


$3.00 Elsewhere

New solid-state items, such as FET PRE-AMPS, TRANSIS-
TOR VFO, FET CONVERTERS, 70 pages of the latest an-
tenna information. This Second Edition of the VHF MAN-
UAL abounds in projects for those who like to build their
own, yet there is much that will be helpful to those who
like their equipment ready-made. See for yourself!

A
PUBLISHED BY The 49 50
W7 AMERICAN RADKD RELAY LEAGUE .

$3.00 Elsewhere

The ARRL Antenna Book has been completely revised just in time for
the antenna work you have planned after the Summer vacation and
hefore the Winter operating season begins. You'll find the job easier if
you get your ideas from the material contained in this brand-new edition.

AVAILABLE IN AUGUST!

THe AMERICAN Rabpio ReLay LeacGue, IN
NEWINGTON, CONNECTICUT 6'l




10 reasons to buy Hallicrafters’

new SR-400 Cyc[one

FEATURE

Hallicrafters
SR-400

Collins*
KWMm-2

Drake*
TR-4

Power
Input

SSB=400 watts
CW=360 watis

SSB=175 watts
CW=180 watts

SSB=300 watts
CW:=260 watts

Accessory "‘dual
receive" VFQ availabl

Yes

No

No

Noise
Blanker

Yes

$135.00
Accessory

No

Receiver
Incremental Tuning

Yes

No

No

Built<in notch Filter

Yes

No

No

Sharp
CW Filter

Yes
200 cycles

No

No

“Sensitivity

.3 uv for
10 db S/N

5 uv for
10 db S/N

5 uv for
10 db S/N

1 kHz dial readout

Yes

Yes

No

Carrier Suppression

60 db

50 db

50 db

$799.95 $599.95

Unit Price $1,150.00

*Data from published specifications.

Now:canyou think 0 0 reason
why you shouldn’t?

Superb sensitivity, 400 watts RF, 200 cycle CW selectivity, receiver incremen-

tal tuning, 1 kHz readout, amplified automatic level control, exclusive notch

filter! There's even the HA-20 dual receive VFO for sensational, award win-

ning DX operation. No matter what specifications or features you choose as a

standard of comparison, the exciting new SR-400 fixed/mobile transceiver is
unsurpassed. Unsurpassed feature for feature. Unsur-

passed for rugged dependable performance in all environ- 6 //' /

ments. Unsurpassed in value and versatility. Prove it to a 7C78 fel’S’
yourself. Write for complete specifications in afour page Roling 90 Hicks Raad
brochure. See your Hallicrafters’ distributor today. A S e e

SR-400 Cyclone Transceiver HA-20 VFO

! balliiaeek.

Canada: Gould Sales Co.

Export: International Dept.
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~ At100,000 miles, it's
‘ still the liveliest rig
~on the road.
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Jean DeMaw,
WICKK/WSREL,
also a Haq, staffer,
doessome 2-meter
hill-topping  with
the OM's trang-
eeiver deseribed
on page 11, Meri-
den Mountain
(Conn.) is the
site.
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Field engineers who are

going places...

Raytheon
has aworld
of places.

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

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

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

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

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

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

Raytheon is growing throughouf the
world . . . and that world is at your
fingertips. So pick up a pen and write
Kenneth H. Slovin, Employment Megr.,
Raytheon Service Company, Dept. 61,
Second Ave., Burlington, Mass. 01803.

4n Equal Opportunity Employer




YN 1o Lcuder in Compact, Quality Ham Gear

NEW CW MONITOR & CODE PRACTICE OSCILLATOR

VFO-621
VFO for 6, 2 and 114 meters.
Transistorized oscillator plus
doubler, buffer and ampli-
fier stages give highest sta-
bility and output, Built-in
zener diode regulated power

TX-62

6 and 2 meters, 75 watt
phone and CW transmitter.
Buiit-in _solid state power
supply, Broadbanded circuits
make tuning easy. Uses in-
expensive crystals or exier-
........................ $59.95 nal VFO $149.95

supply

Improve your CW sending

¢ MONITORS TRANSMITTER'S RF OUTPUT
WITHOUT ANY CONNECTING WIRES
& TRANSISTORIZED
e BUILT-IN SPEAKER
Model OM is a combination code practice oscillator
and C.W. monitor,
output WITHOUT any connection to the transmitter.
It may be used with any ham transmitter or trans-
ceiver. There is a tone control and headphone jack
on the front panel. Mode! OM contains 2 transistors
and 4 diodes. Size 6”7 % 3 x 2",
........ KIT FORM ...
Model OM  Wired and Tested ...
........ KIT........Code Practice
oscillator only (ND MONITOR........cooeerruneee . 1.95
Model GCPW  Wired........ Code Practice
oscillator only (NO MONITOR............

Mode! OMK
Model OCPK

ALL BAND

NUVISTOR PREAMP
6 THRU 160 METERS

e KIT OR WIRED
e LOW COST

It monitors the transmitter's RF

ersesnnennsens 10.50

2 Nuvistors in cascode give noise
figures of 1.5 to 3.4 db. depending
on band, Weak signal performance,
image and spurious rejection on all
receivers are greatly improved. PCL's
overall gain in excess of 20 dh,
Panel contains bandswitch, tuning
capacitor and 3 position switch
which puts unit inte “OFF,”
“Standby” or “ON,”’ and transfers
antenna directly to receiver or
through Preamp. Power required —
120 V. at 7 ma. and 6.3 V. at .27 A,
~-~can be taken from receiver or
Ameco PS-1 supply. Size: 377x57x3"

NUVISTOR CONVERTERS FOR 50,
144 AND 220 MC. HIGH GAIN, LOW NOISE

Has 3 Nuvistors (2 RF stages &
mixer) and 6J6 osc, Available in any
IF output and do NOT become ob-
solete as their IF is easily changed
to match any receiver, Average gain
— 45 db._ Nolse figure — 2.5 db, at
50 Mec., 3.0 db, at 144 Mc., 4.0 db.

at 220 Mc, Power. required 100-150V,
at 30 ma., 6.3V, at .84A, See PS-1
Power Supply. Model CN-50W, CN-

144W or CN-220W wired, (specn‘y iF)
$49.95. Model CN-50K, CN-144K or
CN-220K in kit form. (spemfy IF) $34.95

Write for details on code courses and other ham gear,

@A SUBSIDIARY OF AEROTRON,

EN

AEROTRON @

CB-6K — 6 meter Kit, 6ESS- rf Amp.

6U8-mix./osc, e $19,

B 6W — wired & tested $27 50
CB-2K — 2 meter kit, GES8 1st rf
amp, 6U8 — 2nd rf amp/mng 616
[:B 2W — wired and tested, $33 95
Mode! PS-1 — Matching Power Sup-
ply — plugs directly into CB-8, CE-2
and CN units, PS-1K — Kit ... $10 50
PS-1W — Wired .....ccoovvvivvnenn 11,50

INC.

CODE PRACTICE MATERIAL

Ameco has the most complete line
of code records, code practice oscil-
tators and keys Gode courses range
from start to 18 W.P.M, and are on
33, 45, or 78 r.p.m, records, Modef
CPS oscillator has a 4" speaker and
can be converted to a CW monitor,

Amece equipment at alt leading ham distributors,
PRICES SUBJECT TO CHANGE WITHOUT NOTICE

WRITE FOR FREE LITERATURE,
Dept. QST-8

U.S. HIGHWAY 1, NORTH
RALEIGH, NORTH CAROLINA 27608

5




Section Communications Manage:s 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) direst to the SCM, the administrative

ARRL oificial elected by members in each Section,

Radio elub reports are also desired by SCMs for inelusion in JSI. ARRL Field Organization station appointments are
available in areas shown to qualified League members. Ganeral or Conditional Class licensees or higher may be appointed
ORS, OVS, OPS, 00 and OBS. Technicians may be appointed OVS, OBS or V.H.F. PAM, Novices may be appointed OVS,

SCMs desire apphcamon leadership posts of SEC, EC, RM and P 4 M where vacancies exist,

North Carollna WABNU ™ THarnets 8. Dodd
Houth Carolina K4LNJ Clark M. Hubburd
Virginiy . WA4SEHLS H. J. Hopkins
West Virginia W8JM Donald B. Morris
Clolorado KOFDH Richard Hoppe
New Mexico WHWZK  Kenneth D, Mills
Titah W7TQWH  Thomas ti. Miller
Wyoming W7CQL Wayne M. Moore

ROANOKE DIVISL

ROCKY MOUNTAILIN DIVISION

ATLANTIC DIVISION
Del.:.wa.r KINYU John L. Penr RED Townsend (9734
W3IHK Cieorge 8. Van Dyke, Jr. 4607 Convent Lane Philadelptia 19114
1K3IYZ Carl K, Andersen 14601 Claude Lane Silver Spring, Md. 20904
Southern New Jersey w241 Edward (. Raser 19 Blackwood Drive \Vl}burtba u&ggs
"renton
Western New York K2KTE ~ Richard M, Pitzeruse 303 Woodland Rd., Syracuse 13219
Western Pennsylvania W3NEM  Robpert E. Gawryla 1463 N, Alien St, State College 16801
P —— JR— CENTRAL DIVISION
Minois WIPRN Tidmond A. ~ietagel 15~ 0 South 4th St. sSpringfield 62703
Indiang WoBUQ William C. Johnson, Zh Indlanapolis 46218
Wisconsin KIGSC Kenneth A, Ebneter L W&uonu. ‘Lrail Portage 53901
- — S DAKOTA DIVISION
Minnesota WOTCK Herman R. Koplschl\c Jr. RFD 2 Janesvilie 56048
North Dakota WHDM. Hurold L. Sheets 21 fuclid Ave. Grand Forks 53201
South Dakota KOPXW  Seward P. Holt 1’oX 58 Clear Lake 57226
= [P y DELTA DIVISION
Arkansas WADTR —~ Curtis R, Williams 1050% West 12th St. Tittle Rock 72206
Louisiana WhHPM J Allen awanson, Jr. RFD 1, Box 554-ku Covington 70433
Mississippi WHEMM uirs 151 1-36th Ave. Meridian 39301
‘Tennessee KARCT Ha.rry A, Phlllms 200 Oak Meadow Ave. Memphis 38128
RN _ GREAT LAKLb DIV[SION .
Kentucky WALKFO ™ Lawrence ¥, Jeffrey 185 Antler Owensboro 42301
Alichigan WEFX Ralph P, Thetreau 27209 W. Six A\Iﬂe Road Detroit 48240
Ohio WEHI'U Richard A Kgbert #5479 Red Fox Road Reynoldsburg 43068
HUDSON DIVISION
L.zstern New York K23JIN Graham G, Bercy 50 ~arcor Ave., New Kochelle 10501
N, ¥, C, & Long Island KZ2IDB Blaine 8, Johnson 266 Cypress 8t. Massapequa Park, L. L. 11762
Northern New Jersey WiLQP Louis J. Amoroso 180 P ea.s:mt Ave. Bergentfield 07621
MIDWEST DIVISION.
Towa WoBDZ — Owen G, Hill REL (;Um 5010
Kunsas KARXE Robert M. Summers 3045 North 72nd a,nsas (Aty 06109
Missourt Wwaas Alfred g, Schwaneke foute L, Box 169 Rolla 65401
Nebraska K@OAT V. A. Cashon, 434 Plne St., Box 438 ‘hadron 69337
NEW ENGLAND DIVISION
~ Contiecticut WIGVT  John J. MeNuassor 218 Beriin Ave. Southington 06489
Pastern Massachusetts \VIALP Frank L, Baker, Jr. 85 Solar Ave. Braintree 02185
Muaine YG Hervert A, Davis y bra.nku (463 4
New Hampshire W1SW {/leD:&& Robert Mltcheu nnx 157-A RFD . ’hester 03036
J.-thode 1sLmd AV John E. Johns 30 K Pawtucket 02560
Verm l\IMPN H, Reginald Murra.y 8 !{lucrest Drive Montpelier 05601
\vestern Massachusetts WISTR Norman P }: 34 Valley Rd. springtield 01119
THWESTERN DIVISION ... . . 3
Alaska¥* KL7AEQ  Albert F. Weber X 735 6ge 09735
Idaho WI7ZNN Tronald A, Crisp .34JS sth 8. ¥ Lewiston 83501
Montana WITYN  Joseph A, D'Arcy 1016 Huggin Ave, Anaconda 59711
Crregon KIWWR I_)ale 'T. Justice 2741 Pirwood Lane Forest Grove 97116
Washington w7BQ Witliam R. Watson 1005 E. 1st Ave, Bllensburg 98926
_____ PACIFIC DIVISION ____ o e
Kast Bay KGL Riciard wiison 623 Blue Ridge Dr. «lartinez 4553
Huw;m KHGBZP Lee R, Wieal 45-601 Luluku Rd. Kaneohe 98744
eV wre Leonard M. Norman 6852 Utah 8t. Roulder City &)(7()5
saeramento Valley WAGJD’I‘ John F, Minke, 1L $23) Rio Bonito Drive Carmichaet 9560
dan Francisco WABAUD Hugh Uasqldv 77 Coleman Drive San Rafael 94901
Han Joaquin Valley weJpPu Ralph Sa 6204 15. Townsend Ave, Fresno 93702
santa Clara Valley WENVO Edward '1‘ luruer 2537 Fernwooud Rd. Ban slateo Y4403

ON
420 Wesr. Fra.uklln B5t.
1 24 HFant L
K600 Hammet.t Ave,
1136 Morningstar Lane

Sallsbury 28144
1Inion 29379
Norfolk 23503
Fairmont 26554

Star Route

Rt. 1, Box 654 I

Al Ho Lm 3360 loast
142 South Montana Ave.

SOUTHDA&TERN DIVISION _______ .

aba
tanal Zone
tenstern Klorlda

BAWHW ™ Fdward L
KZ50B Russell B. ()bernoltzer.
W4iMVB esse H, Morris

J
WA4RZL Howard L. Schonher

Yeargla ¥

West Indies KP4DV Albert R. Crumley, Jr.
Western Florida W4RKH  Frank M. Butler, Jr.
“Krizona WIFRK ™ Floyd C.

lgg %D‘}eleﬂ K6UMV  Donald R, Lthercdze
Orange WGDEY  Roy R. Max

Han Diego WBEGMM James E. E.merson, Jr.

Santa Barbara

WABOKN Cecil D. Hinson

Worthern ‘1exas
Okluhom:
Houthern Texas

WHENG L. L, Harbin
W5PML Cecll C. Cash,
WHAIR . D. Jarry Sears

- . N CANADIAN
Alberta, VESTG Harry Harrold
i3ritish Columbia VETFB H, H. Savage
Alanitobs V4T John Thum ms stacey
Maritime* VBINR William G
( )nmr(o VEZBUX Roy A. Whlte.
uebec VE20J Jim Ibey
Sn.skatchewau VE5SHP Gordon C. Pearce

SOU'I‘HVVI:STLR!;Y1 DIVISION

WEST GULF DlVISION

151 ();i Spring A ve.. 3.W.

P.O.
P.O. Box 10073
323 Klliott Rd., 8.E,

1 West Plerson 88,
12040 Redbank 8¢,
1434 South Qlive 8f.
8561 Foyle Way
1433 Coventry Court

“Decatur 35601
™M rita

Tdaho Bprings 80452
Albuquerque 87102
galt Lake Clty xt104
{‘asper 82601

2rgar]
Jackdonville Beach 32050
Columbus 31902
Caparra Hei

San Juan, B. 0922,
Fort Walton Beach 32548

“Phoenix 85617 T T

San Diego 92 17
‘Fhousand Oaks 91360

515 Calmount
18)” Smith Ave,,
5634 Eskirdge Bt.

DIVISION

Kort, Worth 76107
Lawton 735!
Houston 77028

1334-5th Ave,, N.
1553 West Ilth Ave

19 Cottonwood Cre!
Rural Route 6, hhedlac Rd.

3 Northwood Crescent,

1757 Brookdale Ave.
1903 Connaught St.

Lethbridge, Alta
Xancouver 8, 8,.0C.
Moneton, N. B,
Belleville

Dorval, P, Q.
Regina

#.3 ficial appointed to act temporarily in the absence of a regular oiticial




A low cost Crystal for
the Experimenter

I nternatzonal

e LOW COST

e MINIMUM
DELIVERY TiIME

3,000 KHz to 60,000 KHz

SPECIFICATIONS: International Type
“EX" Crystal is available from 3,000
KHz to 60,000 KHz. The “EX" Crystal
is supplied oniy in the HC-6/U holder.
Calibration is = .02% when operated in
Iinternational OX circuit or equivalent.

CONDITIONS OF SALE: Al “EX” Crys-
tals are sold on a cash basis, $3.75
each. Shipping and postage (inside U.S.
and Canada only) will be prepaid by
International. Crystals are guaranteed
to operate only in the OX circuit or its
equivalent.

COMPLETE OX OSCILLATOR KITS
Everything you need to build your own
oscillator. Two kits available. “OX-L" kit
3,000 to 19,999 KHz. “OX-H" kit 20,000
to 60,000 KHz. Specify “OX-L" or “OX~

H” when ordering. $23

e

Postage Paid

type “EX”

/13

Postage
Paid

MINIMUM DELIVERY TIME We guaran-
tee fast processing of your order. Use
special EX order card to speed delivery.
You may order direct from ad. We will
send you a supply of cards for future
orders.

T“"“"’""‘"“-—-»..(.__‘

S

ORDERING INSTRUCTIONS

{1} Use one order card for each fre-
quency. Fill out both sides of card.

(2) Enclose money order with order.

(3) Sold only under the conditions
specified herein.

INTEHNATI ONAL

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




representation of the tadic dmaten
the maintenance of frmernufism
Itis onincorporoted stociahoxa without capiml stock, chorfered

under the laws of Connecticyt, Its affalts are governed by a Board
of Directors; electad évery two years by the geneial mmeel’ship.,

Tha oificers are glected OF; appommd byihe Di

on its board. :

0f, by and for the amatem‘,
cally every worth-while dinateur |
glorious achieveinant a§ the {andard- beur

tnguiries régdrding “membership dre wiliced A bono ﬁde
interest in amatevr Fadio s the only essential qvahﬁcaﬁon, owner-
ship of o transmitting station ond knowiedge oi the code ‘oré not
prereguisite, afthough full vohng membersh;p is granted (miy o
ficetsed amafturs,

All generul correspondence shculd be addressed ¥ the admmns~

Fative headquarters at Newington, annecﬂcut. N

HIRAM PERCY MAXIAM, WI1AW, 19141938
EUGENE €. WOODRUFF, WBCMP, 1936-1940

GEORGE W, BAILEY, WIKH, 1940-195% -
GOGDWIN (, DOSLAND, WOTSN, 195221962

HERBERT. HOOVER IR, WeIH, t962~|966

Officérs

President . on v oy ROBERT W, DfNN!STON *, W{JDX -

Box 73, Newton, lowd 50208

Fsrsf Vice-President .
1406 West TZth Street, Odessa, Texas 72760
Vice-Presidents 0, o FRRara
P LANIER ANDERSON, JR,, W4MWH
Secrefary o oL u e e e USOHN HUNTOON, WilvQ
freceurer . - . s
228 Muin 51,, Nawmgwn, Connccﬂcut 06111

a A
Honorary Vice-President ...
¢ E e e

General Manugee =, o, 3
Communications Monager ... . v «GEORGE HARY, WINIM
Technico! Director. o v '3 & GEORGE GRAMMER, WIDF
Assistant General Manager i RECHARD £ BALDWIN, WIYIKE
Assistanf Secretaries” . ot PERRY "F. WILLIAMS, WTUED

WiL[lAMl DUNKERLEY }R VYA?!NS

Genaral Copnssl .. 5% ROEERT M, BQO]’_H IR, W3?S/K4PS
1100 Vermont Avenue, N, W, Washington, D, C. 20005 -
Associate Counsel” ../ © ARTHUR K. MEEN, Q.C,, “VEIRX

Suite 2212, 44 ng St Wesf, Toroiita’ 1, Ont.

SDAVID H. HOUGHTON

UPRANGIS B HANDY, W1BDI

. JOHN HUNTOON,* WILvQ

*WAYLAND M. GROVES* WSNW

_ROEMER O, BEST, W5QKF -

DIRECTORS

Canada
NOEL B. EATO\I ........... vessonanss VE3CT
Box 660, Wi acexdown, Ontario
T’ico-Direczar Colin €, Dumbrille. ., ...... VEZBK

116 Oak Ridge Drive, Baie d Urte, Quebec
Atlantic vaxszon

GILBERT L. CROSSLEY......%.. W3YA
734 West Foster Avenue, State uouege ¥a. 16801
Vice Director: Harry A. McConaghy...... W3ED
K708 Fenway Dr. Potomac, Bethesda, hld. "00.54
Central Division
PHILIP E., HALLER i B ,\VQHPG
65000 S, Tripp Ave., Chicago, Ill, 60629

Vice-Director: Eddmond A, Metzger. ... ... WOPRN
1520 South Fourth St., Springtield, 1llinois 62703

Dakota Division

CHARLES G, COMPTON*....... WEBUO
Box 226A R.R. i, South bt Pani, Minn. 55075
Vice-Director: Join AL, Maug....oeaeien WENBD

¢(akdale Additlon, St. (.zloud Minn. 56301

Delta vaxsxon
PHILIP P, SPENCER....... DH/WSLX}&
575 Amethyst $t., New Orleans. La. 7

Vice I)zrmor Max Arnold...ooepiia ’4W£IN
612 Hogan Road, Nashvllle, Tenn. .571.10

Great Lakes Division

ALBAN A, MICHEL,....... .WBWC
359 Bonham Rd., (.Anclnntm “Ohio 45115
Vice-Director; Charles 3, MIET, o vynners WRISU

4872 Calvin Drive, Lolumbus. Ohlo 43227
Hudson Division

HARRY J. DANNALS* .. oouovrevesn W2TUK
RFD 1, Arbor L:me Dlx Trils, Huntlnzton,
N.Y. 11743

Vrce-Director: Stan ZakK. ... ouenes

Zak K23J
13 Jennifer Lane, PPort Chester, N ew York 10573

Midwest Division
SUMNER H, FOSTER.
2110 Goblin's Gully Dr,, 8.
52408
Vice-Director: Ralph V., Anderson KONL
4528 Montana Ave., Holton, i ansas 66436

WPGQ
, Cedar Raplids, lowa

New England Division

ROBER’I‘ YORK CHAPMAN. ... o0vrssn wiQv
South Road, Groton, Clonn, 06340

Vice—l)ireczar Bigelow Greel. ov..veesoes WIEAE

11 Law's Brook Rd., South Acton, Mass, U1771

North western Division

ROBERT B, THURST! WIPGY

7700 31st Ave., N.E., seat’clc, Wash, 98115

Tice-Director: R. Rex Robcrts veseese WICPY
%37 Park Hill Drive, Billings, Mont. 59102

Pacific Division

J. A, DOC GMELIN..ovprrsreens
10835 Willowbrook way, Cupertino

T’Ice-Dzreclor G. Donald Eberlein. .
. O. Box 475, Palo Alto, Cialif, ‘94302

Roanoke Division
VICTOR C. CLARK A\W4KFC
12027 Popes Head Road uuton. . 22024
Vice-Director: L. Phil Wieker....oooo.0.e W4AACY
4821 HIIl Top Road, Greensboro, N. C. 27407

soss WOZRJ
1if, 95014

WOYHM

Rocky Mountain Division

CARL L, SMITH*,....... ves. WOBWJ
1070 Locust 8t., ‘Denver, Colo. 80220
Vice-Director: John . Sampson, Jre......

w70CX
4618 Mount Ogden Drive, Ogden, Utah 84403
Southeastern Division

CHARLES J, BOLVIN..cooveeanass WAL
2210 8. W. 27th Lane, AMigmal, Fla. .5.5143
Vice-l.)trecto‘r Albert L. Hamel. .....

K48ITH
220 N.E. 25th Street, Pompano Beach " ia. 33064

Southwestern Division

JOHN R. GRIGGS. .. ccvirvssrrnoserae WEKW
11422 Zelzah Ave., Granada Hills, ‘Galit; 91.144

Vice-Director; Thomas J. Cunningham
1105 Tast Acacla Ave., El Segundo, L,nJlL 90245

West Gulf Division
RAY K. BRYAN.. .evveannnss . W50UYQ
2117 8.W. 61st '1‘errat§isl3)klahoma. clty. Okla.
Vice-Drirector:

#Member Executive Committee




“It Seems 10 Us..”

ANOTHER FREQUENCY CONFERENCE

FOR some years now amateur radio has been
concerned — along with some commereial
services — over the likelihood of another
world eonference of nations to examine and
revise the table of frequency allocations. The
blossoming of many new countries, largely in
Africa, in the membership of the International
Telecommunications Union has caused con-
siderable doubt as to just what are current
world viewpoints toward the various users
of the h.f. spectrum.

While such a conference is still not on any
definite schedule, in a related area the Ad-
ministrative Council of ITU has called for
a worldwide session on space communications
during the latter part of 1970. Specifies such
as duration, exact site, and detailed agenda,
would be determined later. It has, however,
been the custom recently to hold such meet-
ings in Geneva, and one of this nature might
require a month or more for completion. \As
to the agenda, it is likely that — as occurred
(lurmg the 1963 spuce conference — frequen-
¢les above about 200 MHz. will receive pri-
mary attention. Believe it or not, allocation
of the spectrum around 2000 MHz. is rapidly
becnming a serious problem, with overload
a possibility in the reasonably-near future.
Indeed, activity in the entire u.h.f. und micro-
wave sres. of the spectrum is in the throes of
areat expansion.

Space communications is basically a gov-
ernmental activity, and intra-agency dis-
cussions in Washington have been going on
for some time looking toward the conference
which is now taking shape. One of 4 number
of possibilities for re-allocation would affect
amateurs — the 21,000-Megahertz band might
be shifted to 23 GHz., to be shared with the
radio-location service. (Note: we said 21,000
megas, not kilos; i.e., we're not talking about
the 15-meter band.)

At some point, if previous procedures still
apply, non-government users of the spectrum
will be invited to participate in preparatory
sessions. As always, the League will be present
to represent the amateur service in any matters
which may come up affecting our operations.

(To educate the editor of one of our con-

temporaries who becomes irked when we say
“the League” does this or does thdf/ let us
make it plain that *‘the League” is not the
70 paid employees in Newington, but thou-
sands of members spread throughout Canada
and the U.S. - indeed, the rest of the world.
ARRL officials and Hgq. staff urge high stan-~
dards and objectives, coordinate activities,
and collect the records of performance to
present to appropriate authorities. But it is
your record of public service, increased tech-
nical and operating ability, better utilization
of our existing assignments, and careful watch
on intruders, which \trengthen the position
of amateur radio und make possible more
effective representation at international con-
ferences. Truly, then, .our accomplishments
are indeed the net result of all of us in the
League. So much for that.)

If other customs also hold up, it is almost
a certainty that one or more foreign countries
will propose dipping into the wmateur bands
to solve some spectrum allocation difficulty.
Here, however, we shall likely have a strong
ally in Uncle Sam himself, in that our bands
in this portion of the spectrum are shared
domestically with radioloeation, and a pro-
posal to shift band usage would affect that
service as well. As to Canada, at the 1963
space conference she was as strong as any
nation a supporter of the amateur movement,
30 we should not have great concern on that
seore either.

But enough of speculation. Clertainly,
problems will arise. The League, through
officials in both our nations, will see that the
interests of amateurs are 4(1equa,telv repre-
sented both before and during the 1970 space
communications eonference. As the result of
continuing efforts the past several years, n
much stronger TARU will be in a better posi-
tion than ever before to seck favorable view-
points of other nations in the spectrum evalua-
tion.

All of which points up once again the im-
portanee of -~ indeed, the necessity for —
full support of the League and other national
societies by their respective constituents
around the world,



League Lines . . .

EIA's amateur section hopes to alleviate problem of interference from amateur
overload of solid-state devices such as organs, masthead TV amplifiers, etc.,
through improved proteciive circuits at time of manufacture. Those of you
who've had such problems and solved 'em could be most helpful if you would
furnish a case history -~ especially instances showing inadequate design
and/or fabrication.

After three years of trving, FCC has now obtained Congressional authority to
regulate potential interference devices (e.g., motors, neon signs, heat-ireating
machines, etc.) at the point of manufacture and sale, rather than to solve individ-
ual cases of interference after they occur, as now. "An ounce of prevention . ."
still holds true. See "Haps" this month for details,

Hoax admitted -~ May QST (p.8l) reported a lawsuit by DXpeditioner WIWNV
against the League alleging defamation and seeking $550,000 damages. ARRL's
first formal step in defense was deposition of Dr, Miller, occupying 3 days in
June. Replying under cath to questions by League's attorney, WIWNV admitted
1966 operation as PYPXA was not at all on St.Peter & Paul's Rocks as previously
claimed, but from a boat 1800 miles to northwest in sight of YV coast. He fur-
ther admitted various statements concerning PY#XA made by him in person to
ARRL directors in May 1967 were not true., Miller has agreed to withdraw his
suit. Further report in a later QST.

Telephone company tariffs which -~ strictly speaking -~ outlaw interconnections
such as amateur-type '"phone patches," received a setback with a recent FCC
decision labeling them unreasonably restrictive. This action doesn't automati-
cally okay all patches but points toward likely eventual acceptance.

Some amateurs who should know better are still perpetuating (e.g. LIDXA bulletin)
the myth that Awards Committee actions concerning Dr. Miller had origins in per-
sonalities and vendeitas. The record -- including sworn testimony during depos-
itions -~ shows the Committee acted on facts, not emotion, in full determination
to protect integrity of DXCC.

Speaking of myths, let's not go overboard in concluding that because the average
age of amateurs is still slowly c¢limbing, we aren't getting any youngsters in the
game. What causes the increasing average age is we old-timers sticking around
year after year because we love the game so much. A couple hundred thousand of
us old goats living just one more year pushes the average age up as much as ten
thousand teen-age newcomers would push it down. Similarly without logic are
comparisons with the average age of the population; a 6-months-old helps keep
that figure down, but should hardly he considered an amateur candidate for at
least a few years.

Members in the Central, Hudson, New England, Northwestern, Roanoke, Rocky
Mountain, Southwestern and West Gulf divisions will soon be making their choices
for representation during the 1969-1970 term. See "Haps"this issue for first call
for nominations in the autumn director elections.

Newspaper clippings of Field Day activities, plus tapes or other indications of
b.c. programs, are rolling in at Hqg. along with logs. A first-rate job of p.r.,
guys and gals. Now let's do it regularly, not just once a year.

10 QST for



“The Connecticut Bond Box”
A Solid-State Transceiver for 144 Me.

BY DOUG DeMAW,* WICER

flere’s a v.h.f. transceiver that’s truly
portable, is easy to build. and is capable
of spanning many miles when used with
a good antenna. It can be operated from
its internal 12-volt flashlight~cell pack,
from the cigar lighter of any 12-volt
negative-ground car, or from an a.c.-
operated 12-volt d.c. pack. The trans-
mitter and the two-stage FET super-
regenerative receiver are assembled on
etched-cireuit boards to simplify con-
struction. The audio section is a prewired
“‘import> — also on a cireuit board.

*Benton Harbor Lunchbox™ it seemed like

4 worthwhile idea to build a similar unit,
but one that was completely transistorized su
that it could be operated from a dry-battery
pack as well as from other 12-volt power sources.
After some months of eircuit testing, the collee-
tion of modules nsed here was chosen for the final
product. The “Bond Box” does not run as much
power output as the “Twoer,” but is only about
% db. lower in cutput than the comnmercial unit.
The audio is clean and erisp, and the receiver is
sensitive, and somewhat more selective than
most *‘supergennys.” A 0.3-pv. signal with 30
percent. 1000-cyele modulation is plainly audible
with this receiver and it can be tuned in without
the operator knowing where fo look for it on the
main tuning dial (a good practieal test for any
receiver). The seleclivity is such that sixteen
1000-pv. 30-percent-modulated signals can be
equally spaced across the 4-Me. tuning range
without overlapping.

Most superregenerative receivers, even those
with an r.f. amplifier stage between the antenna
and the detector, radiate an interfering signal.
This can cause a great deal of QRM to ather
operators in the area, sometimes to those who
are several blocks away. Tests un this trans-
ceiver indicate that uo perceptible radiation
existed even when the equipment was oper-
ated into an auntenna which was 20 feet from
the antenna of a neighboring receiver. In fact,
the radiated signal could barely be heard when
the two antennas were placed one foot apatrt.
The common-gate r.f. amplifier offers good iso-
lation for this detector, and the receiver is well
shielded — au additional aid. Furthermore, the
detector is operating at a very low power level

7 volts at 1 ia.), helping to

BECAUSE of the popularity of the so-called

{approximately 7
minimize the radiation oufput level. Most
# Assistant Technical Editor, QST
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1§
The 2-meter transceiver is housed in a legal-bond box.
A home-made dial-calibration chart for the receiver is
pasted on the inside of the lid. Two plagtic cable clamps
serve as holders for the two-section Y4-wavelength whip
antenna (inside lid) when the unit is not in use. The an-
tenna is held together at the center by a home-made
VYa-inch diameter threaded coupling.

vacuum-~tube superregens operate with at least
150 plate volts and draw up to 10 ma. during
normal operation, hence radiate a much stronger
signal,

Because of the foregoing features, this trans-
ceiver can fill the bill for most low-power 2-meter
portable, fixed, or mobile work, It is ideal for
emergency and civil-defense operation as well,

Receiver-Section Circuit

Two FETs are used in the simple receiver
cireuit of Fig. 1. A JFET (junction Held-effect
transistor), ()5, operates as a common-gate r.f.
amplifier and offers a fair amount of detector
isolation while providing a few decibels of gain.
[ts output ix coupled to the detector, @5, through
(19, which i3 a “gimmick’ capacitor. The latter
eonsigte of three turns of insulated hookup wire
wrapped around the ground end of Ls. The op-
posite end of the wire i3 soldered to the drain
end of 7. A junction-type FET is used at (s
to make 1t less subject to r.f. burnout than would
be the case if an IGFET (insulated-gate FET)
were used. )

An IGFET is used as the detector, Q5. Since
it is isolated from the antenna ecircuit there
is little chance of its being harmed by strong
r.f. fields.t The IGFET was chosen over the

11
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IN MICROFARADS { nf. ); OTHERS
ARE IN PICOFARADS (pf. oR puf);
RESISTANCES ARE IN OHMS;

K= 1000

Fig, 1—Schematic of the 2-mefer transceiver. Fixed-value capacitors are disk ceramic except those with polarity mark-
ing, which are electrolytic. Resistors are ¥2-watt composition. Component numbering is for identification of parts on the
circuit-board templates. Significant parts are listed below in the usual manner.

AR1==200-milliwatt audio module (Round Hill Associates
Model AA-100%),

BTy, BTs, Inc.—Eight 1.5-volt size-D flashlight cells, series.
connected and mounted inside box by means of
four Kaystone No. 176 duai-battery clips.

Ci, Ciz—5 to 25-pf. ceramic trimmer, Erie 822-CN or
equiv. (Midget 3 to 30-pf. mica trimmer also
suitable.)

Ci5==8 to 50-pf. ceramic trimmer, Erie 822-AN or equiv,
{midget 8 to 60-pf. mica frimmer also suitable.)

Cio— CGimmick-type capacitor, See text,

Cz0—15-pf. subminiature variable {E, F. Johnson 160-107),

Cag—5-pf. min. variable (Ha nmarlund MAPC-15B all but
ohe rotor and one stator plate removed).

JFET because of its lower vulue of input capaci-
tance.

Quench-frequency voltage is provided by R
and Csg In the source lead of (J5. Feedback for
the detector is between gate and source, making
it. necessary to keep the source above r.f. ground
by means of RFCy.

A.f. vutput from the detector is taken from
the drain through a quench-frequency filter
eonsisting of Cas, Cos, RFCs, und Cey. The filter
prevents the quench voltage from reaching the

1IGFETs have extremely thin dielectric material be.
tween the gate and drain-source junction. Static charges or
sxcessive gate voltage can easily puncture the insulation
and destroy the transistor.

12

CRi—18-volt 1-watt Zener diode {used for transient
protection during mobile operation).

31—50-239 coax fitting (chassis mount).

J2, Ja—Two-terminal single-contact audio connector

{Ampheno! 75PCIM or similar).

L1, L2—3 turns No. 22 enam, wire spaced to occupy V2
inch on Y-inch dia. ceramic slug-tuned form
{J. W. Miller 4500-4*},

La—4 turns No. 20 bare wire, V2 inch long, ¥is-inch inside
diameter.

Li—6 turns No. 20 bare wire, V2 inch long, %e-inch i.d.

Ls—Same as La.

Lg=—8 turns No. 20 bare wire, 1 inch long, s-inch i.d,
Tap 5 turns from source lead of Qu.

asudio amplifier. Ly isolates the a.f. signal from
the B-plus line, and Rjs varies the drain supply
voltage to control supperregeneration. Rig iy
the a.f. gain control.

A word of caution at this point: When soldering
the IGFET, (s, into the circuit, be sure io con-
nect a clip lead between the tip of the soldering
iron and a good earth ground. This will help
prevent damage to the gate of the MPF157
should static charges be present. Also, do nof
handle the leads of Q5. The leads should be re-
moved from their shorting collar by meuns of a
nonplastic or nontnetallic tool. A wooden tooth-
pick is recommended for this, and for spreading
the leads apart. Once @5 is soldered in place, it
should be quite sufe from static-charge damage.
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PA. 144 MHz,

REC. Hav,

TRAN.?

RF. AMP ¢
Ml"Fl(JZg

T 1

#%=MODIFICATION
{SEE TEXT}

L;—5 turns No. 22 enam. wire, close-wound on Yi-inch
dia. ceramic siug-tuned form {J. W. Miller 4500-
4).

L«—4 turns No. 10 bare copper wire, 1 inch fong, ¥ -inch
i.d. {The tap shown is not o physical one; see text
discussion of Cia).

Lg—Total primary winding of 500-ohm c.t. transistor out-
put transformer. 8-ohm secondary winding not
used. {Argonne AR-164 or similar.)

Ris, Ri7, ne.—100,000-ohm audio-taper carbon control.

RFCi—Miniature 50-uh. choke {Millen 34300-50").

RFC2-RFCy, inc.—Miniature 2.7-ph. r.f. choke (Millen
34300-2.7).

RFCs—Subminiature 10-mh. v.f. choke {J. W. Miller
73F102AF).

Transmitter Circuit

Referring again to Fig. 1, the transmitter
section starts out with a Colpitts oseillator,
(1, which uses 72-Mec. overione crystals.® (4
and the internal base-emitter capacitance of ()
eonfrol the feedback. RFCy keeps the emitier
abave r.f. ground. Bandpass coupling is used
between @1 and )y to reduce harmonies in the
driving signal to (%, A capacitive divider, (%
and (s, is used to match the collector of Q1 to
the low base impedance of (Js. The high value of
rapacitance between the buse of @y (Cs) and
ground helps to further reduce harmonic energy
in that part of the circuit. Both ¢y and @ are
low-cost Motorola transistors designed for am-
plifier or ogeillator uise at frequencies up to 500
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Si, $4—S.p.d.t. slide switch,

Sy—4-pole 2-pos. phenolic single-section rotary wafer
switch. {Mallory 3142J).

Su~—S.p.s.t. slide switch,

Y1, Yo—72-Mc. overtone crystal {International Crystal Co,
in HC-6 /U holder.*).

# Round Hill Assoc., Ine., 325 Hudson St., N. Y., N, Y.
10013

*J. W, Miller Clo,, 5917 8. Main 8t,, Los Angeles, Cal,
90003

# International Crystal Co., 10 N. Lee St., Okla. City,
Okla, 73102

% James Millen Mig. Co., 150 Kxchange $t., Malden,
Mass, 02148

Mec. They have a beta spread of 20 to 200, and
have a collector dissipation rating of 500 milli-
watts. Other trausistors can be substituted pro-

2The cost of 72-Me. overtone crystals i{s considerably
more than crystals of lower frequency, but the added num-
ber of stages ureded for R-Me. crystal operation would
bring the overall cost up to about the same level, Also,
there is less battery drain, and less chanece for harmonic
radiation, when using the 72-Me, crystals,

3 Transistors are particularly troublesvwe where har-
muonic generation is concerned, This is due partly to normai
envelope distortion, but parametric harmonic generation
compounds the problem when bipolar transistors are used.
The collector-base junction eapacitance varies in a non-
linear fashion during the sine-wave cycle, causing the
harmonic output to iucrease markedly. Unwanted har-
wonie energy contribittes to the driving signal, sometimes
causing excessive dissipation in the driven stage, [t is wise
to reduce the harmonics through the use of bandpass
cireuits or filters,
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vided they have similar specifications. It is quite
likely that 2N7T06As would work satisfuctorily in
these {wo stages. Resistors Iy und Rg establish
Clags A bias for (g, making it eusier to drive with
the low output of Q.

An RCA 2N3512is used in the power amplifier,
€3 It was selected because of its low cost ($1.82)
and high maximum dissipation rating of 4 watts.
It is designed for high-speed switching applica-
tions and has au fr of 375 Me. Iis Apg rating is
approximately 10. The low hpp makes it easicr
to stubilize than would be the ease if a high-beta
transistor were used.* Other transistors can also
be used at Qi; a 40280 and a 2N3553 were tried
and performed ag well ag the 2N3512, but are
more costly. To assure good heut dissipation at
(23, a heat sink is elipped to the transistor body.
A Wakefield Engineering NF205 costs 27 cents
and is ideal.®

A capacitive divider, (1o and C11, matches the
output of s to the base of Q3. (10 tunes /.3 to
vesonance. Forward bias i3 used on the bhase
of Q3 to establish Class AB conditions. This pro-
vided greater output from @3 than resulted with
Class 0 operation, us is usually the case when
the driver stage has low output. The collector
tank of @3 is a combination /. and pi network.
The L network, (o and /L4, matches the load

* High beta means current high gain. The higher the gain,
the more prone the stage to random oscillation, especially
at low frequencies,

5 Available through Allled Electronics, 100 N. Western
Ave., Chicago. 111. 60680,

Bottom view of the chassis. The receiver board is at the right. The transmitter board is at the upper leff. A 2000-uf.

to the collector. The pi network is used for har-
moni¢ reduction, a necessary provision when
clean output is desired from transistorized trans-
mitters.® (/j; tunes the p.a. tank to resonance;
("5 serves as a loading control.

The puwer leads of the stages are decoupled
by means of (', Cy, and C'14 in combination with
Ri, Kg, and f47. The three resistors ulso serve
as current-fimiting devices to protect (1, Q2, and
(Ja.

The Audio Section

The audio channel, .1 #y, can be purchased for
approximately $8.7 It has u 200-milliwatt out-
put rating at 9 volts, but by increasing the op-
erating voltage to 12, and adding heat sinks to the
two output transistors, slightly more than 300
milliwatts of output is available. This was done
in the cireuit of Fig. L.

ARy has two input impedances — 50 ohms and
100,000 ohms. Two output impedances are avail-
able, providing a 500-ohm transformer winding
for modulator service, and an 8-shm winding for
driving a loudspeaker. ‘The high-impedance input
connects to the microphone gain control, Ryy,
during transmit, and is switched to the receiver
gain control, Ay, during receive. The 50-ohm
tap is not used.

5 Reduced harmonics means less TVI and less apparent
reflected power in s.w.r. readings, Also, see footnote 3,

7 Round Hill Associates. See parts list in Fig. 1 for
address,

i

15-volt electrolytic is mounted near the rear lip of the chassis.
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Top-chassis layout of the frans-
ceiver. The receiver section
is at the left, Controls for re-
generation and modulation are
in the foreground near the
center of the chassis, The audio
module is at the lower right,
ond the transmitter board is
near the panel, directly under
the loudspeaker. The home-
made heat sinks are visible at
the left end of the audio board.

Because the module is designed for a posi@ivt'a-
ground bus (p-n-p transistors are used), it is
necessury to “toat” the eutire assembly above
chassis ground to prevent shori-circuiting 1_:he
power supply. Information on the mounting
techniques and some modifications to the buard
is giveu later,

During receive the output from the spea_ker
is ample for normal fixed or portable operation.
1 mobile service wind noise and rumble may be
loud enough to make it difficult to copy weak
signals on the receiver. If u considerable a.znousnt
of mobile operation is planned it would be wise
to consider using a H-inch-or-larger extem_lal
spenker with the unit. This will effectively in-
crease the audio level from the receiver.

Building the Transceiver

The packaging of this cireuit can be up to
the builder. In this instance an office-supply
store provided the enclosure for the unit. A
standard legal-bond hox was chosen. It measures
§ % 6 % 114 inches, has a durable paint job,
and ean be locked when desired. The handle
makes it easy to earry from place to place. This
particular bux is available in this area for $2.85
top price, and as low as $1.25 in the discount
stores. Alternatively, a lunch box could be used.
Because of the modular eonstruction of the trans-
ceiver, lead lengths are not a prime consideration;
therefore, the layout can be modified to suit the
builder.

The chassis and panel are made from 16-
gauge sluminnm sheeting. An aluminum cookie
tin from a hardware store can be the source of the
panel and chassis stock. Many are made of heavy-
gauge material and are large enough to assure
that there will be excess stock. The chassis
measures 1117 % 4 % 1 inch. The panel is 1114
inches by 43{ inches. After the panel holes are
drilled, # coating of zine chromate should be
sprayed on it. Then, after thorough drying, a
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cout of spray-can enamel or lacquer can he added
for the final touch. The zine chromate helps the
finish coat of paint adhere to the aluminum
sheeting. Both paints are available in spray cans
from most hardware stores.

The receiver and transmitter are built on
etehed-eircuit boards, but point-to-point, wiring
could be used if done neatly and with short con-
nections. Htched-cireuit templates are available
from the ARRL if desired.® They are to scale and
show where the various parts are mounted.

ARy is insulated from the main chassis to pre-
vent short-circuiting the power supply. It has a
plus-ground bus; the rest of the transceiver
vireuit nses # negative ground. A piece of card-
board is raounted between the circuit bourd and
the chassis to prevent accidental contact be-
tween AR and the chassis. 4Ry is bolted to the
chassis at four points, The four mounting holes
in the main chassis contain small rubber grom-
mets, each serving as an insulator. Terminals
1 and 9 of the audio board are common to ita
plus-ground bus. These terminals must be dis-
connected from the ground bus by removing the
thin copper connecting strip which joins the cir-
cuits. A pocket knife works nicely for this job;
the copper can then be pecled off.

‘Fo uperate ARy at 12 volty it is necessary to
add heat sinks to the two transistors nearest the
output transformer, 7' of Fig. 2. The sinks can
bie fashioned from pieces of thin brass, copper,
or aluminum. They are {15 inches long and euch
is formed by warping the stock around a drill
hit which is slightly smaller in diameter than the
body of the transistor. A sketeh of the homemade
heat sink is given in Fig. 2.

All interconnecting r.f. leads are made with

% Scale templates with parts lavout for the boards are
available for 25 cents from ARRL. Send s.a.s.e, Harris Co.,
56 E. Main 8t., Torrington, Conn. supplies etched-circuit
hoards for 87 projects. Also, write John Bolinger, 215
Fairfield Ave., Michigan City, Ind. 46360, for estimates on
finished boards,
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Fig. 2-—Schematic of the Round Hill AA-100 audio board. Ground connections shown in dotted lines must be removed
by cutting away copper strips on the circuit board (see text). Sketch at inset shows details of homemade heat sinks
used on Q4 and Qs of AR when 12-volt operation is planned.

subminiature coax cuble, RG-174/U (Belden
R216). Shielded audio eable should be used for all
u.f. wiring which is more than a couple of inches
in length. A bargain-house import is used for the
receiver tuning dial. No slippage was noted with
the 2-inch-diameter model used here. The next
smaller model is not recommended because if
will not handle the torque of the tuning capacitor
specified in Fig. 1.

A 2l4-inch~diameter loudspeaker is used. Iis
protective grille can be made from perforated
aluminum, or 4 chrome-plated sink-drain strainer
can be purchased from the hardware store for this
purpose. The latter is inexpensive and makes an
attractive speaker port.

Two 3-inch-long brass angle brackets, each
with 34-inch sides, are used as mounts for the
panel-chassis assembly inside the box. Two
6-32 hex puts are soldered to the bottom side
of each bracket, directly under No. 10 access
holes. Four 6-32 X 34-inch screws hold the
transcetver in place. The brackets are attached
to the sides of the box with 4-10 hardware.

About Substitutions

If the builder has some different field-effect
transistors on hand, it is quite possible that they
can be used at (Jy and (J5. The important eon-
sideration here is the maximum {requency rating
of any substitute FET; it should be higher than
the operating frequency of the equipment. An
RCA 3N128 will work nicely at 5 or the builder
may wish to use a junction-type FET there.
An MPFI02 was tried and it worked well
with the values shown in Fig. 1. Lg had to be
made somewhat smaller, however, because of
increased circuit capacitance. Other JFETSs can
be used at ¢4, but should have similar transcon-
duectance and frequency ratings as the MPF102
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— 2000 to 7500 pmhos up fo at least 200 Me.
Also, substitute FETSs should be the N-channel
type.

If the constructor wishes to use one of the vther
bargain-priced audio boards that are available,
it will be nevessary to add an input transformer,
Ty, as shown in Fig. 3. Also, a modulation trans-
former, T, must be added. It is possible that
O-volt rated boards can be used at 12 volts by
adding heat sinks, or by changing the values
of the bias resistors, but such experiments will
have to be done at the builder’s risk. If battery-
only operation is planned, the module could be
fed from a 9-volt tap on the battery string. An
RCA CA3020 integrated eircuit might be used as
the audio channel by using a hookup similar to
that of Fig. 3. If so, a stage of preanplification
would be needed between the microphone and the
{C. The same stage could be used as a preampli-
fier between the detector and the 1C.?

9 An example of an audio amplifier using a (A-3020 is
given in QST, June 1968, page 11.
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Fig. 3—Hookup that will permit other types of audio
boards to be used. S| is used to switch in an outboard
modulation transformer, a transformer connected back-
to-back with the one supplied with the module. Ty is an
outboard transformer which matches the low-impedance
input of the audio amplifier to the high-impedance micro-
phone, and to the output of the detector
during receive (see text.)
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Eight size-D cells are series-con-
nected to provide 12 volts. They
are mounted in Keystone holders
on the back wall of the bond box.
The Yi-inch diameter hole in the
front of the cabinet (upper right of
photo) permits final calibration of
the receiver {Czo) after the installa-
tion is completed. The hole is op-
posite the shaft of Czo.

Tune-Up and Use

The receiver should be tested first. With an
antenna counected to J/1, apply aperating voltage
and adjust f15 until a rushing noise is heard in
the speaker. Do not advance /f¢15 beyond this
point as the sensitivity of the receiver will de-
crease. Next, tune in a weak signal from another
ham station {(or from a signal generator) and
tune Lv for a peak response. Chances are that
when the peak i3 reached, the detector will stop
oscillating. If this happeuns, advance Rys until
the hiss returns. If it does not, detune Ly
slightly until & compromise is reached (Ly us-
ually loads the detector svmewhat when it is
tuned to the operating frequeney). Alternatively,
a 1000-ohm swamping resistor can be connected
across Ly to reduce its effect on the detector.
Trimmer Cs is used to set the tuning range of
Csa. The turns of Lg can be spread or compressed
for additional frequency adjustment. The re-
ceiver should tune the entire 4-Me. of the 2-
meter band, or nearly so.

A No. 49 pilot lamp makes a suitable duramy
load for visual tune-up of the transmitter, though
somewhat reactive at 144 Me. First, determine
that the oscillator, (1, is operating by coupling
a wavemeter (or grid-dip meter in the diode-
detector position) to L4 and look for an indieation
of output. Adjust the slug in [y for maximum
output, then turn the (ransmitter on and off a
few times to make sure the crystal always kicks
in. If vot, detune Ly slightly toward the high-
frequency side of resonance until the oscillator
does start each time. Next, peak Lo, Cho, Cy2, and
(15 for maximum indication on the bulb. There
will be some interaction between the circuits,
s0 the foregoing steps should be repeated a few
times to agsure maximum output. Final adjust-
ments should be made with the antenna con-
nected, and with an s.w.r. indicator in the line,!?
BTN highly sensitive s.w.r. indicator is needed at this
power level, One of the Monimateh indicators with a 4-inch-
or-longer line (air-dielectric element type) can provide
full-scale readings if a 100-pa. meter is installed, Alterna~

tively, see QST, August 1967 for a low-power bridge. Algo,
see the * Monimatch Mark I[1,” Q8T, Feb. 1957,
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Tune all circuits for maximum forward power
indieation, then adjust (y for the seiting that
gives steady ouipnt during modulation. Down~
ward modulation may oceur at sume setting of
€'70. Alternate adjustment of Cps and Cys should
be made to obtain maximum output. s should
be used for obtaining tank resonance, and (4
for loading,.

The micerophone gain-control setting will de-
pend upon the mike nsed. 17 cun be set for best
signal quality by making on-the-air tests with o
nearby ham station.

Results

Several ()S0s have been had with the Bond
Box. While using a quarter-wave whip (serewed
directly into Jy), many contacts were made with
stations as {ur away as 15 miles. [n all instances,
the signal report from the little transceiver was
“Q5 and 89 plus.” With an attic-installed 8-
element Yagi, good signal reports have heen
received from stations as far away ag 30 miles,
even over mountainous ierrain. Signals from
neighboring states have been received with the
Bond Box, many of them completely silencing
the receiver hiss noise. Selectivity is good enough
g0 that as many as five different QSOs have been
copied when the stations were all operating
between 145 and 145.4 Me. The signals were of
medium strength, and no QRM resulted. Strong
local signals, of course, will seemn to occupy more
spectrum with this type of receiver.

Battery life should be quite long if the receiver
is turned off when not in use. Maximum peak
drain on transmit should be approximately 250
ma. During receive, with a medium-strength
signal tuned in for room-volume listening, cur-
rent drain is on the order of 65 ma. The p.a.
stage rins approximately 1{ watt input at 12
volts. Slightly more power input results during
mobile operation because of higher battery
voltage — approximately 13.5 volts, [a5F=]
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65-Foot

Crank=-Up

Low-Cost Tower Construction

BY L. JACQUES FILION,* VE2AES /W6

The tower at VE2LO /W4, built as described in the article,
carries a five-element Yagi on a 26-foot boom, The two-
alement 15-meter antenna abcve is
78 feet above ground level,

18

To many readers, home construction
of a telescoping fower may seem im-
practical. However, this second ar-
ticle on the subject within recent
months! shows that there are some

who do not agree. Several towers of
the type described here have been
built successfully, and have proved
their worth through extended use in
the California area. ¢

things. But, after moving from VE2 Land to

the West Coast, I have decided that W6 Land
cannot be far behind when it comes to attennas
and towers. Here in California, not only does one
operate 2 kw. p.e.p. to work that rare DX (as
well as to chew the rag across town, in many
cages!), but a visitor finds that the antenna
systems are the latest thing, in most instances
100 feet or more in the air. More than once { have
come across a B-element 20-meter beam on a
70-foot boom nearly scraping the clouds, it
would seem.

The advantage of such height may be doubted
by some, but the truth of the matter is that
owners of such systems seem to hear and work
more stations, On many oceasions, 1 have ob-
sorved that these operators seemed to be having
one-way conversations, since the band appeared
to be dead so far as I was concerned. What a
shocking experience it was one night when |
hurried to the shack of one of these friends and
found him actually working the south Africans
he was talking to — and piled up on each other af
that! He was the only one from this aren getiing
through.

Then it became obvious to me that I was
josing out, aud by quite a margin. T'he only
answer was to get my antenna up there, The
problem was how to do it on a thin wallet. The
only solution seemed to be to try a home-brew
approach.

S0, armed with an are welder, some =sfeel
tubing, and no small amount of eourage, two
towers were built. Yes, fwo of them were assemn-
bled — mine and one for VE2LO/W6. Help
here was greatly needed, und the best way to
obtain it was to form a partoership.

IT is well known that Texas is the land of big

Materials

After searching around, we found that we
conld get galvanized 13i-inch o.d. steel tubing
with an 0.08-inch (approximate) wall in lengths
of 21 feet at a reasonable price. {This tubing
is known, at least locally, ag “*fence tubing,”
sinee 1t 1s used in the manufacture of chain-link
fencing.) We decided, therefore, to make each

*i;iﬁ North 8pruce 8t., Santa Ana, Calif, 927086,
1 Brooks, ** Ninety Feet for One Hundred Dollars,” @ST.
March, 1967.
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Fig. 1=Six jigs made of ¥-inch plywood are used to
hold the legs in position while welding the crossbraces.
Sides of the jigs should be perfectly square, and it is
best to clamp the six pieces together, and
bore all at the sume time,

tower in three 24-foot telescoping sections. Three
lengths of this iubing form the legs for each
section. The legs are juined by welding on
horizontal crossbraces made of 3§ X | M4-inch
mild steel bar, spaced along the legs at 16-inch
intervals.

Welding

The first step was to become fumiliar with
the borrowed 50/100-ampere welder. How does
oue know when he is welding rather than
“gluing,” or simply building up blobs? And how
do you avoid burning holes in the tubing? So,
I read everything I could find on the subject.
After several hours of practice, I welded two
pieces of steel together to evaluate my progress.
‘With everything I could find, except a cuiting
tool, T could not break the weld. I felt quite
confident that my welding technique was ade-
yuate, but to be doubly certain, I showed the
sample to a garage mechanice, who confirmed my
opinion.

Top-Section Assembly

Before starting the assembly, a study of the
photographs will save many questions. The job
was started by eutting 57 crosshars to u length
13 inches, and making 6 jigs from 3¢-inch
plywood, as shown in Wig. L. The lengths of
tubing were slipped into the jigs, and the jigs
placed at equal intervals aloug the lengths of
the legs. The most level surface possible should
be selected for the assembly. We used my garage
Hoor, and part of the driveway. (One drawback
here is that youwll have more “sidewalk super-
intendents” than you bargained for!) The jigs
should be kept ut exact right angles to the legs.
As the jigs are squared up, they can be held in
place by nailing long strips of wood across the
edges. Care should be taken to see that the ends
uf the legs are exactly even.

With everything squared up, we plunged into
welding on the crossbars. These bars should be
only spot-welded at each end at first, because
the heat of welding tends to distort the assembly,
and it may be necessary to go back and break
some of the welds with a hacksaw to correct. this
distortion, #s the welding progresses, until all
crossbars are i place. Breaking a full weld can
result in some painful moments for the saw as
well as the operator.
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Cireat care must be taken to maintain every-
thing in proper alignment, since the top section
will become the master for the center section, and
the center section the master for the bottom
section. It is advisable to weld the crossbars on
in pairs at the sume level on the two accessible
sides of the section, rather than to weld them all
on one side, then all on the second side. After the
two sides have been spot-welded, the seetion ean
be turned over to make the third side sccessible,
After all crogsbars are in place, and the section
given s final inspection for alignment, the welds
can be completed, and the jigs cut away.

Center and Bottom Sections

The sections telescope on slides, as shown in
Bigs. 2 and 3. These slides are 6-inch lengths
of 3{ X 37 X Yg-inch iron-angle stock. A total
of 12 of these slides is needed. One of these
slides is welded, with the vee of the angle facing
ontward, to each leg of the top section, near the
bottom end. Care should be used to make sure
that the angles are centered squarely on the legs.

The top section when completed is used as the
“jig” for the center section. Before starting
assembly of the center section, the angle-iron
slides should be welded to each leg. This section
requires slides at both ends, those at opposite
ends being oriented 180 degrees apart, with the
slides at the top end facing inward, and those at
the boitom end facing outward.

‘When this welding is finished, the legs of the
center section are placed in the positions that
they will oceupy when the two finished seeciions
are completely telescoped, that is, with the top
and bottom ends of both sets of legs even. The
bottom ends of the center-section legs should
rest in the slides of the top section, and the inner
slides of the center section, at the opposite end,
should rest against the legs of the tup section.
Shims }j; to 34 inch thick should be inserted

h

ANGLE WELDED
NEAR TOP OF — ]
CUTER SECTION

ANGLE WELDED

NEAR 80TTOM —} 1§
OF INNER
SECTION

Fig. 2—The sections telescope on angle-iron slides welded
to the legs. One set of slides is placed near the top of the
auter section, while the other set is placed near the bottom
of the inner section. The middle section requires slides at
both ends, the top and bottom sections
requiring only a single set.
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Fig. 6—Pulleys for raising the tower are provided at the

Fig. 3—Detail view showing the welding of the crossbraces
9 : 9 ng " tops of the bottom and middle sections.

to the legs. This view also shows the steel-angle slides of
the fop and middle sections. The welds visible between the
tower sections are at the ends of diagonals {same ma-
terial as the crossbraces) which serve as rests for the two
top sections when the fower is completely telescoped.

Fig. 7—The pulley mounting is made of ¥-inch steel. In
this instance, the mounting bar is a double length of 1%4-
wide stock, but it can be made of a single piece 3 inches
Fig. 4—Top plate (V4 inch thick) welded to top section,  wide. If a shoulder is not provided on the pulley shaft,
The bearing is a section of pipe making washers should be used between the pulley and the sheath
o loose fit to the mast, to provide clearance for the pulley. The pulley shaft

should be not less than 3 inch in diameter.

Fig. 5—The base piate for the tower can be made the
same as the top plate, or gussets may be used as shown  Fig. 8—The winch is bolted to a bracket of Y-inch steel
here. Believe it or not, in this instance the tower is mounted  which, in turn, is welded to a pair of ¥-inch thick cross-
on top of a 10-foot column of reinforced concrete ex-  braces on the tower. The winch shown has outboard gears,
tending from the ground to 2 feet above roof levell and is not a recommended type. See text.
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hetween the mating slides to provide a sliding
clearance between the two sections. (Aluminum
or iron angle of this thickness can be used for the
spacers.)

After the spacers have been inserted, the
legs of the middle section should be clamped
securely to those of the top section, using C
clamps. It is also advisable fo use spucers of
suitable thickness clamped between the legs at
several points along the lengths of the legs to
keep the legs parallel. The center-to-center
distance between the legs of the center section
should then be measured carefully, and 57
crossbars cut to this length.

The sume welding procedure described for the
top section should be followed in making the
venter section. However, before completing the
welds, it is advisable to remove the spacers and,
by trial, make sure that the tup section will stide
vut readily. Reinsert the top section, and replace
the spacers aud eclamps before making the
welding permanent.

The bottom section of the tower is made in the
sume manner, using the center section as the
wt 'ig-"

)Finally, after the completion of the last section,
came our great moment, What a relief it was,
after a lot of pushing and pulling, to find that
the entire contraption could be expanded or
folescoped as planned! It should be mentioned
that at this stage one is playing with 300 to 500
pounds of deadweight (it felt like tons fo us),
and sliding the sections in and out will surely
build up one's muscle, if not one’s signall

Detail Construction

The top plate with collar bearing (Fig. 4),
hase {Fig. 5), pulley assemblies (Figs. 6 and 7),
and the winch (Fig. 8) were welded on next. A
look at the pictures will reveal the details. The
pulleys should accept a guod-sized shaft, as
considerable weight will be Impressed on them
as the tower is cranked up. I obtained a surplus
7-inch aircraft pulley (the larger the diameter,
the easier the cranking) that took a 134-inch
shaft. The shaft was turned down to 7g-inch
diameter at the bearing ends. One can improvise
here, and it should be easy enough to find the
right things at moderate prices.?

The winch, tated at 1600 pounds, was pur-
chased from Sears (Cat. No.~62415.) It has a gear
ratio of 5.1 to 1, making raising and lowering
quite easy. Winches having outboard reducing
gears or those baving more than two gears should
he avoided. Such types have given trouble in
the cases where they have been tried.

Before erecting the tower, all parts not
galvanized were given u good coat of zine-base
anti-rust paint. (Aluminum-base anti-rust paint
has not stood up well.)

Mounting the Tower

The tower, with all sections telescoped, cuu be

raised to a vertical position by means of chain

2 Sears has a line of cast-iron pulleys in a wide variety
of diameters and shaft sizes. ~ fditor.
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falls, or s husky block-and-tackle set, if a
suitable anchorage can be found. If the base of
the tower is placed properly before raising, it
should be possible to maneuver the base, as the
tower is pulled up vertieally, so that the holes
in the base plate will drop over the bolts in
the foundation. The mechanically-minded might
also devise a hinge at the base that would simplify
the operation. However, unless you have had
previous experience with such things, it is better
to have the job done by a professional, such as
an automobile towing service with a substantial
crane, or electric-sign installer. A lot of weight
is involved, and eonsiderable damage can be done
if things get out of coutrol,

Raising System

A cable system that permits raising both sec-
tions with a single winch gets to be pretty
complicated. If desired, a separate winch and
cable ean be provided for each of the upper two
sections. However, once the antenna has been
mounted and the tower raised, the need for
lowering the tower all the way down will be
iufrequent. Thervefore, after raising the center
section containing the top section, 1 block the
center section with a crossbar under each corner
of its bottom end. Then the cable is transferred
to the pulley at the top of the center section, und
the top section is raised. 1 do not use a blocking
bar on this section, depending on the cable to
support. it. This makes it possible to lower the
top section on short uotice when high winds
develop.

Climbing to the top of the center section to
transfer the cable could be avoided by raising
the top section first, and then the center section,
but this would mean that the tower could not
be guyed until it was fully extended, and 1
prefer to play safe and guy the center section
before raising the top section,

Since the pulleys are on the outside of the
tower, it is necessary to feed the end of the
cable down on the iuside of the outer section at
some point above the level where the base of the
inner section will be when it is raised. It is
advisable to leave an overlap of at least three
crossbrace spacings, so the cable should be fed in
at the second opening below the top of the outer
section. The cable should be passed around a
crossbrace, using a cable thimble between the
crossbrace and cable, and then securely clamped
with two or three cable clamps for the size
of cable used (34-inch galvanized high-strengih,
10,000-pound breaking-strength cable).

Guying

No thought should be given to using this
tower without at least two sets of guys, three guys
in each set. I used guys of 4-inch galvanized
aireraft-type cable, broken every 20 feet with
strain insulators. Iu attuching the cable to the
insulators, two cable clamps should be used on
each side of each insulator, making four clamps
per insulator. These guys should be secuvely

{Continued on page 142)
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The only controls on the
counter panel are switches;
no fine adjustments are ra-
quired. Pilot lights show
the operating stafe,

Digital Counter with Teletype
Print-Out

BY R. G. SIMMONS, W2RBN, ex-WBUGY*

RN RN ERRNERERRERREREREERERESRREE
is not a piece of equipment normally fonund
in a ham shack. But once one has been

used, the user often wonders how he ever got
along without it. With the advent of inexpensive
integrated circuit elements, the construction and
cost of a counter is within the ability of nearvly
all amateurs.

The unit to be described here was built pri-
marily to obtain Doppler shift measurements on
satellitest and to print out the value of the
measured frequency on a teletype machine, Thus
it is somewhat more complex than most.

! DIGITAL counter for frequency measurements

A printing frequency-counter at «
price a bam can afford? Impossible, von
might say. But it’s been done —.by pus-
ting a Teletype machine to & new usel

While we won’ 't pretend that such a
device isan z}zdispensdble adjunct to
every amaqtenr station-a study of the
circuitry can iicrease your knowledge of
dzgrzml tetbuzquey, and may stimulate
your' own_ ham ingenuity in mlz'mg

seguipment pmblems by {to the uniniti-
dréd} unorthodox methods.

Operation

The block diagram of the unit is shown ir
Fig. 1. The unknown frequency is applied to the.
i re it is changed into 4 square wave by ik
1%211§$i13 1:»1';;;;03 (ge'i‘) Thlesglt:z‘pi:v ,x;fef’r? xv Thé& input to the eounter decades is cloged for
goes to the counter decades. ~one-second by the timing decades, allowing the
jad *Tﬂueberrv Tano Sirmviiis TNow Vork 1256 - counter to npem[c and store the number of

* Hilton, * Making your own Orbital Predictions fmm mput pulses arriving during a one-second inter-

ANRECEREDFEERERERARENEENR

SN M NN A NN NEDNNNNNNRNENANNEE N

i

Doppler Measurements,” Q8T March, 162, "«1“‘ -val. This is called the “*read” cycle.
LEI67 fF168
Jmoo1e ] [acner] , moors
| ™o |77 o3| DRVER| "PRWTER

gmownﬁ_[}}, :l [
w_?_

Fig. 1—Block diagram of the frequency counter with
Teletype readout.

MAGNET
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After the read cycle the data stored in the
counter is printed out on a Teletype machine.
This is called the “write” eycle, and is controlled
by a Model 14 tape distributor modified to pro-
vide this function. We will call this control
function “programming.”

The Model 14 tape distributor (TD) tape head
provides control through the program matrix.
This controls the count gate, provides reset pulses
to the count decades, and controls the sequencer.
The sequencer allows one number in the decade
to be printed out at a time, beginning with the
most significant number, until all four digits are
printed out on the Teletype machine. The pro-
gram matrix also controls the numbers-func-
tion matrix, which determines whether a number
or teletype *‘stunt” command is delivered to
the printer. {These “stunts” are SPACEK, LINE
FEED, CARRIAGE RWITURN, LUTTERS SHIFT, ete. )

A program tape punched for the TD ecauses
the numbers to be printed out in proper order

wlong with the 'TTY “stunt™ functions, such as
LINE FEED, FIGURE SHIFT, CARRIAGE RETURN, and
BPACK.

The format used here is: start with a viNm
PRED and CARRIAGE RETURN command, followed
by a FIGURE sHIFT, read 10%, read 102 read 10%,
read 10Y, rusmT, and TaPE sTop. The last two
commands give a spacing command to the Model
15 page printer, providing separation of the
number groups. LINE FEED and CARRIAGE RETURN
commands are generated where needed at the
eud of a line to prevent overprinting.

At this point it is necessary to define some
terms that will be used in the circuit deseription.
A “logic 17 is a voltage level greater than 0.1
volt d.c. A NoT of a function will be ils inverse:
that is, NoT | = ¢, and NoT 0 = 1. These are
writtenn as T = Q, or § = 1, the bar over the
nnmber signifying the Not. Geuneralizing, A = 1
and & = 0. We shall now discuss the circuit
elements used.

Plan view of the top of the assembly with the cover and sides removed from the cabinet. The various sections of the
counter, shown in block form in Fig. 1, are outlined and identified in white. The enclosure is a Justin "Gear Box” Model
90, 11% inches wide by 9¥2 inches deep and 3V inches high. The row of pilot lights
on the front panel is visible af the fop in this photograph.

ABAugust 1968
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Fig. 2~The J-K flip-flop shown symbolically and its re-
sponse to a negative~-going clock pu'se with various con-
ditions at the J and K inputs,

J-K Flip Flop

Fig. 2 shows the block diagram of a J-I{ flip-
top along with a timing chart. The chart as-
sumes that the J and K inputs are at 1 along
with the set and reset terminals. As can be seen,
the () terminal changes from 0 to | ouce for
every two input changes of 1 to 0, thus the flip-
tlop operaics on a negative going signal.

The J-K also has features built in that are
useful to logic ecircuit design. A 1 to 0 shift at
(! with any or all J inputs at 0 and all K inputs
at 1 will cause the () output to go to 0, and sub-

sequent inputs at ¢! have no effect. The reverse
is also true; that is, if any or all K inputs are 0
and all J inputs are 1 & shift at C will make
() = 1 and further inputs to C have no effect.
With the flip-flops used in this eounter, 1 inputs
to J and K do not have to be provided but a 0
does have to be supplied from an external source.
Also, the  output may be set to 1 by applying
# 0 to either of the set terminals or set to 0 hy
applying a 0 to the reset terminal,

NAND Gates

The ~NanND gates operaie as follows: If all
inputs are at 1 the output is 0: if any one or all
inputs are 0 the output is 1. The resultant logic
inversion must be faken into aceount in circuit
design with these elements.

Decade Counters

Nine decades are used in this unit, four for
counting the input pulses and five for timing
the eount period. Each decade counsists of four
J-IK flip-Hops, and divides the input pulses by 10.
That is, for ten input pulses to the decade you
get one pulse or change of state at the ontput.

Since each flip-flop divides by 2 and four are
used in each decade, feedback wiring must be
provided to reset all flip-flops to O after the 9th
input pulse. The lower half of Fig. 3A shows a
single decade and the wiring necessary to convert
from a normal scale of 16 for four Hip flops to
4 scale of 10, The timing diagram, Fig. 3B, shows
the relationship of the various flip-tlops in one
decade during the ecount, with the binary equiva~
lent of the decimal number tabulated below.
This particular form of coding is ealled “binary
coded decimal” or BCD for short.

The circuit requires that the initial conditions
be such that all Q outputs on the count decades

0
ENCODER
FI6 4
]
SEQUENCER
Fig 3A—Sequencer and one count-
itg decade. Remaining counter PN
decades are similar to that shown 6
he'ow the dashed line, and are READ
connacted to gates Gz through e e e e ———
Gao, as indicated, through gates
similar to G;~Ga.
i TO NEXT
DECAQE (107
(C TERM "0"FF)
RESET LINE
ALL COUNTER
TO_COUNTER 538
e COUNTER - 10® DECADE 3
Fi6 10 TIMING DECADES SAME EXCEPT QUTPUTS ;
GATES NOT REQUIRED AND RESET ToRESET on
LINE 1S TIED TO SET TERM F.G"S MATRIX
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POWER WIRING NOT SHOWN
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DECIMAL NO. BINARY CODED DECIMAL

4 8 ¢0D
0 o 000
[ 0 00|
2 O 010
3 o 01 1
4 0 1 0o
5 ot o
3 0O 1o
T [ A
8 1 00w
a4 toa gt

Fig. 3B—Timing sequence for the counting decades.

be set to 0 and all Q terminals on the timing
decades be set to I, so the reset terminal is
used on the count units and one of the sef

terminals is used on the timing units. Also, all
Q terminals are used in the counter decudes,
while the timing units only require using the
() output from the last tlip-flop to provide an
input to the next decade in the c¢hain.

Sequencer

The top half of Fig. 3A shows the portion of
the sequencer for vne decade, the 10° unit. In
the first set of four NAND gates, G through G4,
one input of each gate I8 connected to a Q
terminal of a flip-flop, while a second input on
each gate is tied to s rEAD line, common to the
four gates associated with each decade. Each
decade hag an individual rEAD line, making four
READ lines in all,

These rREAD lines are held at 0 by the program
matrix during the read cycle, which results in a
1 being present at all inputs of gates Gy7 through
Gan, giving a 0 output at these gates.

In effect, you have four {-pole single-throw
switches controlled by the program matrix and
closed in proper order by the matrix. This is
done by arranging the matrix to apply a 1 to
the proper set of gates, and if the flip-tlop tied
to the gate also is at 1 the output of the first
set, of gates will go to 0. Then, since the inputs
of Gy through Gao not associated with the par-

TABLE I Encoder Logic

Code Comparison

BCD Number Teletype Code

Decimal Number ABCD 12845
0 0000 01101
1 0001 11101
2 0010 11001
3 0011 10000
4 0100 01010
5 0101 00001
6 0110 10101
7 0111 11100
8 1000 01100
9 1001 00011

Logic Equations

#*GE Trapsistor Manual, 7th Ed. Page 126,

TTY Line1 =ABCD+ABCD +ABCD+ABCD+ABCD
TTY Line2 =ABCD+ABUD+ABCD+ABUCD+ABCD+ABCD
TTY Line3 = ABCD +ABUD+ABOD+ABCD+ABCD
TTY Line4 = ABCD +ABCD
TTY Line5 =ABCD +ABUD+ABCD+ABCD+ABCD+ABCD
Rerlu.red by Karnaugh Mappings *
Tinel = ABD +
Line2 = ABC+BD+CD+BCD
Line3 = ABC +AD-+BC
Line4 =AD+BCD

Lineb = ABC +(1D+(JD

August 1968
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Fig. 4—BCD to Teletype encoder.

ticular decade being read are held at 1, this 0
will eanse a 1 to appear at the output of the
sequencer, und all four binary numbers are thus
read out of each deeade in turn. Clates (foy
through Gog ure used as inverters to provide the
not functions needed for the next stage.

BCD to TTY Encoder

Fig. 1 shows the logic wiring of the encoder.
This is really the heurt of the system. The design
equations are shown in Table L. These are formed
by tuking one TTY code bit at a time, one
character at a time, und writing the state of the
ecounter in binary at that time. (For example,
when the numeral 1 is in the conunter, the flip-flop
states are A = 0, B =0, C =0, D = 1. The
teletype code for the number 1 is mark, mark,
mark, space, mark, or 11101.) Only the Is need
he considered, since the 0s are automatic.

For the first 'T'TY bit (T'TY column 1) which
is & 1, the fitst binary equation is A B ¢ . The
next decimal number that requires a 1 in the
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first TTY bit is 2, and the state of the binary

the next equation is A 13 C'D. The process is
continued until all equations are complete for the
first TTY bit or colwun 1. Then the remainder
of the equations are written for the 1s in the
other T'TY bits or eobunng. Reduction of the
resultant five equations can be accomplished by
algebra, or as noted.

Further discussion of logic design equations
is beyond the scope of this article, but inspection
of Kig. 4 will show how the connections cor-
respond to the logic equations. Note that A B C
is tied to each of three gates, thus saving two
wates (because you only have to generate it once).
Further information cau be found in the reference
vited in Table 1.

OUTPUTS TO
NUMBERS~FUNCTION
MATRIX

FIG &

Numbers-Function Matrix

The five input gates in the numbers-function
matrix, Fig. 5, serve as switches to disconnect
the encuder from the TTY function gates in the
sume mannet as the gates on the counter tip-
flops. When a number is being read, the No. L
line on the program matrix is at 1, connecting
the encoder to the indicator-lamp drivers, which
in turn drive the Model 14 TD. Logie inversion
is again accomplished by the sccond set of
NAND gates.

The second set of gates also serves to generate
uuy eommands to the Model 15 page printer.
By suitable wiring, functions such as uINE
FHED, CARRIAGF RETURN, FIGURD SiUpr, and
sPACH may be generated. These ¢ommands are
provided by the program mutrix. Also nole that
the wiring is such that spacing commands are
given when “RrRISET’ and “TaPE smoP” com-
mands are given.

Indicator Lamp Driver

The indicator lamps and their drivers, Fig. 6,
serve two purposes. One is to provide visual
indication of the oporation, and the other is to
increase the signal level to the Model 14 TD.
Any tiransistor that ean handle the lump current
and voltage demands (with 0.5 ma, or less bhase
current) will work. A Motorola HTEP-54 and an
unknown 5-for-$1.0¢ type of transistor from a
surplus supplier have been used to drive a lamp
requiring 80 ma. at 12 volts, Since the maximum
number of lamps on at vne time is seven, the
current «rain is approximately 0.5 amp., which
is ensily supplied from s small filament-trans-
former and silicon-diode power supply. Indicators
are also conneeted to the ABCD outputs on the
sequencer. (The logic is inverted by the lamp
driver but is inverted aguin in the magnet driver.)
While not actually vecessary, the indicators
provide direet monitoring of the eircuit operation,
and if they are not used on the numbers-function
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matrix an inverter must be placed hetween the
Model 14 and the magnet driver. Type 2N3440
transistors might be used with NE-2 neon lamps,
although this has not been tried in this experi-
ment, and the magnet driver input circuit might
require some change.

Model 14 TD

The wiring changes required in the TD are
shown in Fig, 7. ‘This rewiring separates the tape
reader from the distributor. {(The TD is returned
to normal by the switch shown so that it may be
used the way originally intended} As a counter
control, the tape head is used to program the
counter while the distributor continues fo fune-
tion as a parallel-to-serial converter.

Due to the inverted logic from the lamp
drivers, the mark segment on the distributor is
wired to give u 0, whereas the space segment is
wired for a 1. The normal 60-ma. keying loop is
also shorted out to maintain continuity in the
external loop supply used here.

No problems have been encountered o date
because of the low-level switching through the
distributor, even though the segments and wiper
do not give the best electrical contact in the
world. The only other thing to check is that the
upper spacing contacts on the rEaDp head are
adjusted propetrly. (These contacts are not used
in a neutral keying setup and may need abten-
tion). The relay is controlled from the counter
control gate circuit to initiate a printing cycle.

Fig. 6—~Lamp driver circuit. See text for transistor require-
ments.

R—Adjust for required base current; 10K to 12K typical.

{No problems have been encountered with the

HEP54 because of omission of base-bias divider.)

Magnet Driver

The mugnet-driver cireuit, Fig. 8 wus lifted
from a TTY terminal unit designed by R.
Weithrecht, WoNRM (RTTY Magazine, Scpt.
and Qct., 1965.) The circuit requires a -+ signal
or a 1 to give a space outpul, and zero volts
{or a 0) to go to mark. It is extremely reliable,
and is highly recommended for use in any solid-
state TU. A complete description can be found
in the article mentioned above.

Program Matrix

Ten dual-input AND gates are used in the pro-
gram matrix, Fig. 9. Discrete components are
used here hecause larger currents are required
in order to obtain more positive operation with
the Model 14 rREap head. Nothing is eritical in the

parts used; any diode that will pass 5
ma. minimum can be used, and the se-

‘. 2y vies rexistors can be adjusted to limit the
— . FiG 5 current to what the diode will handle.
o IHLD = () et The operation is as follows: As long
2t R I as the five input lines from the Model 14
e T RrEAD head are at ground the outpuis
~—:~—:l )—‘ Lo} —O— of all the diodes and circuits are ut 0.
3 g~ udl b Now assume that the code for the TTY
u } N . character Z is punched in the tape in
- )— Lo ;2—- the READ head. This applies +5.5 volts
.l P d.c. tolines 1 and 5, allowing the anodes
T | - of the diodes tied to this line to rise to
] )‘ - i}_,,r ':EJ! 1S I gy W this voltage, which represents » 1, und
5 L in this case brings the read 10° line up
} - ) to 1 which in turn ties the 10° decade
L L}»@-E —O— to the BCD-TTY encoder through the

[ L.y sequencer,
Sinee line 1 is “up” for all decade

e 3,

L::-- FiG. SHIFT
— LINE FEED

Ta
CAR, RETURN  PHOGSAM
MATRIX
SPAGE Fl6 9
— RESET
oo TAPE STOP

POWER WIRING NOT SHOWN

Fig. 5—Numbers-function matrix. LD and IL designate the
famp drivers and indicator lamps, respectively.
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DISTRIBUTOR  READ commands, it is used to inform
Fre 7 . . .
© the numbers-function matrix that a

number is being read, and serves to
connect the entire counter to the printer, keeping
the number from interfering with “stunt’” com-
mands to the printer,

The TTY character on the left side of Fig. 9,
when punched in the tupe, will cause the adjacent
command function to be generated.

The capacitors on each line from the Model 14
are there to yemove any spikes caused by contact
bounce. Any smaller value than shown will not
do a complete jub here. A I~ to 2-microfarad
capacitor may be neceded on the rEsgr and
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_\‘o CLUTCH MAGNET
ColL _
3 o A
SWITCH —
RELAY DRIVER
IN 7D [ FIG 10
B I

115VAC

RELAY-12VDC 100 ma OR LESS
5 AMP. CONTACTS

SWITCH 1S 15 POLE DI. SHOWN IN NORMAL TAPE OPERATING POSITION.
MOTOR WIRING NOT CHANGED. LEAVE ANY FILTERS IN NORMAL 60ma KEYING LOOP

Fig. 7—Wiring changes in the Model 14 TD.

TAPE sTOP lines to take care of any voltage
spikes that might cause unwanted triggering
of the gate-control eirenits. Also, all voltage lines
should be by-passed with 0.01 disk capacitors.

Count.Gate Conirol

This unit, Fig. 10, eontrols inputs to the J
terminals on the first flip-flop of the 10° decade
(FFy i3 controlled by the timing decades and in
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turn F'Fy is turned on by F'Fg; both are reset to
) by the Tar® sTop pulse from the programmer).
Briefly, the operation is as follows: When reset,
FFy and FFy are off (Q = 0). When a 1l-io-0
shift from the timing decades turng FF{ on, the
J inputs on the counting decade (from ) of #'Fy
and  of FF3) go to 1 and counting begins. At
the end of one second, FFy turns off and FFy is
turned on, aud the J inputs are 0 (Q of FFy = 0,
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Q of FI'y = 0): vounting stops and the count
decades hold the number. When F[’ turm on

magnet enex‘glzes and sba.lts 1he progmm mpe

More than one second is required to print out
the numbers, and during this time FF will not
trigger because J is at 0, due to the connection
in Q on FFa The two NAND gates give a reset
indication when F'Fy and FFs ure both off
(@ =0 on both). With this sequence » ome-
second count is printed out every three seconds,
giving 20 readings a minute.

Timing Conitrol Gate

The gate, Fig. 11, controls the
timing decades in either vne of two
ways: If 8; is in the manual posi
tion the counter will operate when
S, i placed in sTART, and will run until
stopped by Sa. Sync operation is used
to sample at known time intervals. 8; o
is placed In the sync position, with Sy
in ‘“‘stop”, and the syne signals are
applied to the C input through a
Schmitt trigger. Just prior to & desired
pulse from the receiver or tape re- N
corder, Spis switched to ““start’’. When
the pulse arrives, the counter will start

The sync operation is basicallv used
for Doppler data reduction, where ihe
Doppler shift is recorded on one chan- R
nel of u tape recorder and CHU is ye-

corded simultaneously ou s second
chanunel. This second channel will pro- T
vide at least one clean pulse useful for
triggering this gate every minute of z

known time. Since the data are on tape
as much time c¢an be taken as needed
to obtain the necessary information. D

Accuracy of Measurements

Any 100-kilz. crystat oscillator of
secondary frequency standard quality
should hold within = 10 Hz. for short A
periods. This is an accuracy of 1 part
in 10% Also, the counter has a built-in
error of = 1 count, because the last
pulse from the unknown frequency
source may not have a chance to go
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1t GHARACTER

FIG 5

Fig 9--Program matrix circuit. All resistors are -
2000 ohms, Y4 or 2 watt. *NAND gates used as
inverters, Power wiring not shown,

Fig. 8—Driver for selector magnets.
Except as indicated, resistors are /2 watt. Use
heat sink on the 2N3440.

R—6 to ¢ megohms (not needed in this par-
ticular unit; see article referred fo in
text),

negative before the gate closes (or un
extra count may sneak in at the be-
ginning of the sample period). The sum
of these errors, at worst, is = 2 counts.

The oscillator also controls the in-
terval between sampling periods, and

sty error here is  cumulative. On a  fen-
minute run  with o -+ 10-Hz. error, this

amounts to an uncertainty of -+ 60 milliseconds
at the end (which can be neglected when using
the unit for Doppler data reduction). Probably,
drift in the receiving setup will be the greatest
souree of error, but good practice demands this
be minimized in any case If this enmulative
error bothers anyone remember that if the data
ison tape yon can brenk the sampling period in-
to one-minute intervals and reduce the error
o six milliseconds.
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A view from the rear with the fop and all but the left side
panels removed, The diode matrix board is at the left.

General Commentis

No attempt has been made to muke this a
construction article. The component values given
will depend on the transistors available and upon
the requirements of the indicator lamps and relay
used. Most of the transistors used in this unit
were either Motorola HEP types or the 5-for-$1
variety.

The Schmitt trigger and the 100-kHz. oscillator
circuits can be found in any good transistor
manual. The integrated cireuits were purchased
from Solid State Sales, P. O. Box 74, Somerville,
Mags. 02143: The FF's are type J-K and the
gates are type G-1. Any additional circuits needed

g

to drive the Schmitt iriggers from the
signal source are not described, as these
vary with the trigger circuit design and
the signal levels available. Power re-
quirements are +5.5 volts at 1 amp. and
-+ 12 volts at 1 amp. for the circuits used.
The 5.5-volt supply should be well regu-
lated.

The total cost of the counter should
not exceed $100, less the teletype equip-
ment, of course. There arc more than 700
transistors and 100 diodes in the counter,
most all contained in the 39 F¥’g and
29 dual gates.

~ T K ON FIRST TRIGGER
IN TIMHNG DECADES

¥
TO FXT
TRIGGER
CROUITS

POWER VIIING NOT SHOWN
Fig. 11—Timing-control gate.

Additional switches are used to control the
counter. A double-pole normally-closed switch
{Sy, not shown in the figures) is inserted in the

eounter-decade reset and gate-
control tape stop lines. Opening

TO N2 this switch resets these units and
‘1’; 50Tu’:$ER will stop the counter {to set to
i & zero initially ). A s.p.s.t. normally-

Q Q

open switch, Sy, is wired to the
common set line on the timing
decades; using this switch to
ground this common line will set
these decades to | so the first 1-to-
0 transition of the 100-kHz. crystal

10 Q ON oseillator will start the count. It
Seence e isupened beforestarting to sample.
53 Y0 RESET IND. A s.[{.s.t. switch, Ss in series with
/j), l/: } the line to the wiper arm on the
v Model 14TD and the magnet
TO TAPE STOP 1O READ driver, will stop the printer if
c;?lspgos. MATRIX INDICATOR desired. Additional controls and
variations are left to the individual
os2y builder. Additional information on
é counter operation mav be found
5K in other articles™ # 4 5 6. JHEF]

hS b TO RY IN FIG 7 I
/\‘L IN31S6 ? Geriggs, ¢ A Transistor Secondary Frequency Standard,”

WK ST N WST, July, 1962,
»—WV«( i =~ 14TD 12V, 100ma 3 Skeen, ** Low-Cost Preeision Frequeney dleasurement,”
y WDST. January, 1962, »
- o * Brassine, ** An Blectronic Clounter for Amateur Use,”
7L 73, December, 1962,
w~{-»<‘:‘ ) HEP54 Vﬁ‘]orgensen‘ “An IC Crystal Calibrator.” 73, January
TO WRITE \\\ / 1967, )
INDICATOR j; 6 Staples, ‘' Integrated Cireuit Frequency Dividers,”
(ST, July 1968,

POWER WIRING NOT SHOWN Fig. 10—Count gate control circuit.
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BY GEORGE J. POLAND,* WS8FWF

become available to the amateur, because of

changes in FOC regulations covering this
type of equipment. With this surplus gear availa-
ble we decided to set up a few f.m. stations on
432.9 Me. Affer checking the equipment and
studying schematic diagrams, we selected Link
450-Me. units, but similar couversions cau be
done on Motorola high-band gear.

It is advisable to get the gear working on its
original commercial frequency first before at-
tempting any conversion; then you owly have o
few small changes to make and you're all set on
the amateur frequency. After conversion and
alignment of the receiver und transmitter are
completed, youmay want to make a power-supply
conversion to 110-volt operation. All models of
each manufacturer are not covered, but this in-
formation should be helpful with most available
gear. Most manufacturers will supply complete
manuals for any gear you may acquire, for a small
charge, usually about $2.50 per manual. It is
important whenorderingmanuals to give as much
information as possible: model numbers, chassis
numbers (usually stamped in ink on top or bot-
tom of chassis), and numbers for the receiver,
transmitter, and power supply. It is always
better to include more information than not
enough.

Link Model2975-15 VR D2 B Modifications

Most receivers require no modifieations oiher
than installation of amateur-frequency ficst-
oscillator crystals and u realignment. (rystal
warmers or ovens can be utilized but if base-
station operation is anticipated ovens are not
necessary for good frequency stability. All re-

#32219 Rosslyn St., Garden City, Michigan 48135,

'[N the last few years 460-Me. f.m. gear has
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ceiver eirenits in the Link gear will usually tune
down to 432.9 Me.

In the transmitter, all circuils peak in the
atuatenr band, up to the tripler-driver plate
(5894 driver tube). In this cireuit, (37 will need
5 to 10 pi. more capacitance. A simple way to
accomplish this is to bend four copper plates into
I, shape and solder oune to each stator of the
driver and amplifier butterfly-type plate capaci-
tors. Space the plates close together but not
touching, then try tuning the stage to resonance.
Remove tubes to make access to the stators of
the capucitors easier. If you prefer, replace the
capacilors entirely with 25-pf. buttertly eapaci-
tors (E. F. Johnson (!o.).

PADDER PLATES TO
BUTTERFLY STATORS
AT THESE POINTS

"
-] o it
%
» F
e ] l/SIl____. §IB

Fig. 1--Method of increasing capacitance of butterfly
tuning capacitors in the Link transmitters, to get driver
and amplifier plate circuits to fune down to 432 Mc.
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Link Test Socket Pin Identification

Receiver (Socket B) Pin No. Transmitter (Socket 4)
Discriminator 1 First. Doubler Grid
First Limiter 2 First Tripler Grid
Second Limiter 3 BSecond Doubler Grid
Liow Frequency Oscillator 4 Tripler Driver Grid
Receiver Oscillator Tripler Grid 5 P.A. Grid

e 6 P.A. Cathode

— 7 -
Receiver Secoud Doubler Grid 8 R.F. Output

—_ 09 —

— 10 o
Ground 11 Ground

Crystal frequencies are determined as follows:

Crystal Formulas
7 = g = 39.01 Me.
F
o=
T

where F, == First oscillator frequency
K¢ = Transmitting oscillator frequency

F = Transmitting frequency
All frequencies in Me.

Numbered terminals on the distribution ter-
minal strip, E-1, as indicated on the lug side of
the board, are as follows: 1 — Channel No. I,
2 (iround, 2 -- Speech B-plus, 4-— Ground,
§— Microphone, ©— No connection, 7 -~ Am-~
plifier high voltage, & -— Driver B-plus, 9--
Channel No. 2, 10— Keying, L1 -— Receiver
B-plus, 12--Filaments, 13— Receiver audio,
15 — Squelch, 14— Not used.

Receiver Alignment Procedure

Assuming that your unit was checked out on
its vriginal commercial frequency, follow this
procedure after you have made all modifications
and changed crystals. Apply filament aud plate
voltage to the receiver. Locate receiver test socket
B (of two 11-pin sockets located together, it is
one to the rear of the chassis. Some Link models
have U-pin test sockets.) Connect a 100-p meter
between Pin 11 (ecount pins backwards when
viewing socket from top of chassis) and Pin |1
hole, which is the diseriminator. The meter should
read zero or close to it. Inject a 5-Me. signal at
the grid of the first low iLf. amplifier (V05 a
tBJ6). This is the first tube from the rear of the
chassis on the right side, when viewing the chassis
from the front or power-supply end. This signal
should cause the meter to go to zero, indicating
that your diseriminator is aligned properly. Now
inject a 39.01-Mec. signal at the grid of Ving, &
6B, tirst high i.f., located at the back edge of
the chassis near Ly1z. Frequeney of the injected
signal should be adjusted for zero reading on the
diseriminator, indicating that the second os-
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cillator is working properly. Most receivers have
no frequency adjustment on the second oscillator.

On some wmodels, Pin 8§ of the receiver test
socket i3 the second doubler grid of the receiver
oseillator-multiplier string., Put the meter there
or aeross the metering re