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Single &
Multi-Band

- The
Finest |
ransmitter
~ Made &
=~ Is Only

As Good As Your Antenna

And the most trusted name in communi-
cation antennas today is Mosley .
. . your guarantee of quality.

Mosley . . . Manufacturer of antennas for
Amateur Radio, Citizens Band, military,
industrial and commercial radio.

VHF Gain
Verticals Sinale &

Mosley ... . Known and respected by the MulticBand

leaders: White House, U.S.A.F., Verticals

N.A.S.A., Pan Am, M.LT.,
and many more.

Mosley . . . Cordially inviting you to
submit your antenna problem to our
engineering staff for prompt evaluation
and recommendations along with price
guotations.

Illustrated here are examples of the
many different Mosley Ham Radio An-
tennas available.

,,,,,, Finid out how Mosley can meet your
e s
specific antenna needs. See your
Novice Beam nearest authorized Mosley dealer for
o —., detailed information, or indicate

mﬁ&i of interest and write for free
iterature. o

Dept. 179A

qsLy Eltron 2 e

{6 N. Lindbergh Blvd., Bridgeton, Mo. 83042




[t's our first anniversary at 42° 06’ 07" N and 88° 01' 58" W.

So we decided to have a special, factory authorized

ANNIVERSARY SALE!

The anniversary sale is now going full blast at
your favorite Hallicrafters' distributor. So come on,
join the party and help us celebrate.
You can save 37% and 40% on two
popular Hallicrafters’ models during
December.

§

b

Save $145 on the 175

; _ watt HT-46 Five
Transqutter with crystal filter SSB!/?'ér\jl\(/i
operation and buyilt-in Power supply. Regu-

larly $395, Celebration priced at $250.

46A Six Meter Transceiver
terand mobile/baseﬁgv;gr
ly $119.95.

ly. Regularly $199.95. Now on _
sI;«Jé)c’:e:s/so.-ngA.-26 VFO and MR-40 Mounting . o ’
Kit available at similar savings. See ym”, fa V0rlte dlstnbutgr Naw

SALE ENDS JANUARY 1, 1969.

Save $80 on the SR-
complete with S-me

P.S. While you're there, check out the unequaled SR-400 and ‘‘'simultaneous dual receive’' HA-20.

e hallicraffers co.

A Subsidiary ot Northrop Corporation
600 Hicks Road, Rolling Meadows, lilinois 60008
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Every day, MARS brings servicemen
home for a few minutes.

These brlejf reunions are made possible by
dedicated amateur radio operators who donate their
time and the use of their stations.

To all operétors along the MARS nets — who
are givingi even more of their time during
the holidays — Collins sends
especially warm season’s greetings.
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Field engineers who are

going places...

Raytheon
has aworid
of places.

Pick a location from a Raytheon world
bursting with exciting growth assign-
ments.

The Raytheon Service Company is
new, imaginative, growing every day.
That means you’ll grow too, in Sonar,
Communications, Digital, Heavy
Ground Radar, Microwave, and Hawk
and Sparrow Missile Systems. In these
exciting fields, we're looking hard for
Field Engineers familiar with mainten-
ance, installation, training, publication
of handbooks and operating manuals.
We also need engineering writers.

Openings are plentiful both in and out
of the country, on traveling or perma-
nent assignments,

Raytheon’s comprehensive benefits pro-
gram includes hospitalization, surgical,

major medical, life, disability, travel
and accident insurances. Plus company-
sponsored educational opportunities,
and other generous allowances and
benetits.

Important too, are attractive starting
salaries, overseas bonus, and per diem
as applicable.

Raytheon is growing throughout the
world . . . and that world is at your
fingertips. So pick up a pen and write
Kenneth H. Slovin, Employment Mgr.,
Raytheon Service Company, Dept. 94,
Second Ave., Burlington, Mass. 01803.

4n Equal Opportunity Employer




If your interest in ham radio has only recently
developed you already know by now that there are
hundreds of brands of equipment from which to
choose, some costly . . . some not too costly.
For years, Ameco equipment has appealed to the
beginner because of its modest cost, yet with
engineering and manufacturing quality you would
expect to find in really expensive gear. Read about
our All-Wave Receiver and Novice Transmitter
helow, then write for our new Ameco catalog to get
complete specifications on these and other mod-
erately priced items.

Model R-5 :
Allwave
Receiver

An exceptionally fine receiver for the short wave
listener and beginning amateur operator. Fully
transistorized-solid state. Covers .54 Mc through
54.0 Mc in five continuous bands. Includes stan-
dard broadcast band, all foreign broadcast bands,
all amateur bands from 160 through 6 meters, all
27 Mc CB channels, all 2 way radio frequencies
from 30 to 50 Mc including many police and fire
departments. Controls include Beat Frequency
Oscillator, Noise Limiter, Bandspread. Compare
with tube-type units costing as much!

Easy-to-build kit ........... T e v $69.95
Wired and tested ........ reeeeerraarr————aana. e $89.95

Model AC-1

Novice CW

Transmitter
Kit

The ideal kit for the beginner who requires a reli-
able TVI suppressed transmitter. Keying is clean
and chirp-free. Crystal controlled, Pl-network Out-
put Circuit. Includes AC Power Supply. For 40 and
80 meters, CW. Fifteen watts input. Kit is simple to
build and easy to operate.

Kit with coil for any 1 band, including tubes $21.95
Extra coil kit for any 1 band, CK-1 ... ... 1.00

" Ameco Books and Records \

Radio Amateur Theory Course: Gives sufficient information to pass
the FCC exams for the Novice, Technician, General and Conditional
Classes of Amateur Licenses, The Ameco Theory Course is the
shortest path to getting a ham ticket.

No. 102-81, Over 300 pages $3.95

Radio Amateur License Guide: A study guide for those preparing for
tie Novice, Technician. Conditional and General Classes of Amateur
licenses. Coatains over 200 questions and answers.

No. 6-01, 32 pages 50¢

Mastering the Morse Code: Teaches the beginner how to learn the
International Morse Code.
No. 6-01, 32 pages 50¢

Ameco Jr. Code Course: Fastest, simplest way to learn code. Con-
tains 10 lessons and one 127 record in the 33 rpm series. Sample
FCC-type exams included.

Qmplete Ir. Code Course (100 SEries) ....covrvecererrerecrencrmrersones $ S.D

Division of Aerotron, Inc.
P. 0. Box 6527 Raleigh, North Carolina 27608



Section Communications Managers of the ARRL Communications Department

Reports Lavited. All amateurs, especially League members, are invited to report station activities on the first of each
month (for preceding month) diract to the SCM, the adminjstrative ARRL official elected by members in each Section.
Radio club reports are also desired by SCMs for inclusion in QST. ARRL Field Organization station appointments are
available in areas shown to qualified League members, (3eneral or Conditional Class licensees or higher may be appointed
ORS, OVS, OPS, Q0 and OBS, Technicians may be appointed OVS, OBS or V.H.F. PAM. Novices may be appointed OVS,
SCMs desire apphcatmn leadership postz of SEC, EC, RM and PAM where vacancies exist,

ATLANTIC DIVISION
RED 1

Gieorge 8. Van Dyke, Jr. 4607 Convent Lane
306 tHolland Rd.,
19 Blackwood Drive

308 Woodland Rd.
1400 bhaplln St.

CENTRAL DIV,

‘fownsend 19734
Philadelphia 19114

Severna Park, dd. 21146

byra.cuse 13219
Conway 15627

1S10!
1520 SOuth 4th 8t.
2238 Hillside Ave.,
5§22 Wauona Trail

DAKOTA DIVISION

Delaware BINYG John L. Penrod
lustern Pennsylvaula W3HK

Maryland D K3LFLD John alunholland,
Southern New Jersey W2ZL Edward G, Raser
Western New York KZKTK Richard M. Plizeruse
Western Pennsylvania W3GJY John F. Wojtklewler
Tlinofs WIPRN sdmond AT Metzger
1ndiang waBuQ illiam C. Johnson,
Wiseonsin K9GSC Kenneth A. Iibneter
Minnesota WATCR

North Dakota WgDM

Houth Dakota KOTXW seward P, Hoit

dpringheld 62703
Indianapolis 46218
Portage 53901

Herman R. Kopischke, Jr, RFD 2
flurold L. Sheets ﬁl Eg.glld Ave.
30X

DELTA DIVISION

kans: WARSKILIS
Louisiana wbp
DMissigsippt*
‘Tennessee RCT
Kentucky* wWAOVT
Mlcmg.m WEEX
Ohio WSETU

M
\VASI\EY Clitton C. Comfort

Janesville 56048
Grand Forks 58201
Clear Lake 57226

Robert D. Shaetfer 409 West bedar
J. Allen Swanson, Jr. RFD X 354-E
310 B, Wasmmzton 8t

Harry A. Phillips 5200 Oak Meadow Ave.

Brinklev 72021
Clovington 70433

I\uscuxsko 39090

Memphis 38128

—GREAT LAKES DIVISION
George 8. Wilson, IL1 2113 Old Cabin Road
Ralp P. “Thetrea 27209 W. 8ix Mile Road

Richard A. kigbert 479 Red Fox Road
HUDSON DIVISION

Owenaboro 42301
Detroit 48240
Reynoldsburg 43068

Hastern New York Tiraham G. Berry )} arcot Ave,, New Rochelle 108501

Y. C. & Long Istand K2IDB Blaine 8. Johnson 266 Cypress 8¢, Massapequa Park, L I. 11762
Northern New Jersey W2ZZ Louis J. Amoroso 180 Pleasant Ave. Bergentield 07621

MIDWEST DIVISION .
owWa KOMHX Wayne L. Johnson Rural Route 1 Kellerton .;()13‘&
Kansas Ko XF Robert M. Summers 3045 North 72nd Kangas Cltf 66109
Missour] WOGS ltred E, Schwaneke Route 1, Box 169 Rolla
Nebraska KQOATL /. A, Cashon, 334 Pine sc., ‘Box 488 & ha.dron 69337
NEW ENGLAND DIVISION

Connecticut GVt Joth eNassor 118 Berlin Ave, ~ Southington 06489

'Iastern Massachusetts W ISLP

YG

pr l{ampshlre WISWX/KIDSA

B.hode a.nd KIAAV
Verm

%5 Solar Ave,
RED 1

Box 137-A, RFD
0 B

3 Hillcreat lgrlve

Frank L. Baker, Jr.
Herbert A. Davis
Robert M.ltcnel]
John E. Johnson
K. Reginald Murray

Braintree 02185

036
Pawtucket 02860
Montpelier 05601
Springtield 01119

(;oﬁege 9973
3501

Fuensburg 98926

‘ﬂa.rtlnpz fl455-5
Keaneohe 96

Boulder Cit: 89005
Sarmichael

$#an Rafael 94901

Fresno 93702

sSan Mateo y4403

Hallsbury 98144 h
orth Augusta. 29841

\Iurtolk 23503

Fairmont 26554

1daho Springs K452
Albuquerque 871
Halt Lake Clty 84109
Uasper 82601

Huntavllle 35811
Margar

Neptune Bench 32050
(“alumbus 31902
Japarrg. H:eightx

8 P R 00922
Fort; Wnlton Reach 32548

\Vastern Massachusetts WISTR Norman P Forest .56 Valley R
. . ORTHWESTERN DIVISION
Alaska KL7ARQ Albert F. Weber Box 735
ldaho W7ZNN~  Donald A. Crisp $408-8th 8t. ¥
Montana W7LYN  Joseph A. D'Arcy 1916 Ha.zzl Ave
Oregon KIWWR L)a.le T. Justice 1389 N. B S\mrlse Yane,
‘Washington wW7iBQ Willlam R. Watsoun 1005 E. 18t Ave,
) PACIFIC DIVISION "
Fast Bay K6LRN Richard Wiison 829 Blue Ridge Dr.
Hawall HE. Lee R, Wical 45-601 Luluku
ada w7rBv Leonard M, Norm. 352 Utah 8t.
Hacramento Valley WAGJDT John F, Minke, II[ 1230 Rio Bonito Drive
Han Francisco WABAUD Hugh Cassidy 77 Coleman Drive
Han Joaquin Valley WweJpty Raiph Saroyan 8204 E. Townsend Ave,
#Hanta Clara Valley WENVO Fdwurd T. Turner 2837 Fernwood Ave.
. _ OANOKE DIVISION
North Carolina W4BNU Barnett 3. Dodi 420 West Frankiin St.
South Carolina W4PED (o] harlps N. erght 711 Merriwether Drive
Virginia WASHJ H. J. Hopki 8600 Hammett Ave.
West Virginia W8IM Don: ald B. Morris 1138 Morningstar Lane
ROCKY MOUNTAIN DIVISION .
‘Colorado EYFDH Richard Hoppe Star Ro
New Mexico WSEWZK  Kenneth D. Miils Rt 1. Box 654 1
Utah W7Q0WH  Thomas H. Mliller 3148 South 3360 Hast
Wyoming W7CQL Wayne M. Moore 142 South Montana Ave.
) , SOou THEASTDRN DIVISION
Alabama WIWLG Donald W. Bouner crg Dr.
ianal Zon KZ50B Rusgell £, Oberholtzer, P.o. Box
Bustern Florida* WALANFV W.G Blasingame 716 Magnolis st.
CGeorgia, W4RZL Howard L. Schonher P.O. Box 1902
West Indies KP4DV Albert R. Crumley, Jr. P.O. Box 10073
Western Florida W4RKH  Frank M. Butler, Jr. 323 Elliott Rd.,8.E
bOUTH.WESTI‘.RN DIVISION
T AriFon; WiCAF ™" (hary NI, 413 B, Campbell Ave,
Loa Anzelea K6UMV Donald R. hbheredze 12040 Redbank 8t,
n]% WEDEY y R, Maxs 1434 Bouth Olive 3t.
San iego WBGGMM Ja.mes E. Emerson, Jr. 6561 Foyle Way

Santa Barbura

WABOKN Cecil D. Hi

nson 1933 Covemry Court
WEST [GULF DIVISI

Phoenix 85016

8an Dlego 92117
TFhousana Oaks 91360

Datlag 75232
Lawton 73501
Houston 77023

Northern ‘Texas WALR L B, Harrison Hclly Glen Drive
Okiahoma WHPML ecil C. Cash, 1802 Smith Ave,,
Southern Texas WS5SAIR G. D. Jerry Sears 3634 Eskirdge St.
CANADIAN DIVISION
Alberta VESFK Don sutheriand 114.25th Ave, NE,
British Columbia VE7EFB II E. 8avage £553 West 12th Ave.
Manitoba VE4IT John Thomas Stacey 19 Cottonwood Cres.
Marltime VEINR William J, Gillis Shediac Road, RR 6
ntarto VE3BUX Roy A, White, 5 Northwood Crescent,
Quebee VE20J Jim Ibey 1755 Brookdale Ave,
Snskatchewan VE5HP Ciordon C. Pearce 1903 Connanught St.

algary, Alfa,
Vancouver 8, B, O,
Brandon

Moncton, N. B,
Belleviile

Dorval, P. Q.
Regina

«Omecial appointed to act temporarily in the absence of a regular oflicial




The Model 6000 Modular Frequency Meter will measure frequencies
10 KHz to 600 MHz with .000125% accuracy. Special plug-in modules
allow the instrument to be used as an audio frequency meter from
500 Hz to 20 KHz full scale and in addition to be used as a dc
voltmeter (10,000 ohms/volt).

The wide variety of plug-in oscillator accessories and range modules
makes the Mode!l 6000 adaptable to a number of jobs in the field
and in the laboratory. Portable, battery operated with rechargeable
batteries.

Model 6000 with 601A charger, less plug-in modules .. ... .. $195.00

f INTERNATIONAL MODEL 6000 FREQUENCY METER

measures frequencies 10 khz to 600 mhz with accuracy as close as .000125%

Range Modules (Mixers)
$25.00 to $45.00 each

Osciilator Modules
{Crystal Controfied For
Frequency Measurement)

$30.00 to $90.00 each Whe re
Special Modules
Audio Frequency ... ... $45.00
DC Voltmeter.............. 25,00 u r
counts!

CHARGER

« Range Modules
« Osciliator Modules

. For complete information
write International today.

INTERN

S

CRYSTAL MFG. CO,, INC.
10 NO. LEE @ OKLA. CITY, OKLA, 73102
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LE AGUE mé;;

is o noncommerciol associotion of radio amcteurs, bonded for
the pramohon of interest in amateur radio communtcuhon ane
experimentgtion, for the re!uymg of ‘messages by radio, for the -
advancement of the radic art and of the public welfare, for the
representahon of the radio amateur inlegisiative matters, dnd’ for -
m and o high standard of cenduct, -
on wrthout copstul stock, charters

..... 8 by 'b’"Béar d

is noncommercial and no on
facture, sale of tental of radio appcratus s eisgnbi to m
on its Board. - o

"Of, by and for the amatevr,” it numbers within ifs runks g
cally évery worth-while amateur in. :he nation afd hos o history. Qf o
gloridus achievement os the standard- -bearer in amateur. affairs,

tnquiries regatrding membership are “solicited. A bona
interast in amateur ¥adio is the only essential qualification; ow
ship of o trnnsmittmg station and knawtedge af the ¢code are”
'rcmfed iny to
licenséd amateurs,™ 0T EE iR

All general correspondence should be addressed to. the odm =
rative headquarters at Newmgfon, “Connécticut,. ”

HIRAM PERCY MAXIM WTAW, 1914—1936
EUGENE C. WOC)DRUFF WHCMP, 1936—1940
GEORGE W, BAILEY, W2KH, 3940-1952
GOOOWIN L DOSLAND, WBTSN, 1952»\962
HERBERT HOOVﬁR, )R. WéZH, 1962*3966 ;

MWWm
president . .. . . . . . .ROBERT W, DENNISTON,* w;“a"b"x -
Sox 73, Newton, lowa 50208 - :
First Vice-President . . i WAYLAND M, GRDVES* WIENW
1406 West 12th Srreet, Odessa, Texas 79760
Vice:Presidents | . 15074 i .w.e - ~ROEMER Q. BEST, W SQKE
B LANIER ANDERSON, JR., WAMWH
Secretary « o« o0 e @ e L JOHN HUNTOON WILYG
Tradsurer . . » O DAV)D H. HOUGHTON
228 Mam St., Newmgton, Connechcut 061 l H

LR JON S ke

. FRANcis E. HAND')*. w1BDI

Honorary Vice-President.. .. .+

Generol Monager™ i .. O
Comimunications Monoger ;
Techhicol Director . vow niiv.ie

Assistant General Manoger .. RICHKﬁD (" BALDWIN,
Assisiant Secretaries o)V, PERRY_F. “WILLIAMS, WIUED

o

Wmof. DUNKERLEY, JR, WAZINB, ROBERT M, MYERS Wl FBY
225 Main 5%, Newmgton, Connecncui 06111

-
Genemf Counsel L
1150 Connec:hcut Avenue, N W., Washmgfon,
Associate Counsel ..

Smte 221 2, 44 ng St. West, Toron

DIRECTORS
Canada
NOEL B. EATO\I ...... vesrerses VE3CS
Hox 660, W, aterdown Ontario
Vice-Director; Golin 3. Dumbrille. ........ VE2BIC

il
116 Oak Ridge Drive, Bale d Urte, Quebec

Atlantic Division
GILBERT L. CROSSLEY.....vssen LWAYA
734 West Foster Avenue, state Lollngc, Ta. 16501

I_grtf Director: Harry A. McConaghy .. WEEIC
&708 Fenway br. Potomae, Bcthcsdu. . 20034

Central Division
PHILIP ¥, HALLER,,....00000zc000. WINIG
GO &, I'ripp Ave., Chicago, 11l G()h‘")

Vice-Director; idmond A, Metzger. . ... .. WIPRN
1520 South Fourth st., bprlugucld 1llinols 62703

Dakota Division

CT]’ARLI‘S G, COMPTON* ... .0svees WOBUO
Box 226\ 1Lk 1, South st. I*aul, Minn. 55073
Viee-Director: John M. Maus. . .......0. WHMBD

Oakdale Addition, s5t. Lloud, Allnn, 56301

Delta Division
PHILIP D, SPENCER....... WELDII/W LY
575 Amethyst 8t., New Orleans, La, 701
Vice Director: Max Arnold, ... ..ouony W 4 \ HN
612 Hogan Itoad, Nash\'\llc. ‘Tenn, 37220

Great Lakes Division

ALBAN A. MICHEL. . vvvvresnsarsaes WBWOC
359 Bontuml Rd., Cincinnati, Ollo {5t ’lo
Vice-Director: Charles ¢ Siller. .o ..t SISU

4872 Calvin Drive, Lolumbuq Qlilo 4.5.1.27

Hudson Division

HARR\" DANNALS* .. ..eevnianns W2TUK
rD 1 “Arbor Lane, Dix Iy, Huntington,
N.Y. 11743
Vice=Director: 8tan 20K, . o ovenvecioasrsas KI8JO

13 Jennifer Lane, Port Chester, New York 10573

Midwest Division
SUAINER H, FOSTER.,...v.vvvsnaseas Y OGQ
2110 Goblin's Gully Dr,, :il' Cedar ltapldd. Towa
&
Vic&l)ircclor Ralph V. .nderson,. KONL
% Montana Ave., Holton, Kansas' 66436

New England Division

ROBERT YORK CHADPMAN,,, . ...... wiQv
2% gouth Road, Groton, Conn, 06340
Vice-Director: Blgelow Greeh., .. .vvusess WIEAL

11 Law's Brook Rdl., South Acton, Mass, UIT71

Northwestern Division
ROBERT B. THURSTON, L, WTPGY
7700 31st Ave., NI, Seaftie, ¥ 1. OK115
Tice-Director: R, Rex Roberts. . vaees sy WiCcry
»37 I’ark Hill Drive, Billings, Mont. .;910"

Pacific Division
J. A, DOC GMELIN. . oevmarrioorass WEZRJ
10835 Willowbrook Way, Cupertino, (:allf f).-()l4
YIIM

Hce—l)trrcmr U, Donald Isberlein
. Box 475, PPalo Alto, Calif, ‘J}.S()"

Roanoke Division

VICTOR . CLARIK . .oevianirisvarons

12827 1'opes ueml Toad, Clifton, Va.
Vice-Director: 1. hil Wicker,

4321 Iill 'Top Road, Greensbi

Rocky Mountain Division
CARYI, L. SMITH*, oo 0iirvsenssennass WOBWJ
1070 f.ocust bt Denver, Colo. S022U
Viee-nrector: John kL. Sampson, Jr.. L WTOCT
4618 Mount Ogden Drive, Ugden, Utah bl-l()i

Southeastern Division

C‘IIARLI« g 11() LVIN . aaeeecsnss W ILVV
5.3, 27th Lane, Miami, 1la, $31483

1)[7'('[[07 \lhth Liamel I IhJI!
‘N, . 25t street, Pompano Beach, i, 23064

Southwestern Division

JOII\I R. GRIGGSE WOKW
Zolzah Ave,, Granada IHills, REORERY

L
¥ zre—l)z‘rr:mr ‘Thomas J. Cuoningham. ..., WePIF
1105 Fast Acaeia Ave., ki segundo, Calll, Y0245

West Gulf Division

RAY K. BRYAN.. t.vvvuensrsrrs LWSUYQ

8117 S.W. Glst l‘crraccl :)l]\l.\homa. (,m. OKla,
]

Vice-Dircctor?

#Member Exccutive Committeo
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“It Seems to Us...”

PHONE PATCHES

OR YEARS, tariffs filed by AT&T and other
A telephone companies with the Federal Com-
munications (Commission —and  with- state
regulatory azencies ny well — have prohibited
interconnection of the televhone system with
“foreign attichments.” This term inecluded
most anything not furnished or approved by
the phone compauy; thus, strictly speaking,
an amateur phone patch was n violation of
tariifs.

So, otficially, patehes didn’t exist; they were
technically illezal. In practice, there were (and
are) hundreds, perhaps thousands, in use by
amateurs (and others). The service hams pro-
vide to isolated areas —-Antarctica, GIs over-
seas, hospital ships, e.. —is of inestimable
morale value, openly praised by ecivilian and
military brass alike. It was taking little or no
revenue from commercial ecircuits; domestic
patehing was minimal. Hams were skilled
enough to build patehes which Jdidn't upset
line halance; or at least smart enough to buy
commerecial roducts (freely advertised in
other muags while old-fashioned, stuffy QST
felt obliged to turn down such revenue).
Phone companies looked the other way, and
preferred not to be asked questions. FCC
pretended not to notice. In most respects,
everything was rosy. Hams didn't have to pay
s nickel for a facility which, if “lezalized.”
would probably cost us a buck or so & month.
Some apneals were made to the League — by
members beciuse their consciences hurt; by
manufacturers beewuse their pockethooks hurt
-— to get official recognition of amateur phone
putehing. The response was, it essence, surve
we'd like to have the revenue, and it indeed
s somewhst an anomaly to praise patchwork
on the one hand but term it illegal on the other;
but all around it's better to leave things wlone.

Allthis chiinged when the Curter tilectronics
Corporation of Dallas, Texas, tangled with its
focal phone company — and, luter, \'T'&T —
over a commereial pateh instaliation it sold to
business users, interconnecting hetween land-
line and radio Jdespatching svstems. The tele-
phone company said the unit violated turiffs;
Carter said the tariff is ilegal because it's too
restrictive, und made an issue of it in Texas
court. The judge s1id the case needed expert
analysis, and so referred it to FCC.

Just what is being decided is, at least in

detail, somewhat obsenre at the moment. The
fur is still flying. But it is reasonably certain
that FCCs order to the phone companies
to drop broad restrictions will stand the
test of time, and that new tariffs (a couple
have already been filed, rejected, withdrawn,
and what have you) will eventually be ap-
proverd and straighten out the entire question.

What is in doubt ut the moment, at least so
far as our amateur interest is concerned, is a
ruling on the proposed requirement for an
“interface” device furnished only by the
phone compuny. You'd ¢onnect vour pateh
to it, mther than directly to the line. AT&T
suys that inliscriminate and uncontrolled
weecess to the lines would dezgrade telephone
service; since the U.S. undoubtedly has the
best in the world, that is a point meriting
much consideration. But the manufacturers
argue they can build equipment meeting
phone company standards, and shouldn’t be
denied the privilege. 8o the fur still flies.

What is more than likely, however, is that
the interconnection privilege will now re-
quire n monthly fee for use, and probably
an installation charge for a new unit. .\ num-
ber of proposed taritfs have already heen
filedd with state regulatory commissions; a
sumple installation charge is $20, with 50
vents o month the continuing fee.

There is one point, though, which is not in
doubt. [t's that domestic phone patehing can
easily he —and often is — overdone. Like
the guy in Philadelphia on 20 meters who ealls
“('Q Miami phone patch” — or maybe it’s
Dullas or Denver. Kxcept in emergency or
other dire need, there's no real excuse for
domestic patehing to occupy space in our
crowded h.f. bands. S0 whenever we heur o
request to run a patch to Buffalo, St. Louis
or what have you, we hope someone suggests
using the landline — or better vet, the ul-
ternate form of a record message through
normal traffic nets. That way we have an
extra dividend of training in a skill valuable
in time of emergency.

We exnect that by copy time for the next
issue, things will have settled down sutfi-
clently to provide a clearer picture of what is
in store. At the moment of writing phone
patches are still just ns “illegal”’ — and as
much in nse — ug ever. GET—]
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League Lines ...

At least two of those three Kentucky hams indicted for obscene language (July
LLines), and who pleaded nolo, were sentenced to three months in jail (suspend~
ed, but two years probation) and fined various amounts up to $600. Bouguets to
FCC and the Department of Justice for straightening out a messy situation. Now
maybe some of these other smart-alecks on the ham bands will sit up and take
notice.

Watch your language in print, too. "Prizes" is a taboo word in maliling pieces
if the award is to be based on chance or lottery; okay if it's for achievement,
such as winning a code-speed contest. At least one ham club magazine has
had an issue bounced by the Post Office for this reason.

FCC is periodically revamping exam questions for the various classes of ama-
teur license -- a procedure we heartily applaud even if it does make revision of
the "License Manual” a bit hectic at times. The latest changes, released by
FCC toward the end of October, affect General, Advanced and Extra -~ and are
covered in the 61lst edition of the LM, available about the time you read this.
See page 76 for a summary of the new material.

LM can also mean Life Membership, and there are now more than 600 on the
roster or in process through the instalment plan. Each month a couple dozen
more applications arrive. Join 'em? See the rules on page 81.

. Magazine arrives very late. . . situation bound to become worse . . .
avoid if possible barraging us with complaints of non-delivery. . ." Sound
familiar? It's not ARRL or QST this time, but the Radio Society of Great Britain
and member problems with the post office in late receipt of the journal.

A survey by the Schenectady Amateur Radio Association confirms on a local
basis, once again, what we've found nationally: half of amateur licensees are
"deadwood" -- incapable of going on the air because of no equipment (or else
it's disconnected and stored in the attic). Like ARRL nationally, SARA's paid-
up membership is a disappointing percentage of the total number of licensees
in the area -~ but a substantial portion of the active group.

Organizing a club ~- or reorganizing an older one? Qur Communications De-
partment has a new compilation of helps, including tried-and-true practices
and procedures, sample constitution, "keeping up interest,” etc. Free on re-—
quest.

Hey, all you new Extra Classers -~ remember you are entitled to a large certi-
ficate in addition to the endorsement on your card license. Write to the office
which administered your exam after the regular ticket has been issued from
Washington.

Among several hundred volunteers enrolled in ARRL projects, none work harder
than QSL Bureau personnel -- spending what could be hours and hours of pleas-
ant operating time in the drudgery of sorting and mailing DX pasteboards to you.
But they can mail only when they have your stamped, self-addressed envelope.
See page 82 for the address of the bureau handling your call area.

10 QST for
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What Is RITY?

BY GERALD L. HALL,* KIPLP

\VERYDAY, more and more amateurs are be-
E coming interested in RTTY, or radio-
- teletypewriter operation. Used teleprinter
equipment is now available in a price range com-
parable to that of an economieal transmitter,
w0 that cost is no longer a serious obstacle to
the use of RTTY. For an amateur just entering
the field of the “green keys” (as RTTY is often
valled because of the green keytops on a Tele-
type! keyboard), a sequence of four events
usually takes place. First, he must acquire some
teleprinter equipment. Next he will probably
check it out locally without connecting it to the
amateur station equipment. Following this, he
will borrow, buy, or build a demodulator for
upsration of the printing equipment from re-
ceived signals and, finally, make the necessary
preparations at the station in vrder to transmit
RTTY signals. Not until all four of these steps
have been taken can the newcomer sit back
and fully enjoy this mode of operation. Fig. 1
showy a simplified block diagram of an amateur
station which i3 fully equipped for RTTY
operation.

Transmitting Modes

RTTY operation can be conducted using any
of three basie modes of transmission. One mode
TR 15 Endleigh Avenue, Pinchurst, Mass, 01866,

! Registered trade name for the Teletype Corporation,
Bkokie. tilinois.
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An amateur interested in acquiring
RTTY capability is often baffled by
the profusion of literature thaf has
appeared on the subject. The block
diagram of an RTTY system looks
simple enough. Why must there be so
many pros and cons? This article
supplies the answers. It should be an
invaluable aid in selecting a system
to fit the individual circumsfance and
pocketbook.

December 1968

The equipment in the author's station illustrates one of
an almost unlimited number of equipment combinations.
A Model 19 composite Teletype Corp. unit is at the left,
The demodulator is a home-built unit, to the left of the
receiver. The transmitter has been modified to permit
frequency-shift keying of the v.f.o.

is on-off keying, or make-and-break (m.a.b.)
operation. Years ago, this was the only legal
mode for amateur operation in the high frequency
bands. An on-off keyed RTTY signal sounds
similar to c.w. keying at high speeds, although
the code used for RTTY does not in any way
resemble the Morse code used for e.w. This mode
is seldom, if ever, used on the amateur bands
these days because noise or interference during
the key-off perind can eusily cause errors in the
printing of received signals.

A second mode for operating radioteletype-
writer equipment is through the use of audio-
frequency-shift keving, or a.t.s.k. Two separate
and distinei audio tones are used to modulate
the steady-running carvvier, alternating between
one and the other tone during the transmission of
RTTY signals. Amplitude modulation of the
carrier (A2 emission) is most commonly used,
although frequency modulation (F2 emission)
is also employed. Instead of wsing carrier “on”
and “off” conditions to transmit the informa-
tion of the teleprinter code, two separate audio
tones are used. The presence of one tone cor-
responds to the “on’” condition, or “mark”
and the presence of the other fone corresponds
to the “off”, or ‘space” condition. By this
technique, the possibility of printing errors
caused by nvoise or inferference is eliminated
under couditions of good signal-to-noise ratio.
Audio frequencies which have become standard
for amateur use are 2125 Hz. for the teleprinter
marking or idling condition, and 2675 Hz. for
the spacing condition. A.f.s.k. is wuthorized for
amateur use ouly on frequencies above 50 MHz.,
and therefore can be used only in the v.h.f, and
w.h.f. bands.
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The third mode for transmitting RT'TY signais
is through the use of ecarrier frequency-shift
keying, or f.s.k. The presence of vne carrier
frequency corresponds to the teleprinter mark
condition, and the presence of the other carrier
frequeney corresponds to the space coudition.
With f.s.k., two separate and distinct radio fre-
quencies are used, alternating between oune and
the other during RTTY transmissions. The
maximum shift allowed under present amateur
regulations is 900 Hz. Carrier shifting of 850 Haz.
has become the standard for amateur wide-shift
operation. Narrow frequency shifting of 170 Hz.
is becoming common on amateur h.f. bands for
a number of reasons, but primarily because of
the reduced bandwidth requirements. {'he higher
of the two carrier frequencies iy normally used
for the teleprinter mark condition, the lower of
the two frequencies being used for the space
condition.

Frequency-shifi, keying, or F1 emission, may
be used throughout portions of all of the h.f.
amateur bands, %0 through 10 meters. Fl
emission has sometimes been used in the v.h.f.
bands, although eyuipment stability becomes a
limiting factor at these frequencies. Because F1
emissiont is not authorized in the 160-meter band,
RTTY operation is rarely conducted there, even
though on-off keying is permitted.

Demodulators

A demodulator iz the unit which converts
signals from the station receiver into the d.c.
impulses required to operate the teleprinter, and
is often called & terminal unit (t.u.) or a con-
verter. The term ‘“demodulator” more ade-
yuately describes its function, There are many
types of demodulators in existence, ranging from
the very simple to the quite complex. Under
good signal conditions, all perform nearly equally

I |

RECEIVER

TRANSMITTER

DEMODULATOR Ao

RTTY
MODUL ATOR

TELEPRINTER
EQUIPMENT

Fig. 1-—Block diagram showing the basic equipment
required for amateur RTTY operation,
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well. Under less than optimum signal conditions,
differences in the various units become apparent.
The conclusion reached by most amateurs who
have done extensive experimenting with various
types of demodulators iy that there is no une
best type of demodulator for all of the possible
receiving conditions that may be encountered
ab one time or another. Some perform best under
certain conditions; others excel uunder different
conditions. The final choice of a particular
amateur depends on his individual requirements
and operating habits — bands, times, ete.—,
and to some extent upon his pocketbook. Sume
amateurs own more than one type of demodu-
lator.

For use on the v.h.f. bauds with audio fre-
tuency-shift keying, the demodulator must oper-
ate from the receiver's audio output. With
earrier-shift keying, the demodulator may operate
either from the receiver's intermediate frequency
as a econventional f.m. diseriminator, ur from
the receiver’s audio output. Lf an if.-type unit
is used, most amateur receivers must be moditied
to provide the i.f. output signal, An audio
demodulator is much easier to build and align
than the i.f. type, does not require modification
of the receiver, and is more versatile. 1t may be
used with receivers having different intermediate
frequencies, and it may be used on both h.f.
and v.h.f. bands. For these reasous, audio de-
signs are more popular for amateur use.

Audio demodulators may be divided into two
general classes, those which contain channel
filters, and those which do not. Units containing
channel filters rely on cireuitry which iy either
resonated at audio frequencies, or designed to
aet s a bandpass filter for a limited audio-
frequency range. The two audio tones, vne for
mark and one for space, are “channeled” into
different sections of the demodulator cireuitry
for detection. In effect, this is a double-tuned
audio diseriminator. This type of a demodulator
is generally characterized by the use of TV
“width” eoils, or toroidal coils, to obtain the
necessary eireuit inductances. Several designs
of this type of demodulator are popular among
amateur enthusiasts, The W2PAT circuit has
appeared in the A.R.R.L. Handbook for the
pust several years. (The same ecircuit appears also
i past issue of Q8T'2) The Twin City Termi-
nal Unit,? named after the twin cities of Minne-
apolis and St. Paul, is another circuit frequently
used by RTTY newcomers. These circuits are
rather simple, and ean therefore be assembled in
a short time. Such units are designed primarily
for use on the v.h.f. bands with a.f.sk. The
W2JAVY unit is also quite popular, being basi-
cally the same as the W2PAT ecircuit, with ad-
ditional stages incorporated for improved per-
formance where f.s.k. is used on the h.f. bands.
More recently, the revolutionary TT/L demodu-

¢ Biakesiee, “RTTY Reception for Beginners,' Q8T
Mareh, 1985,

b Kretzman, The New RTTY Handbook, 1962, p. 92,

Sowan Publishing Corp., 300 W, 43rd St., New York, N. Y.
s Kretzman, The Yew RTTY Handbook, p. 97.
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Fig. 2—In this oscillogram of a frequency-shift keyed RTTY
signal, the mark frequency is displayed on the horizontal
axis and the space frequency on the vertical axis. Al-
though only one frequency is present at a given instant, the
persistence of the scope screen permits simultaneous
observation of both frequencies. The signals are of equal
amplitude, and appear as ellipses because filters of
moderately broad response were used in deriving the
display. The smaller-ampiitude traces faintly visible out-
side the ellipses appear because it is not possible (nor is
it desirable) to shift instantly from one carrier frequency fo
the other, The fainter traces represent the transistional
frequency sweep,

lator, described by K8DKC5,%, has gained rapid
popularity. This unit is eomparatively complex
and eostly, and thus Is in use primarily by only
the most avid RTTY enthusiasis. The com-
plexity of the T'T'/L stems from its many fea-
turesx which are not offered in other units, rather
than from the use of involved circuitry.

As previously mentioned, audio tones of 212
and 2975 Hz. are used for RTTY transmissions
with a.f.s.k. If the demodulator in use is of the
audio-discriminator type, the tuned circuits of
the unit must be designed to cover these specific
fraquencies for proper operation on v.h.{. The
same unit may be used on h.f. bands with the
proper tuning technique. The receiver bh.f.o.
must be energized, and the signal must then
be tuned for the proper audio pitch to mateh
the demodulator diseriminator circuits, much
like the tuning procedure for a lower-sideband
se.b. signal. As the carrier is frequency shifted,
the audio pitch will change, resulting in either
of two tones at the receiver’s output. A earrier
shift of 850 Hz. will result in tones of 2125 and
2975 Hz. when the signal is properly tuned. Lt
becomes apparent that unless one has a perfect
sense of musical pitch, some form of tuning aid
is required to know when the signal is properly
tuned. The aid may be as simple as a specific
note on a harmonica or a musieian’s pitch pipe,
or as elaborate as complex oscilloscope circuitry.

For h.f. use with f.s.k. of 850 Hz. it is not neces-
sary that the discriminator eireuits of the
demodulator be tuned fo cover precisely 2125
and 2075 Hz. Any arbitrary pair of audio fre-
quencies which are 850 Hz. apart, are within the

capability of the receiver, and which are not
harmonically related, may be used in the design.
This i because of the tuning technique used —
the pitch of the audio tones is established by
the offset of the receiver b.f.o. during tuning of
the signal. Many amateurs employing mechani-
cal filter receivers, or receivers which have
“shuped” audio response with low output am-
plitude at frequencies near 3 kHz., have found
it advantageous to use lower-than-standard fre-
quencies in their diseriminators. The majority
of these amateurs are using 1275 and 2125 Haz.
for use on h.f. bands. (The use of plug-in eir-
cuitry permits an easy change to the standard
atdio frequencies, if desired for v.h.f. vperation. )
Technical advantages for either pair of fre-
quencies may be stated.

Because of their use of tuned audio circuits,
the diseriminator-type units have u limited
input-frequency range for proper operation. This
requires that the transmitting amateur operate
pretty nearly at the standard audio tones on
af.s.k. and that frequencies and shifts be set
with care for h.f. net or roundtable activity, if
the receiving amateur is to get reliable copy with
his diseriminator type unit without continual
retuning. The useful frequency range of the
unit can be extended somewhat by using broad-
response or low-) tuned circuits. Toroidal coils
will have a much higher ¢ than TV width eoils,

There are a variety of techniques in use that
permit copying narrow-shift signals with dis-
eriminator-type units. One method requiring no
cireuit alterations from that used for wide shift is
to “straddle-tune” the signal. This method is
quite satisfactory if the equipment is stable and
it the discriminator output iz linear with fre-
quency change, but it is not optimum. Other
techniques involve the use of switches or plug-in
units to alter the tuned cireuitry, or the hetero-
dyning of signals to meet a fixed filter frequency.

The audio demodulators without channel filters
are generally of more simple design. Perhaps the
limit in simplicity is a one-tube unit of the type
for detecting single tones in on-off fashion, de-
seribed recently by W1KLK.? This unit detects
the presence of a single tone and operates the
teleprinter selector mechanism through the “ gat-
ing” of a vacuum-tube keyer. With this unit,
it is necessury to zero-beat one of the two fre-
quencies of a frequency-shifted carrier, so there
will be no audio input to the demodulator for
that carrier frequency. This type of unit will
not function properly with a.f.s.k., because it
cannot recognize the difference between two
frequencies.

A unit of unique principle for amateur oper-
ation is a filterless demodulator described in
past issues of QST.7, 8 This unit is popular for
use with a.f.s.k. and for f.5.k. RTTY net activity
because it will tolerate a very wide range of

% Hoff, * The Mainline TT/L F.8.K. Demodulator,” @ST,
August, 1965.

6 Hoff, ‘' High-Performance
August, September, 1966,

RTTY Filters,” @QST,

December 1968

7 Kaufman, " A Filterless Terminal Unit for F.8.K.,»
QST, July, 1958.

3 Davis, ‘“More on the  Filterless Terminal Unit for
F.8.K.," QST, February, 1964,
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audio frequencies and frequency shifts, Thig
unit also works well at h.i. with a receiver that
may leave something to be desired in regard to
frequency stability. The unit distinguishes one
frequency from another by using pulse-counting
detector circuitry. This is the same type of circuit
used in an audio-frequency meter, where meter
deflection is calibrated in frequency. The chang-
ing d.c. voltage resulting from shifting audio
tones at the input of this unit is shaped into
keying pulses for the printing equipment. Be-
cause this unit tolerates such a broad frequency
range, a tuning aid is not required. A control
is also provided to optimize operation for the
various shifts which may be encountered.

These latter types of units, having no frequency
selectivity, are more subject to making wrong
mark or space decisions when influenced by off-
frequency signals. This, of course, will cause
garbled printing. For that reason, the discrimi-
nator type units are by far the more popular
for f.s.k. use in crowded bands.

The preceding paragraphs should acquaint
the reader with the more popular types of RTTY
demodulators which may be constructed by the
amateur. Commercial units for the amateur
market are generally of the audio discriminator
type. Surplus military units for either audio or
i.f. input frequencies are sometimes used, but
these units generally are not designed to operate
under weak-signal or crowded-band conditions.

Selective Fading

Simple circuitry is quite adequate when a.f.s.k.
is employed at v.h.f. A given signal is usually
of almost unchanging amplitude, and the two
audio tones at the receiver output are essentially
of equal strength at all times. Simple circuitry
will also provide quite satisfactory operation in
the h.f. bands under good-signal conditions.
However, operation under interference and fad-
ing conditions on these bands demands more than
simple cireuitry, if reliable copy is to be made.

‘When f.s.k. isused in the high-frequency bands
and sky-wave signals are received, the effect we
ecall selective fading takes place. As Figs. 2 and
3 indicate, radio frequencies only 850 Hz. apart
will fade quite differently from one another

Fig. 3--QOscilloscope presentation of a received f.sk.

signal during selective fading. The mark signal is barely

visible above the noise ievel, while the space signal is
many times stronger, having faded only slightly.
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under some conditions. As alternate carrier fre-
quencies are transmitted, the temporary loss
of one audio tone at the demodulator input
often results when one frequency momentarily
fudes nearly into the background noise level,
while the other of the two frequencies remains
quite strong. The fade period for a single fre-
quency may last for from a few milliseconds to
several seconds, depending on band conditions,
and may oceur at quite frequent intervals,
several times a minute. Simple demodulators
requiring the alternate presence of both tones
for proper operation will not provide reliable
operation during such fading. If such fading
oceurs often, so much copy may be lost that one
might not even be certain what the transmitting
station is discussing.

With properly designed circuitry, normal oper-
ation of the demodulator will continue during
sich a fade. Such circuitry permits the demodu-
lator to operate automatically from either audio
tone alone, ag if the tone were on-off keyed, and
combines the operation from both tones when
no fading oceurs. Of those previously mentioned,
the W2JAV and TT/L units include such ¢ir-
cuitry. Modification information to incorporate
such circuitry in the Twin City unit has also
heen published.?, 1 The satisfactory use of these
units, of course, iz not limited to the h.f. bands
and f.s.k. vperaiion.

Markhold and Autostart

The normal behavior of the teleprinter, when
left connected through a demodulator to an open
receiver channel, is to print random letters and
figures, ring bells, spew out paper, and perform
other gyrations in a noisy sequence. This oceurs
because channel noise, and perhaps unwanted
signals, actuate the demodulator circuitry in
random fashion. Many amateurs control this
behavior simply by turning the printer motor off.
Others use a switch to disable some portion of
the demodulator, or to shift the printer selector
mechanism into another circuit. As an operator
convenience, a few demodulator eircuits include
additional stages to control such behavior. A
variety of circuits exist to simulate a marking
or idling signal at the demodulator output
when there is no RTTY signal present at the
input. Sueh a circuit is sometimes ecalled a
marfkhold eircuit, As a simple analogy, a markhold
circuit does for RTTY what a squeleh circuit
does for audio, which is to disable the output
under the condition of no-signal input.

The TT/L unit contains a markhold eircuit,
described in that uuit ag the autostart cireuitry.
The TT/L circuit goes one step further in pro-
viding an optional motor-eontrol circuit. Such
features as these permit unattended operation
of the teleprinter equipment. With no signals
being received, the machine motor may be
deenergized. When a valid RTTY signal comes

¥ Hall, “The Super Twin City Terminal Unit”” RTTYF,
March, 1965,

o Hall, ““Additional Notes on the SBuper Twin City
Terminal Unit,” RTTY, November, 1965,
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on for a period of time, the motor will be energized
and normal operation will ensue. When the
RTTY signal goes off, the machine motor will
again be deenergized. Several “‘autostart fre-
quencies” are in use by various groups of
amateurs. Prearranged frequencies are used for
transmission and reception of information. The
amateurs leave their receivers tuned to the pre-
arranged frequency, and anyone wishing to pass
information to one or more of the group may
do so merely by accurately spotting the fre yuency
with his transmitter and, after a sufficient time
interval of transmitting RTTY signals, transmit
the information. After signing, as long as his
receiver is accurately tuned to the prearranged
frequency, his teleprinter equipment can be
energized by an incoming signal for a reply,
without the necessity for his presence.

Modulating Techniques

Perhaps the simplest method of transmitting
RTTY signals is through the use of afsk. A
frequency-shift-keyed audio-oscillator signal may
be fed directly into the microphone jack of an
a.m. {or f.m.) phone transmitter. So long as
the audio note is relatively pure sine wave and
the modulation level is held below 100%, every-
thing is hine. A2 (or F2) emission will result.
This technique may be used on v.h.f. and w.h.f.
bands.

For operation at h.f. where f.s.k. is used, it
would appear that the same technique could be
wsed with a single-sideband transmitter, feeding
a shifted-tone signal into the microphone jack.
Because one sudio tone produces a pure calrier
from an s.s.b. transmitter, one might veuson,
a shifting audio tone would therefore produce
a shifting carrier. While this is true in theory, a
pure f.s.k. signal is difficult to realize in practice
becuuse of incomplete carrier and unwanted-
sideband suppression. Audio distortion is also
a factor to contend with. Although several
amateurs are using this method, the £.C.C. has
sautioned amateurs who are considering the use
of this technigue against any spurious radiation
that may result.tt

One method of obtaining true fs.k. is through
the use of a frequency-shifting-circuit addition
to the transmitter v.f.o. The modification is
normally simple and inexpensive, requiring only
the addition of five or six small components.
Some form of diode-and-capacitor arrangement
is often used to alter the capacitance of the v.f.o.
tuned eireuit with external keying. Operation of
such a eircuit is based on the fact that the
junction eapacitance of even an ordinary diode
will vary with changing cuwrrent through the
diode. The external keying changes the diode
current. With this type eircuit, a potentiometer,
or a variable capacitor, is used to adjust the
effective capacitance for one of the two con-
ditions, and therefore adjusts the shift width.
Such a modification can be applied to a hetero-
dyning v.f.0. or a multiplying-type v.f.o. There
rr}'.:é.éwgéckeb 15267, * Happenings of the Month,”
QS T, September 1964,
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are disadvantages in the use of this type of
a cireuit. [t may be necessary to readjust the
shift width for large frequency excursions in
the same frequency range, because the ratio of
keyed capacitance change to the overall v.f.o.
tuned-circuit capacitance is not constant. if
the v.f.o. is the heterodyning type, the shift
may come out inverted on some bands. if a
frequency multiplier follows the v.f.o., as it does
in most ¢.w./a.m. transmitbers, it will also be
necessary to readjust the shift from band to
band. (K8DKC has devised a simple and effec-
tive solution to this problem.i2) Unless preset
shift-width adjustments are made for various
portions of various bands, it is necessary to have
an accurate means of checking the shift width
to obtain proper adjustment during operation.
V.f.0. stability may also be u critical factor with
this method of obtaining f.s.k. However, in spite
of these disadvantages, the simplicity of the cir-
cuitry makes it attractive to a large number of
RTTY amateurs, and this type of operation is
(uite common on the h.f. bands.

F.s.k. may also be accomplished in a manner
similar to the filter method of s.s.b. transmission.
The f.s.k. signal is generated at some fixed inter-
mediate frequency, and is then heterodyned up
to the operating frequency by mixing the Lf.
autput signal with the signal from a variable-
frequency oscillator. By this method, the v.f.o.
itself is not frequency-shifted. Here again, how-
ever, the shift may come out inverted on some
bands. But with this method the shift width,
when once properly set, will be correct for any
portion of any band. Many amateurs employ
two such intermediate-frequency t.s.k. generators
{usually erystal-controlled oscillators), and select
one for 850- and the other for 170-Hz. shift.

Yet another method of obtaining f.s.k. is by
using frequency-shifted crystal-oscillator cireuits.
Most. amateurs concentrate their RTTY oper-
ation within a very small portion of each of a
few bands, often only one, and several have
found that being “‘rockbound’ is not a severe
handicap, especially with a small selection of
erystals. In fact, crystal-controlled transmissions
are advantageous for MARS and autostart
operation, eliminating the need for painstakingly
spotting the desired frequency each time it is
used. Information on frequency-shifted crystal
oseillator eireuits appears in the A.R.R.L. Hand-
book and in a previous issue of QST.12

The preceding paragraphs present in general
terms some basic information about radiotele-
typewriter operation and equipment, to provide
the reader with an overall idea about this fas-
cinating mode. With the recent increased popu-
lurity of RTTY operation, many articles de-
voted to various aspects of this mode have been
published. The Hoff series of articles in 1965
issues of Q87 is an authoritative source of more
detailed information on nearly all phases of
RTTY, and is highly recommended reading for
those who are further interested,  [I5F%

12 Hoff * Transmitting Radio Teletype,” QS8T, May, 1065,
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The Chirp

Magnifier

A Simple Listening Aid For Improving Your C.W. Nofe

BY W. VALENTINE,*

v.f.0., but the problem is compounded if you

cannot hear the chirp well enough to know
whether the last circuit alteration made it better
or worse. A simple solution is to listen tu u high-
urder harmonie, since as the frequency is multi-
plied the degree of chirp is multiplied too. By
listening ou 10 meters while the v.f.0. is running
on 80, you can easily spot slight improvements in
the signal.

However, what do you do if your rig is a
transceiver or if your receiver will not tune to a
harmonic of the v.f.0.? The “Chirp Magnifier”
may be the auswer: it atd any receiver (even
vour poeket transistor set) will permit the chirp
to be detected easily.

As shown in Fig. 1, the device consists of a
filter for keeping harmonics from being radiated
from the input, a frequency multiplier for multi-
plying the chirp, a mixer stage for converting the
new frequency down to a convenient output
frequency, and an output attenuator. Only one
fube and a few other inexpensive ecomponents
are needed to build the gadget. However,
because the Chirp Maguifier is a very efficient
'TVI generator, a shielded box and shielded cable
must be used. My own unit was built entirely
from junk-box parts in about an hour.

IT is not always easy to eliminate chirp in your

W4LDW, WB2KVK/1

In order to make a c.w. nole as
clean as it can be, you must be
able to listen to the signal while
making adjustments. But what do
you do, if all you own is a transceiver?
W4LDW has an answer.

cireuit i3 shown, the only reason the combination
is used is because it already had been built
up from u previous experiment. A single diode
(CRy) would probably work equally well
in this application, in which case 2 would not
be needed.

A capacitive voltage divider, C'3C7%, is used to
reduce the loading of the secund tank by the
diode network. Ly(3C4 should be chosen to tune
to the fourth or higher harmonic of the v.f.o.
Of course, the higher the harmonie, the greater
will be the chirp multiplication. The tup on Lj
is not necessary, in all probability; however, it
was there so [ used it. [f the outpul of the v.f.o.
s great enough to drive the grid of the 6BEG
couverter into conduction, the tap will reduce
the loading effect of the driven grid on the tank.
The tap will also reduce the signal voltage reach-

70
T0 HARMONIC DOWN QUTPUT
v.F.o% 'L TERI GENERATOR [~ CONVERTER[ | ATTENUATOR | MONIOR

Fig. 1—Block diagram of the Chirp Magnifier. The unit should be built in a Minibox
or other shielded enclosure to prevent direct radiation.

Cireuit Details

Referring to Fig. 8, filter (11 is an ordinary
tank cireuit, with the inpui tapped down on the
coil to reduce loading and to maintain high Q.
Ly and all other cuils were wound on old slug-
tuned coil forms that were found in a piece of
surplus gear. There is nothing special about the
forms and the slugs allow the unit to be retuned
without the necessity for opening the box to
reach the trimmers. Link Lg, which was wound
on the cold end of Ly, ecouples the v.f.o. signal to
s diode multiplier. Although a voltage-doubler

# International Microwave Corporation, 33 River Road,
Cos Cob, Connecticut 06807,
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Fig. 2—Twisted pairs of hookup wire make up the Chirp

Magnifier's output attenuator, CioCi1. The output of the

unit is adjusted to the proper level by cutting off part of
one or the other of these gimmick capacitors,

QST for



EXCEPT AS INDICATED, DECIMAL VALUES OF
CAPACITANCE ARE IN MICROFARADS (ut);
OTHERS ARE IN PICOFARADS (pf. oRput);
RESISTANCES ARE [N OHMS; K =000,

CONVERTER
6BE6G
1
co 2
NiToR
Cli f:':z%ellvor—:n
1000 l
0 +250V.
GROUND
6BES !
3 4
6.3V,

Fig. 3—Schematic diagram of the Chirp Magnifier.
Resistors are Y2-watt composition.

Ci, Cs, Cs, Co—7-45-pf. ceramic trimmer or suitable
capacifor to tune, respectively, L, L3, L4 ond s
to the desired frequencies,

Ca, C4~—33-pf. ceramic or mica.

Cs—47-pf. ceramic or mica.

Cy, Cs—0.002-uf. disc ceramic.

Cio—Two insulated hookup wires twisted together, about
1 inch long; see text.

Cu—Two insulated hookup wires twisted together, about
24 inches long; see text.

CR;, CRz— Germanium diodes, 1N34A or equivalent.

Ji1, J:—50-239 coaxial fitting.

Li—Slug-tuned coil, tapped about one-tenth away from

ing the grid, making the overdriven condition
a less likely possibility to begin with.

The 6BE6 converts the multiplied v.f.o. fre-
quency down to the desired receiver frequency.
Choiee of frequency is unimportant in this appli-
cation. If a low frequency is chosen — say below
2 Mec. — (' may have to be padded to maintain
a reasonable /€ ratio. The converier circuit
shown was lifted from an old mobile econverter,
and any miger-oscillator circuit should serve
equally well.

The converter plate coil, Ls, is tapped to re-
duce loading. C'14C1, 8 eapacitive voltage divider
at the tap, provides the means whereby the out-
put of the Chirp Magnifier can he ndjusted to
prevent overloading the monitor receiver. I used
pairs of twisted hookup wire for the cupacitors,
as shown in Fig. 2, and adjusted the outpus by
clipping bits from these gimmicks.

Operation

The device is used by coupling J, to the v.f.o.
with either a capucitive probe or a one-turn link,
tuning the various tank circuits to the proper
frequencies, and adjusting the output of the
gradeet to the desired level. All tank cireunit
adjustments were done with a grid-dipper, and
the entire unit was bultoned up before power
was applied. An external voltmeter was con-
nected across the a.g.c. line of the monitor re-
ceiver, and (o and ('3 were trimmed until
the output of the Chirp Magnifier caused the
same amount of a.g.c. voltage to be developed
as would a moderately strong signal at the
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grounded end, resonant with C; at v.f.o. fre-
quency: use about 40 uh, at 3.5 Mc. and about
10 ph, at / Mc.
L2—2 turns of hookup wire at ground end of ;.
Lz—5lug-tuned coil, tapped about one-third way from
grounded end, resonant with Cz and Cy at fourth
or higher harmonic of v.f.0. frequency: use about
5 ph. at 14 Mc. and about 1 ph. at 28 Mc.
Li—Slug-tuned coil, tapped about one-third way from
grounded end, resonant with Cs to sum of LzCyCs
frequency and desired output frequency.
Ls—Slug-tuned coil, tapped about one-eighth away from
cold end, resonant with Cy at desired output fre-
quency (within tuning range of monitor receiver)

veceiver antenna. Of course, an 8 meter could
have been used, but my receiver didn’t have vne.

It is wise to repeak (' after clipping the twisted
pairs of wire, since (1o and 'y are in parallel
with part of Lg, and the resonant frequency of
the output circuit changes slightly as these gim-
mick capacitors are trimmed. For the output level
adjustment, the entire lash-up of twisted wires
was permitted to poke out the hole in the box
in which the output connector was afterward
installed. After the clipping was done, the gim-
mick capacitors were taped and poked iu the hole,
the connector serewed in place, and that was it.

If the rig being modified is a transeeiver, no
receiver may be handy for use as a chirp detector.
In this ease the output of the gadget may be set
near a broadeast frequency, and a housebold BC
set used to detect the chirp. If a strong BC sta-
tion is tuned in, snd the output of the Chirp
Magnifier is tuned to a frequency that is about 1
kiloevele away, no b.f.o. is needed in the receiver.
As an alternative, an i.f. amplifier in the receiver
may be made to oscillate and serve as a b.f.o.
This can be easily done by soldering a twisted-
wire gimmick eapacitor to the grid and plate
leads of an if. stage. The gimmick should be
trimmed until the heterodyne is strong, steady
and clear when the receiver is tuned to a local
station, Too much capacitance will eause over-
loading, and the note will be rough aud squeaky.

Regardless of the type of receiver used to
look for chirp, care must be taken not to overload
the monitor: otherwise, the chirp may be gen-
erated in the receiver itself, B5T—]
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GimmiCks and

Gadgets

A Converter

for V.H.F. F.M.

BY CLIFF BUTTSCHARDT,* W6HDO

i1 the simple converter shown in the

Sg/ photographs and a standard f.m. receiver,

you can monitor f.m. signals in any

chosen 20-MHz. section of the v.h.f. band. The

converter has been especially useful for listening

to two-meter f.m. repeaters, us well as numerous
commerecial and other services.

As shown in Fig. 1, the r.f. amplifier, @y, and
the mixer, ()2, are FETs, which under the proper
uperating conditions will tolerate strong adja-
cent-channel signals without cross-modulation.’

#9275 Chiquita Ave., Mountain View, California 91040,

t1f cross-modulation is a problem, apply some source
hias to (1. As a starter, insert in the source lead a 270-chm
resistor shunted by a 0.001-pf. disk ceramic eapacitor.—
Editor.

Side view of the converter. The mixer is at the bottom, and
the r.f. amplifier is at the top. The BNC connector is Ji.

18

The v.h.f. converter with the bottom half of the interlocking
chassis removed to show the location of the holes through
which Ci and Cz can be adjusted.

{Of course, the f.m. receiver itself must also be
good in this regard.) The crystal oscillator, @,
uses a 40-MHz. third-overtone crystal in a
Colpitts configuration. The frequency of 40
MHz. was chosen because none of the harmonics
of this frequency fall within the resulting 128- to
148-MHz. tuning range, and because it is easy
to mentally add 40 to the f.m. receiver dial
reading. Other crystals can be used provided
their harmonies fall outside the tuning range or
in an unused part of it.

As shown in the photographs, the nnit was
built on a printed-cireuit board that has copper
foil on ouly one side. A 314 W 214 X 194-inch
interlocking chassis (LMB 000) serves as the
enclosure, and a dividing shield that runs almost
the length of the chassis separates the oscillator
from @1 and Qa. A smaller shield separates the
input cireuit of ; from the stage’s output cireuit.
No interaction was experienced after the proper-
sized neutralizing coil, Ls, was found. Because of
the compaect construction, toroids® were used for
the oscillator cuil and in the i.f. output ecireuit:

2 At press time it was learned that the toroid forms used
by the author are no longer available. 'T-37-10 forms, avail-
able from Amidon Associates, 12033 Otsego Street, North
Hollywood, California 91607, for 45 cents each {minimum
order: $1.00 plus 25 cents for packing and shipping) should
make suitable substitutes, Because the Amidon formsare not
exactly the same size as the original ones, a different number
of turns than specified in Fig. 1 may be required; however,
a little bit of experimenting will easily determine the exact
number, - Fditor,
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EXCEPT AS INDICATED, DECIMAL
VALUES OF CAPACITANCE ARE

IN MICROFARADS { uf, ); OTHERS
ARE IN PICOFARADS (pf OR mut )

88-1068 MHz,

L5 OUTPUT

RESISTANCES ARE IN OHMS;
K= 1000
35) L6
00K’
! c5

40MHz,

_Rv.DcC.

Fig. 1 —Schematic diagram of the 128- to 148-MHz. converter. Fixed capacitors are disk ceramic except as mentioned
below. Resistors are V2 -watt composition unless specified otherwise.

Underside view of the converter, The oscillator is on the

left side of the photograph, the mixer circuit is in the lower

right corner, and the r.f. ampiifier is in the upper right
corner
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C1, C2—1.8-16.7-pf. subminiature variable {Johnson 189-
506-4).

Cs, C4, C6—0.001-uf, feedthrough,

Cs—8-35.-pf. ceramic trimmer.

J1, Ja—Coaxial connector, BNC type.

Li—6 turns No. 22, Va-inch i.d., % inch long. Tap % turn
from ground end.

L2——0.82-uh. neutralizing coil {18 turns No. 34 enameled
on a 1-megohm Y2-watt composition resistor).

Ls—5 turns No. 22, Va-inch i.d., %s inch long.

L+—10 turns No. 22 enameled on ¥s-inch o.d. toroid
{see Footnote 2).

Ls—2 turns No. 22 enameled at B-plus end of Ls,

Ls—9 turns No. 22 enameled on %e-inch o.d. foroid
{see Footnote 2},

L7—2 turns No. 22 enameled at B-plus end of Lg.

Q1, Q2-—TIS34 used; MPF 102 suitable.

Qa—2N5179 used; 2N706, 2N3564, 2N3663 suitable.

RFC;—6.8-ph, r.f. choke.

Y1—40-MHz. third-overtone crystal.

Some concern was felt that the narrow devia-
tion used by amateur and communication
services would result in too low audio output
from an eatertainment-type f.m. receiver. The
output is reduced, but not so far that it is not
useful. Sensitivity and the cross-modulation
performance have beeu guite good. In fact, the
converter has been used to work full duplex
through a repeater whose input and output
frequencies are only 600 kHz. apart. Overload
and direct feedthrough of f.m. broadeast stations
have been slightly troublesome, but have been
reduced to a satisfactory degree by a 20-db. pad
between the converter output and the f.m. set
input.



A Solid State Product Detector

For The

HRO-60

The adapter plugs
into the n.b.f.m. sock-
et in the receiver, us-
ing an octal plug
(Amphenol  86-CP8)
mounted on one edge
of the chassis. The
6BA6 if. stage and
its i.f. iransformer
(hidden by the tube
shield) are on the op-
posite edge.

BY DAVID PALMER.,* W6PHF

A silicon-diode ring product detector
and i.f. stage in a module improve

the ¢.w. and s.s.b. operation of an
old standard receiver.

EvERAL features of the design of the HRO-60,
S characteristic of the era in which it was

built, suggested that a modernization proj-
ect was justified: an excellent backlash-free dial
mechanism, essential for the precise tuning of
sab. and cw., and a large chassis with octal
sockets in the most desirable locations for mod-
ule installation, would produce a receiver that
would compare very favorably with more mod-
ern receivers.

In the late 1940s, when the HRO-60 was de-
signed, narrow-band frequency modulation was
considered a potentially popular mode of ama-
teur communication, and in order to increase
ihe versatility of the receiver, National pro-

*638 Benvenue Ave., Los Altos, Calif, 94022, Letters to

the author should be accompanied by a seli-addressed,
stamped envelope if reply is desired.
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i

vided an octal socket in the power-supply com-
partment for an nbfm. adapter. With the ex-
ception of connections to the bf.o. and a posi-
tive 20-volt power source, ull of the necessary
eircuits are accessible at socket X-1, greatly
simplifying the installation of the produect de-
tector. Use of a module provides a very con-
venient method of servicing the product de-
tector if it should become necessary.

Desirable characterisitics of the produet de-
tector are very low intermodulation distortion,
no output without the prescnce of both signals,
and very low noise and susceptibility to mag-
netic and electrostatic fields. Eight different
vacuum-~tube product-detector «circuits were
tried with varying degrees of success, none com-
pletely satisfactory from a performance stand-
point.

Circuits originally intended as balanced
modulators were investigated ag they must of
necessity possess all the characteristics desired
in a product detector. The first circuit studied
was the ring, originally intended as a modulator
for multiplexed land lines. As perfect balance
was not required in order to eliminate the

QST for
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carrier, several compromises were made in the
original eireuit, und it was decided that the
bf.o. input and the recovered audio could be
unbalanced, thercby eliminating one trans-
former (Fig. 1). Isolation from the preceding
driver was considered necessary, however, and
accordingly o 10:1 resistive pad was included
between the if. transformer, T,, and the bf.o.
drive point, which is the junction of two 150~
ohm resistors, B, and R,.

A ring of four silicon diodes appeared to
possess most of the desired churacteristics, in-
cluding no output without sutficient drive from
a carrier generator to self-bias the diodes into
conduction. The diodes function as switches that
are opened in succession as the phase of the
injected b f.0. signal rotates through 360 degrees.
The output consists of various sum and differ-
ence frequencies of the b.f.o. and if., with the
desired audio-frequency components separated
from the others by means of the following low-
pass pi filter. Fairchild FDH-600 silicon diodes
were used because of their characteristics of
relatively low capacitance and high perveance,
resulting in sufficiently short switching time for
this application,

Optimum drive to the ring is 700 millivolts
rmus., slightly beyond the point where the
diodes are biased on by rectification of the bf.o.
gignal. This is approximately 10 times the if.
signal input to the ring (about 65 mv. rm.s.)
required to produce 2.5 volts r.ms. audio output
from @,. Excessive drive will degrade the signal-
to-noise ratio und linearity of the detector,
consequently, overdrive should be avoided.

), is a Fairchild SE5025 silicon transistor
functioning as a buffer ampl