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All this performance

Full amateur hand coverage, 80 through 10
meters o Hallicrafters exclusive new R.LT.
(Receiver Incremental Tuning) for == 2 kc. ad-
justment of receiver frequency independent of
transmitter, and AALC (Amplified Automatic Level
Control) @ Receiver AF gain and RF gain controls
o SSB operation, VOX or PTT . . . CW operation,
manual or break-in @ 1650 ke. crystal filter . ..

Frequency coverage: Eight-band capability — full
coverage provided for 80, 40, 20, 15 meters; 10M
crystals furnished for operation on 28.5 — 29.0
Mc. Other crystals may be added for full 10 meter
coverage without adjustment. Available for oper-
ation on specified non-amateur frequencies by
special order.

Front panel controls: Tuning; Band Selector; Final
Tuning; RF Level; Mic. Gain; Pre-Selector; R.L.T.;
Rec. RF Gain; AF Gain; Operation (Off/Standby/
MOX/V0X.); Function (CW/USB/LSB); Cal.
General: Dial cal., 5 kc.; 100 kc. crystal cal.; VFO
tunes 500 kc.; 18 tubes plus volt. reg., 10 diodes,
one varicap. Rugged, lightweight aluminum con-

ew \
SR-150

Overseas sales: Export Divislon, Hallicrafters « Canada: Gould Sales Co., Montreal, P.Q.

SPECIFICATIONS

Fixed/Mobile .
Transceiver

struction (only 17%2 1h.); size—612" x 15 x 13,

Transmitter Section: (2) 12DQ6B output tubes.
Fixed, 50-ohm Pi network. Power input—150W
P.E.P. $SB; 125W CW. Carrier and unwanted side~
band suppression 50 db.; distortion prod., 30 db.
Audio: 400-2800 c.p.s. @ 3 db.

Receiver Section: Sensitivity less than 1 pv for
20 db. signal-to-noise ratio. Audio output 2W;
overall gain, 1 pv for Y2 W output. 6.0 — 6.5 1st
I.F. (tunes with’ VFO), 1650 kc. 2nd I.F.

Accessories: P-150AC, AC power supply, $99.50.
P-150DC, DC power supply, $109.50, MR-150
mounting rack, $39.95.

a//icra

5th and Kostner Aves., Chicarq 24, 11).



How come so many top DX'ers use Collins S/Lice equipment? To say nothing of all those
sweepstake winners, RTTY winners, Field Day winners, traffic men, top amateurs everywhere.
[J Collins users already know the answer because they're the winners we're talking about. 1 Col-
lins equipment offers more features than any other. Complete station compatibility; light weight;
simplicity and styling; frequency stability; frequency calibration; more QSO's per kilocycle;
mechanical filters; dual or single PTO control; automatic load control; negative R-F feedback.
[} Today, some of these once-exclusive features have been incorporated as standard in all amateur
rigs. But Collins is still the only equipment which offers a/l these features —-and is still unexcelled
in any of them. U0 Join the winner’s circle. A demonstration of S/Line equipment at your

Collins distributor’s can be very convincing. And don't forget to check those resale values. You'll
be surprised to find out how little it costs to own the finest,
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1964 marks the 50th anniversary of the founding
of the American Radio Relay League. Eitel-Mc-
Cullough, Inc. (30 years young in 1964) salutes
the A.R.R.L. on the occasion of attaining the
half-century mark in noteworthy achievements
and leadership in amateur radio.

The vision and direction provided by the Amer-
ican Radio Relay League has strengthened and

fostered the spirit of amateur radio at home and
abroad. Continued mature leadership in the best
interest of the Radio Amateur Service by the
A.R.R.L. will insure that this unique avocation
will prosper and grow during the coming years.
All radio amateurs of good will salute the Ameri-
can Radio Relay League and join us at Eimac
in wishing ‘‘Happy Anniversary A.R.R.L.!"

WI1KKP W6CHE WEMWT W6VYH
WI1INZX WAG6CNL W6NBD K6vQOo
K1PRD weDJ! W6ENGP KE6YEM
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W5EYZ K6GJF WA6PMX K7BZA
W5FPV W6HB W6PUB K7CQP
W5SKL W6I0H w6eQD K7ELO
K5QzC weivz W6RWI... K7LFZ
W6ADK W6JBC WERXW K70UM
K6AFH W6JFV WG6SAI W7SLC
WAG6ANY WA6JTZ wWe6sDD w8QDI
K6BAJ W6KEV K6SMM WOIIEU
WAG6BAN wWewwbD W6TKJ WORHV
W6BAX W6EKM K6TNK WQAZY
K6BCM W6L0Z W6UF WOAZT
W6EBDN KeMIT K6UHC KOGWH
W6BHI W6MJG W6uov KOIUN
wWé6BMU w6eMuC K6VRQ WOHNWW
W6BZ W6SC W6eVW VE3AHR
W6CEO W6AY W60S W1JKS
W6CDT WIFEA WB6AZI
EITEL-MCcCULLOUGH, INC.
San Carlos, California
Subsidiaries: National Electronics, Geneva, lIi.; Eitel-McCullough, $.A., Geneva, Switzerland.




LOW PRICE OFFER EXTENDED . . .
DUE TO POPULAR DEMAND!

If you own a Viking “Valiant”, “Valiant 11" or

“Five Hundred" — then here’s your chance to go to
Single Sideband at a tremendous saving! All
authorized Johnson Amateur Equipment Distributors
have $100 certificates, which when validated

by him, may be applied against the purchase price
of a new Viking “SSB Adapter”.

Save $100 by going to SSB now!

SAVE

*100°°

NOW!

Certificates are available only
through your authorized John-
son Amateur Equipment Dis-
tributor. See him soon and save
$100.00 by going to SSB now!

ke el e e e el de e
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Thinking SSB?
- about going to -

... Iif you own a Viking “Valiant”,
“Valiant II” or “Five Hundred”
... here’s a deal for you!

SSB ADAPTER - Popular, filter-type SSB generator —
bandswitching 80 through 10 meters—more than 50 db
sideband suppression. Features built-in multiplier re-
quiring VFO input only — design and front panel controls
make operating practically foolproof! Superb audio fidel-
ity and balanced audio response. Other features: positive
VOX and anti-trip circuits with built-in anti-trip matching
transformer and adjustable VOX time delay. With remote
power supply, tubes and crystal filter, less microphone.

Cat. No. 240-305-2. . . Wired, tested ..... Net $369.50
(WITH CERTIFICATE: $269.50)

E.F.JOHNSON COMPANY

WASECA, MINNESOTA, U.S.A.




Section Communications Managers of the ARRL Communications Department
Reports Invited. All amuteurs, esperially League members, are invited to report station activities on the tirst of cach

wonth tlor preceding mouth) lircer to the SC M, the administrative ARRL

Itadio elub reporta are also dreaired by SC'Ms for m:'lumon in QST
available in areas shown to qualified 1. eaguc members holding Canadian or 1C'C* amateur license, General or Conditional

lass or above, Theae include ORS, OLS,

oPs, 00 and OB, SCMa desire applications for S1oC°,

otheial elected by

members in each Seetion,

ARRL Field Organization station appointments ure

L£C, RM and PAM where

vacaticies exist. QKS, v.ut, bands ~v.npomv.mcm. is available to ‘I'vehnieians and Novice, as well as to full- ~privilege amateur

licensees.
. _ATLANTIC Dl‘ lSlO\ -
liastern Pennsijunu w.mm,z Allen R, Brelner 212 Race St. ‘Tumaqua 18252
Maryland-D. C. WUJZY Andrew H. Abmu.xm Kl-l.) 1 Smithsburg, Md. 21783
Deluwure KUGKEF AL K. Nelso! a5 Militown Rd' Mursbatltown
tsouthern New Jersey h2BG Herbert ' umnl\s wu Lincoln Av Palmyra X065
Western New York 48N C‘harles T. Hansen V1l ltoqmuoum Dirive Buflalo 26
Western Pennsylvania W3GIY John I'. Woijtkiewica 1300 Chaplin St. Conway
CENTRAL DIVISION -
1Ulnols WOPRN  Jfidmond A, Metzger 1520 %omb 4th St Springficld
Indiana WOYYX  Isrnest L. Nichols RBloomington
Wisconsin KIGSC enneth A, Ebneter X22 \\ auona Trall PPortage 53901
- DAKOTA DIVISION _
North Dakota WOHVA ll.uold A, Wengu Xo-ird St., 8, W, Mino
south Dakota WORRN W, Sikorski 1900 5. Menlo Ave %loux Fullg
Minnesota W a0 N A\Iri llclcn :\lcmrmu toute 3 Altkin
[P . DELTA DIVISION -
Arkansas WSHDTR Curtis R, Wliliams Route 3, Bo. Little IRock 72205
1 omslnnn WHEN J. Allen Swanson, Jr. RYD |, Boy kast Covingtou
Aliss 1 WSEMM 3, 11, Halrston R} th Ave. Meridian
Tenne witive Willlam scott 115 East Molston Ave Johuson City
- GREAT LAKES DIVISION
Kentucky K4QLlO Mrs, P l'Jmcln C. dchater 7.!2 Greenridge Lane Louisvllle 7
Michigan Wil Rulph P. Thetreau 27209 W. sSix Mile Road l)otrun 4?&'740
Ohio WHAL Wilson i, Weckel 1317 Logan Ave,, N.W. Clanton 44703
— . HUDSON DIVISION R
l .mtern New York W2KKU Gieorge W, Tracy 1138 North Country Club Drive “Schenectady
L Co Long Lsland K2IDB Blaine 8. Johnson 266 Cypress St., Massapequa Fark, L. L.
;\urweru New Jersey W2CVW  lidward I, Erickson i8 Robert Clrele South Autboy 05879
- e — MIDWEST DIVISION — o _
lowa WONTH Dennis Burke 1418 Douglas Ave. “Ames 50010
fLunsas WOALA ¢!, Leland Che! 5114 Levitt Dr. Wichita 7
Missouri WOTPIK Alfred F.. Scnwnnol‘ l‘:dgnr Star itte Rolla 65401
iNebraska weaap i“rank Allen 272 Gering
J— - —— _NEW ENGLAND DIV SION . V0
Ctonnectizut WIFLP ~ RobertJ. ' Nell 1ard Hill Rtoad Bethlehem
Maine Wisun Arthur J, Brymer :.‘.U Berwick St. Portiand 3
lsastern Massachusetts wWiALp Frank L, Baker, Jr, K5 Solar \vr Hralntree 02185
Western Massuchusette WiBw R Percy ¢, Nable 5 At Dennja Westtield 01085
New Lampshire WIYIL Albert I, Haworth 20 Plummer ud (Bedford) Aanchester 3102
Rhode Island K1A4AV John E. Jolinson 30 Lrult St Pawtucket 02560
Vermont KIMPN I3, Reginald Murray K llmcrest Drive Mantpelier Us601
- - — - — NORTHWESTLERN DIVISION — J——
Alaska KL7BZO  Keuneth k. Koestler 2005 Sunrise Dir. Anchorage
Idaho K7HLR Raymond V. vans Route 4, Twin ulls
Montana \V7hl . \Walter R. Muarten $021-Gth A Gireat ulls
Oregon W7AIN luverett H. France 3435 5.1 uﬁth «\vc. Portland |
\Vashington W7rGyY Robert B. I'burston TT00-31st Ave,, M., sealtle 98115
e PACIFIC DlVlSlOl\ — T
Hawall IKEBZF  Lee IR, Wical Kaneohe 96714
Nevada w7eBy feonurd M. Norman 5 Boulder City 84005
Banta Clara Valley WG6ZRJ Jean A, Gmelin ll)hd.x W lllowbrool\ Way C'upertino
liast Bay KBLRN itichard \ilson 107 Cordova \Way Cloneord
dan lranclsco WEUDL/KGUW 2 O Arthur Messinco LUT5-40th Ave. San I ranciseo
Hacramento Valley W6EBTY Cicorge . Hudson 2209 \Icor Way Kacramento
#an Joaquin Valley WeJLe Ralph Saroyan 5204 b I‘uwmcnd Ave. kresno
- ROANOb.L DIV SlO\ —
North Carolina W4BNU Barpett 8. Dodd 4.:0 \West branklin St. Sulisbury
Houth Carollna W4rED  Charles N \Wright 711 Merriwether Dr North Augusta
Virginia W4QDY l(ouu'b L. Follmar 1037 Dune 5t Norfolk 23503
West Virginia WaJM Donald B. Morrls 1136 Morningstar Lane IFulrmont 26554
5 Don L OGKY MOUNTALN DIVISION - S
3 K B onal ay Crumpton . O, Box
u?lolmdo WIMWR  Marvin Zitting PO, Box l?sl.f It L:\kc Clty
New Aexico WHIQL, Newell J.-‘r.-uu; Cireene V.0, 1sox Dexter
\Vyoming wicQL Wayne M. Monre 142 rloum \1onrnnn Ave. Cusper 52601
[ — SOUTHEASTERN Dl\ ISION — S
Alabama K4KJD “William 8. Crafts Route 4, Box 233 Athens 35611
fsastern Florida W4GJI iucrusey curran 1.0, Rox 48 Pralm Beach .
\Vestern Floriia WHRNLIL rank AL, Butler, Jr, ‘N D) llmu Rd. lrort Walton lu'.\ch 32548
ok MAREL et foncaiier  BOIe L Gt Trnman
g / ‘erne 4 R mon ¢
West lndles (P. R-V.L) KP41DJ am Werner a8 Ral Wio 1 leirng, 1. R.
(‘anal Zone KZ5TD ‘Thomas B. DeMeis P. O, Box 1111 Ralboa
i SOUTH\\ ESTERN Dl\’lblo - — -
1.0s Angeles WEFNE John A. McKowen 3430 S0. Hllls St. 1,08 Angeles 90007
Arlzona W7FKK Floyd C. Colyar S0 \\ st l'ierson St. I’hoenix
Han Dieg W6LRU on Stansifer 4427 Pescadero San Diego 7
santa Bu‘b.u‘u WAGOKN  Cuecll 1, Hingon lu‘f:t Coventry ¢wourt I'housund Ouks
. e E T EST GULF DIVISION - - ot Worth 76107
W5BNG arbin 3l maon v 7
N oreraa - cxe KSKTW  BII'F, Lund Y Wass0 Tulsa 20
Southern Texas WSQEM Roy K Iu;.glcslon 1109 V ornuu Drive Corpus Uhrist}
(‘ANADlAN DIVISION . Trvey Sation B~ .
VEIWB . 12 We R
?)‘nazr.iglon ¢ VIE3ING Itlcbard W Rouon.s 17‘0 Ncﬁngn Alt'(cl. )\ ulllxllt:gcllallﬁ r’l‘oronto Ont
Pay . 32 Nt ns . Yoy
Quebec VISZDR . W. SKarstedt 62 Nt. Jol N \zo“ﬁ{’ed}‘ %a, I\,"'O
Alber VESTG l[.l.rry H.l.rruld Lthbridge, a.
Brlthu Cotumbla VISTER + St \\\i.'rllrc]?uo\ er ¥, B8 C
Nanitoba VISAHW \\ llllam H uurner 6 Hart Ave., | neg
sagkatehewan VILsQC Mel Mills 1012-10th St., kast saskaloon

« ({fclal appolnted to act temporarily in the absence of a regular omcial




A COMPLETELY NEW...
GENERAL PURPOSE

GOMMUNICATIONS RECEIVER

CWeMCWe AM e+ AME* ¢« SSB ¢ ISB ¢ FSK ¢ FAX

sk Nol RE 9
s Berren yaan 1 Miceovorr  MIODEL GPR- 2 ( )
SENSITIVITY '

Selectable IF bandpass up to 15 kc as well as front panel selection of a
product detector or a conventional detector allows reception of the above
modes. (Adapters required for processing of ISB, FSK and FAX signals.)

Built-in buffer amplifiers permit control of the oscillators in a pair of
these receivers from Model TRX-1 stabilized crystal oscillator to provide
high stability diversity reception.

This general purpose receiver fulfills almost all of today's communica-
tion requirements from .54 to 32 mcs. Special bandspread dials offer ease
in tuning on ham bands, international broadcast bands with a third op-
tional dial for general tuning purposes.

Other options offered include rack, cabinet and slide mounted models.
Write for Bulletin 3006.

“AME- AM EQUIVALENT
THE TECHNICAL MATERIEL CORPORATION

¢ MAMARONECK, NEW YORK
p;‘\o and Subsidiaries
OTTAWA, CANADA e  ALEXANDRIA, VIRGINIA o GARLAND, TEXAS e  OXNARD, CALIFORNIA
SAN LUIS OBISPO, CALIFORNIA o LUZERN, SWITZERLAND e POMPANO BEACH, FLORIDA
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“It Seems t0Us...”

PUBLIC SERVICE

A(:OITRSM of continuing performance in_the
LA “publie interest, convenience or necessity
was charted by the ARRL Board of Directors
this year when it designated public service us
the number one objective of the League's
program. But simply putting public service at
the head of a printed List does not automati-
cally assure its achievement. A full measure of
success will come only with substantial support
and participation by the majority of amateurs.

Furnishing vitally-needed communication
in time of emergency hus long been a strong
point of the amateur. Because of our sheer
numbers and our widespread geographical
distribution, no matter where disuster muy
strike there are ulways one or more huins ready
to assist government and relief agencies in
bringing order out of chaos.

Yet as has long been known — and once
again demonstrated during the Alaskan earth-
(quake — the most effective amateur per-
formance is by those skilled in messuge-
handling through experience in vrganized net-
works — whether of the National Traffie
System, AREC, RACES, or ¢ven the “inde-
pendent” nets. Suddenly cast into an emer-
gency situation, an amateur inexperienced in
efficient procedures for message hundling may
well end up providing more confusion than
assistance.

Of our 250,000 hams, less than 40,000 are
presently enrolled in AREC, NTS and
RACES. Even many of these are merely
“signees,”’ often unprepared to do the kind
of job that needs to be done, unable or disin-
clined to drill regularly or to take leadership
assignments. Thus we come face to face with
our biggest problem — apathy. K8AOE, presi-
dent of the Fast Shore VHEF Club of Cleve-
land, well states the cuse:

“IWhat a sad state of affairs it is indeed
when, after going to all the effort of passing
an cxam and collecting the equipment to put
our stations on the air, we cannot find enough
cnergy to join other amateurs in providing
the services which would keep the cause of
amateur radio in the public eye. Instead we
have more interest in our personal and often
selfish satisfaction, such as DX hunting, or
rag chewing, or any of the other diversified
branches of ham radio."

Look down our nose though we may at
Citizens Banders, the fact is that many in this
voung and eager new group, despite organiza-
tion which is onty sporadic and loecalized, can
teach us a lesson in ardent drive to do a
community service. Amateur radio, hoth
through ARPSC and RACES, is far more
cupable of rendering an effective, respected
and responsible public service than is ('B.
But again, capability is not accomplishment;
a let-Gzeorge-do-it attitude by too many ama-
teurs can cause us serious difficulty — espe-
cinlly when it comes to justifving retention of
our frequency privileges. Will (B, through
their sheer drive and owr apathy, usurp the
traditional role of amateurs in emergency
communications?

Amateur radio has grown to many diversi-
fiel fields of interest, which in itself is good.
But these tangential excursions should never
obscure the fundamental requirement on ull
of us to spend a portion of our time in public
service activities. Join an AREC, NTS or
RACES group. More important, take an
active and regular part in their operations. .\
few hours a weck by every active amateur
will not only provide operating pleasure, but
the very real satisfaction of performing a
useful function in strengthening public service
accomplishments of the amateur radio service.

BARRY

Perhaps the highest public honor ever
hestowed upon an individual amateur radio
operator occurred in July when Senator Barry
CGoldwater, K7UGA/K3UIG, was named the
choice of his party as its presidential nomnince.

Although equipped with comparatively-new
calls, the Senator is no neophyte in amateur
radio. As a youngster in the 1920s he held the
call 6BPI, Phoenix, Arizona, with u S-watt
c.w. rig. Later, he went high power — 20 watts
— his best DX Hawaii. His current renewed
interest is by no meuans pussive. Ifluman inter-
est stories datelined San Francisco reported
the Senator’'s preferred method of relaxation
during even the most eritical portions of the
political convention — & portable ham rig in
his hotel room!

Partisan politics as such has no place in
amateur radio communications, and ¢ven
though deep in the heart of every amateur may
lie the dream of some day secing un smateur
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beam ut 1600 Pennsylvania Avenue,! hams
should not take sides on the air, nor will QST
in print. For more than a half century, ama-
tenr tradition is to avoid on-the-air discus-
sions of politieal campaigns and controversies.
We had the pleasure, a few months ago, of
reading the mail while K3UIG talked to
a high school radio club: we particularly
admire the superb ethics followed by the
Senator, while still speaking his mind, of
avoiding partisan answers to loaded questions.
There will be a lot of public mention of
amateur radio, it seems certain, while the
Senator follows the eampaign trail. 1f ama-
teurs maintain strict neutrality on the air in
aceordance with tradition, no matter how
actively they may be working for the Senator
clsewhere, the publicity should be all good,

and of great benefit to the wnateur service.
[@57—]

i")ST, November 1952, p.50,

COMING A.R.R.L. CONVENTIONS

September 5-6 — Maritime Province,
Charlottetown, P. 5. 1.

September 11-13 — Southwestern Divi-
sion. Palm Springs. Calif.

September 25-27 — Pacific Division, Sac-
ramento, Calif.

Oectober 2-3 — Ontario Province, Lon-
don

October 17 -— Michigan State. Grand
Rapids

October 31 and November | — Oklahoma
State. Lake ‘I'exoma

January 23-21, 1965 — Florida State,
Miami

PACIFIC DIVISION CONVENTION

Sacramento, California — September 25-27

The 1964 Puacific Division ARRL Convention
will be held September 25-27 at the Hotel El
Dorado, just outside of Sacramento: its theme
will be “The (iolden Anniversury of Organized
Amateur Radio." Fvery effort is being made to
insure that the tirst ARRL convention to be held
in this city in over thirty years is one of the best
aver.

Opening event will be the Pacific Division
Ciolf Tournament, beginning at 1:00 p.a. Friday
at the Haggin Oaks Municipal Golf Course.
C'unvention registration will begin uat. 4:00 on
Iriday followed by an informal MARS dinner,
with MARS officials of the three services as
guests.

Suturday activities will include special group
hreakfasts: hidden transmitter hunts for mobiles
on 2. 6, and 75 meters; ARRL forum; technical
tulks; mobile judging and field strength trials.
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Ladies’ activities will include a luncheon and
fushion show, us well as a conducted tour of the
CGiovernor's Mansion and/or the State Capitol
Building, followed by a SWOOP party. The Sat-
urday night banquet will be highlighted by the
presentation of the first Hiram Percy Maxim
Medal to John Reinartz, K6BJ: trophies for
winners of competitive events will also be present-
ed. At midnight, an initiation ceremony for the
Royal Order of the Wouff Hong will be conduct-
ed for ARRL members.

Technical speakers will include Don Stoner,
W6TNS; Bill Orr, W6SAI; Jo Jennings, W6EL:
Chuck Towns, K6LFIL: and Doe (imelin,
W6ZRJ. The Leugue Forum on Saturday will
feature ARRL President Herbert Hoover, Jr.,
W6ZH: (ieneral Manager Huntoon, WILVQ;
and Director Engwicht, W6HC.

Banquet reservations are $8.50; ladies’ lunch-~
eon $3.00. Pre-registration deadline is September
14. The Hotel El Dorado is located on Highway
40 at Canterbury Road, just north of Sacramento.
For further information and reservations, write
to the 1964 Pacific Division ARRL Convention
Committee, P.0. Box 214155, Sacramento,
California 95821.

ONTARIO PROVINCE CONVENTION
London, Ontario — October 2-3

‘The Ontario Province ARRL Convention will
be held Friday and Saturday, October 23, ut the
Holiday Inn in London. Registration will begin
Friday at 6:00 p.y. An informal get-together is
planned at 7:30, including a buffet and some
entertainment. Saturday urrivals may register
after 9:00 A.\.: various tulks and demonstrations
will begin at 10:00,

Speakers will include Fritz Franke of Halli-
crafters: Rowlund Beardow, VE3AML, of the
Ontario Radio Society: and Dick Baldwin,
WIIKE, ARRL Assistant General Manager. A
representative of the Department of Transport
will be present to answer questions on C'anadian
regulations. Demonstrations of v.h.f. and u.h.f.
antennas, closed circuit TV and the newest in
amateur equipment are also scheduled.

An s.8.b. and DX luncheon will be held Satur-
day noon and a 75-meter station will be in opera-
tion throughout the day. Cocktails will be served
at 6:30, followed by the main banquet at 7:30:
entertainment will be provided after the meal.

(fonvention registration is $2.00; banquet,
$4.00. For complete details and reservations,
write to the London Amateur Radio Club, P.O.
Box 82, London.

Y- Strays "5

Fifty years of organized amateur radio culminates
in the issuance of a commemorative postage stamp
honoring hams. See page 26 for details on how to get
vour *‘first-day cover' as a memento.
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The phase-lock receiving adapter is built on a 7 X 9 X 2-inch chassis. The
discriminator amplifiers are in the foreground in this view.

An LF.

detection” has come to be the common
receiving method at a large number of in-
stallations where r.f. transmission loss is large or
transmitter power is low. These methods are
ulmost universally used ut government satellite
and space-vehicle tracking installations for Dop-
pler measurements. Correlation-detection tech-
niques can provide automatic frequency tracking,
with & high degree of precision, along with su-
perior weak-signal reception capabilities.
Methods of improving the basic input signal-
to-noise ratio (8.n.r.) of receiver systems, such as
the use of parametric amplifiers, have been used
hy amateur u.h.f. experimenters. To improve the
output s.n.r., the amateur has usually employed
audio filters following selective multiple-conver-
sion i.f. strips. Active-tilter or correlation-detec-
tion techniques can provide a big improvement
in the basic receiver output s.n.r. by reducing the
effective output bandwidth to levels not obtain-
able with any sort of passive-filter device. These
methods have not been used by amateurs because

*Reseafcb Dept., The Standard Qil Company (Ohio),
4440 Warrensville Center Rd., Cleveland 28, Ohio.

! TECHNIQUE known as “phase-lock correlation

Tracking Filter
for Weak-

Signal Reception

BY RALPH W. BURHANS,* W8FKC

ﬁ]----------------------------------------'-------------------”‘

i Phase-lock detection methods, although capable of effecting a drastic improvement
# in signal-to-noise ratio, have had little use so far in amateur work. The reason is
5 that the advantages are not realizable in ordinary amateur-type communication.
i However, for some specialized types — moonbounce is one example — a very much
: worthwhile increase in effective sensitivity can be secured. The system described
g8 here, developed by the Sohio Moonbeam group for receiving weak satellite signals
: and making Doppler measurements, represents a considerable simplification in
g circuitry. By making use of manual signal acquisition and phase-error integration,
H :

]
B
€

complexity and cost are much reduced.
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ut first glance they appeur to be excessively
complex and beyond the capabilities of the in-
dividual experimenter. A possible exception is
the amateur Microlock system pioneered by
WGVZALL but this was 2 group effort of u large
number of operators. A primary purpose of this
article iy to present one simplified version of i
tracking filter or phase-lock adapter that is
within the capabilities of the scrious wmateur
experimenter.

The cireuit to be described reduces the effective
detector bandwidth, the wultimate bandwidth
veduction bheing u function of (1) the stability of
the poorest local oscillutor that precedes the
detector in the receiver, and (2) the information
hundwidth or frequency *tracking'' rate desired
at the output. Detector bandwidths much smaller
than 10 e.p.s. can be achieved, with sensitivities
better than 0.01 pv. The adupter unit also pro-
vides a.m. and f.m. detection for telemetry
rereption. In its present form it is intended for
weuk-gignal reception from satellites or spuace
probes, but might be adapted for narrow-band
¢.w. reception, as in moonbounce experiments.
This particular model is not intended for s.8.b.
reception or for general use in crowded com-
munications channels.

Correlation Detection

A correlation detector is a linear product de-
tector similar to those used in s.8.b. detection,
except that the beat osvillator is locked to the
incoming signal through a feedback control svs-
tem.? The locked beat. ogeillator provides a rela~
tively noise-free internal estimate of the phase
and frequency of the incoming carrier. The
degree of s.n.r. improvement is a function of the
filtering provided in the feedback control system
together with the inherent integration provided
by the vontrolled heat oscillator. With proper
virenit design, this locully-generuted estimate of

1 Richter. “Microlock,” QST Deec., 1457,

2 laffe and Rechtin, ‘' Design and Performnance of Phase-
Lock Circuits Capable of Near-Optimum Perfarmance Over
4 Wide Range of Input Signal and Noige [evels' TRE
T'ransactions, Vol. IT, No. 1, Mar., 1955. (Also in Progress
Report No. 20-243, Jet Propulsion Laboratory, Pasadena,
Culif.)
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the signal frequency and phase dues not vary in
amplitude, so amplitude information can be ob-
tuined by comparing the beat-oscillator nmpli-
tude with the incoming-signal amplitude. Simi-
lurly, rupid frequency or phase modulation can
be detected by comparing the instantancous
reference oscillator signal with the incoming
signal. Slow frequency variutions, such us those
caused by Doppler shifts, can be detected by
making the feedback-loop time constants small
compared with the Doppler shift, but large com-
pared with any frequency or phuse modulation
on the carrier. The Doppler shift of a satellite
can thus be followed by recording the slow
vuriation in frequency of the controlled reference
osecillator. This variation is relatively independ-
ent of any modulation on the incoming carrier.

There are many ways of using phuse-lock
methods in receiving systems. The Microlock
svstem generates the controlled signal in the
form of the first-local-oscillator signal at the
receiver input. Some systems generate i.f. esti-
mates of the signal at frequencies like 5, 10 or 30
Me. Still another method is to generate an audio
estimate with @ controlled audio oscillator, uti-
lizing all the existing receiver including the in-
ternal b.f.o. The term “phase-locked receiver”
is usually applied to receivers which have 4 single
crystal-controlled reference, with the input locul
oscillator us the primary controlled oscillator.
The term “tracking filter " is usually applied to
methods which adapt an existing receiving sys-
tem to phase-lock methods by depending on the
receiver conversion oscillators for the hasic
reference.

Circuit Design

This adapter unit operutes at the widelv-used
intermediate frequency of 455 ke. Higher or lower
1.f.8 could be employed. In principle, an auto-
matic frequency- and phase-control circuit is
achieved with a phase detector, low-pass filter,
reactance modulator, and an oscillator. These
are combined as in Fig. 1. The output of the
voltage-controlled oscillator (v.c.0.) feeds one
side of the phuse detector while the input signal
feeds the other side, und the resulting error-
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product. signal feeds the v.c.o. after low-pass
filtering. In practice it is usually not yuite so
simple, since the damping of the low-pass filter
or the pull-in vs. hold-in range leaves sumething
to be desired. This difficulty has been surmounted
to some extent by the use of an active-filter
design first deseribed by Jensen and MecCicogh of
NRL.* They utilized simple circuits but added
wn additional feedback loop called “polylock.”
This simple addition of one small capuacitor from
the top of the phase-detector transformer sec-
ondary to the grid of the oscillutor tube serves a
varicty of useful functions.

The polylock loop generates n small pull-in
voltuge, churacteristic of  frequency discrimina~
tor when the oscillator is not locked. The poly-
lock loop is self-canceling, and the additional
voltage drops to zero as the primary feedback
loop sturts to lock. The polylock permits control
of damping of the primary loop filter. The original
Jensen-McUeogh active-filter circuit utilized
simple reactunce tube and electron-coupled oscil-
lator circuit. All control and output was at the

2 Iensen and McUeogh, ** An Active Filter,” NRL Report
No. 4680, Nov. 10, 1955, U. 8. Naval Research Laboratory,
Wasliington, D. C. (Also available as UJ. 8. Dept. of Com-
merce, [’B No. 111787.)

grid of the oscillator circuit. Some noise modula~
tion of the output frequency was apparent in the
weak-gignal condition. This can be overcome by
reducing the polylock eapacitance to some extent.
However, cffective output-frequency noise-band-
width reduction is achieved by the use of 4 tuned-
grid, untuned-plate oscillator circuit us shown
in Fig. 2 (Var). The output is somewhat isolated
from the control input since the 1000-ohm cath-
ode resistor provides a reasonably low output
impedance. Many of the advantages of the
polylock loop are still retained, particularly in
loop-filter dumping churucteristics. However, for
the weakest signal detectable, the pull-in range
is still largely a function of the loop-filter time
constant and the reuctance sensitivity of the
v.c.0. circuit. The value of the polylock loop
coupling rapacitance is difficult to determine
except by experimental triul. Usually the smallest
possible capacitance is required — of the order
of 0.1 to 0.5 pf. The circuit of Fig. 2 will hurdly
work at ull without this capacitor, but becomes o
highly effective circuit with as little as 0.1 pt. tor
the polylock-loop coupling. The capacitor can
be u simple twisted-wire gimmick or a cut-down
mica compression trimmer capacitor. Sometimes
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1 ] i
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Fig. 2— Circuit diagram of the phase-lock adapter unit. Fixed capacitors are ceramic; resistors are Y2 watt, unless otherwise
indicated. B supply is regulated 150 volts. Note: CRs and CRs require a d.c. return, which may be supplied by the second-
ary of the i.f. transformer feeding Ji.

Ci—Cut-down 3-30-pf. mica trimmer (see text). 31, J2, Js—Phono jack.

C3—80 pf.; 8-50-pf. ceramic variable (Erie 557-H or  J4, Js—Coaxial connector, chassis-mounting (BNC).
similar) in parallel with 50-pf. fixed ceramic. R1, Ra—25,000-0hm control, linear taper.

CRi~CRy, inc.— IN695 or equivalent high back-resistance  T1, T«—Full-wave 455-ke. transformer (Miller 913-D with
diodes, matched. discriminator capacitor removed).

CRs, CRg— IN34A or similar. Ty—B.f.0. transformer, 455 ke. (Miller X-320-C).
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The two discriminators are in the right-hand half of the chassis, using practically identical layouts. The polylock capacitor,
a cut-down mica trimmer, is just above the chassis center. The v.c.o. circuit and output connector are at the left.

the stray capacitunce in the circuit layout is
sufficient.

The v.c.0. uses the triode section of a GANSK
as the oscillator, feeding the primary phase
deteetor, (‘R ;CR,, directly from the 1000-ohm
cathode resistor through suitable blocking ca-
pacitors. The pentode section, Vay, is o reactunce
modulator {inductive).

A 12AT7 RC phase shifter, V44, feeds the a.m.
and signal-level phase detector, (7R3;CR4, by
supplying a voltage 90 degrees out of phase with
the signal suppliecd to the primary phase de-
tector. V4g is used as a cathode {ullower for out-
put-frequency isolation.

The input amplifiers, 1y and V3, are neurly
identical. It is nccessury to operate the 6AU6
feeding the primary phase detector us o limiter.
Ciood limiting action is important for preventing
amplitude fluctuations of the input signal from
affecting the primary phase-detector output.
('Rg und ('Rg contribute further to the limiting,
and function somewhat a3 the Bishop noise
limiter. The clipping level is about 0.1 volt pealk,
which causes the a.m. and signal-level detector
to saturute at o low level, but this is no particular
disadvantage if acenrate level indications are not
needed. For these, the 6AU6 driving the a.m. and
signal-level phase detector should not be pre-
ceded by any limiting.

Receiver Requirements

A high signal-plus-noise level is required for
operating the adapter unit. Many communica~-
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tions receivers provide a 455-ke. output terminal
which is at a relatively-low voltage level, and if
such an output is used additional 455-kec. am-
plification will be needed. The circuits for this
are straightforward. Additional i.f. stages should
uot be required if the i.f. output is taken directly
from the last i.f. transformer.

With all tracking filters, the stubility of the
svstem is determined by the local oscillators in
the preceding receiving equipment. With this
svstem it is desirable to use a highly-stable re-
ceiver, generully of the type employed in s.s.b.
work, with narrow tuning range or wide band-
spread. For the v.h.f. region and higher, crystal-
controlled couverters of high stability are =«
primary requirement. Parametric amplifiers are
Jdesirable to improve the input s.n.r. since the
correlation-detection process is u detector band-
width-reduction and tracking scheme, aund does
not improve the basic receiver input s.n.r.

Adjustment

The adapter of Fig. 2 cun be tuned up with the
aid of a suitable signal source, vacuum-tube
voltmeter, und oscilloscope. 77 und Ty can be
tuned by temporarily removing Vi from its
socket und peaking the trunsformers for maxi-
murm signal on 2 v.t.v.m. plugged into the wa.m.
and f.m. output terminals, J» and ./y, in turn.
For this purpose it is desirable to turn the balance
potentiometers, 21 und Ra, on the phase-detector
outputs all the way to one side so a8 to provide
an unbalanced voltage for indication. Once the
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transformers are peaked, the balance potentio-
meters should be adjusted for wpproximately
zero volts with a gignal applied at the input to the
adupter. The 6ANS can then be plugged in und
the slug in 7' wdjusted for lock-in with a signal
applied at the input. Lock-in is observed with a
v.t.v.m at J 13 as lock is approuched, the v.t.v.n.
will swing rapidly positive, then through zero to
negative, as the center frequency of the v.c.o. is
varied with the alug in 1.

The a.m. phase shift adjustiment can be made
with a v.t.v.m. at. J/o. The phase-shift capucitor,
(s, should be adjusied for muaximum v.t.v.m.
voltage when the f.n. phase-error v.t.v.m. is
indicating lock and zero volts. A further check on
the YU-degree phase shift can be made with the
aid of an oscilloscope huving low-capacitance
probes and identical horizontal and verticul
amplifiers. (s should he udjusted for u good
Lissajous oval when comparing the signals at the
output of the phase shifter (point ') and the
cathode of Von. The r.f. output at the cathode of
.8 should be 8 to 10 volts peak-to-peak, while
the output at the phase shifter should be 5 to 6
volts peak-to-peak.

 Output and Auxiliary Circuits
To use the adapter unit it is desirable to em-
ploy simple v.t.v.m. circuits ag permanent signal-
level and phase-vrror meters connected to ./o and
J1, respectively. Fig. 3 illustrates this curcuitry,
together with a communicutions audio system

Fig. 3—Vacuum-tube voltmete-
and audio-output circuits. Capacir
tors with polarity indicated are
electrolytic; 0.1-uf. capacitors are
paper; others are ceramic. Fixed
resistors are Y2 watt. B supply is Jr
regulated 150 volts. AUDIO 7
Jo, J7, Js—Phono connector. DOPPLER o1
M1, M2—0-200 microammeter. (_‘j_’
Ra, Rs—1-megohm control, linear

o by

for monitoring or for feeding the signals to u
tape recorder. The signal-level (a.m.) v.t.v.m,
should have a full-scale range of 4 to 5 volts or
so. The phase-error (f.m.) v.t.v m. should have a
range of =6 volts with zero ¢enter. These ranges
can be obtained with the l-megohm input po-
tentiometers and the 4.7-megohm scries resistors.

Fig. 4 is the eireuit of u frequency comparator
which provides snulog or pseudo Doppler indica~
tions for quick-lovk operation in sutellite track-
ing. This circuit consists of a crystal-controlled
product detector and frequency meter covering
the approximate runge of 0-10 ke. The frequency-
meter portion is a transistor univibrator which
puts out i square wave with a duration propor-
tional to the cross-coupling time constant. This
squure wave is differentiated by the diode cou-~
pling capacitor, (3, and added in & stepwise man~
ner by the counting rate diodes. The load re-
gistance of the meter and driving source resistance
determine the maximum voltage which will be
developed across the output indicator at a given
repetition rate. The highest linear repetition rate
indication will be limited by the time constants
of this output circuitry. The linearity will drop
off when the differentiated pulse width is u lurge
fraction of a single cycle of the counted frequency.
A linear range of 250 ¢.p.s. to 3000 c.p.s. has been
achieved with the circuit values chogen. ¢y is
adjusted to give 2.5 pa. for 250-c.p.8. input and
S0 wa. for SOU0-c.p.8. input, using a 100-pu.
meter. x sets the amplitude level of the input
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e —te

PHASE
ERROR

taper.
R4—0.5-megohm control, audio &
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Fig. 4—Frequency comparator and audio-frequency meter for analog Doppler measurements. Output ranges are 4, 2
and 1 millivolts per kilocycle, Frequency range approximately 0-10 ke. Except as indicated, capacitances are in uf.;
fixed resistors are 2 watt,

Ca—Mica.

Jg—Coaxial connector, chassis-mounting (BNC).
Jio—Phono connector.

M3—0-100 microammeter.

audio frequency. Output for driving a potentio-
metric (-1(-mv. recorder can be obtained acruss
the resistors in series with the indicating meter.
The output recorder sclector witch permits
selection of recorder ranges of 1, 2 or 4 mv. per
1000 c.p.s. (The new Hea.thklt potentlometnc
recorder could be adapted to record this output
signal.)

In using the frequency comparator it may be
desirable to choose u crystul on the high or low
side rather than one centered on the intermediate
frequency, to prevent reversul of the analog
Doppler recording. The choice of ervstal will
further depend on the conversion system used
in the receiver preceding the sdapter unit. The
vutput i.f. may decrease with an increase in input
signal frequency or just the reverse, depending
on the receiver local-oscillator frequencies.

A v.c.o. bias source is desirable for manual
integration of the phase error. This is done by
applying au adjustable d.c. voltage through /3.
Fig. 2, using the cireuit of Kig. 5. This circuit also
provides for plug-in or switched filtering cu-
pacitances on the primary loop (' filter. With
this voltage through the 470K summing resistor,
the center frequency of the v.c.o. cun be vuried
about =3 kec. This is useful for fine passband
tuning, and is essential for phase-crror integration
during lock on weuk signals that are keyed and
shifting in frequency.

Acquiring and Tracking Signals

When the adapter and output indicating cir-
cuits are ull connected to the appropriste re-
ceiver some additional fine adjustments are
usually required. For weak-signal acquisition,
the r.f. gain of the receiver is turned up so that
peak noise pulses cause the signal-level and
phage-error indicators to move about 0.1 volt.
The meters can be re-zeroed by small adjust-
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Rx—2000-ohm control, linear taper.
Ro—1000-ohm control, linear taper.
S2—Rotary, 1 pole, 3 positions.
Y1—Approx. 455 kc. (see text).

ments of 2 and Ry. The v.c.o. center frequency
usually will shift somewhat with the udditional
noise voltage, so the slug in M2 should be reud-
justed for zero phase error with no signal, just
noige. There will be some interaction between the
v.c.0. tuning slug und fy; consequently, it is best
to go buck und forth between these two adjust-
raents until the phase-error meter is wavering
ubout zero volts with the noise level.

The v.c.o. bius source is then connected to the
v.c.o. input terminal and the appropriate filter
capacitance plugged in. A convenient filter
capacitance is about 2 pf. This will limit the
tuning rate of the receiver to something of the
order of 500 c.p.s. for acquiring lock on a signal
of the order of 0.05 uv. For veaker gignals, more
capacitance can be used but the tuning rate of
the mairf receiver must be correspondingly re-
duced. For very fine tuning with the main re-
ceiver fixed, the v.c.o. biag potentiometer, /'y,
can be slowly rocked back and forth to ecover
about @ ==1-ke. range. When once a signal is
acquired, the phase-error meter will immediately
settle down to a more steady reading. If the
frequency of the signal is changing ut a rate
which the loop filter permits, the phase error will
slowly shift off zero to one side or the other.

JReo v
4;>:/X_ I J9 (To v.co)

]

ov. <

, IOK:
I 1
!
— <—1 (-1
o L e
Ke Vazd Jio
Fig. 5—Frequency-controlling bias source for v.c.o.

=il

C-—External capacitance for changing filter time constant;
must be low-leakage type (see text).

Jo, Jio—Phono connector.

Rino—10,000-0hm control, center-tapped.
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For Doppler-shift recordings on satellites, the
operator can adjust the v.c.o. bias so as to mauin-
tain the phase error at approximately zero volts.
As long as the signal is locked, this does not affect
the output frequency, but it does provide the
input to the v.c.o. with an error voltuge (from the
v.c.o. bias source) which is a best estimate of
where the signal will be acquired in locking on
keved c.w. signals from satellites. For acquiring
most, gignals it is usually preferable to have the
v.c.o. bius potentiometer offset or centered at
zero-volts output and use the tain receiver
tuning. On strong signals (1 uv. or more) a very
positive indication of lock is upparent by wide
swings of the phase-error and signal-level meters.
For weuk signals, very slow tuning of the ruin
receiver or v.c.o. bius is necessary to detect lock
on the phase-crror meter.

A stable 0.1-pv. c.w. signal will produce a
2-volt indication on the signal-level meter :nd
the s.n.r. at the output frequency will be so high
that nodetectable change in the unulog frequency-
comparator output can be vbserved. In terms of
the frequency output, the s.n.r. improvement
can be of the order of 40 db., at the expense of
the information bandwidth of the signal. Thus
on a very weuk signal, such as one below 0.01
uv., we can tell that the signal is there, but only
slow c.w. or very slow frequency-shift keying
could be used for information transmission. In
any case. the present phase-lock adapter system
is superior to most square-law receivers for de-
tecting weak signals. Of course, the signal source
wust be stable enough to permit the use of these

Iy
Ey

Cnant o ea

Fig. 6—Typical Doppler recording made using the system
described.

very narrow-band techniques, and we must know
where to search for the desired signal.

An alternate way of operating the system is to
offset the v.c.o. bias control (=4.5 volts) and
retune the v.c.o. slug for zero phase error. This
provides a wider tuning range (at least 6 ke.) for
tracking a satellite signal from one edge of the
i.f. passband to the other, The signal is tuned in
at the correct edge of the input i.f. passband und
can be followed sometimes us much as 10 ke.
from the initial acquisition point. For this use,
the frequency-comparator crystal should be on
the starting edge of the input i.f. passband so that
the audio-frequency output is always increusing.

A typical recording made with the aid of a
strip chart recorder connected to the analog

(Continued on page 166)

Correction to “Electrical Safety”

IN Fig. 3C on page 53 of the August. issue of QS7',
in the article on power wiring by WONLT. we
unfortunately got the ground wires reversed in
the sample transformer primary circuit. The one
lubeled “white’” should go to the transformer and
the one lubeled “yreen” should go to the shield.
The accompanying drawing shows the correct
circuit. Mark the drawing in August QST to show
the right wiring; you may want to refer to it luter
and may possibly forget that it was wrong if it
isn’t noted now.

Incidentally, the wire colors refer primarily to
the permanently-installed wiring and not nec-
essarily to the colors used in an appliance cord.

If your house has 3-conductor outlets. it doesn't
pay to tuke it for granted that the “green”
connection uctually is grounded. Depending on
the fixture and how it was instulled, the ostensi-
hle ground connection muay or may not be a
rood one. Some fixtures depend on
a4 scraping contact when the plate

whether the “white’” and *‘black" connectors are
properly wired in the outlet (Fig. 2 of the same
article). There have been cuses where the sup-
pusedly pgrounded contact (white) has been
hot, while the supposedly hot contact actually
wus connected to the earthed side of the line.
Also, in building equipment for the 3-wire system,
place the switch and fuse only in the hot wire;
don’t use double-pole switches to breuk both
sides. Our thanks to Art Walters, W6DKH, for
these suggestions.

Finally, don't think of the third wire in the
power cord as u substitute for the external ground
connection that ought to be made to every
metul-cased piece of radio equipment. Run a
separate lead to the water piping, und make a
practice of seeing that this ground connection is
made hefore the power plug is inserted into the
wall socket.

is assembled to the box, and the . :— _:

con act sometimes has to cut BLACK | ' |

through paint. Test the setup by — GREEN SAFEST
rannnei:tinr:zu3()()—wattlamp between - WHITE ” : ARRANGEMENT
the grounding contact in the re- _J [ t

ceptacle and the other two con- b e 1

tacts in turn. This will alsu show (C)
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has been noted that a large number of

them who operate in nets have difliculty
getting on the net frequencey within tolerance, and
staying on after they get there. While there was
no difficulty getting on frecuency at this station,
there was difficulty staying on because of v.f.o.
drift, especially when starting up cold. For this
reason, it wus decided to switch to erystal control.
Various arrungements were tried, and the one
finally decided on is shown in Fig. 1. It is now in
use at this station, and has proven quite satis-
factory. With the exception of a polar relay (not
shown ), which most RTTY stutions already have,
only six small parts are needed for the f.8.k. unit.

MOST RTTY stations are using v.f.0., and it

Assembly

The oscillator circuit shown is a conventional
Colpitts, with the f.s.k. network connected be-
tween crystal and ground. However, the system
should work with auy oscillator eircuit in which
the erystal is normally grounded. The network
takes very little space and, if you have the oscil-
lutor already built, the network can probably be
added to the cxisting circuitry. If there is insufhi-

* P.0O. Box 3034, St. Andrews Branch, Charleston, S. C.

F.S.K. NETWORK
RFC
v5nmh

oI YYY
TO KEYER

di ot uf I
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IY

i o 0t e e s e e e 4 59 BB O3 B9 ED O

Simple
Crystal-Controlled
F.S.K.

Better Stability
for RTTY Transmitters

BY KENNETH N. SAPP,* W4AWY
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cient room in the oscillator compartment for the
few small parts required, an outboard unit which
plugs into the regular crystal socket can be used.
In either cuse ull parts should be mounted us
close us possible to the oscillator und crystal
sockets to keep the r.f. path short. A long r.f.
path will reduce the possible shift and lower the
natural frequency of the crystul. Length of key-
ing leads is not critical. Une advantage in having
the shifter built permanently into the oscillator
circuit is that it can be used to adjust the crystal
frequency either up or down to exact net fre-
quency for phone or ¢.w. work, us well as for f.8.k.
It should be pointed out, however, that most of
the shift in frequency possible with this circuit
is toward a lower frequency, so a crystal on the
net frequency or slightly higher should be used.

Diodes

The diodes may be the tube type, such us the
6ALS, or may be crystal diodes. 1 have found the
crystal diodes to work better, and of all those
tried here the Ohmite 1N34A worked best. How-
ever, the peak inverse voltage rating of crystal
diodes is low compared to that of the 6ALS, so it
is recommmended that the oscillator sereen voltage

+8
Fig. 1--Frequency-shift network applied to a typical
crystal-oscillator circuit. The oscillation circuit is normally
grounded at the point marked X. This connection is broken
for insertion of the f.s.k. network. Values for C1 and L
are discussed in the text.

be not over 100. The 0.01-xf. bypass capacitor
should be mieca or ceramic. For the variable, (',
a simple mica padder of 150 to 200 pf. maximum
works fine.

The Coil

The value of the inductance will depend on
the frequency, the crvstul, the holder und the
amount of frequency reduction required. In gen-
eral, a frequency of 3 Me. to 4 Mec. will require
about 25 uh., and 5 Mec. to 6 Me. about 15 xh.
If the f.8.k. is to be used with only one crystal,
and ulways with the same amount of shift,
the inductance could have a fixed value urrived
at by first winding a coil of more inductance
than the cstimated requirement, and then re-
moving turns until the right value is found. A
more flexible arrangement is to use a slug-tuned
coil. I suggest getting a coil form (probably one
in your junk box) and winding it yourself, It
takes very little wire. For 3 Me. I used a $4-inch
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form and wound about 50 turns at the top end
of the form in a space the length of the iron
shug. For 5 Mc. I used u 14-inch form and wound
about 30 turns. If you do not have wire small
enough to wind the required number of turns
in one layer, make two layers. I used No. 26
wire because 1 had nothing smaller on hand.
If you plan to operate on several frequencies,
perhaps widely separated, the inductance cun
be extended by including a rotary switch with
several positions, and a small inductance of
about 5 ph. connected between each switeh point.
{A coil of 24 turns, !+ inch in diameter und !4
inch long, has an inductance of 5 uh. No. 26 wire
will fit nicely in this space, with room to spare.)
The entire series string would be connceted in
geries with the variable inductanee and the switch
rotor used to short out any portion not necded for
the particular frequency in use at the time. If this
arrangement is uscd, the variable inductance
should be smull enough to work with the highest
frequency uscd, perhaps a 5- to 10-gh. coil.

Adjustment

Too much inductance or too little series capaci-
tance can cause the erystal to stop oscillating.
Adjustment should be started with maximum
capacitance and minimum inductance. For an
850-cycle shift, with the keying circuit closed to
put the oscillator on “space” frequency, adjust
the inductance so that the frequency is 425 eycles
below the net. frequency. Then open the keying
circuit and adjust the variable capacitor until the

frequency is 425 cyeles above the net frequency.
There is a slight interaction hetween the two con-
trols, so go over them again until both frequen-
cies are right. If you are using narrow shift, the
inductance and eapacitance should, of course, be
adjusted to the particular shift in use,

Rasically, the circuit is series-tuncd, with the
L combination so arranged that normally the
frequency is high, or *mark.” On “space,” the
cupacitor is effectively shorted out by the diodes,
and the frequency is reduced by the inductance in
the circuit. It is possible to key the circuit di-
rectly without the diodes, the bypass capacitor,
or the r.f. choke, but it would be unstable hecause
of the r.f. in the circuit. The keying circuit is
isolated from the r.f. eircuit by these four com-
ponents.

The unit cun be keyed directly from the key-
hoard by proper polarization of the diodes, but
the shift will be upside down, since the keying
circuit must be open on “mark.”’ "To get the shift
circuit must be open for the higher frequency
normally used for *“‘mark.” To get the shift right,
it will be necessary to use & relay. Since the relay
coil must be in the teletype circuit, the best thing
to use is » polar relay, properly adjusted both
mechanically and electrically, so there will be no
bias un the f.s.k. signal. As shown in Fig. 1, the
diodes are polarized for a positive voltage on the
ungrounded keying lead. When there is no voltage
in the keying circuit, polarization is immaterial
as long as the two diodes are polarized the same.

‘&-Stroysal

1963 VE/W Contest

Word from Canadian Viee Director VE2BK ex-
plains the lateness of the results of the pust. yenrs’
contest. Both the Websters have been undergoing
prolonged illness and will forward the contesi re-
sults us soon as is possible. Please be patient und
stand by.

— o o mm—

Dr. Benjamin Toy, WIW X, 44 Cummings Road,
Brookline, Mass. 02146, notes in u recent AMA
News a list of doctor-hums that is far from complete.
W6BRW, KIGHT, K2SVD and others are inter-
ested in completing a directory of those in the pro-
fession on the air, and to that end notices are being
placed in several medicul journals. WINXJ would
appreciate help in compiling a complete list of
doctor- ur dentist-hams.

WA2RZZ and K2HTX, while testing a rig to-
sether worked K1UTH.

On Field Day, WA2RZZ and K2HTX happened
to meet in the 2-meter tent, just as the operator
worked K1UTH.

WA2RZZ and K2HTX drew duty at K2US the
same time: K1UTH signed in as a guest operator.

(‘an anyone figure the odds?

A fascinating tale of espionage aud counter
espionage during World War II, together with a
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description  of shortwave broadcaster WRUL's
wartime services, can be found in the book ROOA!
30603, by H. Montgomery Hyde. - 130G

Don’t forget to order a ** first-day cover'’ with the
amateur radio commemorative stamp — see page 26.

Gus Browning, W4BPD, has been visiting all sorts of clubs

following his return from a two-year DXpedition which

everyone must have heard of by now. Here is a club

group where 100% of the members turned out to hear

his talk! Left to right, standing, K6TRK, W4BPD, WEHYG;

kneeling, W6UJ, WSOGRR, WAGFPB. All except Gus are
members of the Kern County Club.
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o Boginner and Novice

Up-To-Date Version of A Popular Maitching Indicator

The Monimatch————

scription of the Monimateh,! o simple de-
vice that could be used for checking the
match between a coax feed line and an antenna,
or to find the correct adjustment of a transmatch.
A short time later Monimatceh Mark I1,* & more
compuct und relinble unit than the original, made
its appearance. Since then several commercinl
versions have appeured, all using the basic design
features of the Mark 1I. The Mark T and Mark
IV Monimatches appearing in this article ure
much simpler to build than the earlier versions.
In addition, they are more sensitive, particu-
lurly the Mark TV, One of the problems with the
enrlier units was their luck of sensitivity on the
lower buands, particularly S0 meters. \With 50
waits output, the maximum current obtainable
wus 250 microumperes, meaning that an expen-
sive microammeter was required for an indicating
device with low-power transmitters. The Mark
IV eliminates this problem: as shown in Tuble I,
7 watts will give full-scale deflection on a -1
milliammeter. This should be especially useful for
mautching purposes for low-power mobile opera-
tors on 160 and 80 meters.
Before talking about construction details, let's
have a refresher course on what the Monimatch
is and what it will do.

What It Is

The Monimatch is u reflectometer, and a re-
flectometer is simply a device that, when con-
nected into @ transinission line, will respond to
r.f. energy traveling only in one direction along
the line. When two reflectometers are connected
back-to-back at the same point on the line, they
can be used to measure both the forward and
retlected voltages at that point on the line. When
hoth voltages are known, the standing-wave ratio
can be determined.

At this point one thing should be made quite
clear: the Monimatch is, and always has been,
stunding-wave indicator. 1t is not a precise meas-
uring instrument. Because of several factors that
ean get into the act, such as nounlinearity of
diodes, differences in coupling between the two
reflectometers to the line, or less than perfect
directivity, there is no simple method of coming

!BUU’I‘ cight years ugo (ST earried the de-

* 'Technical Assistant, QST. )
1 McCoy, * The Monimatch,” QST. Oct. 1956,
2 McCoy, * Monimatch, Mark iI,"”” @ST, Feb. 1958,
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up with an instrument that will give exact s.w.r.
readings. Even the expensive commercial bridges
have a4 certain amount of inaccuracy when check-
ing s.w.r. llowever, the Monimatch is an excel-
lent matching indicator and the aceuracy is very
good when a matched condition is approached.

What the Monimatch Will Do

A newcomer to amateur radio, starting out
with & Monimatch or similur device, would won-
der how anyone ever got on the air without one.
Let us reassure you — hams did manage to get
their antennas or transmatches udjusted in the
old duys. However, the Monimatch simplifies the
job und makes it very eusy to get an antenna
system adjusted.

In our opinion the hest multiband antenna
gystem is u dipole, center-fed with open-wire
feeders. This system requires using a transmatch
between the transmitter and the feeder. The
Monimatch can be inserted in coaxiul line be-
tween the transmitter and transmateh to show
you when the transmutch is correctly adjusted.
Also, many beam antennas have adjustable match-
ing devices, and the Monimatch will serve us un
indicator to show you when the matching scetion
is properly adjusted.

Another important function of the Monimatch
is its use as an outputindicator. One of the prob-
lems a beginner has is tinding out if power is
actually going to his antenna. The Monimatch
accomplishes this because it gives a comparutive
indication of the r.f. power in the coax line und
thus the power going to the antenna.

Construction Information

In the Mark I{ version of the Monimatch spe-
cial channel-type construction was used and
polystyrene spacers had to be made to maintain
the correct spacing between the pickup leads und

Table 1

R.f. power required for full-scale detiection of
0-1 milliammeter

Band Mark 11T Mark IV

1.8, 100 watts 35 watts

3.9 0 ¢ v

7.0 Yo 2 ¢

14.0 3¢ Less than 1 watt
210 I watt “ e
28,0 Less than 1 watt oo
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At the left is the Mark IV. In this unit the pickup leads L and L2 are taped almost the entire length of the inner coax

conductor insulation. The unit at the right is the Mark lll. As can be seen, the construction is quite simple.

Mark III and Mark IV

BY LEWIS G. McCOY,* WI1ICP

the inner conductor of the feed line. The Mark
III and 1V models are much simpler, and no
channel work or spacers are required.

For the Mark III, 4 picce of RG-8/U coaxiul
line, 414 inches long, is required. Kither the
regular solid-dielectric¢ or polyfoam type ’cu.n be
used. Kirst, remove the outer insulation material
and then slide off the shield braid. All we|nced is
the inner conductor und the insulation material
around the conductor. The new outer curjxductor
of the coax will be the inside of the metal h?inibox
that holds the unit. The Minibox size for both
unitsis 2% X 3 X 51{ inches. ‘

Next. cut two pieces of No. 14 solid wire, 334
inches long. The two picces of wire, L1 and|Le, are
then, tuped to the insulating material that is
uround the inner conductor, us shown [in the
photograph. Position the two wires so that they
are on opposite sides of the inner conductor. The
assembly is then ready to be installed b‘btwccn
the two coax chassis fittings in the Minibox.

There are vnly a couple of precautions to follow
in making the unit. First, be sure that the pickup
wires lie snug along the insulating material, and
make sure the wire doesn’t have kinkg in it.
\When soldering the 1N34 diode leads, be sure to
use a pair of pliers to hold the lead being soldered,
in order to conduct any heat from the iron awuy
from the body of the diode. Excessive heat will
quickly ruin & germanium diode. |

The length of the diode leads hetweien the
body of the diode and the pickup wire should be
about !5 inch. Also, the cathode (the bar in the
circuit diagram) of the diode is the end with the
black color code bar on it. The opposite end, with
no color bar, is attached to the pickup lead.

The terminating resistors, 1 and R, must be
carbon or composition type, not wire-wound. The
leads on these resistors should be no more than

I

'
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14 inch long. As with the diodes, it is a good idea
to hold the resistor lead with & pair of pliers
while soldering, to conduct the heat awuy from
the body of the resistor.

The Mark TV is made in 4 similar manner ex-
cept that the pickup wires ure taped ulong the
ingulating material for almost their entire length.
This is necessury to maintain the pickup lead
spacing and alignment when the assembly is bent,
to fit inside the Minibox.

The coax piece for the Mark IV is 1114 inches
long. No. 14 solid wire is used for the leads, which
should be 1034 inches long. The assembly is bent
as shown in the photograph und fitted into the
Minibox. Spacing of the assembly from the sides
of the box is not critical.

As you'll note from the photograph, the indi-
cating unit is remote from the Nonimatches.
Rather than build an indicating unit for each
Monimatch we equipped the units with juacks,
with s mating plug and cable for the indicator.
Many hams have more than one antenna in-
stallation and would want a Monimatch in each
line rather than moving a single unit from line to
line. Three leads are needed — “forwurd” und
“reflected”’ leads and a ground lead. However,
even though there arc only three leads, we used
octal sockets and an octal plug simply hecause
they are cheap and easier to obhtain thun three-
or four-terminal sockets and plugs. Shielded wire
was uscd for the leads between the indicator and
the Moninatch units. The leads cun be whatever
length is required for your installation.

Using the Units

Using a Monimatch is8 a fairly simple pro-
cedure. Switch the indicator to read forward
voltage and then feed enough power through the
unit to obtain a full-scale deflection on A7y, Then
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; Fig. 1—Circuit diagram of the
i i Monimatch and indicating unit.
___________ i v I | All capacitors are 0,001-uf
Gss) disk ceramic; fixed resistors
AN are Y2-watt composition or
p N carbon, not wire-wound. Dotted
I N I . lines indicate Miniboxes,
!r_ . INDICATOR.}
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I
I Rs f
| I S, A
CRi, CRz—IN34A germanium diodes. position,
Jr, J2—Chassis-mounting coax receptacle, type SO-239. For 75-ohm line—430 ohms, Y2-watt carbon or com-
J3—Octal socket. position.
M1—0-1 milliammeter. Mark IV:
P—Octal plug. For 50-ohm line—270 ohms, Y2-watt carbon or com-
Li, Le—See text. position.
S1—Single-pole double-throw toggle. For 75-ohm line—220 ohms, Y2-watt carbon or com-
Ri, Re—Mark lli: position.

For 50-ohm line—470 ohms, Y2-watt carbon or come

switelr the meter to read reflected voltage and
you will obtain an indicution of the mateh. As
we stated earlier. the Monimatch will not give
un ecact measurement of s.w.r. but it will be
~inge enough for all practical purposes. Lo deter-
mine the s.w.r. vou merely add the forward and
reflected readings together and then divide that
amount by the difference between the forward
and retiected readings. That is,

R F+R
SW R = —
SR T

For example, assume that your indicating meter
has u 0-10 scule in equal divisions and that the
reflected reading is 3. Then

= IO +3 = “ or 1.8 to 1.

-3 7

SW.R.

To use the Monimatch as an output indicator,
simply tune the amplifier stage in the transmitter
for maximum meter reading in the forward direc-
tion, using a setting of K3 in the indicator unit
that puts the ncedle at about half scale. The
meter does not read actual power or voltage, but
dues give uscful relative indications so long as
Ry is left alone while tuning. That is, the change
in the reading as you adjust the amplifier is the
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Rx—20,000-0hm Y2-watt control.

important thing, not the cxact reading itself.
(ne point here: many tetrode or pentode am-
plifiers will show more poswer output at some
point other than at the exact dip of the plate
meter. The question arises whether to tune up by
the dip or by the indicated power output. Always
nse the power-cutput indicator — while staying
within the plate input rating of the amplifier,
of course. Optimum operation of the amplifier
is usuallv with maximum output rather than
with some particular value of plate current.®
()ccagionally we receive queries from amateurs
using s.w.r. bridges, stating that they have u
condition where there is u greater reflected
reading than a forward one. This is, of course,
impossible, because you cannot have more power
returning from a load than goes to it from the
transmitter. (ne cause of such s condition can
be the presence of spurious signals (such as
harmonics) or parasitic oscillations in the trans-
mitter's output. These get into the indicating
circuit and throw all measurements completely
out of line. If yvou have such a condition, better
Jo suine checking around the amplitier stage in
your rig for parasitics! o5 ¥—
3 This applies to tuning for c.w. output. With screen-

modulated a.m. phone, the appropriate procedure for the
particular transmitter should be followed. — Editor.
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A Power-Saving

Conversion

V.F.O.

With less than one-third watt maximum
porwer drain, this circuit offers the power
economy needed for portable operation
along with top-notch performance. As
there is almost no heating, drift is neg-
ligible. Output is sufficient for driving a
Class AB\ amplifier with aen untuned
arid circuit.

of the desirable features of transistors in
applications where low power drain is a No.
1 consideration, as in portable equipment. The
v.f.0o. shown here was built by Don McKinley,
VE3AU/VES3FID, as part of a program of watt
conservation st a summer cottage where bat-
ieries are the sole source uf power for radio
equipment. Saving an amp here and a milliamp
there became essential —and ruled out the
power-consuming cathodes of vacuum tubes.
The circuit was developed, through considera-
ble experimentation, over a period of more than a
year. The pictures retlect this state of flux to
some extent, so the dope here isn’t offered in the
thought that the construction should be dupli-
cated exactly. Rather, it is hoped that those
having a similar problem will find some ideas to
help them get started.

The Circuit

This is a complete conversion-type v.f.o. having
five transistor r.f. stages: variable oscillator,
buffer amplitier, crystal oscillator, mixer, and

! MATEURS In general are certainly not unawure

output amplifier. The total drain is only 300 ¢

The conversion v.f.o. is housed in a cabinet approximately
11 X 6 X 7 inches (Hammond 1403-D), offering suf-
ficlant panel area for a tuning dia! and other controls,
plus ample internal volume to house three
6-volt lantern batteries.
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milliwatts, key down. Output is available in the
four amateur bands from 1,75 to 14 Me.

The variable oscillator eircuit is the series-
tuned Colpitts with a4 nominal tuning range of 5
to 5.5 Me. The actual range used by VE3AU
iy 325 ke., covering the c.w. sections of the bands
along with the overlapping (lanadian phone
segments. The rangd can be extended or curtailed
by changing Ly or ("1, or hoth.

A separate crystal is used for each of the bands
in the fixed oscillator, (5. All crystals are funda~
mental types. This oscillator has tuned output
circuits on 19.5 and 12.5 Me. ifor the 14- and
7-Mec. bunds. respectively) but uses an untuned
choke/resistor combination for the two lower
frequencies.

Outputg from both oscillators ure fed to the
base of the miixer, (/3. ‘The mixer collector circuit
hus a puarallel-tuned tank with an extra 270-pf.
cupucitor switched in for 1.75 Me. The tank
inductance consists of L4 and Lj in series to make
up the required inductance for 3.5-Mc. Unneeded
turns are shorted out for the higher frequencies.
The collector is tapped down on the cuil for
optimum mixer loading.

The output stage, 4, i8 an emitter follower
which acts as a step-down transformer into coax
line. When biased for 5 wma. collector current,
the stage delivers 2 volts peak-to-peak into a
100-ohm load at the end of a few fect of RG-58/U.

Keying

The keying system incorporated in this circuit
is designed to go wlong with blocked-grid keying
of a subsequent amplifier or amplifiers. With S,
in the *‘operate’’ position, power for the v.f.o.,
huffer, miver and output stage has to go through
(Js. When the key is open, (') ties the base und
emitter of (s firmly together, biasing the tran-
sistor to cutoll, so (Js is an vpen circuit and the
r.f. section is inoperative (with the exception of
the crystal oscillator, ()5, which runs continu-
ously). On closing the key, power is connected to
()s and its bias is shifted to cause the transistor to
conduct. Thus ¢Js is a fast-acting switch actuated
by the key.




Underchassis view shows the
components not part of the
v.f.o. assembly. As this is an
experimental unit, there are
some parts showing that are
not included in the circuit dia-
gram. The layout is the result of
trying various ideas, and can
be varied as necessary to suit
the builder or to fit into chassis
of other dimensions { this one

is 10 X é X 2 inches).

MIXER 17s-tame, OUTPUT

Q4
0 4
'
1000 N
R.F.
ouT,

EXCEPT AS INDICATED, DECIMAL
VALUES OF CAPACITANCE ARE T SPOT s
IN MICROFARADS { uf.); OTHERS

27K
ARE IN PICOFARADS (pl.OR ppt.); Sip

RESISTANCES ARE IN OHmMS: AL osc. Qg 14 173 N

K 1000 4
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14 .75 3 1 | IN20T
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Me, Mc| Mc. | Mc. '8}0\0.
[ T e e I Rp S, sear CIV[JKEY
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L L LI T

I"" 1500

S
Y oo
Fig. 1—Circuit of the conversion v.f.o. using transistors. Except as listed below,
capacitors are ceramic or silver mica (SM); resistors are V2 watt.
C1—50-pf. variable. Miniductor 3015 with 3 turns removed); tapped
C:, C4—140-pf. variable, air padder type. 4,14 and 27 turns from L3 end. Taps at 4 and 27
C3—0.001-uf. feedthrough (Centralab MFT-1000 or turns go to Sia; tap at 14 turns goes to Sin.
equivalent), Ls—App. 2 ph. (miniature r.f. choke).
Cs, Ca—7~45-pf. ceramic trimmer (Centralab 822 or Ls—App. 5 uh. (miniature r.f. choke).
equivalent). Q1-Qs, inclusive—2N1143, 2N384, or any p-n-p transistor
J1, J2—Phono jacks. having an alpha cut-off above 100 Mec.
J3—Open-circuit phone jack. Qas—2N35, 2N1302, or any similar n-p-n transistor.
Li—App. 7 uh.; 35 turns No. 20 enam. on Y2-inch diameter ~ R;—25,000-ohm control, linear taper.
slug-tuned form (Miller 43A000 CBlor equivalent).  R:— 1-megohm control, linear taper.
La—App. 5 uh.; shielded; (Miller 9051, 3-7 uh.). Si—Ceramic rotary; 4 sections, 1 pole per section, 4

L3—9 turns No. 18, 1-inch dia., 8 tums per inch (B & W positions.
Miniductor 3014), tapped 5 turns from Cs end.  S:—D.p.d.t.toggle.
Ls+—45 turns No. 20, 1-inch dia., 16 turns perinch (B & W Sz—S.p.s.t.toggle.
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The variable oscillator and buffer
are in a 4 X 4 X 2-inch chassis
mounted on one edge, It is shown
here with the shield plate re-
moved. Chassis area behind the
v.f.o. chassis, not visible in this
picture, is used for the battery
power supply.

Closing the key also keys the transmitier
through ('R3 and Jo, the latter juck being con-
nected to the normal transmitter keying termi-
nals. The transmitter's blocking bius appears
across Jg with the key open, but is held off from
having any effect on Qg by ('Re. Similarly, CR;3
isolates the v.f.o. circuits and supply from the
amplifier keying circuit. Thus the time constants
in the main transmitter's keying circuit can be
adjusted for the desired shaping without affecting
the rapid switching function of Q.

The keying system offers the essential switching
of full differential keying, although in Fig. 1
no provision has been mude for holding (Js closed
while the amplifier output dies out after apening
the key. This conld be done by incorporating «
suitable time cownstant in the () ewmitter-buse
cireuit.

The circuit could be moditied a bit by con-
necting all stuges except the variable oscillator,
()1, to the — 18-volt lead, letting (s switch just the
variable oscillator on and off. It is also possible
to let the two oscillators run continuously, with
()¢ switching just the butfer, mixer, and output
stages. This has worked satisfuctoridy on 1.75
and 3.5 Me. at VE3AU, but a weuak continuous
signal could be heard on the higher bands, even
with no voltage on @3, becuuse suine mixing oe-
curs in its emitter-base iode. Such stray leakage
might not be hothersome in other installutions.

Notes

Ry and K2 are continuously-variable controls
for adjusting the output (drive level) und for
setting a desired level in the receiver when S
is in the “spot” position. Experience has shown
that these ure seldom used, and little or no in-
convenicnce would result from omitting them.

All the circuits include bias stabilization for
minimizing temperature and voltage changes.
The r.f. stages ure rather looscly coupled, us it
was found that the best way to avoid spurious
signals in the output was to keep the r.f. level
low. The 15.000-ohm resistor between (Jo and
()3 was the final step in reducing vne somewhat

September 1964

hothersome hirdie to u level more than 60 db.
helow the wanted signal.,

Power for the circuit is obtained from three
8-volt lantern batteries (such as the Burgess
4FP1) which normally sit on the chassis in 2 space
not occupied by circuit components. The key-
down current is 16 ma. A rectifier-type [%-volt
regulated supply could be used where w.¢. power
is available. As battery operation was intended,
no special attention was paid to the voltage
stability of the oscillator, but measurements
showed a frequency change of wpproximately 32
eyceles per 1 per cent change in supply voltage.

Temperature effects, given u steady :wumbient
temperature, ure quite low: while no exhaustive
investigation has been made, « drift run showed a
maximum deviation of less than 25 c¢vcles from
the initial cold-start frequency over a 40-minute
period, with Jevistions of only u cyele or two
from the mean after ubout 20 minutes.

The unit is used for driving 4 21524 Class ABy
amplifier which is the first stage in the transmit-
ter in VE3AU’s portable setup. The voltage
across a 100-ohm resistor in the amplifier grid
eircuit is sufficient for this, and the advantage of
such u grid “circuit” ig that the 21524 hus no
reason to be unstable. — (7, (.

Se-Strays "%y

The mukers of the reed switch used by VE3AU
in his keyed antenna relay (July QS7T, puge 29),
Hamiin, Inc., are no longer able to take direct
orders. However, they advise thut the switch can he
purchased from \llied Radio, Chicago: the Allied
stoek number is 33B976. The price is $3.00 each.

The switch ean also be obtained from the makers
of the sulenoid, the Cloto-Coil Company, Inc., 65
Pavilion Avenue, Providence 5, Rhode Island. The
complete assembly — eoil, reed switch and silicone
treatment — is available at $1.50 postpaid. Order
No. SP-12/DRG-DTH. 'he coil only is type SP-12
and cun be ohtained for $1.50 plus 20¢ postage.
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As briefly stated in August QST, the
Post Office Department will later this
year issue u commemorative stamp
honoring amateur radio operators. In
making its announcement, the Depart-
ment said:

In recognition of the public service
contributions of & quarter million licensed
amateur radio operators, n stamp for
“hatus ' will be issued. This is the H0th
auniversary year of the founding of the
American Radio Reluy, league.

"I'he important work done by the radio
hams ranges from civil defense and aid in
disusters to routine favors for countless
thousunds of Americans, Mr. (ironouski
suid. Many o soldier overseas has been
uble to talk with his family back home
beciuse two hams provided a hookup.
When telephonic communications were
disrupted during the recent earthquake
in Alaska, it was the hams who made
contact with worried friends and re-
latives.

T'here is considerable interest among
stamp collectors in *‘first-day covers,”
which are envelopes carrying the com-
memorative stamp and mailed (post-
marked) from the original city of
issuance on the first day the stamp is
released. In accordance with custom,
the League is preparing an official first-
day envelope. a steel-graved reprodue-
tion of the May 1964 QST cover, plus
the ARRL diamond and some addi-
tional art work. There are threc enve-
lopes to a set, each with the design
printed in a different color. Prices,
which include addressing, stamping aud
mailing from the first-day city are:

Ningle envelope — 25 cents

Set of 3 envelopes — 70 cents

COMMEMORATIVE STAMP FOR AMATEURS

Official First-Day Covers Available

Pair (two stamps on same envelope)
- 30 cents

Block (four stamps on same envelope)
------ - 40 cents

Plate block (four stamps on same
envelope with identifying number
of printing plates) - - 75 cents

The single-stamped envelope is an
ideal opportunity both to obtain a
personal memento of the oecasion and
for somec excellent public relations.
Order at least one to keep in your log
or with other station records. Order
additional envelopes for neighbors, rela-
tives, friends — the envelope will carry
an inserted card briefly deseribing ama-
teur radio and its accomplishments.
Remit 25 cents for each single envelope
desired, or 70 cents for each set of three.
Inelude romplete names and addresses
of those to whom vou wish envelopes
mailed, being very careful that such
material is thoroughly legible. Ior
extra accuracy, yvou can furnish small
gummed labels with the name and
address already prepared by you, as
many stamp collectors do. Please do
not include other League matters, such
as membership renewals or technieal
queries, in any correspondence about
the commemorative stamp.

At the time of issuance, at this writ-
ing not known but probably some time
in November, amateurs will want to
purchase a quantity of stamps at their
local post offices for use in correspond-
ence, etc. However, official first-day
covers are available only from the
League, and only by ordering in ad-
vance. Send in your order today!
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Plain Talk on Linear Amplifiers and Other Methods

his first transmitter is usually a low-pow-

ered job; probably no more than 10 to 25
watts input. Very likely it has its own power
supply and modulator, with the whole works in
one neat handy package. This is fine — for a
while. He makes many interesting contacts and
has a lot of fun. Then one day the band opens
up and our newcomer jumps in with his peanut
whistle und tries to do battle with the high-power
hoys who suddenly appear out of nowhere at the
first sign of 1DX. He muy have sume success, but
with activity on 6 and 2 being what it is these
days, the chances ure good that he’ll be clobbered
fairly often.

Comes then the urge for a “big signal’ — one
that will at least let others on the band know that
they've been in a coutest. At this stage our hero
looks uround for another box, preferably complete
in itself, thut he can conneet to his present setup
and thereby move up from the few-wutts to the
few-hundred-watts category. Ile finds that such
w box is called a étneur amplifier, und forthwith
wunts to buy or build one.

The next discovery may slow him down a bit:
there are not many v.h.f, linears on the market,
and those that are available cost quite a bit of
money. Muybe there's something to this business
of building one's own ham gear, he decides, so off
goes a letter to ARRL — ““Please send me plans
for un amplifier for my Sixer.” Or 99er, Com-
municator, homebuilt 6360 rig, or whatever.
something cheup, simple, easy to adjust and sure-
fire in operation. It will help if it uses an 82013
or some other surplus tube; the budget is still
suffering from the first venture into the world
ubove 50 Me.

Unfortunately for the v.h.f, hopetul, increasing
power on 50 or 144 Me. is not quite that simple.
Despite all that hus been written and said along
these lines over the rears, it is quite obvious that
many v.h.f. newcom rs do not understand all the
angles, su ut the risk of being repetitious to those
who do, here ure some basic facts to be consid-
ered before plunging into the high-power pool.

How, and How Much?

Let's malke it clear that, us nice as high power
is at times, you don’t need it us u steady diet.
This fact has been getting attention of late in
connection with QRAM problems on lower bands,
and it applies equally to the v.h.f. scene. Regula-
tions require use of only such power as may be
needed to muintain good communication. Run-
ning a kilowatt all the time on 6 or 2 violutes the
spirit and letter of the luw just as much as does
use of a rock-crusher to work loeally on 20 or 75.
(o to high power if you wish, but be sure to make
provision for operating at moderate power levels,
too. There are many ways to do this, some of
which were covered recentlv in QST

% V.h.f. Editor, QST.

1+«Notes on Reducing Power,” Campbell, Feb. 1964
QST, p. 20.
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WHEN a fellow breaks into the v.h.f. game,

Increasing Power

in the

V.HF. Station

Thanks to its almost universal use
in sideband work, the linear ampli-
fier is enjoying new popularity
in all kinds of hamming, and espe-
cially in the v.h.f. field. Though it
has some attractive aspects, the
linear is not necessarily the best
approach to high powerfor the v.h.£.
enthusiast. If you’re thinking of
ways fo increase your sphere of
influence on 6 oz 2, this information
may help you to select the one best
suifed to your needs.

BY EDWARD P. TILTON,* WIHDQ

There are severul routes to higher v.h.f. power.
All have merit, und only you cun tell which best
suits your requirements, and then only after
weighing muny fuctors. There is the inherently
low cfficiency of the lineur amplificr. Even if you
run z kilowatt input, the most you can get out
of an a.m. linear amplifier is about 350 watts.
Other methods may yieia as mucn as 750 watte,
but getting the biggest legal phone signal with
a.tn. involves additional audio as well as r.f.
amplitiers. When you figure up the cost, weight
and bulk of a 500-watt modulator, you may well
conclude that something less will have to do.

As scen from Fig. 1, modes other than ampli-
tiude-modulated voice may enter the picture. The
low-powerced starting rig is shown at A. As sup-
plied commereially, this nearly always includes o
modulator and power supply. Hopefully, it will
also include provision for e.w., though some
manufacturers have not scen fit to provide this
very inexpensive but useful feature. By adding
a linear amplifier, as shown at B, we have a
high-powered e.w. und medium-powered a.m.
phone transmitter. It is worth remembering that
e.w. is the least expensive and simplest conimuni-
cations system teehnically, yet it is the most
effective mode of all for weuk-signal DX worlk.

Single-sideband is making v.h.f. converts rup-
idly. 'The usual s.s.b. exciter has provisions for
c.w. and a.m. as well. It thus is a logical driver
for a linear amplifier on three modes, as in C,
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HIGH- POWER CMW.

PHONE-CW. MEDIUM - POWER PHONE

(A) (8)
MIC. O WATT Fig. 1 —Some ways to increase
D__j TRANS:_A'!‘TTER D-_“ TRANSMITTER LINEAR power in a v.h.f. station. Trans-
MOBULATOR A AMPLIFIER mitter A is a typical commercial
packaged unit, complete with
L—q} A—J L/J modulator and power supply.
KEY R Adding a linear amplifier, B,
(c) PSSVT‘BSOSW s?a.' can give up to 300-watts out-
MEDIUM - POWER put on a.m. phone, or 750-
10- WATT LINEAR A-M. watts output on c.w. The side-
D“'— E>‘<~c Y AMPLIFIER band exciter, C, usually also
OR S.SB makes provision for cw. and
< a.m., so it combines well with a
linear amplifier for high power
HIGH - POWER on s.s.b. or c.w,, and medium

CW.OR A.M, .m. .

(D) O E power on a.m phone. A‘small
r.f. unit, D, is used to drive a
IEC;-C\#;I CLASS - C Class-C amplifier for high-
Cw. AMPLIFIER efficiency c.w. Addition of a
modulator is required for high-

L.~ i
SO0 ~WATT
MODULATOR

giving high power on c.w. and s.5.b., and medium
power on a.m. phone.

if the exciter is a general-purpose r.f. unit,
a8 most YST and Handbnok items are, since this
is an economicul approach for the home con-
structor, the following atnplifier usually ruus
Class C. The example shown in 4D yields high
officiency und the maximum power output thut
cun be gencrated legally, if one wants it. A modu-~
lator is nceded for voice uperation. It should have
a rated power output equal to half the final stage
power input.

An approach you may not have thought of,
frequency modulation, offers a very simple route
to high power, aund it has one vverpowering ad-
vautage for the city dweller: it practically climi-
nates TVI problems associated with all other
voice modes.

At WIHDQ we've found it useful to vombine
all these. Years ago we decided that 200 watts of
audio was all we'd ever have, though we've had
kilowatt capability on c.w. for a long time. Going
to the 500 watts of audio needed to modulate a
kilowutt input would have involved too much
investment, tuken up too much space, and added
too much back-breuking weight to look attrac-
tive us a means of getting another 3 or 4 db. of
signal. A few wecks ago the failure of our 25-
vear-old modulation transformer forced us into
4 decision that we should have made long ago.
The heavy iron modulator is retired at last. T'he
amplifiers for 6 and 2 recently deseribed * are
now used most of the time as lineurs, on sideband
and a.m. An easily-made adjustment of operating
conditions gives us a high-efficiency c.w. kilo-
watt. We've been renewing our long-standing
acquaintance with f.m., particularly on 220 and
432 Me. The old speech amplifier is now coupled
into the screen circuit of our VXOS for this pur-
pose. Unly a tiny variation of the crystal oscilla-
tor screen voltage gives all the deviation nee<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>