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CHANNEL TYPE

VERTICAL SHELL TYPE

CHANNEL FRAME FILAMENT/TRANSISTOR TRANSFS.
Pri. 115 V 50/60 Cycles—Test Volts RMS: 1500
Type

No. Secondary w D M Lbs.
T FT1 2.5 VCT-3A 2% 1% | 2% %

63VeTizA 2% T w o [ %
25VCT-6A 3% 1% 2% 1

6.3 VCT-3A 3%, 1% 2% 1

2.5 VCT-10A 3% y %
5 VCT-3A 3% Y 3% 1%
7.5VCT-3A 3% 2%, 3%
6.3 VCT-8A 4 2% 3%

24 VCT-2A
or 12V-2A 4 w |2% | 3%

24 VCT-1A 3% i | 2% k173
or 12v-2A

36 VCT-1.3A 4 z 23 3%
or 18V-2.6A

on pri. of FT-13 & FT-14 to modify sec. nominal V,
—6% +6%, +12%

26 VCT-.04A 2% 1% | 1% 1

FT-14 26 VCT-.25A 2% 1% § 1% 22

DOUBLE SHELL POWER TRANSFORMERS
e REoR B SRTw o N
R-101 |275-0-275 50 2A 2.7A |3 2y / 2
R-102 |350-0350 | 70 |3A | 3A |3 {2% 2
R-103 }350-0-350 | 90 | 3A | 3.5A |3% [2% | 3'% ]V 2%
R-104 |350:0-350 {120 |3A | 5A 3% 3% |3% 2
R-105 |385:0-385 [160 [3A |'s Tav Ta3u [ax By | 2%

VERTICAL SHELL POWER TRANSFORMERS
Type  High DC  5V. 6.3VCT Wt.
No. V. ma FilL Fl. W D H M N Lbs
R-110 |300-0-300 |50 |2A [2.7a |25 {23 [3u |2 1%
R-111 |350-0-350 | 70 [3A | 3A 3% |2 2%

R-112 |350.0-350 [120 |3A | 5A 3% 4 12% | 2% |

R-113 }400-0-400 [200 | 3A 6A 4% 13 3%

CHANNEL FRAME FILTER REACTORS
Inductance Shown is at Rated DC ma—Test Volts RMS: 1500
A n;

Type Induct, R i in. wt.
No. Hys, Current Ohms D H Lbs.
R55 | 6 Oma 300 1%
“R14 8 lioma  § 250 | T U
“R-1s } 12 Boma 1 i
R16 | 15 30ma o |27 SU
"RA7 [ 20 laoma 3%,
R-18 8 {soma
“R9 | 14 0oma
"R20 | 5
“R21 15/3 200ma

"R-220 |100/8 Mhy [2.5A
25/2 Mhy| 5A




$X-146 Receiver

This is an amateur band receiver of advanced design em-
ploying a single conversion signal path and pre-mixed
oscillator chain to assure high order frequency stability
and freedom from adjacent channel cross-modulation
products. The $X-146 employs a high frequency quartz
crystal filter and has provision for installation of two more
crystal filters. The receiver may also be used from 2 to 30
mc, with the exception of a narrow gap at 9.0 mc, with the
connection of auxiliary oscillators. The highly'stable con-
version oscillator chain may be used for transceiver opera-
tion of the matching HT-46 transmitter.

FREQUENCY BANDS: 3.5-4.0; 7.0-7.5; 14.0-14.5; 21.0-21.5;
28.0-28.5; 28.5-29.0; 29.0-29.5; 29.5-30.0 mc (28.0 to 28.5,
29.0 to 30.0 requires extra crystals at users option].

SENSITIVITY: Better than 1 pv for 20 db S/N.

TUBES AND FUNCTIONS: 6]D6 RF amplifier: 12AT7
Signal mixer and cathode follower; 6AUBA 9 mc IF ampli-
fler; 12AT7 AM detector—AVG rectifier—product detector;
12AT7 USB—LSB crystal oscillators; 6GW8 Audio amph-
fier and audio output; 6BA6 Variable frequency oscillator;
6EA8 Crystal heterodyne oscillator and pre-mixer: Plus
diode power supply rectifier, ANL diode and AVC gates
diode; *6AU6A—100 kc crystal calibrator oscillator; *Har-
monic generator diode.

PHYSICAL DATA: Size: 5%" x 13%" x 11", Shipping wt.,
20 Ibs.

FRONT PANEL CONTROLS: Frequency: Power off
CW-upper-lower and AM; Audio gain; Band selector—3.5,
7.0, 14, 21.0, 28.0, 28.5, 29.0, 29.5; Selectivity—0.5, 2.1, 5.0
ke (0.5 and 5.0 kc filters optional extra); Pre-selector; RF
gain; AVC on-off; Cal. on-off; ANL on-off; Phone set jack;
S-meter.

REAR CHASSIS: S-meter zero adjust; Internal-External
oscillator switch; Slave oscillator output; External oscil-
lator input; Antenna socket; Speaker, ground and mute
terminals; Grounding stud; AC power cord.

POWER REQ.: 105/125 volt—50/60 cycle AC—55 watts,

I-F SELECTIVITY: Uses a 6-pole crystal filter to obtain a
nose-to-skirt ratio better than 1 to 1.8.

Amateur net, $269.95
Model HA-19 plug-in, 100-kec quartz calibrator available
as accessory. Amateur net, $19.95
*Part of HA-19 calibrator.

Available in Canada from Gould Sales Co.

HT-46 5-band transmitter

All new from the ground up! Here's the “new breed” trans-
mitter that matches your $X-146 . . . works independently
or may be interconnected for transceiver operation.

FEATURES: 180 watts PEP input on SSB; 140 watts on CW;
Frequency control independent or slaved to $X-146 re-
ceiver; Upper or lower sideband via 9 mc quartz filter;
Built-in power supply; Press-to-talk or optional plug-in
VOX; grid block for keying for CW.

FREQUENCY COVERAGE: 3.5-4.0, 7.0-7.5, 14.0-14.5,
21.0-21.5 mc and 28-30 mc in four 500-kc steps. Crystal
supplied for 28.5-29.0 mc coverage. Other plug-in crystals
at user's option.

TUBES: 6BA6 VFO; 6EA8 Heterodyne crystal oscillator
and mixer; 12AT7 Carrier oscillator-third audio; 12AT7
Mic amplifier; 6EA8 9 mc I-F amplifier and AALC; 6AH6
Mixer; 12BY7 Driver; 6HF5 Power amplifier; 0A2 Reg.

FRONT PANEL CONTROLS: Frequency Tuning; Opera-
tion-Off, Standby, USB, LSB, CW-Tune, Standby LSB USB;
Microphone gain; Driver tune; Carrier level; Band selector;
Final tune; VFO selector—Transmitter-Receiver; Dial cal.;
Calibrate Off-On; Meter MA-RFO.

REAR APRON FUNCTIONS: AC Cord; Ground lug; Fuse;
Key jack; VOX accessory socket; Antenna jack; Receiver
input (for transceiver)]; 11 pin control socket; bias adjust.

PHYSICAL DATA: Size: 5%" x 13%" x 11", Shipping wt.,

28% lbs.

HA-16 Vox Adapter, $37.95
R-51 Speaker,

4 x 6 inch oval speaker and attractive 24 hour clock.
amateur net $34.95

Amateur net, $349.95

hallicraffers

Fifth and Kostner Aves., Chicago, Illinois 60824
Export: International Division




73, Old Man! No matter what language it comes booming in on, you've made 2 good QSO. An
you can work the best with Collins” S/Line. One star of this com-

plete fixed station is the 75S-3B, featuring sharpest selectivity on

SSB, CW and RTTY — optional filters that give you up to three

degrees of selectivity in CW/SSB, and with a filter socket for AM—

rejection tuning, AGC, and spinner tuning knob. Contact your

authorized Collins distributor today. You'll be surprised to find

how little it costs to own the finest.
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SPAGE PAGHAGE

SB-34,..advanced space

age circuits. Small size
solves space problems at home or
mobile .. . only $395 (12V DC & 117V
AC built-in power supply). Write for
complete brochure.

213 E. Grand Ave.
*80. San Francisco, Calif. 94080



So good it defies comparlson...

b

Hﬁﬁ}.' qélll‘ls 3-element

THUN DERBIRD
TRIBANDER MODEL TH3MK2

e Delivers uncompromised full-sized o , .
clusive, time-proven Beta Matching System

performance on 10, 15 & 20 meters that provides the optimum gain and
o Takes maximum legal power maximum F/B ratio you get with the Model
. . TH3Mk2. Actually, it's a combination of all

* Exclusive time-proven Beta Match of these factors plus rugged heavy gauge,
Try as you may, you just won't find another taper-swaged seamless aluminum construc-
three-element tribander. for 10, 15 and 20 tion...solid aluminum trap housings using
meters that will even begin to compare with  air dielectric capacitor...weather impervious
Hy-Gain’s Model TH3Mk2. Some say it's the molded high impact cycolac insulators...
individually tuned, large diameter Hy-Q and Hy-Gain's over-all engineering excel-
traps that make the difference by providing lence, that makes the Model TH3Mk2 so
full-sized performance on each band. Others  good it defies comparison. Get the best in
say it's the spacing of the elements on the  3-element tribanders —get a Model TH3Mk2.
14 foot boom. Still others claim it's the ex- Model TH3MKk2.......cvvvenne $114.95 Net

// Other i Aygain Thunderbird TRIBANDERS...

va
/ —

Hy-Gain's 2-element
Hy-Gain’s 6-element Hy-Gain’s 3-element THUNDERBIRD
DX THUNDERBIRD THUNDERBIRD JUNIOR Installs most anywhere. De-
Provides the very ultimate Fantastic performance inlimited livers outstanding perform-
in tribander performance. space. Takes 600 watts P.EP. ance. Takes maximum
Takes maximum power. 24' 12" boom. Exclusive Hy-Q traps power. 6' boom. Exclusive
boom. Exclusive Hy-Q traps and Beta Match. Rotates with Hy-Q traps and time-proven
and time-proven Beta Match. heavy duty TV rotator. Beta Match.
Model TH6DX $149.50 Net Model TH3Jr. . ... $74.50 Net Model TH2Mk2 $74.50 Net

. Available now from your Hy-Gain distributor or write...
Hﬁ\/ﬁq qaln ELECTRONICS CORPORATION

8402 N.E. Highway 6 ¢ Lincoln, Nebraska 68501



Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially League members, are invited to report station activities on the first of each
month (for preceding month) direct, to the SCM, the administrative ARRL oilicial elected by members in each Section.
Radio elub reports are also desived by SCMs for inclusion in @ST. ARRL Field Organization station appointments are
availuble in areas shown to qualified League members. (ieneral or Conditional Class licensees or higher may be appointed
ORS, OES, OPS, 00 and OBS, Technicians may be appointed OES, OBS or V.H.F. PAM. Novices may be appointed OLS.
BCMs desire apphcatlou leadership posts of SKC. EC', RM and PAM where vacancies exist.

ATLANTIC DIVISION

415 Brighton Road
>1z Race 5t

19 Blackwood Drive

\Warner Gulf Rd.
1463 N. Allen 5t.

CENTRAL DIVISION

290 Bloomsburg Ave., Apt. 6-3

ramaqua 18252
{{.xmmorc, Md. 21223

State College 16801

1520 South 4th St.
Mrs. M. Roberta 1\roullk 401 kI Portal Drive
%22 \Vanona Trail

DAKOTA DIVISION

Springtield 62703
Michigun City 46361
Portage 5390

Hermun R. Koptschke, Jr. RI'D 2
;51 Dgclld Ave.

Janesville 56048
lyrand IForks 58201
C'lear Lake 57226

ELTA DlVISlO
1117 North Drive

RED L, Box 354-E
2321-27th Ave,

115 East Holston Ave.

_GREAT LAX\LS DlVlSION

(P.() Box 311), chcola. 72370
‘ovington 70433

Meridlan 39808

Johnson Clty 37601

1605 Antler A
Ralph P. T'hetreau .:7:.’09 W. Six Mll( Road
1317 Logan Ave., N.\.

Owensboro 42301
Detrolt 48240
Canton 44703

HUDSON DlllVISl

266 Cypress St.
13 Robert Circle

MIDWEST DIVISION

ON i}
North Country Club Drive

Schenectady 1230
Massapequa Park L 1. 11762
Houth Amboy 08879

RED
3045 North 72nd,
Edgnrﬁtur Rte

NEW ENGLAND DIVISION__

Delaware WIIYE Roy A. Belalr
Eastern Pmnsylvnuln W3ZRQ Allen R. Breiner
Maryland D W3QA Bruce Boyd
southern New Jersey W2ZL kdwurd G, Raser
Western New York hzHUK C'harles ‘I'. Hansen
Western t’ennsylvaniza Wi3NIEM Robert E. Gawryla
flinois WOPRN  Fdmond A. Mectzger
1ndiana KOV G
Wisconsin Kyusce Kenneth A. kbneter
Minnesota WPTCK
North Dakota WHDM Harold L. 8heets
Houth Dakota KhOUXW  Seward I’, Holt
“Arkansas K5GKN  Don W, \Vhltne)
Luuisiana WEPM J. Allen swanson, Jr.
Missinsippl WSILMAML S, H. Halrston
‘Tennessce WHUNVE William A, Scott
Keutucky WA4KFO Lawrence F. Jeflrey
Michigan W8LEX
Ohlo W8AL W llson I, Wecekel
Eustern New York W2KEFU (ieorge W, Tracy
N. Y. C. & Long lsland KZIDB HBlaine 8, Johnson
Northern New Jersey wW2Cevw Edward ¥. Erickson
lowa B WOBDZ Owen G. Hill
Kanans KYBXF Robert M. Bummers
‘Missourl WPTPK Allred iu, Schwaneke
Nebraska WOAGGP Fruuk Allen
Connecticut WIGVT  JohnJ. McNassor
luastern Massachusetts Wl Krunk L, Baker, Jr.
Maine RIDYG Herbert A, Davis

“Gilman
Bethel 66009
Rolla 65401

Gerlng 69341

218 Berlin Ave,
:'45 solar Ave,

L
Hox 137-A, RFD

Southington 06489
Bruaintree 02185
Franklin 04634
Chester 03036
Pawtucket 02860
Montpetier 05601
Westneld 01085

Anchorage 99504
Lewiston 83501

Puyallup 98371

Concord 94521
Kuneohe 96744
Roulder C'ity 89005
(. armichael 95608
San Rafael 94901
kresno 93702
Cupertino 95014

Salisbury 28144
Unifon 29379
Nortolk 23503
Fairmont 26554

Alamosa 81101
Alamogordo 8R310
Ogden, 84401
Casper 82601

4
Santa Barpbara

WAROKN

:At.hrfns 35611

Pompano Beach 33064
C‘olumbus 31902
Caparra Helzm
3an juan, P.R. 00922
Fort Walton Bea.ch 32548

New Hampshire \V1S\WX/KIDSA Robert Alitchell
Rhode 1:5 and NLIAAV John E. Johnson 30 Frult 8t.
Vermon KIMPN k. Reginald Murray % Hillerest Drive
Wesm.rn Massachusetts \V 1IBVR Perey (. Noble ¥ st. Lennis 8¢.
,,,,, e— NORTH\VES’I’ERN DIVISION.
KL7DG John r.°l'rent 129 Maple Ave.
W7ZNN Donald A. Crisp -5727-]4th St.
W7TYN Joseph A. DD'Arcy 1916 Haggin Ave.
Qregon W7AJN kiverett H. France 3335 8.k, 116th Ave,
Washington WTHMQ  Tverett Ii. Young 2217 Fifth 8t., B.E.
e PACIFIC DIVISION
Fust Bay l\bLﬁN Richard Wilson 107 Cordova Way
Hawail KHEBZF  Lee K. Wieal 45-601 Lluku Rd.
Nevada \7PBV Leouard M. Norman 852 Utah
Bacramento Valley WAGJDT Juhu F, Mlnke. Juss 6230 Rio Bonlto Drive
san krancisco WABAUD Hugh Cassidy 77 Coleman Drive
Han Joaguin Valley WeJPU Ralph Saroyan $204 L, Townsend Ave.
Banta Clara Valley W6ZRJ ean A, Gmelin 10835 Willowbrook Way
- - _ ROANOKE DIVISION
North Carolina W4BNU Barnett 8. Dodd 420 West Franklin 8t.
South Curolina KALNJ ¢lark M. Hubbard 124 Fant Lane
virginia W48HJ ¥, J. Hopkins K600 Lammett Ave.
West Virginia WEJIM Donald B. Morris 1136 Morningstar Lane
R — ROCKY MOUNTAIN DIVISION
Colorado KyI'TB Donald Ray Crumpton P.0O. B, ox 12J
‘New Mexico WASFLG BIill Farley 1308 5
Utah W7vss Gerald F. \Warner 4765 qouth 175 West
\Vyoming W7CQL Wayne M. Moore 142 South Montana Ave.
SOUTHEASTERN DIVISION
Alabamu K4KJID William 8. Crafts Route 3. Box 233
Cianal Zone KZ5TT Mrs. Llluan *.smith PO Hox 191
Yeustern tlortda 4SJH A LH 220 N, 1. 25th St.
Georgla W4RZL Howard J... scbonner .0, Box 1902
\West Indles (I K.-V.L) kP4DV Albert R. Crumley, Jr. P.0. Box 10073
Western Florida W4iRKH Frank M. Butler, Jr. 194 Elllott Rd.
—_ SOUTHWESTERN DIVISION
Arizona WIFKK Floyd C. Colyar 3411 West Plerson 3t.
1.08 Angeles W6BLLG M. G, Garmau #732 Chatwin Ave,
Orange W6DLY  Roy K. Maxson 1434 South Olive &t.
San Diego W6ELRU on Stansifer 4427 Pescadero

Cecll ). Hinson 1933 Coventry Court

.WEST GULF DIVISION

Phoenlx 85017

Long Beach Y0805
Santa Ana 92707

Qan Diego 92107
Thousand Oaks Y1360

Fort Worth 76107
kEnid 73701
Houston 77023

Northern 'Texas WSBNG L. L. Harbin 4515 Calmount
QKklahoma KSCAY Lianjel B. Prater 1 E. Oklshoma Ave.
southern Texag W3AIR i, . Jerry Sears 4 Eskridge st.
CANADIAN DIVISION
Alberta VEBTG Hurry Harrotd 1¥34-5th Ave. N.
British Columbia VI7FB H. E, Savage 4553 West 12th Ave.
Manitoba VE4IT John Thomas Stacey 1Y Cottonwood Ures.
Maritime VEIWB L. ¥, Weeks
ontario VEING Rlclurd W. Roberts 170 Norton Ave.
Quebec V20T 209 Brookdale Ave.
Baskatchewan VES5SQC Mel Mllls P.O. Box ®01

Lethbridge, Alta.
vancouver 8, B. ¢,
tsrandon

Harvey Station, N, B,
Willowdule, Toront,o Onr,,
Dorvul, P.

Saskatoon

.

* ONielal appointed to act temporarily in the absence of a regular ofMelal




NEW from International

SINGLE SIDEBAND
9mc¢ EXCITER-DRIVER
50-54mc MIXER-AMPLIFIER

The SBX-9 Exciter-Driver and the SBA-50 Mixer-Amplifier
provide the perfect combination for 50-54mc SSB operation.
Performance, versatility and reliability are incorporated
into this new SSB pair. A tremendous value at a low price!

2WB4NO

SPECIFICATIONS:
Exciter-Driver 9mc

Tubes:

Filter:

Output:

Controls:
Metering:

Misc:

International Crystal Mfg. Co.

6BH6 Oscillator

12AX7 Audio

7360 Bal Modulator

6BA6 RF Amplifier

Four crystal half lattice
Carrier Suppression 45db min.
Unwanted SB Atten.40db min.
Provides voltage drive for
mixer such as SBA-50

Carrier Balance

Microphone Gain

Test Switch

USB-LSB Switch

RF output for balance

adjust. Two sensitivity

ranges available with

front panel switch.

Relay included for push-to-talk
operation. Crystals for upper
and lower sideband included.
Requires high impedance microphone.
For operation on 117 vac 60 cycle power.

$125.00

Order direct from

Model SBA-50

SPECIFICATIONS:
Mixer-Amplifier 50-54mc

Tubes:

Drive:

Output:
Controls:

Metering:

Crystals:

Misc:

6UB8A Oscillator-Mixer

12BY7A Amplifier

6360 Linear power amplifier
Requires 9mc sideband signal
from SBX-9

SSB single tone 10 watts

On-Off Power

PA Grid Tune

PA Plate Tune

PA Load Tune

Metering Switch

Oscillator

9mc Drive

Buffer Grid

PA Grid

RF Out

Three positions, uses 3rd
overtone 41-45mc range.

Crystal frequency == final
frequency —9mc

Accessory socket provided for
connecting keying circuit to
SBX-9. Comes with three crystals.
Specify frequency when ordering.
For operation on 117 vac 60 cycle power.

$145.00

INTERNATIONAL

CRYSTAL MFG. CO,, INC.

18 NO. LEE

+ OKLA. CITY, OKLA. 73102



™E AMERICAN
RADIO RELAY
LEAGUE, ic,

is a noncommercial association of radio amateurs, bonded for
the promotion of interest in amoteur 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 an fncorporated 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 commerciclly 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-
trative headquarters at Newington, Connecticut.

Past Presidents
HIRAM PERCY MAXIM, WTAW, 1914-1936
EUGENE C. WOODRUFF, W8CMP, 1936-1940
GEORGE W. BAILEY, W2KH, 1940-1952
GOODWIN L, DOSLAND, WHTSN, 1952-1962
HERBERT HOOVER, JR, WOZH, 1962-1966

Officers

President . . . . . . . . ROBERT W, DENNISTON, WENWX
Box 73, Newton, lowa 50208

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

Vice-Presidents . . .. . CHARLES G. COMPTON, W@BUO
GILBERT L. CROSSLEY, W3YA

Secretary . . . . . . . . . . .JOHN HUNTOON, WILvQ

Treasurer . . . . ., DAVID H. HOUGHTON
225 Mam Sf., Newinqton, Connecticut 06111

L [ ] - . L]

Honorary Vice-Presidents . ., . . . . . . ALEX REID, VE2BE
FRANCIS E. HANDY, W1BD|

L] L] L[] L] L

General Manager . . . . . . JOHN HUNTOON, WILVQ
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“It Seems 1o Us...”

Yo UESE—E7

Unity.
Not acquiesence, but unity.

Strength  through unity — that's what Is

needed.

HERE are some 275,000 radio amateurs in

the United Stutes and Canada, yet only
about 81,000 of these are members of the
ARRL uand only about 40,000 are members of
local radio clubs. We radio amateurs are indi-
vidualists, there’s no doubt of that. (And if
there is doubt, come und read the Hq. mail
sometime!) But despite our many and varied
interests and likes and dislikes, we have a
common goal, a common hope—we want
amateur radio to be 4 continuing and dynamic
oceupant of the radio spectrum.

The world grows ever more complicated.
The garret inventor is replaced by a team of
scientists. The airplane pilot requires # crew
of mechanics, meteorologists, and tlight con-
trollers to guide him on his way. Even the
lonely monntaincer requires at least one other
man on the rope.

So it is with radio amateurs. We all need the
association and support of our fellow radio
amateurs. 30,000 of us are banded together
in the .\merican Radio Relay League. 40,000
of us are banded together additionally in local
amateur radio clubs. That’s only a fair show-
ing, and it could be better. That's the reason
for HamQuest 67 — a couperative program
for clubs and the Lewrue to enlist substantially
expanded membership, in order more effec-
tively to represent und serve the growing
needs of the amateur fr: aternity. It’s a program
for greater unity in amateur radio.

Why do we need a stronger League? Why
do we neel stronger clubs? Because each of us
alone cannot solve the muny problems facing
amateur raclio, but as s united team we have
a strong voice.

What can membership in the club do for
you? First of all, you have the socinbility and
fraternalism of others who have the same inter-
ests that you do. Sume of them may have ul-
rendy solved a problem that is bugging you.
I‘hev get together for field days and other
tvpes of contests. The club probably runs a

code and theory course from time to time. It
has an interference committee which tackles
local problems. It participates in local civil
defense and emergency communications activi-
ties. It provides communications for parades
and the like. It gets special training films and
slide shows from ARRL Hgq. It receives regu-
lar bulletins from League Hq. relative to the
latest news in umateur radio, much more ex-
peditiously than even QST can provide. As a
member of a club you participate in as many
of these activities as interest you, and you
have a chance to be one of those who guide
the future of the club.

What can membership in ARRL do for
vou? It brings you twelve issues of QST, which
during the course of a year has something for
everybody several times over. It permits you
to nominate and vote for those fellow amateurs
who would like to serve as directors of ARRL
and thus guide the future of amateur radio.
It provides vou with a Technical Information
Service, with your technical problems an-
swered by members of the Hq. staff. It pro-
vides you with representation before the
Federal Communications Commission, the
Department of Transport, and the Interna-
tional Telecommunications Union, so that the
needs and wants of amateur radio operators
are made known to those who establish the
national and international regulations. It
provides you with WAC certificates and
DXCC certificates and RCC certificates and
W.AS certificates, to acknowledge your operat-
ing ability.

A campaign kit has been sent to each of
more than 1300 eclubs all over the U. 8. and
Canada. It has ammunition to be used in
convincing non-members that they ought to
join the League and a club. It tells all about
the prizes that you as an individual and your
club can earn by enlisting more members.
If you are 1 member of a club and this cam-
paign kit hasn’t reached you yet (it was mailed
1n late August), drop us a line and we’ll dupli-
cate shipment.

The future strength of amateur radio, both
nationally :nd internationally, lies in a greater
unity — that is, in a greater membership both
in the League and in the local clubs. That's
what HamQuest 67 is all abont.  [G&%



League Lines . . .

Shortly after you receive this issue, ballots will be going
to members in divisions where there has been more than one
nominee for director or vice-director. Be sure to exercise
your right to vote, and return the ballot promptly. Don't
think your vote doesn‘t count; a recent director election
ended in a tie and a run—off——one vote would have tipped the
scale. (And it was still close, 12 votes, at the run-off.)

Cop McDonald, WAPNLQ, visited Hq. in August with a highly-
interesting demonstration of his slow—scan TV setup. We
doubt that SSTV will ever replace c.w. or sideband, but it
is an intriguing new mode of communication, with 6 kc. or
less bandwidth, and we predict many hams will be using

it in the future.

The ARRL DX Contest dates will be the first and third week-
ends of February and March next year. Heard about the new
rules try? KH6 and KL7 back to DX status, at their request
. the 48 contiguous states plus VE1-VE8 and VO for DX
multipliers per band . . . a handsome trophy to DX single-
operator continental leaders . . . PLUS elimination of

the W/VE quota on c.w.

Quite a number of you indicated interest in a life member—
ship in ARRL at $100. Such a new policy would require Board
action, of course, and the subject will certainly be on the
1967 meeting agenda. Gives you plenty of time to fill the
piggy-bank, eh?

A European amateur magazine recently reported that ARRL
had "lost 14,000 members" the past year. One guess as to
which world traveler provided them with that misinformation!

Some associations offer participation in a group life
insurance program at rates considerably reduced from those
applying in individual cases. Premiums depend on age——
e.g., for $10,000 face value, $27 annually at age 25, $88
at age 47. If there is enough interest, the League might
gponsor such a program. What say, gang?

How fast can you copy, '"Some sages say Mississippi sissies
are sissier than Tennessee sissies"? Explorers (High-—
school age Boy Scouts) attempted it at 10 w.p.m. in the
communications and electronics events of their national
conference in August. The code tapes, as well as some
visual pegboard displays of problems involving resistor com-—
binations and equipment trouble-shooting, were conceived
and supplied by the League as part of continuing efforts to
interest more youngsters in amateur radio and electronics.

One management study firm says today the gcost of writing a
business letter is $2.44, up 30% from 1960. Hq. does it for
a lot less, but the percentage increase is probably about
the same. How much longer the League can keep operating on
a 1960-established dues rate is a question our Board will
have to tackle next year.

10 QST for



icks?

The Necessary Bandwidth
for C.W. Signals

BY GEORGE GRAMMER,* WI1DF

who contend that they are, the argument

being that at high code speeds “soft’ dots
and dashes become unreadable. The issue is
clonded by personal preferences as to how
keyed signal should sound, just as there are per-
sonal preferences about voice ““quality . Putting
aside such subjective factors, the question ** Are
key clicks necessary?”’ cun be rephrased: * How
much bandwidth is necessary for good code trans-
mission?”’

There is a long-standing answer to this last
question. It is to be found in the international
regulations, where the necessary bandwidth is
specified as the keying speed in bauds multiplied
by a factor which is 3 for circuits where the signals
are steady, and 5 for circuits where fading is bad.
To see how this specification affects amateur
practice it is necessary first to review a few
fundamental keying definitions.

!RE key clicks necessary? There are those

Keying Speed

The building block of telegraph transmission
is the code clement, the time duration of the
shortest keying pulse. In International Morse
code the shortest pulse is one dot. Since, by
definition, the space length is equal to one dot.
length, a space is ulso a cude element. This is
shown in Fig. 1, where the top drawing could
represent a d.c. circuit being keyed in a string of
on-off dots and spaces. Such a circuit is shown
in Fig. 2. If the string of dots is continuous
and fast enough to let the meler's pointer settle
Jdown at un average value of current, the meter
will read just half what it would with the key
¢losed. This is because the current is off just the
same length of time us it is on. We can look at
this continuously keyed circuit, therefore, us one
in which the keyed signal is ulternating about an
uverage direct current equal to the meter reading.

Thus we have un a.c. square wave super-
imposed on the average d.c. One cycle of this
¥ Technical Editor, QST

October 1966

square keying wave runs from the beginning of
a dot through the following space to the begin-
ning of the next dot. This is shown in the lower
drawing in Fig. 1. Obviously, vne cycle of the
keving wave is equal to two code elements.

Any repetitive waveform, of whatever shape,
can bhe reproduced by a collection of sine waves
in harmounic relationship to a lowest frequency
which is the sume as the busic repetition rate of
the waveform under consideration. This *‘funda-
mental” sine wave is also sketched in Fig. I.
If we ure sending 25 dots per second, for examn-
ple, the fundamental keying frequency is 25
cycles per second. By adding the proper har-
monics to the fundamental, the actual square-
wave shape can be approuched as closely as we
like. (etting those square corners, though, takes
very high-order harmonics -~ harmonics whose
frequencies may be many times the fundamental
frequency. This meuns that the circuit band-
width hus to be large compared with the funda-
mental keyving frequency if square-wave keying
is to be closely approximated.

Fortunately, it isn’t necessary to use anything
like a real square wave for good keying. It hus
long been recognized that a keying waveshape
which contains only the third harmonic of the
fundamental is quite sufficient for good copy.
This is the reason for the fuctor 3 in the regula-
tions. On this basis, a 25-cycle fundamental
would take only a 75-cvele bandwidth. It is also
recognized that when the signal-to-noise ratio
is poor n somewhul sharper keying wave is
needed; this explains the facior 5, meaning that
the fifth harmonic of the fundamental keying
frequency is transmitted.

C.w. keying can be clickless — without
signal deterioration at any sending
speed an amatenr will use.

11




AMPLITUDE

AMPLITUCE

EACH IS ONE
CODE ELEMENT

i
5

ONE_
I"evere™

SQUARE

KEYING WAVE
Fig. 1—Upper: A code element is the length of the
shortest pulse—a dot or space in International Morse
Code. Below: A succession of alternating dots and spaces
considered as an a.c. square wave superimposed on the
average value of current or voltage, The fundamental
sine-wave frequency for such a square wave also is shown,

FUNDAMENTAL
WAVE

Keying Speed
Transmission speed is ordinarily expressed in
bands rather than in cyvcles per second. A baud
is one keying element per second; therefore one
evcle persecond is equal to fino bauds. In Interna-
tional Morse o dash is three code elements long,
but since a dot or dash hus to he followed by at
least. one space, a dot is considered {o consist of
two code elements and & dash to have a total of
four. Thus
One dot = 2 code elements
One dash = 4 ¢ ‘“
Additional space
between letters = 1 code element
Additional space
between words = 2 code elements

!

The letter (¢, for example, consists of
Dash --- 4 code elements

Dot —2 *
Dash -~ 4 «
Dot —2 ¢ “
Space — 1 ¢ ¢

making a total of 13 code clements. If it is sent
in exactly one second, the speed is 13 bauds, and
the fundamental keying frequency is therefore
.5 eyvcles per second.

This method of measuring keying speed is
exact, while ‘“words per minute” is rather
tebulous. The w.p.m. figure is dependent on the
selection of words of average length; several
such selections have been made, and the resultant
w.p.m.-per-baud factor varies from a shade
over 1 to about 1.2. Thus a keying speed of 25
huuds can be interpreted as something between
25 and 30 w.p.m. More to the point, a speed
of 50 bauds is about as fast as any amateur will
¢o with hand keying, sv our opening question
hoils down to this: What bandwidth is necessary
for a speed of 50 bauds — that is, 50 to &0
w.p.m.?

It seems reasonable to assume that no one
would attempt such a speed, unless signals were
wood. Under such conditions the international
regulations say that the necessary bandwidth is
3 % 50, or 150 eycles. This is small enough to be

12

contained eusily within the passband of the
narrowest c.w. filters used in today’s receivers.

In passing, it should be noted that the funda-
mental frequency is 25 c¢ycles when the speed is
S0 bands, so transmitting the third harmouic
along with the fundamental calls for a keying
bandwidth of only 75 cycles. The extra factor of
2, above, comes in because when the keying
wave, which is modulation just as much us
voice, is applied to a radio-frequency earrier
fio weis of sidebands are generated. Thus the
radio-frequency bandwidth is twice the keying
bandwidth.

Shaping

\What we have been discussing so far is the
necessary bandwidth for a very special case — an
interminable string of dots and spaces of equal
length. Actual code transmission consists of dots,
Jdashes, and spaces — the latter of wvarious
lengths — and since whatever shaping is used
will be applied to the beginnings and ends of
dots and dashes alike, it is more appropriate
to talk about the rise time at the beginning of
euch pulse and the decay time at the end.
Ideally these two times would be equal. Practi-
cally, they are seldom so, although they can be
made approximately the sume by careful adjust-
ment of the shaping circuits. Also, the shapes of
the rise and fall of amplitude differ when practical
shaping methods are used.

There is a useful approximate formula which
states that the bandwidth of a pulse is equal to
I divided by twice its rise or decay time, which-
ever is smaller.! The rise (or decay ) time is defined
as the time required for the pulse to go from
10 percent to 90 percent of its maximum ampli-
tude. For a 75-cycle bandwidth this formula gives
6.7 milliseconds as the rise or decay time. Alter-
natively, we may counsider that we have a 200-
cycle if. passband available in the sharpest
receiver, and for such a bandwidth find that the
formula gives a rise or decay time of 5 milli-
seconds.

Automatich—i | 1]
pOT - i Q |

MAKER

Fig. 2 — A d.c. circuit which would generate the square
waves shown in Fig. 1.

In other words, a rise or decay time of 5 to 7
milliseconds is short enough for the fastest hand
keying speeds and a signal so shaped occupies no
more bandwidth than can be handled by the
sharpest receiving filter. Furthermore, careful
listening tests show that a keyed signal using
these rise and decay iimes has no clicks. The
iransition from key open to key closed, while
difficult to describe accurately in words, is a
moderately firm thud which does not have any
resemblance to the sharp sound that distin-
guishes an unmistakable click.

t Reference Data for Radio Engineere, lntemagibusji Tele-
phone & Telegraph Co., New York; fourth edition, p. 512,
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Fig. 3 — A shaped dot and its relationship to closing and
opening the key.

Weight

At a speed of 50 bauds one code element oc-
cupies 20 milliseconds (1 sec. divided by 50).
Fig. 3 shows, in a somewhat idealized way, the
effect of shaping with 5-ms. rise and decay times.
In this drawing it is assumed that the output
rises to 10 percent of its maximum amplitude 1
ms. after closing the key, and decays to 90 per-
cent 1 ms. after opeuing the key. The effect of
shaping is to lengthen the dot duration, overall,
frut to shorten the time during which the ampli-
tude is maximum. This immediately poses an-
other question: What is the effective length of
such a dot?

An ultraconservative viewpoint would be that
the dot length is the time during which the
amplitude is within 1 decibel of maximum. This
is approximately the time between the 90-
percent amplitude points. The keying shape
shown in the drawing would have a dot length of
15 ms. (4 to B) and a space length of 25 ms.
(B to C) on this busis. A more realistic assump-
tion would be that a 3-db. drop would establish
the dot and space times, in which case the dot

(A)

Fig. 4—A—Shaped dot generated at a 46-baud rate
with approximately 5-millisecond rise and decay times.
Vertical lines are from a 1000-cycle signal applied to

length is I8 mis. and the spuace length 22 ms.
In this drawing the dot and space lengths reach
equality when the amplitude is down 6 db.

Siuce reception is by ear and not by machine,
the question of the effective dot length canuot
be resolved with complete objectivity. There
appears to be no sctual problem in recognizing
the dots as separate entities with shaping of
this general order. If they seem light to sume and
heavy to others, it is eusy to change the keying
weight slightly so the dwell time differs some-
what from the space time. Or the receiving oper-
afor can readily apply audio clipping to a dot
that seems short: 6 db. of clipping would make
the dot and space times equal in this example.
Clipping also shortens the rise and decay times
and makes the keyed signal sound ‘“harder” -
which some like.

Neither of these measures increases the keying
bandwidth. The operators at both ends of the
circuit have a great deal of control— control that
does not increase the interference to stations
trying to operate on nearby frequencies.

Keying Waveshapes

Most, if not all, shaping systems in amateur
c.w. transmitters use the discharge of a capacitor
to slow down the break end of a4 code character.
The waveshape of the decay is superficially
exponential, resembling the discharge of a
capacitor through a simple resistance, bub is
considerably modified by the circuit conditions.
However, the general cffect is that the transmitter
output decays rapidly at first and then tails off
more and more slowly.

This curve is inverted on the make end of the
character, rising rapidly at first and then slowly
approaching the maximum amplitude. The eriti-
cal points in both shapes are the starting points,
where the change from off to on, or from on to
off, begins. With truly exponential curves this

MODEL 58

Pamsramle SPECTRUM ANALYZER

the Z axis for timing. B—The corresponding frequency spectrum as shown by a Panoramic analyzer. Distance between

vertical lines is 50 cycles, for a total bandwidth of 500 cycles for the entire picture. Decibel scale at the left is with

reference to the key-down signal amplitude which was set at O db. in this and the spectrum plots of Fig. 6. The funda-

mental-frequency components are 23 cycles on either side of the carrier frequency, which appears slightly to the left of

the vertical zero axis. Note that the odd harmonics of 23 cycles are predominant, the even harmonics being relatively

small. The 3rd harmonics are 20 db. down and the 5th harmonics are about 28 db. down. Higher-order harmonics are
practically negligible. With 7-ms, rise and decay times the 5th harmonics are down 30 db.
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SCOPE COUPLER
TUNED TO XMTR.

FREQ.~.
N v
PICK UP

XMTR. |- T

v 1000y

Z AXIS AUDIO
TO VERT, o 0SC.

ELEC. pUMMY PLATES
KEYER LOAD DIRECT

Fig. 5—Setup for obtaining the scope patterns shown in

Figs. 4A and 6A, The pickup unit and tuned scope coupler

can be made as described in QST for October 1964

{also in Single Sideband for the Radio Amateur, Fourth
Edition, p. 196).

sudden transition from “nothing” to ‘“‘some-
thing" on make would result in a long string
of harmonics - i.¢., 3 wide band would be
generated. Fortunately, tube characteristies tend
to eliminate the sharp corners on both make and
hreak.

A typical dot waveshape with blocked-grid
keying is shown in Fig. 1A, where the rise and
decay times have been adjusted for approxi-
mately 5 ms. at a keying rate of 46 bauds, the
highest speed of the electronic keyer used. The
corresponding frequency specirum is shown in
Fig. 4B. {If anyone doubts thut a keyed signal
consists of a carrier and sidebands this picture
should settle the question.)

'The vertical lines in the scope pattern, A, are
the peaks of a L00U-cycle timing wave applied to
the intensity or Z axis of the scope. The setup for
making patterns of this type is shown in Fig. 5,
und cun easily be duplicated by anyone having
an electronic keyer, a general-purpose oscil-
loscope, und @ 10UU-cycle oscillator having a
reusonably pure waveform. The vertical lines
mark 1-millisecond intervals. Timing is essential
with oscilloscopes of the type ordinarily found in
amateur stations, since ihe ‘‘linear” szweep is
usually not very linear at the 20- to 253-cycle
sweep rate required for showing just one dot and
its sccompanyiug space at a 40- to 50-haud rate.

Fig. 6A shows a dot at the sume speed as ¥ig. 4,
but with no shaping, and Fig. 6B is the corre-
sponding frequency spectrum. This is a ‘‘hard”
signal on both make and break, although it
should be noted that because it is a good square
wave, particularly on the make side, it is lesy clicky
than many signals that can be heard at almost
any time on any band where ¢.w. operation is
guing on. Fig. 7 is a typical example of a clicky
signal recorded off the air. Power-supply regula-
tion accounts for the large spike on make. The
immediately-following undulation in amplitude
is caused by the power-supply choke; an appre-
ciable length of time is required for the output
current to build up throngh it after the initial
“bump” has been supplied by stored-up energy
in the filter capacitor.

Checking With a Receiver

Although a setup such as Fig. 5 is useful and
instructive, it takes no elaboratie monitoring
equipment to arrive at a satisfactory adjustment
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of keying waveshape. Your receiver will tell you
vverything you need to know, provided you use
it properly.

The transmitler’'s output should be fed into
# dummy antenna — & reasonably good one, not
just an incandescent lamp or fwo. Lamp resist-
ance varies too much with current, and the

Passramle SPECTRUM ANALYZER
rems MDD

., SB-}

Pasoramle  SPECTRUM ANALYZER
_MODEL SB-2

DTH FACTOR
()

Fig. 6—A — Dot with no intentional shaping; conditions
otherwise the same as in Fig. 4. There is a finite decay
time inherent in the keying system, but the rise time is
quite short. B—Corresponding frequency spectrum over
a 500-cycle bandwidth; carrier frequency slightly to
the right of the vertical zero axis. C—Same as B, but
with the carrier set at -~ 0.4 to show outlying components
not visible in B. Bandwidth to the right of the carrier is 450
cycles. Note that the odd-harmonic components have not
dropped to — 40 db. in this range.
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thermal lag may cause the results (o be mislead-
ing. (lood dummy antennas are not expensive,
and every amateur station needs oue for all types
of transmitter testing.

The antenna should be tuken off the receiver so
there will be no overloading. Set the audio gain
control to maximum, tune in your key-down
signal, turn on the b.f.o., aund decrease the r.f.
gain until the signal is about 39. Make sure that
this setting of the r.f. gain is within the linear
coutrol range — that is, the signal should not
sound the leust bit mushy or thin, and an in-
crease or decrease in gain should chunge the
audio output in proportion. Setting the audio
and r.f. gains in this way will effectively elimi-
uate any automatie guin control action in most
receivers, but if there is a separate a.g.c. switch
turn it to “off ”; you can learn nothing about
vour keying if the receiver gain varies while the
amplitude of the shaped churacter is building
up and decaying.

After getting these receiver settings right, turn
off the b.f.o. and switch to a.m. reception with
the widest bandwidth available in the receiver.
Now key your transmitter. There will be an
increuse in background noise when the key is
Jown, but this is normal. (If you have hum on
your signal it will also show up, but a properly
filtered power supply will show none.) Listen
carefully when the key is closed, and equally
carefully when it is upened. If there is the slightest
trace of s hard click, the shaping is poor and
the signal will be taking up a wider band than it
should. The most you should get is the previously
mentioned fairly soft thudding sound when the
key is closed. This may not even be present on
break, because of the nature of the rise and decay
curves.

After adjusting the shapiug to eliminate clicks
completely, switch on the b.f.0. again. This will
tell you how your signal will sound to others. 1f it
seems unnecessatily soft vou may have gone too
far in slowing down the rise and decay fimes. A
few back and forth triuls should result in clean
keying with no trace of click. If you are using a

Fig. 7—Scope photograph of a received signal having
essentially no shaping. The spike at the leading edge is
typical of poor power-supply regulation, as is also the
immediately-following dip and rise in amplitude, The
clicks were quite pronounced. This pattern is typical of
many observed signals, although not by any means a
worst case. The signal was taken from the receiver's
i.f. amplifier (before detection) using a hand-operated
sweep circuit to reduce the sweep time to
the order of one second.
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bug or electronic keyer, adjust the keying weight
so the dots and spaces sound about equal.

That’s all Lthere is to it, except for one thing: If
shaping adjustments don’t get rid of clicks you've
got other troubles. Sparking at the key and
contact bounce in a bug or keying relay are the
most likely prospects.* They have to be cured
hefore you can begin to control your keying
churacteristies.

{f the shaping job has been done properly, the
final test is to switch in the receiver’s narrowest
filter and detune until the beat note just drops
into the noise. Then switch off the b.f.o. At this
point you should hear nothing when you key the
transmiiter, even if the filter is as nurrow as 200
cycles. If anything at all is heard, the keyiug is
too hard — provided, that is, that the receiver
isn’t overloading. Overloading will show up as
a change in background, possibly accompanied
by clicks that actually aren't on the signal. Once
again, let us emphasize that the recciver has to
be operating linearly and with constant gain. If
the gain rises 40 or 50 db. when you tune your
signal out of the passhand (as it can do very
easily if the a.g.c. iy operating) vou haven't
proved anything. The same statement goes for
any checks you may attempt to make on another
fellow's signal.

Slower Speeds

Most c.w. work is at speeds ranging from [5
to 35 w.p.m. — that is, at 4 rate of about 12 to 30
bauds. Since the required bandwidth is directly
proportional to the baud rate, most amateurs can
use rise and decay times considerably longer than
5 to 7 milliseconds. On the other hand, shaping
of this order does not produce key clicks, as we
have suid, and confines the transmitted band-
width to a figure that is compatible with the
highest c.w. selectivity ordinarily available in
current receivers. There seems to be no need,
therefore, to change the shaping every time the
sending speed is changed. Once set for no clicks
at the highest speed at which the operator will
send it muy be left alone — provided it can be
maintained under the variable conditions thrust
ou the keying system by changing frequency
within a bund, on going from one band to another,
or by different transmitter loading adjustments.
Maintaining the keying waveshape under such
conditions is no mean feul. Some of the problems
that come up in this connection will be discussed
in a subsequent article. Shaping circuits them-
selves are well covered in the keying chupter in
the Handbook. [as—]

2 Sparking at the key contacts usually gives rise to
clicks only within the station; although these clicks do
not actually go out on the air with the signal they can
obscure the real state of the shaping when the station
receiver is used as a Inonitor. See Handbook chapter on
keying.

SWITCH
TO SAFETY!
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Field-Effect Transistors

What They Are— How They Work

BY JIM GEORGE,* WZAWH

RECENTLY INTRODUCED semiconductor device
culled the field-effeci transistor, or FET for
short, combines some of the best features of

both the vuacuum tube and the transistor. The
FET is appearing in new electronic circuits of
all types and will soon be used in amateur ruadio
equipment. A great deal of excitement centers
about this solid-state device which aets much
like & vacuum tube, and it is the purpose of this
article to describe its construction and operation.

Before getting into deviece characteristics, let
us quickly review some basic concepts in semi-
conductors. (Jseful semiconductor material is
either p-type, where holes (2 hole i3 actually a
place where there is no electron) are concen-
trated relatively heavily, or n-type which features
an excess of tree electrons. Both the holes and
free electrons are the current ecarriers in a piece
of semiconductor, just as free electrons only are
the current carriers in a piece of copper. \s a
memory aid, remember that the “p” in p-type
material stunds for the positive charge of the
current carriers (holes) and the ““n” stands for
the negative charge of the current carriers (free
electrons) in n-type semiconductor malterial.
When p-type material and n-type material ure
brought together, a p-n junction is formed as
shown in Fig. 1A,

P N
] —o (A)
EXCESS EXCESS OF
OF WOLES  |FREE ELECTRONS
LAR! P N
GE HOLE MOVEMENT — v -
TOTAL
+ o=
U GURRENT (8)
LARGE ELECTRON MOVEMENT
FORWARD BIAS
P | N
SMALL LEAKAGE ;
~0 CURRENT FLOWS —o+ {C)

REVERSE BlAS

Fig. 1 —Action of p-n junction when bias is applied.

The Junction Diode
The resulting action of & p-n junction is well
known. When a forward bias is applied as shown
in Fig. 1B, 4 large current. will flow. The total
current is made up of the electron eurrent plus

“?{~1\[0§orola Semiconductor Praducts, fne., 5005 Tast
MecDowell Road, Phoenix, Ariz. 85008
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the hole current. When reverse bius (Fig. ()
is applied, only a small reverse current flows —
the p-n junction acts as a diode. 1t is important
to note the reverse-bias case. \We know thut when
a voltage is applied to a resistive network, this
voltageis dissipated by £ drops until the upplied
voltage is “‘used up” by the sum total of all the
voltage drops. The same principle applies to the
case of the reverse-biased p-n junction diode.
We have applied T~ volts of reverse bias and this
voltage must be used up somehow in our circuit,
the p-n junction. The resulting action is shown
in Fig. 2, where charges are separated in a region
close to the junction. Enough charges are moved

INTERNAL
ELECTRIC FIELD

WRICH PRODUCES™ PN JUNCTION
VOLTAGE DROP \ /

A}

-—

il

o +

Fi+)+
4

Fig. 2—Reverse bias causes electrons and holes to move
away from the p-n junction, leaving a depletion region
(shaded area) and no current flows,

until the electric field across the junction produces
a voltage drop which is approximately equal to
our applied voltage. The important point here
is that the region uround the p-n junction is now
depleted of all its holes und free electrons, thus
there are no enrrent carriers available. This re-
gion is commonly called the ‘‘depletion region”
and it sounds reusonable that its thickness de-
pends on the magnitude of reverse voltage which
is applied. It will be an important point in the
operation of field-effect transistors that no ecur-
rent can How in ithe depletion region since there
arc no current carriers in that region.

i

The field-effect transistor, for the last few
years a tantalizing promise of better things
in semiconductor devices, is now rapidly
coming into the market at prices attrac-
s tive to amateurs. We've already shown
% you one application in Walt Lange’s au-
. dio oscillator (July QST). Here's the
s background story of the FET — how it's
made and how it functions, and why it
will be superior to older transistor types
in many applications.

[
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Fig. 3=~The junction field-effect transistor.

The Junction FET

Ficld-effect transistors are divided into fwo
main groups: junction KETs, and insulated-gate
FETs. We will discuss the Junction FET, or
JFET, tirst. The basic JFET device is shown
in Fig. 3.

First of all, note the locution of the terminals
where voltages can be applied. The reason for the
terminal numes will become clear later. A d.c.
operating condition is set, up by starting a current,
flow between source und drain. This current
How is made up of free electrons since the semi-
conduector is n-type in the channel, so a positive
voltage is applied at the drain. This positive
voltage attracts the negutively-charged free
electrons and the current Hows (Fig. 4A). The
next step is to apply a gate voltage of the polarity
shown in Fig. 4B. Note that this reverse-biases
the gutes with respect. to the source, channel, and
drain. This reverse-bias gate voltage causes a
depletion layer to be formed which takes up

p FREE ELECTRON FLOW

DEPLETION
REGIONS
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SgoTTOM SgoTTOM
(A) (8)

Fig. 4—Operation of the JFET under applied bias. A de-
pletion region (light shading) is formed, compressing the
channel and increasing its resistance to current flow.

FREE ELECTRON
FLOW
{NOW REDUCED)

part of the channel, and since the electrons now
huve less volume in which to move the resistance
iy greater and the current between source uud
Jrain is reduced. If we apply a large gate voltage,
we cause the depletion regions to meet, and in
this case the source-drain current is reduced
nearly to zero. Since we changed the lurge source-
drain current with a relatively smull gate-voltage,
we have a device which acts as an amplifier.

GATE
SOURCE |
o 0

DRAIN
0 INSULATING
GLASS

SUBSTRATE
Fig. 5—The insulated-gate field-effect transistor.
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Further, note that in the vperation of the JFET,
the gate terminal is never forward biased, be-
cause if it were the source-drain current would
all be diverted through the forward-biased gate
junction diode.

The resistance between the gate terminal and
the rest, of the device is very high, since the gate
terminal is always reverse biased, so the JFET
has o very high input resistance. The source
terminal is the source of current carriers, and
they are drained out of the circuit at the drain.
The gate opens und closes the amount of channel
current which flows. It is seen how the vperation
of a FRET closely resembles the operation of the
vacuum tube with its high grid input impedance.
Comparing the JFET to a vacuum tube, the
source corresponds to the cathode, the gate to
the grid, and the drain to the plate.

Insulated-Gate FET

The other large family which makes up field-
effect transistors is the insulated-gate field-effect
transistor, or IGFET, which is pictured sche-
matically in Fig. 5. In order to set up a d.c.
operating condition, a positive polarity is.applied
to the drain terminal. The substrate is connected
to the source, and both are at ground potential,
su the channel electrons are attracted to the
positive drain and we now have a d.c. source-
drain current. In order to regulate this current,
we apply voltage to the gate contact. Note that
the gate is iusulated from the rest of the device
by a piece of insulating glass so this is not a p-n
junction between the gate and the device —
thus the name insulated gate. When a negative
gate polarity is applied, positively-charged holes
from the p-type substrate are attracted towards
the gate and the conducting channel is made
more narrow; thus the source-drain current is
reduced. When we connect a positive gate voltage,
the holes in the substrate wure repelled away, the
conducting channel is made larger, and the
source-drain current is increased. As can be seen,
the IGFET is more flexible since we can apply
either a positive or negative voltage to the gate.
The resistance between the gate and the rest of
the device is extremely high because they are
separated by a layer of glass—not as clear as
your window glass, but it conducts just as poorly.
Thus the IGFET has an extremely high input
impedance. In fact, since the leakage through
the insulating glass is generally much smaller
than through the reverse-biased p-n gute junc-
tion in the JFET, the IGFET has a much higher
input impedance. Typicul values of Fi, for the
TGFET ure over a million megohms, while /i,
for the JFET ranges from megohms to over a
thousand megohms.

Characteristic Curves

The characteristic curves for the FETs de-
scribed above ure shown in Figs. 6 and 7, where
drain-source current is plotted against drain-
source voltage for given values of the gate
voltage. Note the similarity to the family of a
vicuum-tibe pentade as shown in Fig. &, where
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~—=Vps
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Fig. 6—Typical JFET characteristic curves.

plate current is plotted aguinst plate voltage
for varying amounts of grid voltage.

In discussing the JFET so far we have left
hoih gates separate so the device can be used as
a tetrode in mixer applications. However, the
gates can be internally connected for triode
applications. When using the TGFET the sub-
strate is ulwavs a.c.-shorted to the source, and

N-CHANNEL IGFET

DEPLETION MODE

3 TERMINAL
N=-CHANNEL JFET ACTIVE SUBSTRATE
TRIODE CONNECTION INTERNALLY CONNECTED
DEPLETION MODE TO SOURCE

0 2]
&
) [ S

N = CHANNEL IGFET

ENHANCEMENT MODE
P-CHANNEL JFET 4 TERMINAL
TRIODE CONNECTION ACTIVE SUBSTRATE

DEPLETION MODE EXTERNALLY CONNECTED
D ]

[
S G $

N~CHANNEL IGFET
DEPLETION MODE
4 TEKMINAL
ACTIVE SUBSTRATE

EXTEKNALLY CONNECTED EXTERNALLY CONNECTED

0
—_@ SUBSTRATE SUBSTRATE
6 S

Fig. 9—Symbols for most-commonly available
field-effect transistors.

SUBSTRATE

P- CHANNEL IGFET

only the insulated gate is used to control the
current flow. This is done so that both positive
and negative polarities can be applied to the
device, as opposed to JFET operation where
only one polarity can be used, because if the
gate itself becomes forward biased the unit is
no longer useful.

Classifications

Field-effect transistors are clussed into two
main groupings for application in circuits, en-
hancement mode and depletion mode. The en-
hancement-mode devices are those specifically
constructed so that they have no channel. They
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Fig. 7—Typical IGFET characteristic curves,

become useful only when we apply a gate voltage
which causes a channel to be formed. [GFETs
can be used as enhancement-mode devices since
both polarities ¢ian be applied to the gate withoui
the gate becoming forward biased and conduct-
ing current.

A depletion-mode unit corresponds to Figs.
3 and 5 shown earlier, where a channel exists
with no gate voltage applied. For the JFET
we can apply a gate voltage und deplete the
channel, causing the current to decrease. \With
the IGFET we can apply a gate voltage of
cither polarity so the device can be depleted
(current decreased) or enhanced (current in-
ereased ).

To sum up, a depletion-mode FET is one
which has a channel constructed; thus it has
a current flow for zero gate voltage. Knhance-
ment-mode FETSs are those which have no chan-
nel, so no eurrent, Hows with zero gate voltage.
The latter type devices are especially useful in
logic applications.

(lircuit symbols approved for FETs are shown
in Fig. 9. Both depletion-mode and enhancement-
mode devices are illustrated.

Applications

Some applications for FETs ure shown in
Figs. 10 and 11. In Fig. 10 a JFET oscillator is
pictured, and a versatile FET d.c. voltmeter
(FETVDM) isshown in Fig. 11.

The voltmeter features two Motorola 2N£221
JFETs and offers the high input impedance
(22 megohms on all ranges in Fig. 11) of & v.t.v.m.
but with more stability. The circuit is essentially
 differential amplifier which works on the prin-

J: ‘\4/1\3\,—»0+I2V.

—

2N4220
1.3
2N4221

XTALC]

Fig. 10—Typical JFET crysfal-oscillator circuit.
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Fig. 8—Typical vacuum-tube characteristic curves,
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Fig. 11—D.C. voltmeter circuit using field-effect transistor. Resistances are in ohms (K = 1000); fixed
resistors are /2 watt. The second position of Sz is used for checking battery voltage.

M| —0-100 microammeter.
S(—D.p.s.t.toggle.

S:—D.p.d.t.toggle.

S;—Rotary, 1 section, 1 pole, 7 positions.

ciple that the current through a resistance is
directly proportional to the difference between
(he voltages ut its ends. When R und Ry ure
adjusted so that the voltage al the emitter of
() is equal to the voltuge at the emitter of 3,
with no input signal, the voltage difference is
zero and no current will flow through the meier.

When the voltage at the gate, G, of Q is raised
to 0.3 volt the voltage across the meter circuit
also is upproximately 0.3 volt since the source

October 1966

Ri R: Ry—Linear controls (Rz and Ra are panel adjust-
ments; R: can be internal).

Rt—R:y inc.—Trimming potentiometers, for internal mount-
ing (Mallory MTC or equivalent).

followers und emitter followers have a voltage
gain of approximately one. Rjis then adjusted to
give full-scule meter deflection. The calibration
resistors, R4—Iy inclusive, are individually ad-
justed for exactly full-scale deflection on each
range when the maximum voltage for that range
is upplied to the input terminals through the
runge switch, Ss. An accurate voltmeter should
be used to check the applied voltage when setting
(Continued on page 164)
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YAGI VS. QUAD m B

Establishing Anfenna
Superiority Through
Reception Reports

An artist's sketch of the spacious antenna site of W4RBZ. The beams are mounted 80
feet above the ground on telephone poles spaced 150 feet apart.

BY ROBERT E. FITZ,* W4RBZ

o series of temporary and semipermanent

locations, my first act upon retirement from
the Air Force was to settle at a permanent loca~
tion on a small farm in Tennessee and install a
pair of the biggest telephone poles 1 could
acequire.

The many discussions I had on the ham bands
regacding the Yagi beam wvs. the cubical quad
led me to conclude that the ideal sport would be
the on-the-air comparison of the two: I wanted
to know exactly which untenna I should keep as
the ultimate. These QSOs concerning the Yugi
and the quad did not convince me that either
one of them was vustly superior to the other. A
hig percentage of the quad men seemed only to
be comparing their quads against tribanders or
small beams that had been used in the past.

It scems to be pretty well established that at
the lower heights a quad hus u detinite edge
over the Yugi. However, I was curious to know
how the two antennas would compare when both
were placed at u relatively high elevation.

A 20-meter -element commercial monoband
heam was installed on one of the previously-
mentioned poles. This antenna worked better
than any antenna 1 had ever used before at any
location. About two months later I installed a
I-element quad, using the fiberglas arms and
#luminum spiders available on the market. A
coax switch was mounted on the station control

“ Ronte 1, Spraxzﬁcld; Tennessece 37172,

!FTEB more than 30 years of hamming from

The merits of Yagis and quads have
been expounded through the years,
with it being a matter of opinion which
antenna is the superior of the two.
WIRBZ was fortunate to have cnough
time and real estate to erect both an-
tennas and make on-the-air compari-
sons. Here’s what he found out.
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panel to permit instantaneous switching from
one antenna to the other for a rapid cross check.

At the time this article is being written, I have
used the two antennas for about three months
and have checked both antennas with over u
hundred stations. Most of the stations that 1
asked to give a comparative report were for-
eign; a definite effort was made to concentrate
on the long-haul boys.

Any good engineer or analyst could point out,
a number of weaknesses in my system of com-
parison. This I will concede. I have only the
standard test equipment available to the aver-
age hum: I don’t have the capabilities for in-
stalling model antennas or conducting elaborate
luboratory tests. My ouly motive was to deter-
mine whether a good commercial beam per-
formed as well as, the same as, or better thun a
typicul cubical quad installed at the same height
at the same location by a ham of average ability
with ordinary facilities and equipment.

Kirst of all, u short deseription of the antennas
isin order. The Yagi has a 36-foot. boom and was
adjusted strictly in acecordance with the direc-
tions given by the manufacturer. The quad is
mounted on a 30-foot. boom in a diamond con-
figuration and was originally installed using the
dimensions given in u previous QST urticle! and
in use hy a number of hams. Both antennas
were peaked to a fundamental frequency of
14,220 ke.

Fach antenna is on u separate telephone pole
and the boom of each is mounted exactly 80 feet.
ubove ground. The Yagi is about 30 feet closer
to the shack, and is nearer to the highway and
power lines; however, the quad is closer to some
tall trees about 50 feet high. Both antennas ure
raised and lowered by similar elevator-cage
hoisting arrangements.

As mentioned earlier, the quad was originally
installed using those element dimensions that

i Bergren, “The Multielement Quad,” QST, May, 1663,

QST for




w

seem to he most commonly employed. During

the first two weeks of testing there was praeti- -

cally no difference between the antennas. Then
the quad was lowered aud completely retuned
for maxium forward gain. This scemed to give
the quad au edge on some contacts.

After the quad had been in use in this condi-
tion for about three weeks, one of the vld an-
tenna experts from the West (Cloast suggested
that my quad still might not be peaked for
maximum performance and suggested that [
try his dimensions. This I did. The quad per-
farmance fell off noticeably. For the next 25 or
30 checks almost every station giving a com-
purison reported either that there was no notice-
able difference hetween the untennas or that the
Yugi had the edge. This was most noticeable on
the long-haul contacts. Previously, VU2CK had
reported on several occasions that the quad had
about a one S unit advantage: after this change,
Karnik reported that there was no noticeuble
difference between antennas. The sume was true
with several YM2, 9M6 and VK9 stations.

The yuad was again retuned for maximum
forward gain, and tests were resumed.

[ will only cite my experience with the Yagi
and quad installation. In general, there was
practically no difference in signal strengths on
the short-haul contacts, and there was seldom
any difference on medium-haul contacts to sta-
tions in Europe, Africa and the mid-Pacific.
However, on the very-long-haul contacts to the
Far East, Asia and the South Pacitic, the yuad
had « fairly consistent 2-3-db. edge. On only a

This photograph shows some of the details of the
quad and Yagi antennas.
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few ocecasions was there n big difference in re-
ported signul strengths; this seemed to work
both ways, with the quad being given a 2-3-5-
unit advantage in o few instances und the Yagi
given the sume advantage in a few others.

On a number of checks, inconsistencies in the
reports indicated that the different angles of
radiation of the two antennas had pronounced
effects. For example, on one oceasion a JA, DU
and VK6 were worked in quick succession. The
JA contact gave the quad the edge, the DU re-
ported the strouger signal from the Yuagi and
the VIK6 reported no difference in xignal
strengths. Instunces of this nature oceurred
frequently.

I learned early in the gume that, under ordi-
nury conditions of QSB and QRNM, one switch-
over between antennas did not give a valid
comparison; the signals from the two antennas
were generally so close in strength that several
checks in quick succession were necessary for
the other station to be able to give a fuir evalua-
tion.

While my quad seemed to have an edge on
long-haul contacts, there were still times, under
the varying conditions of propagation, that the
Yugi put out a stronger signal. The type of an-
tenna in use at the “receive” end was definitely
a factor. Shown below is & summary of my lust
100 reports, the results of which are typical of
my experience over the past thre emonths. The
quad was tuned for maximum forward gain for
these checks.

Number of stations wsked to com-
pure untennas 100

Number reporting no difference
between antennas 38

Number reporting stronger signals
from the Yagi 17

Number reporting stronger signals
from the quad 45

Worthy of note is that there was never any
reported difference on long-path contacts. This
could be checked on only abont a half dozen
oceasions, but no one reported any difference
hetween antennas on the few long-path checks.

There are several factors, other than signal
strengths at the “receive” end of the cireuit,
that must be given consideration in any tfinal
selection of the better of the two uutennas.
Iiven when tuned for maximum forward gain,
my quad has a better front-to-back ratio; re-
ceived signals were generally weaker off the
back of the quad. The Yugi has stronger side
lobes; a number of times, ufter checks with
long-haul stations, a W station quartering off
the side would break in to tell me that the Yagi
appeared to be stronger during the test. This was
also noticeuble in reception. I also noted that
during periods of heavy rain the quad had con-
siderably less precipitation static.

(Continnued on page 166)
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A 300-Ohm Standard For
The Transmatch

and 300-oluu twin lead i8 4 common

choice among these operators. Effecting an
impedance match between the balanced trans-
misgion line and the antenna is difficult to do
when one does not have a balanced-line type
s.w.r. bridge. Admittedly, a coaxial balun can be
inserted between the 300-ohm antenna and the
feed line so that a 7H-ohm unbalanced s.w.r.
bridge cun be used, but ut the lower frequencies
u couxial balun becomes unwieldy. A coil-type
balun transformer can be used, but what if one
isn’t readily available when needed?

A simple solution lies in the use of a trans-
match and a 300-0hm noninductive load. The
300-ohm standard is attached to the transmatch
in place of the antenna feed line, an s.w.r. bridge
is connected between the transwitter and the
transmatch, and the transmatch is adjusted for o
1:1 s.w.r. The dial readings on the transmatch
are noted and when the feed line is again con-
neeted to the transmatch, the matching network
at the antenna is adjusted for a 1:1 s.w.r. with
the transmatch dials set at the same position as
for the 1:1 condition when the 300-ohm load was
attached.

Simple? Yes, but let's talk about the standard
and how it's built.

MANY radio amateurs use balanced feeders,

Construction

The dummy load shown in Fig. 1 will handle
20 watts of r.f. power (sustuined) and up to 50

- 1800 OHMS
Ry~ Rg.each TWATT

300 OHMS

RUBBER
/’GASKET

SOLDER

“RUBBER
SOLDER GASKET

{8)

SPRING — 8

(c)

Schematic and sketch of the
dummy load.

22

The balanced 300-ohm standard.

watts for periods of 10 scconds or less. Generally,
the station exciter can be used for the antenna
tests, keeping the power output within the limits
specified for the 300-ohm standard. The stundard
will present a 300-ohm impedance (non-re:ctive)
from 1.8 to 30 Me. A deterioration in performance
was noted at 50 Me., resulting in an impedance
reading of 220 ohms when the unit was tested
on a Boonton 250-A RX meter. Hence, it is
not recommended that the load be used us
standard above 30 Me.

The unit is made up from six 1-watt, 1800-ohm
resistors. \V'hen parallel conneeted, the resistance
becomes 300 ohms. For best accuracy, 5-per cent
resistors should be used, but by hand-selecting
10-per cent resistors, it should be possible to
obtain the 300-ohm figure.

The resistors are mounted between a pair of
l-inch diameter copper or brass disks, and are
spaced uround the perimeters of the disks as
shown in Fig. 1B. Make certain that the body
of each resistor is flush against the disk before
soldering the pigtail to the disk. \WWhen soldering,
do not. overheut the assembly because this can
change the value of the resistors.

Two E.F.Johnson binding posts are mounted
an the lid of u small paint can (mine meusures

(Cantinued on page 170)
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ex-50 0, about the old days of ham radio,

the tulk got around to the world of 25,000
meters. That was the playground of the arc irans-
mitter of POZ, Nauen, the pure tone of the alter-
nator of WII, New Brunswick, and several others.
That was also the world and time of the OId
Man's Young Squirt, when the threat of the
Wouff Hong and the Rettysnitch was a thing to
be reckoned with. Those were the days when
the Young Squirt wonnd his 25,000-meter tuning
coil with No. 21 wire on an oatmeal box and
made his own tap switch, using brass machine
screws for contacts. Today, the spark, are, and
allernator transmitters are gone, but NAA, now
transplanted from Virginia to Maine,! is still
on the air with its high-power tube transmitter,
and the many transmitters of NSS can be
heard day and night. The receiver described
here was designed and built to listen in on these
stations. This receiver does not match the per-
formance of the modern superhet, but it does
bring in the long-wave transmissions of time sig-
nals and press, and provides good code practice.

W’I{ILE reminiscing one day with W4GCC,

Circuit

The receiver consists essentially of three inter-
related circuits — oscillator, detector, and ampli-
fier. The woscillator beats with the incoming
signal to produce an audio signal in the detector
and at the amplifier output. To avoid the need
for large coils and tuning cupacitors, the oscilla-
for is a free-running multivibrator with adjust-
able emitter bias for frequency control. Using
the values shown for Ky, 'y, /¢, (s, and tuning
potentiometer I3, the tuning range is about 16
ke. to 30 ke. Selecting different. values for ¢/, and
'y will shift the range higher or lower if desired.
Larger vulues reduce the frequency. The com-
hination of C'f2y, 'y, and Ry assures that the
multivibrator starts oscillating euch time power
is applied, even though potentiometer /73 may be
set to its muximum resistance. Without this
circuit, @ could be cut off by the large amount
of emitter resistance, reducing the loop gain of
the multivibrator and preventing oscillation.
However, when power is first, applied, capuacitor
"y has no charge and CRy conducts, effectively
connecting the emitter of Q2 to ground. Under
this condition, the gain of 1 and Q; is enough
to start oscillation. As oscillations build up,
('s charges positively at the junction of ('fy,
buck-biasing ('Ry and effectively removing ('3
from the circuit. Detector (O3 is untuned and the
antenna is connected to its base through KFC,.
The latter serves in a limited way as an antenna
louding coil, but is primarily an r.f. choke to keep
out unwanted signals from locul broadcasting
stations. Capacitor (4 shorts out any unwanted
higher frequency signals thai wre not completely
blocked by R#C;.

The oscillator is d.c.-coupled to the base of
detector ()3 through the sensitivity control /s and

#2601 Lullington Drive, Winston-Salem, North Carolina.
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Simple Transistor Unit

Covering 16 to 30 Kc.

A V.L.F.

Receiver
Without

Tuning

Capacitors

or Coils

BY JOHN M. TIFFANY,* ex-2BQK,
2CGK, W3CQN

.

The completed (v.l.f. receiver. Lengths of aluminum angle
are used to fasten the circuit board to the end supports.
The latter are of the same material as the board,

resistor I%s. The setting of /25 determines the
average hias level for (3. The a.c. signal from
the oscillator »wings the base current of @y
through the optimum operating conditions twice
each cycle, and causes pulses to be generated in
the collector of () ut. the sitnultancous oceurrences
of incoming signal and oscillator voltages. The
result is an audible heterodyne signal which is
amplified by the circuits of Q4 Capacitor (s
filters residual oscillator voltage.

The current drain of the receiver is 11 ma.
al 12 volts. At this low drain, battery aperation
is practical, although a simple voltage-doubler
rectifier and filter, supplied by a 6.3-volt filament
transformer, is more convenient. The receiver
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OSCILLATOR

Fig. 1—Circuit of the v.Lf. receiver. Ca-

pacitances are in uf.; resistances are in
ohms (K = 1000). Capacitors: M indicates
mica; polarized capacitors are 15-volt
electrolytic; others are disk ceramic or
paper. Fixed resistors are /2 watt (closest
standard 5 per-cent values may be substi-
tuted), RFCy is a slug tuned width coil,
inductance approximately 2 to 10 mh.
Other component labels are for text-
reference purposes,

+———0
t2v.
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o Wire. Working inward from the transistors,
—— —_— the tirst land is for the emitter connection

will operate over a range of about 6 to 15 volts,
but good headphone level is obtained with 12
volts applied. An audio amplifier with medium
or bridging input impedance can be used for
loudspeuker reception. A single-wire antenna at
least 75 feet long, and up to 2 couple of hundred
feet long, if possible, should be used. \ good
ground is essential. CAUTION! Do not use
power or telephone lines us un antenna.

The receiver shown in the photograph uses
p-n-p transistors that are not availuble on the
market. The transistors shown in the schematic
are n-p-n of the (+.E. economy line, and have
characteristics suitable for this application.
Various types of transistors have been used in
this recciver circuit, all with good results. If
p-n-p transistors are used, the polarities of the
supply voltage, diode ('R, and eupacitors ('
and (s must be reversed.

Construction

All components, except the terminal board
and the two controls, are mounted on a 314 X -
inch laminated tiber-glass, or equivalent, board.
All copper is stripped from one side of the board
{if both sides are copper-clud) and the pattern of
lunds (exposed copper) is ent on the apparatus
side as shown in Fig. 2. The lands, about %
inch wide, are used as tie points for all com-
ponent leads. The »six lands at each end are
used for input and output connections and mis-
cellaneous tie points. Starting at each trunsistor
location and working toward the edges of the
hoard, the first land is a tie point for the transistor
base, the next for the collector, and the outer
land is for common positive supply. The two
outer positive supply lands are strapped by a
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and the center land is for common negative
supply and ground.

To cut the lands, mark the pattern on the
copper and, using a metal straightedge, score the
copper with a sharp-pointed knife blade. Using
the point of the knife blade, loosen a corner of
the copper to be stripped and pull off the un-
wanted copper with long-nose pliers or the points
of diagonal cutters. \When all the unwanted
copper is removed, polish both surfaces with fine
sandpaper to remove rough edges. lixamine the
areas between the lands to be sure that all copper
has been removed and that there are no shorts
between the lands. Drill the hwles for the transis-
tor lends and connect. the leads to the appropriate
lands, grasping the leads with tlat-nose pliers
while soldering to prevent overheating the tran-
sistor. In the case of @y and ()3, the emitter lands
are not used and the cmitters are connected
directly to the negative-voltage land. (se in-

- 5t o "|
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== |-

312"

| ——  ——

e ——1
Fig. 2—Components are mounted on a copper-clad
circuit board. Dark areas represent lands—the copper
that is left after cutting the remainder away with a
sharp knife, as described in the text. Note: The transistor
terminal arrangement shown is for the transistors originally
used. For the 2N3397, the holes should be in a straight

vertical line, with approximately Y3-inch spacing.
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)

Bottom view showing the arrangement
of components on the under side of
the circuit board.

sulation over the transistor leads where they
pass over a land used for a different circuit.
Solder the component pigtails directly to the
appropriate lunds, using pieces of insulated
wire for any required connections between lands
and for leads to the terminal block and controls.
The two controls und the antenna loading coil
are mounted on un end strip attached to the
board by & piece of uluminum aungle, and the
terminal strip is mounted similarly at the other
end of the board. The layout of the components
and the wiring is not eritical and no doubt many
variations would be equally good.

Operation

Apply power to the receiver and rotate the
sensitivity control £s. A point will be found
where the background noise is loudest. Probably
one or more of the long~wave stations will be
heard, since it is usual to find several of them on
the air. The selection of signals and their beat

notes are controlled by the tuning potentiometer
R3. Each time the setting of the tuning poten-
tiometer is chuuged, the sensitivity potentiometer
may have to be adjusted for optimum strength,
but it will usually be somewhere neur mid-scale.
Adjusting R#Cy; may have some effect on the
signal strength, depending on the length of the
antenny, but its primary function is that of an
r.f. choke at broadeast frequencies, as mentioned
earlier, and its effect ou long-wave signals is small.

Performance

Using a single-wire antenna about 100 feet.
fong at the writer's Kast-Coast locution, good
signals are received from NSS, Annapolis; NAA,
Maine: NPG on the West Coast: and NBA,
(lanal Zone. Since there is 1o preselection in fhc
receiver, signals at twice the oscillator frequency
an 2lso he heard. No interference hus been
noticed from any of the local broadcasting
stations. e |

< - llsr
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...

. K. B. Warner editorialises ubout the prob-
able forthcoming shortage of standard parts for
the ham who builds his own. In the ** good old daze,”
of eourse, there being no such widespread variety of
components, most amateurs did in fact make most
of the components. He even hints that it might be a
oood iden to stock up on a few tubes in case there
are jobs to he done that only amateurs can do.

. . . Oakes Spalding, W1FTR, recently returned
from a two-year cruise on the Yankce takes us on i
marvelous trip around the world, working Ws back
home and certain designated forcign hams. He
visits all the classic spots, ineluding Piteairn Island.

October 1966

Better read this one.

. Byron Goodman, WI1JPE (now WI1DX)
hus a picce on an all-band 80 watter. Built on the
popular metallic “breadboard” of the day, there
is a string of 6AC5Gs to drive an HY307Z final. It
can, of course, be used to drive a final large amplifier.

... 8. Gordon Tuaylor, W2JCR describes an
automatic line-voltage regulator, using the fumiliar
tilament transformer to hooust the line voltage, but
also employing an Amperite voltage regulator tube.

‘This month we have several pages devoted
to the YLs. ‘There are some faumiliar names, too.
What the urticle is really about is the formation of
the YLRL, Young Ladies Radio Leuague, designed
to cope with communication emergencies of about
whatever nature.

Ev Battey., WIUE, concludes his two-part
:mu,lc on the scerets of good sending. He goes into
conxsiderable detail in this matter of correct character
formation, spucing, ete. The dope still applies.

— WW14ANA
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V.F.O. Stability — Recap
and Postscript

In Two Parts—Part IT*

An Examination of Some Design Principles, Old and New

BY GEORGE GRAMMER,** WIDF

Remote Tuning

Since the change in drift characteristics with
the physical rearrangement of the tank had been
$0 pronounced, two 1d-inch pieces of RG-62/U
cable were installed to counect the tunk to the
tube, the latter being mounted on au entirely
separate chassis. The thought here, of course,
was that this would entirely eliminate conducted
heat as a fuctor.

There followed a series of drift runs which gave
somewhat confusing results - sometimes the
drift would be positive and sometimes negative.
The drift was generally less {in one outstanding
case, only about 50 cycles over a 12-hour period)
but more variable. Further checking with the
hair dryer showed that the coax cable had a
negative temperature coefficient of capacitance,
while all the other tank components were posi-
tive. RG-59/U wus substituted and found to
have the same characteristic, so it would appear
to be a property of the polyethylene cable.

This offers a means for temperature-com-
pensating a circuit using the remote-tuning
principle, although it may be harder to apply
satisfactorily thun regular uegative-coefficient
capacitors unless the cable is made a part of the
complete assembly so it heats in the same way
each time the v.f.o0. is used.

Heat Transfer — General

From the foregoing, it is clear that the direct
solution to 99 per cent of the drift problem is to
keep the temperature of the tank circuit as con-
stant as possible, or at least to force any unavoid-
able changes in temperature to occur as slowly
as possible. The obvious way to do this is
to keep the tank far away from heat sources.
The entirely separate ‘‘remote-tined”’ tank box
is well justified, provided some care is used in
placing the conunecting coux cables so they aren’t
inadvertently subjected to temperatire changes.
In some cases this may be cumbersome, so in this
v.f.0. one-chassis assembly of the r.f. section was
attempted. The power supply, usually a potent
source of heat, was built separately.

The finished circuit retained the coax cables so
the tank could have maximum separation from
the tubes, which are at the opposite end of the
chassis. As Fig. 7 shows, the tunk is in a shield box

#¢ Technical Editor, QST.
*Part I appeared in September 1966 QST. p. 22,
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Fig. 7—Tank-enclosure mounting. The shield box is set
on half-inch pillars to minimize heat conduction from
the chassis to the box. Ventilating holes in the box
cover are arranged so air enters at the bottom of the
outer side and emerges at the top left. Note that addi-
tional sheet-metal screws are used to hold the
cover firmly in place.

mounted on pillars. This allows air to circulate
underneath, and reduces actual contact with
the chassis to a minimum, thus cutting down
conducted heat.? Veutilation of the inside of the
tank box is provided by u series of !{-inch holes
along the bottom of the outside wall of the cover,
plus an equal number in the top toward the
opposite side. This allows uir from outside the
chassis o be drawn through.

To shicld the tank box from radiated heat a
hafile plate of bright aluminum is mounted right
alongside the tubes su their heat is reflected
outward from the chassis. Quarter-inch holes
are drilled in the chassis alongside the tube
socketls and along the bottom of the baffle plate,
Fig. &, to encourage air eirculation upward past
the tubes. The cover and bottom plate for the

9 The pillam in the version shown are wetal, but celotex
insulation between the chassix nnd tank box also was tried,
with no wmetal-tn-metal contact, There was no obhservable
difference between the two methods.
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eatire assembly are made from open-work do-it-
vourself aluminum.

These measures are quite effective in keeping
the tank box cool. After several hours of opera-
tion the box is still just about as cool, as judged
by touch, as it was before power was turned on,
ulthough the end of the chassis on which it is
mounted is noticeably warm and the tube end is
even more so. Actually, the measured tempera-
ture rise inside the box after a four-hour run
averages 6 to 8 degrees F.

In this layout the conversion crystuls at first
were covered by an aluminum shield, to prevent
possible stray coupling between the crystals and
the output coil at the rear. This shielded space
confined some of the chassis heat. Removing
the shield reduced frequency drift in the crystals,
and fortunately the shielding was found to be
unnecessary.

Parasitic Oscillations

Lengthening the leads between the uscillator
tube and the tank invites v.h.f. parasitic oscilla-
{ions when a good high-transconductance triode
is used. In several different, physical layouts used
for this oscillator parasitics invariably were
venerated. The frequency ranged from about
50 to 200 Me., depending on the lead lengths.
The parasitic circuit is a simple Colpitts using
the interelectrode capacitances to tune the grid
and plate leads, as shown in Fig. 9. The regular
tank capacitors are so large that they act as a
short circuit at the end of the “line” formed by
the leads from the tube to the tank.

Various chokes and choke-resistor combina-
tions were tried in the grid and plate leads, and

Fig. 8—Heat from the tubes causes convection currents

that draw air across the chassis and through the holes in

the baffle plate, as well as from below the chassis through
the holes along the chassis edge.
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Fig. 9—Parasitic-oscillator circuit formed by leads from

the grid and plate to the tank. The inductance of Li is

large enough, at v.h.f.,, to act as an r.f. choke. Parasitic

oscillations are likely to occur when the leads (drawn with
heavy lines) are an inch or more long.

although they ulways could be made to sup-
press the parasitic after a little tinkering, the
choke size had to be changed with each change
in lead length. It is simpler to use resistance
only, but since appreciable resistance is unde-
sirable in either lead at the fundamental oscilla-
tor frequency the lowest possible value of re-
sistance should be used. At the fundamental,
given value will be equally bad no matter where
it. is placed in the lead, but fortunately this is
uot true at the parasitic frequency. A low re-
sistance at a high-current point in a parasitic
circuit will be equally as effective as a high
resistance at a low-current point. The high-
current point in this parasitic circuit is right at
the tunk capacitors, so the resistor should be
installed there. A 10-ohm carbon resistor, /%y in
Fig. 4, has been effective in several oscillator
arrangements of this tvpe.

It is more than likely that unsuspected v.h.f.
parasitics exist in a great many low-frequency
oscillators. The better the tube, the more likely
they are to occur. Low power is no insurance
against them. They cause erratic frequency
changes, ‘“‘hot” spots and body capacitance
where there shouldn’t be any, and similar ef-
fects. A rectifier-type wavemeter check should
be made on any oscillator — just to be sure.

Vibration and Mechanical Shock

It is traditional to say that an oscillator should
be ‘“solidly constructed,” and if this is inter-
preted to mean that the construction shouldn’t
be flimsy, the principle is good. **Solid,”” though,
needs qualification. A bell is solid, but it c¢an
vibrate like mad. “Sound deadened” perhaps
would be a better description of what is needed.
The construetion should be such that the oscil-
lator cannot ““‘ring”’ mechanically.

Since metal transmits vibration very efh-
ciently, it is reasonable to agsume that the vi-
braiion-sensitive parts should not be mounted
on metal. Wood does not ring readily, but it is
not a very satisfactory structural material for
radio gear. The next best probably is a plastic
of some sort.

QQuarter-inch Plexiglas was used for mounting
the tank components in the oscillator shown,
and has proved quite sutisfactory. Plexiglas is
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also an insulator for heat. 1t slows down the
conduction of heat from the box to the tunk
components, coutributing further to making the
temperature change, and hence the drift, very
slow.

The tank and plastic plate form a single unit,
mechanically. This type of assembly is less sus-
ceptible to mechanical shock than chassis mount-
ing, since any movement tends to oceur as a
whole, rather than as a series of separate re-
sponses. The Plexiglas plate is mounted on
pillars at its four corners; a three-point mount-
ing theoretically might be better, but was avoided
here because of the possible torsion effects when
turning the variable capacitor (any twisting of
the assembly with tuning probably would result
in backlash).

The insulating base makes it possible to avoid
multiple ground paths, which often give rise to
intermittent effects.! A single ground bus can
be used; in this oscillator, it is a half-inch wide
strip of aluminum running from beneuath the
suning capucitor to the rear of the mounting
plate. This strip is the ounly capacitor ground
point; the rotor shaft does not touch the front of
the box where it goes through, and an insulated
flexible coupling is used between the shaft and
tuning dial.

An *“‘air-wound” cuil such as Miniductor de-
serves special attention. The principal problem
is the method of mounting; the coil itself, if
small, will have very little inertia and little
tendency to vibrate. In this cuse the mounting
is u strip of Plexiglas of the same thickness as
the coil supporting strips, filed down to make
snug fit and then cemented to opposite strips.
The assembly is supported on 34-inch ceramic
pillars. Experience has shown this method to
be vibration-proof.

Ordinary chassis mounting suffices for the
oscillator tube, since the tube has so little direci
effect on the frequency. The triode-pentode is
rather free from microphonic etfects (none have
heen observed) because of the small and light
elements and the short internal supporting leads,
along with very good bracing.

If coax cables are used to counect the tank
to the tube it seems better not to fasten them
rigidly. They should be clamped together so they
will move as a unit under shock. At one time
the cables shown in Fig. 10 were anchored mid-
way along their length, butl there was less fre-
quency change with both temperature and vi-
hration when this support was removed.

Finally, the shield box contuining the tank
needs firm bonding all around the meeting sur-
faces of the base and cover. The box is coupled
to the tank, especially to the coil, because of the
electric and magnetic fields surrounding the tank
components. Poor or intermittent contact be-
tween the metallic surfaces will affect. the fre-
quency in unpredictable (and usually sporadic)
ways. Use enough screws so that the surfaces
are everywhere firmly in contact.

10 Such as those deseribed by Long in the article men-
tioned in footnote 7.
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Fig. 10—The coax leads from the tank are clamped
together to prevent relative movement, but are not
otherwise connected mechanically with the chassis except
at the ends where the electrical connections have to be
made. This bottom view also shows the amplifier tuning
capacitor, which is mounted on a bracket which shields it
from the oscillators. The drive shaft is plastic rod.

With the construction showu, the oscillator
frequency is completely free from any ordinary
shock or vibration effects. Even dropping the
eniire v.f.o. on a hard table from a height of a
couple of inches causes no vibration in frequency,
although the shock sometimes is enough to jur
the capacitor setting slightly.

The Buffer Amplifier

After taking the puins necessary 1o wchicve
stability in a tunable oscillator, it would be
foolish to throw any of the stability away. 1t
cun happen, when the oscillator is coupled to
unother circuit, for the reasons stated earlier,

If the butfer is to prevent any variations thut
may occur either in its own plate circuit or in
the following stages from affecting the oscillator
frequency, its voltage amplification must be very
low. ‘This is because Miller effect!! depends on
voltage amplification. Low gain is no handicap,
beeause in a conversion v.f.o. system the buffer
should supply ouly a few volts of r.f. to the mixer.
The buffer output circuit therefore can be simply
a relatively low value of resistance — not more
than 1000 ohms.

A second point is that the buffer should operate
with close to its normal Class-A grid bias (ob-
tained from a eathode resistor’i and without being
driven into grid current. With this type of oper-
ation the oscillator-butfer conpling can have its
least value — an important factor in contributing
to freedom from butfer reaction on the oscillator
frequency. The buffer grid-resistor vulue is not

11 NMiller eftect is the change in input resistance and reac-
tance caused by feedback through the grid-plate capaci-
tance. [t depends on hoth the krid-plate capacitance and
the actual voltage awplification, and becomes less when
either is made sualler. [t is the priucipal reason for using
a pentode with the sinallest available grid-plate capacitance.
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tou important; a U.l-megohm resistor was nsed
in the circuit of Fig. 11, but the resistance could
be varied over a wide range without upsetting
things. The coupling capacitor, C5 in Fig. 4,
should have the smallest value that will result
in the desired buffer output voltage; a 3.3-pt.
capacitor was used here.

The presence of grid current can be detected
readily with the d.c. probe of a vacuum-tube
voltmeter; there should be no d.c. voltage drop
across the buffer grid resistor, 4. If any such
voltage can be detected in making the initial
adjustments, the value of (5 should be decreased.

In general, it is advisable to operate the butter
with a small value of cathode bias und low r.f.
grid voltage rather than to avoid grid current

P

EXCEPT AS INDICATED, DECIMAL ¢ *
VALUES OF CAPACITANCE ARE & (005
IN MICROFARADS ( uf.); OTHERS !
ARE IN PICOFARADS (pf.OR put); =
RESISTANCES ARE IN OHMS;

K+ 1000

Fig. 11—Buffer circuit following tunable oscillator. Re-
sistors are '2-watt composition; capacitors are disk
ceramic, except Ciz, which is silver mica. Cg is the capacitor
having the same designation shown in Fig. 4; it is unneces-
sary to use two separate capacitors across the same
feed point. Rs and Rs are decoupling resistors backed
up by Cs and Cii; these circuits are essential for pre-
venting r.f. coupling through the power-supply leads.

[o]
+105 REG.

+250

by increasing the ¢athode resistance. This mini-
mizes generation of harmonics of the oscillator
frequency by the buffer tube and thus helps
reduce spurious output in a conversion system.
Vibration and shock are minor problems in
buffer circuit of good electrical design. Ordinary
construction methods sutfice. The important
thing in luyout is to make sure that the buffer
plate circuit cannot “see’ the driving circuit
electrically. This is readily done, in the layout
shown in Fig. 12, by continuing the oscillator-
tank conx shields as far as possible toward the
grid and plate prongs of the tube socket, by
mounting disk bypass capacitors over the sucket.
to act as shields between the pentode plate and
other elements, and by separating the “hot”
components (the oscillator plate
TO choke, RFCj, and the buffer plate
. load resistor, 7) as much as pos-
o sible.

Ciz

The Frequency Converter

Frequency conversion in a v.f.o. is much like
frequency conversion in a receiver, and the same
methods can be used. The dominant factor is
that of maintaining isolation between the tunable
oscillator, the output circuit, and the conversion
oscillator. A converter tube such as the 6BEG
offers better isolation than some of the triode and
pentode circuits used in receivers, especially in
preventing coupling between the tunable oscil-
lator and the fixed conversion oscillator.

Whatever the method of conversion, the fixed-
frequency uscillator — usually erystal controlled
------ should be entirely separate from the mixer.
And even though a crystal is a pretty stahle
device, it is advisable to follow the oscillator
with a buffer amplifier. If the mixer is a 6BE6
it is preferable to let the crystal oscillator drive

S

Fig. 12—A close-up of the wiring around the tunable-oscillator/buffer socket {to the right of bent shield plate) and
the crystal-oscillator /buffer socket in the upper left corner. The metal center post of the socket is connected to the chassis
through a soldering lug fastened under one of the socket mounting nuts; this is the single ground point for the stage. The
same method of grounding is used in each stage. Disk capacitors are directly over the sockets to shield the oscillator
and buffer sections from each other.
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6.3V.

EXCEPT AS INDICATED, DECIMAL VALUES OF
CAPACITANCE ARE IN MICROFARADS (uf.);
OTHERS ARE IN PICOFARADS ( pf. oR put);
RESISTANCES ARE IN OHMS;

O +105
REG.

+250Q

K = 1000.

Fig. 13—Crystal-controlled conversion oscillator and buffer amplifier. Output tank capacitance includes the capaci-
tance of the coax line between plate and Co; if this lead is more than two or three inches long the capacitance of Ci7
may have to be modified to compensate. Cig should be at the mixer end of the coax line. If this and the circuits of Figs.
4 and 11 use the same power supply, Czo is identical with Cs in Fig. 4 and Czi is the same capacitor as Ci in Fig. 11,

Ci3, Ci7—Silver mica.

Ci4, Ci5, Cig, Ci8, C19, C20, C21—Disk ceramic.

La—Slug tuned, to resonate at crystal frequency with
Ci7 and associated stray capacitances. For
crystals in the 6- to 8.5-Mc. region a coil adjust-
able from 6.7 to 15 uh. (Miller 4406 is suitable).

the injection grid, which requires some power,
and to upply the tunable-oscillator/huffer output
to the signal grid. Furthermore, to stay within
the **linear” range of conversion the mixer tube
should be operated with the same injection volt-
age that would be used in receiving — about 15
volts of rectified injection-grid voltage across a
22,000-ohm grid leak. The signal grid should be
operated with (!lass-A bias and should not be
driven into grid current.

The Conversion Oscillator

Fig. 13 is a practical circuit for the conversion
oscillator and its butfer amplifier. The triode
section of the 6USA is used as u Pierce oscillator
operating at low plate voltage, with light cou-
pling to the pentode section used as a butfer
amplifier. Since it is necessary to develop appreci-
able r.f. voltage for the 6BE6 injection grid,
tuned tank is used in the pliate circuit of the
pentode. If a wide range of crystul frequencies
must be used for getting output in various bands,
the crystils and buffer plate tanks can be simul-
taneously switched. The L/C ratio of the butfer
tunk is not too criticul, but it should be low
enough so that the @ will be reasonably high:
the tank should contribute enough selectivity to
minimize crystal-frequency harmonics.

The amplitude of the r.f. voltage supplied to
the injection grid can be regulated by adjusiment
of the slug in Lg. One setting will sutlice for a
gronp of crystals in a narrow frequency range
sitch as 13 used in the experimental v.f.o. In the
more usual arrangement where each amateur
band has a single conversion crystal, individual
cdils will be needed for each band and may
readily be adjusted for optimum output. Overall
control of output lies in the choice of /243, lower
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Ro-Ri4, inc.—Y2-watt composition.

Si—Ceramic wafer switch; sections and positions as
required. A 2-section switch with & positions is
used in the v.f.o. pictured.

Y)—Conversion crystals, as required.

values giving higher gain. With the circuit
constants shown, the pentode is biased to about
7 volts and operates without grid current.

Stray Coupling

Oscillator-to-oscillator coupling may give rise
to unanticipated effects. Note that in Fig. 12
there is a shield between the sockets for the
tunable-oscillator aud conversion-oscillator tubes.
This shield was not. used at first, and there was a
small amount of coupling between the two cir-
cuits. The two oscillator frequencies combined in
the crystal circuit, causing a difference-frequency
signal to be applied to the 6BE6 injection grid.
As this signal was at the converter output fre-
quency it was amplified and fed to the following
stage. Even when negative grid bias beyond the
cutoff value was applied to the 6BE6 control
grid there was a weak residual output that could
not be eliminated. This made it impossible to
nse hreak-in keving with complete effectiveness.
Installing the shield eliminated the coupling and
made the mixer behave normally.

While coupling of this type might not oceur in
other layouts, the possibility of its existence
should be kept in mind, especially if rated cutoff
bias on the signal grid of the mixer does not
completely cut off the output.

The Mixer Plate Circuit

One of the disadvantages of the conversion
system is that it has innumerable by-product
output frequencies, in addition to the desired
frequency. If these are not suppressed they may
go on through to the antenna to result in spuri-
ous radiations. The firsi real barrier to such fre-
quencies is the mixer output circuit.

The mixer should not be usked to deliver power
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Fig. 14—Mixer and output amplifier circuit, Except for C2, all fixed capacitors are disk ceramic. Fixed resistors are
Va-watt composition, Cio is the capacitor having the same designation in Fig. 13.

Ca0—""Gimmick" capacitor; twisted hookup wire adjusted
to neutralize amplifier.

)i—Coaxial connector, chassis mounting.

Ca—140-pf. variable (Millen 22140).

Ls—For 3-foot length of RG-62/U {app. 40 pt.) cable
in parallel with Caq:
3.5 Mc.—33 turns No. 22 enam. close-wound on

to the following stage, but only to develop
enough r.f. voltage for exciting a high-gain
pentode as a Class A or AB; amplifier. This
takes only 4 few volts of r.f., su the mixer plate
circuit should be designed primarily for attenua-
tion of unwanted frequencies. A double-tuned
transformer ix highly desirable.

If the band of desired frequencies is narrow,
in terms of percentage of the center frequency of
the band, a slightly overconpled tuned trans-
former will give sufficient band-pass effect to
make more than initial adjustment unnecessary.
A separate transformer for each band can readily
be switched in as required. This method is usable
for bandwidths up to +4 or 5 per cent of the center
frequency. Wider bands may require u ganged
variable capacitor to tune the transformer -—
which has the incidental advantage that, since
looser coupling can be used between the trans-
former windings than in the bandpass cuse, the
selectivity is increused.

Single-tuned circuits with capacitive coupling
to the following stage, although less desirable,
are simple to design and apply. They will usually
give sufficient selectivity in transmitters where
at least two tuned stages follow the mixer. It
does not really matter how the selectivity nec-
essary to prevent spurious radiation is obtained
so long as it 7s obtained.

A single fixed-tune handpass circuit, 77 in
Fig. 14, sufficed for this v.f.o0. since mixer output
was wanted only in the 3500-3650-ke. region.
In the more usual conversion arrangement. giving
direct output on each band, a separate mixer
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1-inch diameter plug-in form (Millen 45005).
7 Mc.—14 tumns No. 22, % inch long, on same
type form.
R22—5000-ohm control, linear taper.
RFCo—750-ph. r.f. choke (Millen 34300~750).
Ti—4.5-Mc. TV sound-i.f. transformer (Miller 6270)
loaded to 3.5-3.6 Mc. by C25 and Cas.

output circuit would have to be provided for
each.

The Output Amplifier

Up to the mixer output the overriding objec-
tive should be to get a signal that will be clean
und stable under any conditions of operation,
including keying in the mixer signal-grid circuit.
If the v.f.o. circuits are incorporated in a com-
plete transmitter, the rest of the design can go
on from there. For a separate v.f.o. unit it is
better to include an amplifier, partly for addi-
tional selectivity to discriminate against spurious
output frequencies, and partly to obtain enough
power output so that coupling losses and driving
requirements of the transmitter can be supplied.

For highest power sensitivity a video-amplifier
pentode is the most suitable tube type, and of
these the 12BY7A has the lowest grid-plate
capacitance, a desirable characteristic in an r.f.
amplifier. However, the capucitance is not low
enough to prevent self-oscillation wunder all
conditions, especially with Class AB; operation.
The amplifier should therefore be neutralized.!?
This is easy to do when it is driven through a

12 This rule should be applied to any high-gain pentode
r.f. amplifier stage. We have yet to see one that would not
o into oscillation when actuslly tested for it —-including
those that supposedly *required no neutralization.” The
unneutralized ones either are tested only when heavily
loaded, or operate as locked oscillators (or are at least
highly regenerative), the instability being concealed by
various mexns, such as keyving the stage. No amplifier will
oscillate with its plate current cut off; it may stay in lock
with the driving source, key closed, as long as the source is
operating.
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DRIFT N CYCLES

double-tuned transformer, as shown in Fig. 14.

Since the complete v.f.0. shown here was in-
tended as a crystal replacement, the amplifier
output circuit ix & parallel-tuned tank having
part of its tank capacitance in a 3-foot length of
RG-62/U cuble. The stage can be used either as
a straight amplifier on 3.5 Mec. or as a doubler
on 7 Me. In either case there is ample output for
driving the crystal-oscillator tube in practically
any transmitter, since none of these operate at
4 power level of more than a few watts. Other
types of output ecircuits for these frequencies
could be substituted, if necessary.

For regulating the drive to the transmitter’s
ex-crystal-oscillator tube the amplifier has a
cathode-resistor gain control, 9s. The 12BY7A
is grid-block keyed along with the 6BE6 mixer,
to make doubly certain that there will be no
“leak-through” in break-in work.

(bservance of the principles discussed here
has resulted in & v.f.o. in which keying has NO
effect.on the frequency. In fact, there is not even
u phase shift in the output of either the tunable
oscillator or crystal oscillator when the mixer
grid is keyed, either with or without shaping.

Final Note

After measurements had been made on the
tunable oscillator at approximately 5 Me., curi-
osity prompted replacing the tank coil with oune
that would let the circuit be tuned to ahout
2500 ke. The capacitance of ('3, originally 35
pf., was increased to 50 pf. and a new series of
crystals in the 6-Mec. region was substituted in
the conversion oscillator. Aside from the new
coil and variable capacitor, no changes were
made in the tunable-oscillator tank constants.

‘The solid curves in Fig. 15 show the maximum
and minimum limits of drift measured in seven
S-hour runs. The dushed curve is a single run
which approximates the median of the two lim-
iting curves. For the 3-hour period the median
drift was about 70 cycles.
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Fig. 15—Typical drift curves of tunable oscillator oper-
ating at approximately 2500 kc. These represent the
extremes of performance in seven actual drift runs.

The crystals used in the conversion oscillator
happened to have a positive frequeuncy/tempera-
ture coefficient —i.e., the frequency increased
with temperature. The opposite was true of the
tunable oscillator. When the difference fre-
quency is taken as output, us in this case, the
two drifts add. Fig. 16 shows the results of 12-
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Fig. 16—Drift in output frequency over a 12-hour period.
Comparison with Fig. 15 shows the effect of crystal-
oscillator drift, which was predominant
during the first half hour.

hour drift runs made on three occasions. The
section 1o the left of the vertical dashed line
covers the sume length of time as Fig. 15. The
effect of crystal drift is quite upparent when the
two sets of curves are counpared. The particular
erystal used in making these runs had a total
drift of 40 to 50 eyecles. Most of it occurred in the
first 30 minutes, after which the crvsial settled
down: the drift from then on was practically
that of the tunable oscillator alone. The effect
of cerystal drift after the first half hour is to shift
the tunable-oscillator drift curves upward by «
fixed amount. If the (-.ryst.-ﬂ.l and tunable oscilla-
tors had both drifted in the same direction the
total drift would have heen their difference.

Using the 2.5 Me. tunable oscillator and 6-Me.
erystals, the output, relative to fundamental
output, on frequencies other than the desired
one was measured with the amplifier tuned to
both 3.5 und 7 Me. idoubling in the latter case).
The approximate limit of the measuring equip-
ment was 50 db. The measurable outputs were
as follows:

With output on 3.5 Me.:

Freq., ke. Db, down Remuarks
2550 65 Tunable oscillator
4450 s Beat product
7000 19 2nd harmonic of output
10500 59 #rd harmonic of output
12100 2 2nd harmonic of crystal

oscillator
With output on 7 Me.:

Freq., ke. Db, down Remarks
3500 20 Fundamental
6060 59 (rystal oscillator
10500 42 3rd harmonic of 3500 ke.
12100 65 2nd harmonic of crystal
oscillator
14000 65 2nd harmonic of outpui

The only ones of importunce are those that
would be expected from a “conventional” v.f.o.
-—{i.e., harmonics of the desired signal. These
are generated in the output amplifier/doubler.
Other spurious responses are kept to negligible
amplitude by cuareful adjustment of the butfer
and mixer operating conditions and signal levels.
The spurious output rises immediately when
any of these stages shows grid current. [BEF—

QST for



Fig. 1—All-metal arrays for 50 and 144 Mc. All parts

of both beams can be assembled readily with ordinary

hand toois. In this installation the two beams are fed

from a s{ngle feed line, with a waterproofed coaxial

switch at the top of the tower permitting selection of the
Qesired array from the operating station.

HOUGH it is often said that ‘“nobody builds

ham gear anymore,” there are still many of

us, especially in the v.h.f. field, who like to
make things. Trends in home construction
change ‘with the years, and we build our own
gear today for guite different reasons from those
that inspired amateurs of a generation ago.

Communications receivers were the first items
in the ham station to “go cumumercial,” and at
one time it was common to buy a receiver and
build or}'e's transmitter. Commercially produced
antennas were all but unknown. As transmitters
becume more complex, with the advent of multi-
bund designs und extensive TVI precautions,
wany companies went into the transmitter tield,
but antennas were still mainly homebuilt, even
when cverything else in the ham station was
“store-hought.” In recent years the antenna
businesy has come on fast, removing the last,
absolute need for anyone to build a major com-
ponent of his stution by hand.

These developments did not remove the urge
to build, nor the benefits to be derived from it.
Counstructional articles are still the mainstay of
@ST, and antenna information is very much in
demand. This i« as it should be, for no ham
home-work is more rewarding than experimen-
tation with antennas, particularly those for 50
Me. and higher bands.

"T'here are many good v.h.f. arrays ou the mar-
ket, but we still have to ereet them — and this
may be the hardest part of the jub. Since we're
going {9 be duing quite & bit of work on any
antenna project, why not go the whole way and
huild the antenna, as well as ereet. it?

"Thera ure many different charucteristics to be
sought in v.h.f. antenna installations, and the
chances ‘are good that vou can come up with
somethipg better suited to your particular needs
if you design and build with your operating
preferences and installation problems in mind.
A full discussion of this philosophy is beyond the
scope of a single article. Most of what we might
say along these lines is already available in The
Radio Amatewr's V' .H.F. Manual, which has two
thick chapters on antenna principles and prac-
tice. W will be concerned here with practical
means of doing the consiruction jobs. These can
be adapted to arrays of your own design, or to
antenngs we have already described elsewhere.

Materials and Methods

Finding the right components boihers some
wotuld-be antenna builders, perhaps because they
look no farther than their favorite radio store
or mail-order catalog. Actually, antenna mua-
terials are everywhere, if we do a little impro-
vising. Booms can he wood or metal, in v.h.f.
" ¢ V.hf Editor, @sT. T
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Building

Your Own Arrays
for 50 and
144 Mec.

V.jz.f. Beam Ideas

for the Home Construcfor

BY EDWARD P. TILTON, WIHDQ*

There arc many good antennas for
v.h.f. service on the market today, but
there are advantages in building your
own. The arrays described here follow
standard practice as far as element
Iengths and spacings are concerned: the
emphasis is on construction ideas, using
materials that should be readily availa-
ble almost anywhere. Only simple hand
tools are nceded.
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arrays. Your local lumberyard is a good place
to go for round or square boom stock. There
are several examples of wood construction in the
V.H.F. Manual, and a wood-frame 432-Mec.
array is described in April QST'.!

Many hardware stores now carry stocks of
“do-it-yourself’’ aluminum, in shapes and sizes
commonly useful around the home. Most of the
material for the 20-element 2-meter array shown
herewith came from s small hardware store near
ARRL Headquarters. This is not the cheapest
way to do the job, but the materials are clean
and easy to work with. Even using such high-
cost sources, you’ll probably come out saving
money over what a comparable array would cost
ready-made. More important, you may end up
with a better antenna.

If you build mainly to save money, don’t
overlook junkyards, welding shops and the like.
For many years the writer found almost every-
thing needed for v.h.f. arrays at an aluminum
smelting works. This outfit bought surplus
aluminum that anyone wanted to unload, and
they often had appreciable stocks of tubing,
angle stock, sheet metal, rod and wire —all
available to the bargain hunter who didn’t mind
getting his hands dirty digging it out. Prices ran
less than half the new-stock figures, on the aver-
age. Aluminum wire and rod may be found in
welding supply places. It is straight and much
more rigid than the soft stuff many hams buy
as ‘“‘picket wire'' in garden stores.

Wholesale distributors of aluminum usually
haye everything you'll ever need, but some in-
sist on fairly large minimum purchases. Quantity
prices may make it desirable to pool your needs
with antenna-building friends. The classified
section of your telephone directory will provide
leads, if you live in or near any major city. One
thing is sure: if you really want to build your
own v.h.f. antennas, there are ways to get the
materials.

Assembly methods vary with materials avail-
able. There are many ways to make antennas in
addition to the common one of drilling the boom
to mount the elements. Aluminum castings de-
signed for element mouuting are neat and easy
to ‘use, but they are getting harder to find all
the time. Simple clamps cut from sheet metal
are easy to make, and they permit adjustment of
element spacing in experimental lashups. They’re
also fine for the fellow with limited machine shop
facilities, eliminating the problem of lining up
holes drilled in a boom.

Specific dimensions for use with popular
tubing sizes are given under Fig. £, but making
clamps to fit available sizes is no problem. Our
dimensions were arrived at by making paper
mockups and then duplicating them in sheet
aluminum. The basic idea is to make two U-
shaped clamps that will hold two pieces of tubing
together at right angles, as seen in Figs. 2 and
3. Dimensions are not at all fussy, since the
clamps tend to be self-aligning. Just be sure

1“Yagi Arrays for 432 Mao.,” April, 1966, QS7', page 19.
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Fig. 2—Model showing the method of mounting elements
on the boom without drilling holes through the latter. For

strongest permanent assembly, self-tapping screws
should fasten the sheet-metal clamps in position,

that the sides of the “17”’ are short of the actual
diameter of the tubing to be used, so that when
the clamps are bolted together at the corners
they will hold the tubing members tightly. 1f
both tubes are the same diameter, make two
similar clamps. See A in Fig. 4. - With differing
diameters adjust the size of the clamps accord-
ingly.

Once you have your frame or boom made up
the way you want it, the assembly can be made
permanent by ‘“tacking” it together with self-
tapping screws, as shown in the model, Fig. 2.
This makes a very strong and rigid assembly,
but we've had beam frames and boom-element
combinations stand up for years without this

. final precaution. Clamp assembly is fine for

arrays that must be dismantled and carried to
the operating site. (Field Day committees take
note.)

Large arrays used to be very heavy and cum-
bersome, but experience has shown that strength
and durability are not necessarily synonymous
with weight. One way to keep down weight and
wind resistance is to use telescoping elements.
Strength is needed only near the mounting point
of a Yagi element, so the outer portions can be
made of smaller and lighter materials. Steps
taken in this direction are limited mainly by
one's willingness to search out suitable mate-
rials and do the extra work involved in fitting
them together. If making elements of graduated
tubing sizes is too much bother for you, the
sizes given for the center sections of our arrays
for 50 and 144 Me. will do a good job.
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The 50-Mc. Yagi

The 6-element. 50-Me. Yagi in Fig. 1 can be
built easily, with little scouting for hard-to-
find components. In element lengths and spac-
ings it duplicates an array of proven performance
that has been a standard feature of several
ARRL publications since its erection at W1HDQ
in 1957.2 Our new version differs from its prede-
cessor only in assembly method and in the de-
sign of its gamma-matching system.

The boom is just over 20 feet long, made of
light-weight aluminum TV masting. This is
available in several standard lengths, and has
one end of each piece compressed to fit into the
other end of the next. If the builder wishes to
use two 10-foot lengths, the spacing of the two
forward elements can be reduced slightly from
that given in Fig. 5. Three shorter lengths may
be cut to give the full spacing shown, with
little waste. Steel TV masting is not recom-
mended.

Fig. 3—Mockup showing clamps for assembling the
framework of the 2-meter array. Mounting method for
the elements is also illustrated.

The same general construction may be used
with shorter arrays, merely by leaving off one
or more elements starting at the forward director.
Any number of elements up to five may be
used without bracing of the boom, but with the
length shown the suspension bracing is necessary
with a light boom of this type. The exact dimen-
sions of the braces are unimportant, and they
may be fastened to the boom in several ways.
About 2 inches at one end of the 34-inch-diame-
ter braces was hammered flat, and then fastened
to the boom with U holts. Holes were drilled
in the upper ends of the braces, and these slip
over the ends of another UJ clamp on the vertical
support. Fasten this clamp in place with its
regular nuts and then use an extra pair of nuts
to hold the ends of the braces.

Klements can be half-inch tubing throughout,
though in this model only the center sections,
about 3 feet long, are this size. The end sections
are very light thin-wall tubing of a kind com-
monly used for fuel lines. Ours is 7/16-inch

24Qix Klements on 8, October, 1957, QST, page 18.
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o.d., though 3g-inch would be preferable. The
ends of the half-inch center sections are slotted
with a hacksaw to a depth of about 3 inches.
The smaller tubing is then forced inside to a
depth of 2 inches, and clamped in place with a
wrap-around strip of aluminum about 34 inch
wide.

In the past we've used cast-aluminum clamps
for mounting elements on the boom. If you can
find these, there is nothing better, but we've
had reports that they're getting scarce. If you
have a procurement problem, the sheet metal
clamps shown in the mockups, Figs. 2 and 3, will
do the job nicely. Dimensions are given in Fig. 4
for all the clamps used in the arrays illustrated.
These were made of 3/64-inch sheet aluminum,
which can be bent easily by hand. Any heavier
stock is good, if you have suitable bending fg-
cilities. Use of self-tapping screws to hold com-
ponents in alignment, as shown in Fig. 2, is
recommended with thin clamp stock.

The lips of the clamps should be bent up-
ward at right angles first. Forming the “U" is
started by placing the tubing in a vise in a
vertical position, and bending the clamp around
it. The actual U shape is achieved by opening
the vise to slightly more than the width of
tubing-plus-clamp, placing the clamp U-down
loosely in the vise with the tubing lying in it,
and then tapping the tubing lightly with a
hammer. Alignment of the holes in the clamps
is not fussy, and if they are drilled slightly
larger than needed to pass the screws there
will be no assembly problem. We used a No. $2
drill and 6-32 screws. The nuts should be pulled
up only tightly enough to hold the assembly
firmly together.

Feed Method

The first model of our 6-element array was
fed with a coaxial gamma match, as described

2i”

O<~No.22 0rill © |

Fig 4—Dimensions of aluminum plates used to make the
assembly clamps in the v.h.f. arrays. Sheet metal should
be 3/64 inch or thicker. Two A-type clamps are needed
for oining %-inch tubes at right angles. One B and one C
are needed to mount a Y2-inch element on a 1Y-inch
boom. The '‘figure 8" clamp, D, made from a Y2-inch
wide strip approximately 6 inches long, is used to ground
the coax to the boom, and keep it in a fixed position
with respect to the driven element.
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in all ARRL publications dealing with antennas.
We cun recommend it highly in retrospect, since
it was still working well when the urray was
dismantled after more than ¥ years’ service. 1t
took some mechanical work to produce, how-
ever, so we looked for something simpler. The
new gamma method is about as simple as you
can get: the coax is merely brought along the
boom to the driven element, bent al right angles,
and run out far enough to match the antenna
impedance when fed through x 100-pf. fixed
capacitor. The point of connection was found
experimentally, as was the value of series ca-
pacitance required. Yon may want to do the
same with your array, though 20 inches and
100 pf. should come close, if the rest of the de-
sign is followed.

If you decide to do some adjusting, put an
s.w.r. bridge in the line near the antenna. An
electrical half-wavelength away from the feed
point is good. Move the point of connection
along the driven element until minimum re-
flected power is found. The couxial line should
be grounded to the boom near the point where
the bend oui to the driven element is made.
This can be done by stripping a narrow band
of the outer covering from ihe coax, and then
fastening it to the boom with a *figure 8”7
bracket of aluminum strip. The urcu of the
coax thus exposed should be waterproofed by
wrapping with plastic tape after the connection
is made, and then coating the whole with Kry-
lon spray. The series capacitor should be treated
in the same manner. This is a low-impedance
point, so don't worry about insulation losses
here.

The capacitor must be 2 type that will stand
high r.f. currents. The centralab 8505-100N was
designed specifically for transmitting applications
and has more than adequate power-handling
capabilities. A variable capacitor may be used
if some provision is made for mounting it in
a weatherproof container. Inexpensive plastic
boxes intended for refrigerator use ure good for
this purpose. The voltage rating of the capacitor
need not be high, so types with receiver spacing
are suitable, if protected from moisture.

The array is supported on the vertical mem-
her by means of a square gusset plate of alumi-
num, backed up by a plate of similar size cut
from tempered Masonite or outdoor plywood.

These plates are ahout. 6 inches square. Four IT
bolts hold the ussembly together, in the  man-
ner of several v.h.f. arrays shown in all recent
editions of the ARRL Handbook, Antenna Book
or V.H.F. Manual. This plate and all hardware
in the array should be given a coating of Krylon
spray when assembly work is completed. This
will greatly prolong the life of metal parts, par-
ticularly steel items such as the U bolts and
other handy TV antenna hardware.

The Stacked-Yagi Array for 144-Mec.

The all-metal array for the 2-meter band has
four Yagi bays of 5 elements each, but the same
general layout coutld be used with shorter bays,
or longer ones up to ahout 7 eclements. The
spacing is one wavelength in the horizontal and
vertical planes, which iy optimum for bays of
this approximalte size.

The booms and frame are all 34-inch alumi-
num Lubing, hardware-store stock, available in
6- and 8-foot lengths. Four 6-foot picces ($1.79
each) took care of the booms, and four S-foot
ones ($2.39 each) were used for the horizontal
and vertical frame members. You can beut these
prices by methods already outlined, but the
availability of the do-it~yourself hardware
stocks is universal.

The clamps mude as” already described ure
shown in model and drawing form. Eight are
needed. lslements can be anything from !4 to
14 inch in diameter. Ours have !j-inch center
sections of tubing, with inserts of 5/32-inch
aluminum wire or welding rod. Any stiff wire,
tubing or rod stock could be used for the entire
element. We used this combination for several
reasons: it makes for exceptional strength, we
had some of both but not enough of either for
the entire array, and the inserts provided a con-
venieut means of adjusting the element lengths.
We will not bother with the various dimensions
involved, other than the overall element lengths
finally arrived at by experiment. Sce:Fig. 6.
The elements are run through the boom, and
held in place by self-tapping screws, as seen in
the mockup, Fig. 3. Aluminum screws for this
purpose can be bought at the hardware store,
and we recommend them over steel. They stay
in place, and they won't rust.

The phasing system is shown at the right of
Fig. 6. A universal stub at the central feedpoint

59"

70

Fig. 5——Element lengths and spacings in
the 50-Mc. Yagi array. For a 20-foot
boom, shorten spacings between D2 and
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Fig. 6—Principal dimensions of the 144-Mc. array. Element lengths and spacings are given at the left. The supporting

structure is sketched in the center. Details of the phasing harness and matching section are shown at the right. Imped-

"ances need not be known, since it is necessary only to adjust the position of the short and the point of connection of the

balun for the frequency range most commonly worked. Dimensions of the fanned-out sections at the ends of the phasing
harness are not critical, so long as all are the same size.

provides a simple means of matching without
having to know the impedances involved. The
phasing sections are fanned out near the point
where they counect to each driven element.
Here again, there is no precise dimension; just
make the spacings and the triangular matching
sections ull the same. Be certain that a clean
and permanently-tight connection is made to
the driven element.

Phasing lines can be any balanced line, and
most builders may prefer common TV open-
wire line, either half-inch or one-inch spaced.
We tried a different idea, and used ordinary
zip-cord from the electrical counter of the hard-
ware store. We strung this on homemade spread-
ers cut from 3g-inch wooden dowel, drilled to
give about 34 inch spacing. The insulation on
the zip-cord lasts well out of doors, and the wire
is strong, yet flexible. Time will tell how it
stands up, but it can be replaced easily if it
doesn’t. We have an idea that it will do all right.

Star lugs were soldered to the ends of the
phasing lines to bolt to clips that wrap around
the driven elements. The junction of the zip-
cord and the lug was wrapped with plastic (ape,
and sprayed with Krylon. The wood-dowel
spreaders were also sprayed. The line is sup-
ported at several points, using TV-type insu-
luted standoffs which wrap around the appro-
priate dowel spreaders in the line. At this writing
the antenna has been up in the wind at W1HDQ
for about. four months, and nothing has shown
any sign of coming loose yetl. 'The antenna has
been used in heavy rain, with little apparent
change in operating characteristies. Insensitivity
to bad weather wus a quality we hoped for with
this unusual phasing sysiem.

The element lengths given are for maximum
performance in the bottom megacvele of the
band. If you want. the beam to be most, effective
above 145 Me. it would be desirable to shorten
all elements by !4 inch for each megucycle
higher. Ilement lengths are not us critical ay
mosl people think, provided that the short and
points of balun connection on the matching
stub are adjusted for zero retlected power at the
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center frequency you seclect. We made a single
S5-clement Yaugi as a preliminary to the 4-hay
system, und adjusted it carefully for optimum
performance between 1445 and 145 Me. We
found only a discernible difference in forward
guin from 1440 to uearly 147 Mec., when we re-
adjusted the matching stub for each frequency
change. Both guin and front-to-back ratio
dropped off markedly above 147.

It was interesting to note that the frequencies
of optimum gain and front-to-back (they're not
the same) moved down about 500 ke. with the
stacked system, compared with the single Yagi.
Presumubly this was the result of coupling be-
tween bays, and the introduction of more metal
in the field of the array. The element lengths
given are corrected for the 4-bay system. The
single 5-element would have 14 inch more per
element for peak performance over the same
frequency range.

We put up this 4-bay array at WIHDQ after
several years of working with a single 2{-foot
Yagli cut for the first megacycle of the band.
Results with the new beam are at least as good
on the peak frequency, and very much better at.
any spot. above 145, than with the sharply-tuned
single bay. This is not surprising; a long Yagi is
fine where you don't worry about sharp fre-
quency response, and particularly if you have
limited abilitv to support an array that runs
much above the top of your tower, but some-
thing with more driven elements and an appre-
ciable frontal area is a better all-around antenna.

How much guin? We'd prefer not.to say, for
we know our limitations in gain measurement.
We can make reasonable comparisons, however,
and the 4-hay system was very close to 6 db.
better than the single 5-element. A gain of 9 db.
is & reusonable assumption for a H-clement
Yagi, so 14 to 15 db. is a good honest figure for
the 20-element. More important than tossing
decibels around is the observation that this
array is giving us consistent results in scatter
work out to 450 miles or so. WSKAY, Akron,
Ohio, is heard regularly on his skeds with New

(Continued nn page 170)
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o Boginnon and Navice

A Transmatch For Balanced and
Unbalanced Lines

Getting Rid of Your Harmonic Problem

BY LEWIS G. McCOY,* WI1ICP

notices from ARRL Official Observers who
had noted defects in the Novices' signals.
Most of these notices cautioned the Novices
that they were radiating a second harmonie of
their &0-meter signal. A large number of these
Novices were also cited by the FCC for har-
rouic radiation.
lertainly every Novice wants to have a clean
signal, one with no spurious radiations. A new-
comer, starting out in amateur radio, has to
ucequire considerable “know how’' to put a clean
signal on the air and this includes getting rid of
harmouics. In this article, we'll tell you the
“why" and “how”.
Many amuteurs are inclined to blame the
manufacturer if his transmitter radiates a har-
* Beginner and Novice Kditor

D'URING 1965, over 7000 Novices received

This view shows the 80/40-
meter coil with the shorting
clips in place for 40-meter
operation. The exact amount
of coil to be shorted for
40 will have to be found by
experiment but it will be ap-
proximately 8 turns on each
side. Try for a condition that
produces a match with Ca
near maximum capacitance
and the antenna clips A and B,
as far out on the coil from the
link as possible.
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monie. This is unfair because a manufacturer
has no way of knowing how the amateur is going
to use the equipment after he purchases the rig.
It is quite possible that the sume transmitter
could be nsed on two different types of antenna
systems and radiate a1 harmounic on one system
and not. on the other. The best upproach to the
problem is to assume that a haronic or harmon-
ies will be radiated by your transmiiter and that
soething must be done to prevent this from hap-
pening,.

{Tsually the reason we have harmonic radiation
from a transmitter is because of insufficient selec-
tivity between the final amplifier stage and the
antenna. [nstalling additional cirenits will at-
tenuate any harmonies to the point where they
would be no problem. In our opinion, the best
approach for cleaning up this-problem is to in-
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BALANCED
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TO ANT.
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UNBALANCED
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COAX
TRANS. i——b TO ANT.
—~
(B) CcoAX

fig. 1 —At Aisthe transmatch circuit for balanced feed lines
and at B, for coaxial lines.

stall a transmatch between the transmitter and
antenna. A transmatch, in addition to providing
the required selectivity for harmouic attenua-
tion, has other important features.

Nearly all transmitters are designed to work
into &0)- to 70-ohm loads. On the other hand, very
few antenna systems will present such a load
across an amateur band and, what complicates
the problem, mauy transmitters have no adjust-
ments in the amplifier to cope with loads other
than 50 ohms. For such a transmitter to work at
full efficiency the load must be 50-ohims. A trans-
match takes care of this problem because it can
he considered a ‘‘“matching” circuit in that it
takes the unknown load on its output side and
makes it a 50-ohm load on the input side.

Another important advantage in using a trans-
match is to provide additional selectivity for
vour receiver. In many instances, a nearby broad-
east station will cause severe cross-modulation
in a communications receiver, particularly to
SO-meter reception. If you don’t know what
vross-modulation is it can best be described as a
mess of confusing ‘‘garbage” across the band.
The signal you want to copy, instead of being
clean, is hashed up by the strong nearby broad-
cast signal (or any strong local signal for that
matter). The transmatch usually will provide
enough selectivity to keep the strong signal from
cross-modulating. Don't misunderstand, this
won't get rid of another local ham signal in the
same band but it will help on strong local signals
that are outside the band vou are listening to.

Still another feature of o transmatch is ihat it
provides harmonic attenuation in the TV range
in addition to taking care of the lower-frequency
harmonics. Also, if vou must use a low-pass
tilter for maximum TVI harmonic attenuation,
such a filter should be installed in coax line that
has a very low standing-wave ratio so that the
low-pass filter components won't be dumaged by
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excessive voltages. The transmatch will provide
a seclion of coax line with a low s.w.r., that por-
tion between the transmitter and transmatch.
All in all, one should see the desirability of using
a transmatch. The transmatch described in this
article can be used for unbalanced lines (coaxial)
or for balanced lines (open-wire or Twin-Lead).

Transmatch and Unbalanced Lines

Fig. 1A is the basic circuit for a transmatch
used with balanced lines, and Fig. 1B is for un-
balanced or coaxial lines. Fig. 2 is the circuit
diagram of the working unit.

Until receutly, and by recently we mean the
lust few years, transmatches were not used with
coaxial antenna-feed lines. The muin reason for.
not using o transmatch was simply that coux is
& line that should be maitched in its character-
istic impedance — or at least if it is not matched,
the standing wave ratio should be kept as low
as possible. Operating coux line with a high
S.W.I. culses excessive losses in the line. How-
ever, transmitters and transceivers in recent
vears have come on the murket without any pro-
visions in their tank circuits to handle loads
other than 50 ohms. When the s.w.r. is greater
than 1 to 1, the load on the transmitter is some-
thing other than 50 ohms, and in many instances
it becomes impossible to load the final amplifier.
A transmatch makes it possible und, in addition,

L
gy 4 .
XMTR. ( 7 8
ALLIGATOR
CLIPS
G
335

Fig. 2—Circuit diagram of the transmatch. Balanced feed-
ers shouid be attached to A and B.

C1—335 pf. variable (Millen 19335 or equivalent).

C»—200 pf. dual variable, 0.077-inch air gap for 1 k.w.
(Millen 16200), 0.022-inch air gap for 150 watts
and less (Millen 28200).

41, Ja—Coax chassis fitting, SO-239.

L), Lz—See Fig. 3 and text.

even though a multiband coaxial-fed antenna is
used, the transmatch will take care of the ever-
present harmonic problem. These are the reasons
fur using a transmatch in a coaxial-fed anteuna
system.

On the other hand, balanced lines such as open-
wire or a good grade of 300-ohm twin lead are not
lossy lines and they cau be operated with a rela-
tively high s.w.r. without any appreciable loss
in efficiency. In the case of a high s.w.r. we are
faced with the problem of mutching a load that
is quite far removed from 50 ohms. The trans-
mautch will do just that because it is an adjustable
matching device.

Getting the Parts

It is becoming more and more difficult to find
dealers who handle & wide runge of useful ama-
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Fig. 3—Details for making the 80/40-meter coil. The
20-meter coil consists of 2 turns for [y and 6 turns for
L2 (3 turns on either side of Li). Details for the 15/10-
" meter coil are given in the text. The coils are mounted on
Millen type 40305 plugs and the socket is Millen type
41305. Coil stock is Polyphase PIC type 1778, 3-inch
diameter, 6 turns per inch, No. 12 solid wire.

teur components, even among the larger muail-
order houses. With the exception of the il
stock, all the components used in this trans-
muteh are made by the Willen Co.l The coil
atock is manufactured by Polyphase Insirument
Co. and it your local distributor doesn’t stock
the coil material you can write the company ?
and they'll tell you where you can buy it.

L [f vou eannot obtain the parts from your distributor
they can be purchased direct from BMlillen Co. Write to
Jdames Millen Manufacturing Co., Attn, Wade Caywood,
WI1KRD, Malden 48, Mass.

? Polyphase Instrument (‘o,, Att. Tom Congalvi, East
Fourth 8t., Bridgeport, Pa. 19405,

This shows the placement of C;
and also the three coils. Al-
though the center pin of the
coil sockets is not used for a
connection, the ‘'joined" por-
tion on each side of the link
(the two L2 sections) are sol-
dered together and then con-
nected to the center pin. This
provides additional support to
the coil assembly.

40

We've specified two types of capacitors for (.
The larger spacing will handle one kilowatt
with most loads that will be encountered, while
the smaller-spaced unit will handle up to 150
watts. There iso't enough difference in price
hetween large und small coil stock, except size,
so the builder is just as well off using the larger-
size coil material for all power levels.

Construction

The transmateh is built on an aluminum
chassis 34 XK % X 12 inches, ulthough any size
chassis that will hold the components can be used.
The dual variable, (s, is mounted on top the
chassis and €', the link capuacitor, below deck.
Mount the coil socket ut least 214 inches behind
(‘e s0 that the coil stock doesn't short to the
meial frame at the reawr of the cupacitor. The
coil socket 18 mounted on 34-inch-high isolantite
stand-offs, and 1!'s-inch-high standoffs ure used
for the feeder tap leads. A permanent connection
is made from oune of these standoffs to /4, the
conx connector mounted on the rear of the chassis,

Three plug-in coils are required to cover the
3.5- through 28-Me. bands, one serves for 80 and
40, another for 20, and a third tukes care of
15 and 10 meters. A single length of the coil
stock listed in Fig. 3 is all that is needed for the
K0 /40 and 20-meter coils. Cloil stock is not used
for the L5/10 coil.

Refer to Fig. 3 for details of the coil construc-
tion. This drawing shows how to make the two
coils, L; und Le, from u section of the coil stock.
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This shows the set up for use with a coax-fed antenna.
The clip on the standoff on the right is tapped onto Lo.
The other clip is clipped back on itself.

The coi} shown is the X0/40 combination and
construction of the 20-meter unit is similar.

No. 12 solid wire is used to make the 15/10-
meter coil. Ly consists of 4 turns, 3 inches in
diameter, with the 1 iurns spaced over 31e
inches. Ly is a single turn of No. 12, 2 inches in
diameter, mounted in the center of fi.

The 5-prong coil plugs have a nickel coating
which should be filed off the ends of the prongs
in order to get a good solder connection.

Tune-Up and Adjusitments

In order to properly adjust a transmatch an
s.w.r. indicator is a big help. Just recently in
(ST? a combination wuvemeter and s.w.r. indi-
cator was described. This is a very simple unit
to tnake, and in addition to helping you adjust
your transmatch, it will show you if you are on
the correct. band or not. Many newcomers muke
the mistake of tuning up their rigs on what they
think is the correct band but wctually end up
outside the band. The unit mentioned, the \Wave-
bridge, will help prevent this.

Fig. 4 shows a typicul stution arrangement for
connecting the different units together. If a
low-pass filter is required it can be installed im-
mediately after the transmitter if au antenna
change-over relay is used. If a diode or tube-type
t.r. switch is used, the low-pass filter should be
installed after the t.r. switch as these devices
are known to cause harmonic TVI and you would
wanl to prevent harmonics from such a device

#MeCoy, “The Wavebridge,” @57, July, 1966. This
issue of QST is available at ARRL Headquarters for 60

cents.
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from reuching the antenna. Also, if at all possible,
counect a good earth ground to the rransmitch.
It will work without one but, if you can, put in
a ground connection.

Let’s take the case of coax-lo-coux, a coax-fed
antenna. Connect the feeder to Jo, tune up the
rig on the desired band, and feed enough power
through the s.w.r. bridge to get a full-scale
reading with the s.w.r. meter switched to read
forward power. Next, take the tap leud con-
necied to the Jo inner conductor and tap onto
Ly on either side of the link. 1t doesn’'t make
any difference which side you Lap on, but for a
start put it on close to the link. Switch the s.w.r.
bridge to read reflected power and then adjust
('y and C2 for a minimum reading of the s.w.r.
meter. What you are shooting for is a reading of
zero for reflected versus full-scale forward. This
would indicute 1 1 to 1 match and the transmitter
would “see” a 50-ohm loud. Also, you'll tind
seversl tap points with the tap lead that will
give a match, but the one you want is with the
tap as far out from the link, towards the outside
end of [0, as pogsible.

For balunced feeders, counect the feeders to
the two stand-off insulators and the tap leads
to Lo on either gide of the link. Also, if you
happen to have two aniennas, one with coux
feed, don’t leave the coax line connected to Jo
when using the balanced feeders.

LOW - PASS .
FILTER TO AN
% J | swR ReLAY TRANS- /
BRIDGE == == marcH ’
~= GROUND
T0
REC.

Fig. 4—This is a typical arrangement of units for a station
installation. Coax line connecting the units together can
be 50- or 70-ohm, depending on the s.w.r.
bridge impedance.

[Jsing the s.w.r. bridge the sume way as with
coux [eeders, shoot for zero reading on reflected
versus full-scale forward. Also, as with the coax
tap, keep the taps as far out from the link as
possible. The faps should be equally spaced
from the link: in other words if one tap is 5345
turns from the link, the other one also should be
514 turns. If it is impossible to get 1 match it
means that the load presented by the feeders is
so reactive the transmatch cannot handle it.
You can try udding some feeder length (or
shortening the feeders) us this will present a
different load and may well bring it within the
range. However, this will only happen in extreme
cases as the transmutch will handle o wide range
of loads.

As we said al the beginning, a transmatch
will keep vou out of trouble and improve the
operation of your station. Build one and learn

how to use it. [R57—]
41
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The Knight-Kit
TR-106 Transceiver

HE TR-106 is a 6-meter transceiver kit cover-

ing 50 to 52 Me. The transmitter portion uses
the familiar 2526 at an input power of 15 watls.
The receiver portion is dual conversion, with a
erystal-controlled converter fexturing a nuvistor
r.f. amplifier in the front end. The transceiver
containg a built-in spot switch, push-to-talk
control, a.c. and d.c. power supplies, multiple-
position crystal switch, internal speaker, and
provisions for a matching v.f.0.

Top-chassis view of the TR-106. The converter chassis is

the small box atthe rear of the main chassis. The transistors *

for the inverter are mounted on the back panel,

Transmitter

Fig. 1 shows a block diagram of the transmitter
with the receiver components at the top and the
transmitter components at the bottom. The
Colpitis oscillator, 17y, uses 8-Me. crystals in the
grid circuit. The plate cirenit is tuned to the
third harmonic. The resonant frequency of this
eireuit is controlled by the MurLT control on the
front panel. In the next stage, V4, the 24-Mec.
signal is doubled to the output frequency. The
plate circuit of the doubler uses an inductively-
coupled double-tuned cirenit. This stage is stag-
ger tuned to vbtain a 2-megacycle bandwidth.
The final, V7, operates straight through at 50 Me.
using a combinativn of grid-leak and cathode
bias. The latter protects the tube if grid drive is
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lost. The output cirenit is a pi network designed
to work into an impedance of 30 to 90 ohms.
Transmitter tune-up is merely a matter of tuning
all stages for maximum output. A combination S
meter and peak-reading r.f. voltmeter is provided
for this purpose. Transmitter alignment requires
(not furnished) a dummy load and 3 crystals.

Receiver

The receiver uses a erystal-controlled con-
verter which is factory wired @nd aligned.
Installation of the converter requires two bolts
and soldering of four wires. A six-meter signal
at the converter input is mixed with the signal
from the crystal oscillator to obtain an output
of 15.6 to 17.6 Me. which is fed to ihe second
mixer, 7'ja. The local oscillator, Vg, is coupled
to the mixer hy interelectrode capacitance,
producing a signal at 1650 ke. This signal is fed
to u two-stage i.f. amplifier, o and V73, which
uses three double-tuned ecircuits. The amplified
signal is then detected by V4, and at this point
the a.g.c. bias is obtained and applied to the i.f.
amplifiers. Also combined in V74 is & series-gate
noise limiter activated by a switch on the rear
panel. The detected vutput is fed to the a.f.

The bottom view of the TR-106 showing the wiring harness,
The transmitter is in the center, the receiver on the left,
the audio on the right.
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Fig. 1 — Block diagram of the TR-106
amplifier, g4, the af. power amplifier, T, Power for the transceiver is supplied by a

and finally to the speuker. Low-impedance ewr-
phones may be used at the front-panel juck,
thus muting the speaker. The remaining half of
V¢ serves as a microphone preamplifier which
feeds Vga. The modulator is designed for 300 to
3000 e.p.s. frequency response.

A note of interest for the home constructor
concerns the mounting of the a.f. power ampli-
fier. To lower overall cabinet height the socket
for this tube is mounted below the chassis level
using metal spacers. This also gives added
ventilation to the amplifier circuit components as
well as the tube.

Three complete turns of the receiver tuning
knob are required to cover 50 to 52 Me. Dial
markings are every 100 ke., with special marks
for the 49.980-Mc. MARS frequency and 50.0
to 5.1 Me. for the c.w. portion of the band. To
align the receiver two v.t.v.m.s and a 1650-kc.
r.f. source are needed for the i.f. section. One
v.t.v.m. is used to monitor the a.g.c. bias, and
the other is used across the speaker for a more
accurate output indicution than using your ear.
Fight-megacycle erystals cun be used to align the
r.f. section. No adjustment of the converter
should be needed or attempted.

This and That
A spotting switch is locuted on the front pauel;
this switch removes the B plus from the doubler
and final tubes. The signal from the vemaining
stage is sufficient for spotting the crystal or v.f.o.
frequency.

voltage-doubler circuit nsing a special trans-
former. For a.c. the transtormer functions us
normal step-up. For 12-volt d.c. operation the
transformer and two transistors function as an
inverter. Two power cords are supplied, one
the siandard a.c. type, and the d.c. cord which
is supplied with a cigar-lighter plug. Changing
power cords atitomatically switches the correct
fuse into the cireuit.

T'ransmit-receive switching can be controlled
from the front panel or by a p.t.t. switch on the
noise-canceling microphone supplied. ’

The circuits used are standard types with
most. of the wiring accomplished through a
harness. The use of the harness cuts wiring time
in half. The kit is packaged so that all parts are
right at hand. -— WIDEJ

Knight-Kit TR-106 Transceiver

Height: 5% inches.
Width: 1314 inches.
Depth: 11 inches.
Power Requirements:
110-130 volts a.c.. 90 watts receive,
105 watts transmit.
12-15 voits d.c., 6.8 amp. receive, 8.1
amp. transmit.
Price Class: $110.
Manufacturer: Allied Radio, Chicago,
Hlinois.

The Knight-Kit V-107 V.F.O.

The Knight-Kit V-107 {s a v.f.o. with 3-Mec.
output for transmitters in the 6- and 2-meter
bands. The actual output is from & to 8.22 Me.
(144-148 Mec.) for 2 meters or 8.333 to R.666 Mec.
(50-52 Mec.) for 6 meters. The v.f.o. must be
recalibrated each time the band is changed. To
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do this, the set screw holding the dial in place
must be loosened and the dial rotated 180 degrees
and the set screw tightened. The coil and capac-
itor used to determine the high and low ends of
the band, respectively, are then adjusted for
correct dial calibration.
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Top view of the V-107 v.f.o.
The circuit is a standard Clapp oscillator using
a variable capacitor in the grid circuit of a
12DK6. The plate coil is slug tuned to obtain

maximum drive to the transmitter. No multiply-
ing is done in the v.f.o. The usual precautions
are taken to obtain good stabilitv. No power
supply is included sinee the matching transceivers
have sockets for the v.f.o. power plug.

A neon indicator is used in the B plus line to
show when power is on. Power is controlled by the
OPERATE /STANDBY switch on the front panel.

The circuit is designed to operate at low
power to keep heating effects o a minimum. A
voltage regulator tube is used in the sereen
circuit,

The eabinet matches the TR-106 and TR-108
transceivers. - WD

Knight-Kit V-107 V.F.O.

tleight: 51% inches.

Width: 1% inches.

Depih: 634 inches.

Power Requirements: 200 volt d.e. at 30
ma. and 12.6 volts at 0.15 amp.

Price Class: $20.

Manufacturer: Allied Radio, Chicago,
1linois.

The Parks 432-3 Converter

1G news in 432-Me. circles in recent months
has been the development. of inexpensive
iransistors that are capable of beating anything
but a parametric amplifier when it comes to
weuk-signal wh.f. reception. Here is a crystal-

The oscillator-multiplier stages are on the circuit board at
the left. R.f. and mixer circuits are on a silver-plated brass
plate, lower right, with the mixer side showing.
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controlled 432-Me. couverter ihat uses some of
them to provide outstanding performance.

At Arse glancee {he Parks 432-3 Converter
seems to have very little inside its shiny black
and silver box, but closer examination shows
that there is plenty for the job at hand. Transis-
tors and diodes throughout, and neatly-designed
line cirenits for the w.h.f. stages, result in this
air of sceming simplicity. To eves accustomed to
vacuum-tube devices for this frequency range
the Jayout is almost devoid of parts and wiring,
but the performance exceeds the best obtainable
with fubes.

The r.f. amplifier and mixer transisiors are
TIXMOSs or 68, or possibly others of the TI
whuf. series, so long as they meet the manufac-
turer's specifieations for noise figure: 4 db. or
better. The oscillator and first multiplier stages
also use transistors, and two crystal diodes in
parallel multiply to the injection frequency,
‘The converter tested hus n 67.333-Me. ury.st.u]
multiplying to 404 Me,, for an Lf. output fre-
quency of 28.0 Me. and for a signal frequency of
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Looking at the opposite side of the converter shows the
r.f. amplifier components at the upper left, and the
power supply in the foreground.

432.0 Mec. Other intermediate frequencies from
26 to 52 Me. are available on order.

"The r.f. and mixer stages arc mounted on
opposite sides of u silver-plated brass plate. The
injection stages are on a laminated circuit board,
the smaller of the two assemblies, running the
long way of the converter. A small solid-state
zener-regulated power supply occupies one end
of the base plate. All r.f. circuits are silver-
plated, and tuned with miniuture air trimmers,
accessible only from inside the box. The ouly
controls brought out of the converter are the
tuning screws for the slugs in the crystal oscil-
lutor and i.f. output coils.

The box is the shiny black insulating material
which is familiar to all users of Parks v.h.f. and
u.h.f. gear. 1t contrasts nicely with ihe grey-
white of the aluminum base plate. Input and
output connectors are BNC fittings.

Performance

Bveryone wants a number that he can quote
for receiver noise figure, preferably stated in
tenths of a decibel. We do noti go for such figures,
for like most amatenrs, we do not have the equip-
ment necessary for accurate noise figure meusure-
ment. We are able, however, to make quite
accurate comparisons, and on this basis the 432-3
(lonverter shows up very well indeed. In ability
to detect very weak signals it was at least equal
to the best we've yet seen, including average
ham-type parametric amplifiers, adjusted to their
peak performance.

Noise figure remains substantially econstant
over a range of 430 to 436 Me., without repeak-
ing of the front-end ecircuitry. The i.f. output
cireuit, is fairly selective, however, with the re-
sult that the gain drops off markedly in cover-
ing more than about 500 ke. This is of uo con-
cern to most operators as nearly all weak-signal
work is done iu a nurrow segment of the band,
starting at 432 Mec. The mixer outputcircuit
peaking affects only gain, and it can be repeaked
casually for maximum response anywhere in
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the band. The r.f. circuits may also be repeaked
for parts of the band other than that near 432
Mec., but this should not be necessary in the
430-t0-436 region.

Use of a high starting frequency (67.333 Mec.
for 28-Mec. if.) results in less in the way of
spurious response trouble than would be en-
countered with a lower crystal frequency and
more multiplier stages. In a test at W1HDQ,
where three w.h.f. TV stations and several
v.hif. TV and f.m. stations are within a few
miles, the Parks 432-3 Converter showed far
less trouble with TV birdies thau does the con-
verter regularly nsed. The latter has an injec-
tion string starting at 21.222 Mec., and a high-Q
tank circuit is used in the antenna line to keep
TV blips down to level where weak 432-Mec.
signals can be copied. This should not be taken
to mean that the Parks Converter is free of such
troubles. It may need coaxial-tank help in con-
gested areas, depending on frequencies used by
nearby stations in the v.h.f. or uw.h.f. ranges.
The tuned circuits in the converter will not, pro-
vide a high degree of rejection of unwanted fre-
quencies. — WIHDQ

Parks 432-3 U.h.f. Converter

Height: 234 inches, including connec~
tors.

Width: 7 inches.

Depth: 51 inches.

Weight: 2 pounds.

Power Requirement: 115 volts a.c.

Price Class: $55. '

Manufacturer: Parks Electronics lLab,
Route 2. Box 35. Beaverton. Oregon.

Next Month

W.R.L. Duo-Bander 84

IMPORTANT NOTICE

Tmportant postal changes in handling second-
class muil matter are now in effect. Please advise
us direct of uny change of address. Four weeks
notice is recuired to effect change of address. When
notifying please give old as well as new address and
your #ip code. Your promptness will help you, the
postal service and us. Thanks.
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NARROW-BAND TV USING PSEUDO-
RANDOM DOT SCAN
Technical Editor, @S7':

Various experiments in narrow-band television
periormed recently at the Polytechnic Institute of
Brooklyn indicate that a more efficient narrow-band
TV system is possible than the systems which have
appeured in QST to date.! Of particular interest are
cxperiments with 2-ke. and 8-kc. bandwidth systems,
including on-the-air testing of the 8-ke. system.

There ure three main cousiderations in a narrow-
hand TV system: bandwidth, resolution and flicker.
The bandwidth of a television system is given by the
formula

B = FN/2

where B = bandwidth, ' = framerateand N = the
number of elements per frame. This indicates that
to decrease the bandwidth without losing resolution
{i.e., without reducing V), we must reduce the frame
rate. Unfortunately, reducing the frame rate
increases the tlicker. Even with a long-persistence
phosphor, the flicker associated with a linear scan
is disturbing at frame rates below 15 c.p.s.

However, we can use a frame rate of less than 2
¢.p.s. and still avoid flicker by using a pseudo-random
dot scan. Instead of scanning linearly, we break up
the field into dots and scan them in a manner which
appears random to the eye. Fortunately, we can
produce a scan pattern which appears random with a
few bistable multivibrators.

In the 2-kc. system constructed at Polytech, the
scan is produced completely by square waves that
are generated by bistables (11 are used). This pro-
duces a picture 32 elements wide and 64 elements
high, a total of 2048 elements. The frame rate is
1.875 c.p.s. (60 c.p.s. divided by 32). The picture
has the same number of elements as a 0.6 X 0.8-inch
section of a New York Times photograph. The scan
characteristics are shown in the table below.

Frequency of

Square Wave Amplitude, Elements

c.p.8. Direction Peak-to-Peak
1920 Vertical 32
60 Horizontal 16
480 Vertical 16
240 Horizontal 8
120 Vertical 8
60 Horizontal 4
30 Vertical 4
15 Horizontal 2
7.5 Vertical 2
3.75 Horizontal 1
1.875 Vertical 1

This system is even easier to synchrouize than a
linear scan. The upper-left-corner element is seut as
alarge negative (black) pulse. This is detected at the
receiver and used to reset the receiver bistables to
the transmitter bistables. A weak (30 db. down) sine
wave at 1920 c.p.8. is added to the video signal. In
the receiver, a 3840-c.p.s. clock is driven by a high-@

"1 Macdonald, “A Slow-Scan Vidicon Camera,” ‘OST
June, July, August, 1965,
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tank tuned to the 1920-c.p.s. component of the
video signal. The 3840-c.p.s. signal is divided by the
chain of bistables to produce the square waves for
scanning.

In the 8-kc. system a linear coarse scan and a
pseudo-random fine scan are used. This done by
using 1.875 frames per second and 16 fields per frame.
Each field contains 512 dots. Each field is displaced
slightly from the preceding one, so that it appears
as if we have 512 dots moving in a pscudo-random
scan. The total number of picture elements is
512 X 16 = R192. This provides plenty of detail to
recognize 2 face, and will also reproduce motion if it
is not too fast. The dots are formed by using a 960-
c.p.s. staircase waveform (see Fig. 1) for the vertical
sweep. The staircase waveform has 16 steps. A
15,360-c.p.s. square wave is used to blank the beam
as it moves between the dots. A 30-c.p.s. sawtooth
is used for the horizonal deflection. To produce the
pseudo-random scan (see Fig. 2) square waves of
15 c.p.s. and 3.75 c.p.s. are added to the vertical
deflection voltage, while 7.5-c.p.s. and 1.875-¢c.p.s.

of8(2|mw
42|64

®
1]9]a]|n
s{al7]is

PSEUDO-RANDOM SCAN
PATTERN

2 ELEMENTS : VERTICAL
p-p HHHHHHIHHmCPs
2 ELEMENTS l I | I I I i HORIZONTAL
@) PP 7.5 C.RS.
Y TELEMENT ][] | VERTICAL
p : 375 C.P.S.
1 ELEMENT | 1 | HORIZONTAL
1.875 C.P.S.

PSEUDO-RANDOM SCAN VOLTAGE
Fig. 2.,
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square waves are added to the horizontal defiection.
Four synchronizing signals are needed in this system,
two to synchronize the coarse scan sweep, one to
synchronize the pseudo-random scan and one to
synchronize the blanking.

Qn-the-air tests of this system indicate it would
be a good system for amateur television. The use of
the long-persistence phosphor and pseudo-random
scan integrates out noise.

If we cut all sweep and blanking frequencies in
half we get a system with a bandwidth of only 4 ke.
Such a signal could be transmitted by a single-side-
band partly-suppressed-carrier system and would
take up no more room than a conventional a.m.
phone signal.

Jircuit details of systems used at Polytech can be
obtained from Professor S. Deutsch, Polytechnic
Institute of Brooklyn, 333 Jay St., Brooklyn,
New York, N. Y. 11201.-— Raymond Simpson,
WA2PYX, 22 Carlisle Place, Merrick, New York
115686,

LOW-PRICED PREMIUM TRANSISTORS
FOR AMATEUR APPLICATIONS
Technical Editor, QST:

Selecting the best transistor for an amateur
project was ounce a simple matter: only a few types
were within the ham's budget. Today 2N numbers
have progressed well beyond 3000 and the builder
faces an almost bewildering selection. This problem
is further complicated because manufacturers are
slow to discontinue outmoded types; these are often
sold in kits of transistors for experimenters or as
“‘all-purpose’’ replacements, and frequently ap-
pear in circuits published for amateur construction.

The accompanying list of transistors represents
some of the best buys currently available. Many

amateurs are ulready familiar with the 2N404 and
2N706. Several u.h.f. designs in QST have sug-
gested the 2N3478 as a possible substitute for the
high-priced 2N2857. Many of these transistors
would have been considered “exotic’’' as recently
ay two years ago. The 2N2102, for example, i8 one
of the most versatile transistors available.

Voltage, current, and power dissipation are
maximum ratings. Gain-bandwidth (g.b.w.) is the
frequency at which a video amplifier would have
unity gain. However, in a tuned circuit considerable
gain may still be obtained at this frequency. Note in
particular that the high-voltage ratings of some of
these transistors do not imply that they cannot be
used in low-voltage circuits; the 2N2102 would be-
have (except for polarity) just like the 2N404 as a
low-voltage audio amplifier. This is quite unlike
the vacuum-tube case, where full gain depends
strongly on plate voltage.

The Texas Instruments 2N3819 is the first low-
priced field-effect transistor; its low noise and low
intermodulation characteristics make it ideal for
receiver front ends. ‘

The 2N404 and 2N1970 are germanium transis-
tors; all the rest are silicon types. Silicon transistors,
by virtue of their low reverse saturation currents,
are much more stable against thermal runaway.
‘This is important, for example, in mobile equipment:
subject to temperature extremes, and in hi-fi output
stages where germanium transistor designs often
had to resort to protective diodes and even thermal
circuit breakers. Moreover, germanium power tran-
sistors have high-frequency limitations, and con-
siderable feedback is necessary to get full audio-
frequency response in hi-fi applications. — Jon B.
Hagen, WYURZ/6, Route (, Box 93-G;, Del HMar,
California.

Transistor Table

Type Manufacturer Use and Ratings Price
ON404 GE. RCA, TI a;.g[()hg; v;ifz;téal‘,, general-purpose, low-level use, 8.47
2N706 GE,RCA,SYL,TI | & o i’.’;'_'ws{m‘cmg' 300 mw., 25 v., $.99
9N3640 Fairchild E'éboffé' Znép‘; video amp., 14 watt, 12 v., $.76
ON3646 Fairchild ;éoons;lcc, ;ni\)pv.v, video amp., 14 watt, 40 v., $.70
9 - r.f. osc., amp., video amp., (low noise) & watts,
2N2102 RCA 120 v., 60 Mo, ’ 31.41
2N3053 RCA :iréli‘}:r to 2N2102, 5 watts, 60 v., 100 Mec. $.99
O N2 ; r.f. osc., amp., video amp., (low noise) 30 v.,
2N3a78 - RCA 900 Me. g.b.w., noise fig., 5 db. at 470 Mec. $2.06
9N3819 TI field-etfect transistor, 200 mw., 25 v., Za = 5000 | |, .
micromhos, noise fig., 2.5 dbm. at 100 Me. about $3.00
power transistor, r.f. amp., 4 watts, 300 v.
40264 RCA 50 ma., 25 Mec. é.b.w. ’ $1.21
40313 RCA power transistor, 35 watts, 300 v., 2 amp. $2.23
40251 RCA power transistor, 29 watts, 40 v., 15 amp. $2.89
40250 RCA power transistor, 29 watts, 40 v., 4 amp. $1.57
2N1970 Motorola power transistor, 150 watts, 100 v., 15 amp. $2.35
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STATION DESIGN FOR DX

Part II — Economics of Station Design and Construction

BY PAUL D. ROCKWELL,* W3ArM

tions are always present. What is the most

practical allocation of available.funds? Let
us first illustrate an analytical approach to this
question from the standpoint of effective 12X~
radiated power (DX e.r.p.). Assume 2(-meter
operation, flat terrain, no voice modulator, and
optimum radiation angle of 1°. As a frame of
reference, 0-db. will be taken for 100 watts c.w.
input, 30-foot tower height, and 10-foot Yagi
boom-length.

IN the pursuit of amateur fadio, dollar limita-
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Fig. @ — Transmitter power costs.

Transmitter power costs rin about as shown
on Fig. 3. The costs include driver, but exclude
v.f.0. The curve would have to be shaded upward
for first-class features, and downward for some
home constructors. Make your own curve, if you
prefer. What is being shown on this and the
following curves is a design technique — not a
universally applicable set of data. What is
important to note, in this example, is that the
last db. (from 780 to 1000 watts) costs $100.

Now consider antenna costs. Fig. 4 presents
these for Yagis. The db. gain values are relative
to a half-wave dipole, same beight and foreground.
The next db. beyond 30-foot boom length costs
$200. Stacking two beams, which gives 3-db. guin
at the expense of 40-foot additional tower height
is attractive beyond about 30-foot. hoom length.
However, this introduces the problem of rotating
both beams without interfering with guys. The
Telrex Big Bertha solves this by rotating a self-
supporting tower. Such a tower, 112 feet high,
equipped with antennas and accessories, costs
over $15,000 in place.

Now tower height. Fig. 5 presents costs,
bused on $10 per foot for ordinary lattice tower,
guys, anchors and foundations. lirection costs are

* 5800 Hillburne Way, Chevy Chase, Md. 20015
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added, beyond 40-foot height, up to $400 for the
150-foot height. No ullowance is included for
rotator, indicator, insurance, etc. (Gains are
related to the assumed ideal of 1° takeoff angle
by use of the image-antenna geometric constrne-
tion. Analysis by the indicated technique shows
that, to a close approximation, DX e.r.p. at 1°
increases as the square of tower height. That is,
each time the tower height is doubled, 6-db.
improvement is appreciated. Because DX signals
often arrive (and should be transmitted) at
angles considerably above 1°, this figure must
be weighted downward. Fig. 5 has been con-
structed on the basis of linear relation between
e.r.p. and tower height-—3-db. improvement
for each doubling of heightf. This agrees fairly
well with Utlaut's results for very high effective
heights.

The concept being developed is: Clost, per db.
for the last db. of improvement which can be
handled economically. Suppose we can afford
$200 for the last db. By examination of the
curves, we see immediately we should run 1-kw.
input, for in this department the last db. costs
only $100. We choose from Figure 4a boom length
of 40 fect. Tower height per Figure 5 is 75 fect.
Total cost, adding the corresponding ordinates of
Figures 3, 4, and 5 is $1980.00.

Perhaps this cost. exceeds our means. Maybe we
can atford only $50 for the last db. in each of the
three departments principally uffecting DX
eflective radiated power (DX e.r.p.). On this
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Fig. 4 — Antenna costs.
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basis, we choose 150 watts, 23-foot boom, and
4)-foot tower height. Total cost is $350.00.

Once the concept is understoodl, curves may be -

developed to fit the individual situation, and
to take into account all sorts of other variables:
cable losses, fixed costs for auxiliaries, commer-
ciul increments of sizes, nested-rhombics-plus-
real-estate versus Yagis, etc.

An important consideration, so far excluded
in order to simplify the discussion, is the
fact that antenna db. work hoth ways:
send and receive. Appraisal of antenna
and tower costs for DX e.r.p. should
therefore be weighted, so as to allocate a
share of these costs to the receiving ad-
vantage. A reasonable factor is one-half.

That is, the dollar values of ordinates of  '°°°
PFigs. 4 and 5 cun be cut in half, for eco- 200
nomic optimization of design with respect.  ,,
to DX er.p. only. On this basis, Flig. 6 o
shows optimum combinations as a fune- ¢ '°°T
tion of funds available. The tigure is '<;t 600
constructed by assuming various dollars- - s
per-last-db. values, and connecting the ¥
resultant values by curves. Of course the
optimization differs somewhat from the %
$50/db. and $200/db. examples above, 200

because the receiving components of
costs have been broken out separately.

For exumple, suppose $500 are avail-
able for the relevant parts of the station.
Refer to “Total (Clost” on Fig. 6 ut
$500. Draw a line straight up. Para-
meters are: Power, 150 watte: Boom, 27
feet: Tower, 50 feef. Gauin relative to the
reference installationis 5.3 db.
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if $2000 are uvailable, parameters are: Power,
1 kw.; Boom, 40 feet: Tower, 75 feet. Gain rela-
tive to the reference installation is 17.2 db.

Fig. 7 presents compatible equipment com-
plements with regard only for DX e.r.p. —no
allowance for concurrent receiving advantages.
This represents u more conventionally accepted
approach. In effect, transmitter power is given
ereater initinl emphasis. These db. ure cheap and
more convenient than antenna/tower db., but
do not bring corresponding receiving advantages.
After the legal power limit is reached, optimiza-
tion proceeds much us on Figure 6. Kor $500),
read off: Power, 275 watts; Boom, 26 feet: Tower,
41 feet: Relative gain, 7.3 db. For $2000: Power,
1 kw.; Boom, 40 feet; Tower, 75 feet: Relative
gain, 17.2 db.

Fconomically, c.w. telegraphy gives by far the
most DX per dollar. Not only is this true because
more DX stations are wvailable by ¢.w., but also
hecause of greater efficiency, expressed in db.
as follows 17:
oW e i e 0 db.

D.s.b. a.m., urder—wu‘e qu.xhty +17 db. required
S.s.b. order—wue quality +14 db. required

S.8.b. DXers will nearly all aver that the table
above should be corrected to read “11 db.”
instead of “14 db” for s.s.b.

After reading this, it is fair to ask: “What does
a db. in DX e.r.p. really buy, after all, in terms
of DX capability?” The answer is that, other
things being equal, it buys a lot. Six db. buy,
competitively, a decisive advantage.

Bo far, system-design trade-offs have been
discussed. The matter of constructional alterna~
tives is also important in station economics. The
remainder of this month's text is on mis-
cellaneous antenna-constriction comments. An-

17**Median Signal Power Required for Reception of Radio

Transmissions in the Presence of Noise," Technical Report
5, U.8. Army Radio Propagation Agency. June, 1961,

o 150
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Fig. 6 — Compatible equipment complements (with allowance for

receiver advantage).
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tenna mounts are frequently the major
item of home built equipment.

First, re autenna towers. There are
fine products on the market. These

firms also »ell the numerous necessary 1000F
and desirable :accessories: brackets, 000
clamps, clips, anchors, winches, guys,

and even gin poles. Only a small per- 8®°
centage of DXers use these produets, , 700
because the majority {a) can't afford £ .|
them, and/or i(b) home and neighbor- ;
hood considerations won't permit them. & °*°
Speuking in generalized terms, short £ 400
of all-out optimum performance, a  ® 4o
practical und almost universally ap-

. . . 200
plicable construction is to use tele-
scoping pipe sizes, side-supported to oo
the house, with u hand-winch for run- ol
ning the antenna up and down. This is
what is done at W3AKFM. Some par-
ticulars follow.

The cheapest und most universally
available mast structural element is
water pipe. 1t comes in 21-foot Jengths.
1t should be ordered black, unthreaded.

Local suppliers usually deliver. Prices run

about $10.00 u length, depending on weight.
Figure 12¢ fo 20¢ a2 pound, depending on
discounts, location ete. Sizes are confusing, be-
eause they are based on nominal id. of the
standard weight. *“lixtra strong” and ‘‘double
extra strong” are of the same muterial, but
smaller i.d. (same o.d., to match fittings) for
greater wall thickness. Some examples are given
in the table below, in which “XXH" means
“double extra heavy’:

Wall
Size o.d, i, Thickness Weight
(in)  Tupe (in.) (in.) (in.) (lbs./ft.)
1%4 Std 1.900 1.610 0.145 2,72
XH 1.900 1.500 0,200 3.63
XXH 1.400 1.400 0.400 6,41
2 Std 2,375 2.067 0.154 3.65
XH 2.375 1.939 0.218 5.04
XXH 2,375 1.503 0.436 9.03
214 Std 2.875 2.469 0.203 579
XH 2,875 2.323 0.276 7.66
3 Std 3.500 2,068 0.216 7.58
3K Std 4.000 3.548 0.226 9.11

Many Yagis are made to mount on [ 4-inch
pipe. Speaking in generalities, und depending on
prevalent winds, antenna, etc., 16 feet of unsup-
ported height (i.e., 16 feet abuove guy attachment
or last bracket) can be good design, whereus 20
feet. can be risky. [t is wise, if using water pipe,
to telescope sections, in such a way that the top
10 feet ure single-wall, next 10 feet double-wall,
next 1 foot. triple-wall, ¢te.

Steel much better than water-pipe iron exists.
Chrome-molybdenum electroweld or seamless
AISI 4142, heat-treated to 180 k.p.s.i. looks great
-~ but costs ten times as much per pound and
seems almost impossible to get in less than mill
lots.

A popular mast in the Northeast is Diamond
“f5”’ (1020 cold-drawn steel) 2 inches o.d. by 0.25-
inch wall X 20 feet long, selling for about. $60.00.
So far as known, one of these has never folded.
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Fig. 7—Compatible equipment complements (DX e.r.p.
optimization).

Aluminum alloys have a modulus one-third that
of steel. This can make them very willowy, unless
kept short, and thick-walled.

In the best installations, the mast or top tubu-
lar-section of the antenna-mount, projects ouly
a few feet above the muin steel-lattice tower.
The rotator is then a few feet below the top of
this tower. Sometimes, for reasons previously
mentioned, a lattice tower is not practical. In
such cases, the pipe mast. ix extended down to the
ground, and the rotator mounted near the ground.
Such an anteuna support is commonly clamped,
loosely so the autenua can be turned, to the side
of a house. When this is done, it is important to
spread the stress on the house structure. This is
done by angle-iron, channels, or wouden mem-
bers, coupled typically by 14 inch threaded bolts
all the way through, for example, the attic walls.
At W3AFM, u vertical 2inch X 6inch X 12 foot
plank is holted to the side of the house, with
2 inch X 4 inch X 6 foot lateral stress-spreaders
horizontally inside the uttic wall. The strongest
wood commonly stocked is oak. Clear white oak,
unfinished, und snitably stained, is used. The
vertical plank is attached by four 1% inch bolts,
and projects 4 feet above the peak of the roof.
Three husky electrical clamps attach the mast
to this plank. The second 21 foot pipe section up
from the ground is slotted to fit over a !4 inch
dowel in the lowermost 21 foot pipe section:
#0 the untenna may be lowered to a height reach-
able from the roof by first raising it a few inches,
then lowering the disengaged part to the ground.

Such a load requires work advantage. Boat
winches, available from Sears or Ward's at
about $25.00, are well suited to this purpose.
Half-inch polyethylene boat. rope is a good value.

1t can be dangerous and expeusive to economize
on small hardware fittings: eyebolts, U-bolts,
clumps and the like. Items stocked at Sears,

(Continued on page 166)
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“QSL... Solid Copy”

BY JOHN G. TROSTER,* W6ISQ

“WB6BBO de KH6FHA. Hr SET msg . . .

NR 1 TEST EMERGENCY KHOFHA ¢K 14 KRAILUA

HAWAIL 1700z ooT 1 F.E. HANDY ARRL NEW

INGTON CONN THIS LS TEST MESSAGE STOP

ADVISE ARRIVAL TIME RED CROSS REPRE

SENTATIVE STOP ARL SEVEN R. O. DAME

KHOFHA

““KH6FHA de WB6BBO...QSL ...
solid copy . . . getitrightout . . . 73." Cheesh,
for a emergency message, that fella sure sent a
awful lot of mistakes and extrastraineous stuff.
A course, he was going ubout 45 w.p.m. so 1
might of missed a letter now und again. But in a
emergency, there ain’t time to slow down and
worry about all them dits . . . I alwayssuy . . .
yeah. Boy, if Mr. Handy ever saw how this
thing arrived . . . Whhheeew! Ciuess I'd better
fix it up a bit! Kverybody krnows it's only a
test, soooo don't need that part. And who needs
the ‘ck’ und *QTH’? . . . change the time to
local . . . and everybody knows Handy, sovo

. . and tighten up the text a bit . . ."”

“W9BRD de WB6BBO. QTC 1 Coun.”

“WB6BBO de WY9BRD. .Just leaving for a
football game, but can shoot it through to-
night . . . QRV.”

“Ctood enough . .. (yeah, anything's okay
just s0's I can get it off my Back!) Guess I'd
better erank up the keyer wide open. If it's a
emergency message, ya gotta send it fast . ..
dit.ditdititttitis

KHOFHA 7 AM oCT 1 HANDY TEST XRAY

PLEASE ADVISE ARRIVAL RED CRUSS REPRE

SENTATIVE XRAY ARRL 7 DAME KHOFHA

“WB6BBO de WOBRD . . . QSL . . . solid
copy. (iet it out tonight after the victory cele-
bration . . . rahrahrah . .. **~*, |

“Qooops, forgot that one for Handy. That
victory celebration last night ... too sweet
and too late . . .ooo0o. Hmmmmmm, must
be u ‘SIET’ message. Gruess it's that time of year.
Oughta make up » ‘number’ and ‘QTI." And
I'd better fix that ‘date’ . . . sombody’'d get
mad if they knew I kept it o day! And what's
Handy’s first name? . . . and the state. Ooooh,
this text needs work . . . much too sloppy. And
who needs a ‘signature’ in a emergency? QOkay.!
W2ISQ de WIBRD. One for Conn." ”

NR 1 KHOFHA HAWAIL 7 AM OCT 2 FRANKLIN

HANDY CONNECTICUT TEST MSG X ADVISE

ARR RC REP AT ARRL X 73

“WOBRD de W2ISQ.” QSL . . . sulid copy!
. . . Boy, Mr Handy would really go into oscil-
lation if he saw what came through! Wow! If
I sent this to WIAW like this . . . why, why
they’d tear up my ORS! Better fix it. Lessee, it
needs a ‘precedunce’
QTH in the book . . .

* 45 Laurel Ave. A therton, Calif.

make the time ‘zulu! .

October 1966

. .. look up KH6FHA’s -

and date! . . eeeee . . . can’t be Oct 2 in
Hywiiee yet . . . or maybe it's Oct 3? . . . oh
well, back up one just in case . . . it shouldn't
arrive hefore it's sent. Auaand, Mr. llandy's
kinda sticky about using a complete address . . .
and his name ain’t what it says here . . . it's
ahhhhh . . . oh well, use initials. Annnnd . . .
this text . . .wow. Reully gotta work this over.
This 4s a test message . . . use ‘stops’ . . . spell
out words . . . and that RC fella just can't be
arriving at ARRIL . . . must be arrival in KHG.
Sure. And that ‘ARRLx73’ ... hmmmmm
. . . don’t make sense. No time for pleasantries
in emergencies. Maybe it's & numbered messuge
... like *tARL 73" . . . but there's no message
number *73." Ahhhhh, yes. . . gottabe ‘ARL 7.’
Aaaand, ‘signature’ ? ? ¥ Hmmm . . . must
be KH6FHA. Get his name in the bouk. And
now the ‘ck’ ... much better now.
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