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Please do not write for this
25,000-word free book unless
you are really interested.
It's pretty expensive.

SR-2000 transceiver specifications in brief:

Maximum legal input in a 26-1b. box no bigger than an
overnight bag! Special features: Receiver Offset Control
(RIT) permits +2 kc adjustment of receiver frequency,
independent of transmitter, for round-table, net or CW
operation. Amplified Automatic Level Control. Frequency
Coverage: 80, 40, 20, 15 and 10 meters. Upper, lower side-
band, CW. All crystals provided for 28.0 to 30.0 mcs.
General: Dial cal., 1 ke. Linear gear drive with less than
1 kc readout. AdJustable IF' noise blanker. Provision for
plug-in external VFO/DX
adapter. Built-in VOX,
break-in CW and PTT.
Built-in CW sidetone. Hi-

Lo power switch for SSB.*

2.1 ke 6-pole crystal lattice
filter. S-meter-RFO-AALC
and final screen metering.* Two-speed blower.

100 ke crystal cal. VFO covers 500 kc. Transmitter Sec-
tion: Two 8122 output tubes. Variable Pi network. Power
input, 2000 watts P.E.P. SSB; 1000 watts CW. Carrier and
unwanted SB suppression, 50 db; distortion
products, 30 db. Audio: 500-2600 cps @ 6 db.
Receiver Section: Sensitivity less than 1 yv A

for 20 db S/N. Audio output, 2 W.; overall gain,
1 yv for ¥ W. output. Price: $995. amateur net.

P-2000AC Power supply, $395. A
‘Meters for final plate current and voltage built into ba//,cra/iers

P-2000AC power supply. Also Hi-Lo power switch, and A Subsidiary of Northrop Corporation
loud speaker. Export: International Division ; Canada,Gould Sales Co. 5th & Kostner Aves., Chicago, {llinois 60624



,am eur bands. Like all Collms equlpment the KWM~2 1s‘ designed for
system use. Put a 625-1 VHF Converter on the table next to a KWM-2 and
’ o1 the 6- and 2-meter bands. Add a 30L-1 Linear Amphﬁer to

s only pa ‘f of the KWM—

story Ask your Colhns dlstmbutor about the rest




STAFF

{OHN HUNTOON, WILVQ
Editor

E. LAIRD CAMPBELL, W1CUT
Managing Edftor

GEORGE GRAMMER, WI1DF
Technical Editor
DONALD H. MIX, WITS
DOUG DE MAW, WICER
Assistant Technical Editors
EDWARD P. TILTON, W1HDQ
V.H.F. Editor
LEWIS G. McCOY, W1ICP
Beginner and Novice

WALTER F. LANGE, W1YDS
Hints and Kinks

ROD NEWKIRK, W9BRD
WILLIAM SMITH, W1DVE
LOUISE RAMSEY MOREAU,
WB6BBO
JOHN TROSTER, W6ISQ
Contributing Editors

MARJORIE B. FORAN
Editorial Assistant

LORENTZ A. MORROW, W1VG
Advertising Manager
EDGAR D. COLLINS
Advertising Assistant
J. A. MOSKEY, W1IMY
Circulation Manager

R. J. RINALDI, WICNY
Asststant Circulation Manager

OFFICES
225 Main Street

Newington, Connecticut 06111
Tel.: 203-6:66-1541

Subseription  rate 36.00  per vea
postpaid: $6.50 in Canada; $7.00
elsewhere. ARRL Membership, in-
cluding @S7, available ouly to indl-
viduaig with a bona fide interest in
amateur radlo: $5.00 per year: $5.25
in (!anada; $H.00 elsewhere. Single
eoples, 60 cents. Lorelgn remittances
should be by international postal or
express money order or hank draft
negotiable in the U. 8. und for an
equivalent amount tn U. 8. tunds.
Sccond-clasy pustage pald at Tiartford,
(onn, and at additional malling offices.
Ctopyrizht 1967 by the American Ra-
dio Reluy league, (nc. Title reglstered
at U. 5. Patent Omice. International
copyright secured. All rights rescrved.
Quedan reservados todos los derechos.
printed tn T7.R.A.

NN Sl ~
INDEXED BY
Applied Sciencedand Technology

ndex
Library of Congress Catalog
Card No.: 21-9421

OUR COVER

This year the
ARRL Nation-
al Convention
moves  across
" the border for
- the first time,
Our  Canadian
friends are pro-
ducing a never-
to-he-forgotten
gathering in
conjunction
with - Canada’s
100th anniver-
f sary  celebra-
tion, Expo '67.

JUNE 1967

VOLUME LI NUMBER 6

PUBLISHED MONTHLY, AS ITS OFFICIAL ORGAN, BY THE

AMERICAN RADIO RELAY LEAGUE INC., NEWINGTON, CONN., U. S. A,
OFFICIAL ORGAN OF THE INTERNATIONAL AMATEUR RADIO UNION

—CONTENTS —

TECHNICAL —

A Transistor 5-Watter For 80 and 40

The 9TO Mark II Keyer.........A. F. Lutz, WOWJB/3
Compact 40-Meter Beam..Theodore S. H. Yee, K6IBJ

Working 2-Meter E-Layer DX.

Doug DeMaw, WICER 11

A 50-Watt P.E.P. Output Transceiver for 75

Gimmicks and Gadgets:
50-Mc. One Watter........

15
20
.Shelby Ennis, W4WNH 24
Kenner E. Day, W5TAB 29

The Cathode-Driven Linear Amplifier
William I. Orr, W6SAI, and

William H. Sayer, WA6BAN 36
An Audio Filter For Speech Reception
J. H. Ellison, W6AOI 45
Recent Equipment:
Lafayette HA-144 Transistor Transceiver.....ce0see. 47
Parasitics in the HBR Receiver R.F. Stage
Ted Crosby, W6TC 74
BEGINNER AND NOVICE —
A Windowsill Semivertical...Lewis G. McCoy, WIICP 42
OPERATING —
V.H.F. QSO Party Announcement....scocecseseceess.. 63
1967 ARRL Field Day Rules. ......covcetvesstcveceeee. 64
20th ARRL VHF Sweepstakes Results
Stanley H. Israel, WA2BAH 66
A New Date for the SET .. c.viteiiiittnntcctccansanes I6
GENFERAL —
Centennial Helicopter Flight and Ham Radio
James M. Smith, 3CZFO 81
ARRL National Convention....Ernie Welling, VE2YU 52
Amateur Radio and the Talcott Mountain Science Center 56
Amateur Radio — An International Resource........... 58
*QRZED The Frequency?'....John G. Troster, W6ISQ 75
Hamming on the Salt Grass Trail Ride......civeeeeee.. 81
Board Meeting Highlights....covovieeerecniessesesses. 88
ABRPSC....ooversesnnannes veves 76  “ItSeemstoUs” .. ......vevee 9
ARRL QSL Bureau......c.ov0.s 184 IARU News...... teseessesenss 86
Coming Conventions.......... 90 League Lines..... terecestennas 10
Correspondence From Members. 88 New Apparatus...coeeeeesenss 91
DX QSL BureQu.ceccseceaesnss 86 New BookS...oovveeacaroananns 81
Feedback...... seseetratesans 48,84 Operating News...cvveuvernnns 104
Hamfest Calendar...vvvveiveee 90  SilentKeys....vvevrenisesss., 182
Happenings of the Month...... 82  Station Activities........ seeses 110
Hints & Kinks..covoossnnne 49 World Above 80 Mc....vovveee 92
How's DX?...... Cesaaas 99 YL News and Views....ccve00e 96
Index to Advertisers 166 28 Years Agoin QST......... 80

. . -~ "t o



&

1000 watt (p.e.p.) mobile antenna
at a mini-power price! Quick-con-
nect high power inductors for 160*-
80-40-20-15-10 meters have excep-
tional figure of merit—"Q"—that
measures approximately 230 on 80, rises to 350
on 15 meters. Webster invites comparison of this
sky power antenna particularly its high efficiency
space-wound coils, suspended—not molded—in-
side a protective all-white tenite housing. Com-
pare also the precision machined hinged column
assembly that releases coil/whip for right-angle
laydown—forward or to the rear. Lockup into
operating position is equally fast. Install BIG-K—
give your mobile signal a real sendoff. Two column
sizes for bumper and deck mounting with overall
lengths, respectively, of 93" and 77”. And use the
money you save to buy a fine Webster mount.

*160-meter coil 300W p.e.p. §

Band-spanner

Want a fully streamlined car an-
tenna that will handle 500W p.e.p.?
Buy Band-spanner as thousands
have over the past sixteen years.
One clean-cut antenna—nowhere
over 114" in diameter —that delivers big sky power
on 80-40-20-15-10 meters plus MARS. Band-change
in seconds too just by raising or lowering the top
whip (which contacts a section of any of the inter-
nally exposed inductor turns) and exact resonance
on any in-band frequency. Band-spanner—truly
streamlined — de-emphasizes the appearance of a
fair size antenna on a new car. It has a two-tone
fiberglass column and an attractive, epoxy-sealed
loading section that blends both with car and
surroundings. Two column lengths: Model ABB,
117" overall extended, 63" telescoped and Model
ABD, 93" overall extended, and 60” telescoped.

Model THMD, Model BCM, Model SHM,
de luxe 3-hole P bumper chain mount, single hole de [uxe
mobile mount. ﬁ Rt {spring not supplied) mobile mount,

Write today for free BIG-K and Band-spanner brochures

RAYTHEON

COMPANY

-—-—‘ RAYTHEON I

213 East Grand Ave., South San Francisco, Calif. 94080



© PRESENTING THE ALL NEW

AMECO PT

ALL BAND FRAME
GRID PREAMPLIFIER

& oo F =6 THRU 160 METERS
P ~ | =FEEDS 2nd RECEIVER

Model PT, with built-in power
supply, transfer relay, connecting
cables, wired and tested.

| 4 Amateur Net ... $49.95
A frame grid pentode provides low noise figure with ability to handle strong signals,
greatly improving the sensitivity of the receiver section of a transceiver.

A unique built-in transfer circuit enables the PT to by-pass itself while the transceiver
is transmitting. The PT also feeds the antenna input of a 2nd receiver as well as
muting it.

A front panel control transfers antenna and control circuitry “‘in-and-out” at will.

A built in attenuator provides variable off channel signal protection.

ey, NUVISTOR Low noise PREAMPLIFIER

V.V 1 {ded o 27 (cB), 28, 50, 144 or 220 MC. (Also available
Sis?” for 150-170 MCS)

Add this Ameco Nuvistor Preamplifier to your re-
ceiver (or converter) to improve the sensitivity and
noise figure. Two tuned circuits also improve rejec-
tion of image and spurious frequencies. Compact,
easily connected and low power requirements, wired
and tested with tube.

Write for details on 150-170 mcs and others.
Ideal for improving performance of surplus FM Two-Way equipment for ‘“NET"
operation on the 2 and 6 meter bands.

MANUFACTURERS OF FM AND AM TWO-WAY RADIO, SSB AND ISB
COMMUNICATIONS, CONTROLATOR . CONTROL AND DATA EQUIP-

MENT, AMECO HAM, CB AND SHO WAVE LISTENING EQUIPMENT.

AMECO EQUIPMENT CORP.
A SUBSIDIARY OF AEROTRON, INC. = P. 0. BOX 6527 = RALEIGH, N. C. 27608

5



Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially League members, are invited to report station activities on the first of each
month tfor preceding month) direct to the SCM, the adxmmsnrau\e ARRL otficial elected by members in each Section.
Radio elub reports are also desired by SCMs for inclusion in WST. ARRL Field Organization station appointments are
available in areas shown to qualified League members. Cieneral or (londitional Class licensees or higher may be appointed

ORS, 0VS, OP3, Q0 and ORS. Technicians may be appointed OVS, OBS or V.H.F. PAM. Novices may be sppointed OVS.
SCNMs desire appllcatlon leadership posts of SEC, EC, RM and PAM where vacancies exist.

TLANTIC DIVISION

Trelaware W3HC “Joun T Tnomnson 1u16 P.erslde Drive Wilmington 19803
Eastern Pennsylvania W3ZRQ Allen R. Breiner 212 Rac ‘Tumaqua 18252
Maryland D. C. K3JYZ ¢arl k.-Andersen 14601 ()laude Lane Slver Spring, Md. 20904
southern New Jjersey W2z1 Edward G. Raser 19 Blackwood Drive \V;Il‘buna. Glx;u'dens.
. . rentod UX628
\estern New York K2HUK Charles 'T'. Hansen Warner Gult Rd. Holland 14080
Western Pennsylvunia W3NEM Robert E. Gawryla 1463 N. Allen 5t State College 16801
- CENTRAL DIVISION ________ . -
Llinols WOPRN ¥.dmond A. Metzger 1520 South 4th 8t. Springfield 62703
Indiana Kolva Mrs. M. Roberta Kroullk 401 E] Portal Drive Michigan Clty 46361
Wisconsin KyGsc ‘Kenneth A. Ebneter %22 \Wauona Trall Portage 5390
—_ - N — _DAKOTA DIVISION
WOTCK {lerman K. Koplschke,dr. {¥D 2 Junesville 56048
Nonh Dakota WeDM Huaroid L, bheets 21 Euclid Ave. Grand Forks 58201
South Dakota KyrXW  Seward P. Box 5b C'lear Lake 57226
—— - e — DELTA DIVISIO
Arkansas K5GKN Don W, Whitney 1117 North Drive {P.O, Box .sll) Usccola72370
Loulsiana WsPM J. Allen Bwauson, Jr, RED 1, Box 354-E Cuvington 7043
l\llsslsslppi WSEMM 8. H. Hairston 2321-27th Ave, Meridian 39304
Teinessee* W4WBK  Iranklin basseu Y25 N. ‘Trezevant St. Memphis 38108
—_ . GREAT LAKES DIVISION*
Kentucky WA4KFO lawrence b Jellrey 1605 Antler A Owensboro 42301
MIichigan Wakx Ralph £, I'hetreau 27209 W. Six MileRoad Letroit 48240
Ohlo WSAL Wilson E. Wecke! 1317 Logan Ave., N.W. (anton 44703
— ... HUDSON DIVISION ——e
linstern New York W2EFU Cieorge W. Tracy 1138 North (Jount.ry Club Drive Schenectady 12309
N. Y. C. & Long lsland K2IDB Blalne S. Johnson 266 Cypress 8 Massapequa Yark, L. L. 11762
Northern New Jersey W2LQP Louis J. Amorosu 180 Pleasant Ave . Bergentield 07621
. _MIDWEST DlVlSION [ I
iowa WoBDZ Owen (; Hill RE Cilman 50108
f ] KyBX Robert M. Summers 3!145 North 72nd, Bethel 66009
Missourl WYTPK Alfred E, Schwaneke kidgar Star Kte. Rolla 65401
Nebraska WOGGP Frank Allen Hox 272 Gering 89341
U _NEW ENGLAND DIVISION B —
‘onnecticut WIGVT  John J. McNassor 8 Berlin Ave Southington 06489
kastern Massachusetts WIALP krank L. Baker, Jr, Braintree 02185

Malne

hire W1 WX/{L:{BSE
uam shire )
Negde tsind KIAAV

Herbert A, Davis
Robert Mitchell

85 Solar Ave.
REL

Rhode h«s John E. Johnson 30 ¥ Pawtucket 02860
ver KIMPN E. Reginald Murray i Hillerest Drive Montpeller 05601
\vestcrn Massachusetts WluvR Percy C. Noble 8 St. Dennis St. Westfield 01085
o NORTHWESTERN DIVISION.__. e R
Alaska L7DG John P, Trent 1700 Tudor £d, Anchoragey9502
1dabo W7ZNN Donald A. Crisp B408-Xth St. b Lewiston 83501
Montana W7TYN  Joseph A. D’Arcy 6 Huggin Ave. Anaconda 5971
Qregon W7AJN luverett H. krance 4335 8.k, 116th Ave Portland 97266
\\4 asmngton K7JHA William R. Watson 1005 E. 1st Ave. Ellensburg 98926
- PACIFIC DIVISION vem
fust Bay "KELRN Richard Wllson 107 Cordova Way Concord 94521
Hawali KHEBZF l.ee k. Wlical 45 601 Luluku Rd, Kaneohe Y6744
Nevada Ww7pB Leonard M. Norman Utah 8t. Boulder City 89005
Sacramento Valley WAGJUT John I'. Minke, 111 230 Rio Bonlto Drive Carmichael 95608
San krancisco WAGAUD Hugh Cassidy 77 Coleman Lrive San Rafael 94901
San Joaguin Valley WeJPJ Ralph 8aroyan 6204 k. Towusend Ave. Fresno 93702
Suuta Clura Valley VEZRJ Jeun A. k.melln 10835 Wlllowbrook Way C'upertino Y5014
- S OANOKE DIVISIO R
"“North Carolina W4BNU Bamett, 8. l)odd 420 West Fr.mklm St. ba.llsbury 28144
sauth Carolina K4LNJ C!lark M. Hubbard 24 Fant Lane Union 29379
Virginia WasHy H.J. Hopkins ouo Hammett Ave. Norfolk 2:;503
West vm;lnla \WEJM Donald B. Morris 1136 mMorningstar Lane Fairmont 26554
ROCKY M.OUNTAIN DIVISION - __ N
" Colorado "KPFDH _ Richard Hoppe Star ktoute Idaho $prings 80452
New Mexlco WASFLG Blll Farley 1306 8! Alamogordo 38310
Utah W7v8S CGerald F. Waruer 4765 soum 1.75 West dien. 8 [1)8
Wyoming W7CQL  Wayne M. Moore 142 South Montn.ua Ave, Casper 82601
..... _ —SOUTHEASTERN DIVISIO _ . e,
Alabama K4WHW  KEdward L. Stone 1506 bprmxz Ave 3.W. Decatur 35601
Canal Zoue KZOTT Mrs. Lallan C.8mith .0, Box 191 Balboa
lunsr.ern I'lorida WAHNVB  Jesse H. Morrls P.0. Box 1141 Jacksonville Beach 32050
(ieo L };/gltzL tt?ward L. scholnher P.0. Box 1133,;3 Lglplg?rguﬁgilzhotg
- 2 LI, .
West mdles (P.R.-V.I.) 4LV Albert R. Crumley, J P.O. Box T Ah b it 0022
\Vestern ¥lorida W4RKH  Frank M. Butler, Jr. 494 Elllott Rd. Fort Walton Beach 32548
SOUTHWESTERN DIVISION P S
""" ‘Arizona W7IFKK Floyd C. Colyar 3411 West Plerson St. Phoenix 8501(7
1.08 Angeles W6BHG H. G. Garman 8742 Chatwin Ave. Long Beach 90808
Orange W6DEY Roy i. Maxson 1434 gouth Olive St. Santa Ana 92707
Han Diego W6LRU Don Stansiter 4427 Pescadero San Diego 92107
wrbal WA6UKN ('ecll D. Hinson 1933 Coventry Court Thousand Oaks 91360
S __WEST GULF DIVISION JRS _
WSBNG arbln 4515 Calmount Fort Worth 76107
K5CAY Danlcl B. Prater 1401 E. Oklahoma Ave. Enid 73701
bouthcrn Texas WSAIR G. D. Jerry Sears 5634 Eskridge St. Houston 77023
P CANADIAN DIVISIOI\ -
Alberta VESTG Harry Harrold 18:34-5th Ave. N. Lethbridge, Ana,
British Columblia VIE7FB H. k. Savage 4553 West 12th Ave, Vancuuver 8, B, C.
Manbitoba VE4IT John 'Thomas Stacey 19 Cottonwood Cres. andon
Maritime VEIMX J. Harley Grimmer 40 Rosedale Ave. Falrvlew. lIglltnx Co., N, 8;
¢ntario EING Richard W, Roberts 170 Norton Ave. Willowdale, ‘Coronto, Ont.
Quebec VE20J Jim Ibey 209 Brookdale Ave Dorval, . Q.
Saskatchewan VES5QC Mel pills P.O. Box 801 Saskatoon

* QMcial appointed to act temporarily In the absence of a regular ofticlal




A low cost Crystal for
the Experimenter

International

e LOW COST
o MINIMUM
'DELIVERY TIME

3,000 KHz tq 60,000 KHz

SPECIFICATIONS: International Type
“EX" Crystal is available from 3,000
KHz to 60,000 KHz. The “EX" Crystal
is supplied only in the HC-6/U holder.
Calibration is = .02% when operated in
International OX circuit or equivalent.

CONDITIONS OF SALE: All “EX" Crys-
tals are sold on a cash basis, $3.75
each. Shipping and postage (inside U.S.
and Canada only) will be prepaid by
International. Crystals are guaranteed
to operate only in the OX circuit or its
equivalent,

Q '.c © ;‘m;v.lox O

ot
r’) 832‘.8 dog

COMPLETE OX OSCILLATOR KITS
Everything you need to build your own
oscillator. Two kits available. "OX-L" kit
3,000 to 19.999 KHz. “OX-H" kit 20,000
to 60,000 KHz. Specify “OX-L"” or "OX-

H” when ordering. 523

Postage Paid

type (QEX”

715

Postage
Paid

MINIMUM DELIVERY TIME We guaran-
tee fast processing of your order. Use
special EX order card to speed delivery.
You may order direct from ad. We will
send you a supply of cards for future
orders.

e\

ORDERING INSTRUCTIONS

(1) Use one order card for each fre-
quency. Fill out both sides of card.

(2) Enclose money order with order.

(3) Sold only under the conditions
specified herein.

INTERNATI ONAL

CRYSTAL MFG. CO., INC.
10 NO. LEE ® OKLA. CITY, OKLA. 73102



ru2 AMERICAN
RADIO RELAY
LEAGUE, uc.

is a noncommercial association of radio amateurs, bonded for
the promotion of interest in amateur radio communication and

experimentation, for the relaying of messages by radio, fof. the '

advancement of the radio_art and of the public welfare, for the
representcﬁon of the radio amateur Zn Iegisiaﬁve matters, and for

itis anincorporated association wnhout capital stock, chorfered

under the laws of Connecticut. Its affairs are governed by a Board “
of Directors, elected every two years by the general membership,

The officers are elected or appointed by the Directors. The League

is noncommercial and no one commercially engaged in the manu- -

facture, sale or rental of radio apparatus js eligible to membership
on its board.

"*Of, by and for the amcfeur, it numbers within its ranks practi-
cally every worth-while amateur in the nation and has a history of
glorious achievement as the standard-bearer in amateur offairs.

Inquiries regarding membership are solicited. A bona fide
interest in amateur radio is the only_essential qualification; owner-
ship of a transmitting station and knowledge of the code are not
prerequisite, although full voting membership is granted only to
licensed amateurs.
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“It Seems to Us...”

COURTESY

The Amatcur ts Gentlemanly . . . he never
knowingly uscs the air for his own amusement
in such a way as to lessen the pleasure of others
. .. his operating practice ts clean and reqular
-~ From the Amateur’s Code.

FTER a considerable amount of operating
and listening the past few months, we've
wished there were some way to insert a
mirror on this page so that we could all see
ourselves and take a hard look at our own
operating habits. Maybe that wouldn’t be too
usecful, because it’s probably true that we never
see ourselves as others sce us. But let’s try to
hold up a verbal mirror, if we can, to point
out some of our foibles, particularly in the area
of courtesy — or lack of it.

There is something strange about a high-
powered motor car or a high-powered amatecur
transmitter — put a man behind the controls
and it often changes his personality. A fellow
may be the sort who will walk very sedately
down the sidewalk, neither jostling nor shoving
- vet put him behind the wheel of an auto and
he’ll want to pass everyone in front of him and
will demand the right of way at every inter-
section. Oh, not us, of course — it’s always the
other guy.

The same thing happens in amateur radio.
How many of your friends do you know who,
if they wallked into a crowded room, would not
consider bellowing at the top of their voices,
demanding to be heard, interrupting other
conversations? Yet, put these same fellows
behind the controls of a kilowatt, und they’ll
jostle to be the first in line to work some foreign
station, they’ll barge onto a frequency and be-
gin calling CQ without waiting to sce whether
the channel is in use, and they’ll almost totally
ignore what unyone else is doing.

Is it lack of courtesy? Is it plain stupidity?
Or is it too much competitiveness? Perhaps a
little of each, topped off by a generous helping
of awareness. It sticks in our mind that com-
petition is a pretty potent force amongst
hams, even u#s it is among nations. Whether
we'll admit it or not, each one of us would like
to be “first”’ in something. That's why we
build better antenna systems. That’s why we
build better transmitters and receivers. That’s
why we enter cottests. That's why we struggle
to work a few more countries and get another
sticker for that DXCC certificate. That's
why some of us go on DXpeditions.

But therc must be moderation in all things.
Your competitive spirit drives you to build

a better transmitter, and this is finc so long
15 you do not go so far as to violate the power
limit. Your competitive spirit drives you on
to higher and higher DXCC totals, and this is
fine except that some of us bave lost our sense
of values and have submitted forged curds.
Your competitive spirit urges you to win un
operating contest but some of us have gotten
eurried awny and have padded our logs in
order to get u higher score.

Fortunately, these are extreme cases, the
agonies of *‘super’’ competition suffered by a
comparatively small number. However, «ll
of us are guilty of trying a little too hard at
one time or another. Oh, sure, we don’t all do
this everyday — perhaps it would be better if
we did, because then we could have & *‘na-
tional lid day’’ in which everyone would get
his bum and discourteous operating out of his
system, and the rest of the time we could be
more considerate of each other. The way it
woes now, a few of us are thoughtless each
day and so there is a constant level of discour-
teous operating practices noted on the air.

Let’s hold up that mirror. What do we sce?
Before you call a CQ, do you check to sec
whether the frequency is already in use? If
you're culling a DX station, do you follow his
instructions, or do you simply blast away,
hoping to snare him by brute force? Is your
transmitter adjusted so that you have neither
clicks nor splatter to spoil the operating en-
joyment of your neighbors (and those ‘“ neigh-
hors” may be u thousand miles away!)? Do
you wait before two fellows are entirely
through their QS0 before you jump in?

Those are just a few of the not-so-
good practices that you see if vou look
closcly enough into that mirror. But what
vood s this brief glance going to do? Not much!
You'll read this, you’ll realize that these faults
belong to the ““other fellow,” not to you, und
you’ll promptly forget about the whole thing.

How are we going to solve this? One sugges-
tion is that each club ought to have some kind
of a committee, uy in the days of the old
‘“vigilantes,” which would tactfully advise
any of its members who were thought to be
violating some rule of operating courtesy.
Would it work? Most of us, probably, would
not be willing or able to either take or give
this kind of advice in persun. '

Do vou have a suggestion us to how we can
achieve better habits of operating courtesy?
Sharpen your pencils. We'll give an ARRL
Operating Manual for each of the five best
answers received by the end of June. [E5F]
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League Lines . ..

By now you've heard about the Stanford Report, "Amateur
Radio——An International Resource." A digest of the

report begins on page 58. There's nothing really startling
in the report, but lots of things it's good to have
someone else say about us!

Are you ready? Here we go with the June V.h.f.
party (June 10-11; page 63); Amateur Radio Week
(June 18-24; last month's League Lines); Field Day
(June 24-25; page 64) and the National Convention
(June 30, July 1-2; page 52).

In mid-April we got a badly-garbled radiogram ask-—

ing about an order from Alaska-—call sign doesn't check,
no first name, no Zip code, no city—woe is us! Amateur
traffic-handling is generally good, but there are ex-
ceptions. If you don't receive an answer from Hg. to
one of your radiograms, please follow up by mail.

One of the strongest reasons for having a League is as an
information exchange. If you know something your brother
hams could benefit by——the Government attitude toward ama-
teur radio at a Caribbean winter resort, a low-cost source
of supply for parts amateurs need in building, a gimmick or
gadget, hint or kink to make operation easier—-how's for
sending it along to League Headquarters?

On an international regulatory basis, the cycle—per-—-second
is "in"-——at least until after the next Plenipotentiary Con-
ference of the International Telecommunications Union, since
the last such conference ruled that ITU publications in Eng-
lish and Spanish would use c¢.p.s. and "ciclos por secondo"
respectively (French-language ITU publications do use Hertz
and its multiples). The Canadian view on ¢.p.s. is sub-
stantially the same.

Don't miss "Happenings of the Month" page 82 this
issue—FCC has announced proposed rulemaking which
would legalize two common operating habits, tailend-
ing and saying ". . . portable Four." It's called
Docket 17377, and comment deadline is June 30.

Hot dope on this year's Board Meeting is on page 85. The
full story, of course, will be in the July issue.

International travelers—if you want to make contacts
with amateurs in countries you're visiting, ask the
Headquarters for the addresses of the IARU societies in
the appropriate countries. Some of them have special
weekly events for visitors.

A reminder to sponsors of hamfests, etc.—normal
deadline for QST copy is the 18th of the second month
previous, i.e., June 18 for the August issue. Every
month a few items arrive just too late.

10 QST for



Top-chassis layout of the transmitter and
power supply. The oscillator stage is at the
right of the transmitter chassis, the tune- :
operate switch is at the top-center of the
chassis, and the p.a. stage is at the left. The
heat sink for Q2 is visible at the far left
corner of the transmitter chassis—just
behind the p.a. coil.

A Transistor 5-Watter For 80 And 40

Low-Cost Solid-State C.W. for the QRP Man

BY DOUG DE

low-power c¢.w., and the 8O- und 40-meter

bands ean provide good results from (QRP
equipment. Perhaps you are the kind of operator
that. seeks respite from the bedlam of the phone
bands, becoming somewhat of a ‘““one nighter”
in the c.w. segments from time to time. Or maybe
vou are o confirmed c.w. operator and get a kick
out of doing things the hard way. Whatever the
motive, the little ‘fly-power’ rig described here
is not only novel but practical.

Although the transmitter is designed for oper-
ation from a 8-volt d.c. source, it will deliver
enough ontput when operated from a 12-volt ear
battery to give you plenty of contacts a goodly
distance away. This makes it useful for camping
or for other portable work where the car battery
iz the only power supply available.

SURPRTSING distances ean be spanned with

The R.F. Circuit
In the circuit of Fig. 1, ()1 scrves as a modified

Pierce oscillator with the ervstal Y connected -

hetween its base and collector. A 1000-pf. silver-
mica capacitoris used between the base of @ and

* Asgistant Technical Editor.

Most things arc ‘““more casily said than

done.’* or so the saying goes. This little
two-~transistor rig has so few parts in
it that one could almest say **it’s more
casily done than said.”” There is nothing
tricky about the circuil, su even an
inexperienced builder should he able
to gel the transmitter assembled and
aperating without difficulty.

June 1967

MAW,* WI1CER

ground to regulate feedback. The d.c. supply
lead is broken at J; for keying, aund u 100-ohm
resistor and 10-uf. capacitor form a shaping net-
work to give a click-free c.w. signal.

21 and Qg are 5-watt n.p.n. transistors selected
because of their low cost ($1.41 each) and reason-
ably-high upper-frequency limit ( fr=100 Me.).
Many other types could be made to work in the
circiiit, probably with greater output and better
efficiency. However, the 2N2102s do a fine job
here even though the efficiency falls off slightly
at 40 meters.

Fqual outputs on both 80 and 40 meters no
doubt cotild be obtained if n.h.f.-type transistors
were used, but these are far more costly than the
2N21023. Among the ** hotter” transistors are the
2N3553, 40280, 10290, 2N3118, and others. If
‘the, builder is not experienced with transistor
circuit design, it would be best to stick to the

2N2102s. Other types would require different
bias resistor values, different driving-power

levels, und different impedance-matching taps on
the tuned circuits. Also, the “hotter” transistors
might cause circuit instability, which is some-
times hard to enre in transistor rigs.

InLg is a plug-in coil assembly wound for a
zood impedance match between the collector of
(}; and the base of (2. A 33-ohm resistor and 0.01-
uf. capacitor are connected between the cold end
of Lo and ground. The resistor permits (J)a to be
-driven farther iuto the cluss-C! bius region than
would be possible without it, adding somewhat
to the efficiency of the stage. Depending on the
transistor used, the value of the hase-leak resistor
could be something other than 33 ohms for best
efficiency. Ordinarily, the value will be some-
where between 10 and 100 ohms. If the builder
wishes he can use a 100-ohm poteutiometer in

11
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Fig. 1— Schematic diagram of the two-transistor transmitter. Except as indicated, decimal-value capacitances are in
uf. others are in pf. Polarized capacitors are electrolytic; other fixed capacitors are disk ceramic. Resistances are in

ohms (K =
Ci, Ca—100-pf. miniature variable (Millen 20100),
[1—250-ma. pilot lamp.
l2—150-ma. pilot lamp.
Ji—Open-circuit jack.
J2—Phono connector.
L1—80 meters = 36 turns No. 24 enam. on 1-inch dia.
ferm, close-wound. Tap 15% turns from
Ci end.
40 meters = 18 turns No. 20 enam. close-wound on
1-inch dia. form. Tap at 5% turns from
C: end.

6 turns No. 24 enam. close-wound over
cold end of L;.

L2—80 meters =

place of the fixed resistor and adjust it. for opti-
mum transmitter output.

A 56-ohm resistor is shown bridged across the
base winding, £, This resistor was added fo
“load” the input circuit of @Qa when a slight
amount of instability was noted on ) meters.

1000). Resistors are Va-watt composition.

40 meters = 4 turns No. 20 enam. close-wound over
cold end of Li.

L3—80 meters = 36 tums No. 24 enam. close-wound on

1-inch dia. form. Tap 12 turns from
cold end.

40 meters = 18 turns No. 20 enam, wire, close-wound
on l-inch dia. form. Tap 6 turns from
cold end.

L+—80 meters = 5 tums No. 24-enam., close-wound
over cold end of Li.

40 meters = 4 turns No. 20-enam., close-wound over

cold end of La.
S —D.p.s.t. slide switch.
Y1,—3.5- or 7.0-Mc. fundamental-cut crystal.

The resistor cured the problem, but it may not
be necessary to use it in other models. It can be
elimiuated if there is no instability.

The collector of @ is tapped down oun Lg, o
plug-in coil, to provide = suitable impedance
nmateh to the antenna eircuit, thus uassuring
maximum power transter. L, is
wound to match 50 ohms, but will
work into a 7H-ohm termination
too, To use the transmitter with
rundom-wire antennas, or feed
lines of higher impedance than
5 ohms, a transmatch can be
employed.!

A 250-ma. pilot lamp, I, is con-
nected in series with the d.e. collee-
tor lead to @, serving not only as
u fuse but as a current indicator.
Because the bulb causes a voltage
drop of approximately 10 volts
tkey down) it limits the power in-
put to > during tuncup. The bulb
is shorted out by S1a in normal
operation. A No. 47 bulb, I, in
series with the ground return side
of Lyserves as anr.f, outputindica-
tor for tuneup, and is shorted out

U8ce The ltadio Amateur's Handbook,
antenna chapter, for examples of trans-
match construction and use.

Underside of the transmitter chassis. The

oscillator circuit is at the right. The p.a.

stage is at the left. Connections to 1 and

Iz are soldered directly to the bases
of the bulb;

QST for



CRI-CR4
INC.

R.C.A.
40254

J3

FUSE
LA,

1S VOLTS
“A.C.

CR1-CRy, inc.—750-ma. 50-p.i.v. top-hat rectifiers.

{x—Neon panel-lamp assembly with built-in dropping
resistor.

Ja, Js—Insulated banana jack, one red (positive) and

by 818 for normaf operution. [t lights to full brilli-
ance when the transmitter is working into a
proper load.

Power Supply Circuit

The power supply circuit of Fig. 2 takes ad-
vantage of the ‘electronic-filtering” concept
described in other QST articles.>® Although at
first glance the circuit may look like that of a
regulated power supply, it isn’t. For good d.c.
regulation, 3 would need a voltage reference
between its base und the negative side of the
supply. However, the circuit otfers some regula-
tion and performs far better in that respect than
would be the case if the operating voltage were
tuken directly from the bridge rectifier and filter
capacitor.

The regulation is sufficient for the transmitter
of Fig. L. From no loud to full-load current of
about 250 ma. the voltage drop is approximately
four volts — from 28 volts to 24 volts. Better
regulation could be had by reducing the value of
the 220-ohm resistor between the collector and
base of ()3, but this would increase the ripple in
the output of the supply. The values given repre-~
sent u good compromise. The r.f. output of the
transmitter is free of noticeable a.c. ripple when
operated from this power supply.

Assembling the Equipment

Home-made open-end afuminum chassis are
used for both the power supply and the trans-
mitter. The transmitter is built on a buse which
measures 1 X 4 X 5 inches. A Bud CB-1620
would be a suitable substitute. The power supply
chassis measures 1 X 5 X 5 inches; 1« Bud CB-
1620 would work nicely there. A single chassis
could contuin the entire lash-up. Lf the equipment
is built into 4 cabinet, ullowance should be made
for good ventilation so (3 will not run too warm.

A heat sink is used to cool s, und details of the
author's home-made model ure given in Fig. 3.
The main body of the heut sink is a picce of
uluminum wngle, avuilable from most hardware
stores. The transistor is press-fit into a hole
bored in the angle stock. A thin coating of silicone
grease can be spread over the case of the transis-

2+ A Transistor Power Supply", Q8T, June 1962,
8% (3aleski, The lmp TR"”, ¢S7', Dec. 1961, page 10,

June 1967

Fig. 2—Schematic diagram of the 28-volt power supply. Capacitance is in uf. Capacitors are
disk ceramic except those with polarity marking, which are electrolytic. Resistance is in ohms;
resistors are Y2-watt composition.

one black (negative).

S2—S.p.s.t. toggle switch,

Ti—25.2-volt, 1-ampere filament transformer (Stancor
P-6469 or equivalent.)

tor to provide more efficient heat transfer to the
heat sink.* The complete transistor heat-sink
assembly is electrically isolated from the main
chassis of the transmitter by means of insulating
washers. Small rubber grommets (two) will work
equally as well. No nced to worry about the
dielectric quality of the insulating material if
rubber or fiber is used. At 80 and 40 meters there
will be no measurable r.f. loss because the collec-
tor of (Jo is operating at low impedance. Under
normal conditions, the heat sink does not get hot
enough to cause deterioration of rubber grommets
if they are used.

Pilot lamps {; and I» are held in place by in-
serting them into 3-inch-diameter rubber grom-
mets, as shown in the photos. The connections to
the bulbs are soldered directly to their bases.

Transistor ()3 is insulated from the power-sup-
ply chassis by a mica spacer and two nylon wash-
ers. The mounting hardware is furnished with the
transistor. A thin layer of silicone grease is used
between the transistor and the micu spacer, and
between the spacer and the chassis. The chassis
provides sufficient surface areu to perform well as
a heat sink for Q;.

Winding the Coils

The coils ure hand-wound on Millen 45005
mica-filled forms® Small-diameter holes are
drilled in the forms to allow the ends of the wind-
ings to be passed through to the inside and then
down into the base pins, where they are soldered
in place. The ends of the windings should be
brought into the coil forms directly over the base
pins in which the wires will be soldered; this will
assure the shortest possible leads and will prevent
the wires from crossing over one another inside
the coil form. The main windings are wound first.
The secondary windings, Ls and L4, are wound
over the cold ends of their respective primary
windings to assure tight coupling -— necessary
in this circuit for optimum power transfer. A
single layer of masking tape is used between the
“{Silicone grease is generally available from electronics
supply houses for approximately $2.00 per tube. It is a
worthwhile investment for those who experiment with
power transistors.

5 The Millen coil forms listed here, and other single-
fot Millen components, can be purchased directly from the

manufacturer, the James Millen Mfg. Co., Inc., 150 Ex-
change Street, Malden, Mass.
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primary and secondary windings to prevent the
possibility of short circuiting. The completed
eoils can be couted with coil cement to hold the
turns firmly in place.

Firing Up

With the power supply connected to the trans-
mitter, 8 dummy load connected to ./o, and u
crystal plugged in at Yy, apply power and key
the transmitter. With S; in the TUNE position,
adjust 'y und s for maximum brightness of /.
Normally, this point will not oceur when the
collector current is at its absolute dip (minimum
value of current). While tuning (', watch for a
point at which /s shows maximum brightness
with the least amount of brightness at /;. Get as
close as possible to the minimum-current condi-
tion at /y without sacrificing lamp brilliance at
5. In other words, do not let 2 draw any more
errent than is necessary for maximum r.f. out-
put. 1f the circuit is performing properly, @ will
draw between 200 and 225 ma. after tuneup. At
this current, /) will be lit to normal brightness, or
nearly so.

The next step is to adjust (1 while monitoring
the c.w. signal from the transmitter. It should be
possible to secure a clickless, chirp-free note.
Sy should be in the orrraTE position for this
test and the r.f. gain in the receiver should be
retarded until the e¢.w. signal is coming in
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Fig. 3—Layout and assembly de'ails of the homemade

heat sink for Q2. The completed assembly is insulated

from the main chassis of the transmitter by using insulating
washers or rubber grommets (see text).

at B39 or less. Also, the receiver’s a.g.c. should
be disabled for this check.

Following these wdljustments, the transmitter
can be put into service. Tuneup into un antenna
system should be done in the sume manner as into
the dummy load. f2 can ugain be used during
adjustment to indicate maximum transmitter
output. 8 should always be in the TONT position
while the transmitter is being tuned up.

Some Final Comments

The transmitter was tried with a 12-volt power
supply and it fired up without difficulty. The
power output was u bit less than one-half the
amount uvailable with the 2N-volt supply.
{Ontput at 28 volts was 3.2 wutts on 80and
2.6 watts on 40.) In fact, the cireuit performed
sutisfactorily at 6 volts, but the power output
was considerably less than one watt.

A set, of coils was wound for the 160-meter
band and the transmitter was given the
“smoke” test, und although the efficiency
seemed to be good and the oscillator worked
well, the amplifier stage was unstuble. This
was probably caused by the higher gain of
22 at the lower operating frequency; ulso,
the hypass capacitances are not large enough
to be effective at 1.8 Me. No doubt the trans-
mitter could be made to work satisfactorily
on 160, but the anthor did not experiment
further along those lines.

This transmitter is not practical for use on
frequencies above 40 meters. The limiting
factor here is the transistor type. With v.h.f.
power transistors in the ecircuit, 20-meter
operation should be possible. However, this
was not tried.

Beecause the transmitter and power supply
are of simple design, the layout is without
complexity. The builder should have no diff-
culty if he uses the photos as a guide when
luying out the chassis. [aET—]

A look into the underside of the power supply. The

silicon rectifiers are mounted between two insulated

terminal strips (right). The filter capacitors are installed
in a similar fashion.
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~incu the advent of the clectronic keyer, nu-
b merous designs have uppeared, perhaps the

most popular of which has been the “9TO”
keyer. [1s popularity is certainly not becuuse of its
simplicity, but rather due to its ease of operation,
and its freedom from the ills that plague some
other keyers. In the hands of a practiced operator,
it is capuable of producing superb e.w.

After using one of these keyers for several
yeurs, 1 began to feel thut a dot memory would
be a worthwhile addition to the busic design.
Anyone who hus wsed an clectronic keyer knows
whercof | speak. After o few hours of operating,
especially where speed changes were frequent,
1 would begin to lose my sense of timing, and
start sending aheud of the kever, the most aggra-
vuting result being the loss of a dot between two
dashes, or ut the end of a series of dashes. Upon
deciding that a dot memory would go a long
way toward improved sending, it was decided
that none of the original features of the 9TO
should be lost, and a design was started with
this in mind.

Circuit Operation

After considerable thought und several duys at
the workbeuch, the circuit, shown in Fig. 1 evolved.
At first glance it may scem a bit eluborate, but
those familiar with the basic 9TO keyer will
note that only one tube und a few small com-
ponents have been added.

Understanding the circuit is not essential to
building and using the Mark IT1. However, a
discussion is presented here for those who like
io know *‘what makes it tick,” and for those who
may encounter difficulty in placing the keyer in
operation. If your multivibrator theory is a bit
rusty, it might be advisuble to review it before
delving into the cireunit description,

V', the dot generator, is a free-running multi-
vibrator with two outputs. When switch tube
V34 is In its “on” state, V', begins its Hip-flop
action, supplying mark/space pulses to keyer
iube V44, and trigger pulses to dash generator V.
Dush generator Vy is controlled by switch tube
V3m, as well as by trigger pulses from 7. This
generator consisfs of a bistable multivibrator
whose output is also fed to V4a. Thus V4a may
be controlled by V7, 17y, ur both, depending on
whether dots or dashes have been selected by the
operator. To avoid confusion, it may be well to
puint out that Va does not generate a complete
dash. Its output mecrely serves to ‘‘blot out”
the space between {wo dots, which results in a
dush of the correct length.

The dot-generator control switch Vo can
be controlled by any one of four inputs, one of
which is the dot lever. Since both Vi and Vs
must be turned on to generate a dash, 1734 re-
ceives its second input from the dush AND gate
"4m, via CI?y. The third input is from the dot-
storage multivibraior Vs, while input four con-
sists of feedback from 17y, which insures self-
completing dots.

+ Bldg. 118, NAS Willow Grove, Penna, 100490,

June 1967

The
9TO Mark I1
Keyer

Improved Version

of a Popular Design

BY A, F. LUTZ,* WOWJB/3.

The '"9TO" keyer as modified by W9WJB. The cabinet
is a homebrew job.

Switch '3 is controlled by two inputs, one
of which is obtained from the dush lever, via and
gate 'yp, while the other is feedbuck from dash
gencrator V', which insures sclf-completing
dashes.

The dot-storage stage, F5, consists of a bistable
multivibrator which has two inputs, one being the
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Fig. 1—Circuit of the Mark Il 9TO electronic keyer. Capacitances are in uf.; resistances are in ohms (K = 1000), unless

indicated otherwise. Ci, Ca and C3 are 200-volt paper. Polarized capacitors are electrolytic. All other capacitors are

500-volt disk ceramic. Fixed resistors are 2-watt unless indicated otherwise. Ri, Rz and R4 are linear controls. Other
component designators, unless listed below, are for text-reference purposes.

CR1~CRs5, incl.—IN116 or IN636.

CR6, CR7—400 p.i.v., 50 ma. or more (IN2484 used).

J1—BNC chassis-mounting receptacle (Amphenol 5575).

Ja—2-circuit female receptacle (Amphenol 80-PC2F),
Ja—Open-circuit headphone jack.

Ki—S.p.d.t. relay, 4000-ohm cail, two independent mer-
cury-wetted stationary contacts (Clare HGP

dot lever, and the other consisting of reset pulses
from relay K. AND gate VB is controlled by
inputs from the dash lever, and memory multi-
vibrator V5. The dot memory must be clear, ay
well as the dash lever closed, before Vig cun
receive dash information. This prevents over-
riding the dot memory by premature closure

of the dash lever.
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1002, or Potter & Brumfleld JM1-119-11). Also
see text and Fig. 3.

Ri12—1000 to 27000 ohms, see text.

S1—Single-section double-pole rotary switch, four (or
more) positions.

Ti—Power transformer: 125 volts, 50 ma.; 6.3 volts,
2 amp. (Stancor PA-8421, or similar).

An additional advantage of this cirenit is
that it permits use of a dual-lever key, allowing
the operator to produce letters such as I, C and
Y, by simply holding the dash lever closed and
inserting the dots as soon as the preceding dash
has started. This lessens operator fatigue by
reducing the wrist motion required to produce
a given character.
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For a more detlailed examination of the cir-
cuitry, let’s sce what happens when the operutor
“sends ahead” of the keyer in trying to send
the letter R. Referring to Figs. 1 and 2, at
time 7, the dot lever closes, removing the
cutoff bias from the Vs grid via CRg Via
starts to conduct, in turn permitting Vis to
conduct, driving Via into cutoff. ¥ is now in
its mark state. As Vya goes inlo cutoff, its
plate voltage rises, causing the junction of
Re/It13 to become less negative, in tirn allow-
ing V44 to conduct. Conduction in V4a allows
K1 to close, simultaneously keying the trans-
initter, and triggering a reset pulse to dot memory
V.

To simplify matters, let’s ignore what's hap-
pening in the dot memory until the final dot
when, in this example, the memory comes into
play. As indicated by the dot-lever waveform
in Fig. 2, the lever closure was too short for
a full-length dot. The circuitry ignores this be-
cause the Via plute-voltage increase is fed back
to the grid of Vja via 210, cancelling the bias
that would normally appear with the dot lever
open. Vg coutinues to couduct until, at time
Ty, V14 starts to conduct, driving Vg into cutoff.
As V14 conducts, its plate voltage refurns to a
very low value, allowing V34 and Vya to return
to cutoff, signalling the end of the first dot in
the R. V' is now in its space stute.

Naw let’s sce how the dash is produced, keep-
ing in mind that siuge Vy does not generate an
entire dash, but fills in the space between two
Jots. Since the operator is “sending ahead”
of the keyer, he closes the dash lever ut T4, No
dot is being stored in V5 at this time, su closure
of the dash lever causes the junction of 8/f19
to become sufficiently negative to cut Vg off,
thereby allowing neon bulb V7 to ignite. With
V"; in conduction, the Vyp grid goes to ground
potential, allowing Vs to go into conduction, in
turn permitting V3 to becume operational. With
the V4 grid at ground potential, C'Ry conducts,
removing grid bias from Viya, and turning on V.
Since capacitor (y is still discharging, V"1s is held
in cutoff until a space equal to the length of a
dot is produced (T's).

At 1's, (s has discharged sufficiently to allow
s to conduct, driving Via into cutoff. Vi is
now in its mark state, causing ¥4a to conduct
and close K1, beginning the dash. As Vi reverses
its state at 7, the sudden decrease in the Vg
plate voltage is differentiated by €’s/Rs into a
sharp negative pulse, which is applied to dash
generator Vy, driving Vyp into entotf which, in
turn, causes Vaa to go into conduction. With
18 in cutoff, ils plate voltage rises to a high
value. This increase is coupled to Via via 2,
helping to hold V44 in conduction.

At T, Vi aguin switches from mark to space,
surrendering control of Va to Va.

At Ty, the operator hus prematurely released
the dash lever, since the dash has not yet reached
its proper length. This does not result in a
short dash, however, because the high plate
voltage of Vi keeps everything “as is"” by as-

June 1967

T Ty Te g Ty T3
cLostl
0ot Lever | oS
DASH LEVER ::Zim
V33 GRID 1= °'V;v
I I
V35 GRID ° : v
-Zov,
Vin PLATE | 'z’::
1¢4 /R — ov.
JUNCTION - 90V,
Vp PLATE 18::.
A
Vs GRID ~ Tx,;v
s
Va8 gaip °:'w
V55 CATHODE 2v
IR -
2 T3 7 ToTiz

Fig. 2—Waveforms at various points in the Mark Il cir-

cuit. The keyed output waveform to the transmitter is the

same as at the Via grid, except that the relay washes
out the slight dip in the dash.

suming control of Vys und Vys via £y Con
sequently, V' coutinues to cycle.

At Ts, V) returns to mark, simultancously
assuming control of Vaa, und reversing the state
of V, with another trigger pnlse. V', now relin-
quishes complete coutrol of ¥4a to Vi, and the
dash continues. Vi also gives up control of
Vs at this time, while V) hus again assumed
cottbrol of Vya.

At Ty, V1 returns to its space state, allowing
both V44 und Vja to return to cutoff, ending
the dash, and returning complete control of all
cirenils to the operator.

Between T'1p and Ty, the operator is away
aheud of the circuitry as he closes the dot lever,
trying to produce the tinul dot. ¥y is still in its
space state and, until C3 discharges, V' cannot
go into mark.

Opening the dot lever at Ty in the ordinary
OTO keyer would result in a missed dot. Let’s
return to 7o und sce how the dot memory
handles the situation. When the dot lever closes,
(’s discharges very rapidly, causing o positive
pulse to appear on the Vgp grid, driving Vsp
into conduction, and Vsa into cutoff. ¥y is now
storing the dot. The Vs grid iy now at ground
potential; thercfore control of V34 is ussumed
by Vs, via (!R4. V5 remains in this state until
time 712, when V7 returns to mark, turning on
V4a and starting the final dot. As K closes, it
allows C to discharge very rupidly through £,
clearing the dot memory by returning ¥Vsa to
conductlion, and Visp to cutoff. Fza is uow held
in conduction, by feedback from Vi, until T,
at which time the dot euds, and complete control
of V3a returns to the operator. It will be noted
that it is possible to store a dot any time ufter
the beginning of a dash, which gives the operator
considerable relief from his timing responsibilities.
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Most of the small components

are accessible on terminal

boards mounted along either

side of the chassis. This con-

struction also avoids the crowd-

ing of components under the
2 X 4 X 5-inch chassis.

To finish the circuit analysis, let’s examine
Vap in closer detail. With a dot in storage, the
Vsa plate voltage is at u high value, and this is
used to overcome the bias applied to the ¥4p
grid via 9. Closure of the dash lever cannot,
raise the bias on V4p sufficiently to cut it off
until the V54 plate voltage drops to a low value,
which occurs when a dot is no longer in storage.
As noted previously, this prevents overriding the
dot memory by premature closure of the dash
lever, and the subsequent loss of a stored dot.

Power Supply
The power supply i quite straightforward.
It vonsists of u voltage doubler whose output
is regulated by Vg and V. Connecting the june-
tion of the regulators to ground results in regu-
lated B-plus and B-miuus voltages, muking the
unit immune to normal line-voltage Huctuations.

Components and Construction
Since the circuit stability of the Mark II is
not dependent on component placement, the

L001uf, 470 pt,

+150V.,

Fig. 3—Alternate reset circuit for s.p.d.t. relays. When

this arrangement is used, Pin 3 of Vs (Fig. 1) should be

grounded, and Ris, Ris, Ri7 and Cs omitted. Resistances

are in ohms (K=1000), unless indicated otherwise.

Capacitor is disk ceramic; resistors are Y2-watt. Js refers

to Fig. 1. A relay with mercury-wetted contacts, such as the
W.E. 276G should be used.
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builder is free to use his own ideas in mechanical
layout, and no detailed construction procedure
will be given here. The author’s unit was con-
structed on a standard 2 X 4 X 5-inch chassis,
which is housed in a homemade cabinect. Most of
the small components were mounted on surplus
terminal boards fastened to the sides of the
chassis to reduce crowding underncath the chas-
sis. The power-supply components were mounted
underneath the power transformer, on u separate
terminal board.

Relay K was submounted to reduce the over-
all height of the unit. It should be pointed out
that relays employing mercury-wetted contacts
cannot be mounted in random positions. The
relay shown must be mounted vertically, buse
down. Care should be used in handling these
relays, since they are rather delicate und won't
tolerate « drop from the workbench to the shop
floor. The relay used in the original just hap-
pened to be.on hand, and I used one of the two
normally-open contacts to reset the memory.
For those who may huve other relays on hand,
an alternate reset cireuit is shown in Fig. 3.
‘This modification was tried and found to perform
as well as the original. Initially, an attempt was
made to obtain the reset pulse from the plate of
1744, but this approach failed beeause, with this
arrangement, 75 receives both set and reset
pulses simultuncously, resulting in double dots
and other weird phenotnena. Closure time of
K, provides sufficient sepuration between ihe
set and reset pulses to assure stuble operation
of the memory.

A small bracket was fabricated to hold the
front panel to the chassis, and R; and 214 were
mounted on this brackef, us may be seen in the
photograph. These fwo controls require only
initial adjustment and are of the screwdriver-
adjusted variety.
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The third control on this bracket, along with
the empty tube socket ut the rear of the chassis,
wus installed for use in a recciver-muting circuit
to be used at a later date.

Like most electronic keyers, the Mark II
will have a fit if subjected to large amounts of
r.f. Bypassing the a.c. line to ground where
it enters the chassis, and the use of shielded
leads to the paddle and transmitter keying cir-
cuit, resulted in complete stability when used
with a kilowatt transmitter.

Jack J1 was installed to provide a-convenient
sync take-off point for an oscilloscope, as shown
in Fig. 4.

Resistors Ra/R4 and R7/Rs are matched pairs.
These muy be obtained by purchasing 5-per-cent
types, or by securing seven or eight of the 10-
per-cent variety, und matching them with un
ohmmeter.

Originally, 5963-type tubes were used in ull
circuits. These are special computer types, and
were used because I happened to have a cigar
box full of used ones. Type 12AU7s were tried
with no noticable deterioration in performance.
Tube selection for the various circuits was
found to be unnecessary. Several tubes were
tried in each socket, in an attempt to detect
any latent circuit deficiencies, with no success.

The diodes used came out of a surplus assort-
ment, and were unidentifiable. Type 1N116s or
1N636s should prove to be satisfactory sub-
stitutes.

Adjustment

Adjustment of the Mark II may be accom-
plished by connecting it to the station trans-
mitter, and monitoring the keying on a receiver.
(Please, gang, use a dummy load on the rig
when testing!) Regulator tubes Vg and Vg should
light the moment power is applied, indicating
that all is well with the power supply. After
allowing a minute for warm-up, close the dot
lever while watching Vg. Vg should flicker, and
a string of dots should be heard from the receiver.
Closing the dash lever should result in a string
of dashes. If you get dots instead, adjust 14
until they turn into dashes.

Next, with the speed control set at minimum,
flick the dash lever as quickly as possible and
see if you get full-length dashes. If some dushes
come out short, further adjustment of )4 is
indicated. The correct setting of £4 is not. at all
critical, and should be found with ease.

Now try a few Vs. If the dots sound too
heuvy, or if they are too short, adjust I2;, the
ratio control, until they sound right. The per-
fectionist muy connect an oscilloscope, as shown
in Fig. 4, and adjust for a perfect mark/space
ratio. If it is not possible to achieve the correct
mark/space ratio by adjustment of ), it may
be necessury to add resistance in series with
the coil of K;. The amount required will depend
on the relay used, and should fall between 1000
ohms.and 27,000 ohms.

Next, with the speed control set at minimum,
try a 30-w.p.m. N. You should get an N at
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Fig. 4—Oscilloscope connections for mark/space adjust-
ment. Ri (Fig. 1) should be set so that spaces between
dots are equal to dot length. This setup is also useful
for adjusting keying wave-shaping
circuits in the transmitter.

about 5 w.p.m. Next, try a K or ¢, with the
dash lever held closed throughout the letter,
and flicking in the dot as soon as its preceding
dash begins. If the letter comes out correctly,
you may ignore the next section, and start enjoy-
ing the fruits of your labor.

Troubleshooting

If you run into problems, the following pro-
cedure will help you isolate them in a minimum
of time. Breaking the circuit at the points
marked X in Fig. 1, and connecting the paddle
across /Ry {center grounded), allows the dot
and dash geuerators to be checked for proper
operation without possible complications caused
by failure of the dot memory and/or the gute
circuitry. If difficulty is encountered in pro-
ducing dots, the 1y, T75a aund Vs circuitry
should be carefully checked. If the dashes are
erratic, or non-existent, a check of the Vg
and V' circuits is indicated.

The dot memory may be checked by connect-
ing o voltmeter to Pin 6 of Vs Momentarily
grounding Pin 7 of Vj should cause the plate
voltage to drop to less than 20 volts. Momen-
tarily grounding the junction of Riys/£2:5 should
cuuse the voltage to jump back to about 120
volts. Grounding the dot-lever line should cause
the reading to drop to 20 volts or less.

The AND gate may be checked by grounding
Pin 1 of V5 and. the grid side of V7. Grounding
the dash-lever line should then cause V7 to
ignite.

All voltages shown in Fig. 1 were measured
with a v.t.v.m. with the paddles open, no dot
in storage and S; in Position 2. All waveforms
(Fig. 2) were taken with a d.c. scope using
low-( probe. '

After using the Mark.II in several contests,
as well as for odinary contacts, I feel well re-
warded for the effort expended in its design
and construction. The original design objective
was met in that the keyer handles exactly like
the original, with the exception thut it is notice-
ably eusier to ‘‘program,” especially after a
few “brown 807s.”

I am sure you will find the Mark II, as I have,
to be your key to betterc.w, = [G5F



Compact

40-Meter Beam

Stub-Loaded Loops

in a Two-Element Array

BY THEODORE S.

result of investigating foreshortened ele-

ments for use in parasitically excited arrays.
The particulur object was to provide a 40-meter
beam that would not require the lurge real estate
under a full-size paruasitic array and would be
of sufficiently light weight to allow the use of a
small TV-type rotator and a simple mast.

Beginning nearly three years ago, various
arrangements of a square loop antenna baving a
total conductor length of approximately one
wavelength were studied. This length was chosen
becuuse it was desired to have maximum radia-
tion perpendicular to the plane of the loop so
as to be amenable to parasitic operation. The
maximum length of 4 side was set at 14 wave-
length, with the remaining conductor length
folded into stubs to preserve resonance. Many
stub configurations were tried, and in the course
of the experiments it was discovered that mutual
effects between the stubs could be used to tune
the loop. This proved to be the key to the ulti-
mate design.

As shown in Fig. 1, two stubs are formed by
folding the low-current portions of the conductor
so the ends overlup. Tuning of the loop cun he
"7¥5900 Clair Ave., Reseda, Calif, 91335,

rI‘HE antenna described in this article is the

The 7-Mc. Yee beam is small enonugh to
be practical for yowu if your antenna
space will accommodate a 20-meter
Yagi. 1t features a novel method of loop
tuning along with simple construction
and low cost.
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The Yee Beam is a compact two-element antenna using

one loop as a driven element and the other as a parasitic

reflector. This 40-meter beam uses an equivalent boom

length of approximately 15 feet and the distance is 30
feet between opposite points on the loops.

H. YEE,* K6IBJ

varied by changing the spacing between the over-
lupped portions or by changing the angle between
them. The construction can perhaps be visualized
better from Fig. 2, which shows the evolution of
the loop from a half-wave folded dipole.

The impedance of this loop was about 160
ohms, as indicuted by about a 3:1 s.w.r. when the
loop was fed directly with a 52-ohm coax line.
The radiation pattern was essentially 2 figure
% with very deep nulls at the ends and maximum
radiation perpendicular to the plane of the loop.
)n-the-air tests showed that it compared very
favorably with a half-wave dipole: signal reports
with the two antennas were essentially the same.

Two of these loops, one as » driven element
and one us a parasitic reflector, are used in the
40-meter beam now in use at K6IBJ. The overall
dimensions are shown in Fig. 3.

40.Meter Beam Design

To allow for the use of a center spider plate
and radial supporting arms (see photograph),
the stubs are not folded in the plane of the loop
but are at an ungle dictated by the desired spacing
between two elements. After a review of The
ARRL Antenna Book wand other references,
it appeared that a spacing of 0.11 wavelength
provided the best gain for a two-element parasitic
beam. This spacing required an angle of 30
degrees between the radial arms and the planes
of the loops. The stubs, carried by the radial
arms, will intersect euch other at approximately
the center of the beam. Overlap the ends and
provide 1 to 2 inches of spacing between ihe
overlapped ends. The umount of overlap and
spacing ure varied to tune the clements to the
desired frequency.
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The requirement was for a lightweight antenna
of readily available materials that would need
uo special tools or welding for coustructing the
parts and assembling them into an integrated
structure. The actual weight is 35 pounds.

The center spider is made from 4 x 8 X16-
inch aluminum plates. The pieces ure fastened
together with aluminum angle (not shown). High-
strength aluminum, preferably 1'-6, should be
used because all of the structural loads and mo-
ments due to weight and wind forces are borne by
the center plate. If high-strength aluminum is not
available, iucrease the thickness or even use mild
steel plates. Reinforcement with gussets may also
be used to assure structural integrity of the cen-
ter plate. Mounting the center plate directly to
the AR-22 rotutor reduced the wind strain on the
rotator, thus ullowing the small TV-type rotutor
to be used.

Radial-arm segments of 1 X 114-inch high-
strength (T-6) angle aluminum ure bolted to ihe
center plate. Bach arm is 315 feet long and
is positioned at 60 degrees from the beam ceuter
line. The remaining part. of each radial arm is
1 12-foot bawmboo pole, providing an overall arm
length of 15 feet. The bumboo is attached to the
aluminum segment by overlapping the ends 6
inches and using two 1!3-inch hose clamps to
secure the joint. Stainless steel clamps were
used because they are corrosion resistant and
were readily available from the local auto-
purts discount store. The bamboo cume from the
loeal lumber yard. Each bamboo was friction
taped between the knuckle joints to prevent
splitting. Three coats of u durable exterior
varnish were thereafter applied for protection
ugninst the weather.

The reeuforced bamboos have been exposed to
the Southern (lulifornia climate for over 214
years, und except for u few varnish peelings from
handling, they appear to be as good as new. Nev-
ertheless, realizing that the bamboo arms have
limited life and that replacement is inevitable,
the design atfords flexibility for replacing one
or ull of the urms with similar new ones or with
fiber-glass rods. Also, the split-urm arrungement
allows for easy handling and assembly.

The loop portion of each element is made of
No. 14 copper wire. Kach linear loading stub is
approximately 1414 feef long, with about 2
feet of overlap. L.engths are not critical because
exch element is tuned by varying the overlap
at the ends. However, to provide a reference
design, it is suggested that both the radiator
and retlector clements be made identical except
for the overlap. Allow at least 3 inches more
overlap on the reflector than on the radiator
and maintain the same spacing.

Ordinary antenna strain insulators were used
at ench radial-arm eud to provide insulated
junctions for the loop segments and also for
connection of the stubs. (The insulators could
he eliminated, since the bamboo itself provides
adequate insulation.) The insulators were lashed
to the bamboo ends with wire, and were mounted
perpendicular to the bamboo so that both eyes
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Fig. 1 —Electrical configuration of the loop. Dashed arrows
indicate current direction in left-hand stub when direction
of current in right-hand stub and loop is as shown ,
by solid arrows.

Fig. 2—Evolution of loop and stubs from a folded dipole.

detail A

Bamboo spreaders
TUNING SECTION

(8 radials-15'ea.)

No. 14 copper
/72’ on eulc)'z leq

+50-0hm
. ladder
< line

Fig. 3—Dimensions of the 40-meter beam. In detail A,

dimensions X and Y can be varied according to power-

handling requirements. Increase Y for high power and
adjust X to maintain resonance.

were approximately equidistaut from the arm.

The linear loading-stub construetion is shown
in I'ig. 5. Television-type 450-ohm ladder line
is used for most, of the stub. The overlap section
will be explained below. The ladder line is
fastened by lushing every other insulating
spreader to the bamboo. Any open-wire line can
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Fig. 4—Center support for the beam. Square plates are
high-strength aluminum. Angle supports, of similar material,
are for anchoring bamboo arms.

be used: the spacing between wires is not critical
us the cwrents are in phase. For low-power
applications, the builder may even use regular
300-ohm twin line. In addition, orientation of the
stub is not critical, and a nominal amount of
twist can be allowed.

Tuning Section

Originally, the ladder-line stubs were taped
together at. the insulators in the overlapped
section, which was two feet long. The last three
inches of each end were turned 90 degrees from
the line, and the coupling increased as the aungle
between the 3-inch sections wus made smaller.
This uarrangement worked fairly satisfactorily
until one day it was noted that the s.w.r. had
increased and loading was difficult. Besides, the
picture machine in the living room detected
something other than the desired television
signal. The tuning section, upon inspection, was
a charred mess. A new tuning section of similar
ladder line was made, except that the spacing was
increased to at least L% inch and the wires of the
tuning seciion were wrapped with black plastic
tupe. The problem was solved for the moment,
for the low power input of 200 watts p.e.p.

Recently, a 1200-watt p.e.p. linear was added.
The antenna loaded and behaved normally for
about a half hour of operation. Then it happened:
the familiar burnout occurred. Needless to suy,
that experience led to the conclusion that a
special tuning section must be designed.

The present. design, Fig. 6, uses spacers made
from 4-inch center-to-center perforated phenolic
plates eusily obtainable uat the local electronic
purts outlet. Kach spacer is made in the form of
the letter 1 to allow for a stub spacing of one
inch to match the 450-ohm ladder line and to
allow for a spacing of 114 inches between stubs.
The 1 form was chosen because it provides a long
leakage path. The ends of the stubs are at near
maximum r.f. voltage and burn out of the insula-
tors cun oceur if the insulators are contaminaied
with u conducting film. For higher power level it
would be advisable to use bhetter insulators
(porcelain ) and allow more distance between the
stubs and compensute for resonance by increasing
the amount of overlap. Use plastic electrical tape
around the wires to provide additional insulation.

Assembly

Assembly of the beam depends on each. par-
ticular installation. In the author's case, a
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/ . Fig. 5—Stub construction and support
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modified tilt-over mast was
huilt for this project. and in- N
stalled on the roof of the Center plate
house to provide an overall

height of 45 feet from the centerpiece to ground.

First, the centerpiece and its eight arm seg-
ments should be assembled on the ground. Then
attach the rotator to the centerpiece. Next,
install the loup wire un the appropriate bumboo
radial arms. The stub sections should be pre-
ingtalled on their respective radials.

Mount the centerpiece and rotator on the mast
while in the down position. Individual radials
can now be attached to their arm segments by
appropriate positioning of the rotator and vary-
ing the tilted section of the mast. Lnstall nylon
guys between the radiator and reHliector radials
for support. Tighten these nvlon guys as neces-
sary until the loop elements are taut. Last,
attach the gamma match to the radiastor element
and connect the coux feed line.

The author does not intend to mislead the
reader by saying that the assembly and installa-
tion ure simple. The fact is that this and similar-
type antennas are cumbersome and do not lend
theraselves to convenience of installation. How-
ever, once installed, it scems easy. This beam
has been disassembled several times and raised
and lowered over a hundred times in the course
of evaluating horizontal and vertical polarization,
configuration, tuning, and so on.

Tuning

The tuning procedures are basically the same
as with any parasitic array. Elements are first
tuned to the desired frequency with a grid-dip
oscillator. Couple the g.d.o. to the element hy
inserting a two- or three-turn pickup coil at the
feed point for the radiator und at a similar

Fig. 6—Tuning section construction using insulators made
from perforated phenolic board.
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{current, maxitmum) point on the reflector. Vary
the g.d.o. to determine the “as built” resonant
frequency. Increase the amount of overlap and
decrease the spacing (angle) of the stub end to
lower the resonant frequency: couversely,
decrease the overlap aud increase the spacing of
the stub end to raise the frequency. In this cuse,
a center frequency of 7225 ke. was chosen so the
s.w.r. would be minimized vver the s.s.b. portion
of the 40-meter band. The radiator therefore wus
tuned to 7225 ke., und the reflector was tuned
about 7 percent lower, or to 6750 ke.

The driven clement by itself measured ap-
proximately 1.t0 ohms. The feed-point impedance
of the entire beam could not be measured accu-
rately because of the luck of proper equipment,
but it was estimated to be less than 50 ohms.
Measurements with a half-wuave line between the
feed poini and antenna bridge showed values
between 22 and 27 ohms. Consequently, a gamma
section was choseu for matching the 52-ohm coux
line to the antenna. The guinma match uses a
200-pf. variable capacitor and a 73-inch gamina
scction spaced 4 inches from the radiator element.

After the preliminary tuning, adjust the
gamma match for minimum s.w.r. Normal
procedures for tuning the gamma match should
be followed. If warranted, the tuning section
may be varied along with the gamma match to
obtain a proper match at the desired frequency.

Plots of s.w.r. vs. frequency should be made
during the tune-up fo aid in evaluating euch
adjustment. The final s.w.r. curve for the author's
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Fig. 7—Standing-wave ratio vs. frequency for the KéIBJ
beam matched to 50-ohm coax line at 7225 ke.

beany is shown in f'ig. 7. The bandwidth is about
150 ke. at the 2:1 s.w.r. points, sufficient fo
cover the phone portion of the 40)-meter band.
This relatively-narrow bandwidth was expected.
If desired, the bandwidth can be increased by
increasing the clement spuacing up to 14 wave-
length. The bandwidth measured was with the
gamma match adjusted at 7225 ke.

For horizontal polarization, the fecd point can
be either ut the bottom or top of the diamond.
For vertical poluarization, rotate the antenna 90
degrees with the feed point at either side of the
diamond. It was.difficult to assess the frout-to-
back ratio with veriical polarizaiion, because of
the proximity of another mast, guy wires, and
trees. Also, us expected, the noise level in recep-
tion was higher than with horizontal polarization.

Performance

Accurate performance measurements cannot be
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Center plate and rotator mounting. The assembly is on its
side in this view, with the ground parallel to the plane of
the loop when mounted on the bamboo arms.

made without a calibrated antenna range and
appropriate instrumentation. As with most ama-
teurs, judgment of performance was based on
on-the-air checks. Comparisons with commer-
cially-available 2-element beams show that the
gains were comparable. Signal-strength readings
were nearly equal on an overall basis.

The beam has exhibited directional character-
istics on the 20-, 15- and 10-meier bunds, although
the s.w.r. was high on these bands. However,
several contacts huve been made with fair reports.

Although it is difficult to make definite claims
for the beam, the author can attest to its be-
havior on 40 meters. The busic principle ihat
enables the shortened elements to resonate is the
wse of antenna end effects by inductive coupling.
Application of this principle yields many ad-
vantages: The physical span can be reduced to
at least 0.2 wavelength; the antenna may be
either horizontally or vertically pularized and
requires no special loading coils or special match-
ing network, and it may be built with readily-
available materials at o reasonable cost.

A single element with the stubs folded into
the plane of the loop will make a good rotatable
antenna of reasonable size. Advantage of the
single element over the quarter-wave vertical
is that it is directional and comparatively less
sensitive to man-made noise.

The author wishes to thank all of the amateurs
with whom this antenna concept has been dis-
cussed ~ their interest, data, and opinions have
#ll econtributed to the success of this project.
The useful hints and kinks on construction and
aid in tests from W6AV, W3BMS, W6CKC/6,

WB6DJZ, KH6EDR, WBGLJIH, WB6DXU,
ex-KH6F1Z, KL7FLP, WBGGBX, KG6GN,

WB6HGT, KH6HP, K6HIQD, K6LCW, WILR,
W6CYB, WAGMFJ, WB6MOS, K4ITMN,
WAG6VGJ, WAGYAL, W6YTA, uud muny others
also are gratefully acknowledged. Special thanks
go to P. McCull for the typing and finally, to my
XYL Clara for ber patxence, general help and
encouragement.



Isolated contacts over distances up to 1400 miles have been made on 144 Mc. as a result of
propagation via the E region of the ionosphere for at least 17 years, yet the vast majority of 2-
meter men are unaware of the potenhql of this mode for DX work. WA4WNH, long-time observer
of the sporadic-E scene, here summarizes amateur experience in working 2-meter £5 DX, and
gives some pointers on mo.kmg the most of opportunities when they arise. With the best dqys of
the year for sporadic-E skip just coming up, in June and July, his message is most timely.

Working 2-Meter E-Layer DX

Tips on Exploiting One of the Rarer 2-Meter DX Modes

BY SHELBY ENNIS, W4WNH*

are familiar with the effects of sporadic
jonization of the # region of the iono-
sphere, even if they do not understand the
phenomenon. Occupants of lower bands tend to
think of ionospheric propagation in terms of the
I’2 layer, and often do not realize that much of
their shorter-distunce communication takes place
via the £ layer. TV DX enthusiasts know £
skip well, and in recent vears, CB-ers have come
to recognize it. Users of commercial channels be-
tween 30 and 50 Me. are familiar with it, though
mainly t;hrough 1ts nuisance value.
Most 2-raeter men give K, little uttention,
probably thinking that openings are so rare and
su limited in duration and geographical extent
that they afford almost no chance for interesting
work. This is unfortunate, for examinaiion of the
record indicates many opportunities may have
been missed because nobody was trying in the
right places, by the right methods, at the right
times.

Mos'r amateurs who operate on 28 and 50 Me.

Background

Like many other modes of propagation, sporad-
ic-K skip was discovered by amuteurs. Probably
L0-meter men cuught it first, but they erpected
DX on their band, and were not too sirprised to
hear skip signals in the eurly-summer months.
A few wondered at the shortness of the skip,
compared with that normally encountered on 20,
but that was about as far as they thought about
it. The real furor came when skip was first ob-
served on the 5-meter band, as 1000-mile DX
was the last thing that users of this band expected
to hear.! Sporadic-F skip quickly became a fa-
vorite 5-meter sport, and it remains so toduy on
6. If yvou spend much time on 6, you've probably
heard or worked some in the past few days, and
you're looking forward to more in June.

But what about 2 meters? Almost nobody ex-
pee ted ionospheric sklp on this band, and Lhere

* Route 1, Llizabethtown, Kentucky 42701
! For this and subséquent references, sce bibliography at
the end of this article.
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was an early tendeucy to lubel most long-distance
work on 2 as tropospheric in origin. Looking back
over accounts in ST toduy, however, we sce
more than a chance that some of the eurly
“heard’” reports were the result of ionospheric,
rather than tropospheric, propagation. One ex-
ample: On the night of June 14, 1949, WIQN,
Orlando, Flornl.L, and WSJLY, San Antonio,
Texas, were in QSO on 50 Me. Signals were very
strong and steady, so W5JLY fired up on 144,
fle was heard ucross the GGulf immedintely, but
signals faded hefore W4QN could rmake the
switch, so a new 2-meter DX record was missed.
But note that this was during a phenomenal G-
meter skip session.®

The first two-way E, QSO on 144 Me. may
have been the 1200-mile record set by W8WXYV,
Shiloh, Ohio, and W5VY, San ’\ntomo June 24,
19502 This was aronnd 1015 IKST, when a
sporadic-F opening was raging over most of the
country ou 50 Me. A year later the 2-meter
record was extended to 1400 miles, June 10, 1951,
between 1900 and 1930 CST, whcn W5QNL
Texarkana, Texas, worked WG6ZL, (lendale,
("al. Several Louisiany and Texas bt,a.tmns worked
into the Los Angeles nrea during this period.
Again, multiple-hop £, was prevalent on 50
Mec., und the Wb5s were plagued by violent
thunderstorms.*

Up to about 1961, it was said that there had
been “perhaps 20 instances of DX work on fwo
meters that fellinto known sporadic-£ patterns.”®
In the years since the number of instances of
K, on 141 Me. has at least doubled. There have
been several small openings, and at leasi two
large ones, and 144-Mec. £, contacts have been
made in Hurope, as well as in North America.
July 4, 1965, saw the band open over much of
kurope for about two hours, with the hest re-
ported DX being EI2W Worl\mg YUIEXY, just
under 1400 miles. This session involved at least
14 Europeun countries!®

One of the longest 2-meter openings on record,
July 10, 1961, lasted some four hours. The exact
number of stJ.Lmns involved is not known, but it
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seetas to have started with W8KAY, Akron,
Ohio, working W5LUU, San Antonio. (Notice
how often San Antonio gets into the act!)
This was at 1937 CST, but W5LUU was still in
an hour later. Others worked by W8KAY in-
cluded W5BEB, Hamilton, Texas, 2040 CST,
und W5MJID, Amarillo, 2112 OST. KOAYK,
Loveland, Colo., running 10 watts, was heard
at 2249, The eusterly extent of the opening in-
cluded Western New York and Clentral New
Jersey. As the ares of densest ionization drifted
northward and westward, iany contacts were
made by Ontario, Ohio, Michigan, Indiana and
[llinois stations.” Some of their paths and mid-
points are shown in Fig. 1.

This was only one-of several 2-meter DX ses-
sions in the eurly summer of 1961. There have
been no long or extensive openings uvbserved
since, but there were several smaller ones. For
example, W8YIO, Manchester, Mich., worked
WaJYC, Klorence, Colo., June 1, 1966. On June
6, W4AWS, Orlando, Fla., worked WSKAY,
W8YIO and WHWNH, with signals holding a
steady 89 for 30 minutes.® All these contacts
were around noon EST. On July 21, W8KAY
worked K5IQL, Yale, Okla.

Reporting of openings has been fragmentary,
at best. In some instances fellows running low
power have made contacts, but felt that they
were being ‘ taken.” As one put it: “I remember
the contact well, but I still can't believe it. I
thought someone was pulling my leg, so I never
meuntioned it to anyone!”

Most openings were of only a few minutes’
duration, and appeared to cover very small
geographical areas. Few stations were involved,
but this may be chargeable to the fuct that the
openings tend to occur at times when 2-meter
activity is normally low. Then there is the tre-
mendous lure of £, DX on 50 Mec. Often fellows
who could work either band spend their best 2-
meter DX opportunities working the strong and
plentiful signals on 6.

Thus it can only be surmised how

have been dense enough to support 144-Me. com-
munication on at least seven occasions in 1965
when no signals were heard. Several times in 1966
there appeared to be a possibility of 144-Me,
skip, but only the contact with W+AWS, men-
tioned above, was made. On two other occasions
the band was open in other areas, when nothing
was heard at WAWNH.

Characteristics of Sporadic-E

In the E-layer region of the ionosphere, ahont
90 to 120 km. above the earth, “clouds,” or
dense putches of ionization, form which are
capable of reflecting radio waves of much higher
frequency than are retlected from any of the
normal layers. Occasionally the ionization is
extensive (as in country-wide 6-meter openings
in June), while at other times it may be very
spotty. The small clouds may occur more or less
at random, aud are often short lived.

Though it is not generally known to v.h.f. men,
because of activity distribution, £, occurs most,
frequently in the vicinity of the earth’s auroral
zones and in the equatorial regions. Near the
geomagnetic equator it is essentially a daytime
phenomenou, showing little seasonal variation.
In the auroral zones it is most prevalent at night,
but again there is little seasunal variation. In the
middle latitudes, where most of the v.h.f. activity
islocated, B, occurs less frequently, and issubject
to diurnal and seasonal variation.® Here it occurs
most often during the late spring and early sum-
mer, with a definite peak in June and early July
in the northern hemisphere. It can occur at any
time, but there is o tendency to peak in the late
maorning hours and around sunset, locul time. It
is interesting to note that most #, work on 144
Me. fits this pattern, as does most multiple-hop
K< DX on 50 Me.

On 10 and 6, and probably even more on 2,
K. can build up very rapidly, as wide-range fad-
ing signals appear und intensify. The opening
may end just as suddenly as it began, as the ¥,

many opportunities may have been
missed completely. At the writer's
former location in (Germantown, Ky.,
indications were that ionization may

Fig. 1—Two-meter sporadic-E opening of
July 10, 1961, showing stations involved, the
direct paths and mid-points. The Es cloud ap-
pears to have moved northward at about 180
miles per hour. Information is from V.h.f. Hori-
zons, April, 1963, and QST, September, 1961.
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cloud dissipates, or moves out of range of avail-
able stations. At other times the cloud appears to
remain substantially intact for several hours. It
does not remain stationary, however. It will often
drift in a westerly direction, though this may
vary in different parts of the world. Amateur re-
purts collected by Project RASO, and by ARRL
during the IGY provided much information on
the movement, sizes and shapes of clouds.!’ It
must be emphasized that in most scientific stud-
ies of B, frequencies in the h.f. region have been
used. Therefor some of the results will be at
variance with the observations of amateurs oper-
ating in the v.h.f. bands, due to frequency ditfer-
ences and also to the vuariation of £, putterns
uver the world. The frequency dependence of E,
i3 not well understood, and it may not exhibit a
linear frequency relationship. What happens in
the h.f. region muy not hold true for the v.h.f.
bands in every case. Keep this in mind!

As the intensity of ionization builds in a cloud,
for some reason a portion of it may become more
dense than the remainder. Greatest density is not,
necessarily at the center. Since it is only this
small dense portion that would reflect a 2-meter
signal, this fact is important in predicting a 2-
meter opening from observation of frequencies
known to be open.®

As ionization density increases and the maxi-
mum usable frequency rises, the skip distatce on
a given frequency shortens. Since the earliest
days of DX on 5 meters, v.h.f. operators have
wutched for short skip on 10 to know when 5 or 6
would be open. Accordingly, if there is extremely
short skip on 6, 2 may be open -— but the densest
portion of the £, cloud must be near the midpoint
of an 800 to 1400-mile path. Thus, if you are
hearing E-layer signals on 50 Me. from distances
under 400 miles, the 144-Mec. band may be open,
but not necessarily from your location."* A bet-
ter situation, for you, would be hearing 50-Mec.
stations 500 to 600 miles away working very
short skip. This is a pretty good indication that
ionization density at their midpoint is great
enough so that you may be at one end of a 2-
meter opening. Sce Fig. 2. Strength and steadiness
of 6-meter signals from the middle distances can
be misleading. Usually signals are strongest near
the m.u.f.: relatively weak or erratic close-in
signals may be a better clue.

The geographical area covered at each end of a
2-meter path may be very small, due to the small
size of the densest portion of the . cloud. As the
cloud drifts the areas affected change rapidly,
and signals may appear, build up to high
levels, and then disappear, in a short time.
Alertness can be all-important!

Causes

Sporadic-£ propagation has been observed for
more than thirty years, but its causes are still not,
completely understood. The mode itself is not
even well defined. It is almost certain that several
Jifferent physicual phenomena are lumped together
under the general heading of sporadic-E. It is
helieved by some that the equatorial electrojet
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(a concentration of electric current similar to that
found in the auroral regions) causes the formation
of ¥ clouds in the vicinity of the geomagnetic
equator, and the equatorial type of £, is appurent-
ly distinct from temperate-latitude types.!® In
the wuroral zones the incoming particle bombard-
ment may beinfluentizal in the development of £,,
and amateurs have noted that £, and auroras
have ocenrred within a day of each other, or even
simultaneously. Remember, these are not tinal
statements, sud many couclusions drawn from
past experience are still open to question.

It is even less definite what causes temperate-
latitude E,, but this type is of greatest interest to
most amateurs. Solar radiation may contribute
to the general level of ionization, but it does not
explain the sudden appearance of high-density
E, clouds. There seems to be no clear correlation
between temperate-latitude £, and the sunspot
cycle. Another probable suurce is the retention of
ionization caused by meteors. IK7ICW has found
that a small 6-meter opening may follow the peak
of a meteor shower by about 12 hours. Again, this
is not a full explanation.

Many other associations have been suggested,
such as with thunderstorms, changes in baromet-
ric pressure,!! and movements of air masses. Some
amateurs have noted a possible sequence with
periods of pronounced inversions, and the ap-
pearance of cirrus clouds.!? It has been thought by
many observant amateurs that there is a closer
relationship between weather phenomena und
#, than has been exposed by scientific studies,
until quite recently.

Several current theories to explain mid-latitude
F,suggest that it is » meteorological phenomenon
and is to be explained on u terrestrial basis. In
short, they contend that ionization is produced
by several agencies (e.g., radiation, meteors), but
this is insuflicient to reflect radio waves in the
manner observed. A mechanism is needed to re-
arrange the pre-existing ionization. This is found
in shear winds which are known to exist at the
same height as E. clouds. The horizontal shear
winds cause a vertical drift of charged particles,
which gives rise to the formation of thin layers of
ionization. A thick cloud may occasionally be
formed by deionization from the upper iono-
sphere. One suggested assisting mechanism is the
horizontal component of the earth's magnetic
field. Another is the lunar tidal variations in the
ionosphere.!’ Remember, these are only theories.

Why is it so difficult to determine the causes of
E? It appears that there may be many situations
that can, singly or in combination, force the elee-
tron density high enough to produce £, clouds.
Several phenomena may have been lumped to-
gether under the name sporadic-£, which actually
are quite different. Much more observation and
study may be required before more definite cor-
relations can be established. It is quite possible
that amateur observations could contribute to
progress in this area, if we will pay close attention
and record observations of £, phenomena in
detail. There remains yet a tremendous amount
to be learned in this field.
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Catching Openings

Since little is known definitely about the
causes of K,, obviously it is not possible to predict
its occurrence precisely at present. But it should
be possible to determine if the band is likely to
be open, since many of the characteristics of E,
are known. The simplest method is to watch for
ionization buildup by monitoring lower frequen-
cies. The 10-meter band and Citizen’s Band can
be nseful. {n the amateur band not much may
be heard in less-popilated areas until the band
opens, but on the CB frequencies a sudden in-
creasce in the number and strength of heterodynes
is a good clue. Regular monitoring just above
50.1 Me. is u goud bet. Activity is well distributed
on 6, and a good many sharp operators are likely
to show up on the band during the DX season,
at least, almost as soon as things start to happen.

The ‘““critical frequency' at the midpoint of
the path is the important consideration. This is
the highest frequency at which a retiection would
he obtained by vertical sounding. It is not as
exact a term when used concerning E. as in re-
ferring to other layers, but it may be used ap-
proximately here. For a 2-meter opening, the
criticad frequency should be near 30 Me. If the
l0-meter band shows substantially no skip zone,
and 50-Mc. skip is under 300 miles, the chaunces
of a 2-meter reflection are good.

But 28 and 50 Mec. are a long way from 141,
They provide good early warnings, but the family
TV set has beeu more useful to many operators,
including the writer. With TV stations operating
everywhere, ionization buildup can be monitored
readily on Channel 2, then on progressively
higher channels, until occasionally DX may be
scen as high ay Channel 6. The upper frequency
limit of #. is not known, and it is possible that
even the high channels have been propagated
via E,13 If skip signals are seen on Chanuels
5 and 6, the 2-meter band may be next. At least
the "T'V signals give some good clues.!*

The commercial channels between 30 and 50
Me. arc almost universally oceupied, and pro-
vide good information ou propagation conditons.
WOMOX has found that a sensitive tuner and
a moderate antenua for the f.m. broxdcast haud
are useful for observing tropospheric conditions,
meteor activity and aurora, as well as #,. The
f.m. baud is a good indicator, as it is the highest
frequency where there is wide-spread broad-
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Fig. 2—Comparison of typical skip
distances on 28, 50 and 144 Mc., re-
sulting from high-density ionization of
the E region. The 2-meter path, A-B,
might be around 1200 miles. The 6-
meter skip distance from the same ion-
ization patch might be 400 miles or
less. The 10-meter propagation might
be from 200 miles to essentially local,
under these conditions. Longer skip
may be heard on the two lower fre-
quency bands, as well, because of the
larger areas of ionization capable of

reflecting these signals.

casting with high power and high-gain antennas,
short of the TV channels from 7 up. Because
of differences in location, equipment, popu-
lation density and other factors, what works
well for one person may not be best or most con-
venient for another. Try all the ideas, and use
whatever monitoring methods work out best —
but monitor! And transmit — remewmber that an
opening may last only a few minutes. You must
be on 144 Mec. making a noise 2t the right time!

These times may not always be convenient.
E, often peaks before noon and around 1700 local
time. Check cunditions when you get home. Bea-
con {ransmissions on known frequencies, as is
done increasingly in Europe, can be very helpful.
W4GJO, Sarasota, Fla., emphasizes the need for
more random activity on 2, especially at odd
hours, if we are to make the most effective use of
B, (Girid has worked W5SFW, Amarillo, Texas,
via 144-Mec. E.. WOIC has suggested sounding
techniques, such as have been wused on lower
frequencies.!® This might require special FCC
authorization. Low-band liaison and alerting
frequencies are useful. Increasingly v.h.f. opera-
tors ure meeting on lower bands for such pur-
poses. The Central V.h.f. Net meets on or neur
3810 ke. at 0330 GMT Mondays aud the West~
ern Net at 0500. By the time this appears in print
there should be an Kastern Net running,.

Under borderline conditions it may require
high power and large antennas to establish con-
tact. on 144 Me. via K,. But once the m.u.f.
reaches a given frequency signal levels rise rapidly
and simple gear may work. £, DX has been
worked time and again on 50 Me. with a fraction
of a watt. On 144, even small stations, mobiles,
f.m. nets and those using repeaters should not be
ruled out. Since repeaters and f.m. nets are on
certain standard frequeuncies, readily monitored,
these stations can become increasingly useful for
monitoring purposes, as their numbers and geo-
graphical distribution increase.

In a part of the country where tropospheric
openings are not. common, wide-band recordings
are being made in the 2-meter region. In many
cases they show activity at. times when £, is to be
expected, und tropospheric propagation would
not be. These recordings seemn to indicate that
K. is much more common in the 144-Mec. band
than most of us realize. Most reception seems to
be for durations of 3 to 5 minutes.
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Some Final Thoughts

Does double-hop K, ever aceur on 2? Reports
of reception or two-way work on 144 Me. be-
vond 1400 miles are rare and not well substan-
tiated. Communication via £, beyond single-hop
distances would appear highly unlikely, though
probably not impossible. Combinations of propa-
gation modes may account, for some of the few
instances reported.!” Lncontrovertible evidence
of 144-Me. propagation beyond 1400 miles would
be weleomed by the writer and by ARRL. Do not
nmisunderstand: it is not. easy to build up your
states totul by K, work on 144 Me., simply be-
catise the band is not open often, or for very
long, ordinarily. It may be open more often thau
we have thought, however.

if the K. clouds are not in the right places,
and at suflicient density, a kilowatt and a big
beam will not turn the trick. At other times,
when conditions are optimum, even low power
may do. The main ingredient is ¢nterest. Interest
enough to watch for the right signs on lower
frequencies, and to muke noise on 144 Mc. when-
ever conditions appear favoruble. When you
heur or work the “impossible” please report. it.
Perhaps with sutficient data we will theu find cor-
relutions with other phenoiuena, and help to ex-
plain mechanisms that provide the energy for
ionization.

Amateurs have long noted the eoincidence be-
tween modes of propagation and seemingly un-
related phenomena — sume things as yet neither
proved nor disproved. By running into things
that may have escaped those who work with
more scientific approach, we have made many
contributions to v.h.f. wave propagation knowl-
edge in the past.!? Every real v.h.f. enthusiast
should try everything he possibly can, to work
ont beyond “normal” distances. Work with
earth curreut veeording, spectrum analyzers,
recorders for the earth’s magnetic field, and the
like, would be in order.

Much has been written concerning &, on the
frequencies above 50 DMe. It is recommended that
anvone interested in the subject examine the
articles in the following bibliography. Muny in-
teresting and perplexing details will be found in
them: details too numerous for « diseussion such
as this. It may come as a4 surprise to some to sec
how much was turned up by v.h.f. enthusiasts
30 years or more ago.!®

Tn eonclusion, the author would like to thank
the many people whose observations, reports
and articles have added to our knowledge of
these phenomena, especially those who provided
recent data in their corvespondence. Special
thanks are due WIHDQ, W4AWS, WIHJQ,
K7ICW and WOMONX for their help in the
preparation of this article. a5t
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The 75-mieter

transceiver de-
seribed here is
relatively sim-

ple and
inexpensive (o
build and
adjust. It has

been dupli-
cated by several
hamsin the
Delta area with
marked

success. b -
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This model of W5TAB's 75-meter transceiver was constructed by W5RQJ.
The dial is homemade, but may be replaced by a conventional type. At the

left-hand end of the panel are the loading and tuning controls of the pi-net-

work output circuit; at the right-hand end are controls for receiver and trans-

mitter audio. Along the bottom, from left to right are receiver r.f. trimmer,
mobile power relay switch, buffer tuning control,

and modulator balance control,

A 50-Watt P.E.P. Output Transceiver for 75

Filter Unit for Fixed or Mobile Use

BY KENNER E.

ation, and the cost of commercial gear now

on the market, prompted the author to de-
sign a single-band unit (75 meters) that could be
built by the average hum with svme building ex-
perience, yet would not require intricate align-
ment procedures, or elaborate test equipment not
usually available to wmateurs. Other design tar-
gets were the use of readily-available components,
and lowest possible cost commensurate with ade-
quate performance in both fixed-station and mo-
hile operation.

Although some of the circuitry to he discussed
is unorthodox, on-the-uir testing of several of
these transccivers has proved that the design is
thoroughly practical. Commonly-available tube
types are used, and a simple sideband filter using
surplus crystals provides good suppression in the
transmit mode, and a fairly narrow passband for
reception. Only four crystals are needed in all.

THE increasing popularity of transceiver oper-

Circuit Principles

The complete wiring diagram of the transmit-
ter (save for the heuter wiring shown in Fig. 2)
appears in Fig. 1. Several features were taken
from an earlier QST article by K5BUQ,! so any
similarity is not coincidental. When receiving, the
incoming 4-Mec. signal is amplified in the 6AU6A
r.f. stage, and then combined in the 6BE6 re-

e 104 North Second St., Rolling Fork, Miss. 39159,
t Taylor, “A 75-Meter S.8.B. Transceiver,” 9S7, April,
1961,

June 1967

DAY*, WSTAB

ceiver mixer with a 3545-ke. signal from the v.f.o0.
to produce a signal at 455 ke. in the output of
the tnixer. This signal is fed through the selective
crystal filter (¥Y2}73) to a single i.f. stuge using
another 6AUBA. The amplified 455-ke. signal is
coupled into the 1N34A diode detector where
it is combined with the signal from the 455-ke.
erystal-controlled 6C4 b.f.o. to produce audio
output. The audio signal is amplified in the
triode section of the 6EBS8, and brought up to
speaker level in the pentode section of the same
tube. The r.f. gain control, K3, which is applied
to the r.f. and i.f. stages, provides smooth con-
trol of audio output, so a separate audio gain
control was not deemed necessary.

When transmitting, the erystal-controlled b.f.o.
serves a8 the carrier generator at 455 ke. The
oscillator signal is fed to a balanced modulator
using a 12AT7. When the output circuit is ad-
justed for balance by potentiometer R, the car-
rier is suppressed. The application of audio from
the specch amplifer results in o double-sideband
suppressed-carrier signal at 455 kc. which is fed
to a crystal filter consisting of T's, Y4, L9, Y5 aud
1’5. (The 6BE6 recceiver mixer is not active on
transmit.) The filter attenuates the upper side-
band by 20 to 30 db. The remaining lowcr-side-
band signal is amplified in the if, stage, and
passed along to the transmitter mixer, a 6CS6.
Here it is combined with the 3545-kc. signal
from the v.f.0. to produce mixer output at 4 Mec.
------ - the same frequency as the receiving section.
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in the diagram, are disk ceramic and, unless indicated otherwise, are 500-volt. Others are silver mica or NPO ceramic,
500-voit, except where polarity indicates electrolytic. Unless indicated otherwise, res&tors are ¥2-watt.

Fig. 1—Circuit of the 75-meter transceiver. Fixed capacitors of decimal value, unless listed below or indicated otherwise
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Chassis-mounting coaxial receptacle. Ri— Audio-taper control.
J3—8-contact chassis-mounting male connector (Cinch-

Jz

C;—"Gimmick” capacitor made by twisting two short

lengths of insulated wire together.
Cz—Air trimmer (Hammarlund APC-5G-B).

C3z—Mylar capacitor,

Rz, Ry, Rs—Linear control.

Jones).
Ki—Four-pole doubie-throw relay, 110 volts, d.c. {Potter

S1—D.p.s.t. rotary switch (see Fig. 2 for second section).

Ti—Interstage audio transformer, single plate to p.p. grids

& Brumfield KL17D, or similar).
10 turns No. 30 enameled, wound over ground end of

Cs—Midget air variable (Johnson 167-11, or similar),

Cs—Miniature air trimmer (Johnson 160-110).

(Stancor A-63-C).
T2, Ts—Miniature 455-kc. i.f. input transformer (Miller

L—

La.
Ly, L2, Ls, Lo—35 turns No. 30 enameled, wound on a-inch

12-C1).
Ts—Miniature 455-ke. i.f. output transformer (Miller 12-

Cs—Air trimmer (Hammarlund APC-25-B, or similar).
Cz—Air variable (Millen 19325, or similar; see text).

C2).
Ti—Audio output transformer, 5000 ohms to voice coil.

Y1, Y2, Yi—455-ke. crystal (see text).

form, wound tightly and doped.
L7—24 turns No. 22 enameled on %g-inch ceramic form

ceramic iron-slug form.
L1+—28 turns No. 26 enameled on ¥s-inch ceramic iron-slug

tor, sections in parallel.

Cg—Three-section broadcast-band t.r.f. variable capaci-
Cp—7-45-pf. ceramic trimmer.

Y3—453.148-ke. crystal (see text).

{surplus form).

Jy—Three-circuit microphone connecior,

The 4-Mec. 1.8.b. signal is amplified in the 12BY7A
stage which drives the 6146 final amplifier. A
pi-section output circuit provides a match to a
low-impedance load.

Control Circuit

Reviewing the foregoing, it will be seen that
three stages are common to the receiving and
transmitting scctions. These are the v.f.o., the
b.f.0./carrier oscillator, and the i.f. amplifier with
its crystul filter. Other stuges are switched in and
out, ag necessary, by the four-pole double-throw
relay, A, which algo switches the untenna. On
receive, 250 volts is upplied to the r.f. amplifier,
r.f. gain coutrol, receiving mixer, detector, und
receiving audio. (The mixer is switched in the
cuthode circuit by u sepurute reluy pole to uvoid
diode mixing in the receiver mixer while trans-
mitting.) ln addition, unother pole of the reluy
disconnects the two 8-pf. bypass cupucitors in the
speech amplifier. This was found to be necessury
to avoid audio oscillation in the speech amplifier
which oceurred us the capucitor discharged after
removal of voltage from the amplifier when
switching from transmit back to receive.

When transmitting, voltuge is removed from
the stages mentioned ubove, und applied to the
balaticed modulator, the speech amplifier, trans-
mitter mixer, and driver stage. The cuthode re-
sistor of the i.f. amplifier is switched to ground to
remove it from the influence of the r.f. guin con-
trol and place it at full gain on transmit. (This
switching also grounds the cathode resistor of the
r.f. stage, of course, but since plate voltuge has
been removed from this stage, complications that

6AUBA 6146

6BE6
6BE6
AN
3] s
GAUBA Fig. 2.—~Heater wiring dia-
12X7A gram for either 6- or 12-
: volt operation. I is a No.
ALl 47 6.3-volt 0.15-ampere
124178 | ° pilot bulb. For 12-volt op-

eration, the 12-volt ter-

i 7.
4 5 2BY7A minal should be connected
° :‘@‘ to Pin 4 of the plug for
6

12AXTA Iz, Fig. 1, Gnd.to Pin 6, no

connection to the 6&-volt
4 5
)

terminal. For é-volt opera-
tion, Si1B should be trans-

6Ca ferred to the 6-volt line at
X, the 6-volt terminal
3] e should be connected to
Pin 5, the 12-volt terminal
6ERS and Gnd. to Pin 6.
’”
i
y
X
[o] (o
GND. 6V. 12V,

31



Lined up along the rear edge of the chassis, from right to left, are the 6AU6 receiver r.f.-amplifier tube, 6BES receiver
mixer tube, T2, Ya and Y3, the 6AUSA i.f. tube, Ty, the SEB8 receiving-audio tube, 6C4 carrier/b.f.o., and Yi.1;/lais to
the right of output connector, and Lz to the left. The 12AT7 v.f.o.tube is inmediately to the rear of the box shielding the
v.f.o.tuning capacitor, Cs. The adjusting screw of L4 and the screwdriver shaft of trimmer Cs are discernible to the right
of the 1 2AT7. The tube above and to the left of the hox is the 1 2BY7A driver. Lyis mounted between the box and the
panel, and cannot be seen. Grouped at the upper left are the 12AX7 transmitting audio tube {above T4), the 6CSé
transmitting mixer (below the meter}, Ts and Ys, and the 12AT7 balanced-modulator tube. Ls s to the right of the meter.
At the upper right are the 6146 and components of the pi network. L7 is mounted on the output capacitor Cs. The tube to
the right of the changeover relay is the OB2 regulator. On the rear apron
are the power connector, J3, and the shaft of the bias control, R4.

might arise from this source ure avoided.) Power
to the final is not switched.

One side of the relay coil is connected to the
250-volt line through a 10,000-0hm series resistor.
The coil eircuit is completed to ground through
the p.t.t. switch at the microphone.

The V.F.O.

A variation of the Vackar circuit, first noted in
QST several years ago, is used in this important
part of the transceiver. Thig circuit is easily ad-
justed, and provides constant output and ade-
quute drive through very small coupling capaci-
tunces, with a plate voltage of only 108 volts.
This voltage is regulated by an 0B2 fed from the
250-volt supply through a 7000-ohm resistor. One
section of a 12AT7 (V3a) is used in the oscillator,
while the other section (Vg is in a cathode fol-
lower driven by the oscillator. The latter serves
to isolate the v.f.o. from the two mixers which it
feeds. With this configuration, frequency shift is
u matter of only a few cycles, comparing very
favorably in this respect to commercial gear. No
v.f.0. temperature compensation is included:
drift is nominal after a thorongh warm-up.

Crystals

By now, the reader may be wondering about
the crystals. The author used surplus crystals in
the 455-ke. runge. The low-numbered FT-241
crystals, from Channel 38 to uhout Channel 75,
are in a range that can be tuned to with ordinary
34{-inch 455-ke. i.f. transformers. Two Channel 45
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crystals (Y and Y4), and one Channel 44 crystal
(Y3) are used in the filter. These crystals are
fairly close to 455 Ke. und Y3 differs from the
other two by about 1852 eyveles. Using a Channel
45 crystal at Y in the b.f.o./carrier oscillator,
and tuning as described presently, lower-sideband
output will be produced. For those unable to
obtain the surplus crystals, Texas C'rystals,
Fort Meyer, Florida, advertises crystals in
the 455-ke. range, 25-cycle tolerance, in FT-241
holders for $1.75 each. Three crystals of the same
frequency are needed — two for the filter und
one for the b.f.o. The additional crystal for the
filter should be approximately 1800 to 2000 eycles
lower in frequency.

Construction and Adjustment

The author has constructed several of these
transceivers, and they have taken various physi-
cal forms. However, an 8 X 12 X 2-inch chassis
provides cnough space to avoid crowding of com-
ponents if the layout shown in the photos is fol-
lowed reasonably closely. A pancl 54 inches high
will provide clearance for the 6146 without sub-
mounting the socket. The dial is home-brew. The
gearing was salvaged from old Command-set
mechanisms. However, a National 5-to-1-ratio
planetary-drive dial, or any similar conventional
dial, may be used.

Careful orientation of the tube sockets will
furnish cunvenient tie points for resistors and
bypass capacitors and hold wiring between stages
to a minimum. Low-potentiul wiring can be run

QST for



around the edges of the chagsis in bends and
corners for neater appearance. As indicated in the
diagram, shiclded wire should be used for the
connections to the microphone jack and gain con-
trol in the speech amplifier, for the balanced-
modulator output connection, and in the coupling
line between the i.f. amplifier and the transmitter
mixer. Shiclded wire is also preferable for heater
circuits and other low-potential wiring.

The transceiver can be built a stage or section
at a time, testing each us it is completed. It is
suggested that the v.f.o. be constructed first,
using short leads. The tuning capacitor, Cy, is
placed above the chassis in a shielding box, with
a connecting wire running through a small hole
to the coil, which is enclosed in a second shielding
box on the underside of the chagsis. Coil turns
may have to be pruned, and capacitance juggled,
to achieve the proper 200-ke. tuning range for the
v.f.0. Assuming that the carrier-oscillator crystal
is for Channel 45 (about 455 ke.), the upper limit
of the v.f.o. range would be 3545 ke. to tune the
transceiver to 4000 kc. The lower e¢nd of the
range would be 3345 ke., to tunc the transceiver
to 3300 ke. Keeping the v.f.o. frequency on the
lower side of the incoming signal scems to result
in less drift than when the v.f.o. is tuned to the
upper side. Listening on a receiver while adjust~
ing the v.f.o. will assist the builder in getting the
circuit into the proper tuning range.

After the v.f.o. is working, the recciver section
can be constructed. To align the i.f. amplifier
stage, couple output from a modulated signal
gencrator to the receiver mixer stage with all
four crystals in place. Tune the signal generator
exactly to the frequency of the b.f.o. crystal. Re-
move this crystal, and peak i.f. transformers 1o
and T'; for maximum audio output. Replace the
b.f.o. crystal. Final alignment of the crystal-

filter and i.f. stage can be done after construction
of the transmitter stages.

Now peuk the receiver mixer coil, Lz, at 3900
ke. (A grid-dip oscillator will be helpful in rough
tuning of circuits in the transmitter as well as in
the recciver section. ) The r.f. stage is rough-tuned
by the slug of LiLo, and the circuit is peaked by
the 50-pf. trimmer, ('3, which should be mounted
on the panecl.

After the receiving section is working, the
transmitter section should be checked out. Peak
the transmitter mixer coil, Ls, at 3900 ke. In
operation, the output of the mixer will fall off
some at either end of the band, but should still be
adequate for full drive to the final. Peak Lg at
3900 ke. with (% set at mid capacitance. It will
be noticed that part of the tuning capacitance in
this stage is fixed to confine the tuning range to
the vicinity of 4 Me., thus avoiding the possi-
bility of tuning to some other response in the
output of the mixer. Those more mechanically
able could gang-tune the mixer and driver stages
by adding a small variable capacitor across the
mixer coil, and coupling its shaft to that of the
driver tuning capacitor, C's, to obtain full output
across the hand.

No special constructional precautions are nec-
essury in the driver and final stages, except that
a shield should be placed across the 12BY7A
gocket. Pins 3 and 9 of this tube are grounded,
and the shield can be placed across these two
pins when the sucket is properly oriented on the
chassis. The relay should be mounted on the
chassis reagonably close to the pi-network com-
poncnts, since one pole of the relay switches the
antenna.

The biasing control, B4 should be set for a
final-amplifier idling current of 25 to 30 ma.

{Continued on page 148)
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- Grouped at left center
“ are Ty, Rz and Cq, the latter
two mounted on a shielding
bracket. {5 is below the
bracket. To the right is the
box shielding the coil and
‘ other components of the
: v.f.0./cathode follower. Be-
low the box are Ls and
i driver tuning capacitor,
“Cp. Lifl2 and Cz are in
: the shielding compartment
n the upper right-hand
orner, and s is to the im-
mediate left,
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50-Mc. One Watter

An Experimental Solid-State R.F. Strip

THE superregenerative receiver in the compact
-k f-meter station pictured on the front cover of
July 1966 QST was described in that issue, but
the transmitter was omitted because it was an
experimental model. Since then we have received
a number of letters asking for information on the
unit.

Four transistors are used in the circuit of Fig. 1.
For c.w. operation 2N706As will work nicely in
the first three stages ; because the supply voltage
is only 12 volts d.c., the 2N706As will be well
within their maximum ratings. However, if modu-
lation is applied to the transmitter the butfer
stage, ()3, will no doubt be modulated along with
the final amplifier, Q4. 1f 80, the 2N706A will huve
to be replaced by a unit with a maximum collec-
tor rating of at least 4% volts!.

The oscillator uses 8-Me. fundamental crystals,
but 25-Me. overtone crystals were tried in the
circuit and worked satisfactorily. The 8-Me.
erystals provided a more stable c.w. note, how-
ever. (Output from ); is link-coupled into the
hase of ()2, a doubler. A 1N34A diode, CR,, is
used to stabilize the base bias of that stage and
prevent damaging (5. Link coupling is used to
supply 50-Me. drive to the base of Q3, a class C
buffer stage. (s, ulso operating as u class C ampli-
fier, is the final amplifier. A base bias resistor, Ry,
is in the return lead of Lg to help establish class C
conditions for (4. In actual use, the operation of

! During the modulation cycle, the collect-voltage can
rire to four times the supply voltage. A 2N3512 is ruitable
for a.m. use,

such a stage, not having external bias applied, is
more likely to resemble cluss-B than clags-C? con-
ditions. The drive-developed bias across #; will
aid in securing the desired class-CC operation.

Because the input impedances of Qs, (J3, and
Q4 are quite low, link coupling is used to supply
energy to each of these transistors. The output
impedance of Q4 is also quite low, so sume form of
impedance tmatching is required in the output
circuit. By tapping the collector down on Ly, us
shown in the diagram, a good match can be had.
The output circuit is designed to match into 50-
or 75-ohm loads.

Decoupling networks are used in the d.c. sup-
ply leads of s, @3, und Q4. This prevents inter-
stage coupling through the [2-volt bus. Shield
plates are mounted between @, and 3, and be-
tween Q3 and Q4 (Fig. 1) to prevent stray con-
pling between the tuned circuits. These measures
permit stable operation, without neutralization.

Operation

As shown in Fig. 2, there are three terminals
to which 4 12 volts can be connected. Terminal
4 is the ground connection for the — 12-volt
power supply lead. For c.w. operation, terminals
1 and 2 should be cunnected together at the trans-
mitter, and a lead can be run from terminal 1
through an on-off switch to the positive terminal
of the power supply. The key should be connected
between terminal 1 and terminal 3 so the voltage
to ()1 and @, will be turned on and off by the key.
()3 and Q4 will not conduct while the key is open,
hence their voltage can be left on all the time.
Ly should be adjusted for the

hest-sounding c.w. note while
monitoring the signal with a
receiver,

Fig. 1—Looking into the bottom of the
i 5% x 3 x2Vs Minibox chassis. The oscil-
H lator is at the left, the doubler and
! buffer stages are at the center, and the
final amplifier stage is at the right.
Three single-terminal tie points at
upper-center are used for making the
12-volt connections to the various

stages.
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‘1000

DBLR.
2N706A

0sc.

2N706A 25 Mc.

Q2

L1

EXCEPT AS INDICATED, DECIMAL VALUES OF
CAPACITANCE ARE IN MICROFARADS (uf.);
OTHERS ARE IN PICOFARADS { pf. OR L)

BUFF.
2N706A

AMP.

2N3553 S0 Me.

SOMC. Qé

RESISTANCES ARE IN OHMS; K = 1000.

Fig. 2--Schematic of the four-transistor r.f. strip. Decimal-value capacitors are 50-volt disk ceramics.
Resistors are V2-watt composition unless noted otherwise.

Ci, C2—8 to 50-pf. trimmer.

CR;—See text.

Ja—Phono jack.

Li—5 turns No. 24 enam. on Y-inch dia. slug-tuned
ceramic form. Space-wind coil one wire diameter
between each turn (Miller 4500 form).

La—1 furn No. 22 insulated wire over cold end of Li.

Ls, Ls—5 turns No. 24 enam. space-wound to ocdupy
%3 inch on same type form as-Li.

Ly, Le—1Y2 turns insulated No. 22 wire over cold ends

For initial tuneup, connect a No. 47 pilot lamp
to J1 as a dummy antenna and tune each stage
for maximum bulb brilliance. (Do not hold the
key down for more than 30 secouds at a time
during tuneup or c.w. operation unless heat sinks
are used on @3 and @4.) The peak when ad-
justing C, will be somewhat broad. An s.w.r.
bridge will be helpful when tuning up the ampli-
fier stage, with the antenna connected. Kach
stage should be tuned in turn for maximum for-
ward-power indication, and finally (*; and (%
should be adjusted for a peuk output reading.
Power output is approximately | watt. With a

e

Not much to it, but it's a quick and easy way to put out
a flea-power signal on 50 Mc. The final-amplifier tuning
and loading capacitors flank the output connector on the
near end of the Minibox chassis. The crystal is an 8-Mc.

surplus unit,
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of Lz and Ls, respectively.

Ly—6 turns No. 20 tinned solid wire, Y2-inch dia., 1 inch
long. Tap 1% turns from bottom end.

Ls—2 turns No. 22 insulated wire, Y2-inch dia. Insert in
cold end of L7,

Ri—See text.

RFC,—50-h., r.f. choke.

RFCa—7-uh. r.f. choke (48 inches No. 24 enam. scramble-
wound on 100,000-chm, 1-watt resistor).

Yi1—See text.

G-volt power supply, an output of 600 milliwatts
was secured.

The total current drain of this transmitter,
when operating from 12 volts, is approximately
250 ma. There is no reason, therefore, why a bat-
tery pack could not be made up from ten D cells
to operate the little rig as a portable unit. On c.w.
the battery life should be quite long. An a.c.
supply can be used for fixed-station operation.
A 12-volt auto battery will do the job, too.

Other Uses

Any modulator that can deliver one watt or
more can be used to modulate this rig. Its output
transformer should be capable of matching the
approximately 60-ohm load presented by (4. If
modulation is applied only to 4 the 2N706A can
remain at (3. However, the modulation will be
less than 100 percent? if only the last stage is
modulated. In a.m. operation the drive to 4 will
have to be reduced slightly if good quality is to be
had. This can be done by detuning Ls a little at
a time until the speech quality is good. Heat
sinksshould be used on the cases of ()3 and Q4 dur-
inga.m. operation, or during any constant carrier
use.

This r.f. assembly could be used in a 6-meter
mobile transmitter to serve as an exciter for a
vacuum-tube final amplifier. It might also be
handy as a low-power r.f. source for antenna
testing. Undoubtedly many ideas will come to
mind, pointing the way to handy uses for this
unit. Whatever the case, it’s easy to build and get
operating, and could be a good weekend project
for the solid-state tinkerer. — WiCER

2 Unless modulation is applied to the driver stage as well
as the p.a,, 100-percent modulation will not be possible,
Modulation is often applied to several stages of a solid-state
transmitter to secure good modulation depth.
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The Cathode-Driven Linear Amplifier

BY WILLIAM I. ORR,* W6SAI and WILLIAM H. SAYER,** WA6BAN

plifier! is ideally suited to amateur s.s.b. or

c.w. service and seems to be gradually rele-
gating the grid-driven amplifier to the junk box.
The attributes of the cathode-driven amplifier
are impressive: it has reasonable power gain, it
usually requires no auxiliary neutralization be-
low 30 megacycles or so, it offers lower residual
vircuit capacitance, and parasitic suppression is
not difficult. Under certain conditions, moreover,
inherent negative feedback exists in this con-
figuration, to the benefit of amplifier linearity.
Finally, a portion of the cuthode r.f. drive power
shows up in the output circuit, thus providing
a degree of “free’” output power not otherwise
available from a conventional grid-driven circuit.
Strictly speaking, the extra output power is not
‘“free,” as r.f. power is expensive compared to
d.c. plate power and may only be “free’ if it is
unavoidably available. 1t is generally referred to

* Manager, Amateur Service Dept. Eimae, Division of
Varian, San Carlos, California

#* Project Engineer, Industrial Application Div, Eimac,
Division of Varian. San (arlos, California

! The term “cathode-driven,” or “grid-isolation” is
preferred over “ grounded-grid,” as the latter implies that
the grid is at r.f. and d.c. ground. This is often not the
case.

Tum cathode-driven, or grounded-grid, am-

(B)

Fig. 1-A—The cathode-driven circuit. Driving voltage (e.
is applied to the cathode of the amplifier and the output
voltage {e;) appears across the plate load impedance,
Ry, in phase with e.. The grid of the tube is at nominal
ground potential. B—The driver and cathode-driven
amplifier are in series with respect to the amplifier r.f.
voltages. Amplifier cathode current (i) flows through the
load resistance of the driver, contributing a degree of
r.f. feedback.
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Neutralization and control of grid isola-
tion within the cathode-driven amplifier
permit the designer to adapt the basic
circuit to the particular operating condi-
tions at hand. Power gain and feed-
through power may be varied, and the
amplifier can be stabilized for proper
operation over a wide frequency range.

6000606060046
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686660608669
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066666060600 06666666666
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ay feed-through power, but the implication in this
term may be misleading, as this portion of the
drive power does not appear in the load circuit
of the cathode-driven stage until after it is con-
verted to a varying d.c. plate potential effectively
in series with the main amplifier power supply.
This converted drive power performs a useful
function in Class AB; and Class B linear service
by swamping out the undesirable eifects of
nonlinear grid loading and presenting a reason-
ably constant load to the exciter?2.

The purpose of this article is to examine cer-
tain aspects of the cathode-driven amplifier, not
widely recognized, that afford additional flexi-
bility and versatility under particular operating
conditions, and which permit accurate and com-
plete neutralization to be achieved when needed.

The Basic Cathode-Driven Circuit

First discussed in QST in September, 1933,
the cathode-driven circuit has generated a con-
siderable body of literature over the past few
decades (see bibliography). The circuit is be-
lieved to have first been conceived circa 1920 by
Ernst Alexanderson of alternator fame. Used
about 1938 in European short-wave broadcast
and TV service, this unique amplifier configura-
tion becume popularin U.S. post-warlow-channel
TV transmitters about 1944 or so.

The basic cathode-driven circuit is shown in
Fig. 1. It may be operated either as an oscillator
or as an amplifier by proper choice of components
and potentials. The grid of the tube is nominally
at r.f. ground potential and the exciting signal
is applied to the cathode, or filament. For am-
plifier service, if it is assumed that the cathode
is instantaneously driven positive with respect
to ground (the grid), the plate will become more
positive with respect to the cathode, and also
with respect to ground. The instantaneous plate
voltage, in effect, is developed in series und in
phase with the exciting voltage, and the driver
and amplifier stages may be thought of as op-

% Pappenfus, Bruene and Schoenike, Single Sideband
Principles and Practice, McGraw-Hill Book Co., N. Y.
(1964).

* Romander, *The Inverted Ultra-audion Amplifier,”
OST, Scptember, 1933,
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Fig. 2—Distributed constants of cathode-driven tube.
Cathode-to-plate  (C,.,), cathode-to-grid (C,,) and
grid-to-plate (C,_) capacitances, together with grid-lead
inductance (L;) make up feedback paths that must
be neutralized for proper operation of the cathode-
driven amplifier. Two feedback paths enter the picture:
the direct path from plate to cathode via C,,, and
a more devious path via series capacitors Co¢ and Cg_p.

erating in series to deliver power to the load,
Rr1. The delivered power is the sum of converted
drive power and amplifier power, less any power
from the driver required by the amplifier grid
circuit. A parallel-tuned circuit is used in the
cathode of the amplifier to enhance the regulation
of the driver stage, to complete the plate circuit
r.f. return path to the cathode, and to provide
proper driver termination over the operating
cycle.t

As the cathode-driven amplifier is effectively
in series with the driver stage, the output current
passes through the load resistance of the driver
{R.), causing a voltage drop across that resistance
which opposes the original driving voltage. This
indicates that inverse feedback is inherent in the
cathode-driven amplifier to some degree if the
driver has uppreciable load resistance.’

Neutralization

The familiar cathode-driven wnplifier used in
h.f. amateur service is usually not neutralized.
That is to say, no external neutralizing circuit is
built into the amplifier. This omission has led to
the general belief that the ¢ grounded grid acts as
a shield” and neutralization is not necessary in
any and all cathode-driven amplifiers. The ac-
cepted proof of this belief is the fact that most
h.f. amplifiers, in most instances, will not os-
cillate in use. Operation of an unneutralized
cathode-driven amplifier in the upper portion of
the h.f. spectrum, however, may provide un-
pleasant surprises. Many amateurs have found
to their chagrin that such an amplifier is often
a tricky ‘‘beast” to tame at 10 and 6 meters.

The reason for the unwanted instability is
simple. Wires and leads represent finite induc-

T4, B. Strong, “The Inverted Amplifier,” Electrical
Communication (England), Volume 19, No. 3, 1941.

5.J. J. Muller, “Cathode Fxcited Linear Amplifiers,”
Electrical Communication (England). Volume 23, September,

1946.
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tances, and their position reliative to each other
and to other circuit components represents ca~
pacitance; both these quantitites muy have an
effect upon amplifier performance. Vacuum tubes
have these distributed constants within their
envelopes in the form of interelectrode cupaci-
tances and lead inductance.

Voltage feedback from output to input through
the distributed constants of the tube has a dele-
terious effect on amplifier performance. The
magnitude, phase and rate of change with respect
to frequency of this feedback determine the
dynamic stability of the amplifier, and control
of feedback is termed neutralization. The purpose
of neutralization of any amplifier, regardless of
circuitry, is to make the input and output circuits
independent of each other with respect to voltage
feedback and the resulting reactive currents.®
‘When a cathode-driven amplifier is operated at
the higher frequencies, the internal capacitances
and the inductance of the grid structure of the
tube coutribute to the degree of feedback (Fig.
2), To achieve stability, the various feedback
paths through the distributed constants inherent
in the tube structure must be balanced out, or
nulled, in some fashion by neutralization tech-
niques. Proper neutralization may be defined
as the stale in which, when plate and enthode tank

o Tn fact, the cathode voltage in dependent to a dcm-cc
upon the output voltage, as the input and output ecircuits
are in series,

BLOCKING
CAPACITOR

OUTPUT

INPUT3

PUT

g
c
l—«l

Fig. 3-A—Cathode-plate inductive neutralization. Capa-
citive feedback path between cathode and plate via
Cop may be neutralized by making the capacitance
part of a parallel-resonant circuit tuned to the operating
frequency by the addition of L,. A blocking capacitor
is used to remove the d.c. plate voltage from the coil.
Neutralization is frequency sensitive. B—Equivalent
circuit; high-impedance parallel-resonant circuit nullifies
feedback path between input and output circuits via
plate-to-cathode capacitance.
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Fig. 4-A—Cathode-plate bridge neutralization. Balanced
input provides euqal out-of-phase voltages at points
B and C. When Cy is equal to C,,,, equal out-of-phase
voltages will cancel each other at point A and feedback
path via C,, is neutralized. B—Neutralization circuit
redrawn in bridge form, with typical capacitance values
for 3-400Z triode shown in parentheses. Bridge is balanced
except for capacitance Cy, representing residual capa-
citance to ground at point B. If the balanced input circuit
is high-C in comparison to interelectrode capacitances of
tube, capacitances C, ; and C; are swamped out and
bridge may be considered to be balanced.

circuits are resonant, maximum cathode voltage,
minimum plate current, and maximum power out-
put occur. This definition implies that the input
and output circuits are independent of each other
with respect to common reactive currents, and
that tuning of the circuits reveuls no interaction.

As the grid of the tube is at nominal ground
potential in a cathode-driven amplifier, it appears
that this element may act as a screen, or shield,
between the output and input circuits and that
instability or oscillation due to feedback paths
through the interelectrode capacitances of the
tube may be avoided, or reduced to negligible
values. At the lower frequencies, particularly
with respect to well-shielded, low-gain tubes,
this belief may be true. However, in the higher-
frequency region the practical tube (i.e., the
tube that can be built) departs to an important
degree from this simplified concept.

Neutralizing the Cathode-Driven Amplifier

Stable operation of the cuthode-driven am-
plifier often requires some form of neniralization
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Fig. 5-A—Three-terminal representation of cathode-
driven tube, See text for explanation. B—Vector repre-
sentation of feedback voltages in cathode-driven tube.

when the frequency of operation approaches the
upper reaches of the h.f. spectrum. Clomplete
circult stability requires neutralization of éwo
feedback paths, for which separate techniques
are required.

The first feedback path involves the cathode-
to-plate capacitance, Co—p . Although the capaci-
tance involved is small, the path is critical and
requires neutralization. Neutralization may be
accomplished either by a shunt inductance (Fig.
3) or by a balanced capacitive bridge circuit
(Fig. 4). The first technique consists of connect-
ing a reactance from plate to cathode of such
magnitude as to transmit back to the cathode
circuit a current equal in value but opposite in
phase to the current passing through the cathode-
to-plate capacitance. The bridge technique is a
version of the well-known capacitance neutral-
izing circuit used in conventional grid-driven
amplifiers to balance out the effects of grid-
plate capacitance. The balanced input circuit
provides equal out-of-phase voltages to which
the cuthode of the tube and the neutralizing
capacitor are coupled. As the value of the neu-
tralizing capucitor is equal to the cathode-to-
plate capacitance of the tube, the voltages are
balanced at the junction of the two capacitances,
which is the plate termination of the cathode-
driven tube. Both capacitances are usually quite
small, and the effect of series lead inductance in
the bridge circuit is relatively unimportant. Con-
sequently a reasonable bridge balance over u
wide frequency range may be obtained with u
single setting of the neutralizing capacitance.
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The shunt-inductance neutralizing circuit of
Fig. 3, on the other hand, has the disadvantage
of requiring adjustment for each working fre-
quency, as the external inductance und cathode-
to-plate feed-through cupacitance form a fre-
queucy-sensitive parallel-resonaut eircuit at the
operating frequency.

KEither neutralizing circuit may be properly
balanced 7 even though the grid of the tube may
not, be at actual ground potential because of in-
ternal grid inductance, L,. Intrastage feedback
resulting from this inductance requires a sepa-
rate, unique solution, apart from the neutralizing
technique just discussed.

Grid-Inductance Neutralization

The second feedback path in the cathocle-
driven stage includes the grid-to-plate ecapaci-
tance, the cuthode-to-grid cupacitance und the
series grid inductanee, Ly, as shown in Fig. 2.
The grid inductance represents the sum of all
possible feedback paths threugh the grid struc-
ture, plus the actual series inductance of the
grid structure. In practical tubes, there is no
possibility of avoiding all inductance in the path
between the active grid element of the tube and
ground. This path exists because the grid is not a
solid, intercepting structure. After all, openings
must exist to permit electrons to pass from the
cathode to the plate! Capacitance leakage can
exist between the cathode and the plate through
these openings. In addition, Maxwell's equations
state that changing electric «nd magnetic fields
propagate each other through space. In the

? With physically large tubes having appreciuble serios
input inductance, in-phase neutralization is often required.
This may be achieved by adding external cathode-to-piate
capacitance, or by detuning the shunt inductor from the
¢ondition of parallel resonance.
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Fig. 6-A—xThe self-neutralizing frequency of a cathode-
driven tricde may be measured by observing the trans-
mission properties of the cold tube when treated as a
three-terminal network. B—Typical plot of intrastage
isolation of 3-400L triode mounted in test fixture, Self-
neutralizing frequency of tube is about 100 megacycles.
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vicinity of the real grid structure, the electric
field about the “input” side of the structure
gives rise to cwrrents Howing in the structure
which, in turn, cause an electric field to exist
about the “output” side of the structure. In
addition, electromagnetic coupling through the
interleaved grid structure is also observeds.

These spurious coupling paths result in an ap-
parent r.f. leakage through the cuthode-to-grid
and grid-to-plate capacitances that is often many
times greater than that predicted by actual
measurement of the internal capacitances. A
simplified picture of this complex path may be
seen as an inductance in series with the grid-to-
ground path, common to both input and output
vircuits (Fig. 2). If this path is not neutralized, u
voltage e appears on the grid of the tube which
either increases or decreases the driving voltage,
depending upon the value of internal capacitunces
and grid inductance. With sufficient spurious grid
voltage, the cathode-driven stage may oscillate,
or be unstable, even though the cathode-to-plate
feedback path discussed euarlier is completely
neutralized.

The voltage ¢; on the so-called ““grounded
¢rid”’ is determined by a complex action between
the total cathode-to-plate capacitance and asepa-
rute low-() circuit composed of a capacitive volt-
age divider ((¢z and -, in series) together with
the grid inductance, L. A certain frequency at
which these two feedback paths nullify each other
is termed the self-neutralizing frequency (f1) of
the tube. This frequency usually occurs in the
lower portion of the v.h.f. spectrum with small
transmitting tubes. All the elementis comprising
the neutralizing cirenit are within the tube. How-
ever, connecting the tube into the circuit by wir-
ing or socketing will alter this frequency.

Theself-neutralizing phenomenon comes about,
hecause of a frequency-sensitive voltage balance
that tukes place within this network, Fig. 54,
and which may be explained by a simple vector
diagram, Fig. 5B. The r.f. plate voltage (ep)
causes a current (7) to flow through C',_, and L,.
1t the reactance of L, is siall in comparison with
the reactance of Cy_p (us would be the cuse below
the self-neutralizing frequency), the current 7 will
lead the plate voltage e, by 90 degrees. In lowing
through L, this current will develop « grid volt-
age (er,) which is 180 degrees out of phase with
¢, und with the voltage e fed back to the cuthode
via ('o_p and series-connected Cogq und Cop.

At some frequency the voltage er, developed
across L, will just equal the voltage fed back
through the interelectrode capacitances (es). The
frequency at which ey, is equal to ¢p is the self-
neutralizing frequency. At this frequency a can-
cellation of feedback voltages occurs and the
complex feedback path is nullified, or **neutral-
zed.” (A second, somewhat higher, frequency at

8 Feedback admittance also is enhanced by the self-
nductance of the grid wires, which provides eommon
coupling bhetween input and output circuits. ‘I'he inductive
coupling may partially compensate for the feedback through
the rathode-to-plate capacitance. (Sce Bibliography, item
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Fig. 7-A—The point of self-neutralization may be shifted

lower in frequency by the addition of an inductance

(Ly) in series with the grid-to-ground termination of the

tube. B—The point of self-neutralization may be shifted

higher in frequency by the addition of a capacitor (Cy)
instead of an inductor.

which the complex grid configuration is in w se-
ries-resonant state with respect to intrastage
isolation is called the yrid series-resonant fre-
quency (f2) of the tube. )9

The Self-Neutralizing Characteristic Curve

The self-neutralizing characteristic of =«
cathode-driven triode may be determined by
treating the tube as a passive three-terminal
network und measuring transmission as a func-
tion of frequency. The tube is placed in a test
fixture which is contrived to insure that the
frequency measured is depeudent on the tube
and socket only (Fig. 6). A signal is applied to
the “cold” tube through au appropriate attenu-
ator and a detector is used to measure the
transmission voltage through the tube. Investi-
gation over a range of frequencies will produce
u typical plot such as shown in Fig. 6B. The point
of maximum isolation is the self-neutralizing
frequency, fi. Measurements are not quantita-
tive, as nothing is known about the impedance
of the input or output circuits. The relative
isolation with respect to frequency, however, is
the interesting parameter.

The self-neutralizing frequency (a broad null
of several hundred kilocyeles) may be moved
- é“‘&fare and Feelding of Power Grid Tubes", applicution
bulletin No. 13, EIMAC, a Division of Varian, San ('arlos,
Culif,
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about by manipulation of the external grid-to-
ground circuitry of the tube, or by changing the
capacitive feedback path. Or, if desired, a sec-
onduary point of neutralization may be created,
as described later. If the desired frequency of
operation is above the self-nentralizing frequency
the voltuge developed on the ‘ grounded grid”
will be too great und the series grid inductance,
L., must be reduced, or the feedback path ad-
justed to establish self-neutralization. If the
operating frequency lies below the self-neutraliz-
ing frequency, the voltage on the ** grounded grid”’
will be insufticient to cancel the feedback voltage
und the series grid inductunce must be increased.

The portion of the plot around the point f; has
heen experimentally verified by observing the
intrustage lenkage (transmission) properties of
a 3-400Z zero-bius triode mounted in an SIK-510
socket and fixed in a partition in an r.f.-tight
enclosure. Observation was over the range of 50
to 250 megucyveles, and the self-neutralizing fre-
quency was seen to be in the neighborhood of
100 megacyeles (Fig. 6B). Above this frequency,
the intrastage isolation gradually deteriorated us
the series-resonance frequency, fa, of the grid
element was approached. Near the latter fre-
quency, tube operation is impracticul, being fur-
ther complicated by transit-time effects and other
v.h.f. phenomena.

The Self-Neutralizing Frequency

The self-neutralizing frequency of & cathode-
driven triode depends to a large degree upon the
size of the tube, the interelectrode capacitances,
the physical configuration of the grid structure
and the inductance of the grid leads and termi-
nals. Below this frequency, the tube can he
neutralized by the addition of a small inductor
iLn, Fig. 7) in the grid-to-ground path. Above
this frequency, neutralization may be achieved
hy reducing the reactance of the path by the
addition of a suitable series capacitance, C'n. To
demonstrate this 4 variable capacitor was placed
in series with one grid terminal of the 3-400%
mounted in the test fixture. At any frequency
between fi and 250 megacycles the shape of the
plot could be altered by adjustment of the capaci-
tor, providing & neutralizing “null,”’ Fig. 8, in
the curve of about the same amplitude as oh-
served at the lower frequencies. The ¢ of the
neutralizing ecircuit (one grid lead plus the cu-
pacitor) was considerably higher than the ¢
of the grid system, and the neutrulizing adjust-
ment, proved to be rather frequency-sensitive.
The original self-neutralizing frequency (fi) was
little altered by the addition of the auxiliary
circuit.

A second test conducted on a larger tube (the
3N2500A3, a 2.5-kw. low-u triode) showed that it
could be neutralized on the lower-frequency side
of the self-neutralizing frequency f1 by the addi-
tion of a snitable inductor between the grid ter-
minal and ground. Both techniques are shown in
Fig. 7.

Tt.shonld be noted that intrastuge self-neutrali-
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zation and cathode-plate neutralization are inter~
locked. In the lower portion of the v.h.f. spectrum
only one technique may be necessary to achieve
u satisfactory degree of neutralization, at least as
fur as amplifier stability goes. At 6 meters, for
example, either system will completely stabilize
many amplifiers in most situations. At higher
frequencies such is not the case, and both feed-~
back circuits may require attention and manipu-
lation to allow the amplifier in guestion to be
properly neutralized.

General Remarks

Conclusions to be drawn as to the degree of
intrastage isolation, or as to the requirement for
neutralization in a cathode-driven amplifier, tend
to be clouded unless backed by measurements
made on the equipmeut, just as is the case with
grid-driven amplifiers. In the latter iustance,
neutralization of the ecircuit is almost taken for
granted. Not so with cathode-driven amplifiers,
as adequate isolation and stability have often
been achieved at the lower frequencies even with
tubes that were not designed for this purpose. It
is unwise to jump to the general conclusion that
this special situation exists in all cases.

At the lower frequeuncies, particularly with
well-shielded, low-capacitance tubes, neutraliza-~
tion may not be necessary, and this permits the
circuit designer to make use of circuit techniques
and practices that afford variation of power gain,
eonverted drive power, and degree of inverse
feedback to the cathode driven ainplifier. Spe-
cifically, these parameters may be vuried to meet
the demands of the system or to adjust the con-
verted drive power requirement of the amplifier
to match the available drive power of the exciter.
These circuit schemes, however, should not be
confused with the separatie problems of amplifier
neutralization, discussed in this article.

A future article will discuss super-cathode~
driven and semi-cathode-driven circuits. The au~
thors wish to thank W. H. McAulay, W6KM, and

June 1967

Fig. 8-A—The 3-400Z may achieve neutraliz-
ation over a wide v.h.f. range by the addition
of a series capacitor in one grid lead. Neu-
tralization adjustment is frequency sensitive
and must be peaked for maximum intrastage
isolation of the operating frequency .B—Plot
of intrastage isolation of 3-400Z, showing
neutralizing null added by the series grid
capacitor. Null may be moved about between
fi and f2. A similar neutralizing effect may be
obtained at frequencies lower than f; by the
circuit shown in Fig. 7-A,

R. I. Sutherland, W6UOV, for their help and
suggestions in preparation of this article. [35T—]
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o Beginner and Navice
A Windowsill Semivertical

And Other Antenna Ideas For za[partment Duwellers

BY LEWIS G. McCOY,* WI1ICP

number of newcomers — and for that matter,

old timers — live in apartments or housiug
developments that have antenna restrictions.
A typical question iy “What type of indoor
antenna can one use in an apartment building
that is constructed of concrete and steel?”
Or, lucking permission to install an outdoor
antenna on the roof, what can one do? This
article will treat the problem and present some
answers to a rather sticky situation.

Recently, an article appeared in ST describ-
ing an antenna system for a *“traveling man " * -—
an antenna that could be mounted on u window-
sill, was easily erected or dismantled, and took
up a minimum of traveling space. The ounly
difficulty is that some of the parts used iu the
system are hard to come by. Fig. 1 and the
photographs show a similiar system which can
be made from easily obtainable parts.

I’r is apparent from our mail that a large

Indoor Antennas

Let's make one point clear at the outset:
Indoor antennas in a steel and concrete building
are very inefficient. 1t is possible to get r.f.

* Novice Editor.
! Santangelo, ‘“An Antenna For The Traveling Man,”
QST, April, 1967,
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power into the antenna, but usually the building
tends to block any useful radiation. On the other
hand, many amateurs have experienced good,
if not excellent, results using au indoor antenna
in a frame building. Even so, it should be made
clear that in most cases a relatively poor outdoor
antenna will outperform an indoor antenna.
The problem boils down to how to get an outdoor
antenna when the landlord says you can't put
one on the roof. If you have access to a window,
and most people do, there are several possibilities
for getting a “wire’ outside.

The Windowsill Semivertical

One such possibility is the antenna shown in
the photographs. This system consists of a
transmatch and a radiator, the radiating element
being approximately 12 feet of Reynolds alumi-
num tubing. It can be mounted on a windowsill
and easily broken down for storage when not in
use. We call the aluminum tubing a semivertical
because it i3 mounted ut approximately a
45-degree angle from the window.

The transmatch components and the bracket
that supports the aluminum tubing are mounted
on u 12 X 18-inch piece of plywood. The unit
shown was mounted on !4-inch stock and while
it worked out OK, it is recommended that
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Fig. 1—Circuit diagram of the transmatch for random
length wires.
C1—100-pf. variable; see text (E. F. Johnson 154-14 or
similiar).
Li—36 turns No. 14, 22 inches diam., 8 turns per inch
{Polycoils 1775, B.&W. 3906-1, Air-Dux 2008T).
Ji—Coax chassis receptacle (SO-239).

Lig-inch plywood be used because it would be a
strongersupport.

A piece of aluminum, 3 X [5inches, is required
for the radiator support bracket. This is bent up
as shown in Fig. 2 and mounted on one end of
the plywood piece. Two 1li-inch U bolts are
mounted on the bracket to hold the end of the
aluminum tubing when the antenna is in use.
Knough space should be left on the plywood
between the bracket and the coil/capacitor
combination to permit the window to be closed.
We allowed 114 inches as this was siightly more
than the width of the window sash, which was
wood in our case. If your window sash is metal,
the lead from the bracket to the end of L; should
be insulated to prevent shorting to the window
sash.

You may have to use your ingenuity in coming
up with a method for supporting the plywood on
the windowsill. In our case, the windowsill
protruded into the room about two inches, so
an 18-inch length of 1 X 2 wood and two nuts
and bolts were used to clamp the system to the
sill. This held the assembly securely enough, but
the Y4 -inch thick plywood wasslightly ““houncy.”
That's why thicker plywood is recommended.

All interconnections on the transmatch were
made with clip leads because, as you'll see under
tune-up procedures, there are many possible
combinations for setting up the circuit and the
use of clips makes the job simpler. Both the
¢oil, Ly, and the capacitor, ('y, are mounted on
1-inch stand-off insulators. A coax fitting, for
connecting to the transmitter, is mounted on a
small aluminum bracket at oue corner of the
plywood.

The vertical radiator element is made from
one 8-foot length of type 8A and one 6-foot
length of type 185 Reynolds Do-It-Yourself
aluminum tubing. These two lengths are cut in
half to make a storage package with a maximum
length of 4 feet. The antenna is made as shown
in Fig. 2. Hose clamps are used to clamp the
sections together. The ends of the tubing where
the clamps are used should be cut back about
3 inches with a hacksaw to permit the clamp to
compress the tubing when tightened. These
1-inch clamps are available at any hardware
store.

With this type of antenna and transmatch, it
is possible to develop some rather high r.f.
voltages, even at 75 watts input. While these
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voltages are not dangerous they can cause a
nasty r.f. burn, su besure to use un insulated knob
(no metal skirts) on the rotor of ;. Don’t touch
any of the metal parts on the transmutch when
the system is working.

Because of the high r.f. voltages, receiver
type-plate spacing for (!; is not recommended.
To be on the safe side, minimum spacing should
be on the order of 0.050 inch. The capacitor we
used had spacing of 0.125 inch, and at power
levels up to 300 watts no arcing was experienced.
While a maximum capacitance of 100 pf. is
specified in Fig. 1, any value of from 75 pf. to
200 pf. could be used. Many cupacitors that fit
this category can be found in surplus at bargain
prices.

Tune-Up Procedure

UUp to this point, we’ve ouly discussed the
aluminum tubing as a radiator. However, the
transmatch can be used with random-length wires
for the antenna. The author's daughter lives in
an apartment building on Long Island so we had
a chance to test various setups using the trans-
match. One antenna was about 60 feet of No. =8
enameled wire suspended from the 20th floor.
(For all practical purposes, No. 28 wire is in-
visible except when one is within a few feet of it.)
A small weight was put on one end of the wire
and the wire dropped down the side of the build-
ing. The other end was attached to the end of
Ly and the transmatch adjusted for a match.
The side of the building we were on faced north,
providing a clear shot north with some coverage
to the east and west. With about 75 watts input,
on 50, 40 and 20 meters, contacts were made in
some 30 states over a two-day period. The wire
antenna brought better reports than the semi-
vertical from all areas, but the vertical did give
a good account of itself. Poorest performance was
to the south, where the building was in the way.
A 40-foot, wire was strung up inside the apart-
ment, but only a few local stations were contacted,
and those just barely.

VERTICAL
I o2V 4t ’t"'"'a"z"ﬂ
— e | E——

~ e

Fig. 2—Top, the vertical radiating element. Bottom,
details for making the mounting bracket for the vertical.
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In setting up the system, u reflectometer such
as Monimatch? or Varimatch® is needed between
the transmatch and transmitter to show when
the former is correctly adjusted. It is impossible
to tell you the exract settings of (*y or where the
tap on /L3 should be placed, simply because each
installation will be different. This difference
usually will be in the ground connection. For
example, you may be on the 20th story of an
apartment building, and for a ground connection
you run a lead to a water pipe. There is no way
of knowing where this water pipe reaches actual
ground, but nevertheless the water pipe is part
of the antenna system. On the other hand, there
may be no water pipe or anything that resembles
a4 “normal” ground connection at hand. How-
ever, there 7s a ground return — through the a.c.
lines. If you can make a good ground connection,
fine and dandy. However, don't worry about it;
the antenna system will still work without one.
The only thing is, we cannot predict what ur-
rangement will be necessary with the transmatch
for proper tune-up. You’'ll have to experiment.

While the adjustment for a given band may be
time-consuming for the initial setup, the proce-
dure is quite simple. We suggest you start out
with a hookup as shown in Fig. 3, at C. Connect
the reticctometer in the coax line between the
rig and the transmatch and feed enough power
through the system to get a full-scale meter
veading in the forward position. Next, switch
the retlectometer to read reflected power. Tap
the stator of (') un either end of L;. The rotor end
should be connected to the mnetal bracket holding
Jy. 1If you have an earth ground, it tooshould
he connected to the brucket holding ./1.
Tune (!; through its range while looking for
a dip in the reflectometer reflected reading. If you
don’t get u dip, move the stator ¢lip down the
coil a4 couple of turns and try again. At some
point along the coil, you should be uble to get
the reflected reading down to zero. When you
have this condition —and on some bands it
may mean moving the tap uacross a fraction of
one of the turns-—the system is correctly
adjusted.

# Monimatch, Understanding Amateur R2adio, page 209,

3 De Maw, “ The Varimateh,” QST, May, 1Y66.
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Fig. 3—Four possible configura-
tions for setting up the trans-
match to achieve a match.

Make a note of the settings so you can return
to them, move to the next band, and repeuat the
adjustments. A chart can be made up with the
correct =settings for each bund, and changing
bands then becomes simple and fast. In some
instances you may have to try the configurations
shown at A, B, or D in Fig. 3. tlowever, you
should be able to achieve a complete match
with almost any antenna (random wire length)
vou can come up with.

Other Useful Information

Possibilities for antennas where they are not
permitted are really up to your own ingenuity.
One ham we know had only one window, and
that opened on an air shaft. At first glance it
would have appeared impossible to get uny useful
type of antenna outside. However, there was a
metal downspot neur the window, so he attached
a wire to it, used a transmatch similar to the
one described here, and ended up with a pretty
fairantenna system.

Another attached a wire to the metal screen
on his window and used that as an antenna —--
maybe not the best in the world, but it worked.

Keep in mind thut almost any piece of metal,
even if grounded, will radiate r.f. With the
transmatch described here you should be able
to use that piece of metal for an auntenna.

One problem with that 60-foot length of wire
suspended from the 20th floor was that the wind
would blow it around. This changed the loading
on the final amplifier of the transmitter. However,
the change wasn’t radical enough to keep us from
making contacts. Probably a little more weight
on the end of the wire would have helped, but
we were afraid the weight might crack a window
several floors below!

As to wire size, hams have used wires as fine
43 No. 36 for runs up to 100 feet, using rubber
bands for end insulators. The main trouble with
wire that fine is that birds cannot see it and they
fly into the wire and break it. We have found
that No. 28 Nylclad copper wire is fairly strong
and is hard to see from o few feet away. After
all, you can always string the antenna out at

night! [psej
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An Audio Filter For Speech Reception

BY J. H. ELLISON,* W6AOQO!

Because some receivers have broad skirt
selectivity in their i.f. passbands, certain
forms of QRM exist needlessly. The
addition of a selective andio filter can
often help to eliminate high- or low-
pitched aundio frequencies that interfere
with a.m. and s.s.b. reception. The
author describes such «a filter. It can
be connected in series with the speaker
voice-coil lead, making it unnecessary
ta modify the circuit of the receiver.

provided us with greater use of our crowded
bands. It has also been responsible for the
development of moderately-priced, compact,
high-power equipment whose potential for
vreating QRM can be truly awesome. The manu-
facturer can sell you equipment that has the
latest technological developments, but he cannot,
sell you the technical competence that is essential
for proper aperation of the equipment. Incorrect
operating procedures can cause unnecessary
interference, adding further to the QRM problem.
While we cannot completely prevent adjacent-
chaunel signals and other types of interference
from entering the receiver, it is possible to
prevent a considerable portion of it from entering
our ears and causing mental fatigue.
Efforts are usually made to confine the specech
range in transmitter sudio systems to the 300-to

*Capt. U.S.N. (ret.) 1720 Holly Ave., Menlo Park, Calif.

rI‘nE advent of s.8.b. in amateur radio has

3000-¢.p.s. range. Actually, this range could be
reduced to 500 to 2500 c.p.s. without impairing
the signal readability. Since the range of frequen-
es from about 2500 c.p.s., up, are purticularly
futiguing when in the form of QRM (and this
range also embraces much of the man-made and
natural noise) it would seem desirable to reduce
or eliminate as much of this interference as
possible. In keeping with the foregouing, the
simple filter described here is inexpensive to
build, but is quite effective.

Design Data

An m-derived pi-section filter is used in the
vireuit of Fig. 1. This type of tilter has & minimum
number of components. The parts are readily
available and common wvulues are used. The
parameters in question are: (1) the input and
output impedances of the filter, (2) the highest
frequency to be passed without attenuation, f,
(3) the value of m to be used in the design.
A value of 0.6 was chosen for m because it gives
a nearly constant filter impedance throughout the
passband, and because it gives a rapid rate of
attenuation above the passband. The value of m
alsu determines the ratio between the cutoff
frequency, f., and the frequency of maximum
attenuation, fe.? A  high-frequency cutoff
of 2100 c.p.s. was chosen. This results in 2
maximum-attenuation frequency of 2630 c.p.s.
(There was some Monday-morning quarterback-
ing connected with this choice. It was not purely
arbitrary!)

! Landee, Davis, and Albrecht, Electronic Designers’
Handbook, McGraw-Hill Publications, Chapter 16.

% Tor additional information on basic filter design see
The ARRL Radino 4ma 3+'s Handbook, Chapter 2. -~ Editor.

Not used

T0 3.2-,
OHM REC.

ourpuro__L

TO
3.2-0HM
SPEAKER

Fig. 1—Schematic of the audio filter. Capacitors can be disk ceramic, paper, or mylar. If a dual-winding surplus
88-mh. toroid is used at Li, only one of the windings will be needed to provide the required 44 mh. of inductance.
The remaining winding will be unused as shown.

C1—Cs, inc.—Combinations of smaller-value capacitors,
parallel connected, as discussed in footnote 3.
L1—44-mh. High-Q inductor. (One half of a surplus split-
winding 88-Mh. toroid. See QST classified ads
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for sources of supply.)

S1—D.p.d.t. toggle or slide switch,

Ti, Ta—Small 500-ohm-to-voice coil audio transformer.
{Stancor 8101 suitable.)

45



The next item was the selection of the filter's
input and output impedances. Filter design
formulas show that the component values depend
on the cutoff frequency, which was ulready
decided upon, and the terminating impedances
of the unit. A few try-it-for-size attempts indi-
ciated o terminal impedance of approximately
500 ohms.

Although the filter could be installed in the
receiver cabinet, it is usually more convenient
to place it in the loud-speaker eunclosure. Some
receivers have a dlU-ohm output connection.
Others have a 3.2 or 6-8 ohm output impedance.
If your receiver is of the latter type, the 500-ohm
filter impedunce will have to be matched to the
low-7% voice-cuil line. There are several trans-
formers availuble that will do the job. The author
used two Stancor A-8101 units, with tapped
secondaries, for matching to the 500-ohm filter
impedance, as shown in Fig. 1. If your receiver
already has a 500-ohm output terminal, you will
not need the input transformer, 7'y

Building and Testing

The entire filter is built on a 3- by 6-inch piece
of insulating board, with room to spare. The
toroid is mounted on the board by lacing it in
plice with string. Solder lugs are bolted to the
insulating board and are used as tie puints for
the components. If the filter is to become a
permanent fixture in the speaker line, 5; can be
eliminated. If S; is used, it can be mounted on
the side of the speaker case for easy accessibility,
or it can be attached to the circuit bourd with
the rest of the components. The unit can be wired
directly to the speaker and the output terminals
of the receiver, or input and output jucks can
be mounted on the board to permit removing
the filter from the line, ¢usily, should the occasion
arise.

If precise tuning of the filter is desired L; and
(75 cun be resonated by econnecting an audio
generator to the network, lonsely coupled
through a 5600-ohm resistor, and attaching a
v.t.v.m. in purallel with the tuned circuit. With
the nudio generator tuned to 2630 c.p.s., Lj
and Cy ure tuned for maximum output (as indi-
cated on the v.t.v.m.) by trving several 0.08-uf
capucitor combinations? at ('s and selecting the
one that gives the greatest peak output. Alter-
natively, the circuit can be peuked by stripping
turns from Ly, a few at a time, und watching the
v.t.v.m. for a peak reading. It may be necessury
to add o few turns of wire to the toroid, rather
than removing them. This will depend on the
actual value of ;. This system of tuning resulted
in u final setting of plus or minus 25 c¢.p.s. of the
target frequency.

The completed assembly wus bench-tested by
connecting a 500-ohm signul source to 7'y and
“3Tt will be necessary to combine standard-value ca-
pacitors in parallel to secure the (.08-, and 0.09-uf vaiues
indicated in Fig. 1. A 0.05-uf. and a 0.03-pf. unit can be
combined to sccure the required 0.08-uf. value. This same
combination, plus a 0.0Ll-uf. capacitor — also in parallel —
will result in the 0.09-uf. value. Disk ceramic capacitors
should be suitable for this application, — #ditor
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Table 1

Freq. (c.p.s.) Decibels
100 -3
200-1600 0
1700 -1
2000 —2
2100 -3
2200 ~ 4.5
2300 —-7.5
2400 —13
2500 —22
2600 —32
2700 ~30
2800 —24
2900 —20
3000 - 20
4000 —15

Relative response of the filter expressed in decibels

measuring the voltage across the 500-ohm wind-
ing of T2 with a v.t.v.m. When this was done,
the secoudary winding of T’ was terminated with
4 resistance that was equal to the speaker
impedance. The filter was swept with o Heath
audio generator, using the I[-volt range. The
audio response in decibels is given in Tuble 1.

Performance

The filter was installed with a switch, as shown
in Fig. 1, so that it could be cut in and out rapidly
while judging its effectiveness. At first it scemed
that an s.s.b. signal sounded exactly the same
whether the filter was in or out of the circuit.
It was as though the filter was not working.
Then, when tuning off to the side of the signal
that raised the pitch of the voice frequencies,
it wus immediately noted that the higher fre-
quencies were being muted by the filter. A test
of the filter in a QRM-filled part of the 20-meter
phone band resulted in convincing evidence of
the unit's worth.

Since the filter has essentially zero attenuation
in its passband, it is obvious that the interfering
frequencies that fall within the pussband will
still be there.! However, the higher-pitched
frequencies variously described as “a rusty nail
being pulled from a hardwood board,” or as “a
buzz saw going through a pine knot”, are either
eliminated or muted to tolerable levels. This
permits better copy with less annoyance.

This filter is not a cure-all, but in our amateur
radio zoo it, does seem to muke the macaw and
monkey cages a little more remote. The fact that
its use does not require modification of the
recciver should make it attractive. [gs=]

4 It should be pointed out that the usefuiness of this audio
filter will depend upon the i.f. selectivity of the roceiver with
which it is used. The wider the i.f. passband, the more
beneficial the filter will be. L.f. filters with medium or poor
skirt selectivity result in a passband that can be aided by
an audio filter of this type, provided the attenuation in the
transition range along the skirt does not eat into the pass-
band of the receiver too much. — Editor
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The Lafayette HA-144
Transistor Transceiver

OVEB. the years, whenever ()87’ has run de-
scriptions of self-contained 50-Mec. portable
rigs, we have always been deluged with requests
for a 144-Mec. version. This despite wurnings
that a 2-meter model is markedly more difficult
to build, aud more expensive to operate, than
equipmeut, of comparable performuance for the
lower band. It may be that Lafayette went
through the samne experience, following the in-
troduction of their 50-Mc. HA-650 transistor
portable, reviewed in March, 1966, QST. Now
they have the HA-144, a package that looks very
much like the HA-65(), and comes close to dupli-
cating the latter’'s performance.

The designer appears to have encountered the
same problems along the way, too, thoug:h tran-
sistors help to bring the self-contained 2-meter
portable rig into the realm of practicality. Still,
engineering the HA-144 took u lot more doing
than its 50-Mec. predecessor. It costs 1.6 times
as much, loads the batteries more heavily, and
doesn’t receive quite so well. Still it is an attrac-
tive-performing convenient 2-meter box, that
should make mountain-topping beyond the range
of car batteries an enjoyable and not-too-expen-

Interior of the HA-144 2-meter transistor transceiver.
The entire rig is of printed-circuit design, so not much is
seen from this side. The oval speaker, rear, is mounted to
the bottom cover of the case. With the assembled unit in
this position on a flat surface, audio quality from the
speaker is somewhat impaired.
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sive pursuit for spring and summer weekends.

The H1A-650 and the HA-144 Jook much alike,
but the resemblance is only superficial. The
transmitter r.f. portion of the 2-meter transceiver
hay 7 transistors; the 6-meter only 4. The 2-
meter receiver is a double-conversion job, with a
10.7-Me. crystal filter and two stages of i.f. wpli-
fication at that frequency, while the 6-meter one
was good enough with single conversion and a
1650-k.c. i.f. Two helpful innovations are in-
cluded in the 2-meter design: there is an external
crystal position on the panel, permitting quick
change of the crystal therein, in addition to the
five crystal sockets inside the box; and the re-
ceiver S-meter doubles as a battery-voltage indi-
cator.

The double~-conversion receiver is interesting,
in that the tunable oscillator is way down at 31.1
to 35.1 Mec. Output of the first mixer is thus at
112.9 Me. This goes directly to a second mixer,
where the injection is crystal-controlied at 102.2
Me., giving a secoud i.f. of 10.7 Me. Injection is
developed by a crystal oscillator on 51.1 Me,,
and a following diode doubler.

Like the [TA-650, the HA-144 has an a.g.c.
characteristic such that the receiver is essentially
squelched until a signal is tuned in. Only a very
faint hiss is heard with the audio at maximum,
with no signal: in tuning across the band signals
pop out of nowhere, with plenty of audio output.
Receiver sensitivity is adequate for use with a
transinitter that delivers only about one watt to
the antenna.

Transmitter power output depends on battery
voltage. The unit tested came equipped with 10
Mallory Dura-Cells, the alkaline equivalent of
the “D” cell of the carbon-zinc variety. These
deliver around 10 volts under the transmitter
load of 300 ma., unmodulated, and at this level
the transmitter output is about 1 watt. Inter-
estingly, it varied only between 0.8 and 1 watt,
without retuning, pluggiug in 8-Mec. crystals that
moved the operating frequency all across the
band, from 144.1 to 147.6 Mec. Using a Centralab
12-volt battery pack of the rechargable type the
output was 1.25 watts. On the car battery, out-
put may run as high as 1.75 watts.
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It is always interesting to see how amplitude
modulation is achieved in transistor rigs. The
HA-144 merely applies the audio power from the
class-B modulator to the driver und amplifier
transistors. The output stage uses two transistors
in parallel, with a pi-network tank circuit. Oper-
ating conditions are not unlike those of the
writer’s 50-Me. transistor rig, described in Febru-
ary and March QS7.

QOverall transmitter efficiency is good enough to
make battery operation reasonably economical.
The 300-ma. drain quoted above is the total drain
until you speak into the microphone, but the
current swings up to nearly 500 ma. on audio
peaks. Neurly 30 percent efficiency, unmodulated,
is pretty good for a 2-meter rig! Receiving drain
is around 100 ma,

‘When operating on the self-contained batteries
the power circuit does not. include the dial light.
This comes on when an external battery is
plugged in. This cable is supplied with the ITA-
144, If we were going to use the rig very long,
we'd rehash the circuit to make the light wvail-
able at all times, perhaps with a switch to cut it
off in daylight work. Operation in the dark with-
out it is a fumbling business, and the drain is
only about 30 ma. higher with the lamp lighted.

The case supplied with the HA-144 appears to
be of a quality that will take the battering eun-
countered in mountaintop portable work hetter
than the one supplied with the HA-650. There
is a shouldersling, and a pocket for protecting the
microphone. The antenna supplied is an 15-inch
telescoping whip that is only about 5 inches long
when collapsed. It is of unusual design, in that
a soft plastic push-on socket takes the place of
the usual PL-259 screw-on fitting.

Don’t expect to do too much with that whip,
however. With this kind of power (or any power,
for that matter, on 2!) you can use more antenna,
Portable beams are easy to make. Take one with
you on your first hike wiith the HA-144. It
will make the expedition vastly more rewarding.

— WIHDQ

The bottom of the 2-meter transceiver is a maze of
power wires and small components. The send-receive relay
is in the left corner. Five crystal sockets are on the right
rear wall, with the audio transistors just below. Leads in the
center, foreground, are detachable from the speaker ter-
minals,
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Lafayette HA-144 2-Meter Portable
Transceiver

tHeight: 51% inches.

Width: 914 inches.

Depth: 214 inches.

Weight: 9 pounds, with batteries.

Power Requirements: 11 to 16 voltxs, d.c.,
550 ma., from internal **D* cells or
external source. A.c. supply, Model
HB-501. available.

Price Class: $190.

Manufacturer: Lafayette Radio Elec-
tronics Corporation. 111 Jericho Turn-
pike, Syosset. L.I., N. Y. 1179]1.

Next Month

Eico 717 Electronic Keyer Kit

‘&-Stravsiys

Feedback

The Army issue callsigns for MARS, listed in the
article “Tife In MARS” (Part II), page 53 of QST
for March 1967, should read:

Original (allsign Army
Starting With Designation
w A
K AA
waA AD
WB AL
Wwe AC

(‘larification scetns necessary in the use of the
“Mobile HKquipment Protective Alarm,” ©ST,
March 1967, page 16. The author says that the
designation **To Term. & of Draw. (A)" in Fig. 1
should be changed to read “To Transceiver (Case.”
To clarify, terminal 3 of drawing A connects to the
ease of the transceiver only if the option is not used.
With the option, it connects only to diodes ('f
and (‘R3 via point b. Terminal 3 is thus left open.
Points a and b should be shorted together wnless
the option is used.

QST for



AHints «=« Kinks

For the Experimente
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NOTES ON THE KNIGHT-KIT C-560

The February 1467 ST article on converting
CB transceivers to 10 meters included data on
the Knight-Kit C-560. I have converted one of
these units and have additional information that
may help other C-560 owners.

Fig. 1 shows the receiver tunable oscillator
before modification. By replacing (4 with a
47-pf. NPO capacitor, the entire 10-meter phone
band can be covered with the muin tuning ca-
pacitor, C47. Since (47 has a built-in vernier
drive mechanism, the tuning rate is entirely
satisfactory. The band is set by adjusting Ly
and the frequency span is determined by setting
(TS

If desired, the fixed-channel facilities of the
(C-560 can be used by swapping the transceiver's
(B receiver crystals with the unit's CB trans-
mitter crystals. Regurdless of whether the CB
transmitter crystals are used, the (B receiver
erystals can be employed in the transmitter as
they lie in the 28.615- to 28.005-Mc. range for
CB channels 1 through 23. — Harold S. Eisley,
KOTOS

Fig. 1 —Schematic diagram of the Knight-Kit C-560 tunable
receiver oscillator before modification. By replacing Cys
with a 47-pf. capacitor and retuning Ly and Cgs, the con-
verted CB receiver will cover the entire
10-meter phone band.

PREVENTING WIND-WHISTLE IN
HY-GAIN TRAPS
SOME owners of Hy-Giain trap vertical and trap
triband antennas experience annoying whis-
tling from the traps, even in a gentle breeze.
This can be cured by applying masking tape
over the drain holes and then, with a pencil,
puncturing holes in the tape where it covers the
original holes. The irregular edge of each hole
will stop the “piccolo” action. — Katashi Nose,
KH61J
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MICA WASHERS

IIAVE you ever started a new project using
large power transistors or rvectifiers and
found that you had forgotten to get the mounting
kits which include the ull-important mica insu-
lating washers? Or did you misplace or damage
the washers that eame in the mounting kits?
Here is a hint that will solve the problem

Check your junk-box for an old, high-voltage,
mica-type transmitting capacitor. C'arefully break
off the hard protective coating on the cupacitor.
A block of mica and aluminum sheets will be
vevealed. Remove any clamps or connectors on
the block. Notice that there is a 1%~ to Lg-inch
thick sheet of mica at each end of the block.
Pry off one of the end sheets with a razor blade.
Make sure that there are no aluminum plates in
the end sheet. If there is u film of varnish or
similar material on the surface of the sheet, clean
it off with a small rag dipped in lighter fluid.
Now use the razor blade to gently pry off thin
wafers of any desired thickness. T'ypical wafers
included in mounting kits are so thin that you can
clearly see through them. However, most experi-
menters will have trouble working with u wafer
this thin, so try to cut off wafers that are about
a3 thin as, or thinner than, the thickness of a
sheet of newspaper. This extra thickness won't
significantly atfect the transfer of heat from the
transistor to the heat sink.

Drill the wafer to match the mounting holes
and terminals of the transistor or rectitier to be
used. Do the drilling at low speed with very little
pressure. To realize the most benefit from the
heat sink, be sure to apply silicone grease between
the semiconductor and the washer and between
the washer and the heat sink. — “Tank” A iller,
WA4UBQ

LOW-COST TRANSISTOR AUDIO
AMPLIFIER

'W’HERE can you get a solid-state amplifier,
complete with gain control, speaker and
cabinet, for under $5.00 and besides bave enough
extra parts for a code-practice oscillator, test
generator or other project? Six-trausistor Japa-
uese radios are selling in discount drug stores and
other bargain supply houses for as low as $3.00
apiece. The transistor receiver purchased had
two transistors in the r.f.-if. circuit and four
transistors in the audio section. Between these
two portions of the set was the eusily identified
diode detector, which coupled to the gain control
through a capacitor. Removal of the diode and a
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shunting capacitor to ground (r.f. filter) gave
aceess to the audio section vin the volume
comtrol. Battery consumption was minimized by
removal of the two unused transistors. If the
amplifier is to be used for long periods, flashlight
batteries or an a.c. power supply can euasily be
udded. — Iming 8. Mayer, WSZEB

VOLTAGE REGULATION FOR LARGE
VARIATIONS IN LOAD CURRENT

I_IAVE you ever been in need of a few more
milliamperes of regulated current than the
maximum obtainable from a single VR tube?
There are, of course, several answers to this
problem. One is an electronically-regulated sup-
ply with its attendant cumplexity and high-
current vacuum tubes or transistors. Another
answer is a supply stabilized by expensive Zener
diodes. A third solution, shown in Fig. 2, i3

+0—

From % R
Power Supply Ri i L CRI
- 4!
]7, Al CR2
!
Varying
VR ‘ (oz%%a)

Fig. 2—Regulator circuit for loads that may vary as much
as 70 ma. The VR tubes are identical. Ry and Rz are
chosen so that 40 ma. is drawn by each VR tube under
minimum-ioad conditions. CRt and CR are 50 p.i.v. silicon
rectifiers with a minimum current rating equal to the maxi-
mum load current divided by the number of diodes used.
The supply voltage should be at least 30 to 40 percent
higher than the voltage rating of the VR tubes.

relatively simple and economical. With this
circuit, 1t is possible to handle large current
variations by using parallel or series-parallel
strings of VR tubes of the same current and
voltage ratings.

Since no two VR tubes have exactly the
same starting- and operating-voltage character-
istics, they should never be connected directly
in parallel with each other. If they are so wired,
the one with the lowest starting voltage will
ionize and prevent the others from operating;
the tube that started to function will be forced
to handle all the regulator current and possibly
be destroyed. However, as shown in Fig. 2, the
use in diodes, in coujunction with individual
current-limiting resistors, will not let each VR
tube handle more than its share of the current,
since the tubes will be isolated from each other
hy the back-to-back connection of the diodes.

The current-limiting resistors should be
chosen 8o that the maximum rated regulator cur-
rent, usually 40 ma., is drawn by each VR tube
under minimum-load conditions. The maximum
net current that each VR tube can regulate will
be about 35 ma., since each regulator tube has a
5 ma. minimum current requirement that must
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be satistied to sustain each tube in its conducting
state. If two tubes are used, the circuit will have
s regulation capability of 70 ma. As many VR
tube and current-limiting resistor combinations
as necessury may be paralleled to obtain the
desired current regulation, as long as a separate
diode is used in each branch. It may be noted
that when maximum load current is being de-
livered from a supply containing several VR
branches, one or more VR tubes may be ex-
tinguished, depending upon each regulator's
keep-ulive voltage. This does not apparently
degrade the voltage regulating characteristics
of the circuit as long as une or more VR tube
remains in the conducting state.-—./. 8. King,
Jr., WA3BOE

SOME USES FOR PLASTIC DRINKING
STRAWS

"PLASTIC straws are available at most grocery
AL stores and are found in a variety of eolors.
Some have heavy walls and are able to maintain
their circular shapes even though subjected to
considerable siress. The straws used in the
applications described here cost only 25 cents
for 25 straws. Results were most gratifying.

V.h.f. r.f. chokes can be hand-made at a con-
siderable savings by slicing off sections of the
straws and winding enameled wire on them.
Although there are uptimum values for choke
inductance in the various parts of the v.h.f.
spectrum, this writer has successfully used a
rule-of-thumb method when winding chokes for
50 through 420 Mc. A one quarter-wave length
of enameled wire, close-wound on a §- to 14-inch
form, always seemed to do the job nicely. As
shown in Fig. 3, plastic straws make good coil
forms for this purpose. An ice pick, or similar
sharp instrument, can be used to poke tiny holes
at each end of the c¢oil form for securing the
ends of the windings. A coating of ¢ dope can be
added to the cumpleted coil if the user wants to
protect the coil against moisture. The diameter
of the wire used should be sufficient to handle
the current that will flow through the choke.

Another use for the plastic straws is shown in
the photograph. Cut into sections, or used full
length, they serve as wiring-harness guides
wherever a neat job is desired. The color choice
is up to the user. — WICER

Fig. 3—The r.f. choke form and wiring-harness guides
pictured above are made from inexpensive
plastic drinking straws.
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Centennial Helicopter Flight and Ham Radio

3 most arc probably aware, 1967 is Canadu's
100th birthday. A project which combines the
celebration with ham radio iz the 100-day Centennial
Helicopter Flight. The helicopter will stop at over
150 communities where it will take purt in various
Centennial activities. Various Provincial Premiers,
members of Parliament, and other dignitaries will
be taking part in many of the activities which are
centered around the visit of the helicopter.

Accompanying the helicopter will be a car and a
truck-mounted communications center. The com-
munications center will carry equipment for com-
municating with the helicopter and car, mobile
radio telephone equipment tied in with the com-
mercial telephone system, and ham radio equipment.

The present planning is that ham gear will operate
on 80 through 10 meters on c.w. and 8.8.b. Standard
rmobile antennas will be used ¢n route. For stops
of more than a few hours, a 3-element tribander atop
a crank-up tower will be used.

It is hoped that the various dignitaries and the
press in the communities will originate messages
to some of their counterparts across Canada. Mes-
sages will also be accepted from the public for
North American points. Amateurs in the commu-
nities visited will, whenever possible, be invited to
operate the station. ‘This should be interesting to
the amatcurs and will provide a local Havor for
press publicity.

The station will be in the various Provinces and
Alaska during the following periods:

Newfoundland (3B1) May 24 to 29

Nova Scotia (3C1) June 1 to 2 and 6 to 8
Prince Edward Island (3C1) June 3 to §

New Brunswick (3C1) June 10 to 17

Quehec (3C2) June 20 to 30

Ontario (3C3) June 30 to July 14
Manitoba (3C4) July 16 to 23
Saskatchewan (3C5) July 26 to 30

Alberta (3C6) Aug. L to3and 6 to 8

Northwest Territories (3C8) Aug.3to 5
British Columbia (3C7) Aug. 10 to 14 and Aug. 26
to 8ept. 1

Yukon Territory (3C8) Aug. 21 to 23
Alaska (KL7) Aug. 15 to 20

As the station will be un the air a minimum of
10 hours per day (3C7BDZ and 3C7TFO operators),
this is an ideal opportunity for those working on
the WAVE award to get contacts with those hard-
to-get Provinces.

The QSLs will be very unusual. They will actually
he *Iirst Flight Covers’ and, in some cuses,
“First Day Covers” as well. The QSLs will be
muiled along the route and everyone contacted will
receive one.

The station will actually commence operation
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from Michigan around the end of April when de-
livery of the helicopter is taken. On May 2, the
helicopter takes off from the lawn of the State
Capitol Building in Lansing, Mich., after ceremonies
in which Governor Romney will participate. From
Lansing, the helicopter and ground party will
proceed through the northern and New England
States to New Brunswick and on to Newfoundland
where the official 100-day flight commences. A
number of rare counties will be uctivated, so those
interested should keep an ear open.

The DOT has issued the special call sign 3C7CCP.
‘This ties in with the helicopter registration CF-CCP
and a hook to be published after the Hight entitled
Canada: Centenniul Panoramna.

Through participation in this project, amatcur
radio will be brought to the uttention of a great
many oflicials at all three levels of Government
throughout Canada. It is hoped that the local hams
in the communities visited will capitalize on this to
maintain and improve the relationship between
them and their community.

~— James M. Smith, 3CTFO

Straysal

Stolen Equipment

The following amateur radio equipment was
stolen from my locked car on April 11. Swan 350
transceiver; serial No. 3-5%4949, Swan 14-117
mobile power supply; serial No. P-154606, Turner
250 microphone, and speaker. Robert A. Ruhbe,
K6TOK, 1x26 Verde Dlace, Anaheim, California
02505,

— e ¢ e

I would lke to get in touch with . . .

. . . radio amateurs interested in bird study and
plotting of migration routes of birds. \WWA9OBP.
. . . any amateurs interested in an ‘‘unidentitied
flying objects net.”” WN2WSU.
. . . unyone interested in a newsletter for teen-age
radio amateurs. \WNOOSO.
. . . Lion Club members or Professional Engineers
who have cull letters. Floyd Fellows, 663 Washington
Ave., Santa Fe, N.M., 87501.

. . ARRL members who operate from sail boats.
Lt. Col. A. W. Runser, USAF (Ret.), 3000 Mt.
RRoyal Boulevard, Clenshaw, Pa.15116.
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Place Bonaventure, with its penthouse hotel, under construction in downtown Montreal.

Montreal

June 30-July 2

ERNIE WELLING,* VE2YU

AKE a look at that! We're so tickled at
T having the 1967 ARRL National Conven-
% tion in Montreal that we've had a special
place huilt just for the occusion — all six and a
half acres of it. Place Bonaventure, the world’s
second largest commercial building, opened this
spring and the peuthouse Hotel Bonaventure will
really be jumping June 30 to July 2nd when
Lieague members from all over North America
and from many parts of the world gather in
Cunada’s lurgest city. And gather they will.
Despite the crowds thut will be in Montreul this
summer, the Convention Committee hus accom-
modations for you, but don’t delay any further.
Mail your reservation to VE2BSX, 7401 Mount
Ave., Montreal 16, right now.
1f you're an old hand at the National this is
the one you mustn’t miss — if you haven’t made
the National before this is the one to start with.
¥or the first National Convention to be held
outside the United States your hosts huve
planned the hest ever. Whut better time to visit
Canada? — we've arranged to have the Canadian
#Member, Convention Committee,
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Centennial fall July 1st, during the Convention.
What better time to visit Montreal? As well us
the famous French cuisine of this historic city,
there is something else you should look into; it’s
heing run by the Cunadian Corporation for the
1967 World Exhibition — they call it Expo 67.
‘The (lonvention gets under way at 2 p.M. on
¥riday, June 30 with registration in the foyer
of the Hotel Bonaventure until 10 p.am. (n
Waturday, registration will be from $:30 A
to 9 p.M. and on Sunday from 8:30 to 5:00 p.a1.
Those within eusy reach of Montreal are urged
to register on Friday if at all possible to avoid
that Saturday morning rush. If yvou’re heading
for Montreal by cur, listen for the talk-in station,
3C2ARC. which will be operating on the follow-
ing frequencies: 3.810 (s.8.b.), 29.600 (a.m.),
50.4 (a.m.) and 145.35 (a.m.). Contact may also
be made through the Montreal repeater, VE2MT
located on Mount Royal, which operates on
wideband f.m. Input frequency is 146.46 and
output is 146.94 vertically polarized with two-
way on [46.94. Don’t forget, W/K operators
planning to operate mobile in Caunada require
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clearance from the Depurtment of Transport.
The licensing procedure is quite simple and the
proper forms are availuble from the ARRL
Membership Services Department, 225 Main
Street, Newington, Connecticut 06111; s.u.s.e.,
PLEASE.

Opening Night

Friday evening features a casual get-together
in the gorgeous setting of the Hotel's roof garden.
League officials and Convention Committee
members and their XYLs will be on hand to
provide the welcome. Rain? — it wouldn’t dare,
but if it does we have the Ballroom in reserve!
The roof garden is a really unique affair covering
214 uacres und containing, amid the trees and
tHowers, waterfalls, fountains, streams and u
swimming pool. The Hotel, which is the {7th,
18th and 19th floors of the massive Place Bona-
venture, faces into the gurden as well as out onto
Montreal’s skyline.

Things start with a bang — or a series of bangs
-—on Saturday morning as the drum rolls and
fifes of ““ Les Compagnies Franches de la Marine”
provide a colorful display of 18th century drill
and perform the opening cercmonies in the
Ballroom. Following this the League holds its
annual Forum, with President Denniston and
Headquarters officials in attendance. A special
Forum is scheduled on Sunday morning to
dircuss the uffairs of the League in Canada.

For the Ham

As always at the National, the radio industry
serving the amateur is on display and major
manufacturers will be showing the latest thing
in amateur cquipment from 9 A.M. to 9 P.M. on
Saturday and 9 A.M. to 5 p.M. on Sunday. It’s
not unusual for manufacturers to unveil brand
new gear at the National and this year should be
no exception. Following the Forum, pay-as-vou-
go luncheons will be held in the restaurants
overlooking the roof garden for DX und v.h.f.
men and for the ladies. Saturday’s technicul
sessions begin right after lunch and, if you choose,
you can have a very busy aftcrnoon. With the
increasing uumber of specialized areas thut
amateur interest reaches these days it is hard to
sutisfy the old cliché of ‘something for everyone’
but we've tried — from traffic to satellites, from
transistors to DX, with speakers well-known in
the amateur radio world from industry and from
League Headquarters. The hardest thing has
been scheduling the sessions so that they don’t
couflict.

For the Gals

Meanwhile, what’s been huppening to the
XYL’s? You think they’re out making you poor
in some ‘“‘houtique’’? Relax OM, it’s likely that
on Saturday July 1 many of the stores will be
closed. Window shopping should be easy as the
Bonaventure complex is only a few minutes
wulk from Ste. Catherines Street und Place Ville
Marie. There's also a tremendous underground
promenade with all kinds of stores in Place
Bonaventure itself. Then of course there is
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Commodore O.C.S. Robertson (Rtd) will be the guast

speaker at the Convention Banquet. Much of his career

has been spent in Northern operations, both with the

Royal Canadian Navy and the US Navy. He com-

manded a US Navy Task Force during the building

of the Eastern Section of the Dew Line and has served
as Naval Attache in Washington, D. C.

“Old Montreal.” In the afternoon the girls can
get a good look at some *‘ haute couture’’ with a
show to be held in the Ballroom by some of
Montreal’s leading fashion houses. An X Y1 Hos-
pitality room will be open for the duration of
the Convention and members of the Ladies
Committee can be contacted there.

Socially

Everybody loves Suturday night — and this
one you'll really go lor. *“ Une Soiréc Canudienne-
Francaise’ is being hosted by Radio Amateur du
Quebec Inc. RAQI is the Quebec provincial
amateur society and they will be holding their
annual meeting during the Convention. Their
gala event is this Saturday party in the Ballroom
which promises to be no ordinary evening. Muke
up a table and enjoy the dancing from 8:30 p.aL.
to 2 A.M. (if you can take it!) with continuous
music by an 18-piece orchestra. At intermission
time a balf-hour spectacle that has been ap-
plauded around the world — C'anadu’s National
Dance Ensemble, ¢ Les Feux Follets.”

As midnight rolls around there will probably
be stealthy figures creeping away from the bar
and YLs and XYLs will be looking under tubles
for missing partners. They will not have heard as
others will, the cull of the Le Wouff Hong.
Whadyasay? - Le Wouff Hong? “ilais oud,
cher om — un probléme eciste. It is the custom
dans la belle province to have things en francais
et en anglais. This often means doing things
twice, but when it was proposed that two Woult
Hong initiations be held, the ground most
decidedly trembled. Therefore, ¢l est decide to
have one ceremonic dans le denx lunguages.”
We don’t care how many conventions you've
been to, you won't have seen (or heard ) anything
like this — don’t miss it!
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Anyone who has done spadework for a convention will
recognize these scenes. The 1967 National Convention
Committee is composed of members of the Montreal
Amateur Radio Club and Radio Amateur du Quebec, Inc.

Sunday

Out of compassion for the Saturday night
revellers, programming before lunch on Sunday
will be light. Sunday afternoon is fully occupied
with technical sessions which continue until
5 p.M. The usual award presentations will be held
in the Ballroom at that time, although others will
be taking place throughout the afternoon.
Included in the afternoon’s program is a demon-
stration by the Antique Wireless Association of
things (like spark) that used to be. (Highly recom-
mended for Young Squirts.) For the X YLs there
are many possibilities on Sunday afternoon; for
example, bus tours will be arranged for any
groups wishing to see the sights. We suspect that
many will find their way to the Metro (subway)
station located right inside Place Bonaventure
and from there it is only a short ride to Expo 67.
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WHAT'S ON AT THE NATIONAL?

MARS

Joint Army-Navy-Air Force MARS
Army MARS

E. 8. Liscombe, K4ENV
Navy MARS

Licut-Comdr. R. E. Mickley
Air Force MARS

Major R. B. Wareing, K3AKK

Circuits, Components, and Equipment
Transistors and the Amateur

Irv Strauber, \WW4KXD/K2HEA Hammarlund
Helping the 8lind Amateur National Research
Jim Swail, VE3KT Jouncil
Insulated Gate FETs
(irorge Hanchett, Jr., W2YM RCA
Recent Developmentsin Ham (tear
Joe Shafer, KSDCE Daystrom

*T'V and Radio Interference to the Amateur Microwave

Henry H. Cross, WI00P Associates
?Fundamentals of SSB

Tom Watson, VE2NN Canadian Marconi
*Technical Evaluation of Equipment

George Grammer, WIDF ARRL Hq.

League Affairs
ARRL Forum
Lesague President and Officers
Intruder Watch
Steve Chisholm, VE2ZM
‘The Preservation of Amateur
Frequency Allocations
Richard Baldwin, W11KE
*ARRL in Canada
Messrs. Eaton, VE3CJ; Dumbrille, VE2BK;
Huntoon, W1LVQ
*ARRL Field Organization
(ieorge Hart, \VINJM ARRL Hq.
Antennas and Propagation
Quad Antennas
Bill Orr, W6SAI Fimae
VHT Antennas — ['act & Fallacy
Hdward P, Tilton, WIHDQ
Antennas & Transmission Lines
Lew McCoy, W1ICP
Sporadie E at 50 Mc.
Mel Wilson, W1DEI/W2BDC
VHF
Amateur Radio in the Space Age
William I. Dunkerley Jr. WA2INB/ East Coast
KL7ELA; David B. Collins, K2LME; VHT Society
Sheldon A. Glick, WB20HH.

ARRL Hq.

ARRL Hq.
ARRL Hq.

VHT Repeaters (anadian
H. Seibel, VE3HS Motorola
*Solid State Techniquesin VHF Microwave

I, Collins, \WWIFRR Associates

*VHF Repeater Frequencies
Murray Epstein, VE2AUU

TV

Amateur Television

Bill Still, W20JR & Charlie Coorsh, VE2AFM
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