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Today . . . you can be on the air with single sideband! This
is the combination whose price makes it possible—whose
performance makes it a great new experience.

HT-37 Transmitter $450.00 A precision-engineered
CW/AM /SSB transmitter with the same power,
rugged construction, and long-term frequency and
carrier suppression stability as the famous HT-32.
~ Sideband suppression 40 db. at 1000 CPS. Power
rating: 70-100 watts P.E.P. output CW or SSB.
17-25 watts carrier on AM phone. 3rd and 5th
order distortion products down 30 db. Instant CW
CAL signal from any transmission mode. Ideal
CW keying; full voice control system. 52-ohm pi
network output for harmonic suppression,

the new ideas in communication

Export Sales: International Div.,
Raytheon Mfg. Co., Waitham, Mass.
Canada: Gould Sales Co., Montreal, P.Q.

SX-111 Receiver $249.50 Here’s a CW/AM/SSB
receiver with the essential performance character-
istics of the renowned SX-101. CW/AM/SSB re-
ception; complete coverage: 80, 40, 20, 15 and 10
meters in 5 separate bands, 6th band tunable to
10 Mc. for WWYV, Upper/lower sideband selection;
sensitivity: 1 microvolt on all bands; 5 steps of
selectivity: 500 to 5000 cycles. Dual conversion,
crystal controlled 2nd converter, famous Tee-Notch
filter, built-in crystal calibrator. Separate AM and
SSB detectors.

Also shown: The Stradivarius of elec-

tronic keyers—HA-1 T.0. Keyer—
$79.95; and the R-48 Speaker—$19.95.

hallicrafters

Chicago 24, iilinois



COLLINS KWM-2

two hamshacks—one transceiver

Out of your ham shack and into your mobile unit is a quick and
easy operation when you own a Collins KWM-2 Mobile Transceiver.

The KWM-2 connects instantly to the power supply, antenna, an-
tenna selector and car radio speaker when it is slipped into its specially
designed mobile mount.

Just plug in one of Collins Mobile Microphones and you’re on the
air ready to work any of the amateur bands between 3.4 and 29.7 mc.

To experience versatility, mobility and fixed station performance
plus Collins craftsmanship and advanced design, try the KWM-2 at any
of the 103 Collins Distributors.

7~
S COLLINS
N

COLLINS RADIO COMPANY e CEDAR RAPIDS, IOWA e DALLAS, TEXAS o BURBANK, CALIFORNIA
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from milliwatts to megawatts

EIMAC OFFERS RF POWER FOR ALL AIR-SPACE SYSTEMS
From miniature microwave devices to the highest power klystron, Eimac offers rf power for
every type of air-space system. With tubes designed for airborne communication. For waming
systems. For tracking and guidance. You can look to Eimac as the one source of all your rf
power needs. m For still further progress, new tube types to meet new needs, Eimac continues
to forge ahead with the most advanced research facilities available today for power tube
development. And its manufacturing program is unmatched in ability to turn blueprint ideas
into quantity production. No wonder Eimac tubes power nearly every major air-space system
the world over: telemetry, troposcatter, navigational radar, high-power radar— Tt
including the recent BMEWS program. Eitel-McCullough, Inc., San Carlos, Calif.
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In many respects, Crystals are like
“diamonds.” You can buy them
from six-bits up. It may be difficult
to tell quality from a distance, but
measured under close-up of per-
formance, accuracy and stability
. . . quality stands out. After all.
your frequency control is the heart
of your transmitter. When you trust
your frequency to PR you know
where you are... today, tomorrow
and years from now. This is worth

40 and 80 Meters, PR Type Z-2....$2.95

a great deal. In the long run the
money you put in a crystal is not
important...because even quality
PRs cost little. When you buy a PR
from your jobber you can get the
exact frequency you want (integral
kilocycle) within amateur bands,
at no extra cost. You can be where
you want to be . . . not within 5,
10 or 15 KC., but JUST WHERE
YOU WANT TO BE! That means
a lot.

Citizens Band, Type Z-9R........... $2.95

Y Sl

USE AND KNOW WHERE YOU ARE

PETERSEN RADIO COMPANY,
2800 W. BROADWAY « COUNCIL BLUFFS, IOWA

EXPORT SALES: Royal National Corporation, 250 W. 57th Street, New York 19, N. Y., U. 8. A.

INC.
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Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especiall Leaig1 e members, are invited to report station activities on the first of each
month ﬁfor preceding month) direct to the SCM, the administrative ARRL official elected by members in each Section.
Radio club reports are also desired by SCMs for inclusion in QST. ARRL Field Organization station a gpolntments are
available in the areas shown to qualified League members holdm%Canadmn or FCC amateur license, General or Condi-
tional Class or above. These include ORS, OES, OPS, OO and OBS. SCMs also desire applications for SEC, EC, RM and

PAM where vacancies exist. OES appointment is available to Novices and Technicians.

ATLANTIC DIVISION

Euastern Pennsylvania 3 Q Allen R “Brelner Race St. Tamaqua
Maryland-Delaware-D, C. WthE Thomas B. Hed es 2202 Culver St. Washlngton 21, D.C.
Southern New Jersey K2B Herbert C. Brooks 800 Lincoln Ave. Palm,
Western New York K2HUIx Charles T, Hansen 211 Rosemont Drive Buﬂalo "6
Western Pennsylvania W3UHN  Anthony J. Mroczka 475-5th Donora
S CENTRAL DIVISION -
Illinois \VQPRN Edmond A. Metzger 1520 South 4th St. Springfield
Indlang WIS Clifford M. Singer 7070 East 21st St. Indianapolis
Wisconsin W9hQB George Wolda 2023 South 10 St. \Ianltowoc
— AKOTA DIVISION _
North Dakota HVA Ha old A, Wengel 8 1-14th St. Blsmarck
South Dakota WQRRN J. W. Sikorski 1900 S. Menlo Ave. Sloux Falls
Minnesota WOKJIZ Mrs. Lydln S. Johnson 1258 Van Buren St. St. Paul 4
- - -—_DELTA DIVISION
Arkansas W5ZZY Ulmon M. Golings P. O. Box 207 Osceola
Louisiana W5FMO  Thomus J. Morgavl 3409 Beaulieu St. Metalre
Mississippt WS5MUG  Floyd C. Teetson 2169 Paden Juckson 4
‘Tennessee \V4UIO R. W. Ingraham 105 West Park Drive Kingsport
. ... GREAT LAKES DIVISION _
Kentucky Robert A. Thomason 626 Eustwood Drive Owensboro
Michigan Ralph P. Thetreau 27209 W. Six Mile Road Detroit
Ohio Wilson E. Weckel 2118 Tuscarawas St., W, Canton §

- HUDSON DIVISION.

Euastern New York 2EF George W, Tracy 1138 North Country C'lub Drive Schenectady
N. Y. & Long Island W2TUK Harry J. Dannuls RFED 1, Arbor Lane, Dix Hills Huntington, L. I.
Northern New Jersey MF. J. Sparks Remeczky 30 ]\elly Parkway Bayonne
- R __ - MIDWEST DIVISION S—
Iowa WOBDR Rusqell B. Mnrquls 807 North Fifth Ave. Marshalltown
Kunsas WOFNS Ruymond E. Baker 1014 Llncoln St. Neodosha
Missour} WABUL C. 0. Gosch S. Oakland St. Webb City
Nebraska WOEXP Churles E. McNeel Rout_e 3, RTD North Platte
R o _ NEW ENGLAND DIVISION .
Connectlcut WITYQ Victor L. Crawford RFD 5, Stadley Rough Rd. Dunbury
Malne WIIMN  Jelfrey 1. Welnsteln 79 Caleb St. Portla
Eastern Massuchusetts WI1ALP Frank L. Baker, Jjr. 91 Atlantic St. \Ionh Qulncy 71
Western Muassachusetts WIBVR  Percy C. Noble 8 St. Dennis St. Wes!
New Hampshire WIRMH Robert H. Wright 18 Plne St. Loncord
Rhode Island K1AA John E. Johnson 30 Fruit St. Pawtuck
Vermont WI1EIB Mrs. Harrlet Proctor P.O.Box9 East Mlddlebury
I, \IORTHWESTERN mvxsx0N _
Alaska KL7DG John P. Box 82 Kodlak
Idaho W7GGYV Mrs. Hclen M Maillet Route 1, South Pocntello
Montuny WI7SFK Ray Woo rady
Oregon W7JDX Hubert R Manlly 11908 S.E. Madison St. Portland 16
Washington W7PGY Robert B. Thurston 7700-31st Ave., N.E. Seattle 15
- . PACIFIC DIVIS!ON S
Hawall KH6AED Samuel H. Lewbel 0 Box 3564 Honolulu
Nevady W7VIU Charles A. Rhines x 1025 Elko
Santa Clara Valley K6DYX W. Conley Smith 67 Cuesta Vista Drive \Ionterey
East Bay W60JW B. W. Southwell 200 South Seventh St.
San Francisco 6ANP Leonard R. Geraldi 1500 Cnyugn Ave. san I‘runclsco 12
Sacramento Valley W6GDO  JonJ. O'Brien 6606-5th Rlo Linda
San Joaquin Valley W6JPU Ralph Saroyan 6204 E. Townsend Ave. Fresno
e ... ROANOKE DIVISION
North Carolina W4RRH B Riley Fowler Bo’( 143 Morganton
South Carolina wiGQV r. J. O. Dunlap Box 447 Rock Hill
virginia Ww4QDY Robert L. Follmar 1057 Norfolk 3
West Virginia W8JIM Donald B. Morris 1111 Alex mdcr Place Falrmont
R —— .. -..ROCKY MOUNTAIN DIVISION.
Colorado WOBWJ  Curl L. Smith 1070 Locust St. Denver 20
Uta W7QWH Thomas H. Miller 1420 I, 3045 St. Salt La.ke Clty
New Mexico K5IQL Newell I. Greene 504 West Second St. Roswell
Wyoming W7AMU L. D. Branson 342 South Elk Casper
- —— -_SOUTHEASTERN DIVISION
Alabamga {4 A( Willilam D. Dotherow 572 Park Ave, Birmingham 9
Eastern Florida W4KGJ John F, Porter Box 7295, Ludlam Branch Mlami 55
Western Florida W4RKH  Frank M. Butler, Jr. 494 Elllott Rd. Fort Waliton Beach
Georgla WAiCFJ Willlam F. Kennedy 1687 Fairway HIll Drive, S.E.  Atlanta 17
West Indies (Cuba-P.R.-V.1.) KP4DJ William Werner 563 Ramon Llovet Urb. Truman
Rlo Pledras, P. R.
Canal Zone KZ5TD Thomas B. DeMels P.0O.Box 1111 Balboa
= — SQUTHWESTERN DIVISION.
Los Angeles W6JQB Albert F, Hill, Jr, 861 No. Millard Ave. Rialto
Arlzona W7QZH Kenneth P. Cole 4132 North 18th Ave. Phoenix
San Dlego WELRU Don Stansifer 4427 Pegcadero San Diego 7
Santa Burbura K6CVR Robert A. Hemke 728 W. Misrlon Santa Barbara
. _____WEST GULF DIVlSlON -
Northern Texas W5BNG L. L. Harbin 515 Calmont Fort Worth 7
Oklahoma W5DRZ Adrian V. Rea 91 7 Osage Muskogee
Southern Texas W5QEM  Roy K. Eggleston 1109 Vernon Drive Corpus Christ!
CANADIAN DIVISION
Maritime VEIWB D. E. Weeks Harvey Statlon, N. B.
Ontarlo VE3NG Richard \W. Roberts 170 Norton Ave. Willowdale, Toronto, Ont.
Quebec VE2DR C. W. Skarstedt 62 St. Johns Rd. Pointe Clafre
Montreal 33. P. Q.
Alberta VEF6KC _ Kenneth G. Curry 11114-80th Ave. Edmonton, Alta.
grl]t(lsh Columbia VEUT Peter M. Mcintyre 981 West 26th Ave. Vancouver, B. C.
ukon — — i
Manitoba VE4JY M. S. Watson 249 Lanark St. Winnipeg
Saskuatchewun VE5HR H. R. Hor! 2121 Ewart Ave, Saskutoon

*Official appointed to act temporarily in the absence of a regular official.




ONE PART IN, 100,000,000 STABILITY

SIGNAL GENERATOR

MODEL @@@ AN /URA-31

TECHNICAL SPECIFICATIONS

FREQUENCY RANGE: 1.75 to 33.75 megacycles in 100
cps steps.

FREQUENCY CONTROL: All frequency determining elements
referenced to a built-in 1 mc source.

FREQUENCY STABILITY: 1 part in 10% per day under normal
fixed station operating conditions.

OUTPUT POWER: Continvously adjustable from zero
to 1 watt.
OUTPUT IMPEDANCE: 72 ohms nominal.
SPURIOUS SIGNALS: Al non-harmonic spurious frequen-
cies above 60 cycles, down at least
60 db. For full datailed
INPUT POWER: 115/230 volts, 50-60 cps, single ;,.fo",:n.‘tl,,.'.,:i',, for
phase. Bulletin 241
SIZE: All units of the CPO-1 require only

521, inches of standard 19 inch
relay rack space.

The TECHNICAL MATERIEL CORPORATION

MAMARONECK, NEW YORK



mar AMERICAN
RADIO RELAY
LEAGUE,

INC’.,

is o qoncommercial association ‘of 'rodio amateurs, bonded for
the promotion of :interest .in amateur radio .commynication and -
experimentation, for the reloymg of messages by rod:o, for the .

advancement of thé radio art ond of the public welfore, for 'he
representation of the radio amateur in legisjative motters, cnd for

the mmntencnce of fraternalism and ‘a high standard of conduct. ’
- Itis an mcorporofed association without capital stock, chartered .

under the laws of Connecticut. lts affairs are governeduby a Board
of Directors, elected every two years by the generol membersh:p.

The officers are elected or appointed by the Directors. The Lecgue
is'noncommercial and no one commercially engoged tn the monu-,
facture, sale or rental of radio. cppormus is ehglble to membershlpf

on its.board. : .
"Of, by and for the amotevr, it numbers wnhm its ranks procnv

cally every worth-while amateur ifi the nation and has Q hxstcry of *

glorious achievement as the standard-bearer in amateur affdirs.
Inquiries regarding memibership are. solicited, A bona fide

interest in amateur radio is the only essential qualification; owner- . -
ship of a transmitting station.and knowledge of thé code are not
prerequisite, although full vonng membersh:p is grcnfed only to-

licensed amateurs. -
All general correspondence should be cddressed to 'he admtms-
trafive hecdquorters ot West Hcrtford Connecncut :

Past Pxeszdents o

HIRAM PERCY MAXIM WlAW 1914 1936

. EUGENE C. 'WOODRUFF; wacw V936194
GEQRGE w BAILEY, 'H x940-\952

S : OI!zcers
President . . . . .:. . .GOODWIN L. DOSLAND wms'
. Moorheod "Minnesota

First Vlce-Prestdeni‘ ‘.. WAYLAND M. GROVES w
y - P.O. Box 586 Odesso, Texos "

V:ce Pres:denr

Vice- Pfémdent . ., JALEX REID, VE28E

Secreiary . T
38 La Scl!e Rood Wesr Horfford Connechcut

Treo;ﬁre} i : PRV
’ 38 Lo Solle Rocd West Hartford, Connechcut

. A. L. BUDLONG, \
. .FRANCIS E; HANDY;
. . . .GEORGE GRAMM

" JOHN HUNTOON, wuvo
.PERRY F, WILLIAMS WIUED

# GEORGE STEVANS J
38 Lo Salle Roud West Hartford Conne ficut -

General Monoger ' .

Comminications Monuger
Technical Director ©
Asslstanf General Monager
Assts!anf Secre}anes g

_DAVID' H, HoucmdN;

Kilvw

DIRECTORS

NOLL B. LATO ..................... VESCS
R. 3, Burlington. Ontarlo
Vice-Dlrecloi

Atlantx'c Dx'visx'on
GILBERT L. CROSSLEY.............. W3YA
Dept. of E.E., Penna State University
State College, Pa.
{"lce-Director:Edwin S. Van Deusen. . . ... W3ECP
3711 McKinley St., N.W.. Washington 15, D. C.

Central Division

JOHN G. DOYLE ........oioviieiuissn WwWoGr1
4331 N. Wildwood Ave.. Mllwaukee 11. Wis,

V'ice-Director: Philip E. Haller . ......... WOHPG
6000 S. Tripp Ave , Cm( ago 29, 1.
Dakota Dzvxsxon
CHARLES G. COMPT wWoBLO

1011 Fairmount Ave St Paul 5, Minn,

V"lce-Director: Martha J. Shirley. ........ WAZWL
Box 78, Black Hawk. S. D.

Delta Di visx'on

5-\N1‘0RD B.DE HART,............ W4RRV
227 S. Purdue Ave., Onk Rlidge, Tenn.

Vice- l)ireclor Victor Canfield. ........... W5BSR
Box 965, Lake Charles. La.

Great Lakes Division

DANA E. CARTWRIGHT .. .......... WiUPRB
2979 Observatory Ave., Clnclnnau 8. Ohio
V"Ice-Dtrector: Robert B. Cooper. ........ W8AQA

132 Gulld St., N.E.. Grand R.m|d~x 5. Mich,

Hudson Division
MORTON B. KAHN.................. W2KR
22 Birch Hill Rd., Great Neck, N. Y.

Vice-Director: Lloyd H. Nanamou. . ..... W2VQR
709 Seventh Ave.. Asbury Park, N. J.

Midwest Division
ROBERT \\'. DENNISTON.......... WHNWX
Box 631. Newton Io“a

Vice-Director: Sumner H. Foster........., WwWoGQ
2315 Linden Dr., S.E., Ledar Rapids, lowa

New England Division

MILTON E. CHAFFEE.............. WIEFW
53 Homesdale Ave., Soutmngton Conn,

Vice-Director: Carmine A.Polo, ... ....... wWiIsJo
17 Park St., West I«Ia\ cn 16. Conn.
No.rfhwestern Division

R. REX ROBERTS...........

TS . WTCPY
837 Park Hm Drive. Blllings, Mont.
¢ 1ce-Dlreclor Harold W. Jounston. . ...... W7PN
727 Belvidere Ave., Seattle'6, Wash.

Pacific Dx' vision

HARRY M. ENGWICHT .............. W6HC
770 Chapman, Snn Jo:e 26, Callf.

Vice-Director: Ronald G. Martin. . ......... WwWe6zr
1011 Terrace Drive, Nann Callf.
Roanoke Dz'vx'sx'on
. L. ‘\NIER ANDERSON, JR........ W4M W

428 Maple Lane, Damm
Vice-Dlrector: Joseph F. Abernelm ...... W4AKC
768 Colonial Drive, Rock HIIL S, C.
Rocky Mountain Division
............... WwgpIC

CLAUDE M. MAER, JR.
485 Race St., Denver 6, Colo.

1" ice-Director: John H. Sampson, jr. . W70CX
3618 Mount Ogden Drive. Ogden, Utah
Soufheasfern Division

JAMES P, BORN, JR.................. W4zZD
5 First ch N.E, Allnma 17, Ga.
Vi tce-Director Thomas M. Moss. ........ W4HYW
P.O. Box 644, Mumcma] Mrnort Branch,
%tlnntn 20, Ga.

Southwestern Division

RAYMOND E. MEYERS............ W6NLZ
717 Anderson Way, San Gabrlel, Cnur
Vice-Director: Virgil Talbott............ "6GTE

1175 Longhill Way, Monterey Park. C‘ullf

West Gulf Division

GRADY A. PAYNE
5103 Linden St.,

Vice-Director; Robert D. Reed.......... W5KY
4339 S. Peorla, Tulsn 5. Okla.

..WSETA
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“It Seems to Us...”

20-METER COOPERATION

Amateur radio is a hobby. Most of us keep
it a hobby most of the time. Occasionally,
though, some of us get a little too involved in
our own favorite phase of hamming and tem-
porarily lose our perspective. This occasional
blind spot can — and indeed it has at times —
lead to feuding between amateurs enjoying
different facets of the hobby, or different
modes of operation.

There have recently been rumblings of dis-
content concerning twenty meters. Over the
vears, operators using a.m. and operators
using s.s.h. had spontaneously developed an
informal system on 14 Mec. under which the
a.m. contingent occupied, roughly, the bottom
half of the voice band and the sidebanders
stuck pretty well to the top half. DX sideband
worked above 14,300, and the foreigners with
carriers worked helow 14,200. Though gen-
erally accepted by most hams on the band,
no one pushed it; the plan simply arose from
the need for a workable arrangement, and by
way of the spirit of cooperation so notable in
amateur radio — admittedly, however, not
without some preliminary skirmishing as s.s.b.
grew.

Earlier this year this working arrangement
was temporarily upset by expansion of the
20-meter phone band to 14,350 ke. Readjust-
ment, to some extent still in process, has
celtamly not been easy, nor without its

moments of heated discussions. Some ama-

teurs expressed the desire to have FCC “do
something.” A few tried mob rule, landing
with brute force on any stations using the
opposite mode in what they consider ‘“their”’
territory. Others thought the League should
lay down an edict for band usage.

Whether or not one likes the principle of
calling on FCC to solve what are really internal
problems, in this case the question was moot
as the Commission long ago declared that it
doesn’t look with favor on any further regu-
latory action to subdivide the amateur bands
by various modes.

As for the League, no one person sitting in
the editorial chair, even with a number of
experienced staff people to guide him, is
capable of coming up with a Utopian answer
to practical operating problems. Such an

answer can come only from users of a band
themselves, on a trial-and-error basis, until
such experimental methods show one system
or another to be the desired one.

We could be wrong, but from where we sit
it seems to us that the ham spirit is getting
results once again. There appears a trend to
general agreement about where to fire up in
the band for a.m., where to use s.s.b., and
where to listen for DX on each mode, w ith at
least 909 of the hams cooperating. We seem
to have the lowest 100 ke. reasonably free for
c.w.; from there up to 14,200 used by DX a.m.
voice stations; the U. S. voice band divided
very roughly in half, with a.m. at the bottom
and sideband near the top; and some space at
the 14,350 edge for rare sidebanders to get
through.

True, we still have a few complaints that
one group or the other is hogging the band,
and indeed there may be a few stations still
not operating in accordance with the unwritten
agreement. The best way to handle these
cases is for each group to suggest to its own
non-conformists that cooperation between all
amateurs is an essential ingredient in our con-
tinued efficient use of amateur frequencies.
We should avoid at all costs the prospect of
some operators ‘‘punishing’’ members of the
other group heard outside the generally-
accepted fr equencies

And while we’re on the subject, we should
also like to commend the amateurs outside the
United States for their understanding and for-

bearance. We are well aware that the ARRL’s

request for expansion of the phone band here,
and FCC’s affirmative action, ave not popular
overseas. Yet most of the DX amateurs seem
to be sympathetic with the seriousness of the
phone QRAM problem in the States which
results from our having two-thirds of the total
amateur population in this country alone. Our
DX friends have been in general most gracious
in accepting the new allocations and adjusting
their own operations accordingly.

Truly, the 20-meter problem is an out-
standing example of the friendly cooperation
which has existed among the world’s radio
amateurs since the earliest days; we hope this
spirit will long prevail.

©
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COMING A.R.R.L. CONVENTIONS

October 7-8 —Great Lakes Division,
Cleveland, Ohio.

October 14-15— Hudson Division, New
York City, New York.

GREAT LAKES DIVISION CONVENTION
Cleveland, Ohio — October 7-8, 1960

The Great Lakes Division ARRL Convention
is to be held on Friday and Saturday, October
7-8 in Cleveland, Ohio. September QS7" incor-
rectly stated that the convention program and
banquet includes Sunday. Group suppers and
several hospitality shows are scheduled for Friday
evening, October 7 with the main portion of the
convention program to begin Saturday morning
at 10 o’clock with a banquet concluding activitics
Saturday evening. For Great Lakes Division
Convention registration and banquet tickets,
write the Cleveland Amateuradio Convention
Committee, P. O. Box 5167, Cleveland 1, Ohio.

yHamfest Calendas:

Illinois — The annual Chicago RTTY mceting will be
held on Sunday, October 9, with the afternoon technical
session being held in the cafeteria at the Hadicrafters Co.,
1000 S. Kostner Ave., Chicago. The cafeteria will be open at
1030 for ragchewing. Dinner tickets, at $4.50 each and
limited to the first 75, are available from George M. Boyd,
WOISPT, c¢/o The Hallicrafters Co., 4401 West Fifth Ave.,
Chicago 24. There is no charge for the technical session,
which will feature equipment displays, short technical talks,
and a question-and-answer period.

New York — The sixth annual v.h.f. roundup sponsored
by the Syracuse V.ILF. Club will be held on October 8 at
the Three Rivers Inn, 8 miles north of Syracuse on Route
57. Take Thruway Exit 38. Registration starts at 1030
and the formal program at 1330. Speakers include WIHDQ
from QST, K2LMG from GE, and W2UKL also from GE.
There will be an afternoon program for the ladies, and in
the evening a banquet and floor show. Admission is by
advance registration only, with tickets at $5.50 per person
from Howard S. Lawrence, K2TXG, 317 Clover Ridge
Drive, Syracuse.

New York — The Northeastern DX Association will
hold its annual dinner meeting on Saturday, October 8, at
1930 at the Hot Shoppes Restaurant and Towne House
Motel in Albany. Dinner tickets are $5.00, and any active
DXCC member is welcome, A DXpedition movie will be
shown as part of the program. The menu includes & choice
of roast beef or turkey — please state your choice when
making your reservations. Motel reservations are also
available. All reservations must be in by Octuber 1, and
should be sent to O, J. Weiss, jr.,, K2UVU, 117 Shaker Rd.,
Albany 11.

Ohio — The TFall Fun-Fest of the Miami Valley V.H.F.
Club will be held on Saturday, October 1, at the Engineer's
Club at 110 E. Monument Ave., Dayton. The program
includes technical talks, hidden transmitter hunts on 50,
144, and 420 Mec., morning and afternoon programs for the
XYLs, and a big banquet. Banquet speaker will be W3ZM,
U. S. allocations committee spokesman at the recent Geneva
conference, Registration is $1.50, banquet tickets are $3.50
each, and the banquet tickets must be ordered and paid for
by Sept. 29. Contact E. Gillespie, K8MDX, 1351 Alcott,
Dayton 6. -
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OUR COVER

What hand and brain went ever paired
What heart alike conceived and dared
What act proved all its thought had been

— Robert Browning

No need for a question like that, sire.
This happens all the time in our Technical
Department. Specifically, this month’s
cover shows some of the coordination be-
tween hand and brain that was necessary
in the design and construction of a small
phasing-type sideband generator that is
being worked on for the 1961 Hanrdbook.

7]

Who recognizes those hands?

Project Hope—W8OLJ

In late September a fully-equipped hospital
ship, the Hope, will sail from San Francisco for
an extended itinerary through southeast Asia.
Aboard will be doctors, dentists and nurses who
arc volunteering their time to bring American
medical skills and techniques to the people of other
nations in their own environment. Also aboard
will be a 1-kw. s.s.b. amateur station, provided
by Hallicrafters Company and operating under
the call W8OLJ/MDM, for the dual purpose of
providing personal communications between per-
sonnel and their families back home, and bringing
the public-service value of amateur radio to
international attention in still another way.

Ralph C. Charhenean, W8OLJ, of “Operation
World-wide” fame, is amateur radio consultant
for the project. Normal operating frequencies will
he 14,345, 21,445 and 28,650 ke. Kecp an ear on
these frequencies anytime after late September,
both for the pleasure of a contact with the ship
and possibly to handle message traffie to relatives
of personnel in your vicinity.

A special QSL card will be sent to all contacts.
The address tor QSLing is Project HOPE, Box
9808, Washington, 1D. C. This project is nct gov-
ernment sponsored, hut is being financed by con-
tributions from American companies and individ-
uals under the People-to-People program, so
hams who desire to add their support may send it
to this same address. However, QSLing will be
entirely independent ¢f any donations.

We expect to have more information on Project
HOPE in tuture issucs.

FLASH!

Iffective September 15 voice bands in
Canada were expanded to the following
figures:

7150~-7300 ke.
14,100-14,350 ke.
21,100-21,450 ke.
28,100-29,700 ke.
This action was taken by the Department
of Transport responsive to a poll of Cana-
dian amateurs. Details next month.

QST for
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The panel of the v.f.o. is supported on metal pillars to

provide space for the dial mechanism, since the tuning

capacitor is firmly mounted on the front side of the shield

box. Note the heavy (Vs inch thick) top and bottom plates
for stiffening the aluminum box.

An Easy-To-Build V.F.O.
with Cathode-Follower
Output

BY GEORGE D. HANCHETT,* W2YM

Stability with Simplicity

ably built as many v.f.0.s. as anyone else.

Because most of them did not meet the
standards that I wanted, I kept on seeking the
ultimate. Although this v.f.0o. may not be, strictly
speaking, the ultimate, its performance has been
exceedingly good; for this reason I thought
others might be interested in this simple design.

IN my 30 years as a radio amateur I have prob-

Circuit Details

Examination of the circuit, shown in Fig. 1,
reveals that basically this oscillator is of the hot-
cathode Colpitts type. The 3.5- to 4+-Mec. range
is spread over practically all of the tuning dial.
The effect of changing tube capacitance is mini-
mized by use of a voltage divider consisting of
three capacitors, C4, (s and Cs, with the tube
connected across two of them. The use of fairly
large capacitors (0.001 uf.) at Cs and Cg almost
completely swamps out the effect of the tube
capacitances. The radio-frequency choke, RFCy,
is used to obtain a d.c. path for the cathode cur-
rent of the 12AU7-A oscillator. The output of
this v.f.o. is obtained from a cathode follower
(second triode unit of the 12AU7-A) to minimize
the effect on the oscillator of changing output-~
circuit conditions. The liberal use of silver-mica
capacitors assures fairly stable temperature
characteristics.

Mechanical Details

As in any variable-frequency oscillator, the
mechanical considerations are probably as im-
portant as the actual electrical circuit utilized.

* Electron Tube Division, Radio Corporation of America,
Harrison, New Jersey.

External connections, brought out through feedthrough-

type capacitors, are covered with a small aluminum

“awning”’ to prevent accidental shock. Wiring to the

‘'zero-operate’’ switch and dial lamp is cabled and
clamped to the side of the box.
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There are certainly no complicated circuits
or constructional features in this v.f.o., just
straightforward application of time-tested
principles— which probably explains why
it works so well. We put it through its paces
when W2YM brought it up to the QST
lab, and can heartily recommend it to the
most critical user.

As a clincher, several other units have
been built to the same design and have
duplicated the original’s performance.

Therefore, considerable attention has been paid
to the mounting of the oscillator components.
The complete oscillator is built in a 4 X 5 X 6-
inch aluminum utility box. The oscillator tube
is mounted horizontally on the back of this box,
together with the power and output connectors
and the 25-upf. frequency-setting capacitor. The
advantage of this mounting arrangement is that
the heat developed by the tube does not have as
much effect upon the circuit components as it
would if the tube were mounted in a conventional
manner inside the box. The tuning capacitor

- should be a high-quality, two-bearing capacitor.

In this oscillator, a Hammarlund MC-140-S ca-
pacitor was used.
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Fig. 1—The v.f.o. circuit. 0.01-uf. capacitors are disk ceramic. Components outside dashed line are external to the case.

C1—140-upf. variable (Hammarlund MC-140-S).
Ca—Approximately 100 uuf.; see text.
C3—25-uuf. air padder (Hammarlund APC-25).
Cq4—680-upf., silver mica.

Cs, Ca— 1000-uuf., silver mica.

C, Cs, Co—Feedthrough type (Centralab FT-2300).

Maximum rigidity of the oscillator circuit is
obtained by use of a special aluminum bracket
formed from one of the original hox covers, as
shown in Fig. 2. The box cover material is soft
aluminum and can easily be bent with the aid of
wood blocks and a vise. A hardwood block and
hammer are used to make the bends square and
sharp. The bracket is bolted sccurely to the {ront
and back of the oscillator box; thus it not only
supports the circuit components hut also aids
considerably in stiffening the box itself. To aid
in fitting the variable capacitor, the holes for
the mounting feet are slotted, and in assembly
the shaft nut is first tightened to the side of the
box and then the 6-32 screws for the feet are
tightened. Special clamps to hold the coil arc cut

}..
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Ii—6.3-volt pilot lamp.

J1—Coaxial connector, chassis-mounting type.

Li—14 turns No. 20, 16 turns per inch, 1-inch diameter
(B & W 3015).

P1—8-prong (octal) cable connector, male.

S1—D.p.d.t. toggle.

from thin Lucite sheet in strips 14 inch wide and
214 inches long. Holes are drilled at the ends of
the strips so that they can be bolted to l4-inch
standoff insulators and, in assembly, the coil ix
clamped bhetween the two Lucite strips to pro-
vide a sturdy coil mounting. The silver-mica ca-
pacitors must be mounted so that there is no
possibility of any motion. Agaim, half-inch stand-
off insulators are used as tie points, as can be
scen in the top view. For further stiffening of the
unit, new covers were cut from 24-inch aluminum
panel stock and fastened to the box with liberal
use of sell-tapping screws.

Although the particular arrangement shown
uses 2 National MCN dial mounted on a small
panel and bolted to the v.f.o. box with 114-inch

metal bushings, any dial and
panel arrangement can be used.
The v.f.o. box is sturdy enough
so that it could be completely
supported from the panel.
Feedthrough-type bypass ca-
pacitors are provided for making
power-supply connections to the

FORMED BRACKET
Holes drilled for 6-32 screw

Fig. 2—Mounting bracket for the
tuned-circuit capacitor and inductor.

QST for
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Fig. 3—Suggested circuit for keyed

amplifier and voltage regulator. This

circuit usually would be incorporated in

the transmitter or be built as a sepa-

rate unit. Capacitors may be ceramic
or mica as desired.

R
+180 A0 +
KELS
T
R.F. OUTPUT 0C3 07082
TOTRANSMITTER | 9
0A30r0C2

Ci—Approximately 0.02 uf., paper.

Increase capacitance for softer di
keying, decrease for harder
; -~
keying. . 100K
Ji—Coaxial connector, chassis-mount- 220K

ing type.

LOOS
-~

Jo—Octal socket.

Ri—25-watt slider type; valve de-
pendent on voltage of supply
source. Adjust for 30 ma.
through VR tubes withkey open.

v.f.0. This arrangement not only provides handy
terminals, but also reduces the radiation from
the v.{.0. The small aluminum bracket that covers
these connections is used to minimize shock hazard.

The tolerances of the three capacitors con-
nected between coil and grid, grid and cathode,
and cathode and ground are such that some ex-
perimentation with the value of C» may be neces-
sary. Combinations have been found where the
value of Cq is as low as 56 uuf. or as high as 120
pef.

If the v.f.o. is installed in a well-ventilated
location away from heat sources, no temperature
compensation should be found necessary; how-
ever, if such installation is not possible, a com-
bination of temperature-compensating capacitors
and zero-coefficient silver mica capacitors can be
used for Co.

Voltage Amplifier

The output from the cathode follower is only
114 to 2 volts, and it may be necessary to am-
plify this output to a level of 10 to 30 volts,
depending upon the transmitter to be used. Al-
most any receiving-type pentode can be used for
the amplifier tube. Because the amplifier stage
is a convenient place to key the transmitter, a
6DT6-A is used as a combined amplifier and
keyer tube in the circuit shown in Fig. 3. The
6DT6-A is similar to the popular 6AU6, but has

The interior layout is very simple and
clean. The tuning capacitor and coil
are mounted on the central bracket,
which also forms a bridge between the
front and back of the box for further
stiffening. The small padder for ad-
justing the frequency calibration is on
the rear wall of the box.

October 1960
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SUGGESTED VOLTAGE REGULATOR AND AMPLIFIER

a high grid-No. 3-to-plate transconductance. It
was originally designed for use in TV and f.m.

receivers as a sound demodulator, and has the

advantage of complete plate-current cutoff with
only a few volts ncgative on grid No. 3. Also,
because grid No. 3 is a high-impedance element,
the key-click filter need be nothing more than
a simple R(C nctwork. A 0.02-uf. capacitor and a
220,000-ohm resistor are used in circuit. For
“harder” keying the capacitor value should be
reduced, and for “softer” keying it should be
increased. The plate-laad resistor shown pro-
vides an output of about 15 volts, the value re-
quired to drive the transmitter used by the au-
thor. If more output is required, the value of -the
plate-load resistor can be increased to approxi-
mately 5600 ohms. The highest output is ob-
tained by use of a 2.5-mh. radio-frequency choke
in place of the plate-load resistor.

Plate voltage for the v.f.o. is obtained from a
regulated supply using a pair of VR tubes, as
shown in Fig. 3. Voltages used are 75 volts for
the oscillator and 180 volts for the cathode fol-
lower and amplifier. No appreciable shift in os-
cillator frequency is observed between key-up
and key-down conditions. Lead No. 6 of the
power cable may be connected to any convenient
voltage source of 50 to 100 volts (in my station
layout this voltage is obtained from the rcceiver)

(Continued on page 160)
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The simple instrument described here by
WGPIV not only enables a sightless operator
to tune bis transmitter to resonance, bunt
also makes it possible for him actually to
“read,” with reliability, current values on
the scales of milliammeters in many types
of equipment.

Audio Device
for the Sightless Ham

BY KEN BLANEY,* W6PIV

Meter Reading by Sound

ham without sight in tuning his transmitter,

and many are doing very well with them.
Most of these devices use a voltage picked up at
an appropriate point in the transmitter circuit to
change the tone of an audio oscillator in accord-
ance with the change in voltage as the transmitter
is tuned. Most sightless hams are able to memo-
rize the particular tone that corresponds to nor-
mal transmitter loading.

More recent designs ! have made use of tran-
sistors to reduce bulk and weight and thus render
the instrument more convenient to use. However,
transistors are sensitive to changes in tempera-
ture, and while the operator may have no trouble
in determining resonance in hig transmitter, he
cannot be sure that transistor drift has not shifted
the oscillator pitch corresponding to normal load-
ing. Thus, he may be underloading or overloading
without being aware of it.

The unit described here includes a simple
comparator-type calibrator which automatically
compensates for any drift due to temperature
cffects or component aging. Furthermore, it is not
necessary fcr the operator to memorize audio
tones. He can actually “read’” current values to
an accuracy of 5 per cent or better on a Braille-
calibrated dial.

*1727 38th St., Sacramento 16, Calif.
1 Blett, ‘‘The ‘Gimmick’,” QST, Nov. 1959.

VARIOUS gadgets have been devised to aid the

TO METER

+ -
11

\,

5000
T2V, Mpt.

Circuit

The system shown in Fig. 1 was developed by
W6CKYV and the author, and has been used suc-
cessfully by several of their sightless friends. The
operating voltage is taken from the drop across
the shunted 0-1 ma. milliammeter commonly
found in most transmitters, manufactured or
homebrew. This voltage (0.03 to 0.1 volt depend-
ing upon the internal resistance of the meter)
is fed into a transistor d.c. amplifier whose output
voltage controls the frequency of an audio os-
cillator also employing a transistor.

The voltage comparator consists of a simple
voltage divider operating from a single dry cell.
Potentiometer R is set at various points where
its output voltages are the same as the voltage
drops across the meter for various current read-
ings. The Braille dial of the potentiometer is
calibrated in any desired fractions of the full-
scale meter value.

Then it is necessary only to adjust the com-
parator toobtain the same tone as produced with
the meter connected, and read the comparator
dial.

In the case of a multirange meter, the voltage
drop across the mecter terminals is the same for
all current ranges, of course, so the operator must
keep in mind the current range to which the
meter is switched.

Cs

Fig. 1—Circuit of the audible meter reader. Resistances are in ohms and fixed resistors are Y2-watt composition.

BTi, BT2—See text.

Ci—Electrolytic (see text).

Ca—Mica or ceramic. "%

C3—0.002 to 0.1 uf., paper’or ceramic, capacitance
depending on transformer used and tone desired.

C4—Approx. 0.02 uf., paper (see text).

LS;—2-inch p.m. speaker.

Qi —N-p-n transistor (Sylvania).

14

Q2—P-n-p transistor (Raytheon). Sylvania 2N1265 is
also suitable.

Ri—VYa-watt control, screwdriver-adjusted.

Rz2—Y2-watt control, linear taper (Centralab WW-101 or
. similar),

S1—D.p.s.t. toggle switch.

So—S.p.d.t. slide switch.

Ti—Transistor output transformer, push-pull to voice coil.

QST for



Construction

The construction of the unit is not critical. A
typical layout for a 6 X 3 X 2-inch aluminum
Minibox is shown is the sketch of Fig. 2. The cost
of components should not exceed $12.00 or so.
Capacitor C; may not be needed. It was found
necessary to use it with one of the transmitters we
tried in order to eliminate hum in the speaker out-
put. Also, Cs was needed in only one unit in which
a miniature Japanese transformer was used. Units
having larger transformers did not require it.

The wire leads for the meter connections should
be shielded, cither individually or as a pair, to
prevent r.f. pickup or radiation. The shielding
braid should be grounded at both ends, but both
meter wires must be kept insulated from ground,
of course. An opening will be found somewhere
in most transmitter cabinets through which
the cable can be passed to the meter. A three-
prong connector for the cable will be found con-
venient if the unit is to be used with more than
one picce of equipment.

Calibration of the dial of Rs is a simple matter.
The transmitter is adjusted so that the meter
reads full scale. Ry is set in the full clockwise

position (maximum resistance between BT and

the arm of the potentiometer). Then, while switch-
ing Sa back and forth from one position to the
other, Ry is adjusted until the audio tones ob-
tained in the two switch positions have the same
pitch. For the remainder of the calibration, Ry
remains fixed at this setting. The meter readings
are reduced in the desired fractional steps, each
time matching the tone obtained with the meter
connccted and the tone obtained with the switch
in the opposite position by adjustment of Rs.
The dial of R: is marked at each steo. After the
calibration is complete, a center punch can be
used on the rear side of the dial to make raised
markings on the front side which can be casily
detected by Braille-sensitive fingers. In use, the
matching of tones is surprisingly simple and ad-
justment is a matter of a few seconds. )

Those who cbject to overloading the rig or
detuning it for the short period of time required
to get a meter calibration at full scale can dis-
connect the meter from the transmitter and
obtain the deflection by means of a flashlight cell
and a variable resistor of 1500 ohms or more in
series connected across the meter. Alternatively,
the calibration can be started with Rs and the
meter at half scale, and the points above half
scale plotted by estimation. Be sure to usc a
potentiometer with a lincar taper if you want dial
markings equally spaced.

For the batteries, seven penlite cells were used,
six of them being connected in scries for BTs.
However, a 9-volt transistor battery may be
found more convenient for the latter. The drain
on either battery is 1 ma. or less, so essentially
shelf life may be expected.

Danger!

Before proceeding further, it should be em-
phasized that under no circumstances should the

October 1960

Fig. 2—Sketch showing suggested layout of component
on one 3 X 6-inch face of a
3 X 6 X 2-inch aluminum box.

unit be used with meters that are connected in
portions of the circuit that are at potentials of
more than a few volts to ground. The meters
in most manufactured transmitters meet this
requirement, but there are exceptions, and no
attempt should be made to use the unit without
first referring to the circuit diagram of your
particular transmitter. Also, make sure that no
revision of the original metering circuit has been
made. Of course, the metering system of any
home-made transmitter should be examined care-
fully to make certain that the meter is at a point
of low voltage to ground in all positions of the
meter switch.

Adjustment and Calibration

Before connecting the meter leads to the trans-
mitter or other device, turn S to the meter
position and short the meter wires. Then change
the value of Cj, if nccessary (and the value of
Cs too if used), to bring the oscillator frequency
to a tone of a few hundred cycles. Then, with the
meter cable connected to the transmitter, the
tone should rise to 2000 or 3000 cycles when the
meter is reading full scale.

Other Uses

A standard 1000-ohms-per-volt v.o.m. can be
read accurately on voltage and current ranges by
connecting the leads of the reader directly to the
mcter terminals. Calibrator R) may have to be
readjusted to match the comparator dial, since
the meter may have a different internal resistance
than the one in the transmitter. Resistance values
may also be checked but with less accuracy,
since in this use, the meter usually reads back-
wards and the scale is not linear.

The unit cannot be used with a 20,000-ohms-
per-volt v.o.m. since the input resistance of the
reader is not sufficiently high to avoid a signifi-
cant shunting effect across the 50-ua. meter.

(Continued on page 148)
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A v.h.f. filter using compression-tuned coils. The nylon tuning

screws thread into the insulating material of a printed

circuit board. In this case the screws were turned out on a

lathe, but they could just as well be made by tapping a

piece of polystyrene, screwing it onto a threaded rod and
cementing it in place.

How to Squeeze a Coil

with a Screwdriver

BY MAYER SAVETMAN*

ompresszon Tuning in the V.H.F. Range

Most every v.h.f. man knows about
squeezing and stretching coils to vary
their inductance. This method of tuning
keeps the losses low, but it’s a nuisance
and you’re never sure the circuit is still
“on the nose” when all shields and
chassis covers are in place. The scheme
described here gives a fine adjustment
even when the coil is inside a box and
the power is on.

JIVERY radio amateur, experimenter, and tech-
J'{ nician at one time or another needs high-
quality coils for use in resonant circuits,
transformers, discriminators, or filters in the
very-high-frequency range. Although both fixed
and permeability-tuned inductors can be obtained
through radio supply houses, these may not have
a sufficiently high Q.
The best coil obtainable for the v.h.f. range is
the simplest and least expensive — the air-
corc solenoid. At frequencies from 30 to 300

megacycles the quality factors of such coils are

* Electronies Division, Westinghouse Electrie Corporation,
Baltimore, Maryland.

FLEXIBLE
LEAD

high, and it is not unusual to obtain a @ greater
than 200. The coil should be wound on a cylindri-
cal form with heavy wire (No. 17 or better). The
coil can then he removed from the winding form
since it is rigid enough to support itself. Coils
wound with heavy wire have greater Q than those
wound with small wire. Also, coils wound with a
large diameter have a greater @ than coils wound
with a small diameter.

The inductance of a solenoid is direetly propor-
tional to its cross-sectional area and to the square
of the number of turns. Inductance is aiso morc
or less (depending on the relative length and
diameter) inversely proportional to iength. An
casy way to vary the inductance of a coil is to
alter its length by squeezing or stretching it. As
the length is increased the inductance decreases,
and as the length is decreased the inductance
increases.

The squeezing operation may be done mechan-
ically by placing a screw through the coil and a
nut on the end of the screw. Both the screw and
the nut should be of a dielectric material such as
nylon or polystyrene. Although nylon hardware
can be obtained, it is easier and cheaper to make
your own hardware from polystyrene rods and
sheets readily available from radio supply houses.
Polystyrene rods can be threaded by holding

/ SOLDER/\ J\EOLDER/L/
CONNECTIONS CONNECTIONS
(B) (C) (D)

(A)

Fig. 1 —(A), (B) and (C) show three ways of making connections to a compression-tuned coil. In (A) the lead from the
moving end passes through a sliding contact in the insulating base. In (B) a flexible lead connects the coil with an eyelet in
the base. Method (C) requires no sliding contact or flexible lead; the wire from the moving end is simply bent so as to
flex with the coil. (D) show; a conical-shaped coil which flattens when compressed. In all cases, the threaded rod can be
cemented to the bottom plate and the top nut used for tuning, or the "'nut’’ can be
cemented to the rod and slotted to take a screw-driver blade.
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them in a vise and carefully screwing on 2 suitable
die. A lg-inch diameter rod threaded with a 6-32
die works well with small coils, and 14 inch rod is
recommended for larger ones. Nuts can be made
by tapping a hole through polystyrene sheet. In
mounting the compression screw on the coil base,
it is good practice to tap the base to accept the
compression screw and to cement the threads as
well to prevent turning. Alternatively, the “nut”’
can be cemented to the rod and used as a screw
head.

Fig. 1 shows three possible mounting arrange-
ments. One end of the coil should be soldered to
an eyelet in the base. The other end can slide
through a contact in the hase or be bent to form
a sort of toggle joint, or a flexible lead can be
used. The nut is turned, squeezing the coil and
thereby adjusting it to the desired inductance. A
fixed capacitance connected across the coil will
constitute an adjustable resonant circuit. The
resonant frequency can be measured with a
grid-dip meter.

Air coils other than solenoids can be used. For
example, the conical-shaped coil of Fig. 1D flat-
tens to a pancake when adjusted.

If a spring-type wire is used instead of soft
copper wire, the coils will return to their original
shape as the adjusting screw is loosened. Variable
coils made of beryllium copper wire can be tuned
many times without permanently deforming and
can replace the greatest dust catcher of all, the
variable capacitor. The price of this variable
inductor is small compared to the capacitor, and
because the inductance can be varied over a wide
range, the band of frequencies covered by tuning
the inductor is also wide.

Tuned transformers can be constructed as
shown in Fig. 2. Two coils are used and they can
be adjusted for required inductance and for
required coupling. Tighter coupling is achieved
by moving the coils closer to cach other. The
coupling governs the band width, and as the
coils are moved closer the band width increases.
As an illustration of typical values which can
readily be obtained, a model was built and cou-
pling was measured on a  meter. The values of

ADJUST FOR
DESIRED COUPLING

Fig. 2—A transformer with adjustable tuning and coupling

using the compression principle. The nut just to the left of

the central mounting plate sets the coil separation, and
the end nuts are used for tuning.

coupling obtained were 5 per cent for a coil
separation of about 14 inch and 10 per cent for a
coil separation of 14 inch.

The solenoid is also suited for use in filters in
the v.h.f. range. Design formulas for low-pass,
high-pass, band-pass, and band-reject filters are
given in many electrical engineering texts and in
reference books. The advantage of using the air-
core coil in filters is that high-Q resonant circuits
mean sharper cutoffs and steeper attenuation
curves. Also, these coils may be adjusted so that
the circuits resonate at the proper frequency, and
there is no need for more expensive tunable ca-
pacitors. One must be careful in the physical lay-
out of the filter. The coils should not be too close
to each other or undesired coupling will result.
This coupling would mean less attenuation in the
stop band. Adjacent coils should be placed at
right angles to minimize coupling. At v.h.f., short
lead lengths and good grounds are a2 must.

At the Electronics Division of Westinghouse
Electric Corporation, filters for some applications
were designed and built with these adjustable
solenoid coils. It was found that they are stable
and hold their inductance extremely well under
tough environmental conditions, passing shock
and vibration tests with flying colors. The photo-
graph shows a v.h.f. filter with five tuned cir-
cuits. No tunable capacitors are used.

The experimenter will no doubt find more
applications for adjustable air-core inductors. He
and his equipment will become more flexible by

using them.

e Strays ¥

All amateurs who are members of the Naval
Reserve are invited to participate in the Individ-
ual National Naval Reserve Radio Network
(INNRRN) which meets each Friday night at
0100 GMT on 7375 ke. Net control is NCR,
operating from the QTH of old NAA in Arlington.
Using the general call NCX, NCR first sends
general broadcast traffic to all hands (sometimes
mentioning surplus electronic gear which is
available in the Individual Craftsman Training
program). Then, individual stations are invited
to report in on c.w. What call sign should you
use? It's simple. If you are a W, replace that
prefix with NA: if you're a K, replace that with

October 1960

NB; WA becomes NC; KN become NK; and
WYV becomes ND. For example, WIHZE would
sign NAIHZE; KN1MJA would sign NK1MJA;
WA2DIJ would sign NC2DI1J. Please note that
these call signs are authorized for use only on
this particular net.

If your procedure is rusty, don’t worry about
it. A couple of nights listening to one of the crack
operators at NCR and you’ll be right back in
the swing of things. Come up on 7375 and meet
a bunch of your Navy ham buddies.

Boss man on the net is Capt. Jim MecCoy,
USNR, W40I, who has been around the Navy
and ham radio for a long time.
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The dummy antenna is enclosed in a 35-mm. film can mounted on a coax connector. The nine 1-watt resistors are
soldered to copper disks with practically all of the wire leads eliminated.

A Dummy Load off the Mind

BY JOHN HOWARD,* K8MME

arrived, the writer had been searching hand-

books for verification of procedure for mak-
ing a dummy load. The cover and accompanying
article were a real surprise.

To absorb the transmitter's 7-watt output,
EPT’s configuration of nine 470-ohm resistorst
was selected. The soft, foil-like flashing copper
happened to be little more than arm’s reach
away and proved an ideal support. (For those
who will follow suit and build similar loads:
Be sure to burnish both sides of the copper disks
and tin fully before assembling and soldering.)

To add a personal touch, there had to be some

PRACTICALLY the same day that March QST

“modification.”” A trlm llttle screw- top alummum

*Apartment C-107,
Heights 21, Ohio.

1336 Brookline Road, Cleveland

1 Tilton, “V,H.F' Dummy Loads,” QST, March, 1960.

can that is used to package a 35-mm. film car-
tridge was adopted as a housing for the dummy.
A pattern of 14-inch diameter holes was drilled
through the side and end. A hole was made in the
screw cap to receive a coax reducer bushing,
which threads into the coax fitting, making a very
rigid mechanical joint. The housing serves as a
flue to increase the flow of air when the dummy
load is operated in its vertical position, as well
as giving protection to the assembly of resistors
inside.

The s.w.r. was practically 1:1 — almost as
good as the antenna itself. After running the
dummy for five consecutive periods of two min-
utes each while checking s.w.r. at different

- frequencies, it didn’t go up in smoke. Resistance

still checked out O.K. on a meter.
Thanks, EPT, for getting us away from the
habit of snatching those: light bulbs!

Lt

this month

25 Years Ago ?

October 1935

. . . The editorial 25 years ago extended a welcome to the
new Southwestern Division which elected its first director
that fall and became a full-ledged ARRL division on Janu-
ary 1, 1936 . . . and in the next breath, the editorial con-
gratulated the League itself on its 21st birthday, reached in
1935,

... The issue gserved up a technical smorgasbord that
included articles on Mt. Whitney's 56 Mec. QSOs . . .im-
proved equipment on the Arctic-sailing schooner Moriis-
sey . . . a discussion on circuits in an oscillator-amplifier
transmitter . . . reducing QRM on 56 Mec. ... a new
portable for 56 Mec. . . . a multi-purpose test circuit . . .
and a self-powered v.t. voltmeter. . . . There were four
pages of hints for the experimenter.
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« .. There’s nothing new about s.5.b. — QST 23 years ago
carried an article by James J. Lamb on background for
s.8.b. phone —a simple explanation of modulation and
detection principles from a non-mathematical angle.

... QST announced Leaguc endorsement of a revised
R-S-T table, reporting strength on a nine-point scale rather
than the five-point one originally given. The revised scale
came from W2BSR, who suggested the original system.
W2BSR'’s second suggestion that the letters R-S-T be
dropped and reports limited to numbers only was also
cheered by ARRL.

. On the light side, W6KBY reported a pair of sixes
working in a San Francisco store with the calls GIN and
FIZ. . . . and this quote from a junior op, who said, no, he
hadn’t cut his hand. “I picked up a pretty bugin the garden
this morning and one end of him wasn't insulated,”

QST for




Fig. 1—Control panel at WOERU. At the left, from top to
bottom, are switches referred to in the text as Ss, S4 and
S3. In similar order at the right-hand end are Ss, S2 and
S1. The other controls either side of the Micromatch and
RME clipper-filter include remote-speaker switch, drive
attenuator and a timer switch. The latter are not directly
associated with the switching system.

Easily Constructed Units for
Antenna and Equipment Control

Switching Coaxial Feed Lines

BY GENE HUBBELL,* WOERU

The author does not anticipate that
many will want to duplicate his sys-
tem of control switching. However,
the basic idea of making up individual
switching units to perform desired
special functions is well worth at-
tention. '

tennas readily available, has always been of

great interest to the author. Even before

the arrival of solid-dielectric cable, various ar-

rangements of relays and remote-controlled
* Box 273, R.R. 4, Rockiord, Tllinois.

!N’I‘ENNA switching, to make a variety of an-

ANTENNAS

L

TO WORK

o TO AUX.QUTLET
BENCH

O
ON CONSOLE TO 32-VI RELAY

motor-driven switches were used at WOERU.
With coaxial feed system, radio-frequency power
can be handled almost as easily as d.c. If the
reader will refer to the photograph of Fig. 1 and
the diagram of Fig. 2, the following description
will give some idea of the possibilities.

Circuits
The s.p.d.t. switch S; selects either the GSB-

100 s.s.b. exciter or the 32V-1 a.m./c.w. exciter,

taking the output to S..

~ 8y is a three-pole double-throw unit. This
switch connects the output of the chosen exciter
either directly to the s.w.r. bridge, or inserts a
high-power amplifier between the exciter and the
s.w.r. bridge. In the “amplifier”’ position, one

A.C.TO

CONV. BS. 0

T0
2-M. CONV. 6-M. CONV.

Fig. 2—Wiring diagram of the control panel at W9ERU. All connections between the various units and the

switches (power wiring excepted) are made with coax cable terminated in standard coax fittings. The switches are de-

scribed in the text. Ji and Jz, from which plate and filament power for the converters are taken, are 3-terminal female

connectors, J3, into which the converter power-supply output is fed, is similar but of the male type. The power-supply
’ input plugs into the a.c, outlet.
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Fig. 3—An interior view showing the layout of connectors
associated with Sg of Fig. 2.

pole operates a relay at the 32V-1 which converts
the latter from a self-contained transmitter to an
r.f. and audio driver for a high-powered final.

The s.w.r. bridge is connected to one position
of single-pole three-position switch S3. In the
position shown in Fig. 2, the output of either the
execiter or amplifier is fed, via the t.r. switch, to
the combination of Sy (single-pole four-position)
and Ss (single-pole six-position) by which it is
possible to select any one of 9 different antennas.
In the other two positions of S3, coax lines running
to auxiliary outlets at the work bench and operat-
ing console are connected to the antenna switch-
ing system so that any temporary transmitter at
either of these positions may be fed to the desired
antenna.

On the receiving side of the system, Sg provides
for feeding the antenna either directly to the
recciver or for inserting a 2- or 6-meter converter
ahead of the receiver. In the “converter’” posi-
tions, two poles of this switch turn on the con-
verter power supply and apply filament power
to the converter selected.

Components

Now that we sce what can be done with suita-
ble coaxial switches, the next order of business

Fig. 4 — This view shows how the switch Sg (Fig. 2) is wired
to the connectors before fastening the box cover in place.
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is how to build them. All that is required is a
small metal box, suitable coaxial jacks, and the
right switch assembly. Since the voltages and
currents at an impedance level of 50 to 70 ohms
arc very reasonable (if the s.w.r. is not too high!),
we can use small ceramic switches, even for a
kilowatt. Such switches are made by Centralab,
Erie, Mallory, and others. The parts used in the
switches previously outlined are those made by
Centralab. The usual coaxial jack designated
S0-239 by most companies, or 83-IR by Am-
phenol, will do the job for the second item, and
there are various solutions. to the box problem.
Premier, Bud and Wyco make small two-piece
boxes that are very suitable, and the three-
piece box with two flat removable sides will also
fill the bill. Tools needed, besides the usual
soldering iron or gun, screwdriver, pliers and
wire cutters, are drills, files and reamers to make
holes varying in size from the small ones required
for mounting screws up to the $4-inch size needed
for the S0-239 jacks.

Typical Construction

Let’s build one of the coaxial switches pre-
viously described — say, Ss. We need 4 poles,
and 3 positions. A Centralab type 2515 will
work, with the adjustable stop set for 3 positions
instead of the maximum of 5 provided. We will
need 6 coaxial jacks to take care of the r.f. input
and outpul connections'at points marked *“X?”
in Fig. 2. For the a.c. connections, we will nced
two chassis-mounting two-contact connectors.!
For the filament and high-voltage connectors
we will use one 3-prong chassis-mounting plug,
Amphenol type 86-CP-3S, for J3, and Amphenol
type 78-S38S tor Jy and J». By arranging the above
parts on a sheet of paper, we arrive at an ap-
proximate size for onc face of the box we will
need — about 4 by 5 inches. In the remaining
direction we must have nearly 3 inches. A Pre-
mier PMC-1005 two-part aluminum box will be
just right. And we must have some l4-inch
6-32 screws, 6-32 nuts, wire and solder.

Figs. 3, 4 and 5 show how we lay out the con-
nectors and mount them, while Fig. 5 shows
how we wire in the switch. Care must be taken to
position the switch carefully so that the shaft
and shaft bushing will pass through a hole in
the other half of the box and can be secured
properly with the nut provided. If we solder 2-
inch lengths of No. 16 tinned wire to the SO-239
jacks, then bend them to pass through the lugs
on the switch, we can manage this positioning
without too much trouble. The other lcads can
be of any convenient size of hookup wire.

A word about mounting SO-239 jacks. If a
%%-inch hole for the threaded end of the jack is
drilled and reamed to size first, the juck can be

1 The author used two TV power-input connectors (male)
and recessed them in the panel. While this reduces the
danger of accidental contact with the live conncctor supply-
ing a.c. to the converter power supply, it does not eliminate
it entirely. It would be preferable to use a female connector,
such as the Cinch-Jones type S-302-AB. A matching male
conncctor for the connection to the a.c. line is the C-J type
P-302-AB. — Ed.
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held in this hole while the four mounting holes
are located, or even while they are being cut on a
drill press. The four mounting holes in the flange
of the SO-239 are usually small enough, and the
metal soft enough so that a 6-32 screw may be
forced to tap its own threads into the jack. This
eliminates using nuts to securc the screws,
and there is no need to tap these threads with
another tool. If an occasional hole in the S0-239
flange is too large for a good fit, a tap or two with
a small hammer, while the flange is held on a vise
anvil, will close up the soft metal sufficiently.
Of course, the four mounting holes in the box,
required for each jack, must be drilled large
enough to clear the 6-32 machine screws.

Fig. 6 shows a simple double-pole double-
throw switch for coax line with an added on-and-
off circuit connection for a.c. line-voltage control.
A line cord passes through a grommet into the
box; one side of the cord terminates at an a.c.
receptacle, while the other side of the cord goes
by way of a switch contact to the other terminal
on the receptacle. The coaxial connections could
be used to switch excitation to a linear amplifier
or connect the exciter directly to an antenna. In
the excitation position the amplifier would be
connected to the antenna, while the a.c. switch
provision would be uscful to turn on the plate
power to the amplificr.

Fig. 7 shows a single-pole six-position, remote-
controlled motor-driven switch of the type used
at Sz. A small 115-volt a.c. motor drives the
switch through a gear train at about one complete
revolution in 10 seconds. A switch deck on the
switch shaft, outside the box, has a solid disk
rotor contact with a small noteh in it, making
contact at any onc time with 5 out of 6 fixed
terminals. By applying a control voltage to any
of these fixed terminals, the motor is caused to
revolve the switch assembly until the notch in
the disk rotor reaches this selected terminal
when the control voltage is removed and the
motor stops. If we have sclected the right fixed
terminal in relation to the coaxial-switch deck,
we have conncctions properly made on the
coaxial lines attached. Centralab makes a switch
wafer (type FFD) which can be adapted to this
type of motor control. By using a control voltage
and a small relay to open and close the a.c. line
to the motor, we avoid using cxpensive well-
insulated multiconductor wire, and can go to a
low-voltage control. In the case of the switch
illustrated, 12 volts d.c. is used for control
voltage. Seven wires are necded for a 6-position
switch. Solenoid-actuated ratchet-type switches
may also be used in similar remote-control
applications.

Such standing-wave-ratio checks as have been
made on these coaxial switches were carried out
with an M. C. Jones Micromatch and a flat 50-
ohm dummy load. On frequencies from 3.5 to
29.7 Mec., only a very slight increase in s.w.r.

Fig. 7—The motor-driven switch used at Ss (Fig. 2).
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Fig. 5—The completed Se (Fig. 2) unit. The output of the
converter power supply plugs into the male connector in
the lower right-hand corner. Power-supply output for two
converters is taken from the two female connectors at the
bottom. The a.c. line plugs into one of the connectors at
the top, while the power-supply input (115 v.a.c)) is taken
from_the other which should be a female connector. R.f.
connections are made at the coax receptacles.

Fig. 6—This is a d.p.d.t. switch for coax with an auxiliary
connection for closing an a.c. circuit in
one of the two positions.

resulted from the insertion of the switch in the
line. Circuit isolation is not quite so good.
Signals do feed through from unused antennas to
some extent. By tuning in a fairly strong local
signal and rotating switch S4 to a position where
the arm does not touch any fixed position, we can
get an idea of the isolation provided. On 14 Me.
it looks like about 40 db. on the 75A-L. Signal
(Continued on page 151)




A Joolproof System Well Worth 9ts Cost

Sereen Protection and More

BY JOHN A. EVANS,* WOHRH

rodes at $40.00 plus each, it is economically

important to provide adequate screen pro-
tection. Much of the litcrature contains circuitry
using a single relay in the screen supply lead as in
Fig. 1. In theory, its operation is very simple and
somewhat as follows: When the current through
the relay coil reaches the pull-in point as a result
of some adverse condition, the armature is ex-
pected to transfer the screen voltage to ground via
resistor Re. If this sequence is followed, things are
in fairly good shape as the resistor should draw
enough current to hold the contacts closed in the
grounded position. Then, with the screen at zero
voltage, plate current will drop to a very low level
— well under the plate dissipation rating of the
tube. You should now have a chance to pull the
main switch, run down the trouble and get back
on the air.

But suppose you are modulating when the
screen circuit opens and the plate current drops
to a minimum. This results in no load for the
modulator which, of course, is not good, except
that the arc-over in the modulation transformer
will alert you to the fact that something has
happened. By that time it has! Since modulation
transformers fall in the same price bracket as
a pair of 4-400As, they, too, should be protected.

Relay engineers do not like this circuit any-
way. Too much dependence is put on the inertia
of the relay armature when the coil is energized.

* ¢ Potter & Brumfield, Princeton, Indiana.

WITH the replacement cost of high-power tet-

o
SCREEN VOLTAGE

Fig. 1—A screen protective circuit which actually pro-
vides very little protection. Shunt resistor Ri is set so that
K1 will throw if the screen current becomes excessive. If
all goes well, the screen voltage will be grounded
through R2 which draws enough current to keep K1 trans-
ferred. Unfortunately, there is no current through Ki
while its arm is moving from one position to the other. If
the arm springs back before making contact, all you have
is a buzzer! R3 is a bleeder (about 10,000 ohms) placed
atthe tube socket. It provides a ground return for the screen
and prevents high voltage from developing there when Ki
opens the supply lead.
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It should be pointed out that when the movable
contact breaks from its normally-closed position
there 1s no current through the coil. The movable
contact will tend to return to its normally-closed
position and repeat the cycle. So you have only
very marginal protection, if any — though you
will probably have a pretty good buzzer.

The following describes a protection circuit
which will take the entire rig off the air within
milliseconds in the event of a screen overload.
The circuit diagram, Fig. 2, includes a plate-
circuit-relay, Ki, and a variable shunt resistor,
R;, in the screen supply lead. When the contacts
of K; close, latching relay K> is energized and
opens the main plate supply line either directly
or through a master control relay. The latch
mechanism will hold the relay and the supply line
open until a pulse to the reset coil via S; returns
the circuit to normal. Coil voltage for K3 can come
from a filament transformer or any power circuit
that runs continuously.

The relay specified for Ky is adjusted at the
factory to pull in at approximately 9 ma. The
shunt, Ry, is used to vary this pull-in point to a

(Continued on page 150)

HOLDING
SECTION

PLATE ANO
SCREEN CONTROL
CIRCUIT

RESET
SECTION

[} 6 S

Ka. LATCHING RELAY

FILAMENT Y.
(Shown tn normal position)

CONTROL
CIRCUIT

SCREEN
VOLTAGE

Fig. 2—The recommended circuit. Excessive screen current

will operate K1, energizing the holding section of K2 which

removes screen and plate voltage from the transmitter. K2
will remain transferred until Si is closed momentarily and

a pulse of current through the reset coil returns the con-

tacts to their original position. The screen is returned to

ground through the power supply bleeder, but a separate
bleeder such as R3 in Fig. 1 can be added for insurance.

K1—S.p.d.t. plate circvit relay (Potter & Brumfield LB-5
with 2500-ohm coil).

K2—Latching relay (Potter & Brumfield KB17AG and DG
series; available with coils for various control
voltages, a.c. and d.c.).

Ri1—Sensitivity control for K1 (see text).

S§1—S.p.s.t. push-button reset switch, normally open.
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The five-band coupler used with the antenna. The Lil2

assembly is toward the rear of the aluminum chassis.

L3l4 is in front of it, mounted so the coupling between the

two sets of coils is minimized. Pin jacks at the rear are for
making connections to open-wire line.

Tunable System
for 80 Through 10

Combining a vertical pipe and a horizontal
wire, this simple antenna system is useful
on five amateur bands. It includes a tuning
and matching network that doesn’t require
switches or plug-in coils.

BY LEWIS G. McCOY,* WIICP

A Limited-Space Antenna

ANY amateurs are restricted in the amount
M of space they have available for antenna
installations, some even being confined to
roof-top areas. This poses a problem when 80-
and 40-meter operation is planned. The minimum
over-all length of a horizontal antenna that should
be used, for reasonable efficiency at these frequen-
cies, is about 60fect. When you must also make al-
lowance for space for guy wires, the average city-
lot or apartment dweller quickly runs out of room.
The antenna system described here requires
very little space —even the roof of a small
house is adequate. The system will provide
fairly good multiband coverage — 80 through 10
meters — as the test model proved.

What It Is

The antenna is 60 fect long — approximately
a 40-meter half wave — center fed. One half
of the antenna is vertical, the other half hori-
zontal. Open-wire line is used to feed the antenna,
the line being coupled to the transmitter via a
multiband antenna coupler. The coupler serves
the dual purpose of coupling the transmission
line to the antenna and reducing undesired har-

*Technical As‘svi’st:z‘mh: QST.

Fig. 1 —This drawing shows the set-
up of the transmitter and antenna
system.

TRANSMITTER

monic energy fed to the antenna. Fig. 1 is a
drawing of the entire system.

The vertical portion of the antenna consists
of three 10-foot TV mast scctions. These mast
sections are available from any radio-parts dis-
tributor and cost about two dollars per section.
Either aluminum or steel sections can be used,
although the aluminum is preferred as it is easier
to handle. The masts are usually 114 inches in
diameter and have one end swaged so they can
be fitted together. Incidentally, with suitable
guying these mast sections also make excellent
low-cost poles for supporting horizontal antennas.

In addition to the mast sections you’'ll nced
about 200 feet of plastic clothes line for guying
the vertical portion of the antenna. The actual
length required will, of course, depend on the
installation but 200 fecet is adequate, in any
event. The vertical should be guyed about 12
feet from the bottom and a few feet from the top.

If the antenna is to be installed on a roof you’ll
neced three guy anchors. In our test setup three
screw-in type clothes-line hooks were used to
secure the guys. However, should you decide to
mount the vertical in your yard, the guys can be
anchored to posts or stakes driven in the ground.

30!

OUTPUT INDICATOR

~—OPEN-WIRE
LINE

RG-58/U OR 59/U
COAX LINE
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The base of the vertical must be insulated, and
a soda bottle works out just fine for this purpose.
The diameter of the mast section is large enough
to slide over the bottle neck. You'll nced some
form of base to hold the bottle steady. However,
as most of the antenna thrust is in the downward
direction, which tends to hold the bhottle steady,
a block of wood with raised sides, Fig. 2B, will do.

The horizontal portion of the antenna consists
of a 30-foot length of antenna wire. One end is
wound around the bhottle, Fig. 24, and the other

VERTICAL
MAST

BOTTLE INSULATOR
HORIZONTAL WIRE
S

LINE TO

COUPLER ROOF MOUNT

ROOF—=

(A)

(B)

Fig. 2—Details for mounting the antenna are shown at A
At B is one method for constructing a mounting base

should go to a strain insulator which can be sup-
ported by a guy line to any convenient anchorage.

TV open-wire line is used for the transmission
line. The length of the line will, of course, depend
on your installation. You may find it incon-
venient to come through the wall or window of
your shack with the open-wire line. If so, you can
run the line to the nearest entrance to the shack
and secure the line with a stand-off insulator,
and then come into the shack with 300-ohm
Twin-Lead.

Making the Installation

If you decide to install the vertical in the yard
or away from the house it i3 a good idea to get the
base of the antenna at least eight feet above the
ground. This will get the fceder high enough so
there won’t be any danger of decapitating the
XYL when she’s hanging out the family wash

Lo

L

4y TRANS.
T wmission

__< a LINE
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(also, it should be too high to be used for a clothes
line!). A 4 X 4 post 10 feet long should work out
well as & mount for the vertical.

Fig. 2 shows one method of making a simple
base mount if the antenna is to be mounted on
a peaked roof. The mount consists of two eight-
inch lengths of 2 X 4 and a piece of one-inch
lumber. The width of the one-inch stock will
depend on the pitch of the roof. As can be seen
in the drawing, the edges of the 2 X 4s rest on
the roof slope and the one-inch stock is on the
roof peak. When the vertical is mounted in place
there is enough downward thrust to keep the
block from creeping.

The guys can be attached to the mast by sim-
ply drilling holes in the mast, the holes being
large enough to pass the plastic clothes line, and
tying the line directly to the mast. Lay the ver-
tical on the ground and measure off the length of
the guys, which will, of course, depend on the
anchor points. Also, drill a hole about !4 inch
from the bottom of the mast and install a nut
and screw. The head of the screw should be
mounted inside the pipe with the threaded por-
tion extending out. Use a lock washer and tighten
up the nut. When you mount the vertical on the
soda bottle it will be a simple matter to fasten
one feed wire over the screw, using another nut
to hold the end of the line to the vertical.

Before mounting the vertical, put a cork in the
soda bottle: otherwise it is likely to fill up with
water coming down the pipe. You can, of course,
plug up the top of the vertical, but this isn’t
necessary. Any water coming down the pipe will
escape around the bottle.

After the vertical is mounted in place and
guyed, you can install the horizontal wire. Wrap
one end of the wire around the bottle and secure
the other end to a guy point, using an insulator
at the end of the 30-foot length. If you don’t have
enough room to stretch out the wire straight, it
can be run in an L or U shape. Try to avoid run-
ning the wire close to rain gutters or pipes. Also,
the wire doesn’t have to be horizontal; it can slope
downward to a guy point if desired.

One side of the feeder goes to the base of the
vertical and the other side to the horizontal wire.
Don’t worry about the length of line to the shack
as it isn't critical. It can be as short as five feet
or as long as required to reach the shack. (Well,
that seems reasonable! — Ed.)

Fig. 3—Circuit diagram of the multiband antenna coupler.

C1—250-uuf. variable capacitor (Hammarlund
MC-250-M).

C2, C3—325-uuf. variable capacitor (Hammarlund
MC-325-M).

Ji—Coax chassis receptable, SO-239,

J2, J3, Ja—Tip jacks.

L1—1.6 ph., 5 turns No. 18, 1Y-inch diam., 10 turns per
inch, mounted inside L2 (lllumitronic Air Dux 1010).

La—1.1 gh., 5 turns No. 14, 1%-inch diam., 10 turns per
inch (lllumitroric Air Dux 1410).

L3—3.2 h., 10 turns No. 18, 1%-inch diam., 10 turns per
inch, mounted inside Ls (lllumitronic Air Dux 1010).

Li—2.1 uh., 6 turns No. 14, 1%-inch diam., 10 turns per
inch (Illumitronic Air Dux 1410).

QST for



The Antenna Coupler

The antenna coupler circuit shown in Fig. 3
is a multiband type that covers 80 through 10
meters without band switching. Coupling from
the transmitter is controlled by Ci. Two links are
provided, L4 for coupling to the feeder on 80 and
40, and L; for 20, 15 and 10.

The coupler is built on a 2 X 7 X 9-inch
aluminum chassis. Arrangement of the com-
ponents is not particularly critical but it is a good
idea to follow the general layout of the unit
shown in the photograph. C; must be insulated
from the chassis, so standoff insulators, 15 X 1
inch (Millen 31001), were used to support the
capacitor. Before drilling the holes for mounting
Co and Cj, connect them together with a shaft
coupler. Set both capacitors at maximum capac-
itance (plates fully meshed) and tighten up the
lock screws on the coupler. With the capacitors
coupled together it will be casier to find the cor-
rect dimensions for the four screw holes when
mounting the capacitors on the chassis.

The four coils are mounted on terminal strips
and are supported by their own leads. The threc
leads from the links to the antenna terminals are
run through rubber grommets through the
chassis top and back to three tip jacks at the top
rear of the chassis.

Adjustment Procedure

It is a good idea to set up the coupler with a
dummy load first so you can get the ‘“fecl” of
the tuning. A 60-watt lamp bulb is good for this
purpose with Novice-power transmitters. Con-
nect the screw portion of the base to J3 and the
base tip to J4. Use a length of 50- or 70-ohm coax
line to connect the coupler to the rig. Set your rig
for 80 meters and apply power. First, resonate
the final amplifier for a dip. Next, tunc C; to
about mid-range and then adjust. C2C3 for an
indication in the lamp load. Once the bulb lights,
readjust C1 and then C2C3 again for maximum
brilliance of the lamp. You’ll probably have to
adjust the transmitter amplifier tuning to keep
it in resonance as you make the adjustments.
Make a note of the capacitor settings and then
proceed to the other bands, using the same
method of adjustment. When setting up on 20,
15 and 10, change the antenna lead from J4 to
Jo. The lead to J3 doesn’t need to be changed.

The same procedure can be followed with the
antenna connected to the coupler. The capacitor
settings won’t be ervactly the same when you
connect the antenna but should be fairly close.
However, you will need some type of indicating
device to show when the coupler is correctly
tuned. If you have an s.w.r. bridge it should be
installed in the coax line between the two units.
The coupler is then adjusted so that a matceh is
indicated on the coax linc.

If you don’t have an s.w.r. bridge then you can
use a dial lamp as an output indicator. The dial
lamp should be connected across a portion of one
of the feeders. The method for doing this is shown
in Fig. 4. Use two lengths of wire about two feet
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Fig. 4—Dial-lamp output indicator.

long. Clip the leads to one of the feeders, placing
the clips about a foot apart. Adjust the coupler
so that the dial lamp lights up. Keep one thing in
mind in making this adjustment: for any one
distance between clips, the brighter the light, the
more power there is going up the feeders to the
antenna. If the bulb should get too bright, reduce
the separation of the clips on the feeder wire.
This will reduce the pickup from the line.

This coupler was tested with a rig running
100 watts input. This is also about the maximum
power the coupler will handle without the capaci-
tors arcing over from the high r.f. voltages pres-
ent. Any readers desiring a higher-power version
of the coupler can find such a unit described in
the 1958 or 1959 cditions of the Handbook in the
chapter on transmission lines.

NEW BOOKS

Guide to Mobile Radio, by Leo G. Sands,
published by Gernsback Publications, Inc., 154
West 14th St., New York 11, N. Y. No. 77 in
Gernsback Library Series. 514 by 814 inches, 160
pages, paper cover. Price, $2.85. ’

The ‘“Guide to Mobile Radio” was written to introduce
the technician to the field of commercial mobile radio. It
contains information on general types of systems, such as
industrial, railroad and citizens' radio, paging and dis-
patching. Also included are data on base station operation,
receivers and transmitters, power supplies, antennas sys-
tems, remote control and portable ejquipment, maintenance
and licensing. Chapters containing material of interest to
radio amateurs include those on portable equipment,
power supplies and noise elimination.

TV and Radio Tube Troubles, by Sol
Heller. Published by Gernsback Library, Inc.,
154 West 14th St.,, New York 11, N. Y. 224
pages, 514 by 7 inches, paper cover. Price, $2.90.

A very high percentage of equipment failure is caused by
vacuum tube faults, and this book is intended to help speed
up trouble-shooting along with presenting service data on
tubes. It should make a handy trouble-shooting manual for
the technician or amateur who has had little experience with
service work. Although devoted primarily to TV problems,
several chapters deal with troubles encountered in radio
receivers. The symptoms are dealt with in paragraph form
(such as ‘‘station drift” and “filament-to-grid coupling’)
and are followed by suggestions for determining the cause.
Information on tube replacements and substitutions is also
given. —E. L. C.

‘a-Strays3s

KARLV’s automobile license number is 8873.
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This little station, complete except for power

supply, takes np no more space than many a |
bam-band converter. WSDQV hbas built a |
superhet receiver with crystal filter and an |
8-watt a.m. transmitter with v.f.o. into just
Vs of a cubic foot. Furthermore, it doesn’t |
. even look crowded! |

___ N

station for 75- and {0-meter a.m. phone in a

compact 8 X 8 X 4l4-inch package. It in-
cludes a superhet receiver with crystal filter,
a.v.c., noise limiter and speaker, as well as a
v.f.0.- or crystal-controlled transmitter with
modulator. Power input runs about 8 watts. Re-
sults will depend on band conditions and the
antenna used, contacts of 10 miles or so being
routine. While the rig was intended primarily for
local mobile operation, contacts of 135 miles have
heen made. Installation, mobile or fixed, is sim-
ple, the only external attachments being a micro-
phone, antenna and power. For mobile work a
flat transistor power supply can be fastened to the
rear panel, while for fixed operation any power
supply giving the required 250 volts at 110 ma.
and 12.6 volts a.c. or d.c. at about 1.6 amp. can be
used.

Tms little rig offers a complete flea-powered

Circuit Information

As shown in the schematic diagram of Fig. 1, a
single tuned circuit is used for both transmitter
output and receiver input. Cs and Ls or L7, as
selected by band-switch section Sis for 75 or
40 meters, form a conventional parallel-tuned
plate tank for Vg, the 6AQ5 final amplifier. Fixed
anteuna coupling links Lg and Lg, switched by
S1a, work well and eliminate the need for a large
loading capacitor and its knob. In an arrange-
ment similar to that used in the t.r. switch de-
scribed by Sabaroff,! the grid of mixer Via, the

*122 Bast Third £t., Okmulgee, Okla.
! Sabaroff, “A Novel Electronic Transmit-Receive
Switch,” QST, June, 1957.
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Front view of the two-band station showing how it compares

in size with a familiar T-17 mike. The homemade receiver

dial is in the center of the panel flanked by the volume

control/power switch and the knob which tunes the com-

bined transmitter output and receiver input circuit. Below

are the v.f.o. tuning control, the crystal/v.f.o. switch and
the band switch with its central zeroing position.

BY S. B. LESLIE,* WSDQV

Mobile Station

A One-Package
Transceiver for 75- and
40-Meter Phone

pentode scetions of a 6U8A, is connected to the
tank circuit through C3. When receiving, the out-
put circuit functions in reverse as an input cireuit.
When transmitting, the voltage divider formed by
(3 and the input capacitance of 174, reduces the
r.f. output voltage to a value safe for the mixer
grid. Peaking (4 for maximum signal strength on
rceception also resonates the transmitter final;
hence, no tuning or output indicator is needed.

An i.f. of 1650 ke. was chosen for the recciver
so that one oscillator range would serve tor both
75 and 40 meters. The recciver oscillator, Vg,
uses the triode section of the 6USA and tunes
from 5450 to 5650 ke. Thus, when C4-Ls is tuned
to 75 meters the receiver covers 3800 to 4000 ke.,
and when C4-L7 is tuned to 40 meters it covers
7100 to 7300 ke.

Following the mixer are the first of three 1650-
ke. i.f. transformers and a simple hand-pass
crystal filter. A.v.c. voltage developed by the
detector section of V4, a 6ALS5, is applied to the
grids of Vo and V3, the two 6BJ6 i.f. amplifiers.
The other half of the 6AL5 functions as a shunt-
type noise limiter. Audio from the detector goes
through gain control R; to amplifier stage Vsa,
one section of a 12AU7. The audio output stage,
Vs, uses a 12AQ5 to drive a built-in 314-inch
speaker through half the primary of a center-
tapped output transformer.

When transmitting, the final amplifier plate
and screen currents flow through the other half
of the output transformer primary, and the same
audio system becomes a modulator. Vss, the
other half of the 12AU7, provides additional am-
plification as well as button current for a carbon

OST for



Top view of the transceiver with cover plate removed. The receiver i.f. strip runs along the near edge of the chassis from
front to back. The rearmost tube is the 6ALS detector, and ahead of it are the three i.f. transformers and the two 6BJ6 i.f.
amplifiers. From left fo right across the front panel are the r.f. tuning capacitor, plastic dial and volume control. The
receiver tuning capaditor is front and center with its trimmer soldered directly across it. Note how the pilot lamps are
mounted on a bracket attached to this capacitor and the wire pointer is soldered to the capacitor shaft. Directly behind
the tuning capacitor is the 6U8A mixer-oscillator. To its left is the 12BY7A v.f.o., and behind that is the 0A2 regulator
tube. Beside the speaker on the far side of the chassis are the 6AQ5 final amplifier and the 40- and 75-meter coils. Along
the back of the chassis are the 12AU7 and 12AQ5 audio stages and the output transformer. The black cans in front of the
audio tubes contain the relays, and the crystal socket is just visible between the farther relay and the speaker. On the
back panel are the coaxial antenna connector, the power connector (which ought to be a male fitting for safety’s sake),
and the microphone jack.

microphone connected in its cathode -circuit.

The transmitter r.f. section uses a 12BY7A
oscillator, V7, to drive Vo, a 6AQ5 final amplifier.
Sa connects the grid of V7 to either tuned circuit
L3CsCy or a crystal socket. The v.f.o0. tunes from
3500 to 4000 ke., and crystals in this range can be
used for output on both bands. By now you will
have noticed that there is no v.f.o. dial or tuning
capacitor. A calibrated v.f.o. dial is not needed
or even desirable. Such a dial would take up lots
of room and would seldom be used since most
frequency setting is done by listening to the
v.f.o. with the receiver. Therefore, the v.f.o. coil
was wound on a slug-tuned form and mounted on
the front panel, with a small knob fastened to the
end of the slug screw. This makes a neat, efficient
tuning system with little backlash. With band
switch S; in the 75-meter position, the oscillator
plate circuit consists of an untuned choke, RFCs.
On 40 meters, slug-tuned coil Ls makes a broadly-
resonant circuit which does not require any read-
justment across the band. The 0A2 regulator
tube, Vs, provides a stable 150-volt supply for the
oscillator sereen.

Changeover between receive and transmit is
controlled by the push-to-talk switch on the
microphone. This switch closes the oscillator and
final amplifier cathode leads, causing these stages

to draw current. Relay Kj will then transfer
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since its coil is in series with the oscillator plate
lead. This silences the receiver by removing plate
voltage from all stages except the oscillator and
by opening one lead to the speaker voice coil.

A central position on the band switch provides
for zeroing the v.f.0. In this position Sip removes
the short across the coil of K3 and connects the
final amplifier cathode to ground through the coil
and grounds the cathode of the v.f.o. Sie shorts
the output circuit of the final, and Sic grounds
the oscillator plate through C5. K will throw and
substitute a resistor for the coil of Kj. Since the
contacts of Ky cannot transfer, the receiver will
remain operative, and the v.f.o. signal, greatly
attenuated by Cs, can be picked up.

The tube types used were determined by those
on hand. This also accounts for the rather peculiar
filament hookup. S3, a switch on the volume con-
trol, is hooked across two terminals of the power
connector. These terminals can be used to control
the primary circuit of whatever power supply is
used. Incidentally, it would be safer practice to
use the male power connector specified in the
parts list in place of the receptacle shown in the
photos. This would make it impossible to have
voltage appearing at exposed terminals.

Construction

The homemade chassis measures 8 X 8 X 114

27



£

_E AV.V’V{ L_i

z M > B3

< S —=a

1,1 ] PN

Pt} ) +

N

>0 a

< =

) <

[ Sa

I =4

o < g>‘"~

5%

SEHD

47K

AUDIO AMP.
12AU7 %

I.F. AMP.

AUDIO OUTPUT/
MODULATOR
12AQ5

inches, and the front and back panels are 414
inches high. 1/16-inch aluminum was used for
these parts to give them the necessary strength.
The cover was made from Reynolds perforated
stock. Three shield partitions were used below
chassis. One isolates the i.f. strip from the rest of
the rig, and the others shield the v.f.0. and the
band-switch sections. All metal work on the
original was done in the shack, but your local
tinsmith will be glad to help if you don’t want to
tackle this part of the job.

The receiver tuning dial consists of a half
circle cut in the front panel as shown and backed
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Fig. 1—Circuit diagram of the two-band mobile station. Decimal values of
capacitance are in pf.; others are in puf. except as indicated. 0.22-uf. cap-

acitor is tubular paper; other fixed capacitors are disk or tubular ceramic
except those marked as silver mica and those marked with polarity which are

electrolytic. Resistances are in ohms, and resistors are Yz watt unless otherwise

up by a piece of sheet plastic about 14 inch thick.
This plastic should be scoured several times with
very fine steel wool to give it a ground-glasslike
surface on which dial calibrations can be drawn
with ink. I used green plastic and white ink, but
you can pick your own colors. The dial pointer is
simply a piece of No. 12 wire soldered to the
capacitor shaft. Two dial lamps are mounted on a
bracket sccured by the capacitor mounting nut.
The vernier drive is Lafayctte Radio part No.
F-346. .

Careful study of the photographs and captions
will reveal the placement of most components.
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(B & W Miniductor No. 3012) cemented over

poly rod.
L2—6 turns B & W No. 3012 cemented next to ground end

GB11D with 5000-ohm coil usable).
Ke—S.p.d.t. relay, 400-ohm coil {Potter & Brumfield

RS5D with 335-ohm coil usable).
Li—18 turns No. 24 tinned, 34-inch diam., wound 32 t.p.i.

12-001-03 adapter plate).
Ki—D.p.d.t. relay, 5000-ohm coil (Potter & Brumfield

822-BN or similar).

3—5-puuf. ceramic.

of l.].
L3—22 turns No. 22 enam., close-wound on Y2-inch diam.

but two rotor plates removed).
2—7-45-puf. neg. temp. coef. ceramic trimmer (Centralab

4—140-upf. variable (Hammarlund HF-140).

5—0.01-uf, ceramic.
Ce, C7—680-puuf. silver mica.

I1,l2—6-volt pilot lamp.

Ci—About 15-uuf. variable (Hammarlund HF-35 with all
J1—3-conductor mike jack.

J3—8-pin male chassis connector (Amphenol 86-CP8 with

J2—Coaxial chassis fitting (SO-239).

C
C
C
C

The relays shown were taken from surplus equip-
ment, but any relays with the required contacts
and coil resistance should work as well. The
speaker will have to be submounted about !4
inch if it is the same size as the original.

The receiver oscillator coil is cemented over a
picce of $4-inch diameter polystyrene rod which
has been drilled and tapped at one end to take a
6-32 mounting screw. The 75- and 40-meter coils
are wound on 34-inch poly rods 113 inches long.
These coils are secured by passing their ends
through small holes in the rod. A layer or two of
plastic tape is then wound around the lower end
of each coil, and the links are wound on top of
this tape.

The i.f. transformers specified are for 1500
ke. and must be altered to hit 1650 ke. This is
done by removing the 100-uuf. capacitors that
come with the transformers and replacing them
with the silver mica capacitors shown in the
diagram. The 1648- and 1652-ke. filter crystals
are mounted in a dual crystal socket which is

Bottom view. The i.f. strip components are in
the shielded compartment along the far side
of the chassis, and the filter crystals can be
seen in the upper corner. Across the partition
from the crystals is the slug-tuned v.f.o. coil,
and next to it the v.f.o./crystal switch. Behind
them, shielded by another aluminum partition,
is the mixer-oscillator compartment in which
the oscillator coil can be seen mounted on a
polystyrene rod. A third partition separates
the front section of the band switch, which
handles the r.f. coils and links, from the rear
section which switches the oscillator plate cir-
cuit. This shield also continues back to isolate
the oscillator components on the left from the
final amplifier on the right. The piece of coax
running through the amplifier' compartment
connects the band switch with the antenna
jack. Toward the rear of the chassis is the
relay wiring and the audio circuitry.
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lar).

S1—4 poles, 3 positions, 2 sections (Centralab PA-2011).

slug-tuned form (National XR-50).
S2—D.p.d.t. toggle.

Li—About 25-uhy., slug-tuned (similar to North Hills

ter poly rod.
Ls—6 turns No. 24 enam., close-wound on ground end

poly rod.
Ls—8 turns No. 24 enam., close-wound on ground end of

120-E).
Ls—28 turns No. 24 enam., close-wound on ¥4-inch-diam.

of Ly,
LS1—3Y2-inch p.m. speaker.
simil

Ls
L7—18 turns No. 24 enam.,, close-wound on ¥%-inch diame-

secondary, 3.2 ohms; 5 watts or more (Merit

Ts+—Audio output transformer, primary, 14,000 ohms c.t.;
A-2904 or similar).

RFC1, RFC2, RFC3—2.5-mh. choke (National R-100 or
T1, Te—Lf. input transformer (Miller 12-W1). See text.

Ta—Lf. output transformer (Miller 12-W2). See text.

R1—500,000-ohm control, audio taper, with switch.

S3—S.p.s.t. switch, part of R1.

fastened to the i.f. strip shield partition. The
socket should be spaced away from the partition
so that the contacts are inside the i.f. compart-
ment.

Sharp-cyed readers may notice that the trans-
mitter crystal socket is not wired up to Sy in the
photos. After making provision for crystal con-
trol, I found no need of it and did not finish wiring
this part of the circuit.

Tune Up and Operation

Before turning on the power recheck all wiring
to make sure therc are no mistakes. Then apply
power and sce if all filaments light up and if the
proper voltages are present at the various tube
sockets. If all seems well, get out the grid-dip
meter and check the range of the receiver oscil-
lator which should cover 5450 to 5650 ke. Adjust
Cs until this range is centered on the tuning dial.
Now align the i.f. on 1650 ke. You will have to
beg or borrow a signal generator to do this prop-
erly so that the dial calibration for the two bands




—_—

will coincide. Tuning C4Ls to 75 meters with the
band switch in that position should now bring in
lots of signals. Switching Sy and tuning C4L7 to
40 meters will start things going on that band. It
will be necessary to repeak Cj occasionally as you
tune across the dial. This little recciver will give a
good account of itself and is quite adequate for its
intended purpose, local mobile work.

Next, check the frequency of the v.f.o. coil, L3,
with the grid-dip meter. It should tune from
3500 to 4000 ke. with some to spare. Change the
v.f.0. coil or capacitors as necded to cover this
range. For 40-meter operation, peak the oscillator
plate coil, L4, on 7250 ke.

Operation is simplicity itself. Just select the
desired band, peak Cj, tune in a signal, repeak
C4, set the v.f.0. and away you go. You can tell

your approximate frequency by how far the
v.f.0. knob projects from the panel. Mine is out
about 34 turn for 7200 ke. and about 3 turns for
3800 ke. This will vary from rig to rig so you will
have to calibrate yours against the home-station
receiver. While frequency setting there will be
many strong birdies, but you should have no
trouble picking the right onc as it is much
stronger than the others. With a little practice you
can set the v.f.o. any place in either band in just
a few seconds. Remember, though, you are de-
pending on received signals to set your frequency,
so don’t play the band edges too closely.

This little rig does its job well and has about as
much XYL appeal as can be expected from a
piece of home-brew gear. I hope you get as much

cnjoyment out of yours as I have mine.

e Strays 4.

Trouble with TVI? Louis Epstcin, K9IREN,
4708 North Sawyer Ave., Chicago 25, has a list
of television receiver manufacturers who will
supply high-pass filters. KOREN will send a copy
of the list to anyone whose request is accompanied
by ten cents and a self-addressed stamped
envelope.

How’s your QSL bill? W41.QC/8 suggests that
many high school shop teachers are glad to have
their students print QSL cards and the cost is
only the price of the card stock. He says teachers
welcome projects that will be used rather than
just serving as “busy work.”

Back Copies and Photographs

Back copies of QST referred to in this
issue are currently available, unless other-
wise indicated, from our Circulation De-.
partment. Please send cash or check —
50¢ for cach copy — with your order;
we cannot bill small orders nor can we
ship c.o.d.

Full size (8 by 10) glossy prints of
equipment, described in QST by staff
members (only) can be furnished at $1.50
cach. Please indicate the QST issue, page
number, and other necessary identifica-
tion when ordering, and include full
remittance with your order — we do not
bill nor ship c.o.d.

Pictured above is K2USA's solar-powered station set up

to commemorate the 100th anniversary of the U. S. Signal

Corps. The Fort Monmouth group has a special QSL card
to confirm contacts.

Members of the Pictured Rocks Radio Club of Munsing
Mich., in photo at right, attended the presentation of an
award to 16-year-old Ralph LaCombe (center of group).
Ralph climbed through a cellar window to rescue two young,
boys trapped in a burning home. One was Melvin Mel-
drum, son of Harold Meldrum, WSENX. Both youngsters
died later despite Ralph's heroic work in carrying them
alive out of the Meldrum house. The Michigan hams, in ad-
dition to commending Ralph, are raising money and col-
lecting household items for W8ENX, who lost both his son
and his home.,
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Rear-end view. Ready-made plug and cable assemblies
provide a variety of terminations for the phono jacks Ji,
J2 and Ja grouped with the monitor output jack at the left.
To the right are the external power connector and monitor
tone control below the automatic/manual switch Sa. __

Semiconductor Version
of the “Key with a Brain”

BY ALVIN F. KANDA,* KMHU, ex-KH60]J

The “Ultimatic”’—T ransistorized

Part 2 of Two Parts

cuits (see September QST'), let us now dig

!.RME'D with information on the basic subcir-
in and see how these circuits are utilized.

Time Base

The waveforms appearing at the collectors of
@; and Q2 in the time-base generator are shown
in Figs. 3A and B. The swings negative are
sharper and therefore are selected after differ-
entiation (Figs. 3C and D) for use in triggering
the dot and dash generators. The pulses origi-
nating from @; are used to start a character and
those from Qg used to end a character. The spac-
ing between successive ‘“start’’ and “stop’’ pulses
equals 1 dot length and is variable from about
200 to 20 milliseconds, which figures out to be
from 5 to 50 w.p.m. based on 12 dot lengths per
letter and 5 letters per word.

Dot Generation

When the keying levers, S5, are idle, @9 and
Q1o are “off,”’ with their collectors at the 1 level,
driving the gates Q7 and Qs to conduction and
thus shorting the ends of Ris and Ris, which pre-
vents the ‘“start’ pulses from triggering the dot
and dash generators. The “stop” pulses, how-
ever, are connected to both generators, driving
Q4 and Qg to the O state. Since the base of the
keyer Q15 is connected to the collectors of @4 and
Q@s, Q15 is at 1 and the relay is unenergized. When
the dot lever is actuated, the collector of Qg goes
to 0, taking Q7 out of conduction and thus letting
a “start’’ pulse through to the base of @3, which
flips over and actuates the dot generator. The
collector of Q4 goes to 1, driving Q15 to conduction
and energizing the relay until the succeeding
“gtop” pulse (1 dot length later) flips the gen-
erator back to the idle state. The next start pulse
occurs one dot length after the stop pulse when
the mark/space trimmers, Rg and Rg, are ad-
justed for a unity mark/space, thus assuring the
proper intercharacter space.

*201 Clifton Ave., Minneapolis 3, Minnesota,

October 1960

Dash Generation

Since a dash is 3 times as long as a dot, it can
be seen that a “start’” pulse and the second
“stop’’ pulse following it can he used to trigger
a flip-flop and generate a dash, provided the first
‘“stop’’ pulse can be suppressed. When the dash
lever is actuated, the collector of @10 goes to 0,
taking Qg out of conduction, thus letting a
“start”’ pulse through to the base of Qs which
actuates the dash gencrator. The collector of Q¢
goes to 1, driving Q15 to conduction and encrgiz-
ing the relay. At the same time, the positive
voltage swing of the collector of @5 going to O is
coupled by Cjy to the base of the normally 0 Q4,
thus actuating the dot generator. The collector
of Q4 goes to 1 and adds to the base current of
Q15 already being furnished by the dash genera-
tor. The collector of Qs goes to 0, bringing the
anode of CR3 to 0. The first “stop’ pulse will
then trigger the dot generator to its idle state,
but will be shorted out by CRs before reaching
the dash generator. The combination of Ry and
Cg delays the rise of the voltage at the anode of
CRs to assure the shunting of the first “stop”
pulse. By the time the second “stop” pulse ar-
rives, the voltage level at the anode of CRs is at
1, the diode is nonconducting, and the second
‘“stop’’ pulse goes “on’’ to trigger the dash gen-
erator “off.”” CR; prevents actuation of the dot
generator by the dot lever during the generation of
the dash. Without this protection, any dots trig-
gered after the first dash-actuated dot would pre-
vent subsequent “stop’’ pulses from terminating
the dash.

Letter and Word Space

The space of 3 dot lengths between letters is
made by leaving the lever in the idle position
until one “start’” pulse following the end of a
letter has gone by, and then selecting the starting
character of the next letter. The ideal word
spacing of 6 dot lengths cannot be obtained with
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this system but spaces of 5 dot lengths or 7 dot
lengths are made by letting 2 or 3 “start”
pulses go by, respectively. The resulting timing
evror is about 17 per cent, which is probably bet-
ter than that obtainable manually.

Memories

The circuit described thus far can be used
as a keyer but will not be of the self-initiating
variety since if ‘cither lever is momentarily
actuated in the time interval Dbetween two
“start”’ pulses, nothing will happen unless the
lever is held until a start pulse passes through
the open gate. What is nceded is a device to
remember this momentary lever actuation, and
to hold the gate open until a “start” pulse trig-
gers the desired character. The flip-flop mects
these requirements and is used for the dot and
dash memories. In the idle state, Q2 (Qu3) is
at 0 and Qn (Qus) at 1. When the dot (dash)
lever is actuated, Q1 (Qya) is forced to the 0
state and the collector of Q12 (Q13) goes to 1,
which drives Qg (Q10) to conduction if the
opposite memory is idle, thus opening gatc Q7
(@s). A negative pulse is derived from Q4 (Q¢)
as the dot (dash) starts and applied to the base
of Q12 (@Q13) via diode gate CRg (CR7) to clear
or reset the memory to its idle state.

If the opposite memory happens to be on, Qg
(()10) is not driven to conduction until the clear-
ance of the opposite memory. If the dot memory
happens to be actuated while the dash memory
is on, mecans must be provided to prevent clear-
ance of the dot memory when the dash starts.
(Remember that a dot is generated when a dash
is generated.) This is done by returning Rg;
to the collector of Q9 which is at 1 as long as the
dash memory is actuated. CRs is then reverse-
biased and nonconducting when the dash starts,
thus preventing the dash from resetting the dot
memory. As soon as the dash starts and its
memory is reset, the collector of @y goes to O.
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Thus when the dot starts, CRg will conduct and
the dot memory will be reset. In the reverse
situation where the dash memory is actuated
while the dot memory is on, the situation of the
dot clearing the dash memory does not exist but
Ry is returned to the colleetor of Quy to keep the
circuit symmetrical. Figs. 3E to 3M show the
wavcforms observable for the word “eat’ at the
levers, memories, character generators, keyer,
and control-logic circuits.

Character-Control Logic

The dot and dash control-logic circuits, one
of which is redrawn in Fig. 4, comprisc the
“brain” part of the key which does the following:

1) Assurcs that only one gate is open at a
time under all conditions.

2) When the levers are actuated in rapid suc-
cession, the gate associated with the lever
actuated first is opened first.

3) When a gate is being held open by a mem-
ory, actuation of the opposite memory does not
open its gate until the generation of the pre-
viously-selected character.

4) When a gate is being held open by its asso-
ciated lever with its memory reset, actuation of
the opposite memory closes the open gate and
opens its associated gate which can be then held
open by the lever. Release of either lever will
revert the output to the character associated
with the still-closed key.

The tables in Fig. 4 define the input signals
and summarize all possible input conditions of
the control circuit and the resulting output
or dceision which controls the gate. Note that
the 0011 input combination does not occur and
that the 1011 combination is undesirable but is
sometimes induced if both levers are actuated
simultaneously or if the gain of the transistor
in the opposite logic circuit is too low.

The outputs of the dot and dash control-logic
circuits are not directly connected to their
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Fig. 4 —Operational summary of dot (dash) control logic.

gates but are applied to networks Res-Cog and
Ros-Co7, respectively. When a gate is being held
open by a memory, the network delays the
closure of the gate when the memory is cleared.
Without this delay, the memory is cleared and
the gate is closed before the character generator
is completely triggered by the start pulse and no
character is generated. ;

Monitor

The base of @17 is shorted to its emitter by
the normally-closed relay contacts when the key
is idle, thus preventing the circuit from oscillat-
ing. Whenever the relay is energized for a char-
acter, the short is removed and the circuit
oscillates.

Construction

Most of the circuitry is contained on two
etched-circuit boards as can be seen from the
top and bottom views of the key. The smaller
114 X 215-inch board holds the monitor, and
the 4 X 5V5-inch board contains the rest of the
circuit excluding the relay, switches, controls,
batteries, and connectors which are chassis-
mounted. The many small parts involved makes
the etched-circuit approach very attractive as
it solves the mounting and wiring problem
simultaneously. The resulting wiring ease and
lack of a rat’s nest was well worth the extra
effort of preparing the circuit master drawing.

The main deck, front and rear panels, and
cover are folded from 1/16-inch aluminum. The
base plate, which is attached to the cover, is
3/16-inch aluminum to give the unit weight. The
chassis slides into the cover-base-plate assembly
and is held by screws through the base plate to
the bottom lips of the front and rear panels.

Keying Levers
The twin levers S; were fabricated from parts
obtained from two inexpensive beginner-type
straight keys.® Referring to the view showing
the lever mechanism, the lever bearings are
mounted inside a channel bent out of 1/16-inch
aluminum. The front ends of the levers were

4 Lafayette Radio catalog No. MS-319, 69 cents each.
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sawed off near the contacts, and new Lucite
paddles were screwed to what was the rear of
the levers, using the threaded holes formerly
occupied by the contact space-adjustment screws.
These space-adjustment screws are now used as
adjustable contacts which are supported on the
channel on nylon pin jacks modified by drilling
and tapping down their axes to accommodate the
10-32 threads of the screws. The tapped holes
in the lever that were used for the tension-
adjustment screws were filled to hold smaller-
diameter, lighter springs and the tension-adjust-
ing screws were relocated on the channel. The
left~over sawed-off shafts of the front panel con-
trols were used as a brace across the open end
of the channel and for a common lever stop
located behind the lever contacts.

Cost vs. Performance

To save a lot of catalog thumbing and addition,
the cost to duplicate this keyer, less circuit
boards® and chassis, runs up to about $74.50
using the following readily-available semicon-
ductors: Ql, QQ, 2N169 (GE), Qs—Qs, Qg, Qlo,
2N362 (Ray.); Q7, Qs, Qu-Qis, 2N363 (Ray.);
Q1s, Q17, 2N233 (Sylv.); CR1-CRs, CR¢-CR;s,
1N90; CR;5, 1N100.

Realizing that cost would probably be the
biggest stumbling block for prospective builders,
the bargain Lafayette Radio SP-146 was in-
vestigated for use in place of the 2N362 and
2N363. Two lots of 13 each were obtained and
one unusable transistor was found in each batch.
The betas of the remaining transistors as meas-
ured in the W2TGP tester® ranged from 16 to
249 with an average of 72. If one is lucky enough
to get a 75-per-cent yield (13 good ones out of
17), the savings over the 2N362s and 2N363s
would be about $6.4C. Using the “file”’ of transis-
tors accumulated in the process of developing the
circuit, the minimum common emitter d.c. betas
for proper operation of the various subcircuits
were found to be: dot and dash generators and
control logic, 30; dot and dash memories, gates,

5 The author will make available the main circuit board
with parts-placement diagram for $3.75 postpaid in U.S.A.
6 Priebe, ‘“ Checking Transistors,” @ST, April, 1958.
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Etched maze of the monitor and main circuit boards.

and keyer, 20; time-base generator, 75; monitor,
12. Although the dot and dash memories and
generators are identical flip-flops, the character
generators require higher-gain units because of
the less-efficient trigger input circuit containing
the serics 4700-ohm resistors. The high gain
requirement for @; and @, is dictated by personal
preference for the high 10-to-1 spced-control
range. (The lower speed limit of 5 w.p.m. is useful
for checking and demonstrating the functions
of the key. For instance, a good demonstration of
the memories is to make an a or an n at 40 w.p.m.
and then sit back and hear it come out at 5
w.p.m. A top speed of 40 w.p.m. or better is
desirable to present a challenge to the user.

By sacrificing speed-control range, less expen-
sive n-p-n’s with lower gains can be used. The
100K value of the speed control, however, will
not supply sufficient base current to saturate
the transistors at the low speed settings and could
be replaced by a lower value for more spread in
control. A rough rule of the thumb for the maxi-
mum value in kilohms that the speed control
should have is (beta X 2.2) minus 10. For in-
stance, if you have a couple of 2N1101s (saving
of $2.48 over 2N 169s) with betas of 25, the value
of Rse should not exceed 45K. The speed-control
range is the ratio of the maximum value of Rsg
plus Rsg to the minimum or Rgs. The value of
10K for Rsg is fixed by the choice of Ry and Ry,
so the specd-control range for transistors with
betas of 25 is 55IX/10K or 5.5 to 1. The value of
C; and Cs in pf. can then be calculated by divid-
ing 145 by the desired maximum speed in w.p.m.

A few more dollars can he saved by substituting
fixed resistors for the adjustable Rgo, R¢1, and
Reg; after their values have been determined by
substitution. The procedure for setting Rg and
Ry is covered in a following section. The value
of Re3 depends on the tone you wish.

In packaging the circuit on etched boards,
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subminiature capacitors were chosen to make the
job easier. Unfortunately, the prices of these
components run comparatively high, If the cir-
cuit is being wired conventionally, inexpensive
regular-size capacitors may be used.

Another cost-cutting possibility is to eliminate
the 13 transistor sockets ($4.05) on the main
board by soldering the transistors in place as was
done for the monitor board. But this is not recom-
mended unless the transistors are prechecked to
see if they meet, or preferably exceed, the mini-
mum beta requirements mentioned.

Transistor Mounting

If sockets are not used, the transistors should
be spaced from the board to allow heat-sinking
each lead with a pair of needle-nose pliers while
soldering. The monitor 2N233s are soldered in
place with the flat sides of their cases glued to the
board, thus exposing the leads on the component
side of the board for heat sinking. The diodes, in-
cidentally, should also be soldered in place while
heat-sinking their leads.

Testing and Adjustment

To trim the mark/space over the speed range
requires an oscilloscope. The scope should be
internally synchronized and be connected to the
pulse output terminals. If the keyer is operating
properly, a string of dots (dashes) should be
observed when the dot (dash) lever is actuated.
With the dot lever closed and the speed control
fully clockwise (zero resistance, maximum speed),
R¢1 should be adjusted for equal mark and space.
Now turn the speed control fully counterclock-
wise. Unless your scope is dircct-coupled, there
will be some droop in the waveform, but the
length of the pulses should be distinguishable.
Adjust R for equal mark and space. If this is im-
possible, switch Q1 and Q2 or, if you have soldered
them in place, rewire Rgo across the other scction
of Rs9 and then adjust Rgo.

The next step is to adjust the relay. Wire a
battery in series with a current-limiting resistor
and conncct the series combination across the
keyed-circuit terminals with the scope across the
resistor. The voltage and resistance are not
critical, the purpose being to get an observable
picture of the relay-contact action. With proper
adjustment of spring tension and contact spac-
ings, waveforms similar to that obtained at the
pulse output terminals should be observed except
for a 10-millisecond delay at all speeds. In gen-
eral, the normally-closed contact adjusts the
pull-in current, the normally-open contact the
drop-out current, and the spring tension adjusts
both pull-in and drop-out currents.

With the relay properly adjusted, the monitor
can be used to check to sce if the memories and
control-logic circuits behave as described in the
circuit explanations.

Battery Requirements

The current drain on the 6-volt battery BTq
should be about 17 ma. with the key idle and
(Continued on page 152)
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Design Procedure Plus a
High-Performance Unit
Using Surplus Crystals

Here’s a two-in-one special — enoungh in-
Sformation on b.f. crystal filters to design
one for most any frequency, band width
and shape factor, and also a ready-to-
build 5.5-Mc. filter for s.s.b. transceiving.

High-Frequency Crystal Filters for
S.S.B.

BY D. J. HEALEY,* W3HEC

scribing crystal filters for s.s.b. opera-

tion.)-®> However, none of these supplied
a design procedure and also gave the precise per-
formance of the resulting filters. This article de-
scribes a particular type of filter that was built
for a homemade transceiver.

The theoretical shape of the selectivity char-
acteristic attainable with simple crystal filter ar-
rangements was calculated first and found to be
inadequate for good sideband suppression. The
effect of mismatch when filter sections are cas-
caded without vacuum-tube isolation improved
the steepness of the selectivity characteristic,
but at the expense of ripple in the pass band. By
inserting a small resistance betwcen two sections
of a threc-section filter, the ripple was reduced
without greatly affecting the shape factor (ratio
of the bandwidth at some high attenuation to the
bandwidth at low attenuation) of the selectivity
curve. A filter constructed according to this de-
sign from FT-243 surplus crystals performed as
predicted.

In filters such as the one used in the transceiver
described by W3TLN © it is not unusual to obtain
spurious responses as close as 15 ke. to the pass
band which are suppressed by only about 20 db.
In the filter described in this article the spurious
responses are attenuated more than 50 db. even
with a crystal whose principal spurious fre-
quency was only 7 db. down from the main
response.

MANY articles have appeared in QST de-

Simple Filter Sections

Fig. 1 shows the equivalent circuit of a crystal
neglecting its spurious modes. This circuit has
the reactance vs. frequency curve shown in Fig. 2.

#Shawan Road, Cockeysville, Md.

1 Weaver and Brown, “Crystal Lattice Filters for
Transmitting and Receiving,” QST, June and August, 1951.

2 Good, “A Crystal Filter for Phone Reception,” QST,
October, 1951.

3 Burns, *Sideband Filters
November, 1954.

4 Morrison, ‘“Cascaded Half-Lattice Crystal Filters for
Phone and C.W. Reception,” QST, May, 1954.

5 Vester, ‘‘Surplus-Crystal High-Frequency Filters,”
QST, January, 1959,

6 Vester, * Mobile S.S.B. Transceiver,” QST, June, 1959.

October 1960

Using Crystals,” QST,
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Fig. 1 — Equivalent circuit of a crystal. C and L are the

motional capacitance and inductance of the crystal, and

R represents the frictional loss. C, is the electrode and
holder capacitance shunting the crystal.

frz ————
2y i
INDUCTIVE
REACTANCE ta=tr¥ e (£>
fr fo 2 \Co
[ .
CAPACITIVE — >~ FREQUENCY
REACTANCE

Fig. 2 — Reactance vs. frequency characteristics of a
crystal. The series-resonant frequency, f;, is that of C
and L. The anti-(parallel) resonant frequency, fa, is that of
the circuit formed by C and L in one branch and C, in
the other.
L and C are series resonant at f:, and f. is the
antiresonant frequency of C, and the LC com-
bination. By utilizing crystals in a lattice struc-
ture as shown in Fig. 3, a selective filter is ob-
tained. The lattice is a bridge, and it is obvious
that maximum unbalance of the bridge will
occur when one arm has an impedance which is
capacitive while the other arm is inductive.
When the impedances are equal, the bridge will

S%Z

Fig. 3 — Equivalent circuit of a full lattice crystal filter.
The series crystals, A, are the same frequency, as are the
shunt crystals, B. Note that the lattice could be redrawn

as a bridge circuit.
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Fig. 4 — (A) Reactance characteristics of crystals A and
B in the lattice of Fig. 3. In the type of filter described in
this article, the series-resonant frequency of the higher-
frequency crystal, f:B is made equal to the antiresonant
frequency of the lower-frequency crystal, fua. (B) At-
tenuation curve of a filter using the crystals of (A). In the
pass band between fi and f2 the series and shunt re-
actances are opposite, the bridge is unbalanced, and
nearly all of the input signal appears at the output. At
other frequencies the reactances are similar, and the
bridge approaches balance and shows little output.

be balanced. The reactance frequency curves of
the crystals can then be used to indicate the
regions of the pass band and the stop band.
Fig. 4 shows what happens when the anti-
resonant frequency of one pair of crystals is
made equal to the resonant frequency of the
other pair. It is observed that the pass band of a
simple lattice is limited to the region between
the antiresonant frequency of the higher-
frequency crystals and the resonant frequency of
the lower-frequency crystals. For the case where
the reactance curves in the stop band are equal
only at zero frequency and infinite frequency,
analysis of the circuit shows that the frequency

LATTICE FILTER

)]
{-0L
PRACTICAL
TRANSFORMER
WITH TOTAL |, LEAKAGE
INDUCTANCE /REACTANCE
(=KL
(c)

difference fo — f1 corresponds to the bandwidth
at which the attenuation is approximately 7 db.

The resistive component of the crystal may be
transformed to an equivalent parallel resistance
shunting the crystal which is essentially constant
for the small frequency range of concern. If all
crystals have the same @ and inductance, then
the equivalent resistance shunting the crystals is
the same, and if one considers the resistive bridge
thus formed, it is balanced under these con-
ditions. The loss resistance can then be neglected
except as it modifies the termination of the
filter and affects insertion loss. The point is that
the filter behaves essentially as though 1ts ele-
ments had infinite Q.

Identical results can be obtained with half as
many crystals in a half-lattice circuit. As shown
in Fig. 5, this is the equivalent of a full lattice
in which the impedances of the clements are one
half those of the half lattice. The basic circuit,
Fig. 5B, shows two crystals and an ideal trans-
former having unity coupling. A practical trans-
former which does not have unity coupling can
be represented by the circuit of Fig. 5C. Leakage
reactance appears in series with the crystals of
the lattice and will lower their resonant fre-
quencies. In narrow-band filters, this can be pre-
vented by connecting a capacitor which reso-
nates with the leakage inductance at the center
frequency of the filter in series with the center
tap 7 as in Fig. 5D. This allows a simple center-
tapped coil to be used for the ideal transformer.

Designing An S.S.B. Filter
In building a filter for a transceiver, an in-
termediate frequency of 5500 ke. was selected.
This choice is satisfactory for 100-db. suppres-
7 Kosowsky, Patent No. 2,913,682,

IDEAL
TRANSFORMER
Ro/2

]

EQUIVALENT HALF LATTICE
FILTER
(8)

(RESONATES WITH
LEAKAGE REACTANCE)

(D)

Fig. 5—(A) Basic circuit of a lattice filter and (B) an equivalent half-lattice filter. The transformer is an ideal one with

unity coupling between windings. (C) Diagram of a practical transformer showing the leakage inductance which results

from a coupling coefficient, k, less than unity. (D) How the leakage reactance may be tuned out by inserting capacitor,
C, in the center-tap lead.
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gion of gpurious signals in the receiver except on
15 meters. There a 5th-order intermodulation
product falls in the pass band so that with a
simple mixer the spurious response is only at-
tenuated 75 db. However, by using a simple
balanced mixer, the desired suppression of 100
db. is realized. The balanced mixer also reduces
the preselection requirements on other bands.

Since the pass band is on the order of twice
fa — fr, this frequency difference must be about
1500 c.p.s. for a filter capable of passing the
voice frequencies. The second formula in Fig. 2
shows that fa — f. depends on the ratio of the
capacitance shunting the crystal to the motional
capacitance of the crystal. For AT-cut crystals
(the ones you get for $2.95), this ratio is about
250 minimum. Therefore, AT-cut crystals above
750 kc. meet the requirements, and capacitive
terminations are feasible. For example, the shunt
capacitance, C,, of a typical AT-cut crystal is
about 3 uuf. If it i1s desired to terminate a half-
lattice filter with a circuit capacitance of, say,
15 ppf., this will reflect as a total shunt C of
15/2 + 3 = 10.5 upf. across each crystal. Under
such conditions, AT-cut crystals can be used for
amateur s.s.b. applications at any frequency
above 2625 kc.

Surplus FT-243 crystals (BT-cut) are available
for 5500 kec., and their use is economically at-
tractive. BT-cut crystals, however, have C,/C
ratios around 4000 minimum, which is too high
to allow the desired pass band to be obtained.
The pass band can be widened by paralleling
inductance with the crystals. This will raise
their antiresonant frequencies and leave their
resonant frequencies unchanged. One must be
cautious in doing this since the inductance will
also be antiresonant with the total effective ca-
pacitance of the crystal at some lower frequency,
S in Fig. 6. If this new frequency of infinite-at-

INDUCTIVE
REACTANCE
[
o fe fr fa FREQUENCY
CAPACITIVE
REACTANCE

Fig. 6 — Reactance vs. frequency characteristics of a
crystal and inductance, Lo, in parallel. f;, the resonant fre-
quency of C and L, the motional capacitance and in-
ductance of the crystal, is the same as in Fig. 2. f,, how-
ever, is higher than the antiresonant frequency of the
crystal alone, since L, decreases the effective inductance
across shunt capacitance C. at frequencies above f. L, is

also antiresonant with the total effective capacitance of

the crystal at some lower frequency, fo.

tenuation is too close to the center frequency of
the filter, the pass-band characteristics may be
distorted.

Measurements made on an FT-243 crystal
resonant at 5502.195 ke. showed a motional ca-
pacitance, C, of 0.0038 wuf. and a shunt ca-
pacitance, Co, of 14.7 puf. The spacing between
the resonant and antiresonant frequencies is
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2 .
therefore 5502195 (0 0038

) W) or 711 c.p.s. To

provide a desired spacing of, say, 1422 c.p.s.,
the cffective shunt capacitance must be reduced
to one half the value of C,. This would require
the addition of a negative capacitance of 14.7/2
= 7.35 ppf. If an inductance, L,, in parallel with
capacitance, C,, is considered, the susceptance of
the parallel combination is given by
1
B = 2xf (Co ~ &L,
fo?
= 27rfC’° (1 - f—2

where fo is the antiresonant frequency of Lo
and C,. (The capacitive contribution of the
motional capacitance and inductance below
their resonant frequency is small enough to be
neglected.) For the case above, it is desired to
reduce the susceptance of C, alone, 27fC,, by a;.

factor of one half. This means that 1 — %

must equal 4, so L, and C, must be antireso-
nant at 0.707 times the filter frequency, or about
3889 kc. for the 5500-ke. filter. Higher values of
fo will also work as long as they are not too
close to the center frequency.

For convenience, the filter was built with in-
put and output coils which resonate with 56 uuf.
plus about 10 wpuf. tube and circuit capacitance.
This is equivalent to about 33 uf. across each
crystal, or a total effective C, of 47.7 uuf.
Since the effective C, desired is only 7.35 uuf.,

2
1 —f'% = 7.35/47.7 = 0.154, and fe is 0.92
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Fig. 7 — Theoretical selectivity characteristics of two and

three cascaded identical filter sections when interaction

due to mismatch between the sections is ignored. Z is the

normalized frequency variable defined in the text. It is

proportional to the frequency difference from the center
of the pass band.
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times the filter frequency, or 5060 kc. This new
frequency of infinite attenuation, due to reso-
nance between the coil paralleling the crystal
and the total capacitance, is sufficicntly removed
from the center frequency so that it has neg-
ligible effect on the pass-band shape. Design
equations for narrow-band capacitor-only filter
circuits should thercfore be sufficiently accurate
for a filter built around FT-243 crystals at
5500 ke.

For narrow-band filters of this type it is con-
venient to describe the selectivity characteristic
in terms of a normalized frequency variable, Z

Letf = fo+Z<2 5 )

where f1 is the resonant frequency of the lower-
frequency crystal, f» is the antiresonant fre-
quency of the higher-frequency crystal as modi-
fied by the circuit, and f, = ¥4 (f1 + f2), the center
frequency of the filter.

Fig. 7 shows the selectivity characteristics of
two- and three-section filters (each section being
two crystals in a half lattice) when the effects of
mismatch between sections® are neglected. Note
that these are normalized curves, plotted in
terms of the variable Z. The equations from
which these and the other response curves were
obtained arc given in the Appendix.

If we consider only two sections and a 6-db.
bandwidth of 2400 c.p.s., the upper curve of
Fig. 7 tells us that Z= 0.7 corresponds to 1200
c.p.s. In these plots, Z is proportional to the
separation from the center of the pass band. If
we assume a low audio cutoff of 300 c.p.s., the
carrier must be 1200 + 300 = 1500 c.p.s. from
the center frequency. Thercfore, the carrier must
lie at

1500 -
Z= 1200 0.7 = 0.875.
At this frequency the carrier attenuation would
only be about 10.5 db. The undesired sideband

- 1800
would extend from Z = 0.7 500 = 1.05 to
4200 o B .
Z = 1200 0.7 = 2.45. The corresponding side-

band suppression would vary between 15.4 and
43.2 db.

8 The classical method of filter design uses the notion of
a characteristic impedance for a filter section. When
several filter sections having the same characteristic im-
pedance are cascaded, the over-all selectivity characteristic
should be the product of the characteristics of the in-
dividual sections (or the sum of their responses in decibels).
The difficulty is that the image impedance required to
terminate the filter in its characteristic impedance is not
realizable with ordinary resistive terminations. As a result,
there is reflection at the termination which is a function of
frequency, and the filter section does not provide the cor-
rect image impedance for an identical section which may
precede it. In practical filters a match is obtained only on
the average over the frequency range of interest. The input
impedance, therefore, varies from the image impedance
value, and it is this variation which causes a practical
multisection filter to have a response which is different
from that which would be expected from the characteristics
of the individual sections.
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Fig. 8 — Theoretical selectivity characteristics of two

and three cascaded identical filter sections when inter-

action is taken into account. These curves are steeper than

those of Fig. 7, but there is considerable ripple in the
pass band.

This is not adequate for our purpose, so three
sections must be considered. Here, the 6-db.
down frequencies correspond to Z = 0.617. Car-
rier rejection would be 11.6 dh. and sideband
suppression varies between 17.9 and 58.4 db.
This still does not meet our requirement, which
is 30- to 40-db. suppression of the undesired
sideband with a low audio cutoff of 300 c.p.s.,
and about 20-db. carrier rejection due to filter
selectivity.

Fortunately, the interaction which occurs due
to mismatch between cascaded identical filter
sections will help us achieve this goal. Fig. 8
shows the selectivity characteristics of two- and
three-section filters when effects of mismatch
are taken into account. As can be seen, these
curves are much steeper than those of Fig. 7.

Consider as before a 6-db. bandwidth of 2400
c.p.s. For three scctions, 1200 c.p.s. corresponds
to Z =0.91, and at the carrier frequency
Z=091X % = 1.138. At this value of Z,
the rejection is 26.5 db. At the low audio end of
the undesired sideband, Z = 0.91 X 112((:?) = 1.36
and the attenuation is 40.5 db. Thus the three
identical ecrystal filter sections satisfy our
requirements.

If we build three sections and reduce the
interaction of one section, the attenuation char-
acteristic becomes that shown in Fig. 9. The
large pass-band ripple of Fig. 8 is reduced, and
by allowing some interaction but not the full
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interaction of one scction, the pass band can be
made nearly flat. In Fig. 9, Z = 0.8 when the
response is 6 db. down. If we again consider a
2400-c.p.s. bandwidth and 300-c.p.s. audio cut-
off, Z = 0.8 X 1500/1200 = 1.0 at the carrier
frequency; the corresponding attenuation from
Fig. 9 is 19 db. The undesired sideband extends
from Z = 1.2 to Z = 2.8, so sideband attenua-
tion will range from 30.3 to greater than 60 db.
Such a filter will meet the requirements as well
as provide a flat pass band. The shape factor
for 30 db./6 db. is 1.49 and for 60 db./6 db.,
about 2.5.

Since Z = 0.8 1200 c.p.s. from the center fre-
quency, these values can be substituted into the
equation which defined Z. Solving for fo — fi
gives a value of 2 X 1200/0.8, or 3000 c.p.s.
The resonant and effective antiresonant fre-
quencies of each crystal should therefore be
separated by half this amount or 1500 c.p.s.
The resonant frequencies of the two sets of
crystals should also differ by 1500 c.p.s. Table I
lists the measured characteristics® of the crystals
actually used. Crystals 1-3 are resonant near
5502.2 ke.; crystals 4-6 are near 5503.9 ke.,
giving a separation of 1700 c.p.s.

The impedance of a filter such as this is given
by the expression

R, 1 fi

2wCo’ f1f2 — f2

C,’ is the shunt capacitance of the crystal plus
the reflected circuit and tuning capacitance or
about 47.7 puf. as shown earlier. fi is the reso-
nant frequency of the lower-frequency crystals,
5502.2 ke. f is the antiresonant frequency of the
higher-frequency crystals, which is 5503.9 ke.
plus about 1500 c.p.s. or 5505.4 ke. f« is 5060 ke.
as calculated above. Putting these values into
the equation gives a value of 3920 ohms for R,.
In a half lattice the termination should be Eo/2
or 1960 ohms.

9 Shunt capacitance Co can be found using a Q meter or
other standard capacitance-measuring technique. The
transmission method described by Vester in QST for
January, 1959, can be used to get the resonant frequency
fe. It is very diffcult to get an accurate measure of fa with
this method because the null tends to be lost in the noise
level of the equipment. To get around this, additional ca~
pacitance can be added across the crystal, moving the
null in toward fr where there will be more transmission on
the high-frequency side. Motional capacitance C can then
be calculated from the formula

gt C
R ¥

where fa’ is the new antiresonant frequency with capacitance
C' in parallel with the crystal, fr is the resonant frequency,
and Co is the shunt capacitance of the crystal. The C,/C
ratio is then calculated and substituted into the formula of
Fig. 1 to find the fa — /r spacing. Actually, in designing
filters similar to the ones to be described, it is only neces-
sary to make the relatively simple measurements of fr and
Co. The C,/C ratio can be taken as 4000 for FT-243 crystals
in the 5500-ke. region.

10 A simpler expression can actually be used for the filter

1
under consideration, Ro =;——-, where fo is the center
27foCo
frequency of the filter, and Co" is the effective capacitance
required (7.35 uuf. in this case) so that the correct fa — fr
is exhibited by the crystal.
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Fig. 9 — The solid curve shows the selectivity of a three-
section filter with interaction between two sections
only. This design is an excellent compromise between
those of Figs. 7 and 8. The dashed curve drawn for
comparison is for a three-section
filter without interaction.

- 2000-ohm _terminations are used with the
filter that was built. Slight variations in the
terminations from these values will affect the
selectivity only a small amount and can be used
to get almost flat pass-band response.

The effective parallel resistance of the coils is
about’ ten times the filter impedance and has
negligible effect on the filter characteristics.!!

Fig.. 10 is a diagram of the complete filter.
The first two sections are connected ‘“back to
back,” and full interaction takes place. The
300-ohm resistor between sections two and three
reduces interaction and smooths the pass-band
response as shown above. The leakage reactance
between the two halves of L and L3 is tuned
out by the capacitors connected in series with
the center taps of these coils. L; and Ly, the input
and output coils, resonate with the calculated
value of terminating capacitance at 5060 kec.
and effectively reflect the needed inductance
across the crystals. The 2000-ohm resistors com-
plete the termination called for by the design
equations.

All the crystals were purchased as 5500-kc.
FT-243s and etched to the desired frequencies

11 The input and output coils will have little effect on the
impedance of the filter if 2xQfoL (or Q/2 foC) is large com-
pared to Ro/2.  and L are the Q and inductance of the coil,
C is the capacitance across the coil, fo is the center fre-
quency and Ro/2 is the terminating resistance. This re-
quirement is usually met in h.f. filters such as the one
described. At lower frequencies such as 450 ke., the re-
quired R./2 is higher. Then the terminating resistor must
be chosen so that it and the effective resistance of the coil
in parallel will give the desired termination.
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Fig. 10—Circuit diagram of a filter designed according to the methods of this article. Resistances are in ohms, and
resistors are Y2-watt composition; capacitors are disk ceramic except as noted.

Cy, C2 — 4-30~—uuf. mica trimmer.
L1, Ls — 50 turns No. 38 enamel, close-wound on 17 /64-

inch diam. ceramic slug-tuned form (CTC LS-6,
National XR-81 or similar).

Lz, Lz — 60 turns No. 38 enamel, close-wound on 17 /64-

with hydrofluoric acid. It is best to wash each
crystal with soap and water and measure its
frequency before ctching. The crystals in each
set of three should be as close to each other in
frequency as possible, and the separation be-
twceen the two groups should be about 1500 c.p.s.
A simple comparator circuit!'? will allow two
crystals to be checked simultaneously and com-
pared, using an oscilloscope and audio oscillator
to measure the frequency separation.

Tuning the filter is quite simple since all four
adjustments can be peaked for maximum output
at a fixed alignment frequency. This frequency
should be on the high side of the pass band and
can be the carrier frequency used for lower side-
band transmission (5505.5 kc. in the case of the
filter described). Using the carrier frequency it is
only necessary to unbalance the balanced modula-
tor to obtain a c.w. alignment signal. Of course,
a signal generator and r.f. probe-equipped
v.t.v.m. can also be used. Ci, C, Ly and L4 are
simply adjusted for maximum output.

A slightly better shape factor can be had by
detuning the carrier oscillator to a lower align-
ment frequency corresponding to about the
4-db.-down point on the high-frequency side of
the pass band. Fig. 11 shows the measured per-

12 Clark, “Hints & Kinks,” QST, December, 1959.

inch ceramic form (CTC LS-6, National XR-81
or similar with powdered-iron core removed),
center tapped.

Y1, Yo, Y3 — All same frequency (near 5500 kc.).

Ys, Y5, Yo — All same frequency and 1500 to 1700 c.p.s.
different from Y1, Y2 and Ya.

formance of the filter when aligned at 5505.2 ke.
The 6-db. bandwidth is 2750 c.p.s., somewhat
greater than the 2400-c.p.s. design figure be-
cause the average spacing of the crystal pairs
used was 1700 c.p.s. instead of 1500 c.p.s. At
30-db. down, the bandwidth is 3950 ke., so the
30 db./6 db.-shape factor is 1.44. This agrees
well with the theoretical value of 1.49 from
Fig. 9.

The spurious crystal responses occur as in-
dicated in Table I, but the over-all filter ex-
hibited more than 52-db. attenuation at the
nearest spurious frequency (5516.800 kec.). The
others could not be measured since they were
attenuated more than 60 db., which attenuation
level was beyond the capability of the measuring
setup used.

It should be noted that this filter is better
used to pass the lower sideband than the upper
one. When aligned at the 5505.5-ke. carrier fre-
quency, the filter provides 20 db. of carrier at-
tenuation with a 6-db. down audio pass band
which extends from 300 to 2800 c.p.s. The un-
desired upper sideband is attenuated more than
40 db. for all audio frequencies above 350 c.p.s.

If the filter is aligned at 5505.2 ke. and the
carrier set at 5505.6 kc., carrier suppression is
19 db. for a 6-db. audio pass band of 300-3050
c.p.s. Upper sideband sup-

TABLE I

Measured characteristics of the crystals used for the filter described in this
article. fou and fes2 are spurious frequencies.

pression is better than 40
db. for audio above 300
c.p.s.

The cutoff on the low-

1 These frequencies were not recorded.
2 Attenuation greater than figures shown.

atten. atten, frequency side of the band
No.  fi(eps) C (uuf.) Co(upf.) fou (cps) fru (db.)  fra (cps) feaz (db.) is somewhat less steep than
1 5502195 0.00380 147 5516800 9 5550800 12 on the high side. This is
2 5502227 0.00356  12.3 5519900 13.5 5552000 15.5 believed to be duc to the
3 5502212 0.00290  12.7 1 > 152 1 > 152 use of less than ideal cou-
4 5503960 0.0033¢ 123 5523000 9 5547200 9 . .
5 5503927 0.00348 14.0 5536200 7 5570200 7.5 pling coils between the
6 5503860 0.00311 13.8 1 >202 1 > 902 filter sections. Using an

alignment trequency of
5505.5 ke. and a carrier
frequency of 5502.2 ke.,
the upper sideband audio

QST for



FREQUENCY (KC.)

ss01 5502 5503 5504 5505 5506
o

-4

=16 /
=20

~-24

TRANSMISSION (DB.)

-28 l
/ 3950 C.RS.—

\
—
] \
L I

Fig. 11 — Measured selectivity characteristic of the filter

described in this article when aligned at 5§505.2 kc. The

6-db. bandwidth is 2750 c.p.s., and the 30 db./6 db.
shape factor is 1.44.

pass band is 450-2950 c.p.s. for 20-db. carrier
suppression. Undesired sideband attcnuation is
greater than 30 db. for audio above 350 c.p.s. and
greater than 40 db. for audio above 750 c.p.s.

When the filter is aligned at 5505.2 ke. and
the carrier is placed at 5502.1 ke., the audio pass
band is 400-3200 c.p.s. for 20-db. carrier at-
tenuation. Lower sideband suppression will be
more than 30 and 40 db. for audio frequencies
above 300 and 700 c.p.s., respectively.

Appendix

The selectivity curves presented in this article
were plotted from the equations below. All are
in terms of the normalized frequency variable Z
defined in the text.

The selectivity characteristic of the simple
one-section (two crystals in a half lattice) filter
is given on page 194 of Herzog.!3 In decibels this
can be written.

attenuation (db.) =

In this equation the ¢ parameters correspond to
the normalized frequencies at which infinite at-
tenuation occurs. giu is a normalized frequency
below the pass band, while g2 and g3 correspond
to frequencies which may be either below or
above. S3 is a paramecter which depends on g,
g2 and ¢3. To obtain good rejection away from
the pass band, the gs should be large. In par-
ticular, if g2 = «, and g3 = «, then S3 = 0. For
the filter undcr consideration, g1 is the normalized
frequency where infinite attenuation occurs due
to the inductance used across the crystals. If g is
also taken as infinite, the equation simplifies to
attenuation (db.) = 10 logyo (1 4 4Z4).

The attenuation at Z = — 2 given by this equa-
tion is 18.1 db. The attenuation computed
from the more complicated expression for the
same Z with ¢2 = ¢3 = = and ¢, = 294 (which
corresponds to fo for the filter described in this
article) is also 18.1 db. Thus the effect of the
added coils is trivial near the pass-band region.

If we assume that identical filter scctions can
be cascaded without affecting their basic se-
lectivity characteristics: e.g., sections isolated
with vacuum tubes to eliminate interaction due
to mismatch, then two sections should produce
the following response

attenuation (db.) = 10 logyp (1 4 47%)?
and three sections should have the characteristic

attenuation (db.) = 10 logie (1 + 42%)3.
These are the equations which are plotted in
Fig. 7.

If an actual circuit employing cascaded iden ti-
cal filter sections is analyzed it is found that the
expression for two scctions is

attenuation (db.) =

10 logio [1 + 162% (222 — 1)2]
and for three sections

attenuation (dbh.) =

10 logio [1 + 42% (4Z — 1) (422 — 3)%]
These selectivity characteristics are plotted in
Fig. 8.

Three sections with the interaction of one sec-
tion reduced yield the following characteristic

attenuation (db.) =~

10 logyo [1 + 16Z* (222 — 1)?] + 10 logye [1 + 424]

This is plotted as Fig. 9.

o0log| 14 d BV — 140 Ve — 1] (8= 2) [2° + @aw = 1) Z + 2 (g = 1]
0810 2q10 (Z + quu) (Z — q2) (Z — )

13 Herzog, Siebschaltungen mit Schwingkristallen, Dictrich
Press, 1949.

- Strays ‘%

Members of the Grace Methodist Church in
El Paso, Texas think theirs may be the only
church-owned amateur radio station — W5AYV.
First graduate of the church radio class was
KN5CIH. More youngsters are training. W5AYV
is now on Novice bauds only and will schedule on
any band between 2 and 4 p.m. MST Sundays.

October 1960

Switcheraft, Inc., noting the suggestion in May
QST (page 83) that colored adhesive bandages

~can be used for identifying various cables and

outlets, points out that they have been merchan-
dising for two years a product called ‘Colored
Tape.” The tape is specifically designed for
identitying different conncctors.
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S.S.B. TRANSCEIVER MODIFICATIONS
601 Wallerson Road

Technical Editor, QST: Baltimore 28, Md.

There are a few changes and additions which have been
made to the Mobile S.S.B. Transceiver (June, 1959 QST)
over the past year which some of the fellows may be inter-
ested in.

Referring to Fig. 2 of the article, the value of the 8-pf.
capacitor connected from the plate (Pin 1) of V44 to ground
should be changed to 0.1 uf. This eliminates a transient
noise from the speaker when going from receive to transmit.

Better carrier suppression can be realized by rearranging
the wiring of relay K1 to ground the grid of Vis when in
the transmit mode. That is, the one extra contact on K)
which is not shown connected to anything should be con-
nected to Pin 2 of Via. There is enough carrier leakage
from the Vip side of the tube to make this worthwhile.
In my case, the relay armature was connected to ground
through the shield on the Vi, grid lead. You can optimize
this ground connection for your particular layout by pull-
ing the two i.f. tubes, V2 and V3, and empirically determin-
ing the connection for minimum stray carrier leak-through.

It wasn't realized at first, but the peak reading a.g.c.
circuit for the receiver function also will serve to give
a.g.c. action for the transmit mode (this has been dubbed
a.l.c. by some of the equipment manufacturers). This was
accomplished without adding any more relay contacts.
First, the twoi.f. tubes were replaced with 6BA6s and a.g.c.
was applied to both of these tubes. With this change you
get slightly better a.g.c. action on the receiver and set the
scene for adding the transmitting a.g.c. You will note that
the a.g.c. circuit responds to the peak value of the audio
signal applied to it. If we examine the signal appearing
at the grid of the Class AB; final amplifier we will find an
audio signal appears when the input voltage reaches the
point which will cause grid current to flow. At this level the
grid acts as an envelope detector of the drive signal. This
audio signal can be rectified by the a.g.c. circuit in much
the same way as the receiver audio, and the resulting d.c.
applied to control the gain of V2 and V3. This lowers the
transmitting drive to the point where the final is just
reaching the grid-current region on voice peaks, allowing
you to operate the final at peak efficiency at all times with-
out overdriving it. Circuitwise, all that is required is to

Vs
6BAG

V2
6BA6

XTAL
FILTER

*
18024.
cl

300K
AGC.TO _

TOPINS
OF Vi2

add a 0.1-xf. capacitor from the “r.f. ground” side of the
final tank coil to the input of the a.g.c. circuit, along with a
resistor in series with the bias supply. Also, R4 is now con-
nected to the “REC +300-volt” connection, rather than
to the “full time” +300 volts. This removes the a.g.c.
delay when in the transmit mode.

The circuit changes are shown in the accompanying
figure (Fig. I). The parts added to the original circuit are
all marked with asterisks. The screen resistor for V3 (1
in Fig. 2, June 1959 QST) should now be adjusted to give
some a.g.c. action on transmit voice peaks.

You might have some questions as to the adequacy
of this a.g.c. since some small grid current must flow
in the final to make the circuit operate. I made some meas-
urements using a random-noise generator to simulate the
voice, in order to see how much ‘‘other sideband’ it cost
me to operate the final at full efficiency. The rig gave 40-db.
suppression with an audio input which drove the final to
about 20 db. less than maximum output. It had 37-db.
suppression for audio inputs which were 20 db. above that
required for maximum power output. In other words, the
loss of suppression due to the a.g.c. was so small as to be
barely measurable on the S meter of my 75A3.

A number of inquiries have been received on the VXO
crystal. I loaned the original 30-Mc. crystal to W3BWK
to make copies of. These are available now from the Piezo
Crystal Company in Carlisle, Pa. Incidentally, I have built
an all-band version of the transceiver for use in the home
shack and in thisrig a different VXO crystal is used on each
band. The coverage on all bands is quite satisfactory except
for 75 meters, where the total range per crystal is only
about 15 to 20 kc. In each case, the VXO crystal was
chosen to be 8550 ke. above the band to be covered. These
crystals were also obtained from W3BWK — he knows the
processing tricks for making a good VXO crystal.

On the FT-243 crystal filter, after making a number
of them I have decided that 2 more reasonable bandwidth
to strive for with the cheaper crystals is about 2.1 ke.
For this, the spacing between the crystal-pair frequencies
should be approximately 1.2 kc. This bandwidth gives
better receiver selectivity anyway and the transmitter
fidelity is still good. Several fellows have had trouble
eliminating the off-frequency (15 ke. to 25 ke.) filter spuri-
ous responses with the selection of crystals available to
them. One VK has reported that he eliminated these spuri-
ous responses in the filter by
cascading three half-lattice
sections, this giving much
lower probability of the spuri-
ous responses in one secction
coinciding with & spurious in
both other sections. A W2
reported that fine polishing of
the crystals with an optical
grinding compound reduced
the extraneous crystal re-
sponses considerably. Other
variations on the filter have
appeared in recent issues of

.001

T

CASCODE

Fig. 1 — Circuit revisions for
the 21-Mc. s.s.b. transceiver.
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LOW-PASS FILTERS AND
SPURIOUS RADIATIONS

Box 266
Setauket, N. Y.
Technical Editor, QST

Use of a low-pass filter is generally considered good prac-
tice even with a transmitter designed to minimize TVI,
and if a multiband antenna is used, some form of antenna
coupler is usually advisable to keep the s.w.r. in the coax
line low for the sake of the filter capacitors. It is fairly
generally recognized that the length of coax between the
transmitter and the antenna coupler may in some cases
play a critical role in the spurious-radiation problem, but
the Handbook and Grammer’s excellent article in February,
1950 QST fail to mention that the low-pass filter itself
behaves like a considerable length of line in its pass band.
It is enough, in fact, to make a joke of the manufacturer’s
recommendation that the line be kept short with respect
to a quarter wave.

At the operating frequency a properly-adjusted antenna
coupler will, of course, terminate the coax so the length is
immaterial. The usual series-tuned primary in the coupler
will present a large inductive reactance to all harmonics
(at least up to the self-resonant frequency of the primary
coil), and at subharmonic frequencies the coupler will have
a large capacitive reactance. If the transmitter has the usual
wm-network output, these large reactances will cause no
trouble (with a short coax link) since the spurious currents
will prefer to flow harmlessly to ground through the low
reactance of the output capacitor. But if the coax link is
nearly an odd number of quarter waves long, the high
reactances presented by the coupler will be transformed
into low reactances of the opposite sign at the transmitter
output.

Thus harmonic currents may find a lower impedance to
ground through the coax link and antenna system than
via the m-net output capacitor, and so be “sucked out'
to be radiated. And in the case of “subharmonics” 1 a small
inductive reactance reflected to the transmitter may just
happen to resonate with the w-net output capacitor. The
resulting tank circuit can easily have a high enough Q to
make the drop in the =-network coil negligible, so sub-
stantially the full subharmonic voltage present at the final
plate will appear in the antenna coupler. The subharmonic
problem is likely to be particularly troublesome with a
transmitter like my Apache with w-network interstage
coupling, since the 7 net is just a low-pass filter.

This problem was brought forcibly to my attention when
W2BHD (about 10 miles away in Northport) broke in on a
14-Mec. phone QSO with W4BHG to tell me he had heard
me calling “CQ 20" on 7120 ke. It soon developed that the
spurious signal was cut way down (by over 20 db.) if I
either retuned the antenna coupler to work on the other
side of resonance or if I removed the low-pass TVI filter,
The antenna was a 40-meter dipole center-fed with 600-
ohm line. An apparently permanent cure was to put in
additional coax between the filter and coupler to make the
effective length, including the filter, a half wave at 7 Mec.
and hence an even number of quarter waves on 14, 21 and
28. I did not feel it necessary to go to a half wave on 3.5
Me. since only the v.f.o0. operates on 1.75 Mc. in the Apache,
and the antenna would be very ineflective, anyway. Har-
monics, if present, would show up as reflected power on
the s.w.r. indicator.

In order to use this scheme it is, of course, necessary to
know the effective length of the filter. Mine is a Johnson
250-20, which I measured to be 0.168\ at 7.0 Mec., or the
equivalent of 15.5 feet of coax (23.6 fect of open line). I
found that the various bits of connecting coax I had used
between the = net and the coupler (not forgetting the coax
inside the transmitter cabinet to the output capacitor, and
that inside the “Monimatch”) added up to 13.8 feet. By
adding 16.1 feet to the length of lead between the filter and
Monimatch I brought the total to a half wave at 7.15 Mec.
The extra cable is coiled neatly on the underside of the
operating desk top.

Users of other models of filter may be able to obtain
data on the electrical length in the pass band from the
manufacturer, Otherwise an estimate of the length may be

1J1.e., energy at a submuitiple of the output frequency
fed through the final stage from the oscillator or a frequency
multiplier,
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made. In the case of a filter with n identical sections, with
cut-off frequency fo megacycles, the effective length would

be 206 fﬁ feet of coax. Actual filters have m-derived half

sections at the ends which introduce an error in this simple
formula which may be 15 or 20 per eent high.
I wish to express my appreciation tb W2BHD for getting
me started on this.
— H. Kuper, K2CU

IS THERE A UNIQUE DESIGN FOR A
MAXIMUM-GAIN YAGI?

626 East Main St.
Moorestown, New Jersey
Technical Editor, QST':

A question often asked in antenna work today is, “ What
is the best design for a Yagi antenna?” Various designs for
“maximum-gain’ Yagi antennas, most of which seem to
work about as well as any other maximum-gain Yagi design,
have been offered. This makes one wonder if there is one
‘best'’ design.

There has just come to our attention a report of work
done at a government lahoratory which answers this and a
number of other interesting questions.! This report, which
is devoid of mathematicsand is very easy and interesting
to read, shows why two or more experimenters can derive
different antenna designs and yet obtain something reason-
ably close to the same gain —in other words, why there is
no unique design for a ‘“‘maximum-gain’ Yagi antenna.

A second item of interest in the report was the authors’
description of a method of increasing the spacing beyond
the usually accepted maximum of 0.25 while still maintain-
ing the maximum possible gain. Third, the report gave
information which will simplify the adjustment of multi-
element Yagi antennas.

According to the report, there is no unique design which
will yield the maximum gain, The gain of a Yagi antenna
is o function of the ratio of the phase velocity, v, of the
wave along the antenna to the velocity of light, ¢c. The phase
velocity in turn is a function of the element length, diam-
eter, and spacing. For any given antenna length, thereis a
value of the ratio v/c for which the gain will be maximum.
It does not matter what combination of element parametcrs
s used to obtain this ratio. It is thus possible for two or more
workers to derive different designs with different element
parameters, with each design having the »/c required to
give maximum gain. This also implies that if one of the
element parameters, such as diameter, is changed in a
maximum-gain design, then one or more of the remaining
parameters, element spacing or length, will also have to
be changed to readjust the »/c ratio to its optimum value.
Ehrenspeck and Poehler state without presenting experi-
mental evidence that within limits (which are not stated)
it is possible to obtain an optimum design with ratios of
element diameter to wavelength as high as 0.048, or almost
5 per cent.

We do not wish to imply that it is necessary to measure
phase velocity in order to adjust an array, as this is not
practical in the field. The phase velocity information is
useful in explaining antenna performance and in determin-
ing what adjustments should be made to an array.

Wide-Spaced Arrays

As is well known, the antenna gain is a function of its
length. It is therefore desirable to make the antenna as
long as possible. However, to minimize structural problems
it is desirable to use as few elements as possible; this indi-
cates that the spacing between elements should be as wide
as possible. As the spacing between the driven element and
directors is increased beyond about 0.25\ the gain of the
antenna begins to fall. This is because the coupling tetween
the driven element and the directors decreases, thus redue-
ing the effactiveness of the lirectors. However, by inserting
an additional element approximately 0.1 \ in front of the
driven element the authors were able to use spacings up

1 Ehrenspeck and Poehler, “A New Method for Obtain-
ing Maximum Gain from Yagi Antennas,”” ASTIA Docu-
ment No. AD160761, available from the Office of Technical
Services, Washington 25, D. C. This paper also was pub-
lished in the October 1959 issue of the IRE Transactions
on Antennas and Propagation.
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to 0.4\ and retain high gain. This is shown in the drawing
(Fig. 2. -

Simplified Adjustment Procedure

Because of the large number of elements, and hence
variables, in a high-gain antenna design, the adjustment
procedure may become quite involved. The report gives
useful information which will simplify the adjusting pro-
cedure: Because of the method of operation of the Yagi
antenna the directors have no effect on the reflector; thus
in setting up an array one may start with just a driven
element and reflector, and adjust this combination for
maximum gain. Once this adjustment is found it will not
be altered by the addition of directors or by their adjust-
ment. This simplifies the adjustruent of the antenna by
reducing the number of possible combinations of the reflec-
tor and director spacing.

Ehrenspeck and Poehler conclude their paper by describ-
ing a method for designing a Yagi. We will not present it
here since it involves a large number of graphs.

— John J. Nagle, K2PDR

REFLECTION FROM SATELLITES?

354 W. Birch St.
Oxnard, California
Technical Editor, QST

I have just read the article by Raphacl Soifer, K2QBW,
in the July, 1960, issue, titled “High Frequency Satellite
Scatter.” I first became aware of this phenomenon (or a
possibly related one — Ed.) while listening to DX in the
f.m. broadcast band. Most of my observations were made
during the past nine months from a location near the Cal
Poly Campus in San Luis Obispo, Calif. Using a good f.m.
receiver and a 5/5 antenna with rotator I was able to receive
signals from Sacramento (about 200 miles north) to San
Diego (about 250 miles south).

When listening to a station just barely discernible in the
noise it would suddenly take on a rapid fade (like airplane
or mobile v.h.f. flutter) and the signal strength would rise
greatly until the signal was extremely strong. After one or
two minutes the effect was reversed and the signal faded
back to its original level in the noise. The *“opening” was
several times traced with the beam from Fresno to San
Diego and was found to make the trip in about five minutes.
I haven't figured it closely but it seems to be too fast to
be any plane. I arrived at the conclusion that it must be
satellites and more or less forgot about it. More recently
I have received short bursts here in Oxnard from KEAR
in San Francisco (300 miles airline northwest).

The phenomenon cannot be confused with meteor bursts
though it has some resemblance to them. The longest
meteor burst I have ever heard on f.m. lasted about two
or three seconds but, as Mr. Soifer noted, the satellites
give bursts of one or two minutes’ duration.

— James R. Kaness, KEHEC

THE CASE FOR NARROW A2

33 Fifth Ave.
New York 3, N. Y.
Technical Editor, QST
I think 2-meter men are overlooking a very good bet for
extending their coverage: the DX potential of A2 emission.
Let us analyze what such a signal consists of. Assuming 100
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per cent modulation, an m.c.w. signal may be broken down
into three separate components: a carrier of, say, 100 watts,
transmitting no modulation or information, and two c.w.
signals of 25 watts each. These are formed by the sidebands
having degenerated, in the case of A2, into two side fre-
quencies, one spot on either side of the carrier assuming a
constant-frequency tone. As the tone is keyed, the side
frequencies go on and off, using up spectrum space in propor-
tion to the keying speed in bauds. In other words, they have
properties identical to c.w. signals. Indeed, they are c.w
signals.

Since they are c.w. signals, the total bandwidth taken
up by an m.c.w. signal is equal to 55 + 2f, where 5 is the
constant for signal fading, b the keying rate in bauds and f
the frequency of the modulating tone. By comparison, an
Al signal takes up only 5b cyeles of space. For 20 w.p.m.,
the c.w. signal takes up about 100 cycles of bandwidth.
Wait just u minute! Most of the receivers on the market
only go down to 500 cycles as a lower limit on pass band.
This is true of the 75A-4, the Hallicrafters and National
lines, and most of the Hammarlund line. 500 cycles is the
smallest bundwidth the receiver will chop down to. There-
fore, and this is important, the total amount of noise the
recetver will admit is fixed by the 500-cycle pass band, and
any further 1eduction in the bandwidth of the transmitted signal
below 500 cycles can have ro effect on the signal-to-noise ratio.
This is because the only determining factors on the S/N are
the amount of signal present and transmitting information,
and the amount of noise present in the pass band. If all the
signal components which transmit information can be
squeezed into 500 cycles of space, then the S/N will be the
same as that produced by a c.w. signal of the same power.

Getting down to cases, 100 watts carrier power of m.c.w.
contains 50 watts (the two sidebands) of information, 100
watts of c.w. contains 100 watts of information. A 100-watt
rig on m.c.w. produces half as much communications power
as a 100-watt rig on c.w. does. If the m.c.w. signal can be
squeezed into the 50-cycle “sharp’ pass band of the re-
ceiver, then it will be lower in S/N than the c.w. signal only
by a factor of two, or 3 db. In other words, low-pitched
m.c.w. is 3 db. down from c.w. in theoretical advantage.
How low in pitch? Well, by applying that 5b + 2 formula,
we find that, for 20 w.p.m., a tone of 200 cycles will be
permissible. For 30 w.p.m., 180 cycles is the highest allow-
able tone, if we are to keep our pass band within 500 cycles.

Narrow m.c.w. (n.m.c.w.), then, is 3 db. worse than c.w.,
but let's compare it with a.m. phone. First off, we are keep-
ing our modulation at 100 per cent at all times, instead of
only on peaks. This results in 3-db. advantage in useful
sideband power for n.m.c.w. (or any kind of m.c.w.). By
reducing the bandwidth from 6 ke. to 500 cycles (assuming
the receiver is now used in the “sharp” position), we cut
down the noise by a factor of 11 db. Our useful signal is
3 db. stronger than a.m., our noise 11 db. less, giving
n.m.c.w. a 14-db. advantage over a.m. This checks, for as
we recall, A1 has 17 db. over A3, and we proved earlier
that Al has only 3 db. over n.m.c.w. 17 minus 3 is 14, so
we're right!

For the use of n.m.c.w., instead of c.w., we arc paying
3 db. in S/N ratio. What are we buying for the 3 db.?
0.5A2 has two main advantages over Al, to wit:

a) Complete stability of copying note: Transmitter drift,
or h.f. oscillator or b.f.o. instability can not change the
copying note. Stability is guaranteed.

b) N.m.c.w. is completely compatible with reccivers adjusted
for both c.w. and phone reception. No matter whether the
receiver is on c.w. or phone, a call on n.m.c.w. is copiable
either way. This can be very important when fishing for
DX, as in a tropospheric opening. You can call CQ and bo
sure that you will be heard by either the station with his
b.f.o. off or the station with his pass band too sharp to copy
phone. If he's listening on your frequency, he'll hear you.
If his b.f.0. is on, he'll copy you as a c.i. station; if he is
set up for phone, he'll copy you as an m.c.w. station. This
compatibility feature is very useful when you are fishing
for DX rather than skedding a specific station. A sked can
be synchronized to one mode of reception. Random work
cannot, and unless you are on n.m.c.w. you might risk losing
the chance to contact those whose receivers aren't set up for your
mode. Note, too, that n.m.c.w. retains the binary (it's there
or it isn't) feature that makes c.w. useful in aurora work.
If you have a stability problem, n.m.c.w. may be your an-
swer to successful aurora work.

(Continued on page 164)
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o flocont fquipment —

Hammarlund HX-500 Transmitter

HE name Hammarlund is a familiar one when

it comes to receivers and components, but
most hams do not associate it with packaged
transmitters. Thus the release of the new model
HX-500 transmitter has a somecwhat special
interest for those who keep an eye on the equip-
ment parade. The HX-500 has a number of novel
features, and its operating capabilitics should
satisfly operators with widely-varied tastes —
from the teletype enthusiast to the dyed-in-the-
wool c.w. man, with most types of phone in
between.

Hammarlund has included in the HX-500’s
two-tone gray cabinet a self-contained transmit-
ter which will cover the five amateur bands from
80 through 10 meters and is capable of trans-
mitting either upper or lower s.s.b., double
sideband with carrier (a.m.), c.w., f.m. and f.s.k.
Its power output on s.s.b., c.w., f.m. and f.s.k.
ranges from 70 to 100 watts, and on a.m. the
carrier output is 17 to 25 watts. VOX and antitrip
circuits are included.

A large slide-rule dial, with eight calibrated
scales on a rotating drum, indicates the frequency
of operation in 10-ke. steps. Each range is 500
ke.: 3.5-4.0, 7.0-7.5, 14-14.5, 21-21.5, 28-28.5,
28.5-29, 29-29.5 and 29.5-30 Mec.

The assortment of types of cmission in the
HX-500 would seem to indicate the phasing
method of s.s.b. generation, but the fact is that
the filter method is used with an LC filter operat-
ing at 60 ke. How do you get f.m. or f.s.k. when
using the filter method? Simple — Hammarlund
generates f.m. signals by using a reactance tube
to modulate the transmitter’s basic frequency-
determining oscillator at 60 ke. By generating
true f.m. (nct phase modulation, as in the case of
phasing rigs) it is also easily possible to add the
f.s.k. feature — something that is not inherently
a feature of the p.m. output of a phasing exciter.

Before going into more details of the HX-500's
circuit, a look at the block diagram in Fig. 1 will
aid in visualizing the opcration of the various
stages.

The low basic frequency, 60 ke., insures ex-
tremely stable operation — stated to be better
than 10 cycles after warm up. A reactance tube
modulator, Vj, is used for generating f.m. and
f.s.k. emission and functions by being effectively
tied across the tank circuit of the 60-ke. oscillator.
When modulation is applied to the reactance
modulator it produces a frequency shift in the
oscillator at an audio rate. The circuit is designed
to limit the maximum audio shift to about 3000
cycles. A variable cathode resistor provides the
means for adjusting the frequency deviation and
compensating for component aging and tol-
erances. This is a front-panel control labeled
FSK — FM/AF. The amount of frequency shift
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Components are grouped on two subchassis in the HX-500
transmitter, with the assemblies interconnected by remova-
ble coaxial cables. The s.s.b. generator chassis is at the
upper right in this photograph and the v.f.o. chassis is just
below and to the left of the drum dial. The main chassis
supports the power supply and the remainder of the r.f.
components. The variable capacitor is for final plate
funing; a perforated cover (not shown) fits over this
capacitor and the final-amplifer tubes to the left.

can be set up to a maximum deviation of about
2000 cycles for f.s.k. In actual operation the f.s.k.
system is keyed by the teletype machine through
connection terminals provided at the transmit-
ter’s rear apron. If a key is inserted in the front-
panel key jack and closed while the transmitter is
in the f.s.k. function the carrier will be shifted
about 40 cycles, thus providing a convenient way
of sending (with the hand key) station identifica-
tion as required in amateur rules and regulations.
In all other emissions the reactance modulator is
switched out of the oscillator circuit.

Following the fundamental 60-kc. oscillator,
V1, is the balanced moedulator, which makes use
of two semiconductor diodes in its circuit. For
a.m. aad s.s.b. emission, audio [rom the speech
section (Vsa, Vse and Vea) is also fed into the
balanced-modulator circuit. The balanced-modu-
lator output may then be switched either to the
sideband filters for s.s.b. or directly to the first
mixer, V3a, for other types of emission. Carrier
suppression is rated to be 50 db. or more.

When in the s.s.b. mode, the signals are passed
through a filter, an amplifier and then another
filter where the undesired sideband is removed.
The first filter (FL; in Fig. 1) is actually com-
posed of a series of three separate tuned circuits,
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top coupled through small capacitances. The
second filter, FLg, has five similarly-coupled
tuned circuits, plus a special bifilar “T” rejection
filter. The trap’s notch is set for maximum rejec-
tion of the unwanted sideband at 250 cycles from
the nominal carrier frequency. The 60-kec. ampli-
fier, Vo, is inserted between the filters to com-
pensate for any losses and to isolate these two
filter circuits for optimum performance and
waveshape. The choice between lower and upp. r
sidebands is provided for by changing the operat-
ing frequencies of the filters, by switching addi-
tional tuning capacitance in or out.

Depending upon the mode of emission, signals
either from the sideband filter, ¥ Ly, or from the
balanced modulator are fed into the pentode
section, V3a, of a 6U8 operating as the first
mixer. Here, 1590-kc. energy from the crystal-
controlled oscillator V3g (the triode section of the
6U8) is mixed with the 60-ke. signal to produce
the first i.f. of 1650 ke. A 1590-ke. trap in the
plate circuit of V3a rejects any oscillator signal
that might feed through. Also located in the
first-mixer plate circuit are additional tuned
circuits for further shaping of the 1650-ke. pass
baud.

As the dotted lines in Fig. 1 indicate, the
HX-500 is constructed on several subchassis.
Signals from the first mixer leave the s.s.b.
generator chassis by way of a detachable coaxial
cable which plugs into the v.f.0. and second mixer
chassis.

The v.f.o., the triode section of Vgm, has a
500-ke. frequency range, 3.9 to 4.4 Mec., which is
combined with the 1650-ke. signal from the first
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mixer to give a second i.f. of 5.55 to 6.05 Me.
Good v.f.0. frequency stability is insured by use
of a ceramiic coil form, temperature-compensated
components, and a high-C oscillator circuit. Also,
the mechanical isolation of the v.f.o. on a sepa-
rate subchassis adds to its stability, which is
rated at 100 cycles after warm up. Frequency
control tor the transmitter consists of a panel
FREQUENCY control knob which is directly cou-
pled by a gear arrangement to the v.f.o. tuning
capacitor. The FREQUENCY knob is calibrated in
kilocycles and can be read to 200 cycles. One
revolution of the knob covers 20 ke. on all bands.

Output from the second mixer, Vga, is fed via
a detachable coaxial cable to a pair of broad-band
amplifiers, Vip and Vij, located on the main
chassis. However, before going into these ampli-
fiers the signal passes through a series of filters
and traps to do away with any spurious frequen-
cies that might be present. The band-pass ampli-
fiers also function as the keyed stage when in the
c.w. mode, and are biased off during receive or
standby. The panel R.F. LEVEL control varics the
bias on the amplifiers and is adjusted toc suit
whatever drive is required for the following
stages.

It will be noted in Fig. 1 that an automatic
level control (a.l.c.) line runs from the final ampli-
fiers, V15 and Ve, to an a.l.c. rectifier, V78, and
then to the band-pass amplifiers. This represents
the path of a control bias with an amplitude cor-
responding to the transmitter’s output. A small
amount of output from the final amplifier is sam-
pled and rectified by the a.l.c. rectifier. This bias
is then applied to the grids of the band-pass am-
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Fig. 1 —Block diagram of the Hammarlund
HX-500 transmitter.

plifiers giving a sort of a.g.c. action. When the
transmitter output exceeds a predetermined
value, a.l.c. control voltage is developed and
limits the output of the band-pass amplifiers. This
regulating action automatically prevents over-
driving of the final amplifiers.

After leaving the broad-band amplifiers, Vio
and Vi, the 5.5-6.05-Mec. signal is converted to
the third i.f., which falls in the desired amateur
band — between 3.5 and 30 Mec. The conversion
is done in the third mixer, Vi, which receives the
proper injection from the crystal-controlled het-
erodyning oscillator, V3. The correct crystal for
the oscillator is switched in, along with several
other circuits located throughout the transmitter,
by the panel BAND SELECTOR switch. Eight crys-
tals are used, four heing necessary to _cover the
10-meter band.

The signal which has now been converted to
the desired frequency is amplified in the 12BY7
driver, V1. Its grid and plate circuits are tuned
by the panel pRIVER TUNE control.

Parallel-connected 6146s operating Class AB;
are used in the final amplifier. The plate circuit of
the amplifier is tuned by the panel FINAL TUNE
control. The amplifier circuit is neutralized and
the tubes contain suppressors to prevent parasitic
oscillations. These tubes and nearby components
are cooled by a fan blower attached to the top lid
of the cabinct. The pi-network output circuit is
designed for a fixed load of 50 ohms; there is no
loading control on the transmitter.

The output-meter circuit shown in Fig. 2 can
be used as an aid in tuning the driver and ampli-
fier to resonance and also to monitor the trans-
mitter's relative output while on the air. The
meter circuit is somewhat unusual in that it uses
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two diodes instead of the customary single
rectifier. The 1N34A crystal diode, CRy, is tapped
down on a resistor voltage divider where it recti-
fies the r.f. voltage from the final amplifier. The
d.c. is filtered in an RC filter network and appears
across the silicon diode CRs. This diode does not
conduct until the voltage across it reaches about
0.6 volt, above which CR; conducts heavily and
acts as a sort of “current brake” as far as the
d.c. meter is concerned. With this current limit~
ing, the output meter follows a more logarithmic
scale as the output increases. The output meter
can be electrically set by the METER SENSITIVITY
control located on the front panel.

All necessary power for the HX-500 is gen-
erated in the power-supply section of the trans-
mitter. Close to 800 volts d.c. is supplicd by the
high-voltage scction, which uses a pair of 12AX4
rectifiers. A special 12-volt winding on the power
transformer supplies the necessary heater voltage
for these tubes. Another section of the power
supply furnishes intermediate voltages of 215,

FINAL
AMP

ANT,

IN34A

1000

HD6164 | CRp
OUTPUT

Fig. 2 —Two diodes are used in the output-meter circuit.
CR2, a silicon diode rectifier, conducts only after the
voltage across it reaches a little over one-half volt.
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This view of the HX-500 shows the compact arrangement
of the various components and wiring, as exposed when
the bottom plates are removed. The s.s.b. subchassis is in
the upper left-hand corner in this photograph. The double-
section variable capacitor in the center is the DRIVER
TUNE capacitor and at its right are the capacitors and
coils connected to the BAND SELECTOR switch, which runs the
length of the chassis from top to bottom. The section of the
band switch at bottom center is in the compartment that
houses the final-amplifier plate inductance.

300 and 350 for use in the various stages of the
transmitter. One section of a 6AL5 diode (Vi7a)
functions as the bias rectifier. Bias voltages are
50 and 100 volts. An 0A2 voltage regulator pro-
vides stabilized 150 volts to operate the react-
ance-modulator plate and screen, 60-ke. oscillator
screen, v.f.o. plate, third-mixer screen, heterodyne
oscillator (V13) plate, and the screen of the
12BY7 driver. Power requirements for the trans-
mitter are 105 to 125 volts, 50/60 cycles, at 400
watts.

The VOX and antitrip circuits for the trans-
mitter are located on the s.s.b. generator chassis.
All three controls associated with this circuitry
(VOX DELAY, ANTITRIP SENSITIVITY and VOX
SENSITIVITY) are on the front panel. Hammarlund

has provided the HX-500 with a built-in antenna
relay which is tied into the VOX control system.
In the transmit condition the relay connects the
transmitter’s output to the antenna terminal.

In addition to the operating controls on the
HX-500 already mentioned there is also a caLI-
BRATE LEVEL control, which feeds a small amount
of signal from the transmitter into the receiver for
purposes of zero beating or finding one’s own
signal; a FuNcTION swiTcH, which determines the
type of emission to be used; an OPERATION
switch, with five positions: OFF, STANDBY, MOX,
vOoX and CALIBRATE; an AUDIO LEVEL control,
which adjusts thc gain of the spcech amplifier;
and the Fsk — FM/AF control, which determines
the amount of frequency shift for f.s.k. or the
frequency deviation for f.m. Also located on the
front panel are the relative-output meter, key
jack, monitor jack (to monitor the receiver with
headphones), microphone connector, and low-
impedance audio-input jack.

Located on the rear apron of the transmitter is
a 14-terminal connector for making connections
to the VOX relay contacts, negative 100 volts
for receiver or amplifier blocking, remote key,
f.s.k. relay, and receiver speaker; also, one pair of
terminals is across a 10-ohm resistor from the
final-amplifier cathode to ground, for metering
purposcs. Along with this 14-terminal connector
is a coaxial antenna connector, a phono jack for
carrying the antenna to the receiver, a fuse and
the line cord.

The HX-500 instruction manual contains 31
pages of information including details for using
the transmitter on the various emissions, detailed
alignment procedures, and voltage and resistance
charts for trouble shooting.

The HX-500 cabinet measures 1914 inches
wide, 1614 inches dcep and 1115 inches high.
When the transmitter is removed from the cabi-
net it will fit a standard rack. It weighs 80 pounds.

—E.L.C.

NEW BOOKS

Transistor Theory & Circuits Made Sim-
ple, by Harvey Pollack. Published by American
Electronics Co., 1203 Bryant Ave., New York
59, New York. 6 by 9 inches, 124 pages, including
index. Price, paper cover edition $1.75.

This is a beginner’s book that takes the subject of tran-
sistor theory and breaks it down into a form that can easily
be understood. Transistor characteristics, background and
basic amplifier and oscillator circuits are discussed in simple
terms with a minimum of mathematics and complex
schematics. The book describes many practical circuits and
explains the operation of devices such as field-strength
meters, 100-kc. oscillators and simple receivers.

The Practical Dictionary of Electricity
and Electronics, by R. L. Oldficld, includes
Handbook. Published by American Technical
Society, 848 East 58th St., Chicago 37, Illinois.
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534 by 814 inches, 216 pages, cloth cover. Price,
$5.95.

This book is just what the title implies — a dictionary of
electrical and electronic terms written in plain language and
directed to meet the practical, down to earth needs of the
technician, service man and radio amateur. Included in the
book is a 38-page handbook scction containing formulas,
tables, symbols and circuit diagrams commonly used by
those working in electricity and electronics.

Transistors, Theory and Practice, by Ru-
fus P. Turner. Published by Gernsback Publica-
tions, Inc., 154 West 14th St., New York 11,
N. Y. Second edition. 534 by 8.4 inches, paper
cover, 160 pages, including index. Price, $2.95.

In this second edition the book 7Transistors has becen
brought up to date, and information has been included on
transistor limitations. There are also new bibliographies and
tables. Although most chapter headings have remained the
same, the material in them is the very latest. Two new
chapters entitled * Related Devices” and ‘“Care and Han-
dling of Transistors'’ have becen added. The hook is directed
to teachers, students and technicians alike and contains
many practical circuits of interest to amateurs. — E. L. C,
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Announcing 1960 Simulated Emergency
Test

October 8-9, 1960

oLp oN! Don’t turn this page until you’'ve
read what it’s all about. Just because you've
never heard of the Simulated Emergency Test
doesn’t mean that it’s of no concern to you.
Come on out with the AREC gang and have
some fun doing something useful, for a change.

We'll try to make it simple. The SET is the
week end when we amateurs show the public
and the various agencies we might serve in an
emergency what we are capable of doing for them.
It’s not a contest, like the Field Day, and it’s
not part of a big government-sponsored project,
like Operation Alert. It’s our own activity, using
our own amateur-sponsored and amateur-led
organization.

This doesn’t mean we ignore all other agencies
in conducting the activity. We can’t conduct
emergency communications unless we have some-
one to conduct them for. So the Red Cross, civil
defense, utilities, newspapers, fire departments,
law-enforcement agencies and many others come
into the picture to provide the content of the
communications, while we in the Amateur Radio
Emergency Corps do the communicating.

Here’s how you can participate in the SET:

(1) Get signed up in the AREC, if you aren’t
already. Your local Emergency Coordinator is
the man to see. If you don’t know who he is,
make some inquiries. Maybe you'll find you
have no local EC, because no one locally has
taken an interest in this type of work. If such
is the case, it's time you get some local amateurs
together and do something about this, and right
now is the time to do it.

(2) Your EC, if any, may be planning to have
the SET at some time other than the regular
October 8-9 week end. If so, you will want to
know when so you can plan to take part. If he

says he is not going to have an SET, give him a
hard time, eh?
(3) During the test, you should originate a

“message to your SEC (that means Section Emer-

gency Coordinator, you clown). Your message
should be short (say about 10 words) and it
should identify the group with whom you are
working. It should also identify you, by call
letters. There may be hundreds of people with
your name, but your call is unique.

(4) Your EC has a report to make. Chances
are he won't bother to send it in (we hope he
will) unless he has something he fecls is worth
reporting. Yow can provide him with that by
showing up, by going along with the spirit of
the thing and by showing your interest in a con-
tinuing AREC organization in your community
or county.

Am