same
fob more effectively. That it does is
rather well demonstrated in the tests
reported here. Suggested standards
for s.c.f.m. slow-scan image trans-
mission are also included. 4 succeed-
ing article will cover circuit details of
the modulating and demodulating
equipment.

s mentioned in previous articles, !** the video
output of a slow-sean flying-spot scanner

- or camera has important frequency com-
ponents close to d.c. Therefore, this signal cannot
be fed directly to the usual ham modulator
which has poor low-frequency response. Instead,
the videco must be used to vary the amplitude or
frequency of an audio tone situated within the
puss band of the modulator.

There has been considerable doubt that the
subcarrier w.m. system used in previous amateur
slow-scan work was the best method of process-
ing the video for transmission. For one thing,
fading produced streaking and shading in the
picture. Seccndly, to maintain anything like con-
sistently good synchronization in the presence of
fading, the black level had to be limited to
about one half the sync level. The transmitter
was modulated only 50 per cent, at most, be-
tween syne pulses, and the peak video sideband
power was thus only 25 per cent of what the
transmitter was capable of producing.

Since interest in amateur slow-gcan is growing
rapidly, it is important to estublish standards as
woon as there is a sound technical basis for doing
s0. The main cuestion to be resolved has heen
the method of subearrier modulation. Receutly
a number of tests were made to compare the
subcarrier a.m. (s.c.a.m.) and subearrier f.m.
(s.c.f.m.) methods of modulation for amateur
slow-scan. The results of these tests and the
proposed slow-scan standards follow. The cir-
cuitry used will be deseribed in a succeeding
article.

* \Westinghouse Electrie Corporation,
Flmira, New York.

! Mucdonald, A New Narrow-Band Image Trausmis-
sion System,”” QS7', August and September, 1958.

2 Macdonald, “Slow-Scan Image Transmission: A Prog-
ress Report,” QS7', April, 1960.
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S.C.A.M. vs. S.C.F.M.

To resolve the subcarrier question, a three-
phuse test program was initiated. Ed Piller, Di-
rector of the First Army MARS Technical Net,
is interested in slow-sean as an aid to on-the-air
technical talks. He handled phase one of the
program. Slow-scan tapes were rcecorded by
WA2BCW and aired over Ed Piller’s station,
A2KPQ, on 4030 ke. after the regular net ses-
sions. These transmissions were received and
taped by amateurs in various parts of the coun-
try. The tapes were then sent to WA2BCW for
evaluation.

The sccond phase involved FCC-sunctioned
10-meter test transmission by WA2BCW. In the
third phase, the two systems were compared in
the laboruatory by ohserving performance when
measured amounts of random noise and hetero-
dyne interference were added to the signals.

A word about the system parameters used in
the tests: In general, the greater the deviation in
an f.m. system, the better the signal-to-noise
ratio in the presence in u given amount of inter-
ference. The maximum allowable deviation is
determined by the bandwidth available and the
maximum modulation frequency. (lommercial
fucsimile operations huve standardized on u fre-
queney shift from 1500 to 2300 c.p.s. to represent
the transition from black to white. When used
with radiotelephone cquipment having essentially
flat response from 1200 to 2500 c.p.s., modulating
frequencics from 0 to 900 c.p.s. ecan be re-
produced. Lf the ‘“white” frequency is made
much higher than 2300 c.p.s., it will be at-
tenuated by the uudio cutoff characteristics of
some transmitters and receivers. If the “hlack”
frequeney is made much lower than {500 e.p.s.,
the number of subcurrier alternations per picture
element drops to too low a value, and horizontal
resolution is lost. 1500 and 2300 c.p.s. were
therefore adopted as the standard “black” and
“white" frequencies with shades of gray being
represented by frequencies in between.

One problem not encountered in conventional
fuesimile is the transmission of syne pulses. To
retain the advantages of amplitude limiting for
the transmission of syne as well as video, a syne
frequency, 1200 e.p.s., was cmployed. A hori-
zontal syne pulse was transmitted as a 5-milli-
second burst of 1200 e.p.s. tone, and u vertical
svne pulse as a 30-millisccond burst. To permit,
the transmission of horizontal resolution equiva-
feut to 120 lines, a horizontal sweep rate of 15
c.p.s. was selected. To give a 120-line raster, a
vertical scanning rate of 8 seconds was used. The
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same sweep rates and sync pulse lengths were
cmployed with s.c.a.m., but in this case the sub-
carrier was a 2000-c.p.s. tone which was varied
in amplitude st the video rate. In most tests,
black level was set at 50 per cent of sync level.

Test Transmissions from A2KPQ

The A2KPQ MARS transmissions on 4030 ke.
were made during March, April and May, 1960.
Among the amatcurs who recorded the signals
were KIMID, WICUT, WA2CAQ, WV2HLY,
K5UYF, KOAUE, WONTP, K2KAQ/9, KOHO
and W@PB.

A2KPQ was located in New York City and
ran a power input of 1 kw. Test transmissions
were made with s.s.h. suppressed carrier and
single sideband a.m. (carrier inserted). As ex-
pected, the suppressed carrier s.s.b. was superior
in all cases. A condition not discovered until the
test series was completed served to invalidate a
direct comparison of s.c.a.m. and s.c.f.m. It was
finally learned that because the tapes were
recorded on one tnachine (WA2BCW’s) and
playced back on another (AZKPQ’s), the level at
which a 2300-c.p.s. tone was transmitted was
10 db. less than the transmitted level of a 1200-
¢.p.s. tone. The signal-to-noise ratio in the white
areuas of the picture was thus 10 db. less than
when the correct level was transmitted.

The effect of 10 db. less signal strength in the
white ureas is shown in Fig. 1. At frequencies
such as 4030 ke., in the evenings, a transmitted
signal may arrive at a distant point by a number
of routes. The signal received by the most direct
route is usually the strongest and, of course, ar-
rives first. A number of echoes follow. In Fig. L
the echoes of the 1200-c.p.s. sync pulses (left~
hand edge) were often greater in amplitude than
the 2300-c.p.s. white signal. When this situation
existed, the 1200-c.p.s. echo ‘‘took over” the
flimiter, and the reproduced image shows black.
Note that 1500-c.p.s. black cchoes also took over
in some areas of the picture.

Fig. | — Image reproduced from a recording by
WA2BCW of a 4030-kc. s.c.f.m. transmission from

A2KPQ. The white frequency was being transmitted 10

db. down in level from the sync frequency, causing the

black echoes at the left edge. The wavy right edge was
caused by wow in the tape recorder.
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Fig. 2 — S.c.a.m. signals fransmitted by A2KPQ as re-
ceived by KIMID. The sync pulse echoes on the left in
the upper photo are the result of multipath propagation,
and the white bar in the iower one was caused by a severe
fade. Tape recorder wow produced the wavy edges.

The taupe made by KIMID, Hillsboro, N. II.,
illustrates the effect of fading and multipath
propagation of s.c.a.m. In Fig 2 (Top) the sync
pulse echoes and shading variations are quite up-
parent. Multiple images and a severe fade (white
bar) can be seen in Fig. 2 (bottom).

In several tapes the signal-to-noise ratio of the
received signal was too low to produce a recog-
nizable image. For instance, the tape sent by
K5UYF, Albuquerque, N. M., showed only sync
pulses on 4 ““snowy’”’ bhackground.

While the MARS tests did not provide a valid
comparison of s.c.a.m. and s.c.f.m., valuable in-
formation was gained about the effect which
multipath has on s.c.a.m. The need for trans-
mitting all s.c.f.m. frequencies at the same amn-
plitude was also pointed up.

10-Meter Tests by WA2BCW

The 10-meter transmissions from WA2BCW
did provide & good comparison of  the two sys-
tems. The transmitter ran 25 watts input and
was plate modulated. The antenna was a three-
element beam. During the transmissions u 10-
second segment of s.c.f.m., a 10-secoud segment,
of s.c.a.m. and a 10-second voice announcement
were alternated. This “program’ was recorded
on a continuous tape loop which repeated the
entire series every 30 seconds. The fact that u
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Fig. 3—(Left) S.c.f.m. and (right) s.c.a.m. transmissions from WA2BCW on 10 meters as received by KQUTI. Power input

was 25 watts.

complete s.c.f.m. frame and a complete s.c.a.m.
frame were transmitted every half minute meant
that any slow shift in conditions would not favor
one or the other as might happen if, for instance,
five minutes of s.c.f.m. were followed by five
minutes of s.c.a.m. The s.c.a.m. black level was
set at 40 per cent of sync level. KQUTI, Metropo-
fis, fil., recorded eight minutes of the May L4
transmission. He made the recording by picking
up the sound coming from the speaker of his
receiver with the tape recorder microphone. Fig.
3 (left) shows a typical s.c.f.m. frame from his
tape, and Fig. 3 (right) shows the s.c.a.m. frame
which followed immediately after. An analysis of
the tape shows that 70 per cent of the s.c.f.m.
frames were cqual to or better than the s.c.f.m.
frame in Fig. 3 (left) while only 20 per cent of the
s.c.a.m. frames appeured as good as or better than
the s.c.a.m. frame in Fig. 3 (right). During the
eight-minute tape, the worst single s.c.f.m. frame
was about the same quality as the hest single
s.c.a.m. frame. S.c.f.m. synchronization reliability
was about 95 per cent while the s.c.a.m. reliabil-
ity was ouly about 50 per cent.
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Fig. 4 — Attenuation characteristics of the band-pass
filter used ahead of the slow-scan monitor in the closed-

circuit tests to simulate the response of typical phone
transmitters and receivers.
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Closed-Circuit Tests

A number of closed-circuit tests were made to
determine the effect of random, or “white,"”
noise and audio tone interference on the two
systems. In all tests, a filter with the attenuation
characteristics shown in Fig. 4 was used at the
input of the slow-scan monitor to simulate the
band-pass characteristics of typical radio equip-
ment. Resistance-type isolating networks were
used so that the desired amount of noise or tone
could be added to the slow-scan signal without
affecting its level.

Fig 5 (left) is s.c.fm., and Fig. 5 (right) is
s.c.a.m. In both cases the r.m.s. random noise
level is 17 db. below the maximum r.m.s. sub-
carrier level, as measured at the filter output.
The s.c.a.m. black level is 50 per cent of sync
level.

Fig. 6 shows the relative severity of the inter-
ference caused by a tone 20 db. lower in ampli-
tude than the maximum subcarricr level. The
designations of “light,” ‘“medium,” etc., were,
of course, subjective. Fig. 7 illustrates the effect
of guch a tone at a frequency of 1400 c.p.s. As
can be scen from the graph, the s.c.f.m. photo
(Fig. 7, left) illustrates what this cbserver con-
siders to be “medium” visible interference, and
the s.c.a.m. photo (Fig. 7, right) shows the degree
of degradation corresponding to a “heavy ’ rating.

The test results just presented clearly point up
the superiority of the s.c.f.m. system. The ad-
vantages gained in performance are:

1) A better quality picture in the presence of
heterodyne interference.

¢ 2) A less “snowy” picture during weak signal
conditions.

3) Relative immunity to fuding.

Proposed Standards

An intensive effort wus made to select stand-
ards which would give the best possible slow-
scan system for amateur use. The history of
commercial facsimile standards was thoroughly
explored, from the original a.m. days, through
the pulse-width modulation of the ’20s and ’30s,
to the s.c.f.m. and radio-frequency carrier-shift
techniques employed today. The reports of the
National Television System Committee wure
read. These reports covered the development of
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Fig. §—Closed-circuit comparison of {left) s.c.f.m. and {right) s.c.a.m. with a random noise level 17 db. below the maximum

o

subcarrier level.

TABLE 1
' Proposed Amateur Slow-Scan Standards
(120-Line S.C.F.M.)

60-Cycle 50-Cycle

Areas Areas
Sweep Rates:
Horizontal . . 15 c.p.s. 16 2/3 c.p.s.
(60 c.p.s./4) (50 c.p.8./3)
Vertical . . . . 8 sec. 7.2 see,
No. of Scanning Lines . 120 120
Aspect Ratio . . . 1:1 1:1
Direction of Scan:
Horizontal Left to Right * Left to Right
Vertical . Top to Bottom Top to Bottom
Syne Pulse Duration:
Horizontal 5 millisec. 5 millisec.
Vertical . . 30 millisec. 30 millisee.
Subcarrier Frequencies:
Sync 1200 c.p.s. 1200 c.p.s.
Black . 1500 c.p.s. 1500 c.p.s.
White N 2300 c.p.s. 2300 c.p.s.
Required Transmission
Bandwidth. 1.0 to 2.5 ke. 1.0 to 2.5 ke.

the present U. S. commercial television stand-
ards and discussed many things germane to the
slow-scan standards problem. Fconomic and
regulatory factors were considered since no sys-
tem is feasible if the equipment is too expensive
or if the slow-scan operation would cause undue
interference to other amatcur activities. When
the standards began to jell, many tests were run,
some on the air and some closed-circuit. A few of
the more significant tests have bheen reported
above. The end result of the over-all effort is
Table 1. Headings will be discussed individually.

#0-Cycle Areas, 50-Cycle Areas: It is desirable
to have the sweep oscillators at the transmitting
location synchronized with the local power line,

not only because the power line provides a con-
venient frequency standard, but because ripple
in the video equipmenc or the transmitter will
have least detrimental effcet. Most of the world is
divided into areas of 50-cycle power and areas of
60-cycle power. It is essential that an amateur
in a 50-cycle area be uble to receive transmissions
from a 60-cycle area and vice versa. With the
standards selected, the only change which a
recciving station must make in going from a 60-
cycle area signal to a 50-cycle area signal is a
slight readjustment of the herizontal hold control.
Sweep rates: The horizontal sweep rates are
submultiples of the local power-line frequency.
The vertical rates are sclected to give a 1:20-line
raster. With the I :1 aspect ratio used, the
horizontal resolution is also in the neighborhood
of 120 lines. With a 7- to 8-sccond scan. the
brightness of a particular peint on a P7 screcn
drops to a marginally uscful level just before the
point is rescanned. This is a desirable situation
for transmitting information which is apt to
change from frame to frame, such as a person’s
facial expressions: also, there is little carry-over
of QRM effects from one frame to the next.
Aspect ratio: With a limited resolution system
such as this, the tendency is to transmit images
of objects or small groups of objects rather than
panoramic views. The 1:1 uspect ratio gives
equal picture detail in the horizontal and vertical
directions and is ideal for the ““spotlight’’ type
of viewing which is done with slow-scan.
Direction of scan: The direction of horizontal
sean is rather unimportant, and the universally-
used left to right was arbitrarily picked. The di-
rection of vertical scan was the subject of ex-
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Fig. 7—Interference to (left) s.c.f.m. and (right) s.c.a.m. images from a 1400-c.p.s. tone 20 db. below the maximum
subcarrier level.

perimentation. At rather rapid scan rates (1-to-2-
second vertical period) Bill Stapleton of Dublin
found the bright *writing line” of the P7 phos-
phor to be less distracting if the picture was
scanned from bottom to top. At the slower
rweep rates, however, a top-to-bottom scan
secms more satisfactory, especially with written
material, since this is the normal reading order.

Sync pulse duration: The 5S-millisecond hori-
zontal pulse is a satisfactory compromise between
several factors. A sync discriminator bandwidth
of 300 e.p.s. can be obtained with an inexpensive
inductor, yet this bandwidth is narrow enough
to give good sync in the presence of noise and
QRM. The sync pulse must be long enough to
build up to maximum amplitude in the tuned
¢ircuit of the discriminator and short enough so
that retrace time is not excessive. The 30-
millisecond vertical pulse is six times the length
of the horizontal pulse and is thus eaxily sepu-
ruted. It is also much shorter than the duration
of a horizontal line and therefore will not disrupt
the following horizontal syne pulse. The vertical
pulse starts at the beginning of the first line of
the raster.

Subcarrier frequencies: The reasous for choos-
ing these pdrtlcula.r subcarrier frequencies have
already been discussed.

Required transmission band: The over-all am-
phtude response of the amateur transmitter and
receiver should be Hat to within a few db. be-
tween the frequencies of 1000 and 2500 c.p.s.

Telerances: The various sweep frequencies are
not at all eritical and may be plus or minus 10
per cent or more without seriously affecting the
usefulness of the picturc. For best results the
sync frequency should be kept within 50 cycles of
1200 c.p.e. The “black” and ‘“white” sub-
carrier frequencies may be off 100 c.p.s. without
causing trouble. A plus or minus 20 per cent
tolerance on the sync pulse durations should be
all right.
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FEEDBACK

The diagram on page 40 of the December issue
of QST showed (s and R4 shorted out by an
erroneous counnection between Ls and Ls. The
diagram below shows the corrected portion of
Fig. 2 on page 40 of December.

R.F. AMP. MIXER
50-54 MC.

2NISI7/ Ce 1.8 2NI517/

cqm | Le : le %c—m

4 4
33K > Lot $4
150V. Ca [

AL VALUES OF CAPACITANCE ARE IN pf.; ¢
IS ARE IN pui. EXCEPT AS INDICATED, \

+12V.

In the letter from Julian F. Oberg which ap-
peared in the December issue, the call of Pat.
Husk wuas erroncously given as KOEUG. It
should have been shown as KOEUQ.

The formula for frequency on page 38 of the
November, 1960, issue of QST gives f in c.p.s.
instead of Mec. as stated.
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Here the 4—400A amplifier and its control unit are mounted
in a 2l-inch gray hammertone rack cabinet (Bud CR-
1727). Shelf brackets {Bud SA-1350) are mounted on
both sides of the cabinet to hold the amplifier chassis.
The meters are for grid, screen and cathode currents and
plate voltage. Below them, from left to right, are the
filament pilot light, key-type a.c. switch, Class AB: /C bias
switch, screen autotransformer, plate switch
and plate pilot light.

Sométhz'ng Different in High-
Power Tank Circuits

BY KENNETH C. LAMSON,* WI1ZIF

A 4-400A Amplifier for C.W.,
SS.B. or A.M.

and a few watts (or volts on s.s.b.) of drive.

How long since you’ve seen a kilowatt pi network that didn’t use a commercial rotary or
switched coil assembly and maybe a costly vacuum variable capacitor besides? T'his rig’s
plate circuit combines a novel home-brew swiltching system, two air variables and a store-
bought coil set into a tank thal’s economical as well as efficient. Bias and screen supplies,
plus control and metering circuits, are all included. All you have to furnish are the h.v.

that doesn't take 100 watts of drive?

S0 many amplifiers today are of the
grounded-grid type and require large exciters.
Any transmitter delivering about six watts will
drive the amplifier described here to rated output
on all h.f. bands. When used as a linear for side-
band, a peak driving voltuge of about 150 is
required. and a 0B, 20A or similar exciter will
provide adequate drive.

The amplifier can be run at a kw. input on
e.w., 880 watts input on a.an., and about a kw.
input p.e.p. as a Class AB; linear. (Maximum
input with a two-tone test signal is 650 watts.)

The plate tank circuit of the amplifier is made
from readily avuilable parts. No expensive plate
inductor or vacuum variable capacitor ure re-
quired. The amplifier is fairly economical to
build and operates with excellent efficiency. Bias
and screen supplies plus all the necessary control
circuits are included.

4.400A Amplifier

Checking Fig. 1, it can be seen that the ampli-
fier uses the conventional grounded-cathode,
tuned-grid configuration. The grid tank consists
of a link-coupled, parallel-tuned circuit, switch-
able from 80 through 10 meters. Sis shorts out
the unused part of grid coil La, and S1a modifies

HAVE you been looking for a hilowatt final

* 53 Poquonock Ave., Windsor, Conn,
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the input link, L;. 'y peaks the input circuit
within each band. A Harrington [lectronics
subassembly was used in the original rig, but an
equivalent circuit can be built from standard
parts if desired.

The amplifier is ncutralized by the cupacitive
bridge system with neutralizing capucitor ('
connected from the plate of the amplifier tube
to the bottom of the grid cireuit. (' and ('3 form
4 capacitive voltage ivider, and their ratio
determines the amplitude of the feedback voltage
nsed in neutralizing. 'y must have adequate
insulation to withstand full peak plate voltage.

The amplifier output circuit is a shunt-fed
pi network capable of working efficiently into
50- or 70-ohm loads on all bands from 3.5 through
30 Me. A choice of two different tuning ea-
pacitors is available; the smaller cupacitor,
(1o, is used on 20, 15 and 10 meters, and the
larger one, Cyy, is paralleled with it for tuning
80 und 10 meters. Having two plate-tuning ca-
pacitors allows a desirable L.'C' ratio to be main-
tained at all frequencies without having to resort
to a vacuum variable.

The output side of the pi network has a 650-
puf. variable loading cupacitor (two 325-uuf.
variables ganged) and three additional fixed
micas which can be paralleled to give an addi-
tional 1000 puf. The r.f. “safety’” choke shunted
across the output is to short the plate voltage to
ground in the event blocking capacitor (7 should

33



INPUT

Ji

3.5—28MC.

ouTPUT

J2
RFC
IC,,; 2.5 M4H.

Ca |y LSis
3 |
500

VAALS

TO H.V. SUPPLY
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INTERLOCK —BlAS CATH. j

H.V.FIL.
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DECIMAL VALUES OF CAPACITANCE ARE IN uf.;
OTHERS ARE IN puf. EXCEPT AS INDICATED,

Fig. 1—Circuit of the amplifier (upper part of the diagram) and power supply/control unit. The grid circuit, C1L1L2S1,
can be made up from the parts specified, or a Harrington Electronics GP-20L can be used. Interlock switch connectors
Ji and Js are connected by a length of line cord with a Cinch-Jones P-202-CCT plug on one end and an Amphenol 61F11
socket on the other. Millen 37001 safety terminals are used for the h.v. connections. Resistances are in ohms, and resistors
are Y2 watt unless otherwise specified. Capacitors not listed on the facing page are 600-volt
disk ceramic except those marked with polarity which are electrolytic.
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fuil. This insures aguinst d.c. appearing on the pi
network or feed line.

A 17-c.f.m. blower supplies adequate forced
air cooling to the 4-400A base and plate seals.
The blower is connected across the 4-400A
filament transformer primary and operates when-
ever the filament is energized.

Control Circuitry

Included with the amplifier but mounted on a
separate chassis are all required control and
metering circuits. Meters are provided for ampli-
fier grid current, sereen current, cathode current
and plate voltage. To comply with the FCC rule
vegarding measurement of input powers over
Y00 watts (section 12.131), the control grid and
screen currents should be subtracted from the
total cathode current, und the result is multi-
plied by the plate voltage to determine the plate
power input.

The amplifier is fixed biased at —225 volts
for Class C and — 150 volts for Class AB; opera-
tion. VR tubes hold the bias voltage constant.
The full-wave rectifiers in the bias supply are
silicon diodes, so therc is no warmup time in-
volved and full operating bias is applied to the
amplifier when the power switch, Sg, is closed.
Time-delay relay K, operates Ka, which is in
series with the screen supply primary. Thus

&

there is a 60-second delay before screen potential
can be applied to the amplifier tube. The screen
supply rectifier (V1) filament is not controlled
by the time-delay circuit.

Likewise, the accessory a.c. socket, Jy, and the
high-voltage tilament transformer socket, .J/g, are
energized us soon us power switch S; is closed.
The h.v. plate transformer is turned on by a relay
plugged into J1o and controlled by the time-delay
relay. With this arrangement, it is impossible to
apply a.c. to the plates of the high-voltage recti-
fiers before the filaments have had a chance to
warm up.

A variable autotransformer in series with the
scereen-supply primary allows the screen voltage
to be adjusted from zero to about 800 volts under
load. This makes a convenient arrangement not
only for resetling the screen voltage when chang-
ing from Class C to Class AB,; or vice versa, but
also for adjusting the power input of the ampli-
fier.

A screen overload protection circuit is also in-
cluded. If excessive screen current flows, Ajz is
energized and is kept energized by the current
through Rg.! To reset the relay the screen voltage
must be momentarily turned off so that the
relay will return to its unenergized condition.

' A somewhat more foolproof protection scheme was
deseribed by WOHRH in QST for October, 1960. — Fd.

Bi—Blower-motor assembly, 17 cfm. (Ripley, Inc.,
Middletown, Conn., type 8433).

C1—140-uuf. midget variable (Hammarlund APC-
140-B).

C2—10.6-uuf. neutralizing (Johnson N250).

C3—500-volt mica.

C4—0.001-uf. feed-through (Centralab FT-1000).

Cs, Ce, Ci7, C1s—0.001-uf., 3000-volt disk ceramic (Cen-
tralab DD30-102).

C7, Cs, Co—500-uuf., 20,000-volt ceramic (Centralab
TV-207).

C10—30-puf. variable, 0.25-inch spacing (Barker &
Williamson CX-30C butterfly, one section used).

C11—150-uuf. variable, 0.25-inch spacing (Johnson
150D90).

C12—650-uuf. variable (two Hammarlund MC-325Ms
ganged and paralleled).

Ci3, Ci1s C15—2500-volt mica (Aerovox 1652L).

Ci15—200-volt molded paper.

CR;, CR2—500-ma. 600-volt peak inverse silicon diode
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