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HIGH FIDELITY

TRANSFORMERS
FROM STOCK

TYPICAL UNITS

HIPERMALLOY series
This series provides virtually all the
characteristics of the Linear Standard
group in a more compact and lighter
structure. The frequency response is
within 1 db. from 30 to 20,000 cycles.
Hipermalloy nickel iron cores and hum
balanced core structures provide mini-
mum distortion and low hum pickup. In-
put transformers, maximum level +gOdb.
Circular terminal layout and top and
bottom mounting.

ULTRA COMPACT series

UTC Ultra Compact audio units are small
and light in weight, ideally suited to re-
mote amplifier and similar compact

quip The fr y resp is
within 2 db. from 30 to 20,000 cycles.
Hum balanced coil structure plus high
conductivity die cast case provides good
inductive shielding. Maximum operating
level is +7db. Top and bottom mounting
as well as circular terminal layout are
used in this series as well as the ones
described above,
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OVER 1000 ITEMS
FROM
STOCK

LS-10X Shielded Input
Multiple line (50, 200, 250, 500600, etc.)
to 50,000 ohms . .. multiple shielded.

LS-19 Plate to Ywo Grids
Primary 15,000 ohms.

@

Py

wpono

Y 95,000 ohms C.T.

13-50 Plate to Line
l15,0[00 ohms to muitiple line ... ~-15 db.
evel.

LS-63 P.P. Plates to Voice Coil

Primary 10,000 C.T. and 6,000 C.T. suited
to Williamson, MLF, ul.linear circuits.
Secondary 1.2, 2.5, 5, 7.5, 10, 15, 20,
30 ohms. 20 watts, *

oy

s

A-10 Line to Grid
Muitiple line to 50,000 ohm grid.

A-18 Plate to Two Grids
15,000 ohms to 80,000 ohms, primary and

H-H

Rearimae

dary both split.

A-20 Mixing Transformer
Multiple line to multiple line for mixing
mikes, lines, etc.

A-26 P.P. Plates to Line
[3[0,000 ohms plate to plate, to multiple
ne.
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150 VARICK STREET, NEW YORK 13, N. Y.
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLES "'ARLAB"’
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CASE LS-1 Ls-2 LS
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3% 5
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.3 lbs
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Plan Now to Attend
Annval SSB Dinner
Statler-Hilton Hotel

New York City, March 22
) 4 (3 W

In every field of human endeavor, there is a group of strong-minded individuals
whose goal is perfection. They settle for nothing less in the equipment with which
they pursue their hobby or profession.

And inevitably, one manufacturer with similar goals produces a product so strikingly
superior that overnight it becomes—Ilike the Stradivarius—not only the ultimate
standard of performance but a symbol of perfection.

Whatever youi‘ communications experience, if you are among that group who insist
on the finest, you will recognize in the new T.0O. Keyer a technological stride that
will bring you greater personal satisfaction, and clearly advance the art of CW,

HA-1 ADVANCED FEATURES

¢ Employs digital techniques. Advanced cir- e Monitor or sidetone may be heard via built-in
cuitry assures constant ratio of dot-to-space- speaker, or fed through receiver audio.
to-dash over entire speed range.

.o All timing circuits electronic—not affected by FRONT PANEL: Function control: off: low
== relay variations. Dots and dashes are self gpeed, hold (key down), high speed. Speed con-
completing. trol: calibrated in range 10-30 and 25-65 WPM.
e Employs four dual-purpose triodes, two volt- Keyjack; neon keying and balance indicator.
age regulators.’ two neons, three semi-con-
ductor diodes. Transformer-operated. REAR CHASSIS: D.C. Balance (factory set);
e Plug-in, vacuum-sealed, mercury-wetted Weight (dot duration); Sidetone Level; Head
relay used only to key transmitter and sidetone  Set Jack; Octal socket for transmitter connec-

signal. Capable of dot speeds up to 100 dots tions; Aux. Paddle Input; Monitor Tone Qutput;
per sec. Life span over 10 billion operations.  extra contacts.

Export Sales: International Division,

Raytheon Mfg. Co., Waltham, Mass. Chicago 24, IIL
\ Canada: Gould Sales Ce,, Montreal, P, Q. Pat. App. Pend. Copyright 18680 by The Hallicrafters ©e.

The new ideas in commumcatlons ’are bo nat...




MORE PLEASURE THIS

wii COLLINS KWM-2

Whether you're fishing, boating or taking a
weekend drive through the country -— you get
more pleasure from vacation-time hamming
with the Collins KWM-2 Single Sideband
Mobile Transceiver.

The KWM-2 is easily moved between mobile and
fixed station installations. It slips into mounting
brackets beneath the instrument panel of your
car or boat. It even mounts in the passenger com-
partment of an airplane. The KWM-2 instantly
and automatically connects to the power supply,
antenna, antenna selector and car radio speaker.

With 175 watts PEP input or 160 watts on CW the
KWM-2 gives you outstanding frequency stability
and over-all reliable communication on 14

200-kc bands from 3.4 to 30.0 mc.

Because Collins ham equipment retains its value
over the years, the KWM-2 Mobile Transceiver
costs you only pennies a day to own.

Your Collins distributor will be pleased to give
you a first hand demonstration of the KWM-2...
and show you why Springtime — or anytime —

is KWM-2 time for the ham on the move.

Visit the Collins exhibit at the annual
Single Sideband Dinner, March 22, 1960,
Hotel Statler Hilton, New York City.

7\
COLLINS
N
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Another example of Eimac tube preference
by leading equipment designers

&

HEATH Chooses EIMAC Tetrodes For First
Build=it=Yourself High Power Linear Amplifier

When pioneering manufacturers get together,
excitin> new progress is bound to result. For
example, take this new high power“Chippewa”
linear amplifier designed by Heath -— leader
in build-it-yourself electronics --- with two
4-400A power tetrodes produced by Eimac —
ploneering electron tube specialists.

This new amplifier makes possible operation
at maximum legal amateur power inputs in
SSB. CW or AM service. It adds to the group
of Heath ham equipment full power capability
along with complete versatility in the present
day modern amateur station.

Heath’s choice of Eimac4-400A radial-beam
tetrodes was a natural one. These time-proved
tubes complement the amplifier’s simple,
clean, straightforward design., And their low

4

grid-plate capacitance and low driving-power
requirement aid in considerable simplification
of 'the associated circuit and driver stage — to
make do-it-yourself construction even easier.

You can always depend on Eimac tubes to
meet standards of high performance and
reliability demanded in exacting amateur and
commercial applications such as this. For
complete information on Eimac tubes write
our Amateur Service Department.

EITEL-McCULLOUGH, INGC,

San Carlos, California



It pays to insist on

PR crystals

STANDARD OF EXCELLENCE SINCE 1934

AMATEUR TYPES

Rugged. Tow drift,

SPECIAL TYPES
Type Z-1 Aircraft

3023.5 Kc., .005%.....$3.45 Net
VHF Type Z-9R, Aircraft
For T.ear, Narco and similar

equipment operatmg in the 121
Mec. region, requiring crystals in
30 Mc. range. Fach...$4.95 Net
Type Z-1, MARS and CAP

(Official assigned frequencies in
the range. Calibrated to .005%.
1600 to 10000 Kec......... $3.45 Net

Type Z1, TV Marker
Channels 2 thru 13...$6.45 Net
4.5 Mc. Intercarrier,

0 ) I $2.95 Net
5.0 Mc. Signal Generator,
0 ) I $2.95 Net

10.7 Mc. FM, IF,
O1% e $2.95 Net

. Type 2XP

Suitable for converters,
dimensions as Type Z-2.
1600 to 12000 Kc., (Fund.) =5 KCuomomrreererrincecence $3.45 Net

12001 to 25000 Kc. (3rd Overtone) *+10 Kc...........$4.45 Net

ALL PR. CRYSTALS ARE UNCONDITIONALLY GUARANTEED.
ORDER FROM YOUR JOBBER.

experimental, etc. Same holder

COUNCIL

40, 80 and 160 Meters, PR Type Z-2

fundamental oscillators. High activity and
power output. Stands up under maximum crystal currents. Stable,
long-tasting, hermetically sealed;

24 to 27 Mc., PR Type Z-9A

Third overtone; multiplies into either 2-meter or 6-meter band;
hermetically sealed; calibrated 24 to 27 Mec,,

COMMERCIAL TYPES

Commercial Crystals available from 100 Kc. to 70 Mc. Prices on Request.

BLUFFS,

*+500 cycleS.emmen. $2.95 Net

+3 Kec.; .050” pins.

$4.95 Net

TYPE Z-9R CITIZENS BAND CLASS D"
CCHasugncd frequenc:e< in mcgacyclcs
2 7.005, 27.015, 27.025,
7075, 27.085, 710),
. 27, 1b5 27175,
, 25; calibrated to
(Be sure to specify manufacturer of
$2.95 Net

003%.
equipment)

TYPE Z-9R RECEIVER CRYSTALS FOR CITI-

rpy.

ZENS BAND CLASS —Specity L.F. ire-
quency, also whether 1.F. is above or below
transmitter frequency. Calibrated to 5%,
(Be sure to specify manufacturer of eqguip-
ment) ..o $2.95 Net

TYPE Z-9R RADIO CONTROL CLASS ‘“’C”
FCC dsangncd :rcquenrm in mce"zcycles
26,990, 27,045, 27.099, 27.145, 27.195, 27.255

calibrated  to N05%, (Be sure to <pecxfy
manufacturer of equipment)... ... $2.95 Net
Type Z-6A,

Frequency

Standard

To determine band

edge. To keep the

VFO and receiver
properly calibrated.

100 Ke. .. $6.95
Net

Z-6A

IOWA



ATLANTIC DIVISION

Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, espccul.lv League mermbers, are mvned to report station activities on the iirst of ench
month (for preceding month) direct to the SCM, the administrative
Radio club reports are ulso desired by SCMs for inclusion in@S7'. ARRL Field Organization station appointments are
available in the areas shown to qualified League members holding (‘anadian or FCC amateur license, General or Condi-
tional Class or above. These include ORS, O ES, OPS, 00 and OBS. SCMs also desire applications for SEC, EC, RM and
PAM where vacancies exist. OKS appointment is available to Novices and Technicians,

ARRL olficial elccted by members in each Section.

Jozs8iern Pennsylvania W3ZRQ Allen R. Breiner St ‘Tamaqua
Maryland-Dclawure-D. C. W3BKE  Thomas B. Hedges ""nz (& ulver st Washington 21, D. C.
Southern New Jersey K2BG Herbert (. Brooksa &00 Lincoin Ave. Palmyra
Western New York K2ZHUK  Charies T, Hansen 211 Rosemom. Drive Buffulo 26
Western Pennsylvania W3UHN  Anthony J. Mroczka 475-5th 8 Donora
s CENTRAL DIVISION. -
1llinois WYPRN }"dmond A. Metzager 1520 South 4th St. Springtield
Indiana WISWD Clifford M. Singer 7070 Eust 21st St. Indianapolis
Wisconsin WIKQB CGeorge Wolda 2023 South 10 8t. Manitowoc
DAKOTA DIVISION. S
North Dakota WPHVA  Harold A. Wengel 521-14th St Bismarck
South Dakota WORRN J W Sikorski 900 8. Menlo Ave. Sloux Fulls
Minnesota WOKJIZ ra. Lydia 8. Johnson 1258 Van Buren St. St Paul 4
- ()ELTA DIVISION
Arkansas WSZZY iJlmon M. Golng: P. O, Box 207 1J3ceoln
Louisiana W5FMO Thomas J Mormwl '&409 Beaulleu St Metaire
Mississippl * K5HYO l‘nomaa 2. Pate P.0O. Box 812 Cleveland
‘I'ennessce W4UI0 R. W. Ingraham 105 qut Park Drive Kingsport
" GREAT LAKES DIVISIO — .
Kentucky W48UD Robert A, Thomasuu 626 Eastwood Drive (wensboro
Michigan WakKX Rulph P, Thetreau 27209 \. Six Mile Road Detroit
Ohto WSAL Wilson E. Weckel 2118 Tuscarawas St., W. Canton 8
HUDSON DIVISION __ . e
haxwrn New York W2EFU George W. Tracy 113% North (Aoumry Club Drive Mhenectndy
N. Y. C. & Long island W2TUK Harry J. Dannals RFD 1, Arbor Lane, DIx Hills  Huntington, L. I.
Nonhern New Jersey W2zZVvw Edward Hurt, jr. 51 Washington St. Phiilipsburg
. ___MIDWEST DIVISIO . -
lowa WUBDR Russell B. Marquis RO07 North Fifth Ave, Marshalltow
Kansas WOFNS R.:xymond }v‘ Baker 1014 Lincoln St. Neodosha
Missouri WUBUL C 711 8. Oakland St. \Webb City
Nebraska WPEXP O Imrleq h Mc’\Ieel Route 3, RFD North Platte
NEW ENGLAND DIVISION.
Connecticut 1ITY Victor L. Crawford RFD 5, stadley Rough Rd. ‘D:mbury
Maine WIJMN  Jeftrey 1. Welnstein 79 Caleb St. ) Portland
Kustern Massachusetts WIALP Frank J_;. Buker, jr 91 Atlantie Sit. North Qulocy 71
Western MMassachusetts WiBv ercy C. Nol 47 Broad St. Westfeld
‘New Hampshire WIRMH  Robert H. Wright I8 Pine 5t. «oncord
Rhbode Island LAA John Ei. Johnson 0 Fruit St. Pawtucket
Vermont WivsA Harry A. Preston, ir 1V Cherokee Ave. Hosex Jet.
NORTH\VESTERN DIVISION. [ PRI
Alaskas KL7BZO  Keuneth E. Koestler 2005 Suarise Drive Anchorage
idaho  W7GGV__ Mrs. Helen M. Mulllet Rouze 1, South Pocatello
Montang W7NPV/WXI Vernon L. Pblilips X 97 Harlowton
©regon W7JDX Hubert R. MeNally 11908 S.E. Madison 8t Portland 16
Washington W7PGY Robert B. Thurston 7T700-31st Ave., N.E. Heattle 15
] , PACIFIC DIVISION____ N
Hawall KHBAED Samuel H. Lewbel P 0. Box 3564 Honolulu
Nevada W7vIO ‘hn.rlps A. Rhines x 102 kilko
Hanta Clara Valley K6DYX )V Conley Smith 67 (,uest.n. Vista Drive Muuterey
Kast Bay W60JW B. W. Southwell 200 South Seventh St. Dixo
San KFrancisco K6ANP Leonard R. Geraldi 1500 Layuxa Ave. Han I~ mnclsco 12
Sacramento Vulley W6GDO Jon J. O'Brien 6606-5th & Rio Linda
Han Joaquin Valley WeJPU Ralph Snmyan 8204 F. ’l‘ownseud Ave, ¥resno
ROANOKE DIVISION ,,,,, _ VO ———
North Carvlina W4RRH Riley Fowler Morganton
Houth Carolina wiGQV I)r J. O, Dualap P (: Box 447 Rock Hill
virginia W4QDY ‘Robert L. J'ollmar 1057 Dune St. Norfolk 3
West Virginia WsJIM Donald B. Morris 1111 Alexander Place Kulrmont
ROCKY MOUNTAIN DIVISION. e
‘olorado WaBWJ url L. 8mith 11070 Locust 8¢, ienver 2y
ITtah W7QwH rhomas H, Miller 1420 K. 3045 8t, %alt Lake City
New Mexico KS5IQL Newell F. Greene 504 West Second St. well
Wyom! W7AMU L. D. Branson 342 Routh Elk “nsper
SOUTHEASTERN DIVISION_. s
Alabamag K4A0Z Willlam D. Dotherow F‘D 1, Box 90-B Adger
Fastern Florida W4KGJ John F. Porter ox 7205, Ludlam Branch \lami 55
\Western Yorida W4RKH  Frank M, Butler, ir. 494, Flliott Rd. N ort \walton Beuch
tienrgia wicra Willlam £, K 1687 Fairway Hill Drive, S.E. Atlanta 17
West Indles (Cuba-P.R.-V.1.) KP4DJ Willlam Werner 563 Ramon Llovet Urhl. 'I‘Ix;;ug P.R.
Rlo Ple rn.s,
(‘anal Zone KZ5RV Rnlpb E Harvey Box 15 Balboa Helghts
. THWESTERN DIVISION. S ]
Los Angeles weJQB \Iherv, F Hll, jr. %A1 No. Millard Ave. Rialto
Arizona W701IR Cameron A, Allen mzo fast Marviand Ave. Phoenix
San Diego WBLRUD Don Stansifer 1427 Pescadcro Nan Diego 7
Santa Barbara K6CVR Robert A. Hemke 728 W. Mission Santa Barbara
—_— WEST GULF DIVISION
Northern ‘T'exas W5BNG L. L. Harbin 4515 Calmont tort Worth 7
©klahoma 5D drian V. Rea P, O, Rox 23 Pond C‘reek
Southern 'Texas WSQEM  Roy K. liggleston 1109 Vemon Drive «‘orpus Christl
X CANADIAN DIVISION
Maritime VEIWB 1. K. Weeks . 3 dt. Wtephen, N, B.
Ontario VE3NG Richard W. Roberts 170 Norton Ave. \Vlllowd.nle. ‘foronto, Ont.
Quebec ©2DR L WY, Bkarstedt 62 St. Johns Rd. Pointe ('laire
) Mommal 33, P. Q.
Alber VE6VM Ciordon W. Holllngshead 108 Hudson Rd. C'ulgary, Alta.
Hrlush Columbia VE7JT Peter M. Mclntyre 981 West 26th Ave. Vancouver, B, C.

Yukon
Alanitoba
Saskatchewan

Vraiy
VE5SHR

M8, Watson
H. R. Horn

219 Lanark st.
2121 Ewart Ave.

*OMclal appointed to act temporarily in the absence of a regular oMcial,

Winnipeg
Saskatoon



recelvers to one antenna! Here’s where
el ~the argument starts...
_“FRONT-END Jack
~ OVERLOAD! :

F1-NOISE! We have tua

THE AMC-6-3 CU-5013/SRR IS A
HIGH GAIN, LOW NOISE AMPLIFIER
» FOR USE IN QUIET LOCATONS.

"THE AMC-6-5 CU-5033/SRR IS
.  DESIGNED FOR USE IN LOCATIONS
SUBJECT TO A STRONG RF FIELD, IT
WILL STAND THREE-YOLTS AT ITS INPUT
WITHOUT OVERLOAD 1!

“ The TECHNICAL MATERIEL CORPORATION P& informton it o

[ bulletin 155C

IN CANADA Main Office: MAMARONECK
TMC Conada td., ONawo Ontml? NEW YORK

4




“ Assistanf General Mancger

ez AMERICAN
RADIO RELAY

LEAGUE INc.,

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

Itis anincorporated association without capital stock, chartered
under the {aws of Connecticut. Its affairs are governed by a Board
of Directors, elected every two years by the general membersh:p.
The officers are elécted or appointed by the Directors. The League
is noncommercial and no one commercially engaged in the many-
facture, sale or rental of radio appdaratus is eligible to membershup
on its board.

“Of, by.and for the amateur,’’ it numbers within its ranks practi-
cally every worth-while amaféur in the nation dand has.a history of
glorious achievement as the standard-bearer in amateur offairs,

Inquiries .regarding membership are. solicited. A bona fide
interest in amateur radio is the only essential qualiﬂcaﬁon, owner-

ship of a transmitting station and knowledge of the code ‘aré not

prerequisite, although full voting membership _is granted only to
licensed amcteurs.

All general correspondence shou!d be addressed to the ddminis-.

trative headquarters at West Hartford, Connecticut.

Past Presidents )
HIRAM PERCY. MAXIM, WI1AW, T914-1936
EUGENE C. WOODRUFF, WBCMB, .1936-1940
GEORGE W. BAILEY, W2KH, 19401952

OI!xce.r.t
. GOODWIN L. DOSLAND WOTSN
Moorhead, Minnesota_
First Vice-President . . ..
P.O. Box 586, Odessg, Texus

President

Vice-President . .. .
38 La Salle Road West Hartford, Connecticut

Vice-President ... . . ...PERCY C. NOBLE WIBVR
: 37 Brood 5!., Westﬁeld Massachusetts

Secretary .. . . -~ A L BUDLONG, W1BUD
38 Lo Salle Roud West Hartford, Connechcuvtw
Treasvrer .. . oy

.DAVID H. HOUGHTON
38 La Sulle Rood Wesf Hortford Connecticut”: :

. > L] .' ‘
Generol Mdnager

Communications Manager .. ..
Technical Dicector . ... !

:FRANCIS E. HANDY, ‘W 1BDi
" GEORGE GRAMMER, W 1DF
.::JOHN HUNTOON, WiLvQ
.. TPERRY_F."WILLIAMS, W 1UED
'GEORGE STEVANS, JR., KILVW

Assistant Secre'arles .

LPAUL M. SEGA
. C

.WAYLAND M. GROVES, wst

_FRANCIS E. HANDY, WiBDI'

AL BUDLONG, ‘W1BUD

DIRECTORS

ATLEX REID. . ..i0 e iiiiinneans \%
240 Logan Ave.. 5t. Lambert, P. Q.

Vice-Director: Nm\l B, katon, ......... ...VE3CJY
R.R. 3, Burlington, Ontario

Atlantic Division

GILBERT L. CROSbLE\ .............. W3YA
Tept. of E.F.., ’enna State UTniversity
State College, Pa.

Vice-Director: F'dwin & Van Deusen. . .,
3711 McKinley St., N.W., Washington 15
Central Division

JOEBN G. DOYLY. . ... ... ... ... ..., WIGPI
4431 N. Wildwood Ave., Milwaukee 11, Wis,

Yice-Dlrector: Philip Io. Yaller. . ......... WOHPG
6000 8. Tripp Ave., Chicago 29, Ill
Dakota Division

CHARLES G. CCOMPTON. ........... WOBUO
1011 Fairmount Ave., St. Faul 5, Minn,

\V'{ECP

Yice-()irector: Martha J. Shirley. . . L WEZWL
Rox 78, Black Hawk. 8
Delta Division

SANFORD RB. DF HART. . ..... .... W4RRV

227 8. furdue Ave., Oak Ridge. Tenn.

Tice-Director: Victor Canfield
Box 965, Lake (harles, La.

Great Lakes Division
DANA B. CARTWRIGHT ............ WARUPB
2979 Observatory Ave., Cincinnatl 8, Ohlo
A IcP-N{rPcmr Robert B. (fonper. . ....... "SAQA
132 Guild st., N.E., Grand Rapldy 5 erh
Hudson Division
MORTON B, KAHN.
22 Birch HIl Rd., Great Neek, N. ¥,
Vice-Director: flovd H. Manamon. ...... W2VQR

Midwest Division
ROBERT W. DENNISTON
Box #31, Newton, Iuwn

Vice-{itrector: Sumuer H. Foster ..., woGQ
2315 Linden Dr., 8.E., Ccdar Raplds, lowa

New England Division
MILTON F. CHAFFEE, .............
53 Homesdale Ave.. Southington, (,onn
Vice-Dlrector: C'armine A, Polo. .. .. ..... W18JO
17 Park St., \West kHaven 16, Conn.

VIEFW

N otth wes tern Division

RORI~ ............... W7CPY
ark lﬂu Drive, Bililngs, Mont.

R. RP

I'{ce-T)fﬂ‘f{or Harold W. Johnston. ., ..... 7PN
2727 Belvidere Ave., Seattle 8, Wash,
Pacific Division
HARRY M. ENGWICHOT.. ... i eeieeaa W6HC
770 Chapman, San Jose 26, Calif,
1{ee-1iirector: Ronald G. Martin. ... ,...... WazZr

4212 Berrendo Drive, 8acramento 25, Calif.
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“It Seems t0 Us..”

GENEVA — FINAL REPORT

As we reported briefly in Junuary ST,
it's all over. We have a new set of international
radio regulations continuing — in this hem-
isphere — all the privileges we have had under
the Atlantic City regulations. And our reaction
is: “Whew!”

Beginning on page 55 is the story behind
the simple statement above. We hope vou will
find it thoroughly absorbing. It tells of the
proposals which threatened us, und something
of the hard work and skillful negotiating neces-
sury to defeat those proposuls. It applauds
our friends and identifies those conuntries which
would have reduced our space. It graphically
illustrates the effectiveness of three years of
cureful planning and study by government and
“industry”’ (including usj users of radio and
~--ost of all — the effectiveness of the team-
work of the entire U. S. delegation.

We are sorry only that we have to qualify
the good news with the phrase “in this hem-
isphere.” Elsewhere amateurs did not muke out
({u1te so well. While there were notable excep-
tions, in too many countries it appeared th').t
amateurs had not **done their honiework”
advance of the conference. Some foreign dele—
gates did not know much ubout umateur
radio; they had not beeu convinced of the
extent to which hams can be important to the
welfare of their country. In some cases, appar-
ently, amateur societies and clubs had not
made any contact at all with the people re-
sponsible for forming their government's
position,

In contrast, the amateurs of the United
States and (,‘mada are united in u strong effec-
tive organization. Our Leugue hus been careful
to maintain good relutions with both govern-
ments, not just at conference time but on a
continuing basis. Moreover, in previous con-
ferences and at this one, League representa-
tives worked as part of the government team,
weeepting any assignments offered by the chair-
man, even some not directly related to amateur

radio. Similarly, do[egation members repre-
senting other radio services pltuhcd in wher-
ever they were needed, including ironing oub
amateur problems.

At this point, one van only guess when the
next full-scale examination of the radio regula-
tions and frequency allocutions table will take
place (our guess—in about five years).

One cannot be sure what problems will face.

us, cither.

Rest dbburcd though, that long
befme the gavel is mppul your ARRL staff
will again be meeting with other industry and
government radiomen developing the best
possible strategy in light of the conditions
existing at the time.

THE BEST YEARS?

If you could have chosen a time in history
in which to live, what would be your choice?
During the time of Ben Franklin, when the
United States was struggling to stay alive and
electricity was a most mysterious substance?
Perhaps during medieval days, when theoveti-
cal science was occupied with the attempt to
change base metal to gold, and practical
science with the first secretive (becsuse they
were illegal) explorations of how the human
hody functioned? Or still further back, when
irrigation first brought prosperity to the Near
Kast and the ancients uncovered some of the
secrets of mathematies and astronomy?

Perhaps the majority of esch geueration
thinks that its years are the most exciting in
all history. True, there are always a few ad-
venturesome souls whose imaginations can sec
sotnething of the future, and a few who would
retreat to simpler or more glamorous duys of
the past.

We offer evidence suggesting thut we are
right in the middle of a period in history s
exciting as uny man may ever see. First, look
what has happened in the present century.
Since 1900 maun has learned to muke great
use of radio, and send his voice, ar picture, or
moving mmge, instantly to any spot on the
globe, In 1939 a single atom was split, leaving
its trail etched on a photographic plate; six
vears later, millions were split simultaneously
and in chain, releasing the ightiest forces
ever handled by man; in five more years, the
force was increased u thousand fold. Twenty-
five years ago Grote Reber, \WIGFZ, set up a
radio-telescope in his back yard and focussed
oun strange sounds cowming from the depths of
space. His neighbors (and some of his ham
friends) thought that Grote had slipped a cug,
hut the truth is that he had imagination and
his neighbors didn’t. Radioastronomy is now
4 very active and fast-moving science —- and
Reber is still playing an impartant purt in it.

In this issue we have a story by WIHKEK

(Please turn the page)
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on the progress in Project Ozma, the search for
radio signals bearing messages from some other
planet. As you read it, let your imagination
stir a bit. Reach out beyond the 75-meter
phone band or that AC{ on 20 meters and
consider the romance of hearing a signal from
somewhere out beyond the earth. Step out
into your yard tonight and look upward. Mil-
lions of stars, some with planets — do they
have life of sume sort? Project ()zma is befting
that somewhere out there someone or some-
thing is also searching for radio signals from
another planet — perhaps ours.

If man has mastered so many fabulous
techniques in the past fifty years, is it not
possible that in the next ten years he may learn
how to commmunicate with some other planet?

COMING A.R.R.L. CONVENTIONS

March 18-19 — Michigan State, Saginaw.

April 9 — Michigan State, Grand Rapids.

May I — New England Division, Swamp-
scott, Massachusetts.

June 18-19 — West Gulf Division, Dallas.
'Yexas.

July 30-31 — North Dakota State, Minot.

September 10-11 — Central Division, In-
dianapolis, Indiana.

September  16-17 -— Quebec
Montreal.

Province.

New York —- The Ninth Annual SSB Dinner and Ham-
fest will be held on Tuesday, March 22, at the Hotel Statler-
Hilton, 33rd St. and 7th Ave., New York City. This dinner
and hamfest. held during the week of the annual IRE con-
vention, is sponsored by the S8SB Amateur Radio Associa-
tion. Equipment displays open at 1000, with the dinner
heginning ut 1430, Bill Leonard, W2SKE, will be master of
ceremonies. Tickets purchased in advance are $8.50 each.
or $0.50 at the door. Send checks for reservations to
SSBARA, iu care of Mike Le Vine, WA2BLIH, 33 Allen
Road, Rockville Centre, Long Island, N. Y.

MICHIGAN STATE CONVENTION
Saginaw, Michigan — March 18-19

Hosting an ARRL Michigan State Clonvention,
March 1%-149 at the Bancroft Hotel in Saginaw,
will be the Saginaw Valley Amatcur Radio Asso-
ciation. Programs include meetings for various
vets, Civil Defense, MARS, YLRL, s.8.b. and for
the first time, the Michigan chapter of the Quar-
ter Century Wireless Association.

Special programs for XYLs and for interested
non-amateur groups are also planned. The v.h.f.-
w.h.f., RTTY, Novice corners, a Swap Shop
and contests will round out the two-day atfair.

As part of the “early bird”” program, there will
be an initiation for the Royul Order of the Woutt
flong at midnight. Friday, March 18.

Hotel reservations can he obtained through
Ed Trombly, WS8CAM, 3132 Court Street,
Saginaw. Convention tickets at $1.50 ($1.75
at door) are available from Charles Leedke,
W8LNE, 1970 Brockway, Saginaw, Michigan,

- Strays %5

Delaware Valley amateurs put on a “Hams
Around the World”’ show for Philadelphians last
full in celebration of the United Nations' 14th
anniversary.

To demonstrate how person-to-person radio
contacts cross boundaries of race, religion, politics
and distance, hams went on the air from a down-
town location ¢very afternoon and evening and
all day Saturday of the week Oet. 19-24. The
city set up its emergency communication trailer
in front of City Hall for the project.

OPERATOR IS iN .
ONTRCT WITH AN
RTEUR STATION
N

Passers-hy could send and receive messages.
One operator hunted DX QSOs while another
handled traffic with UJ. 3. hams. The FCC guve
the station the speeial call, K3UN.

K3UN opened proreedings by putting the
Mayor’s oftice in contact with UN Headquarters.

City workmen strung a 75 meter dipole and
erceted a Hy Gain tri-bander lent hy A. G. Radio
260 feet above ground on top of City Hall. The
rig for 20-meter s.s.b. was a complete Barker and
Williamson package loaned by Barry Barker,
W3BZ. it included a 5100B, LPA-1, LPS-1,
Matchmaster and t.r. switch.

Harold Carr, president of the Council of Radio
Amateurs Clubs of Delawarce Valley, lent his
75A-4. George Ryan, K2DEI lent his Viking I1.
National Radio contributed an NC303 and NC400
while Philmont Radio Club produced a Mobile
Emergency Van aund the Delaware Twp CD came
through with a (ionset for 2 meters. Q5%

Philadelphia’s Deputy City Representative, Abe Rosin,
seated, listening with W3JFl to Dr. Frank Graham’s remarks

from UN Headquarters in New York City, via W2KH.

QST for



The 50-Mc. portable station, complete with telephone
hondset, ontenna and dummy load, ready for a hiking
trip or a civilian defense drill.

Five Pounds of
Fun, for Hamming

on the Hoof

BY EDWARD P. TILTON,* WIHDQ

A Self-Contained Portable Station
for 50 Mc.

car race, # golf tournament, u model-

airplane meet, o boating event, or your
locul emergency AREC or RACES plan? Like to
take u G-meter rig along on a mountain hike?
Want s challenging switch from the kilowuatt
rut-race on the fower baunds? f.ooking for u
project for the gang at the rudio club?

This portable rig may be for you.

“Working portable” is a busic purt of the
v.h.f. picture, und now, thauks to transistors,
miniature components and new low-drain tubes,
it. is more fun than ever and less of a strain on
the back and batteries. The 1960 model 50-Me.
portable described herewith is the latest in a
string of v.h.f. rigs that runs back to 50-pound
hehemoths of the early 'thirties. {t puts out more
power and is better at snagging weuak signals than
any of its predecessors, yet is markedly more
economicul to operate,

What Band To Use?

No one answer to the above question will
sutisfy everyone who is interested in portable
work, but we assure yvou that the problem was
given plenty of thought before embarking on this
project. Choice of frequency involves considera-
tion of equipment efficieney, practical operating
problems, and antenna size, in addition to per-
sonul preferences. You cun build a very efficient
portable rig for 75-meter phone, for instance, but
how far will one-tenth of a watt get you through
the Sunday (QRM, especially with any autenna
small enough for convenient portable work?

Choosing between 28 and 50 Me. is something
of a toss-up, but greater freecdom from QRM and
the smuller size of an effective antenna favor the

# V. H. I'. Editor, QST.

March 1960

NEED on~the-spot communication for a sports-
A

There is something about v.h.f. ham-
ming on a remote hilltop, far from
power-line buzz and ignition noise,
that makes for perennial interest in
lightweight portable gear. Here is a
package for just this kind of use.
Weighing only 5 pounds, complete
with handset and antenna, it should
fill the bill for many other communi-
cations needs as well.

higher frequency. Battery consumption would
limit the appeal of & 2-meter version of the cquip-
ment shown here. It would require many times
the battery power to develop the output on 144
Me. that our 50-Mec. job delivers. Equally im-
portant, 50 Me. is neur the upper frequency limit
for ctfective use of low-draiu tubes or transistors
in receiver circuits.

Tubes or Transistors — or Both?

There is a strong temptation to use transistors
in the portable station. This is entircly practical
for 28 or 50 Me., and there arc uses for such gear.
Expericnce has shown, however, that yvou need
all the power you can get ceonomically, when
vou try to do routine hamming with a portable
rig. Transistors in the transmitter would drop
the power output another 10 db. below what we
have here — and one-tenth of s watt is little
enough for most practical amateur purposes.

Transistors look better for receiving, but some
improved low-drain tubes have appeared on the
scene in recent years, too, With them we get
receiver performance well ahead of that obtain-
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able from transistors, at least in r.f. circuits at
50 Me. Audio is another story. Before transistors,
about half the drain of a portable rig went to
audio stages. The Class B transistor modulator
and single-ended receiver audio amplifier used

3AS
OSC, AMR

here cffect real savings in size and battery drain.

Circuits

The transmitter uses a 3A5 dual triode, with
ope section a H0-Me. crystal oscillator and the

2N270
MOD

=
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Fig. 1 —Schematic diagram and parts list for the 50-Mc. portable station.

BTi—1.4-volt cell, mercury type preferred (Mallory
RM-42 or RM-42R).

BT2—12-volt battery, tapped at minus 9 volts; see text.

BTx—90-volt B battery (Eveready 490, Burgess N4O,
RCA VS090).

C;—20-uuf. miniature variable (Hammarlund MAC-20
NP).

Ca—5-puf. subminiature variable (Johnson 189-2).

C.-,-—ll~,up.f.) miniature butterfly variable (Johnson 160-
211).

C4—50-uuf. miniature variable {Hammarlund MAPC-50B).

C5—10-puf. miniature variable (Hammarlund MAC-
TONP).

Cy—S5-puf. miniature variable (Hammarlund MAC-5 NP).

7—13-puf. subminiature variable {Johnson 189-6).

Cy to Cis, incl.—500-upf. feedthrough bypass (Centralab
FT-500).

Ci5—20-uf. 15-volt electrolytic.

Cia—50-uf. 12-volt electrolytic.

Ci7—50-uf. 3-volt electrolytic.

h—Coaxial output fitting, SO-239.

Jz, Ja—Insulated tip jack.

J4—3- or 4-pin chassis fitting, female.

Li—8 turns No. 20 tinned, Y2-inch diam., 16 t.p.i.

L2—3 turns. Make L1 and L2 from single piece of B & W
Miniductor No. 3003. See text,

La—17 turns Like Ly, center tapped.

Ls—3 turns No. 20 plastic-insulated wire wound over

12

middle of La. Twist leads together, leaving 2V2-
inch ends to reach C; and S,.

Ls—12 turns like L1; tap at 3 turns from ground end.

Ls, Lz—Make like L2 and L1, respectively, except 6 turns
for L.

Py~Plug to match J4.

Ri—0.1-megohm miniature volume control, with d.p.s.t.
switch (Philmore PC 66).

R2—5 ohms. Can be two 10-ohm resistors in parallel.

S;—2-pole 3-position lever-action switch (Centralab
1454),

S:— Switch on Ry.

Ti—Modulator input transformer, 200-ohm primary,
2000-ohm secondary, center-tapped (Argonne
AR-123).

T:—~Modulator output transformer, 600-ohm primary,
center-tapped, 5000-ohm secondary {Triad
TY-49X).

Ta—Audio output transformer, 150-ohm primary, center-
tapped, 600-ohm secondary (Argonne AR-163).
Use primary center tap.

Ts—Audio input transformer, 100,000-ohm primary,
1500-0hm secondary (Argonne AR-102),

RFCi, 2, 3—4.7-uh. solenoid choke No. 30 enamel close-
wound V2 inch on 1-meg. 1-watt resistor (Waters
C1004).

Y1—Overtone crystal, 50 to 54 Mc.

(International Crystal FA-9).

QST for



Rear view of the 50-Mc. portable. Transmitter r.f. unit is

in the upper left, the receiver at the right. The subassembly

at the lower left is the transistor modulator. The send-
receive switch is mounted vertically near the center.

other a neutralized amplifier. An earlier model !
used @ 3A5 with 8 or 25-Me. crystals, with the
iinal running as a doubler to 50 Mec. Chaugiug to
a straight-through amplifier gives more power
output with less drain on the hattery, and loading
and modulation are far less tricky.

The oscillator circuit has « feedback winding
in series with the crvstal. This is not nceded in
overtone circuits using heater-type tubes with
higher transconductance, but with the 3A5 it
iankes the oscillator start easily and tune un-
eritically. The oscillator coils, Ly and L, are
made from a single picce of coil stock. Cut the
wire about 4 turns in from the end and unwind the
cut ends so that there is u 2-turn spuce between
the windings. The finished assembly has 8 turns
in Ly and 3 in Ls. The crystal end of Ls is adja~
cent to the B-plus end of 1.

Tip jacks JJo and .J3 on the front panel provide
for meusaring the amplifier grid current, as a
cheek on the operation of both portions of the
tube.

The receiver uses 1AF4 tubes in a tuned r.f.
amplifier and a superregenerative detector. The
audio amplifier is « 2N270 transistor, more or
less Cluss A. Audio output was a pleasuut sur-
prise. 1t is more than adequate for the telephone
handset. A small speaker could probably be used
if desired.

The r.f. umplifier provides some gain and selec-
tivity, but more important, it isolutes the detee-
tor from the untenna. This holds down receiver
radiation and makes tuning less critical than
would be the case if the detector were coupled
to the antenna directly. Interstage coupling is
hy means of a coil assembly similar to the one
in the crystal oscillator circuit.

The padder eapacitor, ('7, across the detector

! Tilton — ** A (livil Defense P'ortable,” QS7', May, 1951,
. 35,

Top view of the transmitter and re-
ceiver and subassemblies. The crystal
oscillator circuit is on the left side, the
amplifier plate circvit next. In the re-
ceiver the r.f. amplifier grid coil and
its capacitor, and the detector tuned
circvit are in the same order. The
neutralizing capacitor, near the middle
of the transmitter, and the band-setting
padder, atop the detector tuning ca-
pacitor, are reached through holes
in the top of the case. Units are held
in place by the nuts on the capacitor
shafts.

March 1960

tuned circuit spreads the band over most of the
180-degree range on Cs. With the padder near
maximum setting the detector tunes 49 to 54 Me.
For more range add inductance to /.7 and reduce
the capacitance of (7. Regeneration is controlled
by varying the detector screen voltage. The 1AFY
is designed to operate with the same voltage on
hoth plate and screen, so the potentiometer, Ry,
is run near the all-out position.

The recciver audio and the modulator circuits
are conventional for the transistors used. Modu-
lator gain is about right for close talking with the
telephone microphone, and the carphone ean
be held away from the ear if signals are uncom-
fortably loud, so no gain coutrol is included in
either unit.

The regeneration control has a double-pole
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Fig. 2—Detailed layout drawings for the transmitter and receiver chassis. Hole sizes are as follows: A—% inch, B—
Y4 inch, C—Ys inch, D—%s inch. Bent-up edges may be omitted if stiff sheet metal is used.

single-throw switch (Sy) built in. This breaks
the ground leads to the regeneration control and
the positive side of the transistor battery, so
that no current will be drawn from the batterics
with the switch off and the send-receive switch,
Sy, in the off position.

The send-receive switch applies voltage to the
3A5 filament aud the microphone in the transmit
position, and to the 1AF4 filaments on receive.
The other section of S; switches the antenna
between the transmitter output coil, Lg, and the
rv.f. amplifier coil, Ls. A three-position switch is
used, with the top position off. It is mounted
hetween the transmitter and reeeiver units,
with its lever action in a vertical plane.

With r.f. circuits assembled so compactly,
grounding and bypassing are important. Feed-
through bypass capacitors are used liberally in
the filament and B-plus leads. (“oil orientation is
also worthy of atfention. The oscillator coil,
Ly, and the detector coil, L7, should be positioned
for minimum coupling. Otherwise radiation from
the detector may cause the erystul to oscillate
as the defector is tuned through the transmitter
operating frequency. This can be had enough to
wipe out quite a section of the band. For easy
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transmitter neutralization there should also be
minimum coupling between L; and L. Oseillation
in the receiver might result from too-close cou-
pling between Ls and Ls, though no trouble
was experienced with this in the original unit.

Construction

The portable station is built in three sub-
assemblies, the trausmitter r.f. unit, the receiver,
and the modulator. This permits modifications
without disturbing the parts of the equipment
not being changed. Both construction and servie-
ing are made simpler when the gear is broken up
fin this way.

The case is a standard Minibox, 314 by 6 by 8
inches in size. Everything is built into the outer
portion, so that removal of the back opens up
the entire equipment to view. The rig can be
operated with the back off, facilitating servicing.
Only the carrying strap is connected to the back
part of the box. This utilizes the same combina-
tion of Twin-lead, steel rings and dog-leagh
catches that was used on the 1951 model.! The
rings and catches can be bought in most hard-
ware stores. The Twin-Lead strap is practically
indestructible, and convenient for the purpose.

QST for



Weight distribution beiug a factor in carrying
case, the receiver and transmitter units are
mounted at the top of the case, with batteries
and modulator in the bottom. The receiver and
transmitter chassis are identical in size, and sim-
ilar in control arrangement, making for symmet-
ricul front-panel appearauce. All controls that
are adjusted in the course of normal operation
project through the front and are equipped with
knobs. Transmitter neutralization and receiver
hand-sctting are done with un insulated screw
driver, through aceess holes in the top of the case.

Layout drawings of the three small chassis are
given in Figs. 2 and 3. The receiver and trans-
mitter chassis are made in two parts each. The
main portion is 4 picce of thin aluminum 3 by
517 inches overall, cut for bending !4 inch along
ane side for stiffening. This hent-up lip is not
absolutely necessary, so don’t be alarmed if you
Jon’t have facilities for faney metal work. Below
cuch main chassis is a small bracket of the same
material, bolted to the horizoutal portion of the
chassis. This carries the untenna loading capuci-
tor, ("4, In the transmitter, and the regeneration
control, £, iu the receiver. Hole sizes and minor
Jdimensions may vary somewhat with other com-
ponents than the ones used here, so it is well to
check your parts before following the layout
drawings implicitly.

The modulator chassis requires some cutting
and bending work if a duplicate of the original
is to be made. 1t is so small in size, however, that
thin aluminum which can be bent readily between
hlocks of wood in a vise can be used. Even
Hashing copper should be suitable.

“I'he hottorn-view drawing ot the modulator in
Kig. 3 shows how the tie-point strips are ar-

wire leads, cach being covered with insulating
sleeving. As a further precaution against shorts
the edges of the slots in the modulator chassis
where the transistor leads are brought through are
lined with small picces of black plastic tape.

Looking at the rear view of the assembled unit,
the transmitter is at the upper left, the receiver
at the right, the modulator at the lower lett,
and the batteries at the lower right. The r.f.
units are held in place by their control mounting
nuts. The modulator is mounted with two self-
tapping screws.

Batteries

Selection of batteries to power the station re-
nuired some thought. Mercury batteries look
good on paper. They offer more power in u piven
space than carbon-zine types, and their uniform
voltage throughout useful life is advantageous,
but upon investigation of the cost per iilliam-
pere-hour we decided on conventional batteries
for all but the filament circuits. Mereury bat-
teries last four times as long, for the sume cell
size, but they cost eight times as much.

Uniform voltage is important for the filaments
of the tubes, so a mercury cell (Mallory RM-42
or RM~§2R) is used here. It is mounted in a
holder designed for the cell, in preference to
something of a handmade nature. The cell,
BT, is substantially the same size as a regular
Hashlight cell, so the latter cun be pressed into
service, if need be. Note, however, that the polar-
ity of the mercury cell is opposite to that of
Hashlight cell of the drugstore type.

The voltage of the B battery is not critical.
so the extra outlay for mercury cells is not justi-
fied for this scrvice, if cost is important to the

runged. The transistors arc supported on their  builder. The small 90-volt battery, B7%, is
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widely available and inexpensive. It will give
many hours of service, particularly if the operator
uses the truansmitter sparingly. Drain on receiving
is only 3 ma.

We found no suitable inexpensive hattery for
the transistor supply, so 8 penlite cells were
wired up in series for this job. The battery, BT,
is tupped at minus Y volts for the receiver audio
stage. The cells were taped together in a block 4
cells long aund 2 wide, with each one inverted
with respect to its neighbor. Stiff wires were used
to make the series connections.

Word of caution here: You ean save vourself
a Jot of trouble by buyving the old-fashioned type
of penlite ccll. The Hashy leakproof cell now
available has u small metal disk for making con-
tact at the base of the cell. It does not work unless
the cell or series of cells is under spring pressure,
us in a fHashlight. It took the writer some time
to run down intermittent operation in the tran-
sistor portion of this rig before this bit of informa-
tion was turned up. If the leak-proof cells must
be used, slice oft the base of the paper holder,
and solder dircetly to the zine cell. Leave the
puper on the sides, or the works will short out
when the cells are taped together.

The base of the 8-cell battery rests on a piece of
corrugated paper. A tie-point strip (visible in
the rear-view photograph) is mounted directly
in back of the battery. Stiff leads from the battery
terminals down to the lugs hold the battery in
place.

Note that the top of the detector tube shield
is wrapped with black plastic tape. This was done
to prevent possible shorting of the B battery, as
the positive terminal is directly in back of the
shield. It is good practice to lift the cable con-
nector from the battery whenever work is done
on any part of the equipment. This is u sure way
ta prevent, possible burnouts of tubes aud transis-
tors due to accidental shorting.

Total battery drain, at average voltages, is
as follows: Filaments — 200 ma. on transmit,
50 ma. on receive; Plutes — 15 Ma. on transmit,
3 ma. on receive: Modulator -~ 2 ma. resting, 30
to 40 ma. on voice peaks; Receiver audio —
18 ma. (The audio transistor is overdriven at
times, and its current varies at high audio levels.
The resulting distortion is not hothersome on
voice.) Be sure that the switch on the regenera-
tion control is turned off when the equipment is
not in use. Otherwise the transistors will continue
to draw current, and there will be about 1 ma.
drawn continuously from the B battery by the

bleeder effect of the regeneration control.
Wiring

The subassemblies are completely wired before
they are mounted in place. Most of this is done
with the leads on the various components. Wiring
hint: Tapping the close-spaced Miniductor stock
used for the r.f. coil, Ls, is casy if the two turns
adjacent to the one to be tapped are pushed down
u bit, Transformer leads are identified by a color
code that is fairly standard, though informution
supplied with the transformers should be checked
before wiring them up according to the colors
indicated in the schematic diagram, if parts other
than those specified are used.

The various impedances are not particularly
critical. If the exact components specified here
arc not obtainable, transformers having sume-
what similar characteristics may be substituted.
There are many makes of sinall transistor trans-
formers available, and detailed listings arc given
in many catalogs.

Identification of the various leads between
chassis and batteries is made easy if the wires are
color coded. It is a good idea to malke notes
during the construction of the rig, listing the
colors used throughout. Keep the notes handy,
for reference when it may becote necessary to
remove anhy unit from the case. ()ne way to be
sure vou always have such information at hand
is to paste it inside the back cover.

Testing and Use

The receiver and transmitter can be tested in-
dividually, using temporary battery connections,
hefore the units are mounted in the case. You
may wunt to use larger-sized batteries or power
sources other than the small batteries, if suitable
voltages are available. A plate supply using a
VR-00 voltage regulator tube will be w suitable
substitute for the B battery. A No. 6 dry cell, if
oue ig handy, will handle the filament job for long
periods with no strain.

There is nothing tricky about the transmitter
adjustment. If the polarity of L; and Ly is correct
the oscillator portion should work when the tuned
cirenit is resonated at the crystal frequency.
Plate current will be [0 ma. or more with no
oscillation, dropping to about 5 to 7 ma. when the
crystal starts. Starting is not fussy, and the circuit
may be left tuned where the oscillator delivers
maximum output. This can be checked by plug-
ging a low-range milliammeter into the tip jacks,
Jo and J3.

Looking underside we see the antenna

loading capacitor in the transmitter

and the regeneration control in the

receiver mounted on small aluminum

brackets bolted to the chassis. The

transistor audio amplifier is assembled
at the back of the receiver, left.
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With no plate voltage on the amplifier section,
grid eurrent should be about 1 ma, Tune the
amplifier plate circuit, LzC3, slowly, while
watching the grid current. Unless the neutralizing
cupacitor, Cq, happens to be set exactly at the
right spot, the grid current will dip at resonance.
in the plate circuit. Start with (s near the middle
of its range. Change it =lightly and tune '3
through resonance again. If the move was in the
right direction there will be less grid-current dip
this time. Move (72 a little at a time, rechecking
for dip, until there is no downward movement of
the grid meter at all. (There may be a slight rise.)

Girid current now will probably be in excess of
I ma., with no amplifier plate voltage applied.
Make up a dummy load using a 2-volt 60-ma.
pilot lamp (No. 48 or 49) with a loop of insulated
wire about 3{ inch in diameter connected across
it. Drop this over the amplifier plate coil. {Lsg
need not be wound over L3 until later.) Apply
plate voltage through Cyg, and tune Cj3 for maxi-
mum lamp brilliance. This should be a good
hright light. Amplifier plate current will be
about 7 ma. under load. With no load it will
drop to about 2 ma. at resonance. Pull the crystal
from its socket. [f the amplifier is perfectly neu-
tralized the grid current will disappear and the
plate current will rise to 10 ma. or more. Run
hoth (7 und ('3 through their tuning ranges.
No change in plate current should result, nor
should there he any grid current. Another check
on neutralization: with the amplifier driven and
loaded, muaximum output, minimum plate cur-
rent and maximum grid current should all occur
at the sume setting of the plate capacitor. Grid
current under load will be about 0.6 ma.

When the transmitter is mounted in the case,
and L4 is conneccted to C4 and the send-receive
switch, the dummy load can be connected to the
output fitting, J;, by means of a matching coaxial
conuector. Solder u picce of stiff wire to the
center contact of the lamp, and press the lamp
into the end of the connector sleeve. The metal
base of the lamp can be soldered to the sleeve,
hut this may not be nceessary. Run the wire
through the pin contact of the conncctor, aud
solder it. Such u load is not too bad a mismatch
for the transmitter, and with it the rig can be
tuned for maximum output readily. T'he settings
of (3 und (s so arrived at will be a fair approxi-
mation of those required for best operation
with either the base-loaded whip or an antenna
system fed with coaxial cable.

Best, results in tuning on an antenna can be
obtained with a sensitive ficld-strength meter.

Bottom view of the transistor modulator. Connections to
the various tie-point strips are given in the detail drawing,

Fig. 3.
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The S meter on a communications receiver (with
a H50-Mec. converter attached) can also be used,
provided the converter is well shielded and op-
erated with little or no antenna. This method
applics only when the portable transmitter is
operated with the case on, so that the power radi-
ated by the anfenna is what is being indicated,
not radiation from the transmitter circuits them-
sclves.

Little if any adjustment is required in the re-
ceiver, other than to find the band. A quick check
on the tuning range can be made if you have a
calibrated 50-Me. receiving setup at hand. The
detector radiation will make a rushing noise in
the receiver so used, and its frequency can be
checked roughly.

It 50-Me. signals are availuble, tune onc in and
peak the r.f. amplifier tuning, ‘s, for maximum
suppression of the characteristic superregenera-
tive hiss. This may be & more reliable indication
of proper tuning than audio level, as the super-
regen hus a natural a.v.e. action that makes
variations in signal hard to deteet.

The detector is quite stable, and interesting
side effects are possible with variation of the
regeneration control. Full on there is the usual
loud hiss, which is fully or partially suppressed
when a signal is tuned in. Bucking off the control
brings a condition in between full superregenera-
tion and autodyne reception. A beat is heard as a
xignal is tuncd in, but the quenching is still
woing on, us shown by the signal reappearing at
multiples of the quench frequency either side of
the main signal. The receiver is easy to handle
on c.w. in this condition, and it even gives
intelligible results on single sideband! Further
reduction of screen voltage brings true autodyne
reception, at reduced sensitivity, but this mode
is still usable on strong signals. Local phones can
be copied with no background noise, by backing
off the regeneration to just below the point of
oscillation. In the lutter modes the receiver acts
just like the old bloopers of a bygone era.

Sensitivity of the receiver will not be up to
your low-noise converter-receiver combination,
but it will be far more than nceded to hear any-
one vou can work with half a watt input. The
first signul heard when the litlle receiver was
hooked up to the beam at WIHDQ was u K5 in
Mississippi, booming in like a local. Under

normal “groundwave’’ conditions many stations
100 miles or more uway come through with
readable signals on the home beuam.

With the base-loaded whip the receiving radius
varies greatly with terrain. We have heard sta~




Antenna for the 50-Mc. portable is a base-loaded whip,

shown here telescoped to minimum length. Lucite rod is

drilled to take the coaxial fitting at the bottom and the

antenna at the top, and the loading coil is slipped over it.

To make connection to the whip the rod and whip are

drilled and tapped for a 4-32 screw, which is the upper
terminal of the loading coil.

tions up to 30 miles away with the little job sitting
on g desk on the second floor of the Headquarters
otlice. How far you can work with the transmitter
depends mostly on the alertness of the receiving
operators. Onee vou make a contact and the word
spreads about. what you’re using, the rest of the
gung get interested and start digging for vou.
The first one often comes hard, but others may
follow eusily. This applics particularly if you are
st up on some remote hilltop, far off the line of
most of the home-station beams.

The antenna used for “pedestrian mobile”
is 1 base-loaded whip. When one realizes how well
75-meter mobiles work out with whips that are
very short in terms of wavelength, it should
come as no surprise that even a whip 20 inches
long works well on 50 Ale., provided it is res-
onant at the desired frequency. We've used two

such whips. The oune in the photograph came
with a Model ITI 2-Meter Communicator. It is 21
inches fully extended and 6 inches long collapsed.
The other was obtained from Lafayette Radio.
Jamaica, N. Y. It is 9 inches long collapsed, and
extendeds to 34 inches.

A piece of lucite rod supports the whip. Drill
one end to fit the whip base and the other to slip
over the end of PI-~259 coaxial fitting. ‘The load-
ing coil is B & W DMiniductor. With the short
whip 11 turns of No. 3011 (No. 20 tinned wire,
%4-inch diameter, 16 t.p.i.) will do. Beenuse u
serap of No. 3015 i(sume wire and pitch, but
1-inch diameter) was handy, it was used with the
longer whip. A 5-turn coil was needed with the
whip at full length. Cloil sizes cuu he worked
onut by using the transmitter with u field-strength
indicator nearby. Start with a larger coil than
is nceded, und adjust the antenna length for
maximum meter reading. Trim the coil a turn
at a time until maximum reading is obtained with
the whip at its maximum length. An adjustable
whip is handy if you want. to work the high end
of the band now and then, and still maintain
maximum radiation efficiency. Tune both (3 und
'y carefully for maximum radiation when the
coil size, antenna length or frequency is changed.

Wherever possible use something in the way of
a real antenna: u beam if you ean manage it.
We've had fine results in hilltop work with the
portable heam described in QST ? for August.
1956. It will bring in strong signals that are
inaudible on the whips, und its gain is almost a
necessity if the little portable rig is to be heard
at distances beyond pure line of sight. We're
working on ideas for using adjustable whips for
a portable beam. More on this luter if it works
out well. 57—

2 Tilton — “ A Portable Beam for 50 and 144 Mec.” QST.
August, 1956, p. 35,

&-Stravsys

Here are the March schedules for the various
MARS technical nets.

First Army MARS
i Wednesday evenings, 2100 EST, 4030 ke, upper sideband)

March 2 - Transistorized Test Equipment for
the Amateur Radio Station.

March 9 -— Fundamental Requirements for Mil-
itary S.S.B. Receiver Design.

Murch 16 — Low Noise Preamplifiers.

Muarch 23 — [RE Convention Recess.

March 30 — Fundamentals of Single Sideband
and Some Commercial Practiee.
AF.MARS Eastern

(Sunday 1400 EST: 3295, 7540 and 15,715 ke.)

Muarch 6 — The IRE Convention,

March 13 — Sonar ‘Transducers.

March 20 — knergy Systems for Space Opera-
tions.

March 27 -~ Tool Design.
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AF-MARS Western
{Snndays 1400 local time; 7832.5, 3205 ke. and 143,46 Ae.)
Mar. 6 — Frequeney Control for the Amateur,
Mar. 13 — Infra Red Technology.
Mar. 20 — Propagation with Problems (*onfront-
ing Rudio Transmission in the Arctie.
Mar, 27 — Technical Net Session, (lonversion
Discussion and Project Reports.

—- e o v

WOCFH points out, in couucction with the
article on power line noise in November ()ST,
that u frequent cause of such noise is ground wires
with loose staples. The cure is to drive the stapics
in real tight.

KATZP called ') on the 40 meter e.w. band
recently and was answered by KATPZ. After a
short (S0, a third fellow joined in—- K4TZA.
**An enjoyable, but confusing contact,”’ was their
judgment,

QST for



This isn't a transmitter. It's W3AXF's receiver, designed
especially for the ham bands. The small window for the
digital frequency dial is at the right center of the main
panel. Above it are the Q-multiplier controls and function
switch, The gain controls and sideband selector are below
the counter window, next to the headphone jack. The
main tuning control is at the lover left. The dial on the
upper panel tunes the r.f. and first-mixer stages.

A Ham-Band Receiver

of Unusual Design

BY HALFORD R. GREENLEE,* W3AXF

Build Your Own Receiver?

build their own receivers these duys. They

will spend quite a lot of money on a commer-
cial job insteud, and then find out to their dismay
how much it is lacking. At this point, many ama-~
teurs will resort to hanging all kinds of outrigger
gudgets on the receiver to give it the desired
features and performance. I have even seen re-
ceivers which have most of the circuitry external
to the original unit. it should be obvious this is
not, the best way of doing things. For example,
why add a super-sideband selector to a cheap re-
ceiver which is not especiully stable? Or why add
a fifty-cycle band-width crystal filter to u receiver
having a string dial with several hundred kilo-
cycles per knob revolution?

There are two alternatives. One is to buy the
fanciest and most cxpensive receiver and hope
that it is what is wanted. However, this is hard
on the pocketbook, and often results in having a
complex picee of equipment around the shack that
ualmost scares the owner. Not having built it, he
probably knows little about its insides, und dares
not. do any servicing or modification. And even
the best available receiver falls short of what
many amateurs could build for themselves. The
reason is twofold. Any commercial receiver is u
compromise which must suit people with different
needs well enough to assure a market for it. And
commercial design lugs behind new ideas and
developments by years. Why not build your own
receiver and put in it exactly what you want?
This is what | decided to Jdo, and my first real
effort resulted in a receiver I would gladly com-
pare with anything that hus ever crossed the
counter.

#4011 Walker Iill Road, District Heights, Maryland,
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IT 1s unfortunately true that very few amateurs

The receiver described here departs
considerably from a common concep-
tion bred from long associution with
the article found on dealer counters.
This is not a nut-screw-and-solder
article, but it supports the author’s
contention that a satisfactory answcer
to the question in the title is not diffi-
cult to find if you want performance to
meet ham-band requirements which
become more specialized cvery day.

My interest is in both DX aud local operution,
mostly on s.8.b., but also on a.m. and e.w. So
my receiver had to have, in this order of impor-
tance, excellent stability, sclectivity, and sensi-
tivity; easy tuning and accurate calibration: good
image rejection, and freedom from overloading.
My final design met these demands, aud it is
outlined below in the hope that it may give yvou
some ideas of your own for a future receiver. A
block diagram of the recciver is shown in Fig. 1.

Let's start with the front end. A high-gain
variable-u tube, the 6BZ6, was chosen for the
r.f. amplifier. The mixer is a pentode, one see-
tion of a 6U8. When a resistor is substituted
for the antenna, there is a considerable drop from
atmospheric noise to front-cnd noise, cven on 10
meters.

Stability

The double-conversion principle is used, but
the arrangement is a little unconventional. The
first conversion oscillator is crystal-controlled
and the mixer feceds a tunable first i.f. amplifier.
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Fig. 1—Block diagram of W3AXF's communications receiver,

The first i.f. tracks with a variable second con-
version osvillator to produce the second i.f. of
250 ke. A little thought will reveal that this sys-
tem is inherently more stable than oue using a
variable oscillator up near the signal trequency.
The h.f. crystal oscillator drifts very little, and
the variuble sccond oscillator drift is also rela-
tively small becausc it is at 2 much lower fre-
quency than the signal. The short- or long-term
drift of my receiver after a five-minute warm-up
is less than o half kiloeyele on 10 meters, de-~
creasing slightly on Jower bands.

Another advantage is that the dial calibration
and tuning rate are exactly the same on each
band. The average first i.f. frequency is above
2 Me. and image response is consequently small,
on the order of -0 to —80 db.

Selectivity

Two mechanical filters at 250 ke. supply the
selectivity. They are both 3 ke. wide and are
“side hy side” so that the upper or lower side-
band of a phone signal can be sclected by switch-
ing filters. The beut-oscillator frequency is right
hetween the flter passbands (sce Fig. 2). Since
there is no need to change its frequency it is
crystul-controlled to increase stability. The filters
are about 4.2 ke. wide at —60 db., giving a

=5 =4 -3 =2 ~| 250KC+1 +2 +3 +4 +5
PSS Sy S VU S

1
-6db. LOWER |!f UPPER
SIDEBAND {i| SIDEBAND
i FILTER |if FILTER
~40db1 B.F.O.
FREQUENCY
~40db
~60dbA

Fig. 2 — Approximate response curves of the two me-
chanical filters. The crystal-controlled b.f.o. frequency is
centered between the two filter passbands.
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neurly rectangular, *‘ideal” passband. A\ -multi-
plier circuit provides a notch for nulling hetero-
dynes or a peak for greater selectivity on c.aw.
It has the advantage over a crystal filter that it
can be tuned to different c.w. signals without
changing the main tuning and shifting the beat-
note pitches.

Note that there are two detectors, a 6ALS
diode detector for a.m. and a 12AU7 double-
triode product detector for s.s.b. and e.w. The
advantage of climinating intermodulation dis-
tortion on s.8.b. and c.w. makes the use of the
product detector very worthwhile.

A.V.C. Circuit

The block diagram, Fig. 1, shows a split in the
i.f. line after the mechanical filters. The upper
branch is an isolated a.v.c. amplifier, detector,
and noise limiter. The b.f.0. and a.v.c. circuits
are carefully shielded and no b.f.o. output leaks
into the a.v.c. detector. As a result, a.v.c. cun
be nused equally well on a.m., c.w., or s.a.b. Refer
to Fig. 3 for the cireuit. When a signal reaches
the detector, a negative voltage builds up quickly
across ("y. If the signal is cut off, this negative
voltage does not disappear immediately because
it must discharge through R;. Thus the receiver
does not return to full gain too quickly and the
a.v.c. follows the average level of a c.w. or s.8.b.
signal rather than “pumping” up and down. A
shorter time coustant is satisfactory for w.m.
because of the comparatively steady carrier. The
release time constant is set by 2 and (' plus
other capacitance shunting the a.v.c line; my
receiver uses about 0.1 sccond for a.m. and 1.0
seeond for c.w. and s.8.b. The a.v.c. is ulso de-
layed and does not. uct on the weakest signals.
The delay voltage (about 25 volts positive) is
taken from the junction of R and R3. The noise
limiter in this circuit reduces the tendency of
noise pulses to operate the a.v.c., since with 2
long release time constant, noise pulses would
produce a very bothersome effect.

QST for
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respon.se

Flg. 3 — Avee. circult used tn
W3AXF's receiver. V\ is the aw.c.

rectifier. V2 is a noise limiter used
to keep the a.v.c. system from
operating on noise pulses. The
release time constant is set by Ri
and Ci. Values of 330K for a.m.,
and 3.3 megohms for cw. and
s.s.b. are suggested. The voltage
divider, consisting of R2 and Rs,
provides a delay voltage of about
25 at the junction of the two
resistors.

Following the signal detectors is an adjustable
full-wave noise limiter, and u two-stage uudio
amplifier. The effectiveness of the noise limiter
is reduced because the mechanical filters tend to
lengthen short noise pulses into damped-train
oscillations. A unique method of silencing the
receiver during transmissions involves simply
lifting the 6AU6 cuthode 30 volts ubove ground
{sce Kig. 4), cutting off that stage. Thus no high-
voltage switching is used, and the receiver runs
continuously. This is always desirable to mini-
mize drift.

‘Tunable I.F.

Several of the eritical parts were purchased
from Collinr, The sccond-conversion oseillator is
the p.t.o. unit found in Collins receivers. It
wouldn’t have been impossible to build an oscilla-
tor with cqual or hetter stability, but there was
another consideration. It the oscillator tuning is
linear (i.c., su many degrees of shaft rotation
produce so many kilocyeles change in tuning),
an ordinary type of dial is not needed. I used
a Veeder-Root counter coupled to the oscillator-
tuning shaft so that the hundreds of kilocycles
are read through a small window. If the band-
switch indicates 21 Me. and the number in the
window is 231, then the frequency is 21,231 ke.
= | ke. The Collins p.t.o. is linear within 1 ke.
and makes this nice arrangement possible.
The mechanical filters are the 250Z1 and 25072
aud their enuivalents are available from Collins.
Cost would have been reduced by nearly half if T
hud built my own uscillator and had built erys-
tal Iattice filters instead of nsing mechanicul
filters.

The dial mechanism driving the p.t.o. is u
worm-gear box which slows the tuning rate to less
than 2 ke. per knob revolution. This is excellent.
for s.s.b. (my first concern, remember), but get-
ting across the band takes some time. A two-
speed drive would be better, but I could not locate
a good one.

Performance

Operating the receiver is an experience. The

One side panel has been removed in this view. The smaller
chassis at the top houses the crystal-controlled signal con-
verter. The center chassis contains all stages after the
mechanical filters which are visible at the lower left. The
{fower chassis also contains the tunable second converter.
The Q multiplier is in a separate box between the panel
and the center chassis. Sectionalizing simplifies construction
and maintenance.
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extreme skirt sclectivity of the filters makes
heterodynes suddenly appear and disappear, and
they can be tuned out completely if they are not
present on both sidebands, close to the carrier of

the desired signal. The only thing that would help
IST AUDIO
6AUG

MUTING
TERMINALS

Fig. 4—The output of the receiver is muted by opening
the terminals. This applies cut-off bias to the audio output
stage. The resistor at the cathode is the normal cathode
biasing resistor. The other two resistors make up a high-
resistance voltage divider delivering
approximately 30 volts at the tap.

in such a case, anyway, is a telephone. On c.w.,
one side of zero heat is heard to 3 ke., but nothing
can be heard on the other side unless the sideband
sclector is switched. Even a b.c.l. can tune in
#.8.b., thavks to the slow tuning rate. The re-
ceiver is rock-stable, mechanically and clee-
trically, and is literally a frequency meter. The
a.v.¢, allows listening to s.s.b. round tables with
33 and 894 40 db. stations without having to
adjust the r.f. guin. This works equally well on
¢.w. nets.

You, too, evuld have in your shack the kind of
receiver that still proves we can build ’em better
than they can make 'em. I spent less than half a
kilobuck on mine and you can get away quite well
with much less. I'll be looking forward to heuring,

“The receiver here is a homebrew. . . .7 [B5F%—]




e Beginner and Vavice —

Preventive Maintenance
Tips for Novices on Keeping Equipment Operating

BY JOE SMITH, * WOZDN

twenty-one beginners, mostly Novices, in

this amateur radio game is that few of them
really understand how to maintain their equip-
ment. When a set breaks down the average Nov-
ice immediately runs to his nearest ham friend,
either with the rig itself or with a very sad story of
trouble. Now the chances are that said ham friend
is more than willing to help in debugging the gear,
but the fact remains that he may not always he
around when things break down, as they in-
evitably will in time. Therefore the wise beginner
will acquaint himself with certain preventive-
maintenance measures and corrective methods,
to assure his ability to maintain his own gear.

Much of this lack of confidence has its origin
in the fact that a Novice licensee is not required
to know much about radio theory nor to have the
know-how necessary tor keeping things going.
Still, it need not he too difficult if one will stop
to think things out a bit. After all every *‘bug”
has its enuse, although the cause may at times be
a bit hard to find. Generally speaking, it is not
difficult to keep most simple low-power rigs in
good running condition.

With the sermon out of the way let's get down
to the business of preventive maintenance.

First, off, have you cleaned out the dust, cob-
webs, and surplus material from the gear lately?
Ever clean the plates of the variable capacitors
with a soft-hair long-bristled brush? (A pipe
cleaner is good for this, too.-- HEditor.) If ex-
ressive dirt and dust collect between closely
spuced plates of variables they can are over.

If you've had the rig for two or three years
have you ever tested those faithful tubes in a
good tube tester? They can’t last forever, and
one or more might be on their last legs and
therefore may not be doing their full job; it’s
better to find out before they break down on
yvou during some fine QSO.

Did you ever take time out to tighten those
miscellancous screws, nuts, and bolts that were
used in assembling the rig? If one is holding a
ground Iug, especially, it can give you trouble
if it works loose. Other counections can und some-
times do work loose — even supposedly soldered
ones — =0 it would be wise, while looking over
the old reliable rig, to check them, too.

If the rig is rather advanced in age, as many
of them arc, have you ever taken time out to
check the tube-socket prongs? Are they becoming
rather loose in the sockets? If so, why not invest
in new sockets (cost, 10 cents) and replace them?
Some of the meanest intermittent troubles in

#7190 Jordan St., Jacksonyille, 111,
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TH’E author’s experience here with some

transmitters can be traced back to bad socket
connections.

How ubout those conneccting cables if the rig
uses them; are the soldered connections between
the wires and plug pins good and tight, or has
pulling the plug out and replacing it in the socket
loosened them? A loss of power from an external
power supply can oftentimes bhe traced to a
defeetive power cuble.

Getting back to the rig, how about those rotary
switch contacts: have they been cleaned with
carbon tet lately? Dirt can eolleet on them and
make them erratie in operation. If plug-in type
tank coils are used, have you checked that coil
socket and its pins rceently? Are they tight,
or has changing plug-in coils over a period of
time loosened them? If so, replace the socket
and save yourself some headaches. Likewise, if
an octal tube sucket has heen used in a home-
brew rig as the crystal socket, frequent changing
of crvstals can loosen its prongs and enuse er-
ratic ervstal operation.

While you have the rig out of the case. why
not tuke a look at the component parts? Borrow
an ohmmeter and check the resistors: are they
up to par? Do any appear scorched or burned
from operating too close to their maximum rat-
ings? 1If so, replace with a larger wattage-rating
resistor of the same value. Cheek those bypass
capacitors, especially the eleetrolyties. Over a
period of time electrolytics cun and usually do
become leaky. Any questionable ones should be
replaced. The high-ohms scale of most v.o.m.’s
will test clectrolytics for leakage!; if any turn
out to have greuter leakage than normal, why not
replace them rather than leave them there to
break down on you later — usually at a most
inopportune time!

If you are using screw-down type output termi-
nals, check them carefully and tighten them
down; loose ones can be real trouble makers.
Watch out for possible near shorts in wiring as
you look over the rig; vibration might bring about
an actual short circuit some time later and blow
something out.

Finally, have you checked that antenna tuner.
feed line, and antenna lutely? If not, it’s high

(Continued on pnge 168)

! High leakage shows up as u lower-than-normal resistance
reading on the ohmmeter. I'he normal leakage current is pro-
portional to capacitance, so high-capacitance units can be
expected to show lower resistance values than low-capaci-
tance units, Measure the resistance of a few new capacitors
as & guide; if an old one is well below average it is probably
in rather poor condition. Resistances of good electrolytics
usually will be in the megohms range, Be sure that the posi-
tive battery lead from the ohmmecter goes to the positive
terminal of the capacitor in making this test. — Kditor.
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The ""Magkee" has everything ex-
cept the key-lever mechanism in its
3 X 4 X 5-inch box. This includes
a line-powered rectified-a.c. sup-
ply for the transistors and relay.

The ““Magkee”

The technique of using magnetic-core
“memories’” for storage and switching
was bound to work its way into amateur
practice sooner or later. Here’s an appli-
cation in the electronic-kever field. The
description includes some background
information on magnetic core operation
which even those not in the market for a
keyver should find interesting.

ERE is an clectronic key design in which

magnetic cores are used to perform as

many of the functions as possible. These
small switching cores offer many advantages in
circuit design — among them small size, low
impedance, low power requirements, and relia-
bility. The low impedance and low power require-
ment of these cores make them ideally suited for
transistor circuits.

The heart of this key is a three-stuge *‘shift
register.”” This is just a special name for a circuit
that transfers a pulse from one core to another in
response to pulses from an oscillator. This shift
register provides the proper delay in forming a
dot or dash from pulses provided by a time-base
generator. As indicated in the block diagram,
Fig. 1, pulses from the time-base generator set

—

TIME SHIFT
BASE GATE Toasw REGISTER
FLIP-FLOP

Fig. 1 — Block diagram of basic circuit layout.

the flip-tlop to start a dash or dot and, after a
suitable delay provided by the shift register, the
Hip-tlop is reset, thus completing the character.

A gate has been provided in a feedback loop
around the shift register so that once o dot or
dash has been started, no more pulses from the
time-base yenerator can be availuble to start

*334 Jean Bt., Fairfax, Virginia,
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An Electronic Key
Using Magnetic Cores

and Transistors

BY JOSEPH C. THORNWALL,* W4FGM

another character until after the one that has
been started has been completed. This interval
includes the space following the dot or dash.
In other words, once a dot or dash has been
started the key may be opened at any time during
the dot or dash or the immediately-following
space interval and another dot or dash will not
be sturted. It is only necessary to bave the key
closed during the start of the dot or dash. Of
course, 4 continuous string of dots or dashes may
he formed by holding the key closed.

Core Operation

Before discussing the actual circuit it might
be well to find out a little about how magnetic
cores function. Fig, 2 shows an idealized magnet-

-8B

Fig. 2 — States of core magnetization.

ization curve of » magnetic switching core.
Suppose we take a core of this magnetization
curve and place a couple of windings on it. Let
us apply a current through one of these windings
to provide the ampere turns nceessary for the
magnetizing force represented by point 1 on the
H axis. Tf we have an oscilloscope across the
second winding a voltage pulse will be observed
during the time the current is increasing in
winding No. 1. The magnitude of this voltage
will depend upon several things: the number of
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COMPONENTS iNSIDE COTTED L!NE MAY BE
REPLACED WITH ALTERNATE TIME BASE
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GENERATGR.

turns on winding No. 2, the rate of change of
current in winding No. 1, the initial state of the
core, the magnitude of the current, and the tvpe
of material in the core. The flux in the core will
reach a magnitude of +Bw (maximum finx
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density) and remain there as long as the current
flows in winding No. |. When the current is cut
off in winding No. 1 the Hux will drop to +B:
{residual flux density) and remain there. A slight
voltage of opposite polarity will develop in
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winding No. ¢ when this happens, but if the core
material has a high B;/Bu ratio this voltage will
be negligible.

Now suppose we upply a pulse of current to
winding No. 1 again in the same direction aund
with the same magnitude as betore. The core will
magucetize from +8: to 4 Bm again und o small
voltage will be developed in winding No. 2. The
impedance of winding No. 1 to a eurrent pulse of
this magnitude and direction will be very low.
In faet, it will be about the sume as that of un
air-wound coil of the sume configuration. Now
suppose the polarity of the current pulse is re-
versed. The core will switech from 48, to -~ Bn,
and a relatively large voltage will appear on
winding No. 2. Of course, a8 svou as the current
pulse stops, the Hux will drop to — B and remain
there. In other words, each time the current in
winding No. [ is reversed a relatively large
voltage will appear on winding No. 2. Also, a
current pulse applied to winding No. 1 encounters
either u relatively high or relatively low im-
pedance, depending on whether or not the flux
in the core is reversing.

The Shift Register

The complete ‘“Magkee’ schematic is shown
in Fig. 3. Let us take a look at the circuits in
detail before we follow the sequence of c¢vents
in forming a dash or dot.

)y is a unijunction transistor connected as
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an oscillator to provide trigger pulses to the
base of (Q2, and at the same time to provide
current pulses to core Hy. Core Fy is used here as
a means of ohtaining short-duration pulses suit~
able for setting the shift register. T'his is accom-
plished by sctting the core in oue direction by ()
and then immediately resetting the core with the
regenerative action of (Qs, thus inducing a pnlse
in the 60-turn winding of core K.

The collector of (2 is connected to four series-
connected 30-turn windings on four cores. The
base of this transistor is connected to four series-
counceted 6-turn windings on the same cores.
Now suppose that one of these four cores is
magnetized in such a way that when current
Hows through the 30-turn winding, as a result
of u negative trigger pulse applied to the base
of (Ja by (1, a voltuge is induced in the t-turn
winding on the sume core. This voltage is of the
proper polarity to produce additional negative
potential on the buse of (2. This is a regenerative
process and current will ow until the core has
switched. A circuit of this type reverses the
magnetization of any core that has been set
during the time interval between trigger pulses.
The 30-turn windings connected in series are
generally known as the “shift line.”

The pulses from the 60-turn winding on core
FE4 must pass through a 60-turn winding on core
K. 1f this 60-turn winding offers a low impedance
to the pulses from core K4 then core Ey or K3 may
be set when the key is closed, E, for initiating a
dash and K3 for initiating a dot. On the other
hand, if this 60-turn winding offers u high im-
pedance to these pulses then there will not be
enough current available to set core Ky or Es.
In this way core K5 acts as a gate.

Cores Ky, Eo, and Ey make up o three-stage
shift register. If & pulse from core £y is applied
to the dash contact of the key, C'y will be charged.
'y and K; make up a delay network. This delay
network is necessury because the first core can-
not set while current is lowing in the shift line,
and the shift-line current Hows for the sume
length of time as the duration of the pulse heing
applied to ('y. By introducing the delay network
the upplication of the current pulse from the key
circuit is delayed cnough so that the core will
be set by the pulse after the shift-line current
has stopped. This same tvpe delay network is
required between each stage of the shift register.
The diodes (K2, CR3, ('R4) ure required to keep
the associated cupucitors from discharging back
into the preceding windings when the pulse has
been cowpleted. The diodes are ulso necessary
to prevent reverse current from Howing as a
result of the potential induced in the 30-turn
winding of the following core when it resets.
Now it 18 evident that if core Ky is sct there will
he a potential induced in the G0-turn winding
when the next shift-line pulse cotnes along, In
this way the pulse or “bit’’ is passed from core
to core with cach shift-line pulse.

Forming Dots and Dashes
With this as an introduction let’s sce what
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happens when the dash contact of the key is
closed. Assume that the 60-turn winding on
core fis offers a low impedance to the pulses
from core #4. Under these conditions the next
pulse from core K3 will set core Ej through the
dash contact of the key lever, and since there
is u winding on core Es in series with the input
winding of core Ey, core Ejs ulso will set. In
addition, the voltage drop across the 10-ohm
resistor, Ko, in series with the input winding of
core £1 will turn off flip-tlop transistor @3 and
turn on s, thus starting the dash.

{f we continue to hold the dash contacts closed,
cor¢ B will tend to reset. To prevent this from
happening, a winding for each stage of the shift
register is placed on core Es. Each of these wind-
ings receives a current pulse from cach core of
the shift register in sequence. In this way core

's is set cach time the pulse is transferred from
one core to the next in the shift register, thereby
keeping the 60-turn winding on core Ejs in 2
high-impedance state. ()f course, the key con-
tacts may also be opcned uny time after the
start of the dush.

The shift register now shifts along the *‘bit”
that we placed in core £ until, after three pulses
from the timing generator, u pulse appears on
the 3-turn winding of core Ki. This pulse turns
()4 off, completing the dash. At the same time
that (s is being turned off core E3 resets core
K. This provides a low-impedance path through
the 60-turn winding on core Ej for the next pulse
from core K4, thus completing the sequence.

A dot is formed by using only one stage of the
shift register; otherwise, the operation is the
sume as in forming a dash.

('R7 und the 12-ohm resistor in series with the
dagh contact were added to improve the stability
uf the keyer under extreme temperature varia-
tions, ufter some initial experience with it in

The flip-flop regenerative circuit and the unijunction
oscillator section. Some components were eliminated
after this board was constructed, which explains
the gaps on the board.

practical operation. The same consideration de-
termined the choice of a cupacitunce of 0.5 uf.
for ("1, which originally had been 0.1 uf. (‘Rg is
used to absorb the inductive kick from the relay
winding, which without such protection might
put e¢xcessively large negative pulses on the
colleetor of (4.

Construction Notes

All of the coils on the magnetic cores are wound
with No. 36 enameled wire. With the exception of
the 3-turn winding on core K3, no more than
three tyvpes of windings are used on any one core.
An easy way to kecp track of the phase of cach
winding is to make certain that each coil is
wound in the same direction. Then when the core
is mounted assume that all of the leads coming to
the top through the core ure of the phase indi-
cated by the dot beside each winding in Fig. 3,
and wire the circuit accordingly.

If the windings ure kept separate from each
other on the core when they are wound it is an
eusy matter to distinguish hetween a G0-, 30-, or
6-turn winding by the relative sizes of the wind-
ings. Keep the leads from the core to the solder
tie points short su it will be easy to go back and
recheck the wiring for errors after the wiring
has been completed.

Transformer 7"y is a Triad F-14X filament
transformer with the sccondary removed and
replaced with 380 turns of No. 32 enameled wire.
This modification will provide 30 volts a.c. The
only reason for doing this was to obtain a smaller
transformer than any of the 24- or 28-volt trans-
formers available commercially. Triad F-13X is
even smaller but it appeurs that the sccondarv
on this transformer is next to the core and it
would be more difficult to take the transformer
apart and rewind it. \s an alternative to the

vectified-a.c. supply the key could be powered

The magnetic cores and components associated with
the shift register and gate circuit.

QST for



Ry
Fig. 4—Alternative time-base genera- sr. Tt BR. 10
tor. Capacitances are in uf.; resist- su.x? E . r:lw
ances are in ohms, fixed resistors are +20 . E0 — @

V2 watt. Circled letters indicate connec-

8L.

YEL. &
tions to similarly-marked points in 0
Fig. 3. E4 in this diagram is identical _
with E; in Fig. 3. T, is an interstage 5 2N226 +20
audio transformer, 8000 to 2000 <
ohms, both windings center-tapped —
{Argonne type AR115).
200K
SPEED
0K
L

from u 22.5-volt battery if desired. The total
current drain is approximately 6.5 ma.

The values of R3 and R4 determine the max-
imum and minimum keying speeds. The values
shown in the schematic provide a variation from
a low speed of about 5 w.p.m. to u somewhat
higher speed than the relay can follow — perhaps
40 or 50 w.p.m.

The diodes in the shift register ((Re, CR3, C'Rs)
should have low forward resistance at low forward
aurrent, but there is no particular requirement
that the buack resistance be high. Diodes such as
the IN34 are not suitable in this application.

Cupacitor ('2 in the timing oscillator should
be & good quality paper unit, since it controls
the frequency of the oscillator.

'The components may be arranged in any way
that is convenient. There are no eritical layout
problems. Most of the components in the model
shown in the photographs were mounted on two
314 X 214 X ljsinch phenolic boards. The cores
and associated components were mounted on
one board and the Hip-flop, timing generator,
und regenerative stages were mounted on the
second. Holes were drilled in the boards and
small pins placed in these holes. These pins
serve to hold the components and also to provide
solder tie points. Most of the component wiring
connections were made on the undersides of the
boards with insulated enameled wire. The relay,

Interior of the keyer showing the boards mounted up-
right along the upper part of the photograph and the
relay and power supply taking up the
remaining area in the box.
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power transformer, rectificr and filter components
make up another subassembly. Both of these
rubassemblies were mounted in 4 5 X 4 X 3-inch
Minibox.

The paddle shown in the photograph was con-
structed by K4QLH from an article by D. F, L.
May (G2BB) appearing in the January 1959 issue
of the RSGB Rulletin. This secms to be un excel-
lent paddle control lever design. The central
moving arm is contained between two metal
pads under pressure. The idea of this is to prevent
the inadvertent closure of the opposite contact
when the lever is released. This is a very effective
arrangement, making possible close contact
spacing for high-speed operation.

The three-conductor cable that connects the
key lever to the keyer should be shielded if there
are strong r.f. ficlds in the shack.

Alternative Timing Generator

The 2N494 unijunction transistor performs
very satisfactorily in this application, but as
transistors go is quite expensive. If the experi-
menter prefers, the blocking-oscillator circuit
shown in Fig. 4, using an ordinary-type transistor,
may be substituted with a considerable suving in
cost. In trying this circuit it was found that the
10-ohm resistor, R, had to be added in the shift
line (in series with the 30-turn winding of Es)

(Continued on page 166)




ITH everyvthing made to work into coux
;xl these days, the need for nonreactive
dummy loads is greater than it once was.
Youn can't adjust 4 coupling system or check the
efficiency of u transmitter correctly and legally
without one. The old standby, the light bulh,
is out for v.h.f. use. Poor c¢nough on any ftre-
quency, the lamp load is hopeless in the v.h.f.
range and higher. Its impedance changes with
temperature at any frequency, and in the v.h.f.
range the filament is likely to have resonances
that malke its brilliance unreliable us an indication
of power output.

Purticularly in the low-power range, lamps are
extremely poor loads for v.h.f. transmitter test-
ing. Whatever their impedance may be, it is so
far removed from 50 ohms that a coupling method
that transfers power to a lamp load is almost
rertain to be far from right for use with low-
impedance line.

Clarbon resistors are usable, if they ure con-
neeted in such a way as to keep leads to un abso-
lute minimum. A single resistor inside i coaxial
fitting will do for measurements that do not in-
volve more power than the resistor is intended to
handle. Noise generator terminations and resistive
loads to simulate antenna conditions in receiver
work ure in this category. Kor transmitter use
we need more power-handling capability than a
single resistor will provide. There are nonindue-
tive resistors of high wattage on the market,
but they are expensive and hard to find, so some-
thing like the lnads shown here may be useful as
inexpensive substitutes.

The wattage of u load made like these is lim-
ited hy the number of resistors you can hook up
in parallel without running the lead inductance
up to a point where the noninductive character
of the resistors is destroved. Obviously the num-
ber of resistors could be extended considerably
beyond what we have used here.

Tow inductance is achieved by soldering the

resistor leads to copper plates. The copper is also

a good conductor of heat, and it keeps the re-
sistors from overheating seriously when sub-
jected to somewhat more than their normal
dissipation for short periods.

The smaller of the two loads was made by
paralleling 6 330-ohm l-watt resistors. Thesc are
soldered to strips of flashing copper, which are in
turn soldered to a coaxiul fitting. The strip that
woes to the inner conductor of the fitting was
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Two dummy foads made with carbon resistors. Six resistors
are soldered to copper strips in the one at the left. The
other uses a circle of resistors with copper disks to hold
down lead inductance, and cooling fins
to aid in heat dissipation.

V.H.F. Dummy
Loads

trimmed with tin shears to fit into the center
contact of the fitting, rather than using a wire
lead for this purpose. It is wrapped with plastic
fape to prevent shorting to the slceve of the
fitting.

Using disks of flashing copper makes it posgible
to conncet more resistors in parallel and still
keep the inductance down. In fact, the disk
construction of the larger unit makes it a more
uniform load in the v.h.f. range thun the one
using the Hat strips. A circle of 4 470-0hm resistors
is shown, but 13 680-ohm or 19 1000-ohm [-watt
resistors rould be arranged similarly, probably
with cqually good results.

While these are by no means perfect loads,
they are good enough for most amateur purposes.
Tested at 50, 144 and 220 Ale. they showed no
wreater than 1.2:1 saw.r. At 50 Me. they were
extremely close to pure resistive terminations,
and at 1414 Me. they showed only barely meas-
urable refiected power when used within their
power cupabilities. As might be expected, per-
formance was poorest at 220 Me., but there they
were far better than other inexpensive loads.
In fact, in the past we have customarily used
matched dipoles us loads at 144 and 220 Me.,
beeause nothing around the ARRL lab was
suitable for the purpose.

The wattage rating of the resistors should not
be taken too literally. In a given batch of resistors
there may be quite a range of ohmic value, and
consequently the lower resistors will he dissi-
pating more than the higher ones. You can solve
this problem by selecting, the resistors, but this
wus purposely not done with the loads shown.
Suffice to suy. the dissipating qualities of the
copper plates and fins seem to he able to at least
make up for the lowered cooling cfficieney that
results from putting a number of resistors in o
confined space. The load with the disk plates and
fins gets uncomfortably hot to the touch when it
is run at 10 watts dissipation, but operating at
this level for several minutes seems to have
no bad effects. A stream of cooling air would
raise the allowable dissipation considerably.

Normally a load will be used for only a minute
or two ab a time, just long enough to tuke a read-
ing or two. For this work it is probably sufe to
subjeet. the resistors to at least a 50 per cent
overload. Check with an ohmmeter periodically to
see that total resistance has not changed.

- . P T.
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The complete v.f.o. is contained in a box measuring onfy

2%6 by 3%s by 1346 inches. The transistor subassembly is at

the left, slug-tuned coil at the center, and the tuned-circuit
capacitors at the right.

Compact Unit for Mobile Use

BY THOMAS H. ARNOLD,* K7KCI

The p.t.o. v.f.0. described in this article represents a significant departure from the con-
rentional type constructed hy most amateurs. Designed in this instance primarily for
mobile use, it is. of course, suitable for other applications. Its linear tuning, extreme com-
pactness, and low cost make it an attractive project.

Transistor V.F.O. with Linear Tuning

building transmitters of one kind or another.
L Starting with the first small rig, all have been
v.f.0.-controlled. With conventional a.m., v.f.o.
requirements in regard to freuency drift are not
too severe. However, the last couple of trans-
mitters, designed for s.s.b., showed that the old
v.f.0. had to go.

In designing a better v.f.0., there were consid-
erations in addition to the one of frequency sta-
hility. A standard 180-degree dial of practical
diameter provides less than ¢ inches of scale for
calibration. With a desired tuning range of 300
ke., & kiloeyele occupies very little space on such
a short scale. Also, the physical size of the v.f.o.
units previously built was prohibitive for use with
modern compact equipment.

The newest in the long line of transmitters was
designed for mobile use and therefore compact-~
ness was doubly important. The panel space that
could be devoted to the v.f.o. dial measured oniy
313 by 2 inches. ‘The problem of compactness was
solved primarily by making use of a transistor
instead of a tube. The second problem of spread-
ing the tuning range out over more than 180

F(m quite a few years now, the author has been

degrees of dial rotation was overcome by turning
to permeability tuning — Clolling’ bread and
hutter,

Circuit

The cireuit of the v.f.o. is shown in Fig. 1. It is
essentially the sume as used by Landefeld in his
transistorized receiver ! (Pierce version of the
Colpitts oscillator). A few small changes were
made to assure more independence in respeet. to
collector voltage und casier starting of osecillation.
The tuning range is 2075 to 2375 ke. (This signal
is mixed with a sideband signal from a homemade
2000-ke. crystal filter to produce a 1975-to-
5275-ke. signal. The latter is then mixed with a
erystal-controlled frequency in the vicinity of
9 Me. to produce u sum which falls in the 20-meter
band, or a difference fulling in the 75-meter band.)
By making suitable changes in tank-circuit values
other frequency ranges within the frequency
limitations of the transistor may be obtained. The
transistor is the common and inexpensive 2N170.

The Variable Inductor
The heart of the v.f.o. is the variable inductor,

*Capt., U, S. Army. 6150 Fordham Drive, Tucson, Ari-
zona,

Fig. 1—~Circuit of the permeability-tuned v.f.o.
Unless otherwise indicated, capacitances are in
puf. and resistances are in ohms. Resistors are
Y2 watt.
Ci—Ceramic trimmer, 7-45 puf., negative tem-
perature coefficient (Centralab 822-BN). L
Ca—>56 upf., silver mica.
Ca, C4, Cs, Cz—Mica or stable ceramic.
Cs—Disk ceramic.
Li—See text.
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Fig. 2—Sketch showing approximate distribution of turns
on L1. The notch at the ieft end of the form is to accommo-
date the stop arm as described in the text.
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and the project was started with the feur that its
construction might be beyvond accomplishment
with simple tools. However, this did not turn out
to be the case.

The simplest mechanical arrangement for a
variable inductor is the slug-tuned coil. So many
tactors have influence on the value of inductance
{unavoidable variable capuacitance is involved,
too) that a prediction of the tuning curve in ad-
vance is a practical impossibility. However, with
a little perseverunce, the tuning curve can be
adjusted experimentally to follow elosely the de-
sired linear shape when the required tuning range
is small, as it is in this case.

The starting point of the vonstruction is the
seleetion of the slug to be used. The author re-
moved the slugs from the core of a 455-ke. i.f.
transformer (capacitor-tuned type). These slugs
are 34 inch in diameter and have a l4-inch hole
through the center. The holes were threaded with
4 6-32 tap. Adjacent ends of the two slug scctions
were coated with cement and threaded tight
against each other onto a (-32 screw while the
cement dried.

The coil form is a picce of phenolie tubing hav-
ing an inside diameter of 3% inch. To allow free
movement of the slug inside the form, the slug,
mounted on a screw, was chucked in an cleetric
drill and trimmed down with a file.

The slug rides back and forth on i threaded
Iead screw. ‘Turning of the slug with rotation of
the lead screw is prevented by a threaded stop
arm attached to the slug. The lead screw is made
from u Z-inch 6-32 machine screw of brass. The
head is filed off, and the opposite end is turned to
a point in the electrie drill. This point should
have an included angle of slightly more than 15
degrees which can be eusily estimated by eye. A
6-32 nut is then run onto the screw to a distunce
of 184 inches tfrom the point, und soldered fast.
The remainder of the serew beyond the nut is
trimmed smooth to a diameter of 1§ inch. This
may be facilitated by filling the threads with
solder before trimming.

Bearings and Stop Arm

The reur beuring for the lead screw is a short
6-32 screw fastened in a small bracket mounted
toward the rear of the v.f.o. box (sce interior
photograph). The end of the screw is countersunk
with a small drill and the tip of an ordinary coun-
tersink. Clare must be tuken to insure that this
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bearing is exactly centered on the lead serew and
that the lead serew itself is perfectly straight. A
bent screw or a bearing point off center will cause
the slug to wobble and hamper resctability,

The author had some difficulty with the front
bearing, which is simply a hole drilled in the front.
wall of the box. Looseness at this point will causce
incremental shifts in frequency when the unit is
shaken or banged. The problem was solved hy
increasing the size of the screw shaft at the bear-
ing hole. This was done by forcing u picce of
3/16-inch o.d. metal tubing over the lead serew.
The beuaring hole in the box should, of course, be
made us snug as possible, at the same time per-
mitting smooth rotation.

The stop arm is a piece of lg-inch bakelite,
shaped as shown in the detail photograph. The
hole in this piece is tapped 6-32, and the arm is
threaded as tightly as possible against one end
of the slug hefore cementing it to the xlug.
This measure assures a securc grip on the threads
of the lead serew to prevent backlagh. The urm
of the stop slides along a post mounted on the
bracket supporting the rear bearing. The arm
is held against the post by a spring anchored to
the bottom of the bracket. Weuring of the threads
of the slugs and conscquent loosceness on the lead
screw can be minimized by a light application of
oil on the screw.

The Coil

The coil form, mentioned earlier, is 114 inches
in length. The rear end of the form is notched
out 14 inch for the stop arm, as shown in Fig. 2,
leaving a winding length of 1 inch. This notch
permits the slug to he moved completely within
the coil winding.

The coil form is cemented into w4 hole cut in a
mounting bhase made of 4-inch phenolic which,
in turn, is fastened to the front wall of the hox
with two machine screws. Sawed-off machine
screws are used as terminals for the winding. One
of these is tupped into the coil form at the rear
end, while the other is tapped into the mounting
hase. Care should be exercised in placing the one
in the coil form to make sure that it does not pro-
jeet inside the form and interfere with the slug.
The inductunce required for 2075 ke. is approxi-
mately 80 uh. No. 36 enameled wire was used, and
the turns are proportioned approximately ax
shown in Fig. 2. In mounting the finished coil,
every care should be used to align the coil form
with the slug so that binding will not occur.

The remainder of the assembly of the unit is
not critical. Mounting of the components in the
small available space was facilitated by making a
separate subassembly of the transistor and its
associated resistors on u small strip of l4-inch
hakelite.

Adjustment

Since the coil is a little difficult to work on
after final assembly, a preliminary bread-board
setup is advisuble. Referring to Fig. 2, the adjust-
ment consists essentially of changing the pro-
portion of turns in one scetion of the coil, a8 com-
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pared to the number of turns in the other section,
to get the right frequency spread with u chosen
movement of the slug, and then adjusting the
turns between the two sections to give the desired
linear tuning curve. The two adjustments arc not
completely independent, of course, but the tuning
runge uceded i8 so small, and the movement of
the slug so limited (34 inch) that u lincar tuning
eurve is not difficnlt to obtain,

With the slug mostly out of the coil. trimmer
capacitor (') should be wdjusted so that the fre-
quency is at the high-frequency end of the desired
tuning range. Then the slug should be moved into
the coil by making ¢ revolutions of the lead
serew. 1f the resultant frequency is lower thau de-
sired, move a few turns from the larger scction to
the smaller section. 1f the frequency is too high,
move a turn or two from the smaller section to the
larger one, Since the slug may be moved 8 to 10
turns, a little experimenting will indicate which
6 turns most nearly approximate the desired
turning range. Keep at least a half dozen turns
in the spuce between the two sections of the coil.
When the low end is on frequency, return the
slug to its original position, readjust the trimmer,
and repeat the process.

When the proper tuning range has heen ob-
tained, the frequency should be checked at
intermediate points. Any nonlinearity can be
corrected by movement of the spread-out. turns
between the two sections.

Six-Turn Stop

Fig. 4 shows the essentials of a stop for limiting
rotation of the lead-screw shaft of the inductor to
# revolutions. An extension shaft, coupled to the
shaft of the v.i.o. inductor, carries 7 disks or
large washers. ‘The front disk is fastened perma-
neatly to the shaft, while the others are free to
turn on the shaft. Kach of the disks has a tab that
will bear against the tab of the following disk.
In Fig. 4, the shaft is shown in its full counter-
clockwise position, further turning in that direc-
tion being prevented by the tabs which have piled
up against stop A.

Just before the first disk completes its first
revolution in the clockwise direction, its tab will
engage the tab of the second disk aud carry the
latter along with it. As the sccond revolution
nears completion, the third disk will be picked
up and so on until the last disk is picked up. At
this point, the shaft will have almost, but not
quite, completed 6 revolutions. The last revolu-
tion is short of cowmpletion by the combined

Essential components of the variable inductor. The slug with

its stop arm is at the left, the coil attached to its mounting

base at the center. The lead screw on which the slug rides

is in the foreground. The washer is a thin one of the spring

type. It is placed on the lead screw between the nut and
the bearing hole in the front wall of the box.
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R.F.S1G.GEN.
2725 KC.
RECEIVER
!F.IN34 700 TO 1300KC.
P.T.0.
2075 10 2375 KC.

Fig. 3—Setup used in calibrating the v.f.o. as described
in the text.

thicknesses of the tabs. The sccond stop, B, limits
rotation of the scventh disk to that necessary to
complete the last full revolution. The front por-
tion of the shaft should be supported in some sort
of bearing. Stops A and B may be mounted on the
front wall of the v.f.0. box or ou a subpanel.

After the lead screw of the inductor has been
turned counterclockwise to its proper minimum-
inductance end of the range (high-frequency end
of the tuning range), the extension shatt should
be turned counterclockwise until the tabs pile
up against stop A, as shown in Fig. 4. The ex-
tension shaft may then be coupled to the lead
serew.

Dial

The dial to be used with the v.f.o. is similar
in principle to the dials used on Collins receivers
and transmitters. Since it tukes 6 revolutions of
the tuning shaft to cover 300 ke., the coverage
is 50 ke. per revolution. A knob with u 1 14-inch
dial marked off in 50 divisions (1 ke. per division)
is attached to the shaft. A string-drive system
couples the shaft to a small slide-rule scale which
indicates the section of the band being covered
with each revolution.

Calibration

The frequency range of this v.f.o. is outside
the tuning range of many communications re-
ceivers, and the accuracy of calibration of receiv-
ers that do cover the proper frequencies is often
questionable. For this reason, the culibrating
arrangement of Fig. 3 was used. The signal from
a stable oscillator or signal generator at 2725 ke.
and the signal from the v.f.o. are heterodyned
in a IN34 diode mixer. The second harmonic of
the 350-to~(50-ke. beat, i.e., 700 to 1300, is fed
into a calibrated receiver covering the broadcast
band. Broadecust signals furnish marker frequen-
cies, und the use of the second harmonice helps to
improve the accuracy of calibration because the

31



coftho
0
- “TIN SAW SLOT

FILE AWAY
SHADED
AREAS

DISK

Fig. 4—Sketch showing the principle of the é-turn stop. The shaft is shown in the full counterclockwise position. The disks

may be large washers, the front washer soldered to the shaft, while the others just clear the shaft and are free to turn.

The tabs are small squares of metal soldered into slots in the edges of the disks. The edge view of a disk, at the right,
shows how the lower corners of the tabs should be filed away so that they will not interfere with adjacent disks.

error in frequency measurcment is divided by two.

When the 2N170 is oscillating, the cireuit
draws approximately 0.8 ma. from a 12-volt
source. Mechanical stability is about 100 eycles
per three-foot drop to the floor, and thermul
stubility i less than 300 cyeles over a normal
temperature runge. Changes of load on the output
of the oscillator will cause small changes of fre-
quency. However, a single buffer stage could be

built right in the box with the oscillator and
should eliminate this problem.

Although the project is a lot of fun just as an
cxperiment, the oscillator is 4 useful stable unit
and it should solve those tuning-mechanism
problemas that we run across in home construe-
tion. The parts are all casily availuble and cheap,
which makes it desirable to those who must work
on a budget. 057

‘&-Strayvsias

SOS — A BOY IS DYING

Here are a couple of stories that make you feel
¢lad you're 2 ham.

The first comes {rom Newsiweel:

Rami Katz, an 8-year-old Isracli boy, was
carried into a hospital in isolated Ghana, his
head injured in an auto accident. The hospital
had neither surgeons nor equipment for the deli-
cute operation doetors thought necessary.

Then the father's ham friend sent an urgent
SOS to Israel. It was Jewish Sabbath and the
Foreign Office was closed. But a Tel Aviv ham
picked up the cry and alerted Israel’s leading
brain surgeon, who packed his bags.

Meanwhile, 4 Georgia ham heard the SOS and
tried to contact UN officials. But a Narth Caro-
lina amuteur overheurd und reached the lsraeli
Minister in Washington, who was then put in
contact with Israel’s ambussador in (thana, 6,000
miles away. The Israeli officials then alerted U. S.
officials and a naval brain surgeon in Morocco
was ordered to Ghuana.

But still another ham in France had heard
a radio message from the prime minister of Ghana
to his embassy in London. As a Rritish surgeon
emplaned for (Ghana, the French ham informed
French authorities of the emergency and a French
ncurologist set off for Ghana.

First man on the scene was the (J. 8. Navy
surgeon, who decided the boy seemed better and
might recover without an operation. The other
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surgeons arrived and agreed. But for three days
the specialists waited on 24-hour alert until young
Rami was out of danger. Then they Hew home,
waiving any fee.

The French newspaper France-Soir called the
hams’ performance “A grand chain of human
solidarity (in u time of crisis).”

e

Another such ham story comes from Lima,
Peru. These are the details from the News Iribune
in Florida:

Chester E. Watkins, K4KKZ, was chatting
with his pal, Frank Sage, OA4CS of Lima, a
retired airline pilot. Then a physician earing
for u I2-year-old boy with spinal meningitis
and pneumonia came into OALCS’s station. He
needed a certain drug quickly — but it wasn’t
available in Lima or anywhere nearhy.

Watkins called druggist T. J. Buttertield, dis-
covered he had the drug, hurried it special deliv-
ery to Pan American Airlines.

Meaunwhile, Dave Packard of the U, 5. Em-
hassy staff in Nicaragua hecard the exchange and
tipped Watkins on how to hurry the drug’s
delivery. IX4KKZ called the Pan American cargo
manager, who slapped top priority on the drug
and had it delivered in Lima in 24 hours.

The boy was then unconscious and blind. Ten
hours later he had regained consciousness and 12



S.S.B. Exciter Circuits Using a New
Beam-Deflection Tube

Practical Circuit Data for Modulation, Frequency
Conversion and Detection

BY H. C. VANCE* K2FF

The new heam deflection tube described
here appcars to be a bulbful of versatility,
with more applications tlan were visual-
ised when the tube was under develop-
ment as an improved tvpe of balanced
modulator. This article tells how the
7300 can be put to work in a number of
ways in the amateur field, particularly
in s.s.b. transmission and reception.

incorporates novel design features which,

with suitable cireuits, allow it to be used
in many kinds of applications with improved
performance at frequencies at least as high as
100 megacycles.

The tube was originally developed to provide
a high degree of stuble carrier suppression when
used as a balanced modulator in single-sideband
service. More than 60 db. of carrier suppression
has been obtained with it a8 a balanced modulator
in s.s.b. exciters of both the filter and phasing
types. It is of course equally valuable in double-
sideband suppressed carrier serviee.,

Krqueney conversion, product detection, syn-
chronous deteetion, single-ended to push-pull
phase inversion, switching circuits, fader circuits
and compressor-expander-limiter circuits are
among the many other interesting applications in
which the unique properties of this new tube have
been found to be valuable.

In this article cireuits will be deseribed which
make use of the 7360 as a balanced modulator, a
frequency mixer and a product detector. Balanced
modulator circuits will be shown for both the filter
and phasing methods of s.s.b. generation. The
circuits are presented for the purpose of illustrat-
ing various methods of employing this new tube
as a balanced modulator and as a frequency mixer
rauther than as a complete r.s.b. transmitter de-
sign. The writer wishes to express his appreciation
to M. B. Knight and Ken Uhler of RCA for
much of the information in this article.

First, let’s examine Fig. 1, which is a cross-
section sketch of the main elements of the tube,
The single tat cathode, control grid and screen
grid form an electron gun which generates, con-
trols and accelerates o ribbon or sheet beam of
w:lectrons. ‘The screen grid and the two deflecting
vlectrodes act as u converging electron lens to
focus this beam.

’ New beam-deflection tube, the RCA-7360,

Ilarrison, N. J.

Mazxch 1960

DEFLECTING
ELECTRODES

CATHODE ~

Fig. 1—Arrangement of electrodes in the beam-deflection
modulator tube, type 7360.

Varying the bias or signal voltage on the con-
trol grid varies the plate current as in a conven~
tional tube. The total plate current to the two
plates, at a given plate voltage, is determined by
the voltages applied to the control grid and the
sereen grid. The division of the total plate current
between the two plates is determined by the
difference in voltage between the two deflecting
electrodes.

Mechanical-Filter Type S.S.B. Generator

Now, bearing these brief fundamentals in mind,
let’s sece how they can be applied in a balanced
modulator, using a mechanical filter to obtuin a
single-sideband signal. A 455-ke. circuit for this
purpose is shown in Fig. 2.

The 7360 beam-detlection tube as used in this
circuit combines two basic functions — it gener-
ates its own 456.85-ke. carrier as a crystal-con-
trolled oscillator, and it wlso functions as a hal-
anced modulator which delivers both sidebands
without the earrier to the mechanical filter. The
filter suppresses one sideband and delivers the
other to its output circuit.

The control and sereen grids of the 7360, to-
gether with its cathode, are used in a sclf-oscillat~
ing circuit. 1t is also entirely practicul, of course,
to supply the carrier to the control grid from 2
separate oscillator, if desired, as will be described
later.

In the sclf-oscillatory circuit shown in Fig. 2
the IN34A diode connected between the control
grid and the ground side of the cathode-bius
resistor acts as u clamp to prevent the voltage
on the coutrol grid from going positive or even to
zero volts. As operated here the most positive
excursion of the control grid is to —:2.5 volts. This
prevents excessive values of sercen current from
flowing and gives better modulation linearity and
carrler frequency stability.
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- CARRIER AMPLITUDE BALANCE
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;9-180

MECH.
FILTER
455 KC.
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™+ CARRIER PHASE BALANCE
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256K

DECIMAL VALUES OF CAPACITANCE ARE IN uf.,

v QTHERS ARE IN MMl EXCEPT AS INDICATED.
+200V.

R.F. VOLTAGE AMP

+200V.

Fig. 2—Filter-type s.s.b. generator using the 7360 as a combined self-excited osciliator and balanced modulator. Fixed
resistors are Y2 watt except as indicated.

Li—App. 88 wh., adjustable {see text).
L:—App. 50 ph., adjustable (see text).
Ls—App. 450 ph., adjustable.

We now have a single-ended carrier input to
our push-pull plate output. In order to suppress
this carrier in the push-pull output circuit hoth
ends of the output ecircuit must go equally positive
und then cqually negative at exactly the sumne
times. That is, the amplitudes of the two voltages,
one from each plate. must be exactly equal and
the two voltages must be in exactly the same
phase in order to balance out or cancel the carrier
completely. Amplitude baliance is obtained very
simply by varying the d.c. voltage difference be-
tween the two deflecting electrades by means of
the amplitude-balance potentiometer, .

Since # phase unbalance of only 1 degree makes
it impossible to obtain more than about 40 db.
of ecarricr suppression, special pains were taken to
provide good methods of obtaining stable phase
balance. In the method used in Fig. 2 the phase
ungle of the load circuit is coutrolled by varving
the resistance to ground from the two ends of the
rapacitance-center-tapped plate tunk circuit by
means of the phase-hulance potentiometer, 7fa.
This method is hest suited for relatively low-
frequency operation. A small differential capaci-
tor across the plate tank circuit is best suited for
phase balancing in higher-frequency eireuits.

These two balance controls allowed better
than 60 db. of carrier suppression to he obtained
trom the balanced modulator. An additional 20
db. of suppression was obtained in this filter cir-
cuit beeause the carrier was located at a point
20 db. down on the filter frequency-response
curve. This gave a total of approximately 80 db.
suppression !

Negative Feedback

You will notice that euch deflecting electrode
receives its d.c. voltage (approximately 25 volts)
from a tap on a resistance voltage divider from
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Ri, R2—Composition control, linear taper.
Rs—Composition control, audio taper.

each plate to ground. A desirable by-product of
this resistance coupling from plate to detlecting
electrode is negative feedback. Additional nega-
tive feedback, which tends to correct. any unbal-
ance between the two plate currents, is obtuined
from the two (8,000-ohm plate resistors. 1f «e-
sired, still more negative feedback can be obtained
hy reducing the capacitance of the two 0.04-uf.
plate blocking capacitors so that they offer a
relatively high reactance to audio frequencies but
relatively low reactance to the earrier frequency
being used. This negative feedback improves
modulation linearity and reduces hum and miero-
phonies originating in the balanced modulator.

The audio signal is fed to this balanced modula-
tor at a relatively high impedance —- speciai
transformers to obtain a low-impedance driving
source are not required. Furthermore, » push-pull
audio source is not required - a single-ended
feed is used. With 10 volts r.f. on the control
grid, 2.8 volts a.f. deflecting voltage is required.
Both values are peak-to-peak.

This arrangement is possible because of the
fundamental characteristic of the tube mentioned
initially — the voltage difference between the two
deflecting electrades controls the division of the
total plate current, between the two plates. This
gives an intrinsically balanced push-pull output
from a single-ended input. Also. u 180-degrec
phase reversal can be obtained by simply switch-
ing the sudio input from one deflecting electrode
to the other.

In order not to overload the mechanical filter
the gain of this circuit was reduced by shunting
the mechanical tilter input. winding with o sepa-
rate slug-tuned inductance, Lo, as shown in Fig.
2. This allowed about 1.5 volts input to the filter.
Approximately 0.5 volt peak-to-peak output was
obtained from the filter.
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This shunting inductance, Ly, consisted of 63
turns of No. 36 cnamdcd wire, close-wound in a
single layer on a tube %5 inch in outside diameter.
A Y-inch-diameter iron slug in the tube allowed
the plate tank circuit to be resonated at the erys-
tal frequency.

The tank coil, Ly, for the 456.85-ke. crystal
oscillator must be of the high-@) ferrite-core va-
riety. One of the kind normally used as an oscilla~
tor coil with the 6BEG converter tube for the
standard a.m. broadeast band was used in our
tests. The cathode excitation can be obtained by a
tap on the coil. The cathode tap point should be
located above ground 13 to 15 percent of the totul
number of turns in the coil as a starting point.
If possible, the r.f. voltage between grid and cath-
ode should be measured with a high input-im-
pedance v.t.v.m. equipped with an rf. probe,
and the tap point varied so us to obtain L0 volts
r.f. peuk-to-peak (3.5 volts r.m.s.) between the
¢rid and cathode.

\When using 1500 uuf. total oscillator tank cu-
pacitance, provision should be made for varying
the coil inductance above und below about 88.5
wh. by a percentage a little larger than the capuci-
tunce tolerance percentage of the tank capacitor
used, in order to resonate the coil-capacitor com-
bination at the ervstal frequency. Varying the
tuning of the tank ¢ireuit around the resonance
point will vary the oscillator frequency slightly.

Voltage Amplifier

A voltage amplifier suitable for raising the 0.5-
volt output from the mechanical filter to u more
usuble level cousists of a 6AUS stage, Fig. 2, that
has u capucitance voltage divider us a part of its
plate tank circuit. With the constants shown, it
can provide an #.8.b. peak-to-peak output of
about 5 volts. However, any output up to about
150 volts ean be obtained by changing the ca-
pacitance ratio of the two voltuge-divider capaci-
tors that are connected in scries across the 6AUG
plate tank circuit. When this ratio is changed the
resultant capacitance of the two cupacitors in
series must remain constant so the L/C ratio of
the tank circuit is not changed too much.

V.F.O.-Mixer Circuit
Fig. 3 shows u schematic of a v.f.o.-lixer unit.

Tts resemblance to the balanced modulator circuit
is quite evident. Here the front end again func-
tions us an oscillator, except that it is of the varia-
hle-frequency type.

The modulating signal is the s.s.b. output {rom
the 6AU6 stage described above. Again the
modulation is applied to only one deflecting elee-
trode, the other being at r.f. ground due to the
0.005-uf. bypuss cupacitor.

The mixer tank ecircuit employs a center-
tapped, bifilar-wouud inductor with the 68,000-
ohm feedback resistors in its center-tapped con-
neetions to the d.c. plate voltage supply. This
mixer output transformer, 7 in Fig. 3, was con-
structed as follows for our tests on 3.9 Me.:

Primary — Bifilar-wound on !s-inch diameter
tube, tuned with a j-inch slug: winding length,
3% inch. T'wo wires wound parallel to each other
on tube, 2355 turns of each wire (17 total). No.
34 wire, single Teflon insulation if possible (silk
inaulation cau be used if necessury). The dielectric
properties of the insulation on the wire are
important because in a bifilar winding the dis-
tributed capucitance is relatively high aud is a
part of the tank capacitance. This accounts for
the relutively low value of 22 puf. shown for the
tank capucitor in this circuit. .

Secondary — Twenty-six turns of No. 32 wire
with Formex insulation, close-wound in a single
Jayer. The spacing of this winding from one end
of the primary winding should be adjusted su
uas to obtain satisfactory bandpass between 3.8
and 4.0 Mec. Approximately 190 puf. was required
to resonate the seeondary to 3.9 Me.

Without the carrier amplitude-balance control.
Rs, shown in Fig. 3, the halanced load circuit
provides 20 to 25 db. suppression of the v.f.o.
carrier. Including the currier amplitude-balance
control allows about 40 db. total v.f.o. carrier
suppression, thus simplifying the scleetivity re-
quirements of the output circuit.

The grid and cathode counections of the v.tf.o.
are tapped down on the inductor so as to reduce
the coupling between the tube and the tank cir-
cuit, aud thus improve stability and obtain the
correct r.f. voltages on the tube elements.

The v.f.o. tunk cuil, L4 in Fig. 3, consists of 15
turns of No. 22 cnameled wire spaced uniformly
in a winding 0.6 inch long on u I-inch diameter

V.EO. MIXER
200V-
33-3.6MC. Ly 00 ] Ti
| 470 - _s_'_s_“_c; _—
Fig. 3—Combined v.f.o.-mixer for fre- J g —t—— 3 UTPUT
quency conversion from 455 ke. to 22 1:
3.8-4.0 Mc. Fixed resistors are 2 watt T 3 :65'320
except as indicated. Decimal valves of .L r? ’
capacitance are in uf.; others are in RFC | J
auf. AMPLITUDE BALANCE
Ci—Variable, 5-60 uuf. _[_ IEOO} ‘L g;smj 25mh. /L
Li—See text. 008 w1 Toos
Rs—Composition control, linear taper. : 2500 & 27x 008 o5
Ti—See text. 3300 W .
d
+200V. msAus +200V. =
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coil form. No slug was used. The grid tap should
be located 714 turns above the ground end of the
coil. The cathode tap is 194 turns above the
ground end of the coil. Actually, in building Ls.
it was first determined that the coil specified
above required a total length of wire measuring
121 ¢m. The taps were then soldered to this
length of wire before winding it on the coil form,
in order to avoid melting the polystyrene form
with the hot svldering iron. The cathode tap was
located 15.1 em (1215 per cent of the total wire
length) from the ground end of the wire and the
grid tap was located 60.5 em (50 per cent of the
total wire length) from the ground end. At 3.5
Me. this coil had a () of 150 and required 400 ppuf.
to resonate it. The ) was measured with the coil
shield in place.

7360 Mixer With Separate Oscillator

A generalized mixer circuit for use with an ex-
ternal r.f. oscillator is shown in Fig. 1. Here the
s.s.b. input is shown fed from a two-winding
transformer instead of from u capacitive tap on
the preceding tank ecircuit, as was used in Fig, 2.

Since the 73G0 is not used as a self-oscillator
the IN34A diode clamp is not used and the cath-
ode bias resistor is changed from 300 ohms to
1200 ohms. The r.f. oscillator input to the control
grid must be adjusted to be hetween 8 and 10
volts peak-to-peak, measured between eontrol
grid and cathode, for best results. A 0.04-uf. r.f.
bypass capacitor effcctively grounds one deflect-
ing electrode (pin Y) so the s.s.b. input is single-
ended between the other detlecting eleetrode and
ground.

In this mixer circuit the 68,000-ohm d.c. feed-
back or plate-current cqualizing resistors are con-
neeted as shunt feed resistors to the two plates,
the sume us was shown in the bhalanced modula-
tor circuit in Fig. 2, instead of being in series with
the center-tupped connections to the d.c. plate
voltage supply as was shown in the mixer circuit
of Fig. 3. This differeuce allows L;, the mixer
plate tank coil, to be a simple untapped coil
instead of requiring a bifilar-wound coil as is the
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Fig. 4— Balanced mixer circuit with separate ex-
citation. Capacitances are in uf.; fixed resistors
are Y2 watt except as indicated. Tuned-circuit
constants depend on frequency; ordinary L/C ra-
fios may be used for L;C; and in the s.s.b. input
transformer, Ti. Ri is a linear-taper composition
potentiometer.

case when the d.c. feedback resistors are con-
nected in series with the split, center-tapped coil
eonnections to the plate voltage supply. The ca-
pacitance and inductance values of 7'y und 'y and
Ly in Fig. 4 will depend upon the input and out-
put frequencies involved.

The combination of the two cirenits shown in
Figs. 2 and 3 will provide single-sidleband output
in the range between 3.8 and 4 Me. Since these
circuits were for the purposc of vbtaining char-
acteristics and specifications. us was previously
stated, they do not include all of the facilities
that might be required for actual amateur opera-
tion on the air, particularly as regurds switching
between upper and lower sideband.

Sideband switching cun be obtained by any
of the normal methods. For example, a simple
method would be to employ two crystals in the
carrier oscillator circuit of the balanced modula-
tor, one for upper sideband and the other for
lower sideband, with a switch for instant choice.
Band switching would require an additional mixer
stage to heterodyne the v.f.o.-mixer output to the
various other bands.
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