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When Hallicrafters says

“dual receive” we mean

| SIIVIULTANEOUSLY'
~ SIMULTANEOQUSLY!

That's right—simultaneous dual receive! Unlike any other transceiver/VFO
combination, the SR-400 Cyclone and HA-20 VFO lets you “Double-Team”
the competition in any DX contest. You can “"Band-Scan” for a second
contact while you are working another. You can set VFO's on two separate
DX stations, receive both simultaneously, and be instantly ready to “'Tail-End”
on either station. And of course, Hallicrafters’ winning performance features
don’t stop here. Get in front of this rig and you'll know. Hallicrafters has built
another “great one” in the fine tradition of the HT-32 and HT-37.

PS: Want simultaneous dual
receive with 2 KW on SSB ?
Put an SR-2000 in your
shack. 600 Hicks Road, Rolling Meadows, Illinois 60008

e hallicraffers co.

A Subsidiary of Northrop Corporation




gy The backbone of the Electro-
» Voice Model 676 is no mere
decoration. It’s visible proof of

the most exciting idea in directional
microphones—Continuously
Variable-D (CV-D)™,

Here’s how it works. We attach a
very special rapered tube to the
back of the microphone element,
This tube automatically varies in
effective length with frequency.
It’s a long tube for lows—a short
tube for highs. All this with no
moving parts! The tube is always
optimum length to most effectively
cancel sound arriving from
the back of the microphone,
regardless of frequency.

This ingenious solution* is
years ahead of the common
fixed-path design found in most
cardioid microphones. It means
you pick up less noise and
room reverberation, ensuring a
crisp signal and optimum vox
performance. It also is less
sensitive to wind and shock—
ideal for field days! There is
almost no *‘proximity effect”...
no boosted bass when you
must operate extra close,

Long life and peak-free
response are guaranteed by the
exclusive E-V Acoustalloy®
diaphragm. And the 676

ELECTRO-VOICE
MODEL 676
DYNAMIC CARDIOID

has unusually high output for

a microphone so small. Of course
you get both 150-ohm and Hi-Z
outputs, plus high efficiency dust,
pop, and magnetic filters—indeed,
all of the hallmarks of Electro-~
Voice design that have made

E-V a leader for years.

But that’s not all. The 676 has an
exclusive bass control switch built
in. Choose flat response (from

40 to 15,000 cps) or tilt off bass

5 or 10 db at 100 cps to eliminate
power-robbing lows that reduce
efficiency and lower intelligibility.
You’ll be amazed at the reports of
improved audio you’ll get when
you switch to the E-V676.

Visit your E-V distributor to

see this remarkable new micro-
phone today. And when difficult
QRM must be faced squarely,
stand up and fight back with the
microphone with a backbone (and
CV-D)—the new Electro-Voice
Model 676 dynamic cardioid!.
Model 676 Satin Chrome or TV grey, $53.40
net; in Gold, $56.70 net. Shown on

Model 420 Desk Stand, $12.60 net).

Model 674 id except stud.
with On-Oft switch, $56.70 net.

ELECTRO-VOICE, INC.

Dept. 792Q, 631 Cecil Street
Buchanan, Michigan 49107

EletthoYores

A SUBSIDIARY OF GULION INDISSTRIES, INC,



SUITCH

Slide a PM-2 Power Supply on the
back of your KWM-2 and put them
into a CC-2 Carrying Case. Slip
the 30L-1 Linear Amplifier into
another CC-2 and you're DXpe-
dited. Plug in the antenna, micro-
phone, and three patch cords and

you are on the air—anywhere—
with a Collins quality kilowat!
system.

COMMUNICATION / COMPUTATION / CONTROL
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SPEC-1-FI-'CA-TION

... A DETAILED, PRECISE PRESENTATION OF FACT -

SEN-SI-'TIV-I.-TY

The correct matching of the antenna to the tube
input impedance is of great importance in se-
curing an optimum signal to noise ratio. A re-
active antenna will usually produce a detuning
effect on the input R.F. circuit. A good way of
overcoming this problem is to tune the circuit
with a panel mounted antenna trimmer or with
a variable capacitor ganged with the VFO tun-
ing capacitor. (A Hammarlund Feature for
Years!)

SE-LEC-'TIV-L-TY

Maximum pre-mixer selectivity is a valuable
aid in reducing spurious responses and such selec-
tivity is most easily achieved with an R.F. stage.
(See all Hammarlund receivers for this - -)

The ability of a receiver to separate stations
on closely adjacent frequencies is a measurement
of its selectivity. To compare receivers, look at
their selectivity curves. The curves show the nose
figure, which represents the bandwidth in KHz
over which the signal will suffer little loss of strength; the other figure, the bandwidth
over which a powerful signal is still audible, is termed the skirt performance. The ratio
of the two is the shape factor of the receiver.
The ideal would be a shape factor of one—but
this is presently impractical. The inclusion of
step selectivity by use of a mechanical or crystal
filter or by changing LC circuit parameters can
provide shape factors close to the ideal. (Check
the front panel of any Hammarlund receiver!)

v

At Hammarlund, we believe in specifics—

MODEL HQ-215 every one of our products meets pub-

lished specifications—not just our engi-

neering samples. Some of our receivers are still in daily use after thirty years and

numerous owners! We'd like to tell you more about our radios—General Coverage—

Ham Band—Commercial. Drop us a line at our sales office—20 Bridge Ave., Red Bank,
New Jersey 07701—or see your favorite Hammarlund dealer.

nw HAMMARLUND

Manufacturing Company Incorporated

e ] A subsidiary of Electronic Assistance Corporation
i Established 1910 73-88 Hammarlund Drive, Mars Hill, North Carolina 28754

BRAND NEW MODEL HQ200

MODEL HQ-180A

These Facts Brought To You Straight From The Shoulder By The Hams At Hammarlund

Putt Uapn EB Yl fos lmey ,/KA,_. U  _Zvw . ey Pilt

K4DZT K4HCS W2HE/4 W4HHR WA4AEY K4BHN ~ WAMVC/W2ERV  W4TYQ WBA4LTL WONRT/4 WOIKPD/4

4




1f 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
below, then write for our new Ameco catalog to get
complete specifications on these and other mod-
erately priced items.

Model R-5A
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 Os-
cillator, Noise Limiter, Bandspread. Provisions for
external “‘Q" multiplier, Compare with tube-type
units costing as much!

Wired and tested ...................... crrreesneneenen. $99.95
Battery adapter kit. (permits operation
from 12 VDC or eight “D" cells) ...........ee0e.$ 3.95

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 $23. 95
Extra coil kit for any 1 band, CK-1 .................. 1.0

(" 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. 102:01, Over 300 pages $3.95

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

No. 5-01, 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 leam code. Cone
tains 10 lessons and one 12 record in the 33 rpm series. Sample
FCC-type exams included.

Qmplete Ir. Code Course (100 series) ..339

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



Reports Invited. All amateurs, especially League members, are invited to report station activities on the first of each
manth (for preceding tnonth) direct to the SCM, the udministrative
Radio club reports are slso desired by SCMs for inclusion in @ST. ARRL Field Organization station appointments ara
available in areas shown to yualitied League mctnbers, (reneral or
ORS, OVS, OPS, 00 and OBS. T'echniciuus tay be appointed OVS, OBS or V.H.F. PAM. Novices may be appointed OVS,

Section Communications Managers of the ARRL

SCM& desire application leadership posts of SEC, EC, RM and PAM where vacancies exist.

ATLANTIC DIVISION

ARRL vliicial elected by members in esch Scction.

‘onditional Class licensecs or higher may be appointed

‘Townsend 1973

Philadelphia 19114

Severua Park, AMd. 21146

Wilburta Gardens
‘I'renton 08628

\yravuse 13219

Conway 15027

Springtield 62703
Indianapolis 46218
Portage 53901

Bloomington 55431
Grand Forks 55201
Clear Luake 57226

Brinkley 72021
Covington 7043%
hosclusko 39090
NMemphis 38128

Owensboro 42301
Holt 48842
tteynoldsburg 43068

New Rochelle 10801 T
Massapequa Park, L, 1, 11762
Bergentield 07621

Kcllerton 50133
kansas City 66109
Kirksville 63501
Chadron 69337

Southington (16489
Bralntrce 02185
So. Portland U ¢008
Laconia 03246
Pawtucket 02860
Nontpelier Us6U1
Springfield 01119

College 99735
Lewlston %3501
Apaconda 57911
Hullsboro Y7123
Seattle Y8125

Walnut Crevk 94595:
Kuneohe 96744
‘Boulder City 59005
Carmichael Y56uy
San Ratael 94901
l«'rcsno 93702

Lus Liatos Y5030

‘Tarboro 27886
North Augusta 29841
Norfolk 23503
Falrmont 26554

" Huntsville 35811

Lakewood 30225

1.o8 Alamos 87544
Sult Lake Clty 84109
Casper 82601

Margarita
Jucksonville 32211
Columbus 31902

Fort Walton Beach 32548

Phoenix 85016
Alhambra Y1xul
Santa Ana Y2707

Kl Cajon 92020
‘I'housand Oaks 91360

Delaware KINYG John L. i*enrod
Eastern Pennxvlvanla W3HK George 8. van Dyke, Jr, lhu? (‘onvem Lane
haryland-D. C. K3LFD John Muunholland 406 Holland Rd.,
Houthern New Jersey W2zl Fdward G. Rascr 19 Blackwood Drive
Western New York K2KTK Richard A, Pitzeruse 303 Woodland Rd.
Western Pennsylvania W3GJY John F, W oJLklewicz 1400 Chaplin St.
e CENTRAL DIVISION

1ltinols WIPRN fidmond A. nletzger 1520 South 4t 5t,
Indiana WwWuBO0OQ \\ illlam ¢, Johnson %38 Hillside Ave,
Wisconsin KIGBC Kenneth A, Ebneter 22 Wauona Trail

. DAKOTA DlVlSlON
Minnesota WUPAN Larry J. snima 1417 Goodrich Rd. So.
North Dakota WoDM taroid L. Bheets '1 Kuclld Ave.
South Dakota KUTX W Neward P, Holt Box 53

. DELTA DIVISION
Arkansas# WASLIS Robert D. Schaefer 409 West Cedar
Louisiana WhEM J. Allen swanson, Jr, RIED 1, Box 354-F
Mississippt WASKEY  ('lfton U. Comfort 410 15, Washington St.
‘T'¢nnessce K4RCT Harry A. Phillips 5200 Oak Meadow Ave.
GREAT LAKES l)lVlS ON_____

Kentucky W40Y1 Gieorge 3. Wllson, 111 2113 Old Cabln Road
Michigan KRHEKNM Joseph L. Pontek’ .0, Box 288
Ohlo WKy Richard A. kgbert 6479 Red I'ox Road

—_ HUDSON DIVISION .. _____
Idastern N New York K28JN Graham G. Berry 5U larcot Ave.

& Long Island K2IDB Blaine 5. Johuuun 266 Cypress St.
Northern New Jersey W2ZZ douis J. Amoroso 180 Pleasunt Ave,
- — _MIDWEST DlVlSlO __
lowa KyM Wayne L. Johnson al Rou!
Kunsas KYBX I Robert M. Sumnmers 4045 Norul und
Missourl woBv Robert J. ‘Peavier Route 4
Nebraska \WOA V. A. Cashon 434 Plne 5t., Box 488
NEW ENGLAND DIVISION _
Connecticut WIGVT “John J. McNassor 18 Berlin Ave,
tuastern Alassachusetts WI1ALP Frank L. Baker, Jr, 45 Solar Ave,
Malne KITEV Peter k. Sterling 4y Latham st.
New Hampshire KIQEN Donald Morgan Bayview J.Jrlve, P.O. Box 65
Rhode istand KlAAV John I, Johnson 30 Fruit
Vermont 1MPN 1%, Reginald Murray 3 mllnrosm Drlve
Westeru Massachusetts \VleB. Norman F’. IForest 36 Valley Rd.
e = . NORTHWESTERN DIVISION
Alaska KLTAEQ Albert k. \Weber Box 735
1daho \V7ZNN Ionald A. Crisp .Aos-xm St F
Montana WITYN Joseph A. D’'Arc; 1916 t{aggin Ave.
Oregon K‘IWWR/WA?K \4 Dale ‘T, Justice 1369 N. lu. Sunrise Lane
Washington TIWJI Harry \v. Lewls 1u352 Sandpoint Way, N.E.
PACIFIC DIVISION _

Kast Bay * WB6DHH  Paul J. Parker 2236 Whyte ‘Ave.
Hawadl KH6BZF Lee R. Wical 15-601 Luluku Rd.
Nevada w7£BV Leonard M. Norman 652 Utah St.
Bacrawnento Valley WABJDT John K. Minke, LI 6230 Rio Bonito Drive
Han ¥rancisco WAGAUD Hugn umsldy 77 Coleman Drive
Han Joaquin Valley WwdJPU Ralph Saroyan 8204 kK. Townscnd Ave,
Santa Clara Valley W6vzZT Albert I, Guetano 115 Old Adobe Rd.

. ROANOKE DIVISION
‘North Carolina WA4UQC  Calvin M. Dempsey 1604 West Canal 5t.
SOuu.\ (,arollna. W4PED Charics N, \Wright 711 Merriwether Drive
Virgl WasHJ H. J. Hopklns 8600 Hammett Ave.
\Vest Vtrglnla. WERIM Donald B. Morris 1136 Morningstar Lane

s - ROCKY MOUNTAIN DIVISION
Colorado 'OSIN Charles M. Cottercll 430 South Swadley St.
New Mexico WS5NUL James R. Prine, D.V.M. 1.0, Box 1128
Utah W7IQWHI ‘Thomas H. Miller 31148 South 3360 LEast
\Wyoming W7CQL Wayue M. Moore 142 South Montana Ave,

_ OUTHI:ASTLRN DIVISION ___.

Alabama W4WLG Donaid W. 22u8 Rodgers Lr,
C‘anal Zone K2Z2508 ltu:mu E, uberholtzer 1,0, Box 107
kastern Florida* W4YPX Ronald J. Locke, 73068 Arble Drive
(Georgla W4RZL Howard L. Schonher .0, Box 1902
WWest lndles’ Kr4pyv Albert K. Crumley, Jr. P.O. Box 10073
Western Florida W4RKH trauk M. Butler, Jr, 423 Elliott Rd., 8.E.'

_ .. SOUTHWESTERN DlVlSlON
Arizona 1CAF ‘Giary M. Hamman 2813 k., Campbell Ave,
Los Angeles WABKZI Harvey D. D, Hetland LOOR Cedar St.
COrange WEDEY Roy R. Maxson 1434 South Olive St,
Han Diego* WABCOE Richard E. Leftler 1912 Miltord Pl.
Yanta Barbara WAG60OKN  (ecll D. Hinson 1933 Covenu‘y Court
_ WEST GULF DlVlSl
Northern Tcxas W5LR L. I&. Harrison 1314 Houy (,len Drive
(Oklahoma WS5PML Ceell . Cash 1802 Smith A
Southern Texas WBAIR (. D. Jerry Sears 5634 Eskridge St.

— - S— —___CANADIAN DIVISION ___ |
Alberta VESFK “Don buLherlzmd 444-25th Ave., N.E.
British Columbla VE7FB H. E. Savage 4553 West 12th Ave.
Manitoba VEST John I‘homaa Stacey 19 Cottonwood Cres.
Maritime VEINR William J. Glilig Shedlac Road, RR 6
Gntarlo VESBUX oy A. White 5 Northwood Crescent
Quebec VE20J Jim Ibey 1755 Brookdale Ave.
Saskatchewan VESHP Gordon C. Learce 1903 Connaught St.

Dallag 75232
Lawton 73501
Houston 77023

‘aiga.ry Alta,
Vancouver 8, B. C.
Hrandon
Moncton, N, B,
Belleville
Dorval, P. Q. *
Regina

* Oficlal appointed to act temporarily In the absence of a rcgular official

QST for



For The Experimenter!

International EX Crystal & EX Kits

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER

Type EX Crystal

Available from 3,000 KHz to 60,000 KHz. Supplied only in
HC 6/U holder. Calibration is +.02% when operated in International
OX circuit or its equivalent. (Specify frequency)

395

OX OSCILLATOR
. 3 Crystal controlled transistor type.

‘ Lo Kit 3,000 to 19,999 KHz
Hi Kit 20,000 to 60,000 KHz $ 95
(Specify when ordering)

SAX-1 Transistor RF Amplifier $3.50
A small signal amplifier to drive MXX-1 mixer,

le tuned t and link output.
MXX-1 Transistor RF Mixer $3.50 S",’_% Kit 3eto uzrbpuMHazn ini oulp

A single tuned circuit intended for signal con- Hi Kit 20 to 170 MHz
version in the 3 to 170 MHz range. Harmonics (Specify when ordering)
of the OX oscillator are used for injection in

the 60 to 170 MHz range.
Lo Kit 3 to 20 MHz
Hi Kit 20 to 170 MHz

(Specify when ordering)

PAX-1 Transistor RF Power Amplifier $3.75
A single tuned output amplifier designed to
follow the OX oscillator. Outputs up to 200 mw
can be obtained depending on the frequency
and voltage. Amplifier can be amplitude modu-
lated for low power communication. Frequency
range 3,000 to 30,000 KHz.

« BAX-1 Broadband Amplifier $3.75
! General purpose unit which may be used as a

tuned or untuned amplifier in RF and audio
applications 20 Hz to 150 MHz. Provides 6
to 30 db gain. ldeal for SWL, Experimenter or
Amateur.

Write for complete catalog.

INTERNATI O NAL

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



raiz AMERICAN
RADIO RELAY
LEAGUE, i,

is a noncommercial association of radio amateurs, bonded for
the promotion of interest in amateur radio communication and
experimentation, for the relaying of messages by radio, for the
advancement of the radio art and of the public welfare, for the
representation of the radio amateur in legislative matters, and for
the maintenance of fraternalism and a high standard of conduct.

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

"Of, by and for the amateur,” it numbers within its ranks practi-
cally every worth-while amateur in the nation and has a history of
glorious achievement as the standard-bearer in amateur 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 membership 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, W1AW, 1914-1936
EUGENE C. WOODRUFF, WBCMP, 19346-1940
GEORGE W. BAILEY, W2KH, 1940-1952
GOODWIN L, DOSLAND, WHTSN, 1952-1962
HERBERT HOOVER, JR. W6ZH, 1962-1964

Officers

President . . ., -. . . +ROBERT W. DENNISTON,* W@DX
Box 73, Newton, lowa 50208

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

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

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

Yreasurer . . . . . . . DAVID H. HOUGHTON
225 Mam St., Newmgton, Connecticut 06111

L L3 L2 L] L]

Honorary Vice-President . . . . ., FRANCIS E. HANDY, W1BDI

L] . L L L]

General Manager . . . ... . JOHN HUNTQON,* WILVQ

Communications Manager . . . . . .GEORGE HART, WINJM

Technical Director . . . . . . GEORGE GRAMMER, WIDF

Assistant General Manager . RICHARD L. BALDWIN, WIIKE

Assistant Secrefaries . , . . . PERRY F. WILLIAMS, W1IUED

WM, I, DUNKERLEY, JR, WA2INB ROBERT M, MYERS, W1FBY
225 Main St,, Newington, Connecticut 06111

e & ¢ o o

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

DIRECTORS

Canada
NOEL B. L‘A'I‘ON’* ................ v...VE3CJ
Box 660, \Watcrdown, Ontarlo

Vice-Dircctor: Colin ¢!, HHumbrille, ..., ... VE2BI
R.K. 6, LaChute, Quebee

Atlantic Division

GITBERT T. CROSSLEY . o.ivvrvnson.. W3TA

734 West Ioster Avenue, State ¢ ullczc, 1*a. 16801

Vice Director: tTarry A. MeConaghy...... W3FPC

$708 Fenway Dr. I'otomze, Bethesda, Md. 20034
Central Division

POILIP B, DALLER........000unau.. WIHPG

6000 B. T'ripp Ave., Chicago, 111. 60629

Vice-Director; Fdmond A. Metzger. . WIPRN
1520 South iourth &t., Springteld, Ililnois 62703

Dakota Division

CHARLES G. COMPTON*,........... \WOBUO
Hox 226A R.R. 1, South bt. I'aul, l\llzm 5 5075
¥ice Direetor: Jobn M. Alaus. . ......... VONIBD

Oakdale Addition, st. (_loud Minnp. u6301

De. ta Division

.PHILIP SPENCER....... WSLDH/W 5L.\4\
575 Amethyst St., New Orleaus, La. 7 12
"ice Director: Max Arpoid. ............ 4\\'E{N
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“It Seems 10 Us...”

F.M.—SOMETHING OLD,
SOMETHING NEW

URING the past decade, interest in f.m. has
been spiraling. Haums by the droves are
getting on channelized f.m., mobiles are in
wide use, and v.h.f. repeaters are popping up
on many a mountain top.

To the eurly radio umateur, f.m. was an
annoying — and unwanted — thing that hap-
pened whenever he tried to amplitude modu-
late his trunsmitter. Then, Major Edwin
Armstrong developed a practicul commmunica-
tions system using frequency modulation, and
many hams pionecred the use of the new mode.
However, f.m. never gained the widespread
use among amateurs enjoyed by a.m. and,
later, sideband.

The greatest wccelerant to the current f.m.
movement has been the easy availability of
inexpensive equipment. With commercial mo-
bile services forced to reduce channel width to
make room for more users, thousands of f.m.
transmitters and receivers have become uvail-
able at moderate cost to hams. This f.m. fer-
vor, incidentally, is not limited to the [1.S.
It has caught on in Cunada, among others;
Japan has a growing group of eunthusiusts;
and, during the League’s recent Board of
Director's meeting, we received a long-distance
telephone call from u couple of Australians
wishing to confer on f.m. and repeaters!

Added stimulus for the mobiling f.m.er has
been provided by the repeater. 1t allows con-
sistent coverage of 50 miles or more, even
hetween mobile units, and with a1 convenience
and reliability not known before in amateur
communication. Work done with netting to-
wether two or more repeaters, geographically
spaced, indicates that they may some day
provide chunnels for some of our long-haul
amateur communications.

Additionally, f.m. has appeal for the traffic
handler and local club net participants. Many
clubs find it a successful mode for keeping
members in touch with each other. The value
of channelized f.m. in traffic was well demon-
strated to us lust year at the World Scout
Jamboree in Idaho. Hundreds of messages

were originated from the Jamboree site over
a two-meter f.m. channel and picked up by
other amateurs for introduction into the h.f.
nets.

Like f.m. itself, the repeater idea is not
exactly a modern invention; manned repeaters
played an important role in the development of
interest in the old 5-meter band in the early
1930s, for example. But f.m. and repeaters
in the 1960s offer u clagsic illustration of
“the power of an idea whose time has
come.” All the favoring factors have jelled
into what amounts to a revolution in amateur
radio communications.

As always happens when a concept catches
fire in this way, there has been u dearth of
information on ‘‘how to do it.” Over the
vears, the outstanding technical articles in
QST relating to new ideas have cowe, largely,
from the earlv experts in those fields who have
been willing — even eager — to pass along
what they have learned, to help newcomers.
Apparently most f.m. and repeater enthusiasts
have been too husy solving their gear problems
to make time to put their ideas into form for
QST to disseminate to the masses who are
hecoming their followers. We've had lots of
solemn promises to prepare articles, but until
recently practically no fulfillment. We finally
have some fine material in the works, and all
indications point to more to come.

An Advisory Committee on VHE Repeaters,
composed of experienced f.m. and repeater
men in the U.S. and Canada (see March,
1969, QST, page 62), should provide closer
liaison between f.m. enthusiasts and ARRL
management in both technical and regulatory
areus. At its May meeting, the ARRL Board
of Directors ordered that u speciul section of
QST’s v.h.f. department, *“The World Above
50 Me.,” be set aside for f.m. and repeater
news. Bill Smith, K4AYO, who conducts this
department, will do his part if you, the f.m.
enthusiast, will do yours by supplying input.
And, a .specml handbook on the subject will
shortly be in the works.

The channels of communication between
the League and the f.m. fraternity are fully
open. Let’s use 'em!
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League Lines . . .

Reciprocal operating arrangements are no help to immigrant amateurs who come to
the U.S8, intending to become citizens -- they have to wait five years for citizen-
ship to take the amateur exam. Senator Goldwater's bills (S-J.Res.27 and a com-—
panion measure S-1466) would remedy the situation by authorizing immediate exam
eligibility for such persons. A letter to your Congressman, and particularly one to
Chairman Warren G. Magnuson of the Senate Commerce Committee where the bills
now rest, in support of the proposals could be of major help in getting some action.
More info on page 74,

Club publicity . . . many newspapers are always on the lookout for news of local
club activities, and amateur radio is a prime candidate. Regular publicity coverage
helps build the club, strengthen attendance, attract new members. Headquarters
can help; a revised club publicity handbook is now available. If yours is lost,
strayed or misplaced, write for a new copy.

A petition to FCC by Citizens Radio.groups to take some of the amateur 10-meter
band for CB was strongly opposed by ARRL; the Commission has now denied the re—
quest, as reported in "Haps" this month, page 75.

Hq. has the Board-assigned job of preparing an introductory book(let) on amateur
radio for the age 12-16 group. To do the best possible job we're looking for input
ideas from readers, especially those with yvouth-training experience -~ high-school
teachers, Scoutmasters, etc, What should the publication contain, what age read-
ing level should be involved, how deep into theory and technique should the text go
. « o and so on, We'd appreciate your advices.

t
Courtesy of the Library of Congress, each district office of the FCC now has a copy
of the General Class amateur license examination in Braille, And by the way, Hq.
has several pages of info for the blind free of charge (but the usual self-addressed
envelope would help!)

‘Who says c.w. has fallen into disfavor, even among practitioners of such exotic
modes as FM repeaters? "FM Magazine" recently editorialized in favor of a peti-
tion to FCC deleting code requirements for the amateur exam, but opposition from
readers was so great the idea has been shelved. Even the Apollo astronauts are
equipped for c.w, communications if and when every other means fails,

Speaking of space, an active amateur satellite may be in orbit within the next few
months. Keep posted on Oscar-Amsat doings (page 58 this issue, for example) and
be ready when it occurs,

Back in April, we mentioned club sponsorship of Explorer Posts -~ and éven con-
vinced ourselves! The Hq. yang are sponsors of Post 73, BSA, with Jerry Hall,
K1PLP, our technical expert on RITY and propagation, as post advisor. ‘A dozen
youngsters are embryo hams. By the way, info on the Jamboree station KF7BSA
appears on page 48 of this issue.,

Quote-of-the-month from "S9," which along with "CQ" is one of the Cowan family
of radio publications: "It's time the ARRL moved into the second half of the century
and takes a lesson from the CB'er."
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Touchcoder II

An Integrated-Circuit Code ““ Typewriter’®

<O
<

R e e S S e S e 1]
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<> Ingenuity has had free play in the design of this keyboard code generator. The <>

fjc outcome is a simple circuit that can be readily duplicated using standard com- 't
_5', ponents — and at relatively low cost. The novel approach to generation of code o
& charactersis worth studying even if you aren’t (or think you aren’t) in the market <>
z for a code machine. :g
B g I e e ) ey e v P v b b v

BY J. A. BRYANT,* W4UX, ex-W4DGC

way to send Morse or Continental codo

than with a hand key seems to have been
around ulmost as long as the code itself. Ap-
parently there were attempts ut the problem
even before this century, and as early as 1910 a
company marketed an all-mechanical code send-
ing machine that used a typewriter-like kevboard,
had a 72 character memory and, of all things, was
powered by a spring-wound mechanism.t 1t
seerms the memory was necessary in order for the
operator to store enough fext to have time to
keep the device wound aud ovperating. Later,
others constructed all-relay eode typers, but
beesuse of complexity, size and possibly other
factors their use did not become widespread.
Of course, the perforated tape methods have
been around a long time and in successful
commercial use, but the complexity and expense
of the perforator, read head, tape, ete. and the
inherent delay between perforaiion of the tape
and actual transmission, have prevented exten-
sive use in the amateur bands.

Something more suited to our use was re-
quired, and the advent of solid-state devices
seems to have paved the way. Several articles now
have heen published on practical keyers using
varions methods of geuerating code from a
typewriter-like  keyboard.23+4  Other experi-
menters have construeted code ivpers not yet
published.s At least one manufacturer is now
advertising a code tvper, the Alphacoder.® There
has been an article on a solid-state kevboard
keyer for RDTY " «und Horowits has shown how
to wodify his code typer for RTTY.® Perhaps the

Trm thought that there must be un eusier

* 1542 Linden Avenue, Owenshoro, Kentucky 42301,

t Habig, "\ "lelegraph Kev With a Memory,” OST,
July, 1963,

¢ lohnson, ** Codamite,” Q87', May, 1961.

% Ciranberg, ‘A Push Button Kever,” @, September,
1964,
+ Horowitz, ** Perfect Clode at Your Fingertips,” (ST,
Auwgzust, 1965,
2 WeGIH,
others,

" Autovolt, inc., 68 Richmond Rd., Belmont, Mass,
02178.

¥ Krupp, ‘“ Attache Case RTTY,"” QST, February, 1968,

¥ Horowitz, ‘' Perfect Teletvpe at Your Fingertips,' QST
Qctaber, 1968,

WYCQB, WIWJIR, W1GO, W@EPV and

July 1969

paragon of code typers is the ** Penultimate Auto-
matic Keyer,” ¥ which can store entire paragraphs
and transmit them on demand. Unfortunately for
the average amateur, it is a bit expensive as it
requires an electronic computer costing from
$10,000 to $20,000.

A fair estimate of the number of code typers
Now in use on the amateur bands would probably
range from 20 to 30, many of which were con-
structed from the article by Horowitz, W2QYW.'0
For those not vet acquainted with the operation
of the basie code typer, an explauationisinorder.
A special eleetronic keyer is connected to a
keyboard, similar to that of a typewriter, in such
1 way that striking a key cuuses the eorrespond-
ing character to be generated in ende with provi-
sions made at the output for keying a radio-
telegraph transmitter. Thus, code ean be sent
in much the same way as typing on a typewriter.

Touchcoder I

About two years ago the writer became much
impressed with the code typers used by WS8RMIL
‘now \W8CV) and W3UCU in their (3S0s with
him. Their keyers had been constructed from the
Horowitz article in QST. 'T'he article was ob-

¥ Stark, (tordon and Maniredonia, **The Pe&ﬁm_mate
Automatic Keyer," Elertronies W orld, June, 1967.
19 Horowitz, ** Perfert Code at Your Fingertips,” op. cit,

Two models of Touchcoders, illustrating different me-

chanical assembly. Touchcoder I, at the left, is the one

described in this article. It is contained in a surplus IBM

punch-card keyboard case, to which a new keyboard has
been fitted.
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tained and studied carefully, but as the writer
was experimenting with integrated ecircuits it

'.L' V) presented a challenge to make a code typer using
2 6 228 O them iustead of discrete components. Such a
w @ w o Z2az Wo pone
o\ & o ‘”i’,—; 2N >3;/'§ keyer was built, using somewhat different logic
(° °)‘ ( o ‘”(°?/\2 3a@ and replacing the magnetic memory core shift
2 e N5 E ) register with one made of integrated circuit flip-
wo a8 o flops in a different scheme.!* That keyer,
- CIE Touchcoder I, has been in almost daily use at
e e e the writer's station since O ctober, 1967.
5 Touchcoder IT
2 Although Touchcoder I eliminaied the need
w for the memory-core shift register, which is
w 3% difficult to obtain, and reduced the number of
£5 ) By diodes in the matrix from well over 200 to about
%% 22 w 125, it was thought that if the matrix diodes
ot . Yo, 35 Q could be eliminated entirely the cost and ease
;e:‘i . ER T g of construction would be improved. This article
ol 3 ExP 88 = describes Toucheoder 11, which was constructed
A with that thought in mind, eliminating the

diodes by use of a matrix utilizing ferrite toroidal-
core transformers. The cost of duplicating the
keyver should not exceed about $50.00, excluding
case and keybourd, even if all parts are pur-
chased new from normal sources.

The Integrated Circuits

The integrated circuits used in the keyer are of
the RTL (Resistor Transistor Logic) family and
probably the least expensive available. All are
the 14-pin dual in-line plastic package type.
Only three types are used, NOR gates, butfers
and JK flip-flops. For detailed descriptions of
the operation of these devices the reader is
referred to previous articles? regarding digital
logic as space does not. permit inclusion here.

No. 30 wires attached to keyboard

Circuit Description

The complete code typer consists of a dot
generator, dash generator, shift register, toroid
matrix, keyboard, output circuit and power
supply.

The Dot Generator

The dot unit length is the common denomina-
tor of the whole process of transmitting intelli-
gence by radio-telegraph code. A dot is one unit
long, a dash is three units, the space between dots
or dashes is one unit, the space between char-
acters is three units and the space between
words is seven units. The rate of free-running
dots per seeond multiplied by 2.4 equals code
speed in words per minute; e¢.g., 10 dots per
second equals 24 w.p.m.t

The dot generator was designed to generate
square-wave pulses, dots, with provision for

1t Replacement of a magnetic core ghift register ha-.s
been describeri by Weiderhold, W50GZ. See ‘‘ Integrated
Clircuits in the Keyboard Code Machine,” QST, March,
1969.— L ditor,

‘2 Principles and nomenclature are discussed in two
articles in July 1968 QS7': Pos, * Digital Logic Devices,"
and Staples, *“ Integrated-Circuit Frequency Dividers.” —
Editor,

B ARRL, The Radio Amateur's Handbook, code trans-
mission chapter.
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keys and passed through proper cores.
available from Newark Electronics Corp.

Integrated Circuits:
input Gate.

Primaries:

Gatae,
G2 (A, B, C, D)—1 Type MC724P Motorola Quad 2-
B1 (A, B)—1 Type MC788P Motorola Dual Buffer.

Flops.
G (A, B, C)—1 Type MC792P Motorola Triple 3-input

©
o
3
c
'3
O
o
c
2
5
£
o
<
o
o
—
(15
(]
<]
z
o
o
5
w
k)
o
S
I
J
£
<
K=
X
K

FF1-FFs, inc.—4 Type MC790P Motorola Dual JK Flip-
Sockets for 1Cs—7 required, Type 51-16001 Alcon,

sistors, not listed below, are Y4- or 2-watt,

W102-MX-2 or W103-MX-1).

Q1 —2N2646 unijunction transistor,

TE1081 or equivalent).
C2—0.22-uf., 10-volt ceramic{Sprague Hypercon HY325).

C3—0.022 uf., 25-volt ceramic (Sprogue Hypercon

HY525).

Fig. 1 —Logic diagram of the keyer section, Terininal numbers for the integrated circuits also are shown. Fixed re-
CR:—Silicon diode, not critical.

Ci—2-uf., 6-volt electrolytic or tantalum (Sprogue
Ki—Reed relay, 200-ohm coil, 6 volts (Magnecraft
Q2—2N388 or other with beta above 50,
R1—50,000-0hm control, reverse audio taper.
R3s—5000-ohm control, linear taper.

Q:—2N1302 or equivalent.
Q4—TIC44, Texas Instruments.
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adjustment of the space between them (weight
control). Having control of weight is desirable
as unot all transmitters maintain a4 constant
weight from input to output. The dots are used
to form dashes by alternately filling in the space
between dots, resulting in dashes the proper
three units long, spaced by one unit. 1t will be
seen that the dot generator is *‘keyed,” that is,
it i3 inactive except when characters are being
generated. The advantage in this ix instant
response to the striking of a key.

The dot generator consists of 4 unijunction
transistor relaxation vscillator, ¢y (Fig. 1), with
an emitter follower, @2, to rveduce loading, a
eontrol gate, Gea, und a Schmitt trigger made
using Bia by applying positive feedback from
the output of the inverter section via 2. ‘There
are two outputs of the dot generator, both taken
from the Sehmitt trigger: (1) from the NoR gate
output, positive-going on the leading cdges of
the dots, and (2) from the amplifier section,
negative-going on the leading edges.

In the idle state, (' is charged via [2\—[s to
nearly 17, (43.9 volts). At this time the emitter
of Q1 does not, conduct. as its Base 1 hasa “high”
applied from (Gaa. @2, the emitter follower, is
conducting as a result of the positive voltage
applied to its base from the charged 4. The
conduction of (s causes a positive voltage to
appeuar al the arm of 23, the weight control, and
this is applied to the input of the Schmitt trigger.
As this level is above the trigger point of the
Schmitt, the latter's outputs are “low” at the
output of the Nor gate scection and high at the
output of the amplifier section.

When a key is pressed, the output of Gaa
changes from high to low by an action yet to be

14

Inside view of Touch-
coder Il, showing the
bottom side of the key-
board in the fore-
ground. The upright
punched board at the
top left is the power
supply. The printed-
circuit board at its
right contains the com-
ponents shown in Fig. T,
with the four dual flip-
flops in the lower row.
The reed relay is at
the right-hand end of
the board.

described. With a low at Base 1 of (9, the emitter
fires, discharging 'y quickly through the low
resistance path of Gaa to ground. (2 veduces
conduction, lowering the voltage upplied o
the Schmitt below its trigger point, causing it
to change state. The NOR gate output of the
Schmitt, now high, drives the output of 88 NOR
gate low, which in turn drives the ouiput of
(iop high, turning on relay driver (3, energizing
K and starting the dot at the output.

As soon as !y has discharged, which is almost
instantaneously, it begins recharging relatively
slowly through Ry-£9 at an expouential rate.
As the voltage on ¢!y increasesx, ()2 beging in-
creasing conduction, raising the level applied to
the Schmitt trigger from the arm of fz and
eventually reaching the trigger point, causing the
Schmitt to snap back to its original state and
release K, ending the dot. (1 continues charging
until its level reaches the peask-point voltage of
the UJT, @y, «t which time the emitter tires again
and the eyele repeats. Proper adjustmeunt of the
weight pot, R3, will cause the space between dots
to be equal to the dot length.

Tho Dash Generator

The dash generator consists of FFx, Gue and
the NOR gate section of Bis. When no dushes are
called for, the output of Gac is high, resulting in
the S and C inputs of FFy being high and low
respectively, the condition for triggers to make
pin 7 of Bin has no effect, allowing normal dot
Hlow-through to K.

‘When dashes are called for the output of Gac
goes low, enabling FFg to toggle ou the leading
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edges of the dots applied to its T input from the
output of the Schmitt. The first dot toggles
high and K; energizes as with s dot. The end
of the first dot remouves the high from input
5 of Bis but leaves a high on input 7 from @
as FFy holds steady. Ky remains energized even
though the first dot ended. The start of the second
dot toggles @ back low, but now input 5 of Bip
is again high from the dot generator and A,
remains energized. At the end of the second dot,
inputs 5 and 7 of Bys are both low and K,
releases, ending the dash. At the beginning of
the third dot #FFg aguin toggles and the process
repeats, starting the second dash after one unit
xpace.

The Shift Register

The shift register and control circuit cousist of
flip-tlops FI'y through FF7, Gya, (B, Gic, Gon,
(#9p aud B)s. Triggering is from the output of
Bip which is the generated douts aud dashes,
uegative-going on the trailing edges. The register
is wired to shift from left. to right 1us shown on the
Jdiagram; therefore, anything set into the register
via its preset (Cp) inputs from the toroid matrix
will be shifted to the right one stage at a time
at the end of each generated dot or dash.

In the clear state ull Qs are high and all @s are
low. The (s of FFq through FF7 are connected
to inputs of Gha-G1B whose vutputs are in parallel,
making Gha-Gis into a 6-input Nor gate. As
all @s are now low, G1a-G'1B output is high which,
applied to Gic wired as an inverter makes its
output low and is applied to vne input of Gaa.
The other input of Gaa is from @ of FF,, also
low, resulting in the output of G=a being high and
preventing the dot generator from operating.

It can be seen that if the @ of any flip-flop in
the register is changed from low to high the out-
put of (2a will go low and enable the dot genera-
tor. The result of all this is that when any stage
or stages are set (loaded) by the toroid matrix
through the preset inputs the dot generator

Close-up of the board on
which the toroid transformers
and their loading resistors are
mounted. Wires from the code
keys are threaded through
the appropriate cores as de-
scribed in the text and Table I.
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will be enabled and will run until all high Qs
have been shifted out of the register.

The Toroid Matrix

The purpose of the matrix is to isolate the
key-switches of the keyboard from each other
and allow each to set the appropriate stage or
combination of stages in the register necessary
to generate the character assigned. The use of
diodes is one popular way of doing this, but
requires a large number of them — about 125 if
used with the particular shift register in this
keyer and as many as over 200 with some other
schemes.

In Touchcoder IT the use of diodes has been
eliminated by using seveu ferrite toroidal-core
transformers, one for each stage in the register,
with the secondary winding of each connected
to the preset input of its associated flip-flop.
The primaries of these transformers are merely
wires passing through the hole in the toroid.
There is u separate wire for each of the keys used
on the keyboard, und each passes through the
toroids necessary to set the stages for the char-
acter of the associated key. The resistors bridging
the secondaries provide loading to prevent false
triggering. Incidentally, these cores are not the
same as ‘memory cores,”’ which are capable of
retaining magnetism, but are the type used for
radio-frequency applications.

With the keyer at rest, (s has charged to V.
through /4. The gate of Q4, u silicon controlled
rectifier, has u high applied from Ghs through
R, enabling the SCR to conduct when a key is
pressed. The wires comprising the primaries
of the transformers are ull connected to the
cathode of the SCR at one end and to the key
switches of the keybourd at. the other. The other
sides of the key switches are cotnected to ground.
When a key »witch is closed, v quickly dis-
charges to ground via Qg and the wire associated
with the key. The discharge results in a relatively-
high current pulse through the wire, producing
a pulse in the secondary winding of each toroid
it pasres through and setting the associated flip-
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Fig. 2—Touchcoder I power supply. All capacitances
are in microfarads (uf.).

€y, Cz2, Ca—Disk ceramic.

C4—5000-4f., 10 volts (Sprague 39D508G010HP4).

Cs—2000-pf., 6 volts (Sprague 39D208G006GJ4).

CR1-CR4, inc.-Silicon, 1 amp. 50 p.r.v. {IN4001 or
equivalent].

flops (making their (s go high). The setting of
any stage canses the output of Gaa to go low and
remain low until the register is aguin clear,
therefore the gate of ()4 becomes low also. When
€'y has discharged, the current through @4 is
below its maintaining level and with the low vn
its gate it cuts off, ullowing Cs to recharge through
Ra. )3 will not be able to ennduct again until the
register is cleared and Gaa goes high. This locks
out the keyboard and prevents any effect from
key closwre during character generation, (3
tilters small spikes from reaching the gate of Qq.

The Output Circuit

The output circuit consists of relay K and its
driver, 3. The relay is & reed tvpe, which is
eapable of very fast operation with negligible
bounce. [t has a 200-ohm coil and operates from
the 6.5-volt unregulated output of the power
supply. €I’y protects @3 by shunting the high-
voltage spike developed by the collapse of the
relay-winding tield.

Those who prefer transistor to relay keying
can use the alternative output cireuit shown in
Fig. 4. From recent tests on the uir it appears
that the trausistor gives somewhat better keying
than the relay. The Fairchild 2N 4888 is specitied
as that is what the writer is using, but probably
almost uny other high-voltage p-n-p transistor
would work as well.

The Power Supply

The power supply used with this keyer, Fig. 22,
i both simple and inexpensive. [t provides the
6.5 volts for the relay and 3.9 volts for the rest
of the circuit. Although the nominal voltage
recommended for the [Cs is 3.6, the writer
prefers the slightly higher 3.9, which is still
within the maunufacturer’s ratings. Totul current
drawn by the LCs is around 209 milliamperes.
The power supply should not be operated with-~
out a load on the 3.9-volt output as the dissipa-
tion ruting of the Zener diode could be exceeded.

Character Generation

There are several ways in which a shift
register wud associated logic can be arranged to
generate characters. The particular scheme used
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CRs—Zener, 3.9 volts, | watt (IN4730 or equivalent],
Pi—Fused a.c. plug, ¥2 amp.

Ri—Two 15-ohm 1-watt resistors in parallel.

S1—S.p.s.t. toggle.

Ti— 6.3 volts, 0.6 amp. (Thordarson 21F21 or equivalent).

in this keyer wus suggested to the writer by

Jim Ricks, WITQ, and seems to be ane of the

best from a simplicity and component-count

standpoint.

The rules for generating characters are:

1) Setting any stage (making () high) will result
in the generation of dots, the number depend-
ing on the stage sef.

2) If FFy und any other stage or stages are set,
a dash will result.

3) When FFyonly is set, a dot will be generated,
but will be inhibited from keying the output
relay. This gives automatic spacing between
letters.

From the earlier explanation of shift register
operation, it was scen that each trigger applied
to the shift register shifts the state of each stage
down the line — from FF; toward FFy, left to
right in the diagram. For the purpose of the
explanations to follow, remember we are consi-
dering a stage as ‘“clear’” when its ) ouiput is
Iow and as “set’’ when its @) is high; the complete
register is ““clear” when all Q's are low and “set”’
when the ¢ of one or more stages is high.

The Character Generation Chart, T'able 1,
shows which toroids to pass the wire through for
euch kevboard charucter. A couple of examples
should suffice to show the vperation of the com-
plete keyer.

Making the letter S: Striking the S key on the
keyboard discharges (2 through @4 via u wire
passing through 7's and the closed S key switch
to ground. A pulse is developed in the secoudary
of T4, setting FF4. Gaa output goes low, locking
out the keybourd and turning on the dot gener-
ator. At the start of the first dot A, is energized
and Bis vutput goes high. At the end of the dot.
K, is de-cnergized and B output goes low,
triggering the shift register and resulting in #'Fy
clearing and FF3 setting. At the beginning of the
second dot Ky agaiu energizes and Bis goes high;
the end of the dot de-energizes Ay and Bs
goes low, uguin triggering the register and causing
1173 to clear and I'f7s to set. The third dot starts
and stops, resulting in A; operating as before
and #ly elearing and FFy seiting. ‘The 8 is
now complete, but the shift register is not yet
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Table I

Character Generation Chart

Character Ty Te Ty Ta Tz To Ti
A X X
B X X
> X X X
D X X
I X
F X X
G X X X
H X
I X
J X X X X
K X X X
L X X
M X X X
N X X
0 X X X X
P X X X
Q X X X
R X X
5 X
T X X
U X X
\' X X
W X X X
X X X X
Y X X X X
Z X X X
1 X X X X X
2 X X X X
"3 X X X
4 X X
5 x
6 X X
7 X X X
S X X X X
9 X X X X X
(5 K X K X XK X
Period X X X X
Comma X X X X X
Quote () X X X
e X A X
AR X X X
s X X X
VA X X X
BT X X X
% indicates the toroids the key-switch
wires pass through for each character on
the_keyboard.

clear. The fourth dot is generated, but K is
inhibited from operation as Gia-Ghs output is
now high since no stage FFa through FIF'; is
set, resulting iu a high applied to one input of
Gop and preveniing it8 output from going high
to turn @3 on. This “silent” fourth dot, with
its unit space before and after, provides the
three-unit space between letters. At the end of
the fourth dot the output of Bip goes low,
triggering F Iy clear. With all stages in the register
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again clear, the output of Gaa goes high; stopping
the dot generator and applying a high to the
gate of ()4, which reenables the keyboard for the
next character. Note that if the key-switch had
been held closed, @4 would again allow C: to
discharge and another letter S would be gener-
ated.

Making the letter C: (Refer to Keyer Wave-
form Chart, Fig. 3) Striking the C key dis-
charges C: through a wire passing through
Ty, Tz and Ty, setting I'Fy, FF3 and FFs. As
FF{ and other stuges are set, a dash will be
generated; this resulls from (aa's low starting
the dot. generator, and Gag, with a low on both
inputs, driving Gec vutput, low, enabling FFg Lo
couvert two dots and the space between into
a dash. At the end of the dash the shift register
is triggered, resulting in I'Fs und FF4 being set.
As FF, is now clear, the output of (fac iz again
high and FFg is no longer enabled to make u
dash, so a dot is passed through. At the end of
the dot, the register is again triggered, resulting
in FF, and FF; set, which calls for a dash again,
and it is passed through. At the end of the dash,
the register is triggered, resulting in only F['s set,
which calls for a dot, and it is passed through.
The end of the dot completes the letter C, but
its end resulted in FF, being set, causing the
“silent’” dot to be generated, providing proper
space before the next letter,

Construction

The diagram of the keyer as shown is complete
except for the wiring of the voltage supply to the
1C packages. In each case, the positive side of
the 3.9-volt supply is connected to pin 11 and the
negative side {ground) to pin 4.

Construction of the keyer is not especially dif-
ficult using point-to-point wiring, but is easier if
a printed circuit board is used. KKenneth Wadlow,
W4GX," plans Lo make some printed circuit
hoards for this keyer and, if so, they should be
available from him. The use of sockets for the
ICs is highly recommended, us there is little
pleasure in trying to unsolder fourteen pins si-
multaneously when an IC is suspected of heiug
defective. The most economical sockets the writ-
er has found are those listed in the Newark Llec-
tronies Corporation industrial catalog as the
‘*Alcon” brand for 40 cents each.

It is recommended that the specified parts be
used. The writer has no information regarding
substitution of surplus 1Cs or cores and it is
doubtful that such substitution would greatly
affect. the cost of the complete keyer.

The ICs are a little hardier than they are
usually given eredit for being and will take a fair
amount of punishment without damage; however,
they can be ruined quickly by application of a
stiff source of voltage to an output that is in the
low state. Application of 'cc to inputs results in
no damage and is quite normal in certain cases
as, for instance, where s permanent high input
is desired such as at the S input of #FF7 in the
diagram,

14 1566 Old Hickory Road, Memphis, Tenn. 38116
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Table II

Level Chart
Levels to be Expected at Designated
Points when Keyer is in Idle

Condition.
Component Terminal Level
FFy through
FFq Q high

0 low

S high

[ low
FF, through FFy T low
FFg T high
(f1a, GhB, Gaa,
(72c, B1B NOR Output  high
()1 emitter, Q4
anode & cathode above 3.5 V.
Ghc, Gas, Gap,
Bia NOR Output low
K3 Arm 0.8-1.1V.
Voo 3.9 V.
“High" indicates greater than 1 volt.
“Low’” indicates less than 0.3 volt.

Before winding the ten turns of No. 30 wire
on the toroidal cores it is best to coal the cores
with varnish or some kind of dope, as it was no-
ticed that the bare cores seemed to have an abra-
sive effect on the insulating coating of the wire
and resulted in electrical cuntact between the
winding and uncoated core. The direction of
winding turns on the secondaries and direction
of the primary wire passing through the cores
should be observed for proper initial polarity to
the preset terminals. In passing the wires through
the cores to the keyboard, it is not necessary to
space them out from the cores they do not. pass
through — they can lie right against the outside
edge and huve no effect. As can be seen in the
photugraph, the cores are lined up axially,
spaced about 3% inch apari, vn a separate board
attached to the keyboard. They are fastened by
a dot of glue under each.

The UJT relaxation oscillator is working at a
rather low supply voltage for such a device und
there is the possibility that certain 2N2646’s
picked al random may not operate properly. If
this should happen, try another 2N2646. The
writer has used this dot generator in a fair num-
her of regular keyers and has had little trouble
finding satisfactory ones. Also, if the 2N388
emitter follower, (Jy, has low beta, the action of
the UJT will be impaired due to loading.

The keyboard should have from 45 to 50 keys,
depending on how mauny special characiers are
desired. Fairly good contacts are essential as pour
unes can result in oceasional incorrect characters.
(ommercial kev switches investigated by the
writer cost between $1.20 and $3.25 each, mak-
ing a keyboard using them rather expensive.
Some constructors have used standard push but-
tons and have been rather disappointed with the
result, while others have used old tvpewriters by
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installing switch contacts actuated by the keys.
The keyboard used by the writer is one built by
William J. Hawkins.!® It consists of a metal
panel to which flat springs are attached on the
underside, with the ends bent up through holes
to the top side and regular typewriter keycaps
attached with epoxy glue. Under the metal panel
is spaced a fiberboard panel with contacts
matching the key springs above. When a key is
pressed the Hat spring touches the matching
voutact below.

Choice of a case for the keyer is up to the
builder’s ingenuity. One of the writer’s is in one
made of sheet aluminum and the other is housed
in the shell of an old IBM cardpunch keybourd.

The relay used is one of the reed type and its
contacts are desigued for moderate voltage and
fairly low current. It is excellent when used with
modern transmitters using grid-block keying. [t
is important, however, that no capacitor be used
directly across the trausmitter keying leads as it
may cause sticking of the contacts. If that should
ocveur, they usually can be broken loose by tap-
ping the body of the relay with a pencil. If some
capacitance is necessary, u resistor should be
placed in series with it. One more precaution is
that the reed switch contact terminals should not
be bent or distorted as that can affect its perfor-
mance.

KEY CLOSURE

t—C—r A =T

SCR CURRENT ...k A .

FF5 § 1 SR
FF4 & I ST

£r3 @ PN i S e S R O —
FF2 Q — T LT L
FF1 4 JURE po S s U Y e
6ZA OUT 1 i !

Q1 EMITTER """1,/”/1/1,/1_4'/1/1/1/1/1 A1
FF8 TRIGGER  ~ [T LML d

FFB S INPUT T T | I— B R
¥F8.Q

81A NOR OUT
B18 NOR OUT
FF1-FF7 TRIG.
GIA-G1B OUTPUT
KEYER OUTPUT

Fig. 3—Waveform chart for the word *'cat.”

Troubleshooting

Upon compleiion of construetion, check wiring
against the diagram. Set the speed control near
top speed (minimum resistance) and the weight
control near center. Apply power, and while
holding a key down, vary the weight control
slowly both ways; the control has a wide range
#nd the keyver will not operate aver it all. A range
should be found where the keyer will operate and
he adjustable to proper weight.

If trouble is encountered, the Level Chart, Ta-
ble I1, should help in tracking it down. An ordi-
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nary 20,000-ohms-per-volt v.o.m. is sufficient for
measuring almost any steady-state voltage in the
keyer. Without a high-performance oscilloscope,
it is difficult to see the output of the matrix
toroidal transformers as it is a single cycle dis-
torted sine wave of a frequency about 125 kHaz.
and with 4 peak amplitude of about 3 volts, de-
pending on how many cores the particular pri-
mary wire exciting it passes through.

R.f. troubles, sometimes the curse of ICs,
show up vuly when keying the transmitter with
the final on, of course, and cause very erratic
operation. $hielding of the keying lead, addi-
tional bypassing of the power leads and getting
rid of floating r.f. in the shack may help. The
portion of the circuit most susceptible to r.f.
secems to be the Schmitt trigger, and in particular
the lead to it from the weight-pot arm. In ex-
treme cases it may be necessary to run the lead
in shielded wire and even install a 1000-ohm
T4- or li-walt resistor in series with it right at
the input to Bja. Bypassing that lead is not ef-
fective as it prevents proper operation of the
Schmitt. With short leads hetween the weight
pot and Bja, shielding should not be necessary.
The toroids and the leads from them to the flip~
flops do not seem to he particularly sensitive to
r.f.

(One unexpected trouble that showed up in the
writer's unit was caused by keying a relatively
high level of 250 volts. The cure was found to be
adding a 470-ohm resistor in series right at the
relay contact terminal. Keying voltages some-
what less had no bad effects.

One trick particularly helpful in tracing trouble
is to slow the kever down to a bare crawl by
paralleling €y with 50 to 100 uf. This gives ample
time to check the action of various parts of the
eireuit, even with a voltmeter. Almost any d.c.-
coupled scoupe is suitable for observing the wave-
forms almost anywhere in the keyer except at the
presets or the current waveform of the primary
wires.

A monitor of some kind is verv helpful when
testing the keyer as it is difficult to tell what is
coming out by listening to relay clatier; it can
fool you.

T0 03
O- GRID BLOCK
KEYING
+LEADS OF
AMTR

Fig. 4—Transistor keying, alternative to relay shown in
Fig. 1. Resistors are V2 watt,

CR2, CRa—Silicon, ratings not critical.

Qp—P-n-p, 150-volt (BVceo) rating (Fairchild 2N4888

or 105-voli 2N398).
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Waveforms recorded on a four-trace oscilloscope. Top

row: Waveform at emitter of Q1. Second row: Output of

Schmitt trigger, pin 12 of BiA. Third row: Waveform at

Q output (pin 8) of FFr. Bottom row: Output of Gzp
(drive for Q3),""QST” at slow speed.

Similar to slow-speed waveform display, but sending
letter "F"" at 240 words per minute,

Waveform at secondary of Tz (top) and across a 5-ohm
resistor in series with the primary wire exciting T2. Vertical
scale 0.5 volt per cm.; horizontal scale 2 usec. per cm,

Operation

It is a rather strange feeling when first using a
code typewriter to tind that the correct code
characters ¢come out with the mere touch of a
key. If the user is fairly good at touch typing, it
doesn’t. take long to be sending very respectable
code; however, the ‘ hunt-and-peck’ artist may
have a little more trouble. While the text books
on touch typing recommend a steady rhythm in
striking the keys, this simply won’t do on a code
typer. As the code characters are of various
lengths, such as the very short one for the letter
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“e” and the vevy long one for the digit’“(,” the
operator must listen to the code eoming out and
adjust the rhythm accordingly, hastening to the
next character following the short ones and paus-
ing for the lonzer ones to clear. As the keyboard
is locked out during character transmission, the
operator can be holding the next key down while
awaiting completion of the previous one. As men-
tioned before, holding a key down will result in
the character repeating, which is an aid in send-
ing double letters such as **ff,”" “o0,’ ete., al-
though holding for “ee’’ becomes rather tricky at
high speed.

In rezard to high speed, this keyer and the
previous model constructed by the writer have
been tested at approximately 150 w.p.m. (604
dots per second) by holding various keys and ob-
serving the ontput on an oxcilloscope. Of course,
it is necessary to change the speed limiting re-
sistor, f2s, to obtain this spced. With the value

shown in the diagram, top speed is around G0
w.p.m., but can be increused by decreasing the
value of I, ulthough it should not be reduced to
a value too low for proper operation of the dot
generator.

No “memory” is provided in this keyer al-
though one capable of storing several characlers
could have a beneficial etfect in smoothing out
the flow of code by reducing the timing require-
ments place:f on the operator. The development
of a simple und inexpensive memory bank wonld
be an interesting project.

The writer would like to express his apprecia-
tion to Jim Ricks, WOTO, for the scheme used in
the shift register character generator and for the
ideas gleaned from correspondence and on-the-
air discussions with him and WOEPV, W6GIH,
WAGX, W3UCT, W8CV, WECQB and others,
and to George Clark for the photographic work.
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A Coaxial=Line Matcher for V.h.f. Use

BY ROBERT D. SHRINER,* WAGUZO

and maximum received signal from it is an

objective of all radio amateurs. This be-
comes harder as we go higher in frequency,
and many of us have encountered this problem
recently in eonnection with v.h.f. repeaters, which
often have high antennas and long feedlines.
Theoretical values for line loss can be obtained
from tables supplicd by makers of couxial lines,
but these figures assume new line, terminated
in its characteristic impedance. The usual ama-
teur installation is less than perfect on both
counts.

let us review an actual case. A repeater
system on 146.94 MHz. indicated 22 watts going
into the line ait the transmitter end, but only
5.5 watts when measured hetween the line and
ihe antenna itself. There was a reflected-power
reading of 18 percent atl the antenna end, so the
true loss was even worse than the indicated 16.5
watts. In any event, at least 70 percent of our
trunsmitler power was going into heating up
the coux. Worse yet, this same loss was applied to
received signals, resulting in u very severe re-
duction in repeater etfectiveness.

'The matching device deseribed here was then
inserted at the antenna, and adjusted for zero
retliccted power. The forwurd power then read
10 watts; still not good for a 75-foot. run of line,
but a 3-db. improvement over what was obtained
without the matcher. A similar improvement was
effected in received-signal strength with the
matcher in the line.

GQTTING maximum power into the antenna,

’_;_Pz_;‘Box 969, Pueblo, Colorado 31002.
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To check the true performance of your trans-
mission line, meuasure the power going into it
when it is terminated in a pertectly-matched load.
Something like the Heath Cantenna is good
enough, up to at leust 150 Me. Then measure the
power between the line and the load. The differ-
ence is your line loss. It can be us little us 1 db.
per 100 feet with really good coax, and good
RG-8/U should be only 2.5 db. A small mismatch
will not raise this significantly — but the irouble
is that the mismatch is usually much worse than
vou think, if you measure the s.w.r. ut the
transmitter end of the line.

&0 do not be surprised at losses of 50 percent or
more in v.h.I. feedlines. If you have excessive
loss due to mismatch, this matching device will
eliminate such loss. The remaining loss will be
that inherent in the line itself — which is bad
enough!

The dimensions given in Fig. I are for use in
2-meter work, and are not particularly eritical.
The dimensions and capacitor values can be
sealed down for use on 220 or 432 MHz. The small
variable capuacitors are suitable for power levels
up to 100 watls or so. lor reasonable safety
factor with high power use a wider plate spacing,
particularly with amplitude-modulated service.

To adjust the matcher, connect it between the
line and the antenna, or an electrical half-wave-
length away tfrom the autenna. Start with ull
cupucitors at minimum setting, and adjust each
one for lowest reflected-power reading in a bridge
connected between the matcher and the main
run of line. Some capacitors will have little or
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i/4" HOLE
4 PLACES.

" DETAIL® END OF
FEEDLINE -

Fig. 1—Details of the coaxial-line matcher by WAQUZO.
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Fig. 2.---Schematic diagram of the matcher.
C1-C3, inc.—2.7-20 pf. variable capacitors (E.F. Johnson

160-110)\
41-J2—50-239 connector.

no effect. Return any showing no change to
minimum setting, before adjusting the next.

The matcher case should be suldered together
at all overlaupping surfaces, and the ecapacitor
shafts’ mounting hardware and adjacent surfaces
of the matcher coated with liquid rubber or
other water-proofing cement.
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In nearly all installations where the matcher
has been tried there has been a marked improve-
ment in results, both transmitting and receiving.
In no case, has its insertion resulted in a loss.

A similar matcher, designed for mounting in a
rectangular box, was deseribed by W3GKP, in
QST for September, 1968, a5+
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® Beginner and Nowice

80- And 40-Meter
Listening With

A Transistor

BC Set

BY LEWIS G. McCOY,* WI1ICP

TO S2 e

praphs and in Fig. | consists of converter

that tunes 80 and 40 meters and a “ cheapy ™’
transistor broandcast-band receiver. ‘The converter
is inductively coupled to the BC set which meuns
that no modifications of any kind are needed on
the BC setf. 1t shonld be immediately pointed
out that this little receiver is not designed for
communications but rather as u simple unit that
will permit the builder to tine in ¢.w. aud phone
signals and thereby familiarize himself with
eupying code and amateur techniques.

TuE 80/-10-meter receiver shown in the photo-

Converter Details

Before uctually discussing the converter cir-
cuit, let's see how a converter works to hring in
ham signals on a broadeast set. Fig. 1 is a block
diagram of a converter showing a signal coming
into the mixer at 3700 kHz. This signal is mixed
in the mixer stage along with a signal from a
tunable oscillator at 4700 kHz. These two signals
“heat” agaiust each other producing u third
signal at 1000 kHz. Actually, both the sum aund
difference frequencies are produced by the mix-
ing action, the one at 1000 kHz., which is the
difference, and aunother at 8400 kHz., which is
the sum. However, we are only interested in the
ane at 1000 kHz. ‘Thissignal is fed into the broad-
cast sel. which is tuned to 1000 k}z. and then
amplified in the normal manner.

As we tnne the oscillator through its range,
the different frequencies throughout the bands

* Novice Editor

Cheap transistor radios are easy to
get. Here is a simple converter using
transistors that converts one of these
radios into a poor man's 80- and 40.-
meter receiver.
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T0 CI
Ji F+STATOR

/""LZE

TGO
K& Sl

T0
L4

TO STATOR
8,09

Template for printed circuit board, showing component
placement. Arrows indicate connections to switches and
variable capacitors mounted on plate.

are converted to 1000 kHz. and amplified. A
little figuring will ~show that if our oscillator
vovers 4500 to 6300 kHz. we cau convert signals
tor 80 and 10 meters to 000 kHz. to be fed to the
BC set.

Referring to Fig. 2, Qr is an ¥ET mixer, the
iuput cirenit cousisting of LiLe and €. (Y is a
maodified variable eapacitor with a maximum
capacitance of approximately 160 pf., adequate

QST for



1o cover 3.5~ to 7.5 MHz. with the inductance of
L. (Qa is the oscillator. C's and Cg are the bandset
and bandspread capacitors, also madified units.

Output from the mixer is fed to Lz and Cia.
Is is a vari-loopstick which is a slug-tuned coil
and along with (’;3 can be resonated at 1000
kHz. When L; is mounted snywhere within a
few iuches of the loopstick antenna in the broad-
cast receiver, sufficient. coupling is obtained for
short-wave signals to be heard.

Also included with the converter is a beat-
frequency oscillator which provides a b.f.o. for
copying c.w. and s.s.b. signals. @2 is the b.f.o.
and (7, (e and Lg consist of the b.f.o. tuned
circuit, resonant at 455 kHz.

Construction Information

The entire converter and b.f.o. assembly is
mounted on a printed-cirenit board. The three
variable capacitors, the anienna terminal, and
Sy and 89 are mounted on a piece of aluminum
which is mounted on standotfs above the printed
cirenit hoard. The entire assembly is then in-
stalled, along with the h.c. set in a plastie card
file box, as shown in one of the photographs.

On the opposite page i3 a template of the
printed-circuit board, exact size as used in the
unit shown, and in red is a drawing showing the
mounting points for the various components.

As the three variable capacitors come from
the radio store they have too much eapacitance
for our purposes. However, it is an easy matter
to modify them. Open the rotor of one of the
units wide open. Take a pair of long-nose pliers
and carefully bend the rear rotor plate back and
forth with the pliers until it breaks loose and
then remove it. o this with each succeeding
pluate until there are six rotor plates left on two
of the capacitors. On the third capacitor, remove
all but two rotor plates. This capacitor will be
'y, the bandspread capucitor.

In wiring the circuit board, use one of the
pencil-type irons as the bigger irons are too diffi-
cult to use for this type of work. Also, when sol-
dering the leads of the transistors, use a1 heat
sink on the lead being soldered so 0o much heat
doesn't ruin the transistor.

As to making the printed-circuit board, you'll
find many kits listed in distributors' catulogs
and any of these are suitable for the job.

As can be seen from one of the photos, a small
hracket is made up to fit inside the card-file box.
The bracket is made just loose enough so the

ANT.

1000kHz.

MIXER |—pomeTO B.C. SET
TUNED TO
1000 kHz,

3700 hHa,|

0sC.
4700
kHz,

Fig. 1—Block diagram showing mixing process.
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Here is the card file box with the receiver and converter

mounted inside. The front of the receiver faces the outside

of the box so that the receiver back is against the con-
verter assembly.

broadeast set. can be slid in or out. with the back
of the set facing the inside of the box. W hen the
converter assembly is slid inside the box, along
with the BC set, the vari-loopstick coil, /s, will
he parallel to the BC set loopstick as mentioned
previously, we found that the two coils didn’t
need to be too close together to get adequate
coupling, they can be several inches apart. The
h.f.0. coil also doesn’t need to be real close in
order to get enough b.f.o. pickup.

Tune-up and Adjustment

Once the unit is wired, put an antenna on Jy,
a wire about 30 feet long shounld be adequate.
Turn on the converter aud BC set, and then tune
(s to near minimum capacitance. Tune the BC
set to anywhere near 1000 kHz. where there isn’t
a BC station coming in. Next tune ('; near mini-
mum capacitance for a peak in the background
noise, and then tune 'q through its range and
vou should hear short-wave signals and they
should be in the vicinity of the 40-meter band.
[t may take a couple of settings of ('x to find the
band but the setting for 40 meters will be near
the minimum capacitance setting of (‘q. It will
be easiest finding the phone band, which runs
7200 to 7300 kHz. Also, you may find a phone
station that signs CHU. This is the Canadian
time-signal station and they send ‘““heeps’ every
second and then identify at 10 seconds before
each minute both in English and French. This
station is at 7335 kHz., just above the high end
of the 40-meter band. Once you locate the 40-
meter band you can make a mark on the panel
for the setting of Cs.
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3.5-7.3 MHz,

Ji L
ANT. [
4.5~6.3MHz,
L4

=

£ 7
S

EXCEPT AS INDICATED, DECIMAL VALUES OF
CAPACITANCE ARE IN MICROFARADS (pl.);
OTHERS ARE IN PICOFARADS { pl. OR puf);
RESISTANCES ARE IN OHMS; K = {000,

fig. 2—Circuit diagram of converter and b.f.o. All

resistances are in ohms, all resistors are 2 watt. Com-

ponent designations not listed below are for placement
information.

Bi1—9-volt transistor battery.

Ci, Cs, Cu—Modified single-gang midget t.r.f. type
variables, 365 pf. before modif.cation (Lafayette
Radio 32H1103).

C:, Ca, C4, C7—0.01-uf. disk ceramic.

Cs, Cs, Cro, Ci1, Ci2, Ciz—Silver mica.

Ji—Phono jack or terminal. .

L1—8 turns No. 24 enamel close-wound over L2.

_jgca  1000kHz.
Lot Ls
220
Ci3

TO
CHASSIS
GHOUND

L2~36-inch length of No. 24 enamel, close-wound on
Anidon® T-68-2 toroid core, 44 turns total.

L3—12 turns of No. 24 enamel wound over Ly to occupy
entire circumference of the core; observe polarity.

Ls—Same as /2.

Ls—Loopstick (Lafayette Radio 32H4106).

Ls—66-114 uh., slug tuned (Miller 4511 or Lafayette,
34H3770).

Qi, Q2, Q:—HEP 802, MPF102 (Motorola).

RFCy—2.5-mh. r.f. choke.

51, S2—Single-pole, single-throw slide switch.

* Amidon Associates, 12033 Otsego St., North Hollywood,

Calif. 91607

This view shows the parts arrangements on the components side of the printed circuit board. As mentioned in the text, be
sure to use a pencil-type soidering iron when mounting the components on the board.
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Note the bracket in the card
file box that holds the receiver
securely. Thesize ofthe bracket
will depend on the size of the
receiver you purchase,

Now set. (' near maximum capacitance, re-
peak C; for noise and use the same techniques
for locating rhe K0-meter band. The phone
portion of 80 runs from 3800 to 300 ke. If you
are doing this during daylight hours you may
not hear any activity on 80 meters so set up 80
after dark, when the band is open.

Lf for some reason, you don’t hear any signals
on these initials tests on either band, it could be
that the “tickler’ eoil of the uvscillator, Ly, is
eonnected backwards. This meaus that youshould
remove the ground connection on Ly and con-
neet it to the drain of @o and ground the lead
that was previously on the drain conneection.

After you have tuned a signal in on either band,

Evolution of the DeForest Honeycomb
coil mount.

Here, from left to right, are the three major steps
in developing the well-known Honeycomb-coil
mount. Robert F. Gowen, formerly Chief Engineer
of the DeForest Company conceived the idea
of three coils on hinged supports and came up
with the crude result shown on the left. It worked
sufficiently well to justify pursuing the idea. Next
came the advanced model shown in the center.
The coils are wrapped with cloth tape. All three
coils in both models are tapped. Presumably,
Gowan was not satisfied with the switch arrange-
ment and wisely went to plug-in coils of low-loss
construction. The final result is the well-known
arrangement that most old timers are familiar with.
—WI1ANA
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?

From the Museum of Amateur Radio

and with the BC set tuned to 1000 kHz., adjust
the slug in 1; for maximum signal strength (by
loudness) aud leave it there. T'o adjust the b.f.o.
eoil, tune in a signal and then adjust the slug in
the b.f.0. coil to the point. where yvou hear a beat
note on the signal and then leave the slug set at
that point. In order 1o copy c.w. signals yon'll
have to turn on the b.f.o. swifch.

As we mentioned earlier, the ¢ombination of
the converter and BC set won't make a good
communications receiver but it is an economical
method of making a receiver that will tune in
both phone and c.w. signals for getting familiar
with ham signals and learning the code.

G #IG 4264 IGCRIGCRIGCHIGCHITRICHRITHRITHIGCHIGHICHIICHIGTHRIG D

CHRICRICRI CRID I CRI CHRI RO CHRI CHRI RO CRIO CHRI RO RO CHAI CHRI CHRIO RO RO CRD LS RS CRI TR IO TR IO RO TR IO RO I R

July 1969

25



The Alpha Special

An All-band Perimeter-type
Horizontal Antenna
for Mobile Operation

The Alpha Special mobile antenna in use on 40 meters.
The author has experienced great success with this system,

BY ALLAN W. PORSCH,* W3NFT

ne
“A full /4 on 20 meters? What's it like?”
These are some of the comments I get over
the air with the Alpha Speciul mobile untenna.
Here's your chance to convince your XYL (or
YT,) that ull mobile untennas don't have to be
unattractive or objectionable, and at the same
time you'll be happy with this perimeter-type,
high-performance mobile antenna.

I can't visualize a 3\/4 15-meter horizontal.”

Objectives

Having the desire to improve on the vertical
loaded whip, and inspired by the Clonnecticut
Longhorn,! 1 set forth a number of design objec-
tives for this antenna.

1) 1t had to be eusy to garage; this eliminated
any take-down or fold-over features.

2) There could be absolutely no front visual
ubstructions, to eliminate any potential safety
hazard to driving. This automatically limited the
forward mast section to the cowl.

3) The design should eliminate or drastically
reduce losses from an r.f.-consuming loading coil,
in order to get the maximum amount of radiating
swrface.

4) The roof-top area of my station wagon had
to be completely free of any obstructions, to
enable mounting of two large canvas-covered
luggage racks.

5) The system should have some uaesthetic
appeal for the XYL, and have minimum wind
resistance.

After a number of sketches and some prelim-
inary mechanical layouts were made, I tinally
hit ou the idea of a ‘“‘perimeter’ arrangement
which met all the five objectives originally set
forth. The photos show what finally evolved, and
Kig. U gives the electrical drawing. The total
length of the uutenna is about 28 feet.

"% R.D. 2, Sylvan Heights, Emporium, Pa. 15834,

! Pfeiffer, '* The Cunnecticut Longhorn,"” QNT, August,

1967,
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“TROMBONE"® SECTION
REPLACES LB FOR
14-MHz. OPERATION

RG-38/U

Fig. 1 —Electrical diagram of the Alpha Special
mobile antenna.

System Arrangement

The Alpha system is resonated at an vdd num-
ber of electrical quarter-wavelengths by three
loading coils placed st different points in Lhe
system. The coils are changed or left open, as
appropriate for the band in use. For 20-meter
operation, Ly is replaced with an adjustuble
“trombone ™ section which electrically looks like
u variable capacitor. "The tip of the antenna is
adjustable in length for fine-tuning to exact
vesonance. Table I shows the coil arrangements
I use for each of the tive buuds covered by the
antenna, and Table II shows the coil design data.

.4 wids in getting better than a 1.1:1 s.w.r.,
providing for easy loading and good efficiency of
all transceivers. For 10, 15, and 10 meters, Ln
is o “‘shorting” bar consisting of a small length
of aluminum strap or wire. For 75, 40, and 15
meters, L¢ is a small coil. For 20 meters, L is u
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TABLE 1
Band Coil Placement Chart

Band LA { Ln Lo Tip Length (Approx.)
10 I ] Short Open ———
15 i short L 13 inches
20 Ly Trombone Short. 16 inches
40 I Short Le 27 inches (7250 kHz.)
w5 Lz l.4 L 28 inches (3950 k2. )
TABLE II
Coil Design Chart
F . A0.G.
o Inductance ) Turns Per | Dia. ol T
Coil uh. i Turns Inch IIIC/I,C"S lf".sz (o1l Stock
\ l ] Size
Iy 0.079 ‘ 4 16 B&W Miniduetor 3009 or equiv.
Lo 0.14 ! 4 16 B&W Miniductor 3004 or equiv.
Ly 0.35 l 5 8 3 18 B&W Miniductor 3010 or equiv.
La 21.0 P28 10 2 16 Llumitronie Air-Dux 1610
Or equiv.
Ly 2.9 ) 10 18 Air-Dux 1210 or equiv.
Le 12.0 ‘ 1514 8 14 Air-Dux 2008 or equiv.

DRILLED
FOLYSTYRENE
FOD.

049 WALL

.~5/16" O.D. AL.TUBING

e 6061-T6 .058 WALL
/- N
~ HOSE CLAMP wor
9
\ . ; BEND ahy
T e H—
1 172" DIA. L7771 NSuPPORT FOR

TEFLON ROD ANTENNA 1720.0. AL. TUBING ~

TOTAL LENGTH OF ANTENNA APPROX. 28"

20 METER TROMBONE SECTION
APPROX
}"“‘vs" ‘!

= RN

] '/2" 'E

. 7
/16" 0.0~

7
o
AL. TUBING e oa

AL.TUBING

606I-T6 .058 WALL

HOSE CL AM
BODY TS LA
uounr‘( )

cow

Fig. 2—Mechanical details of the Alpha Special
antenna; drawing is not to scale. Supporting
clamps for the main element are home-made
from sheet aluminum.

July 1969

27

Y TN Y AAIY S e v hot  ws

L et iwrtiils I sl



Overall view of the antenna system. The four support

rods are insulated from the elements. The large Teflon

insulator to the rear, on the passenger side, is location Lp.
On the opposite side is Lc.

short, and for 10 meters is left open. The system,
withont L, resonates at about 28.825 MHaz.

For 75 meters, 1 use the regular 40-meter coil
for Lo and use a small coil at La. If a short were
used at Li, a large coil would be required at
L¢, although this would give better efficiency.

What’s the bandwidth like? Within the ar-
bitrary limits of 2:1 for the s.w.r., the following
was meastred.

Frequency
Band . Range, I:Hz,
5 15
40 50
20 220
15 210
10 650
Construction

Fig. 2 gives the mechanical layout of the un-
tenna. I‘hls layout should be taken ouly as a
guide, a8 each installation will be sumewhat
eustomized for the particular body configura-
tions. My installation was made ou a 1965 Olds-
mobile Vistacruiser station wagon. The long
upper deck of this model has no gutter, and
seemingly presented a serious mounting problem
for anchoring the wutenna. The final solution was
to permanenily mount (and paint to match)
three ¢ve hooks, just below the vista windows.
On these hooks I welded an L-shaped bracket
for fastening the antemna support rods. The
fourth support, between the vertical mast and
LR, is fasiened to the gutter with a gutter hook.
tt bears very little load and is used to eliminate
sagging of the long element run. The same is
true of the support between Ly and Le. All
supports are insulated from the antenna. The
horizontal elements and insulators were made us
small as practical to minimize wind resistance.

The !j-inch aluminum mast pipe is the prin-
cipal support. Both ends are slit, and staiuless
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steel hose clamps are used for clamping. The
lower portion fits over the stud on the hody
mount. Alumintin tubing %f; inch in diameter
forms the tain element of the antenna. An
uluminum shim made from thin cookware ma-
terial was wrapped around the 3j-inch tubing
to mate properly into the horizontal part of
the vertical mast pipe.

Adjustable *j-inch tubing makes a snug fit
into the 3g-inch muin element for the untenna
Lip and for the 20-meter trombone section. Near
the ends of the 3f-inch tubing, I drilled and
tapped a bole for a No. 8-3:2 serew, for positive
locking after the adjustmeut was completed.
The adjustable clements should be made long
enough to reach about half way into the 34-inch
tubing.

The supports for the insulators and elements
are $¢-inch diameter aluminum rods, threaded at
each end. For the two supports mounted at Lp
aud Le a *4-inch wide, 0.050-inch thick alumi-
num U-shaped clamp was coustructed to hold
the {1l4-inch dia. Tetlon rod. These Teflon rods
have a %-inch hole drilled at each end about 1
inch dcep. This provides a snug fit for the tubing,
Near each end of the Teflon insulator, I drilled,
tupped, and inserted a 6-32 nickel-plated brass

section installed at location

The 20-meter ‘‘trombone”

L, as seen looking across the rear of the vehicle. Jumbo

banana plugs and jacks securely hold the trombone or
coils in place.

screw to secure the tubing., Off euch end of the
insulators are home-made aluminum clamps (four
in all), aronnd the %f-inch tubing. A jumbo
juck is fitted into each one. T'hese hold coils
In and Lo. The remaining two supports are
insulated with drilled polystyrene rod, slipped be-
tween the main element and the support clamp.
The rod is 1 inch by 34 inch-dia., with a %j-inch
dia. hole drilled in its center to accept the antenna
element.

All aluminum joints and connections were
liberally coated with Penetrox A, an excellent
anti-oxidizing compound, to prevent “freezing”’
and to ohtain low resistance contacts.?

The loading coils used at [l aund Lo are
mounted on 713 X 8¢ X Li-inch polystyrene
sheet material. The unnbo type bhanana plugs
secirely hold the coils in pluce under all driving
conditions. The matching coils nsed at La were
made plug-in by using the small banana hard-
ware.

"% Penetrox A is made by the Burndy Corp., and is avail-
able through the General Electrie Supply Company.
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Of particular note is the 20-meter trombone
in Fig. 2. The rear hanana plug is used for
support only, and is isolated from the active
element by spacers. When the trombone is
installed, the adjustable tip extends to the rear
of the vehicle.

Adjustment

To resonate the system for each band and
adjust for minimum s.w.r., I found a grid dip
meter for the ‘“coarse” adjustment and a
v.s.w.r. meter for the “fine” adjustment indis-
pensuble. As a suggestion, start. with slightly
higher value inductances thau in Table 11, as it is
easier to remove than to add turns. Disconnect
the voaxial feed line. Select the band to be tuned
by inserting the appropriate coils at the three
plug-in positions, and place the adjustable tip
al the center of its range.

Using the grid dipper loosely coupled to
La, adjust Lp or Lo to resonate the antenna at
the low-frequency end of the band, shorting
or removing no more than one turn at a time.
"This provides the coarse adjustment. For the tine
adjustment, connect the transmission line to the
antenna, and through an s.w.r. bridge to the
transceiver. “ Fire up’ the rig. Normally, only a
few watts of output power will be needed,
depending on the bridge sensitivity.

T'une the rig at various points in the band until
resonance is indicated by minimum s.w.r. read-
ing. At this point, it may be necessary to trim
Lg or I.c some more to obtain resonance in the
desired frequency range. Next, remove no more
than a quarter-turn at a time from La until the
lowest s.w.r. reading is obtained. Once this is
found, tune the transceiver to the ceuter of the
band, or to your favorite operating freyuency,
and slide the adjustable tip to fine-fune to exact
resonance as indicated on the s.w.r. meter. The
same procedure is followed for each band except

The 40-meter coil inserted at location Lc. All coils are
mounted on polystyrene or Plexiglas material. The sup-
port insulator is constructed from 1%a-inch dia. Teflon rod.
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Shunt feed point, LA. The matching coil shown is for 40
meters. RG-58 /U coax, with a PL-259 plug and reducer,
is connected to the body mount underneath the cowl.

10 meters, which, in my case, needed no further
adjustments. La for 10 through 20 meters remains
unchanged and provides a good match.

Operation

The Alpha accepts the **soup” from my Heath
HW-100, a medium-power low-priced transceiver.
For operating convenience, 1 have installed a
Quemont s.w.r. bridge at the transceiver's
output.® I ean now continuously monitor my
s.w.r., which tells me if the system is resonant
and functioning properly. I would heartily recom-
mend this feature.

1 have not made any exacting evaluations of
directional properties but have not noticed any
significant differences. DXing? | am amazed at
the ‘‘reaching” power on the 13- and 20-meter
bands. | have had foreign stations (DL, OZ, HC,
ete.) answer my CQs and tell me that I have one
of the most outstanding mobile signals on the
band. These are my two favorite bands, with 40
meters running a close third.

In passing, I wish to thank my XYT. for her
patience while I was on this project. She is my
loyal copilot and log keeper while mobiling.
Her only complaint is that the transceiver is
between us. As she once said with u bit of nos-
talgia in her voice, ““ [t’s not like the olden davs!”’
Happy mobiling. [a5T—]

#* Quemont. Electronies, San Jose, Calif. ‘This is 2 Moni-
match-type bridge which simultaneously reads relative
output and s.w.r,
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An Improved 5894 Amplifier for 432 MHz.

Modernized Version of a Popular U.H.F. Amplifier Design

BY CARMEN F. MORETTI, W2AIH*

tion from 420-MHz. enthusiasts every day.

Al one time their high price kept varactors
from being widely used, but if one reads the
surplus ads these days he can tind these little
gemws at very reasonuble prices. With a varactor
diode, u few fect of copper wire, and miscellaneous
small variable capacitors you can develop a few
wilts on 432 NHz. very easily, using an existing
220- or 144-MHz. transmitter as a driver. The
varactor multiplier delivers surprising efliciency,
and it requires no power supply of its own. The
problems and expense come mainly when you
try to put a medium- or high-power signal on
432 MHz.

A varactor doubler similar to that described in
The Radio Amatcur’'s V.H.F. Mannal delivers
about 6 watts on 432 when driven by a 6360
stage on 216 MHz. Varactor triplers will do al-
most equally well. Up to 12 to 15 watts on 132
is possible with currently available varactors, if
a larger driver stage is used. It is not the writer's
intention to dwell on varactor multipliers, or to
describe in fine detail the (00-watt amplifier
shown in the photographs. Rather, it is to call
attention 1o wn improved method of transferring
power from the varactor multiplier to the
erid cireuit of a push-pull amplifier.

‘The amplifier itself is not unlike several
designs that ran in the ARRIL Handbooks of
the 1950's. Tt is the interstage coupling method
that makes the difference. As anyone knows who
built 9903 or 530t amplifiers tor 32 in the early
years of erystal-controlled transmission on that
baud, coupling efficiency between the driver and

#1619 Boulevard, Peckskill, New York 10566, i

V ARAcTOR multipliers are getting more atten~

Close-up view of the
432-MHz. amplifier grid
compartment,
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Rear view of the W2AIH 432-MHz. amplifier, with shield
covers removed.

aruplifier was almost always poor. With some
care in adjustment, the arrangement shown here
performs this task quite effectively.

Amplifier Tank Circuit Details

[n the days of the 50-watt power limit on 432
the 5804 tube was almost nniversally used.
Though the 4CGX250-series tubes are now popular
for medium- wnd high-power stages, the H%04
still has merit for input power up fo 100 waits
or so. With the input circuit described, such a
stage can be driven nicely with a varactor multi-
plier. [t is possible that the same idea would
work well with the external-anode tubes, and
most amateur designs for push-pull amplifiers
using these have not been notably efficient as
to power transfer from the driver.

‘The amplifier grid eircuit, Ly, is a half-wave
line, with high impedance 1t both ends and low
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impedance at its clectrical eenter. The grid
chokes, RFCy and RF(;, are connected at the
latter point. Because of the capacitive loading
by the input capacitance of the tube, the elec-
trical center of the line comes approximately at
the grid terminals of the 5804 socket. Drive is
coupled cupacitively to Ly through the combina-
tion of the line /.2 and the coaxial balun, L.
This improvement over inductive coupling
methods formerly used is the principal difference
between this amplifier and its predecessors.

The plate circuit, L, is also a half-wave line,
tuned at the open end by the split-stator capaci-
tor, . High-voltage feed through RFC: und
REC, is at the electrical center of L4 The
closed end of the series-tuned coupling loop,
Ls, is near this point. The 5894 screen is series-
tuned to ground by (.

Construction

The. amplifier chassis is aluminum, 3 hy 4 by
17 inches. The shield enclosure is 334 inches wide
and 4 inches high. A bracket for the tube socket
is mounted on the chassis so that the plate com-
partment is 9 inches long and the grid compart-
ment 6 inches. The 3-inch cooling fan is mounted
in the center of the front shicld plate, ¢ inches
from the end of the chassis. Air blows against the
tube envelope and out through holes in the top
cover.,

Though the fused glass top of the 5594 envelope
is quite strong, care should be used to avoid
appreciable mechanical strain on the plate pins.
Whatever mechanical arrangement is made for
fastening the line to the plate pins should be

adjusted earefully, so that tight contact is
provided without twisting action. The method
used here is shown in Fig. 2. Brass tabs soldered
to the outer ends make contact with the stators
of (.

[t is important that the rotor of (s not ouly be
insulated from ground, but ulso isolated from it,
so that capacitance to ground is at a minimum,
and whatever there is be as near balanced to
ground as possible. Cupucitors in which major
metal parts of the frame or mounting brackets
are electrically connected or mechanically close
to the rotor should be avoided on this account.
The capacitor used here was mounted on a
Teétlon block, !4 inch thick.

The antenna coupling loop, Ls, and its series
capacitor, (s, may be seen at the left side of the
iuterior photograph. Its brass mounting bracket
is fastened to the end of the compartment in such
a manner as to position the loop properly with
respect to the plate line, and line the shaftl of (‘3
up with its mounting hole in the top cover.

The small compression trimmer visible in both
interior pictures is ('s, connected from sereen to
ground. This is adjusted for best amplifier
stability, its purpose being to effectively ground
the 5841 sereen for r.f. voltage.

The grid side of the amplifier is seen in the
second photograph. The coax used for the balun,
Ly, is RG-141/U, semi-rigid, and self-supporiing.
The coaxial input fitting in the right foreground
is suspended on the end of the balun. It becomes
grounded when the rear shield plate is put in
place. The use of semi-rigid coux is recommended,
but the ordinary variety can be used if the former

L4
RFC3 =
J2 ol
RFC4 ©3
L4

M2
@ %
0-300 600V.D.Cs

Fig. 1—Circuit diagrom and parts information for the 5894 432-MHz. amplifier.

B1—Motor blower, 3-inch fan (Rotron 2A2).

Cy—10-pf.-per-section split-stator variable, double-
spaced {Cardwell PL-6028, Bud LC-1664). Do
not ground rotor.

C3—3-30-pf. compression trimmer.

C3— 5-pf. miniature trimmer (Johnson 160-102).

i, J2—BNC fitting, UG-625/U.

Li—Coaxial balun, RG-141/U. Loop portion 7% inches
long.
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L:—Sheet brass strips Y2 by 3 inches, spaced % inch.

Ly—Sheet brass strips ¥2 by 2% inches, spaced V2 inch,
except where fanned out to soilder to socket
terminals.

Ls—Sheet brass strips /2 by 4% inches, spaced % inch.

Ls—U-shaped loop, No. 16, 12 by % inches.

RFC;~RFC(—8 turns No. 20 insulated wire, wound on
high-value 1-watt resistor. Grid chokes are at
socket terminals, plate chokes approx. 2 inches
from plate end of L4.
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Plate section of the
432-MHz. amplifier.

is not obtainable. The U-shaped section of the
balun had to be beut as seen in the photograph,
to fit into the grid compartment. [ts position
is not, particularly critical. o

An assembly comprising the input lines, the
balun and their supports was made on ‘a
2 X 3-ineh aluminum plate. If the mounting
hole in the chassis iy elongated, the position of
this assembly can be adjusted with respect to
Ly, for maximum energy transter. This was not
done here, as no trouble was encountered in get-
ting good efficiency with the spacing set as
indicated under Fig. 1 -— with Ls and Lz over-
lapping 114 inches. The supports are ceramic
insulators 11§ inches high, with brass hardware
at the top. The brass strips, Ly, are soldered to
the brass screws in the standoffs.

o |

lo]

Fig. 2~—Plate-line detail.

Adjustment and Use

With a given physical length, width and
thickness, as given under Fig. 1, the resonant
frequency of Ly is determined by the spacing
between the two brass strips, and by their
spacing from Ly, Thus, if all dimensions are
uapproximately correct, uptimum energy transfer
can be obtained by minor adjustment of these
two fuctors. With drive applied through Jy, and
no plate or sereen voltage on the amplifier, these
spacings can be adjusted for maximum grid
current in meter A/;.

Next the screen series capacitor, Cg, should be
adjusted so that no change in grid current oceurs
as ('; is tuned through resonance. I'here may
be u slight rise at resonance, but there should be
nodownward dip.
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Now power can be applied to the plates and
sereen, through the meter, A7, It i3 best to start,
with less than maximum voltage, for initial
adjustments. With » 50-ohm load counected to
Jay adjust 1, the position of Ls, und the setting
of 3 for maximum power output. For optimum
efficiency, the r.f. chokes through which the
plate voltage is fed to the line should be connected
13 close ax possible to the point of minimum r.f.
voltage. This point changes with operating fre-
quency, but if the adjustment is made near the
middle of the usual operating frequency range the
setting will be close enough. The point is found
by touching a pencil lead along the line, looking
for the point of minimum change in output. Do
this with the lowest value of plate voltage that
will permit the ainplifier to operate properly, and
he careful that the pencil is properly insulated,
and held in such a manner that vou cannot come
in coutact with the high voltage. If the point of
lowest r.f. voltage is found to be at other than
that where the r.f. chokes are connected, resolder
them to the new spot, and check again.,

With 600 volts on the plates, the c¢ombined
plate and screen current should be no more than
about 200 ma. Girid current should be 4 to 5 ma.,
or more. Qutput is abont 50 watts,

With all shielding in place, a final check for
neutralization should be made. With power on,
remove the drive for a brief period. Output and
grid eurrent should drop to zero. Reset 'z if
oscillation veeurs. Make this test ouly brietly,
as the dissipation will be excessive when drive is
removed.

Lu its final form, this amplifier is mounted on a
tack panel, on which grid and plate meters are
permanently mounted. The chassis is supported
two inches back of the panel on aluminum
brackets, to muke room for the cooling fan and
the meters. A dial cord arrangement is used to
permit  central mouuting of the knob for
tuning ('y. LEj



Precise Crystal Oven

Temperature Control to a Small Fraction of a Degree
BY E. E. PEARSON,* W3QY

RVIN Hofi’s article in November QST served
I as the trigger for this piece on a crystal oven.
I have been playing around with receivers
for WWVB and WWYVL and have found that
my Valpey 100-kHz. crystal was in need of
some temperature stabilization. The oven to
he described is similar to several which 1 have
built during the past fifteen years for use in the
Engineering Test Lab of Leeds & Northrup Co.
The original objectives for such units were
(a) us close control as possible; (b) temperature
uniformity in the ‘“work space’”: (c) snap-
action contacts: (d) minimum control-point
drift; (e) reliability; (f) ease of construction and
cheapness. Practically all of these characteristics
were realized by using two cylindrical vessels,
one within the other, with a distributed heater
winding on the outer element.

The “vessels’” turned out to be ordinary tin
and aluminum cans, the outer one heing an
enameled type originally containing peanut
hrittle and the inner one a frozen orange juice
can. For a heating element I used glass-covered
duplex thermocouple lead wire (which has a
kind of flat configuration) tightly wound on the
outer can, the ends being secured to tie-point
connectors. The winding is bifilar to minimize
inductive effects when a.c. power is applied.
The temperature detector was a mercury thermo-
regulator (a contact-making thermometer) placed
in a suitable bracket on the inside of the outer
can. Thermal insulation was provided between
the inner and outer cans and outside the latter.
That was it!

One such unit in which I placed a brass block
and a reference junction, plus oil, produced a

* 448 W, Clapier St., Philadelphia, Penna. 18144.
1 Hoft, “The Mainline ¥S-1 Frequency Standard”, QST,
November, 1968,
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temperature stability better than =0.01 degree C.
These devices have given performance up to 15
years or more without any failure or maintenance.

In spite of the use of kitchen items these ovens
observe several rather essential thermodynamic
principles. The distributed heater provides a
high degree of uniformity in heating. The inti-
mate association of the thermoregulator bulb
with the inner wall of the can provides excellent
thermal coupling and fast response. The inherent
sensitivity of the mercury thermoregulator is
far greater than that of any conventional bime-
tallic device and the on and off action is sharply
defined. Insulation between the outer and inner
cans causes a lag in heat flow which filters out
any cycling effect. The inner can has no ultimate
alternative other than to assume approximately
the basic temperature of the inner wall of the
outer can. Anything put into the inner unit gets
its heat through the air between it and the wulls,
to add even more lag. (Although the high degree
of uniformity finally attained in the work space
is not particularly critical with a crystal, it is of
paramount importance in the testing of standard
cells, where temperature difference between the
legs should be an absolute minimum.)

Fig. 1 shows the general layout. The insulation
between the cans was made by carving out
blocks of styrofoam to fit the requirements.
Circular pieces of !4-inch celotex provide insula-

Really high-accuracy marker fre-
quencies can be obtained from a
100-kHz. crystal oscillator only when
the crystal temperature is controlled
within close limits.
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Fig. 1 —Cross-section drawing of the oven, with approxi-
mate dimensions (these may vary slightly with the types
of food cans used). The heater wire should be wound over
the outer can, spaced as necessary to occupy a length of
4 inches. Forty-five feet of the type wire specified in the
text will be needed. The total resistance
is approximately 40 ohms.

tion at the top aud bottom of the outer can.
A piece of '4-inch thick felt was wrapped and
tuped around the winding ares.* The mounting
device for the thermoregulator is shown in Lig.
2B,

Leads are brought from the erystal socket
through a small plug of styrofoam. 'T'he wires
should be quite small so as to minimize any
thermal transfer from the outer environment to
the socket pins, and they should be held at o
lixed spacing as they go through the plug in
order to maintain the capacitance hetween them
relatively constant.

The relay-control eircuit is shown in Fig. 2A.
£t can be readily understood that the current-
earrying capacity of the mercury column is
extremely small. The circuit was developed vears
ago by a colleague at the company and it utilizes
a Sigma relay of the a.c. variety having a very
high resistance coil. The series and parallel
resistors coustitute u kind of arc-suppression net-
work. Alternate relay schemes can be used; for
example Fig, 4 shows an arrangement using a
triode and a d.c. relay of 5000 to 10000 ohms.
Solid state relays are probably available — possi-
bly an SCR type (but beware of radio inter-

2 Felt of this thickness may be hard to tind, but a wrap-
ping of ordinary ielt cloth obtainable at any dry-goods store
can he used instead. It taker ubout 10 layers to build up to
a half inch.
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ference!). The important t,hmg is to apply thcr

very minimum of power to the mercury-column
contacts.

The thermoregulator, shown in Fig. 5, is made
hy Philadelphia Thermometer Co., 4401 N. 6th

t., Phila. Pa. The particular one used on this
aven had o control setting of 35 deg. C. or
95 deg. F. The devices can be ordered to auny
temperature desired. The cost is about $10.

The heating element wus never a problem to
me since [ merely had to “charge out’ the wire.
It is No. 24 Iron-Constantan TC wire with glass-
braid wrap. The L & N designation for the wire
is No. 24-50.4.% Such wire is probably available
from instrument companies other than L & N.

(L'outtnueri on page 41)

3 Obtainable from any Lecds & Northrup field office, 1f
none ixlizted in your Yellow Pages, write Leeds & Northrup,
Sumneytown Pike, North Wales, Penna. 19454 for nearest
address. The price in small quantities should not he more
than ten centr per foot.

RELAY AND HEATER CIRCUIT

-

REGULATOR
GCONTACTS

t2ov.
60 Hz.

HEATER

(A)

BRACKET FOR THERMOREGULATOR
"X‘_, _—~U-SHAPED BRACKET
~~.  OF TINNED STEEL.
! " SOLDER TO INSIDE
| OF OUTER CAN. TH
| "U"SECTION TO BE #
[ SLIOING FIT FOR
| MERCURY BULB OF
= THERMOREGULATOR,
S
X
p

NOT TOO TIGHT It

{8)

BIFILAR CONNECTION
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w

7/
(|

LAST TURN,
TOP END

TWIST @ LAST TURN,
SOLDER BOTTOM >
END o
\ /

/;\ww-n.\"u
S e e

(c)

Fig. 2—(A) Heater-control wiring. Resistances are in
ohms; K = 1000. See Fig. 1 and text for construction of
heater. The relay is a Sigma 41FZ-10000-ACS/SIL. (B)
Mounting of the thermoregulator. {C) Connections to
heater wire. The wire has two conductors in a fiberglass
sleeve, and should be connected to be noninductive as shown.
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Fig. 3—View of the oven with the top end removed and . .
inner can pulled part-way out. The end of the crystal Fig. 6—The oven mounted on the side of W3QY's fre-

holder is visible in the can. quency standard. The shelf supporting the oven also holds
the control relay specified in Fig. 2.

NC.
>y Fig. 4—An alternate relay circuit using a triode tube to
! HEATER  control the relay. Keeping the thermoregulator current as
low as possible is a primary objective. The coil reistance
of K1 should be of the order of 10,000 ohms. The vaive of
’ C1 can be found by trial; it should have sufficient capaci-
: tance to eliminate relay chatter, but otherwise is not critical.

o
nsv.ag,

Fig. 5—The thermoregu-
lator, with scale to indi-
cate dimensions.
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Gimmicks and Gadg ets

The Ductopatch

BY NELSON D. LARGE,* W4FQV

Hi Ductopatch is a simple phone patch
Twhose cost, whether measured in time,

effort or money, is quite low. Construction
of the unit is s0 simple that even the least capable
of builders shouldn’t be under any strain. And
to top it all off, the Ductopatch is inductively
eonpled Lo the telephone; there is nothing to be
attached to the phone lines.

Circuit Description

The basic circuit of the Ductopatch is shown
in Fig. 1. Ly is a coil of wire that has been posi-
tivned around the carpicce of a telephone hand-
set, S;. When 84 is in the receive position, L;
inductively couples the audio vutput of the re-
ceiver to the earpiece; however, when Sia is
in the transmit position, L inductively couples
the audio output of the earpiece to the primary
of a step-up transformer, 7';. The secondary of
T feeds the audio signal to the microphone input
of the transmitier, and Sis provides a spare set.
of contacts for p.t.t. purposes.

In order to use the basic Ductopatch circuit it
is necessary to remove the microphone from the
transmitter and plug in the patch. This incon-
venience can be eliminated by employing the
slightly more complicated circuit of Fig. 2. The
use in this arrangement of a four-pole, double-
throw, telephone-type switch, Sy, makes it poxs-
sible to include a microphone jack, Jy, und an
appropriate plug to mate with the microphoue
receptacle on the transmitter. When Sy is in the
receive or the transmit position, the civeuit of
Fig. 2 functions the same as the basic Ducto-
patch circuit (the center poles of Sz and Sap
move to the contacts on the left while the center
poles of Syc and Sap remain as shown). However,
in the off position of the switch (the center poles
of Sac and Sep move to the coutacts on the right
while the center poles of Soa and Ser remain as
shown), the station functions as though the phone
patch weren’t present: the traunsmitter's p.t.t.
circuit is controlled by the switch on the miero-
phone, the microphone is connected directly to
the transmitter, and the output of the telephone
earpiece is not coupled to the receiver speaker.

#4625 Selwood Road, Richmond, Virginia 23234,

t At the present time, the Bell S8vstem has no technical
requirements for indirectly connected phone patches.
However, effective January 1, 1970, such devicex uust meet
technical requirements that parallel those listed in Appen-
dix ¢ of the FCC's ** Memorandum Opinion and OUrder”
relessed December 26, 1968. See March 1969 QST, page 65.
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The coil around the earpiece of the telephone handset
provides inductive pickup for the simple phone patch
described below.

Because of the limited number of switch con-
tacts in the two circuits just described, it is neces-
sary to operate the receiver speaker when using
the phone patch. However, if a four-pole, three-
position switch, Sz, is used as shown in Fig. 3,
it is possible for the whole phone-patch operation
to be carried on in relative quiet. Sis and Szc
disconnect. the output of the receiver from the
loudspeaker and feed the audio directly to the
pickup loop, L1, when the Ductopatch is switched
to receive. The rest of this circuit performs basic-
ally the same as the arrangement shown in
Fig. 2.

Construction

The transformer and switch can be located in
the equipment with which the patch is to be used
or they can be installed in a small case, Minibox
ov other enclosure. If none of the small intercom
transformers listed in the parts lists is available,
an automobile ignition coil may be used in-
stead. However, if this substitution is made, it
may be necessary to move the patch around
until a position is found where hum pickup is
minimized.

Sy and 83 are easy to connect, but telephone-
type switch Sq lends itself well to the pitfalls of
incorrect wiring because of the structure of the
switch and its operation. If Sy is used, confusion
can be avoided by carefully examining the action
of the switch and by numbering the contacts on
the schematic and the switch.

I.1is made by winding 40 to 50 turns of No. 14
enameled wire into a compact loop having an
inner diameter of about 214 inches. As shown
in the title photo, the loop is protected and held

QST for
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Fig. 1—Basic circuit of the Ductopatch.
HS1—Telephone handset used for phone patching,
L;—See text,

S1—D.p.d.t. switch, any type.
Ti~—Intercom transformer, 3.2-ohm primary to approxi-
~ mately 50,000-ohm secondary (Merit A-2923
used; Stancor A-4744, Knight 54 C 1492,
Thordarson 20A04, 20A12 and 20A15 suitable).
See text,

together by a wrapping of plastic electrical tape.

To avoid hum pickup, shielded cable should
be used for the microphone lead. Two-conductor
line cord makes for neat counections between
the patch and the loop, speaker, and transmitter
p.t.t. circuit.

Operation

To use the Ductopatch it iy only necessary to
make the various connections shown in the sche-
matics and install the pickup loop. To accomplish
the latter, slide L; over the telephone receiver,
varying the loop’s position until the point of
maximum audio transfer is found. The best
coupling point for the Western Electric receiver
was found to be close to the rim of the earpiece,
while in some Stromberg-Carlson instruments
the best signal transfer occurred when the loop
wus over the receiver, but well toward the handle.

The gain available through this inductively-
coupled patch is more than adequate; it is easily
controlled by the transmitter or transceiver
microphone gain control. However, the operator
of a Ductopatch may find that he must reduce
his own telephone voice level or hold the tele-
phone slightly away from his mouth so that the
signal going to the microphone input of the trans-
mitter is the same level regardless of whether the
sudio is being generated in the telephone mouth-
piece or the telephone receiver.

The Ductopatch has been tried on various
transmitters, receivers and transceivers, and it
has worked well with all of them. However, if
voice-operated control is used, it is necessary
to manipulate the patch’s function switch in the
usual way for push-to-talk operation. Even so,
this handy induction-type patch should satisfy
the telephone requirements of many amateur
stations.

Acknowledgement

My thanks go to John Haun, WA4RRM, who
designed the Ductopatch and gave permission

to publish the details of same. s
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Fig. 2—Ductopatch circuit using a telephone-type switch.
Components listed below are in addition to those shown
in Fig. 1.

Ji—Microphone jack to mate with existing microphone

lug.
Sa—Telephone type, 4 pole, double throw, 3 position.

Fig. 3—Preferred Ductopatch circuit for maximum opere

ating convenience. Sz is a 4-pole, 3 poaition, lever {Mal.

lory 6243) or rotary (Mallory 3243J) switch. Qther
components are listed in Figs. 1 and 2.
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Regulated

Dual Power Supply

Operational Amplifiers for Tight Voltage Control

BY JOHN K. GOTWALS,* W3TNO/9

the price of integrated-circuit operational
amplifiers! (“op-amps”) to a point where

the radio amateur fraternity will want to coun-
sider their use in new ecircuit designs. As an
example, the Motorola MC1439G now sells for
$3.60 in unit quantities. A few months ago it
cust $11.25! This is one of the beiter lop-amps on
the market (Motorola advertises it as ‘“‘the best
IC op-amp yel . . .”") with a typical gain of
100,000. The Fairchild uA741C, at $10.51, has
some advantages over the NMC143Y(i, but in this
writer’s opinion not $6.41 worth. The LM201
manufactured by National Semiconductor also
is in the sume class, performance wise, but like
the uA741C, sells for morve than $10. Perhups
by the time this article is published, competitive
pressures will have lowered the prices of the
pA741C and LM201. The experimenter should
investigate all three devices in any case.

1t turns out that circuits using op-amps are
simpler if two power supplies are used, with sym-
metrical positive and negative d.c. voltages.
Likewise, even for discrete transistor circuits,
biasing is simpler and drift problems are reduced
by using bipolar voltages.®

It i3 the purpose of this article to show how a
high-performance power supply can be built
simply and cheaply. In fact the total semi-
conductor cost is under $15 for a plus and minus
15-volt 100-ma. power supply with voltage
regulation of 0.05%, ripple less than 2 millivolt,s,
and temperature coefficient of 0.019,/deg. C

RECENT drastic price reductions have brought

General Theory of Regulated Power
Supplies

The block diagram of a typical transistor
regulated power supply is shown in Fig. 1.
Resistive divider /22Rz serves as an output-volt-
age sampler; i.e., it supplies the error detector
w1th a voltage proportional to the output. voltage

%419 W. Stadium Ave., W. Lafayetto, Ind. 47906

1 An operational amphﬁer ia basically a verv-high-gain
direct-coupled amplifier which uses feedback for control of
response characteristics. ‘This circuit can be used to ayn-
thesize a hroad variety of intricate transfer functions and
thus can be adapted for use in many widely diverse applica-
tions.” Quoted from KCA Integrated Circuit Fundamentals,
Technical Series IC-40. — Lditor.

¢ Aghe, ‘“ The Becrets of Long-Tail Biasing in Transistor
Circuits,” Ham Radio, April 1968.
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Likewise, Ry und (‘R furnish the error detector
4 tixed “reference’’ voltage. T'he error detector
compares the two voltages, amplifies their dif-
ference, and supplies the series regulator transis-
tor with base current. The magnitude of the base
current will be such as to reduce the difference
between the saumple and reference voltages. This
is an example of negative feedback.

Lf we assume that the errvor detector has an
infinite input impedance, the following relation-
ship between Vg and 17y must hold:

S
M = (ll’g i 1{.«) Vo

But because of the large gain of the error ampli-
fier, the voltage difference between V, and Vg
will be small. Consequently equation (1) can be
rewritten as:

2) Vo= (m + R“) Ve

Equation (2) shows that by varying the values of
Raand R3 we can adjust the output voltage Vq of
the power supply between the reference voltage
V'r as a lower limit and the value of the unregu-
lated input voltage as an upper limit.

Another item in Fig. 1 that should be discussed
is the current sampler. This is needed only if one
desires his power supply to be short-circuit
proof. In general, fuses will not act quickly
enough to save the series transistor in case of a
short circuit on the output.

The current sampler monitors the current
drawn from the power supply. If the current
exceeds a preset value, the base current supplied
to the series transistor will be cut back until the
overload is removed. This feature is very simple
to add to most power supplies and is well worth

A low-cost ‘‘op-amp’’ simplifiesregu-
lated power supply construction and
improves performance as compared

with discrete-component circuits. The
power supply described includes
overcurrent protection as well as
output-voltage regulation.

QST for



the slight extra cost. However, with this
type of protection the full unregulated
input voltage will be across the series
transistor for the duration of the short.
Thus the series transistor must have an
adequate rating.

In ending this discussion of general
properties of regulated power supplies,
I would like to point out that the output
voltage cannot be any more stable than
the reference voltage. If there is ripple
and noise superimposed on V'r, this same
ripple and noise will appear on the out-
put. However, even if Vg is stable, drift
may be introduced by the input stage of
the error detector. There are at least. two
approaches to stable power supplies. One
is to have the drift introduced by V& be
exactly cancelled by the drift introduced
by the error detector. (For $4.50 an RA1
reference amplifier can be purchased;
for details on its application see the 7th
edition of the GE Transistor Manual.)
Another is to use a stable Zener and a =
stable error detector. This is the ap- :
proach I have used. i

Fig. 2 is the diagram of a high-per-
formance bipolar power supply. We shall
discuss only the positive voltage regu-
lator, as the design and operation of the
negative supply are identical.

Reference Voltage

The reference-voltage section of the =
power supply consists CRs, CRs, and
resistors £¢; and /4. It has been found
that an inexpensive Fairchild 2N3638
p-n-p transistor makes an excellent 6.7-
volt temperature-compensated Zener.*
In my case I bought five 2N3638 tran-
sistors and selected the two with the lowest
temperature coefficients to use in the power
supply. The other three can be used as normal
transistors or as Zeners for some other project.
As explained by Todd?, the temperature cueffi-
cient is determined by the amount of Zener cur-
rent. My tests showed this current to be in

The author's power supply is neatly arranged on an
etched circuit board. As the layout is not critical, other
types of construction can be used.

the range of 2-4 ma. for the lowest temperature
coefficient.

Another approach is to substitute a com-
mercial Zener such as a 1N821 for the 2N3638.
If a low t.c. is not imporfant no selection or
measirement is necessary.

¥ Todd, **Stable, Low-Cost Reference Power Supplies,”
Electronics World, December 1967.
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1 —Basic voltage and current regulator

circuit,
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Fig. 2—Circuit diagram of the dual (bipolar} output reguiated power supply, with short-circuit protection. (If no part of
the circuit is grounded internally, the outputs may be used in series to obtain doubled output voltage.)

Ci, Cs, Cs Cy—Electrolytic.

C:, Cz,Ce, C7—Ceramic.

CRy-CRy, inc.—Silicon, 100 p.r.v., 1.5 amp.

CRs CR7—Zener; see text.

CRs, CRg—Silicon, 75 v. p.r.v.

MC1439G—Operational amplifier, Motorola.

Q1, Qs —Silicon, complementary n-p-n., p-n-p.; veer (susi,

In Fig. 2, k4 determines the “ener current.
{21 and CRg ensure starting of the regulator under
any couditions. K4 and CRg could be removed
and Ry used to supply the Zeuer curreni. How-
ever, this was not done because by using the
relatively stable output voltage as a source of
current for the Zener, line-voltage fluctuations
have almost no effect on the reference voltage.

Error Detector

The error detector and amplifier section of the
power supply is the MC1439G up-amp. Power to
run it is supplied at pins 7 and 4. €3 is used to

40

90 volts; ic, 700 ma.; hrg, 50 min. at Ic =150 ma.
Q4—>Silicon, complementary n-p-n, p-n-p; vceo,
18 volts; Ic, 20 ma.; hre 50 min. at Ic- = ma.
R1-Rs, inc.; Rio-Ris, inc.— Composition, 10%, Y2 or V4 watt,
Rz, Ro, Ris, Rir—Wire-wound, any low wattage rating.

Rx, Ri7—Wire-wound control.
Ti—40 volts center-tapped, 100 ma.

Q>2,

ensure power-supply decoupling of the op-amp.
The manufacturer's data sheet specities the
values of the frequency-compensating network
('3R3. The output of the amnplifier is taken from
pin 6.

The op-ump amplifies the difference between
the voltages applied to ity two input terminals.
Thus u positive-going voltage al the inverting
input (denoted by --) produces a negative-
going output. Likewise u positive-going voltage
al the noninverting input (denoted by +) pro-
duces a positive-going output. Thus this
op-ap is nothing but an amplifier with a dif-

QST for



ferential input and u single-ended output.
Because of its differential characteristics, the
MC1439G has such desirable features as low
drift and a high power-supply rejection factor.
This latter feature means that ripple and voltage
changes between pins 7 and 4 have little effect
on the output. Op-amps work best when both
their inputs see approximately the same resist-
ance, and since the dynamic impedance between
the collector of the 2N3638 and the common lead
is very low, Ry was inserted as an approximate
match for the resistance in the other input
circuit.
Current Limiting

Rs, Rs and @ give the power supply short-
circuit protection. Note that Rg is in series with
the vutput. In normal operation, (: is not con-
ducting. However, when the output current
increases to a point where the emitter-to-base
voltage of the 2N5133 is 0.6 volt, it will start
conducting. Since the 2N5133 has high current
gain, additional current from the op-amp will
bypass the base of @ and pass through (). Thus
if the load tries to draw more current from the
power supply, 2 and ; will act as a current
regulator and prevent more than 150 ma. or so
from being drawn from the supply.

Adapting The Supply To Other Voltages
Or Currents

As mentioned earlier, the output voltage can
be any value between the Zener voltage and the
unregulated input voltage. Just use eyuation
(2) to determine the values of Rs, Ix and R,.
The maximum voltage limit between pins 7 and
4 is 36 volts in the case of the MC1439G.

To reduce ripple, improve regulation, or in-
crease the output curreut rating, the following
changes could be made.

1) Increase the value of (. With () ouly

100 uf. the ripple across Cy is 5 volts at a 100 ma.
load. For a l-amp. supply I would suggest
1000 uf. for (.

2) Replace the 40409 series transistor with two
transistors connected in the Darlington con-
figuration.

Construction

As shown in the photograph, I built the bipolar
power supply on a 3 X 8ls-inch circuit board.
All resistors can be !4 watt or larger. However,
since resistors f7, K3, Rg and Ry¢, Ry7, R15 deter-
mine the ovutput voltages, they should be wire-
wound types for stability. The Bourns E-Z Trim
potentiometers are fine if you want to mount the
pot on the board as 1 did. Sprague’s 3-watt Blue
Jacket line of miniaturized wire-wound power
resistors are small, have low temperature coetfi-
cients, and can be used for Rz, Ry, Rys, und Ris.
None of the transistor types are critical, so long
us voltage and current ratings are not exceeded.
However, the two current-limiting transistors
should be silicon types.

Performance

Because of the high gain of the op-amp, the
power-supply regulation is quite good. When the
output current is varied from zero to 100 ma. the
output voltage drops 7 mv. lsolation from the
line is also very good. If the current load is 50
ma. and the line voltage is varied from 90 to
130 volts, the change in output voltage is less
than | mv. Long-term drift of the output voltage
is as low as 1 mv. per day.
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An Inexpensive Precise
Crystal Oven
(Continued from paye 35)

As it worked out, the heater had a resistance
of about 40 ohms. At 120 volts input this would
amount to a load of 360 watts! Actually, it was
found that with 12 volts a.c. applied, the control
temperature of %5 deg. F. was reached (at an
ambient of 74 deg.) with no trouble. A 12-volt
transtormer (or two 6-volt ones) is usually
available around the shack.

Fig. 3 illustrates the winding of the heater
and the tie-point connectors. The latter are
soldered to the outer can in the positions shown.
The inner can is partially removed from the
styrofoam insulation and the end of the crystal
holder is visible within it. An aluminum cover
having two tabs for mounting is also visible.

The completed assembly was mounted out-
board on the W3QY frequency standard, Fig. 5.
Originally, the leads from the crystal were run
into the cabinet and were plugged into the
crystal socket, but were too long to let the
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calibrating capacitor function properly. Ulti-
mately, the 6AQ5 oscillator tube and other
associated elements were mounted underneath
the oven. The original circuit was abandoned
and the circuit presented in Skeen's articlet
was adopted. A 50-pf. variable was mounted on a
bracket on the front of the oven bracket. Adjust-
ment using this capacitor was too coarse, so it
was shunted by a two-plate midget having per-
haps 5 pf. maximum capacitance. None of these
components are visible in the photo.

A test run was made to determine the per-
formance of the control system. Temperature of
the crystal case was measured by a thermocouple
taped to the top surface. At a room temperature
of 75 deg. F. it took 3 hours for the temperature
of the crystal to stabilize, with 120 volts applied
to the heater transformer primary. Once stability
was attained the variation in temperature was of
the order of + 0.05 deg. F. The control cycle
was 70 seconds on and 40 seconds off.

4 Skeen, " Low-Cost Precision Frequency Measurement’’,
OST, January, 1963.
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Interference Prevention for V.H.F.
Repeaters

Transmitter Cut-off Circuit for Off-Frequency and Qver-
Deviation Input Signals

BY GILBERT J. KOWOLS,* WO9BUB

rgywo common causes of unsatisfactory quality
[‘uf voice transmissions through u v.h.f. f.m.
-& repeater are excessive deviation and off-
frequency transmission. The simple device to
be described will cut off u repeater receiver if
signals having either of these undesired charac-
teristics are fed into it.

We can think of this device as a “window.”
Any signal outside the window no longer activates
the receiver. ‘The transmitter carrier frequency
should be at the center of this window, as seen
in Fig. 1. As modulation is applied the carrier
deviates around the center frequency in a sym-
metrical manner. If the deviation is too wide,
distortion results. If the center frequency is not
in the center of the window, the signal is also
distorted. Both effects are familiar to vperators
of f.m. repeaters, and the CFAR repeater, on
the air continuously since January, 1955, in
C'hicago, vne of the busiest metropolitan areas
served by an f.m. repeater, was plagued by them
frequently until this window device wus installed.

The CFAR repeater turns on whenever a
signal is of sufficient strength to cause yuieting
of its receiver, so there was a need for some way
of turning off the recelver whenever it picked up
a signal that was more than 3 kHz. off the in-
tended center frequency, or was deviating more
than 15 kHz. A simple solution to this problem
is shown schematically in Fig. 2. Its operation
is based on the fact that the diseriminator
current in an f.m. receiver is zero when a signal
is centered in the receiver passbaund, but rises

* ARRL Advisory Committee on V.[I.F. Repeaters, and
Trustee of the CFAR Repeater. 216 Relle Plaine Ave.,
Park Ridge, Ulinois, 60068. Information originally in .M ike
~hy, published by Society Radio Operators, Vol. 28, No. 5.

! CENTER FREQUENCY

RECEIVER

PASS BAND,
30
kHz.

WINDOW

Fig. 1-—The '"window" concept. The selectivity curve

of the receiver slopes, becoming wider for strong signals.

The device described effectively establishes a window,

15 kHz. either side of the center frequency. Any signal

deviating more than 15 kHz., or more than 3 kHz. off
the center frequency, is rejected.

42

if the signal is mistuned. All that is needed,
then, is a d.c. awmplifier to raise the discriminator
current to a level that will operate a relay to
cut off the repeater receiver.

Observations at the repeater site showed
thut, in the Motorola Sensicon receiver, neuarly all
interference came from signals that produced
10 microumperes or more of discriminator eur-
rent, so the circuit was set up to respond to this
value of current. With no signal, there is no
discriminator current. There is still no current
when a signal centered in the passband is re-
ceived. When the signal is modulated, the output
of the diseriminator is audio, around a zero
level, if the signal is on frequency. The filter,
R1Cy, removes audio above 15 Hz. from the
cut-off cirenit, without atfecting the operation
of the receiver and the system.

When an off-frequency signal is received that
is within the receiver passband, current is pro-
duced in the discriminator in proportion to the
amount that the signal is off-frequency. [f the
current iy positive it turns on the first transistor,
(1. This turns on ()4, whose emitter current
then actuates the normallv-closed relay, K.
These contacts are in series with the repeuter
transmitter control. When they open, the cner-
gizing signal for the transmitter is removed,
and after the ON delay built into the transmitter
is passed, the system will drop. If the transmitter
was not energized to start with, the open con-
tacts will prevent it from starting up. Thus the
system prevents an off-frequency signal from
starting the repeater, or will cut it off if an off-
frequency signal takes over the receiver.

1f the signal is off-frequency in the other
direction, the discriminator current is negative,
and transistor (» will be turned on. This turns
on @4 as bhefore, and operates the relay to shut
down the system. The selection of the three
resistors, 3, I8y and £25, will balance the gain s
that a given distance off frequency in either
direction will produce the same discriminator
cwrent. The value of B<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>