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Amateurs punch through the QRM on 20 meters
with Mosley’s A-203-C, an optimum spaced
20 meter antenna designed for full power.
The outstanding, maximum gain performance
excells most four to six element arrays. This
clean-line rugged beam incorporates a spe-
cial type of element design that
virtually eliminates element

flutter and boom vibration. Wide
spaced; gamma matched for 52 ohm
line with a boom length of 24 feet and
elements of 37 feet. Turning radius is 22 feet
Assembled weight -- 40 lbs.

A-310-C for 10 meters

A-315-C for 15 meters \

Full sized, full power, full spaced 3-element
arrays. 100% rustproof all stainless steel
hardware; low SWR over entire bandwidth;
Max. Gain; Gamma matched for 52 ohm line,

‘OPTIMUM

5PACING’

N

| When hdiﬁs
discuss

in single

band beams - - -

P $-402 for 40 meters
Top signal and unexcelled forward gain -
a 2-element optimum spaced beam. 100%
weatherproof. Low SWR. Heavy duty con-
struction. Link coupling results in excellent
match over full bandwidth.




10 reasons to huy Hallicrafters’
new SR 400 eyc[one

Hallicrafters Collins* Drake*
FEATURE SR-400 KWM-2 TR-4

Power SSB=400 watts | SSB—175 watts | SSB=300 watts
Input CW=360 watts CW=160 watts CW=260 watts

Accessory "'dual
receive'’ VFO availabl Yes No

Noise Yes $135.00
Blanker Accessory

Receiver
Incremental Tuning Yes No

Built-in notch Filter Yes No

Sharp Yes No
CW Filter 200 cycles

Sensitivity .3 uv for S uv fc;r .5 uv for
10 db S/N 10 db S/N 10 db S/N

v 1 kHz dial readout Yes Yes No
Carrier Suppression 60 db 50 db 50 db

Unit Price $799.95 $1,150.00 $599.95

*Data trom pubhshed specifications.

Now:can you think of One reason
why you shouldn’t?

Superb sensitivity, 400 watts RF, 200 cycle CW selectivity, receiver incremen-
tal tuning, 1 kHz readout, amplified automatic level control, exclusive notch
filter! There's even the HA-20 dual receive VFO for sensational, award win-
ning DX operation. No matter what specifications or features you choose as a
standard of comparison, the exciting new SR-400 fixed/mobile transceiver is
unsurpassed. Unsurpassed feature for feature. Unsur-

passed for rugged dependable performance in all environ- 6 //' /'
ments. Unsurpassed in value and versatility. Prove it to al/lrcra fefS'

yourself. Write for complete specifications in afour page Rotli g?o ;iicks 'ﬁoad 60008
brochure. See_your Hallicrafters’- distributor today. A SUBKGISry of Northron Cormaation
" SR-400 Cyclone Transceiver ’ HA-20 VFO-

Export: International Dept. ,Ca_néda: Gould Sales Co.



EVER WONDER

IF-YOU’'RE WANDERING

With a Collins 32S-3 Transmitter, you’ll know
you’re locked on frequency. That’s because

the 32S-3 has Collins’ stable PTO, plus crystal-
controlled beat frequency and HF conversion
oscillators.

Don’t be a drifter. See your Collins distributor.

COMMUNICATION / COMPUTATION / CONTROL

7772\
COLLINS
N/,
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Take agood first look

atthe new HQ-200 general
coveragereceiver.

At only $229.50, you won’t need a second look.

Continuously tunable Calibrated electrical
from 540 kHz to 30 bandspread for all ama-
MHz in five ranges. teur frequencies from
80 through 10 meters.

Q Multiplier operates in-
dependently of the BFO
for better control of
SSB and CW reception.

“S" meter reads 1 to 9 in
approximately 6 db steps;

Serles type noise limiter
above S-9 to 60 db.

with minimum effecton

All new product detec-
modulation.

tor with variable BFO
from O to = 2 kHz,

Antenna compensator
control for loading ef-
fects of balanced and
unbalanced antennas.

A\E/=C operates on both

and IF stages for
smooth action.

Audio output 2.5 watts
at E.lLA. Standard 5%
distortion.

Sensitivity better than
0B v onyCW od Sep Zener regulated and

Continuously variable
i temperature compen- selechvnty from 12 kHz
better than 1.0 pv on sated high frequency (AM), to 2.9 kHz (SSB)
nxselr% ﬂtg 1 signal-to- oscillator. and 100 Hz (CW).

Write for the HQ-200 catalog sheet and a CQ magazine review of the
outstanding HQ-215 Solid State Communications Receiver.

me HAMMARLUND

' Manufacturing Company Incorporated
ctablioh © A subsidiary of Electronic Assistance Corporation
Established 1910 73.88 Hammarlund Drive, Mars Hill, North Carolina 28754




PRESENTING THE ALL NEW

AMECO PT

ALL BAND TRANSCEIVER
PREAMPLIFIER

= 6 THRU 160 METERS = FEEDS 2nd RECEIVER

Model PT, with built-in power supply, transfer relay, connecting
cables, wired and tested. Amateur Net ............. N $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. AMECO
DIVISION OF AEROTRON, INC. = P. 0. BOX 6527 = RALEIGH, N. C. 27608

GSB 201 MK III

10-80 METER LINEAR AMPLIFIER
...THE WORK HORSE

Four (not two) type 572B tubes for a
full 2000 watt P.E.P. SSB input.

Full wave solid state power supply.

Universal rear of cabinet circuitry
may be connected for transceiver or
receiver-transmitter use without
internal modification.

Plus many, many more features.
AMATEUR NET ....................... $375.00

Also available: GSB 201 MK Il — em-
ptionally compact—only ploys four type 811A economical triodes

. - for 1500 watt P.E.P. input.
814" high, 1254” wide and 17” deep—the
GSB 201 lends itself readily to table =~ AMATEUR NET ................ $325.00

top mounting. See your favorite distributor
— Write for brochure

G’ONSETOANOTHER DIVISION OF AEROTRON, INCORPORATED

P. 0. Box 6527 / Raleigh, North Carolina 27608




Section Communications Managers of the ARRL Communications Department

Reports Invited. All amatcurs, especially League members, are invited to report station activities on the first of each
month (for preceding month) direct to the SCAL, the administrative ARRL otficial elected by members in each Section.
Radio club reports are ulso desired by SCMs for inclusion in Q87'. ARRL Field Organization station appointments are
available in areas shown to qualified League members. General or CConditional (lass Licensees or higher may be appointed
QRS, OVS, OPS, OO and OBS. Technicians may be uppointed OVS, OBS or V.I1i.F. PAM. Novices may be appointed OVS.

SCMs desire upphcanon leadership posts of SEC

, C, RM and PAM where vacancies exist.

ATLANTIC DIVISION.
RFD 1

4607 Convent Lane
306 Holland Rd.,
19 Blackwood Drive

403 Woodland Rd.
1400 Chaplin 3t.

CENTRAL DIVISION

‘fownsend 19734
Philadelphia 19114
Severna Park, Md. 21146
Wilburta Gardens

onway 15027

1520 South 4th St
8 Hlllside Ave.
Wauona Uratl

DAKOTA DIVISION

Springdeld 62703
Indianapolis 46218
Portage 53901

‘Herman R. Koplschke, Jr.  RFD 2
21 Fuclld Ave,
Box 5%

DELTA DIVISION

Janesvile 56048
(.ra.ud Forks 54201
lear Lake 57226

409 West Cedar
RID 1, Box 354-E
310 E, Washiogton St.
5200 Oak Meadow Ave.

GREAT LAKES DIVISION

Brinkley 72021
Covington 70433
Kosctusko 39090
Memphis 38128

2113 0ld Cabin Koad
27209 W, 8ix Mile Road
479 Red Fox Road

HUDSON DIVISION

Owensboro 42301
Detroit 48240
Reynoldsburg 43068

50 Parcot Ave.
266 Cvpress St.
180 Pleasant Ave.

New Rochelle 10801
Massapequs t’ark, L. 1. 11762
Bergenfield 07621

MIDWEST DIVISION
Rural Route #1
3045 Norv.n 72nd
Route 1, x 169
434 Plne sm Box 488

Kellerton 50133
Kansas (! ltv 66109
Rolla 654t

Chadron 69437

Maline

;\Iew Hampshire WlSWX/kIDSA
Rhode Isl nd K1AAYV
Veru KIMPN

—— NEW ENGLAND DIVISION
218 Berlin Ave,
%5 ;&olar Ave.

Box 137-A, RFD

30 Frult St.

4 Hillorest Drive
Rd.

Delaware K3NYG John L. Penrod
Kastern Pennsylvanla W3IHK George 8. Van Dyke, Jr.
Maryland-D. K3LFD John Munholland
Southern New Jersey W2ezr Edward G. Raser
Western New York K2KTK Richard M. Pltzeruse
Western tennsylvania W3GJY John ¥. Wojtklewics
“fliinois WYPRN Kdmond A. Metzger
Indiana waBUQ William (!, Johnson
Wisconsin K9GSC Keuneth A. kbneter
Minnesota WITCK
North Dakota WODM Harold L. Sheety
South Dakota K9TXW Seward P. Holt
Arkansas¢ WASIIS Robert D. Shaeter
Louislana WsPM J Allen bwanson. Jr.
M ssissippl* WASKEY  (Clifton C. Comfort
‘Tennessee CT Harry A. I’hlﬂlpa
Kentucky w40Y1 {ieorge S, Wilson, 111
Michigan \WWSFX Ralph P. Thetreau
Ohlo WSETU Richard A. Kgbert
I-,astem New York K28JN tiraham G. Berry
N. ¥. & Long 1sland K2IDB Blaine 3. Johnson
Northern New Jersey W2zZ Louls J. Amoroso
Iowa ) KpPMHX ~ Wayie L. johnson
Kal K@BX K Robert M. Summers
M|asourl WOGS Alfred E. Schwaneke
Nebraska KYOAL V. A. Cashon

. Connecticut WIGVT John J. McNassor
Kastern Massachusetts WIAIJ‘ Frank L. Baker, Jr.

Herbect s Davis
Robert Mitchell
John E, Johnsun

E. Reginald Murray

Houthington 08489
Braintree 02185
iranklin 4634
¢thester 03036
Pawtucket 02860
Montpelier 05601

Western Massachusetts WlS’ 'R Norman P Forest ! 36 Valley springteld 01119
ORTHWESTERN DIVISION —_ —
Alaska I\L7AFQ Albert, 1-‘ Weber x 735 (ollege 99735
Idaho % W7ZNN Lionald A. ulsp M(»A-xth S8t. F Lewiston 83501
Montana WITYN Joseph A. D'Arcy 1916 Haggin Ave. Anaconda 57911
Oregon KTWWR/WATKTYVY 12ale T. Justice 1369 N. E. unrise Laue Hillsboro 97123
\Washington W7BQ Willlam R. Watson 1005 E. 1st Ave. Ellensburg 98926
- -PACIFIC DIVISION
loast Bay K6LRN Richard Wilson 629 Blue Rldge Dr. NMartinez 94553
Hawall KH6BZF Tee R, Wical 45-601 Luluku Rd. Kaneohe Y6744
Nevada W7PBV Leonard M. Norman 852 Utah Bt. Boulder Clty 89005
Sacramento Valley WABJDT John k. Minke, IL{ 6230 Rlo Bonito Drive Carmichael Y5608
San krancisco WABAUD  Hugh Cassidy 7 Coleman Drive san Rafael 94901
San Joaquin Vz\lley Wi Ralpn Saroyan 6204 k. ‘Townsend Ave. Fresno 93702
Santa Clara Valley W6NVO ¥K.dward T. Turner 2837 Fernwood Ave. San_ Mateo 94403
_ ROANOKE DIVISION
North Carolina W4BNU Barnett 8. Dodd , 0 West Franklin St. Sallsbury 28144
South Carolina W4PED Charles N. \Wright 7 11 Merriwether Drive North Augusta 20841
virginia W48HJ H. J. Hopkins 8600 Hammett Ave. Norfolk 23503
\West Virginla WasJM Donald B. Murrls 1136 Morningstar Lane Falrmont 26554
o — ROCKY MOUNTAIN DIVISION
~Colorado Ko¥DH Richard Hoppe Star Route Idaho Springs 80452
New Mexico W5SWZK Kenneth D. Mllls Rt. 1, Box 654 F Albuquerque 8710
Utah W7QWH ‘Thomas H. Mliller 3184 bouf.n 3360 East Halt Lake Clty 84109
Wyoming 7CQ Wayne M. Moore 142 Bouth Montana Ave. Casper 82601
Nt W4WLG Donald V%O}BJTHEASTERN D{)glfgtl)gN

Alabama on. . Bonner 22 gers Dr. Huntasville &
Canal Z Z50B Russell K. Oberholtzer P.O. Box 107 Margarit. : sssll
Lasmrn Florlda* WA4NEV W. G. Blasingame 716 Magnolia St, eptune Beuch 32050
Geol W4RZL Howard L. Schonher P ). Box 1902 Columbus 3
\Vest Indles hP4DV Albert R. Crumley, Jr. P.0. Box 10073 Caj u.rra. Llel hw

n Juan, P R 00922
Western Florida W4RKH Frank M. Butler, Jr. 323 Elliott Rd., 8.E. Lort Walton Beach 32548

_ . . SOUTHWESTERN DIVISION
Arizona W7CAF yary M. Hamman 3 K. Campbell Ave. Phoenix 85016
Tos Angeles K6UM Dona.ld R. Etheredge 12040 Redbank 3t. Sun Valley Y1352
Qrange WEDEY Roy R. Maxson 1434 South Olive St. Santa Ana 92707
3an Dlego WB8GMM James E. bmerson. Jr. 6561 Foyle Way San Dlego 02117
Santa Barbara WAGOKN Cecll D. H 1933 Coventry Court ‘Thousand Oaks 91360
thern T WSLR 1. E. Harrl ST GULF Dlelﬁl%Nu (,1 Drl Dallas 752: -
Northern Texas arrison oy en rive as 75232
{Oklahoma WSPML C"ecll C. Cash 1802 8mith Lawton 73501
Southern Texas WSAIR Q. D, Jerry Sears 5H34 Eskrldze sr.. Houston 77023
R CANADIAN DIVISION
Alberta* VEGFK Don sut.herla.nd 444-25th Ave., N.E. Calgary, Alta
British Columblia VE]FB . Savage 4553 West 12th Ave. Vancouver 8, 'B. C.
Manitoba VE4JT John Thomas Stacey 19 Cottonwood Cres. Brandon
Maritime VEINR William J. Giliis Shediac Road, RR 6 Moncton, N. B.
()nbarlo VE3BUX Roy A. White 5 Northwood Crescent Belleville
Quebec 20J Jim Ibey & 1755 Brookdale Ave., Dorval, P, Q.
sSaskatchewan VESHP Gordon C, Pearce 1903 Connaught St. Regina
— ... —

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




The FM-2400C provides an accurate
standard frequency signal for testing
and adjustment of mobile transmitters
and receivers at predetermined fre-
quencies between 25 and 500 MHz.
Up to 24 crystals may be inserted into
the meter. The frequencies can be
those of the radio trequency channels
of operation, and/or of the intermedi-
ate frequencies of the receivers be-
tween 5 MHz and 40 MHz. Frequency
stability (standard) =+.001% from 32°
to 122°F. Frequency stability with built-
in thermometer, calibrated crystals and
temperature corrected charts, .00025%

from 425°F to +125°F. (.000125%
special 450 MHz crystals available)

FM 2400C (Meter Only)........ $445.00

RF Crystals
Hi Band......cooooooeie $24.00 ea.
LoBand........cooooireranne 15.00 ea.
IF Crystals .....o.cooeiiiieaeae 8.00 ea.

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

u Completely Portable

m Tests Predetermined Frequencies
25 MHz - 500 MHz




THE AMERICAN
RADIO RELAY
LEAGUE, mc.

is a _honcommercial association of radio amateurs, bonded for
the promoton of interest in amateur radio” éo ication and
experimentation, for the relaying of messages by radio, for the
advancement of the radio art dnd of the public welfare, for the
representation of the radio amateur in legislative matiers, and for
the maintenance of fraternalism and a high standard of conduct.

Itis anincorporated « iation without capital stock, chartered
under the laws of Connecticut. s affairs are governed by a Board
of Directors, elected every two years by the generaf membership.
The officers are elected or appointed by the Directors. The Leagve
is noncommercial and no one commercially engaged in the manu-
facture, sale or rental of radio apparatus is eligible to membership
on its board. .

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

Inquiries regarding membership are solicited. A bona fide
interest in amateur radio is the only essential qualification; owner-
ship of a transmitting station and knowledge of the code are not
prerequisite, although full voting membersh:p is granted only to
licensed amateurs.,

All general correspondence should be addressed to the adminis-
rative headquarters at Newington, Connecticut.

Past Presidents
HIRAM PERCY MAXIM, WIAW, 1914-1936
EUGENE C. WOODRUFF, WBCMP, 1936-1940
" -GEORGE W, BAILEY, W2KH, 1940-1952
GQODWIN L. DOSLAND, WPTSN, 1952-1962
HERBERT HOOVER, JR. W6IH, 1962-1966

Officers

President . . . . .",.. .~.ROBERT W, DENNISTON,* WgDX
Box 73, Newton, lowa 50208

First Vice-President . ~. . . WAYLAND M. GROVES,* W5NW
1406 West 12th Street, Odessa, Texas 79760

Vice-Presidents . .- . . . 7. « . .ROEMER O, BEST, W5QKF
P. LANIER ANDERSON, JR., WAMWH

Secretary . . . . .5 .. ., JOHN HUNTOON, WILVQ

Treasurer . . . .7 >DAVID. H. HOUGHTON
225 Mam St., Newlngron, Connecﬁcut 06111

o o e _ ¢ o
Honorary Vice-President”. . . . .FRANCIS E. HANDY, W1BDI
«é o & &
General Manoger . . . . . . :JOHN HUNTOON,* WILVQ
Communications Monager . . . .-, .GEORGE HART, WINJM
Technical Director . . . .. . GEORGE 'GRAMMER, WIDF
Assistant General Manager . RICHARD L. BALDWIN, W1IKE
Assistant Secrefaries .. . . . . PERRY F. WILLIAMS, “WIUED
WM. I, DUNKERLEY, JR, WA2INB ROBERT M. MYERS, W1FBY
225 Main St., Newington, Connecticut 06111

¢ e e e ®

General Counsel . . .. . ROBERT M. BOOTH, JR., W3PS /K4PS
1150 Connecticut Avenue, N. W, Washmgton, D. C. 20036
Associate Counsel ..., . ., . ARTHUR K. MEEN, Q.C,, - VE3RX
Suite 2212, 44 King St. West, Toronto 1, Ont.

DIRECTORS

Canada
NOEL B. EATON*. vesesaeseeds VE3CT
Box 660, \Vat,e.rdown. Ontarfo
15 {ce-Director Colin €. Dumbrille......... VE2BK
116 Oak Ridge Drive, Bale d' Urfe, Quebec
Atlantic Division

GILBERT L. CROSSLEY. .W3YA
734 West Foster Avenue, Btate College, Fa. 16801

Vice Director: Harry A. McConaghy...... W3EPC
8708 Fenway Dr. Potomac, Betheada, Md. 20034
Central Division
PHILIP E. HALLER,, voe.. . WOHPG

6000 8. Tripp Ave., Chicago, 1il. 80829
Vice-Director: Edmond A. Metzger WIPRN
1520 South fourth 8t., SDrlnzueld Tiitnots 62703

Dakota Division

HARLES G. COMPTON* ... -.W9BUO
Box 226A R.R. 1, houth br,. Pani,” Ming. 55075

Vice Director: John M, Maus.......... WoM.
Oakdale Addition, Bt.. Cloud Minn, 56301

Delta Division

PHILIP P, SPENCER....... WS5LDH W5LXX
575 Amethyst st., New Orleans, La. 70
Vice Director: Max Arnold. .......... W4WHN

612 Hogan Road, Naahvu]e, Tenn. 37220

Great Lakes Divigion

ALBAN A. MICHEL. .ctoevosonssns W8WC
359 Bonham Rd., blnclnnau Ohio 45215

Vice-Director: Charles C. Miller.......... W8JISU
4872 Calvin Drive, Columbus. Ohto'43227
Hud:on Division

HARRY J, DANNALS* ., ........... W2TUK
RFD 1, Arbor Lgn% Dllx’, %llls, Hum.lnzton,

Vice Director: Stan Zak.....,..c.... .K28J0
13 Jenniter Lane, l‘ort Chester, N ew York 10573
Mid wcst Division

SUMNER H. FOSTER......... s WOGQ
2110 Goblin's Gully Dr.. S E., Cedar Raplda, lowa

Vice-Director: Ralph V. Ande:s ......... .KONL
528 Montana Ave.. Holton, Kamsn.n 66436
New England Division

ROBERT YORK CHAPMAN...........WIQV
28 South Road, Groton, Conn. 06340

Vice-Director: Bigelow Green.......... .WIE.
11 Law’s Brook Rd., sout,h Acton, Mass. 01771

Northwestern Division

ROBERT B. THURSTON. ceeess WIPGY
7700 31st Ave., N.E., Seaftle, Wash. 98115
V{ce-l){reclar Dnvido Bennett ......... W7QLE

Pacxfxc wasxon

J. DOC GMELIN.
10835 Willowbrook Way,

u
!’ico-Dtrector Q. Donald Eberlein GYHM
. Box 475, Palo Alto, Callf. 94302
Roanoke Division

VICTOR C. CLARK.....o000s00u0. .W4KFC
12927 Popes Head Ron.d (.,lmon, Va: 22024

Vtco-l){rector L. Phil Wic! W4ACY
g21 Hilf Top Road, Greensboro. NGl 27407
Rocky Mountain Division

CARL L. 8SMITH*....,. ceev.. . WAIBWI
1070 Locust 8t., Deuvcr. Colo. 80220

Vice-Director: Thomas G. Banks........... WSILT
6500 Mosaman, N.E., Albuquerque. N. M. 87110

Southeastern Division

WG RJ

CHARLES J. BOLVIN.....o0vieoean,. W4LVV
2210 8,W. 27th Lane, Miaml Fla. 33133
Vice-Director: Albert L. Hamel.,......... K48,
220 N.E. 25th street, f’‘ompano Beach, Fla. 33064
Southwestern Division
JOHN R. GRIGGS....00oiuurssnranssn WEKW
11422 Zelzah Ave., Granada Hills, Cailt. 91344
Vice-Iirector: Arnold Dahlman........... WBUEL

14940 Hartland St., Van Nuya. Calif. 91405

West Gulf Division

ROY I. ALBRIGHT ................. EYB
107 Rosemary, San Antonio, Texas 78209

Vice-Director: Lester L. Harbin. ......... WSBNG
4515 Calmont, Fort Worth, Texas 76107

* Member Executive Committee



“It Seems to Us...”

CONVERSATION DISCIPLINE

LeTTER in Correspondence this month
chastises ‘‘unprincipled idiots”” who break
m on another SO to warn against a develop-
ing conversation on politics (or sex, or religion).
While the breaking in may not have been ac-
complished in a courteous (or even legal)
manner, the complaint revolves less around
prooedure than the basic right to unrestricted
choice in the substance of communication.

The main peeve, well expressed, is with
humdrum QSOs. Few are inclined to argue
that point. We all like a guy at the other
end who indeed is ““alive, alert and aware.”
But if we want to discuss the rights and wrongs
of happenings at the United Nations, why
Christianity is better (or worse) than Bud-
dhism, or some clinical details, let us do so
in his (or our) living room. Or in a bar. Nol
on the air.

It is your right to speak as you wish in
the privacy of your home, or in a group of
selected people with like tastes (or lack
thereof). But does this right extend to trans-
mitting such conversations on the air, where
they can be heard by others who find them
offensive, or heard by people who will mis-
understand the conversations because of
different cultural backgrounds?

In some minds it is downright unAmerican

to question full freedom of speech. Doing so -

will label us also as against motherhood,
liberty, and the pursuit of happiness. But
absolute freedom of speech can be as bad or
worse than no freedom at all, and failure to
question a radical application of its principles
can lead to complete chaos and disintegration.

We have already seen some examples in the
sentencing of several amateurs for obscenity.
We cannot avoid our responsibility with the
let-George-do-it excuse that FCC has rules
prohibiting such language. The case should
never have come to court (and thus public
attention) if we indeed had been keeping our
own house in order and nipped this in the
bud —- before it got out of hand. If we do not
challenge questionable activities ourselves,
and official enforcement becomes inadequate,
FCC will eventually be ohhged to ask which
of the bases and purposes in the amateur rules
is being served through such conversations.

The unwritten rule on politics also has
some stark realities, particularly if we are
discussing international politics on a band
with any DX possibilities. Government offi-
cials will certainly have a dim view of the
value of amateur radio if even a small per-
centage of our conversations deal with criti-
cism of other nations’ ideals, ethics, policies
and attitudes. Freedom of speech does not
include the right to offend a substantial seg-
ment of the population, domestic or world.
Such discussions could adversely affect a vote
at an international allocations conference,
which would be rather u high price to pay for
“freedom of speech.”

Many of us feel capable of using our own
good judgment in keeping econversations on
“restricted”  subjects within acceptable
bounds. The difficulty here is that one cannot
be at all certain that acceptable conversation
in one circle has the same status everywhere.
For example, there is no real measure of
agreement today on what coostitutes ob-
scenity. The best thing to do is steer com-
pletely clear of sticky subjects.

Amateur radio is a privilege to be earned —
not un iuherent right. With prlvxlege goes
responsibility. The guy who insists on his
right to absolute freedom of specch, and thus
his “right’’ to say almost anything he pleases
on the air no matter how offensive to others,
may care little about the potential loss of
his own license. The real point is he risks
your status, and mine, by raising the basic
question of whether amateur radio is really in
the public interest.

And so we say hooray for all “unprincipled
idiots”” who, by reminding us of the unwritten
law, help keep us away from heated discus-
sions on politics, sex and religion. O

ARE YOU LICENSED?

¢ When joining the League or renewing
vour membership. It is important that
vou show if you have an amateur oper-
ator license. Plecase state your call
and /or the class of operator license held,
that we may verify your classification.




Some 30 nominees for each of the new advisory committees were of such out-
standing calibre that ARRL Prexy W@DX felt obliged to expand the planned mem-
bership. Even then he had a hard time making the final selections: VHF Repeaters
-= W@CXW (Chairman), VE3ADO, W20DC, WAGCE, W5VPQ, W6GDO, WEMEP,
W7FHZ, WI9BUB. Contests -- W6CUF (Temporary Chairman), VE2NV, WI1AX,
K2CPR, W3GRF, W4BRB, W8DB, W9RQM, WAPGSDC. More next month.

FCC allowed new tariffs filed by AT&T (with concurrence from other major com-
panies) to go into effect Tanuary 1, covering connections of customer-furnished
accessories. In our case this means phone patches finally become respectable!
Where direct electrical (as compared with acoustic) connection is to be made,

the phone company provides a different instrument plus a "voice coupler” to in-
sure correct operation. (There is currently a battle, scheduled for a later hearing,
on whether the customer can furnish his own protective unit.) But there is a price
-~ a one-time installation charge and a monthly rental fee. Though in some states
utility commissions have delayed approval of new tariffs, it is likely that by now
your local company has details as well as the interface equipment on hand.

While no formal announcement has been made, alien amateurs authorized to oper-
ate here under reciprocal agreements are not affected by the "incentive licensing"”
restrictions of band segments and modes. The variety of classes of license in
other countries makes it wholly impractical to set up a comparison or parallel

list with our own.

A million bucks worth of TVI -- that's what a Sarasota neighbor of W4GJO is suing
for! "Grid" has a clean bill from the TVI committee and FCC; he's defending the
suit with vigor, plus liaison with ARRL's attorney. No one knows better than we
that one can be sued for most anything, rightly or wrongly, and that it takes a

bit of time for justice to triumph.

Clever fellows, these Novices -~ during the January VHF shindig we found several
on 2-meter ¢.w. with A-2 produced by an oscillator in front of the mike. Fine,
but watch the background noise! Coughs, dishes rattling, phones ringing -- all

constitute telephony which is not permitted. If you can't feed the audio tone
directly to the mike input, put the oscillator and mike in a soundproof box to elim-
inate room noise and casual conversations.

Thanks to more than 100 of you who made suggestions for a new heading covering
the letters-to-the-editor department. The job of picking a winner is now in pro-
gress. Supporters of retaining the simple "Correspondence" showed surprising
strength!

FCC rules now require an application for modification of your license to be filed
before you operate from a new location, and within four months of your move.
This applies whether or not you are operating at a new QTH. Fines and revoca-
tions have been visited on non-compliers. Keep your address up-to-date on FCC
files.

Watch for the bright yellow cover of the new Handbook, this year again substan-
tially revised by WICER. Get yours early -~ before the printing is sold out as
occurred last year.

10 QST for



The chassis for W6FFC's audio frequency-shift keyer

is 6 by 8 by 2 inches, and is covered with adhesive shelf

paper (similar to the author's frequency standard described

in November 1968 QST). The standard 850 and 170

shifts are available, as well as adjustable "wide” and
""narrow" shifts.

A F.S.K. for RTTY

Introducing the **Mainline AK-1"

BY IRVIN M. HOFF,* W6FFC

quency shift keving.

On the v.h.f. bands, where either a.m.
or f.m. transmitters are used for RTTY purposes,
audio tones are fed into the microphone input, to
trausmit the RTTY signal. The “mark” tone,
usually 2125 Hz., is changed from 2125 to 2475
for “space’ as the keyboard contacts open and
close, thus frausmitting a frequency-shifted
audio signal. The receiver at the other end feeds
these audio tones iuto a demodulator (sometimes
called a *“TU” or “converter’’) which changes
the tones into d.c. pulses that operate the Tele-
printer.

On the bands between 3.5 and 30 MHz., ihe
audio tones from a good a.f.s.k. unit could be
fed to the audio input of a top-notch s.8.b. trans-
mitter, a method that was discussed in some
detail by the author in an euarlier article.! How-
ever, that article was written in 1965, and it is
possible that the reader may not have access to
it, s0 some of the pertinent details will be covered
again.

If you use a.f.s.k. on a single-sideband trans-
mitter several problems can exist. It is the exient
to which they exist that is important. You may
have the carrier at, say, 14,090.000 kHz. The
mark tone will be 2125 Hz., so you will have one
sideband (the desired one) at 14,087.875 kHaz.,
2125 Hz. lower than the carrier, and another at
14,092.125, 2125 Hz. higher than the carrier.
With a good s.s.b. transmitter the carrier will be
well suppressed and the unwanted sideband at
14,092.125 should be completely out of the pie-
ture. Carrier suppression and unwanted side-
band suppression become very important if you
want to operate a.f.8.k. into an s.s.b. transmitter.

%12130 Foothill Lane, Los Altos Hills, Calif, 94022,

1Hoff, ‘“Audio Frequency-Shift Keying for RTTY,”
QST, June, 1965,

February 1969

THE initials “a.f.s.k.” stand for audio jfre-

Unless you have ut least 60 db. of carrier and
sideband suppression, a.f.s.k. is best left to
others. The FCC is very strong on this point:

‘“Amateur licensees contemplating the use of
audio tones via s.s.b. suppressed carrier trans-
mitters for the generation of Al and/or F1 emissions
ure cautioned that any radiation of the carrier or
suppressed sideband frequencies at an intensity
suflicient to cause iuterference in receiving equip-
ment of good engineering design constitutes spurious
radiation in violation of Section 97.73". [Docket
15267, Released 7 July 1964]

Experience shows that the better s.8.b. trans-
mitters do well enough on suppression to avoid
any problems. As an active RTTY enthusiast, 1
can truthfully say that [ have never noticed
any interference from stations using a.f.s.k. on
s.8.b. unitg, although the possibility, of eourse,
exists,

What Kinds of S.S.B. Transmitters
Are ‘‘OK’’ for A.F.S.K.?

This is a difficult question to answer. [n gen-
eral, s.s.b. transmitters using mechanical filters
have excellent sideband suppression, particularly
when the tones of 2125 and 2975 are used (a small
change in the carrier-oscillator frequency is
needed in many s.s.b. transmitters to transmit
the 2975 tone; more on this later).

Perhaps most transmitters using mechanical
filters or crystal lattice filters would be acceptable
when teamed with an appropriate a.f.s.k. unit.
The phasing type of s.s.b. transmitter would
most likely give marginal results unless per-
fectly adjusted for carrier and sideband suppres-
sion. Phasing rigs seldom hold these critical ad-
justments over long periods of time.

Unless you have a transceiver, f.s.k. (carrier

shift as opposed to audio shift with suppressed
carrier) is usually a better approach to getting

11
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Fig. 1 —Circuit of the AK-1 audio frequency-shift keyer. Capacitors with polarity shown are electrolytic; others are paper
except as indicated. Fixed resistors are /2-watt composition,

on the 3-30-MHz. RTTY bands. Putting a small
keyer near the v.f.o., p.t.o. or l.Lm.o. {depending
upon what the manufacturer eulls his tuning
arrangements) and then connecting it to the
cathode pin on the oseillator tube usually results
in excellent RTTY transmission. No changes
are actually made in the transmitter, thus you
are not " digging into it.”" at all, nor will the resale
value be adversely atfected since you can remove
the keyer(s) in a few moments. F.s.k. has been
covered quite adequately in past issues? so it
will not be discussed further.

What About Transceivers?

A transceiver on RTTY usually is a nuisance.
It is much better to have a separate receiver and
transmitter. Even a remote v.f.o. for u trans-
ceiver offers a lot of advantages. Since there
have been many requests for information on the
use of ss.b. transceivers on RTTY, though,
some comments are in order. Mirst, few trans-
ceivers will transmit or receive the standard
tones of 2125 and 2975 adequately. Second, it. ix
not. at all convenient to use f.s.k. on most trans-
ceivers.

With respect to a.f.s.k., don’t use it at all on
RTTY unless the transceiver has a erystal-
lattice or mechanical-filter sideband system.
If anything other than these two, contact the
manufacturer to see whether he feels the side-
band and carrier suppression are adequate for use
with a.f.s.k. — if he does, you have at least a
partial “out” should you hear from the FCC
later!

2 Hoff, ** Transmitting Radioteletype,” QST, May, 1965.
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If vou feel that the transceiver meets the mini-
mum requirements, then we recommend you do
huild an adequate a.4.5.k. unit.

Audio Tones

The only reason for using tones other than
2125 and 2975 is the relatively narrow bandwidth
of the s.s.b. unit, whether & trausmitter, receiver
or transceiver. .\t tirst glance, you might think
vou had to use n combination such as 1275 mark
and 2125 space, because many s.8.b. receivers
and transmitters have sudio bandwidths of unly
3002400 Hz. The truth is that in practically
any of these transmitters u slight modification
will let the 2975-Hz. tone through with no prob-
lem* at the sume time, it usually improves both
the carrier suppression and the unwanted side-
band suppression considerably.

Most s.s.b. units have a erystal-controlled
carrier oscillator or b.f.o. By substituting u
erystal approximately 1 klz. farther from the
filter passband you immediately change the audio
passband  from  300-2400 to  1300-3400 Hz.
KFind the “lower-sideband’ crystal, and order
another that is one kHz. lower. For instance, in
the Collins S-line transmitters and receivers the
lower-sideband crystal is 453.650 kHz. A 452.650
erystal will give you 1300-3400 Hz. sudio. A
similar caleulation on any s.s.b. unit with a cry-
stal-controlled b.f.o. will give adequate results.

This makes it quite simple to use the ‘“normal”
tones of 2125 and 2975 Hz. You run into too many
problems in trying to use 1275 and 2125: har-
monics, keying transients, filter construction,
filter balance, aund so on. Although tones of 1275

QST for
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CR1, CRa-Silicon; type not critical (1N4816 used).

CR3—8.2-volt Zener, 1 watt (1N4738).

J1=Ja, incl.—Phono jacks,

Q1, Qs Qs, Q7—Silicon, n-p-n; Motorola MPS-3394 or
equivalent.

Q2, Qz—Silicon, p-n-p; Motorola MPS-3702 or equivalent.

and 2125 may appear to he the easy way out,
this is not true at all.

Some receivers and transmitfers have a place
for an optional tilter for RTTY or c.w., in which
case they often also have provision for an extra
b.f.o. crystal. In many cases you can put the
new crystal in that unused vacant spot. If no
such spot is available your problem is still some-
what simple. (fel u small toggle switch (Switch-
craft, makes them to fit into a Yf-inch diameter
hole) and mount it in the chassis as close to ihe
lower-sideband c¢rystal as is convenient. The
switch should bhe a single-pole, double-throw
type for most transmitters. Hook one side of
the lower sideband erystal to one side of the
switch and one side of the new RTTY erystal
to the other side of the switch. The switch arm,
of course, gues to the point where the lower-
sideband crystal originally was connected. The
other side of the new crystal hooks to the com-
mon side of the original sideband crysial.

You now have the option of using either RTTY
or s.5.b. when in the lower-sideband position,
If the transceiver is habitually used on 20 meters
where upper sideband is customary, the chances
are the switch can be left in the RTTY position
without inconveniencing the owner at all.

If separate receivers and transmitters are
used in transceive you will ind it necessary to
get new b.f.o. crystals for both the transmitter
and the receiver. Then they will both achieve
similar audio passbands when locked together.

Oscillator Transients and Harmonics

In our a.f.s.k. article in June 1965 QST, 4
unit designed by K3NIO was included. The AK-1

February 1969

Qq—Unijunction; 2N4871 or equivalent.

R, Rz, Rs—Linear taper.

Rs—For output level setting; see text.
S1—Rotary, 1 section, 1 pole, 4 positions used.
S2—S.p.s.t. toggle.

is basically the same thing, but with refinements
that add to its versatility, such as narrow-
shift c.w. identification and the addition of
outputs for hoth v.h.f. and s.s.b. transmitters.
The biggest change is the elimination of the
need for separate positive and negative [2-volt
power supplies.

All other a.f.s.k. circuits which I have seen
published in the past ten years used LC oscilla~
tors, usually with one 8%-mh. toroid with a
0.033-uf. capacitor across it for 2975 Hz. and an
additional 0.03 or 0.033 uf. to go to 2125 for
mark. Since adding capacitance to an LC circuit
lowers the audio frequency, and since the
mark tone is used as the reference, you can see
the problem in trying to achieve any shift other
than 850 with this type of circuit. It is also
a problem to get narrow-shift c.w. identification
that will come out “right side up.”” The greatest
problem, though, arises from rapidly changing
the frequency of a resonant LC eirenit: the in-
ductor generates a back e.m.f. which creates
a ‘“spike’ on the waveform. The spike rreated
by the &8-mh. toroid in a typical a.f.s.k. unit
call catse momentary overdrive of the transmit-
ter, causing distortion and spurious radiations.’

Also, these oscillators have strong harmonics,

3 The effect that the author is discussing here is ximilar
to the spikes that occur on c¢.w, keying waveforms az a
result. of, among other things, poor regulation in the power
supply. When these spikes are eliminated, however, there
remains the handwidth attributable to the rate at which
the keyved character is started and stopped. Unless some
provision is made to shape the keying wavetarm, by slowing
up the transition from off ta an (and vice versa) in amplitude
keying, or from one frequency to the other (in frequency
keying) there can be key clicks that oceupy more than the
necessary keying bhandwidth, — Editor,
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External connections are on the rear chassis wall. Aside

from these and the controls lined up on the front wall,

all components are mounted on a 5% X 3-inch etched

board supported by brackets from the side walls of the

chassis. The audio low-pass filter is at the left in this view.

The unijunction oscillator and the keying circuits occupy
the right-hand section of the board.

particularly the eveu harmonics, while few, if
any, simple a.f.s.k. units use any type of low-pass
filter to eliminate them. Although the transmitter
itsell will probably pass only the 2125 tune, the
harmonics at 4250, 6375, and so on can adversely
atfect the audio and sideband stages. Further-
more, to get from 1275 to 2125 with an LC
oscillator (many are thoroughly convinced they
“have to"’ use those tones), vou just about have
to double the size of the additional cupacitor.
What does this do to the back e.m.f. created by
the inductor? Increases it sumewhat, of course,
as it now resists even more making this greater
change in resonant frequency. Thus the problems
with 2125 and 2975 Hz., using an LC oscillator,
are aggravated with 1275 and 2125, And what
about the harmonics? Now we have 1275, 2550,
3825, 5100, 6375, etc., ete. That 2550 tone, in
particular, very likely will go right on through the
transmitter, perhaps affecting copy at the other
end. Still need to be convinced that a simple £.C
oscillator using 1275 and 2125 doesn't create
more problems than it solves?

The fuct that the typicul a.f.s.k. cireuit is
simple and inexpensive is hardly justification for
putting a mediocre system on a relatively
expensive piece of equipment, when for only a
few dollars more you could have additional
benefits and do it right at the same time.

Requirements for Good A.F.S.K.

A few requirements are “musts’’ if you are
talking about a decent a.f.s.k. unit, und sume
other features are in the ** nice-to-have ' category.

In the “must’ department, we would want:

13 No keying transients on going from mark
to spuce.
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2) Negligible harmonic content to
distortion in the transmitter.

3) Proper output level for the transmitter to
be used.

In the ‘nice-to-have” department, we could
add several things, but let's try these.

1) 170 shift as well as 850 shift.

2) Perhaps one or two positions for other
shifts to experiment with,

3) Narrow-shift ¢.w. identification.

4) Output to match either carbon or high-
impedance mike inputs.

) An input that will readily adapt to numer-
ous different arrangements to suit the user.

In addition to such operating features, it
would be advantageous to make the unit solid-
state, for low power consumption and small size,
as well as to allow use of an easily-duplicated
printed circuit board.

Thus wuas the Muinline AK-1 af.sk.
“born.”’

ereate

unit

The Mainline AK-1

The heart of the AK-1, Fig. 1, ix a unijunction
transistor pulse generator. The circuit is essen-
tially an RC oscillator, so decreasing £ will
increase the frequency. You can easily chauge to
any shift you like merely by adding resistance in
parallel (or by switching in different resistors)
while keeping the murk frequency the same.

The pulse generator runs at 4250 pulses per
second for the mark frequency. These pulses are
fed into o Hip-tlop which changes state for cach
pulse, thus not ouly dividing by two to get 2125
cyeles per second, but also providing symmetrical
syuare waves from the short pulses.

Square waves theorctically have only odd-
harmonic content, so the harmonics generated
by this system are 2125, 6375, 10,625, 14,875,
and so on. The Hip-tlop is followed by a 5-pole
Butterworth low-pass filter that cuts off a little
above 3000 Hz. This filter effectively removes all
harmouics, changing the square wave into a
sine wave.

The output of the low-pass filter goes directly
to the s.s.b. mike input, which always uperates
at a very low signal-voltage level. It ulso goes
to an emitter-follower stage that will supply

| e * I

-
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AK-1
TTY  —P
KEYBOARD | o
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Fig. 2—Teletype machine keyboard connections.
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Fig. 3—Power-supply circuit. Resistances are in

ohms; resistors are 1-watt composition.
Ci—Electrolytic, 1000 uf. or more, 15-25 volts.
CRi1~CRq, incl.—Silicon, 200 ma., 50 p.i.v.
CRs—Zener; 12 volts, 1 watt,

a relatively hefty 0.5 volt (peak audio) to a low
impedance, for v.h.f. transmitters using carbon
microphoues.

Since there is no inductor in the oscillator
section, keying transients are minimized when the
signal is changed from mark to space. Observa-
tions with u Tektronix 531 scope bear this out.

The input circuit of the AK-1 will operate
from any system that gives a positive voltage
for space. It is immaterial whether there is
no voltage or a negative voltage for mark. This
system adapts to most systems already in use for
driving an f.s.k. unit in the transmitter. 1t adapts
immediately to the Mainline TT/L* or TT/L-2°
units. Most other demodulators do not include an
f.s.k. driving system, and in such case the opera-
tor probably has devised one — such as a ““shift
pot'' system — himself. The AK-1 may also be
driven directly from the keyboard as shown in
Fig. 2.

Only when receiving on lower sideband do the
audio tones cume out properly. Consequently,
when transmitting in the lower-sideband posi-
tion, the tones are transmitted normally, and
mark will remain “stationary’ regardless of
what shift is in use. Plan to do all your trans-
mitting and all your listening in the lower-
sidzband position for normal operation.

Some transmitters will not pass 2975 as well
as they pass 2125 Hz. (we are not talking about
the units that won’t pass 2975 at all — supposedly
the owner has now changed the b.f.o. crystal so
that 2975 will be passed); that is, 2075 may not
he passed at the same level as 2125. For instance,
the audio ecircuits in the author's HT-32A
attenuate the space tone of 2975 some 3 db.
To compensate for this audio roll-off, a simple
high-boost circuit consisting of a 0.015-uf.
capacitor and a resistor, R, was added. 1f your
transmitter has less output on space than on
mark, try various values of resistors at this point.
In my case, it took about 4700 ohms. You may
not need any resistor at all.

The shift for c.w. identification at present
is set for about 110 Hz. (FCC requires at least
100 Hz. for narrow-shift c.w. for this purpose.)
The nice thing about this arrangement on the
AK-11is that the c.w. identification shift is always

4 Hoff, “ The Mainline TT/L F.S.K. Demodulator," QST,
August, 1965,

3 Petersen, “The Mainline TT/L-2 Demodulator,”
RTTY Journal, September, 1967.
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c.’T Gacas
o

Ti—Any transformer having 12- to 12.6-volt secondary,
100 ma. or more.

the sume regardless of the shift selected by the
switch. Take the “side-arm" off the key so it
will not short out and cause the shift to change
inadvertently.

Constructing the Unit

There is tremendous flexibility in the choice
of most of the parts. The unijunction transistor
(Motorola 2N4871) was selected us its price is
only 96 cents, but many others may be used.
Q1, Q5, Qs and Q7 can be literally any n-p-n type
of silicon transistor (do not use germanium
transistors). The pots can he the Clentralab
“PFastach 11 front” units, as these are modest
in cost and various types of short shafts may be
obtained. The author nsed Hush serewdriver
shafts. You may prefer a short shaft that can
be turned with the fingers. The output connectors
on the rear are inexpensive phono jacks that
mount in a one-quarter-inch hole.

The use of a printed-circuit board greatly
simplifies the construction of any project and
this is no exception. The hoard designed by the
anthor measures about 3 by 514 inches.®

For ease of adjustment, the pots for 2125, 2295
and 2975 were selected to give about 60-70 Hz.
total variation at the frequencies spervitied. As
a result, you may need to hand-pick the resistors
in series with the pots to enable them to operate
in mid-range. The values shown on the schematic
are those used in the author’'s unit. The 500K
and 3-megohm pots should have right-hand log
taper to give linear variations between various
shifts you may want to use. If yvou wish, you can
leave out the positions on the switch you do not
feel vou need, thus saving some money on the
pots and resistors. If you never have any use at
all for narrow shift, you can dispense with the
switch entirely, and the 2295 pot plus the other
two. Their associated resistors can also be left
off. You can easily enough add any or all of those
things later if you wish. The board is merely
“programmed”’ to include all the variations you
should everrequire.

One additional comment: Bypass each connec-
tor leaving the chassis with a 0.01- or 0.005-xf.

(Continued on page 48)

& The hoard and parts may be obtained through Truman
Boerkoel, K8JUG, (AK-1 Kit), Newark Industrial Elec-
tronics Corp., 2114 South Djvision, Grand Rapids, Michigan
49507, For 88-mh, toroids, check the classified ads at the
rear of this magazine.
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The W8HRF compact loaded beam installed on a
pipe mast.

The W8 High Radio Frequency Short Beam

Compact End-Loaded Two-Element Yagi for 20

BY DAVID L. WALSH,* WS8HRF

ND loading of a short dipole antenna has an
E advantage over center loading, since it
increases the radiation resistance relative
to the loss resistance in the system.! Losses are
further reduced, because the loading-coil re-
sistance (the prineipal loss resistance in a loaded
dipole element) is moved to a poiut of lower
eurrent on the current-distribution pattern. In
the case of a short Yagi antenna, end loading
also has the mechanical advantage that *plumb-
er’s delight” construction can be used, since it is
unnecessary to open up the centers of the ele-
ments and insulate them from the boom for the
insertion of a coil.

The 14-MHz. antenna shown in the photo-
graphs is 1 modification of a Hy-Lite 10-meter
Yagi, but similar antennas may be easily built
from scratch, of course. The maximum overall
element length is approximately 14 feet.

Loading Coils

Bach of the end-loading assemblies consists of
a coil and a capacitive hat, and the general ar-
rangement is shown in the sketch of Fig. 1. The
coils are wound with No. 8 aluminum wire
(clothesline or TV ground wire). Fifteen turns
in each cvil are needed for the driven element,
and eleven turns for the director. The turns are
wound on a 23¢-inch form. When the coil is re-
moved from the form, the diameter will spring
out to about 3 inches. The ends of the coil should

* 1335 Manfeld Drive, Columbus, Ohio 43227.
f Dome, *‘[ncreased Radiating Efficiency for Short An-
tennas,” QST, September, 1934.
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be bent out and formed into loops to be fastened
down with No. 8 machine screws.

Although it may not be an absolute necessity,
a support al the center of the coil is highly
desirable. Such a support can be made from a
314-inch length of 14-inch Plexiglas strip 1 inch
wide. Drill a hole at the center of the strip large
enough to slide easily over the end of the element
(approximately 5g iuch). Notch both ends of the
strip to fit the wire of the coil. Preheat the kitchen
oven to 250 degrees, and warm the Plexiglas
until it softens (about 5 minutes). Using gloves
or potholders, slide the softened strip over the
end of the element, and twist the strip into a
“butterfly.” While holding it in shape, cool it
under water. File off the corners of the strip so

DIRECTOR
4

4

6'-¢

DRIVEN ELEMENT

[ ~7I

GAMMA

1—-Essential dimensions of the end-loaded short
Yagi antenna.

Fig.
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omitted, the aluminum insert beiug driven into
the coupling at the end of the element. (The
additional insulation on the driven element was
found to be necessary to avoid arcing.)
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Fig. 2—Sketches showing details of the coil-mounting
insulator, and capacitive hats.

that they will not interfere with adjacent turns,
The completed strip is placed across the center
turn of the coil, and slid along the antenna ele-
ment as the coil is mounted. The hole in the strip
should be reasonably loose so that the strip will
slide easily along the element as the coil is ad-
justed.

Insulating Sections

The coils are mounted across insulating see-
tions at the ends of the elements. Those at the
ends of the driven element are made as shown
in Fig. 2B. A 3-inch length of 3g-inch phenolic
rod is fastened to each end of the element by
means of a coupling for !'4-inch plastic pipe (ob-
tainable at hardware stores and plumbing shops).
The coupling is forced onto the end of the element
by hammering with a mallet, and then the
phenolic rod is hammered into the coupling. A
second coupling is hammered onto the end of the
phenolic rod, and the aluminum insert shown in
the detail of Fig. 2D is forced into the coupling
until it is Hush with the end of the coupling. (If
necessary, file the end of the insert down to bring
it flush.) The 58-32 hole in the insert should not be
drilled and tapped until the insert is in position
in the coupling. Then the hole should be drilled
through the coupling and into the insert. Use a
hottom tap to thread the hole. For additional
strength, the seams of the assembly may be
doped with epoxy.

"The 8-32 screw fitting the threaded hole is
used as one terminal of the loading couil. The
terminal for the other end of the coil is an
adjustable strap clamp around the 24-inch por-
tion of the antenna element.

In the case of the director element, the phe-

nolic-rod section and the second coupling are
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Capacitive Hats
Element .
—---—j The capac

acitive hats are made as shown in

Fig. 2A. A 17-inch ring is formed of No. &
aluminum wire. The ends ure held together by
inserting them into opposite ends of a short
piece of “{ﬁ-mch aluminum tubing which is
secured by crimping. Spokes of the same type
of wire are formed as shown. The gap at the

Drlll&l'ap g-32 centershould be just sufficient to allow a 10-32

screw to puss. The \pokes may be welded or
soldered onto the ring, or fastened by wrap-

diam. ping with small-size aluminum wire. A hat is

fastened to the aluminum insert at each end of

each element by means of a 10-32 machine

SCrew, a lockwasher, and a clamp fashioned
from a small piece of !f-inch aluminum strip, as
shown in Fig. 2C. The two bent-down ears of the
clip should be inserted in the Vs formed by the
spukes, and the screw tightened securely.

Matching Section

The gamma matching sertion was patterned
after the tubular-capucitor design described by
W2VS in ull recent editions of The ARRL
Antenna Bool:. Not having access to tubing of
the required diameter, 1 used heat-shrinkable
tubing as the diclectrie.* This tubing has a

(Continued on page 48)

2 Shrinkable tubing can be obtained in small lots from
Burstein-Applebee, 3199 Mercier St., Kansas City, Mo.
64111,

The end-loading capactive hat and coil assembly,
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A Simple Oscilloscope Calibrator

BY CLIFFORD C. BUTTSCHARDT, JR..* W6HDO

scopes with calibrated time base and

voltage presentations. The experimentally-
inclined amateur occasionally needs this infor-
mation to a reasonably accurate degree. Most
free-running oscilloscope sweep circuits can be
adjusted to give fairly linear presentations by
advancing the horizontal gain such that ouly a
small portion of the total sweep is presented.
Furthermore, the sweep-frequency control can
be independently adjusted to approximate a
calibrated sweep time per scale division.

The unit shown schematically in Fig. 1 gener-
ates square waves of 0.15 microsecond rise time
and 0.1 ps. fall time. This makes calibration of
the sweep presentation very easy. Five different
frequencies are generated utilizing time periods
most often required by the inexpensive oscillo-
scope, ranging from 10 Hz. to 100 kHz. in decade
steps. Frequency stability is controlled entirely
by the resistance and capacitance time constant
of the circuit. Voltage calibration is accomplished
through the use of batteries and a calibrated
surplus ten-turn potentiometer. Voltage stability
depends on the condition of the self-contained
batteries which can be checked with an ordinary
d.c. voltmeter.

Mus'r amaleurs do not have access to oscillo-

Theory Of Operation

The free-running multivibrator shown in Fig. 1
is used to generate different frequency pulses.
Normally such a circuit has a collector voltage
output waveform which is somewhat like a dis-
torted square wave because of the manner in
which the timing capacitor and resistor charge.
1t is desirable that the collector voltage waveform
be as square as possible, Let us look at the portion

%275 Chiquita Avenue, Mountain View, California 94040.

Completed unit shown with calibration dial in the fore-

ground. Two output jacks have been included as a matter

of convenience, Tape labels have been added to "dress
up" the unit.

TABLE 1

Capacitor and frequency selection. All capacitors are 13 volt or greater.

Calculated Measured
Capacitor uf. Type Frequency Frequency
Cy, Ce 10 tantalum 10 Hz. 9.7 Haz.
e, O 1 tantalum 100 Haz. OfR Haz.
3, Cg 0.1 tantulum 1 kHaz. 0.95 kHz.

or Mylar

Cyy Co 0.01 Mylar 10 kiz. 9.82 kHz.
Cg, Cro 0.001 silver mica 100 kHz. 96.73 kHaz.
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Fig. 1—Oscilloscope cali-

brator. Resistors are Y2

watt; resistance is in ohms.

Capacitance is in uf. Ca-

pacitors are specified in
Table I

4

1
6
eo__réw

BTi—7, 1.5-volt penlite cells in series.

CRy, CR2—1N270 used, 1N34 applicable.

Ji—Coaxial receptacle, SO-239.

J2, J3—Six-way binding post.

Q1, @:—2N3641 used, 2N5187, 2N5183, 2N706,

of the multivibrator circuit associated with ;.
S» is in the position shown in Fig. 1. The timing
capacitor Co is charged through resistor R in-
stead of the normal collector load resistor f2s.
After (s has been charged through R;, CR2 pre-
veuts further charging current from passing
through R,. The collector voltage waveform is
very nearly square since the collector nearly
represents a fully saturated or a tully open
transistor. The output sqyuareness of the waveform
is limited only by the switching speed of the
transistors @, Q2 and diodes 'Ry, 'Ly, and by
the inductance of the wirewound potentiometer
Ra. The collector voltage waveform is rich enough
in harmonies so that it can be heard on a broad-
cast receiver. This is, incidentally, a possible
way to check the frequency of oscillation after
ihe construction has been completed.

The maximum voltage output is 10 volts. For
the transistors specified, a !4-volt drop from
collector to emitter is Lypical. The voltage drop
across the (g is ussumed constant as the transis-
tor's operation is fguite stable at room tempera~
ture. Seven ordinary penlite cells yield about
10.5 volts d.c., which allows 10 volts to be
placed across g,

Additional Thoughts

Nothing is particularly critical about the con-
struction of the unit. Any metal box that will
hold all the components should be quite satis-
factory. I2 and its accompanying calibration
dial were obtained on the surplus market to help
reduce the cost of the project. Similar capacitors
should be used on each side ol the multivibrator
as a capacitance dissimilarity will cause the on-
time to differ from the off-time. Most of the
components are simply fastened to tie points as
they are needed and are convenient.

The calibrator has been most satisfactory in

February 1969

2N697 applicable.
Ri—See text.
Ra—500-ohm, 10-turn, linear, wirewound control.
S1—S.p.s.t., pushbutton, momentary contact.
Sa—2-pole, 5-position, nonshorting rotary.

every respect. It has found additional uses in
that the pertormance of a number of audio
amplifiers has been analyzed by using the unit
as an ordinary square-wave generator. The attack
time of a compressing audio preamplifier has
beeu set up by usiug the 10-Hz. position as a
keyed signal. Additional uses are apparent. A
homemade frequency counter was giving diffi-
culty and its fault was determined by pulsing
the device with this calibrator. Primarily how-
ever, the calibrator has proven to be most val-
uable in determining the frequency and amplitude
of low-level oscilloscope signals. [

Back Copies and Photographs

Back copies of ()87 referred to in QST
issues are available when in print from
our Circulation Department. Please send
cash, money order or check — 75¢ for each
copy — with your order; we cannot bill
small orders nor can we ship c.o.d.

Full size (8 by 10) glossy prints of
equipment described in QST by staff
members (only) can be furnished at $1.50
each. Please indicate the QST issue, page
number, s#nd other necessary identifica-
tion when ordering, and include full re-
mittance with your order — we do not bill
nor ship c.o.d.

Sorry, but no reprints of individual QST
articles are available, nor are templates
available unless specifically mentioned in
the article,
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T-Notch Filter for the HBR

Selective Rejection of Unwanted Heterodynes

BY JAY F. HELMS,* W6HHT

The advantages of the notch filter
are well known. Here is how one can
be added to the 100-kHz. intermedi-
ate-frequency amplifier of the HBR
receivers, with specific layout details
for the HBR-13C described in August
1965 QST.

HE QST series of articles on Ted Crosby’s
THBR receivers have long been of great in-

terest to me. My recent need for a receiver
which was an improvement over the average
commercial product prompted me to try my hand
at the project. In developing this unit from its
original form! there were found operating cundi-
tions when even the excellent sclectivity of the
tIBR-13 left something to be desired. Specifically,
it was felt that it would be most desirable to at-
tenuate those strong interfering signals in the i.f.
passband which break up the desired signal. A
tunable T-notch filter hus been incorporated in
the design to accomplish this purpose. This
article describes the T-notch filter and gives
details as to how it may be incorporated in an
existing HHBR-13C.

L R

B

[ (4
R

fig. 1 —Ideal bridged-T network. R is the resistance of
the coil L at the operating frequency.

Circuit Theory

The T-notch filter has as its heart the three-
terminal bridged-T network shown in its pure
or theoretical form by Fig. 1. Ry, is the resistive
component of a reactance formed by the induc-
tunce L. (The value of Ry, is not the same as the
d.c. resistance of the inductance.) Values for
components /., Ry, C and £ can be chosen so the
network has zero transfer impedance at some
resonant rejection or notch frequency, f,. Such

* Pacific Telephone Telegraph Co., Special Service
Engineering, 450 Mission 8t., Room 201, San Francisco,
Calif. 94105.

! See Crosby, * HBR Developments,” QST, August, 1965,
or a description of the HIBR-13C.
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a network can be theoretically designed to have
any desired amount of attenuation at a single
frequency. Because of shielding problems, stray
capacitance, and unbalance of circuit elements a
maximum attenuation of 50 to 60 db. is generally
realized. The resonant notch frequency, f,, can
be calculated by the equation

ot = o

At this frequency a series of equations may be
developed which permit calculating all other
network parameters for maximum attenuation:

1.1
201,

|
TR C2rfoC
If the inductance, L, has a very high ¢ then the
network impedance at the noteh frequency, fo,
will be approximately equal to four times the
value of the total resistive leg, f2.

The construction and subsequent use of a
practical circuit is simplified if this network is
modified as shown in Fig. 2. The variable ca-
pacitor, Cy, permits tuning the network over a
small frequency range. This in turn allows one
to position the rejection notch over an undesired
signal which falls anywhere in the receiver's
passband. When not in use the variable capacitor
isset ateither maximum or minimum capacitance,
thereby placing the rejection notch well outside
the passband. So positioned, the network has
little or no etfect an normal receiver sensitivity
or selectivity. Although from a strictly theo-
retical standpoint the filter is designed for one
rejection frequency only, it is quite practical to
tune the circuit a few kilocycles either side of
this frequency to cover the entire i.f. passband.
Experiments in the laboratory indicate that the
equations given for the network in Fig. 1 apply
equally well, for all practical purposes, to the
compromise network of Fig. 2. In calculating com-

R o=

Ry,

AT

B

CIM/'
R

L
c G

Fig. 2—Adjustable-frequency bridged-T network. C1 per-
mits tuning the rejection frequency over a small range.
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Fig. 3—Notch-filter modification of the HBR-13. Fixed
capacitors are ceramic except those labeled S.M. (silver
mica). Fixed resistors are '2-watt composition except as
indicated.

Ci1—140-pf. midget variable (Hammariund APC-1408).
Li—App. 3 mh., adjustable {Miller 9004, 2.1-8 mh.).
Ri—Linear control, wire-wound.

Ra—Linear control, 2-watt,

ponent parameters for the compromise network
the total capacitance is set equal to the sum
of the two fixed capacitors (=('/2) plus half
the maximum capacitance of the variable, ;.
This is done because the notch circuit will be
subsequently aligned at the i.f. mid-band fre-
quency when the variable is positioned precisely
at half-mesh, in order to permit tuning the re-
jection notch from one side of the passband to
the other.

This compromise bridged-T network has been
incorporated in the HBR through an additional
amplifier stage following the second mixer, as
shown in Fig. 3. This additional stage provides
a means for correctly matching the network to
the main i.f. amplifier as well as providing enough
gain to overcome the losses in the network. The
overall gain of the added stage plus the bridged-T
network is controlled by varying the screen
potential of the added 6BJ6. Component values
shown are those used by I{4FX {ex-WA4ZNI) in
his HBR-13C. I have made several substitutions
of i, ¢ and L components in my HBR, euch
time achieving identical rejection-notch charac-
teristics. The equations which have been given
will permit the experimentally-minded amateur
to calculate his own cumponent values (provid-
ing of course that he remembers to remain di-
mensionally correct by using farads, henrys,
cycles per second, and ohms!). Values for R, |,
and I actually measured in a properly aligned
network should compare within 10 percent to
calculated values obtained by solution of the
equations.
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K 5K
2w, LEGAIN
4250V,

Rs—I.f. gain control in original circuit.

Ti—One circuit of 100-ke. if. transformer {Miller 1709).

TeA—100-kc. i.f. transformer (Miller 1709) in original
HBR-13C circuit, previously connected to plate
circuit of 6UBA second mixer.

A high-() inductance is an absolute necessity
for this circuit. The J. W. Miller 9004 which is
specified has a measured () in excess of 80 at an
inductance of 2.74 mh. and a frequency of 100
kHz. In addition, its slug-tuned feature provides
a means for aligning the network to the precise
i.f. mid-band frequency. The original mixer plate
is tuned through one section of a J. W. Miller
1709 transformer and capacitively coupled to
the network. This circuit arrangement proved
its superiority to resistance-coupled schemes
which were also tried.

No provision has been made for adjusting notch
depth from the front panel. Alignment of the
network for optimum rejection would not be
possible if the resistive leg were operationally
varied. Actual use of the network indicates there
ix really no such thing as ‘“too much rejection,”
s0 the resistive leg of the network, ouce adjusted
for optimum network balance (i.e., maximum
rejection) during the alignment process, is there-
after not touched. The network when properly
aligned should give not less than 45 db. of re-
jection to an undesired signal falling within the
i.f. passbaud of an average HBR receiver.

Mechanical Details

A chassis layout for adding this stage to an
HBR-~13C has been developed by K4FX and is
given in Fig. 4. Test point J3 must be moved to
the rear chassis apron to make room for the 15K
network pot and the added 1709 transformer.

The Hammarlund APC-B is mounted beneath
the chassis directly below Taa and Tes on the
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Fig. 4—Layout of notch-filter components in the HBR-13C

chassis plan as shown on page 15, October 1965 QST.

Original components are shown light, added components

above the chassis are heavy; variable-capacitor mounting
and drive, underneath tae chassis, are dotted.

bracket illustrated in Fig. 5. [(nstallation of
threaded studs 33%4-inches long hetween the
vertical face of the mounting bracket and the
rear chassis apron is needed to give extra stability
to the euntire assembly. An X:1 vernier drive
will he required for driving the capacitor:
Lafayette Radio catalog 99HG031 iz recom-
mended. This vernier drive unit is mounted in
the position vacated by Ss (the a.g.c. switch),
which in turn has been moved to the right of
("2 (b.f.o0. pitch). The notch will tune through the
i.f. passband with 30 degrees or less of shaft
rotation, so s high vernier-drive ratio is required
for operating ease.

Precise alignment of the eapacitor shaft and
the vernier drive assembly is quite important.
A little care and patience in getting the drive
shafts correctly aligned will pay haudsome op-
erating dividends. A Millen 3900 insulated Hex-
ible coupling between the capacitor shaft and
the vernier unit shaft will be helpful in compen-
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Fig. 5—Mounting bracket for the variable capacitor.

Dimension X should place the capacitor shaft at the same

distance from the chassis as the shaft of the original a.g.c.

control. Both rotor and stator of the APC-B must be
insulated from the mounting.
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sating for small errors in mechanical alignment.
Note in particular that the rotor and stator of
the capacitor are both above chassis grouud:
mounting arrangements must provide for this.

I. F. Alignment

Before aligning the bridged-T network itself
it will be necessary to realign the entire if.
amplifier because of the added 6BJ6 stage. Lt is
imperative that you use a 100-kHz. signal source
for this purpose, as well as for subsequent net-
work alignment. In order to receive full benefit
from the excellent i.f. response of the HHIBR-13C
and from the T-notch circuit you should beg,
borrow or buy a 100-ki{z. frequency standard:
the Handhook design will give excellent results.

Short L; with a jumper and set. the 683J6 screen
pot to provide 75 volts of screen potential. Con-
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Fig. 6—L.f. selectivity curves with the notch-filter variable

capacitor set near the extremes of its range, below the

i.f. passband at the right; above the passband at the left.

Aside from a slight effect on symmetry, the passband is
unatfected by the notch,

nect th