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Your new idea for contributing

to amateur radio may win a
COMPLETE, DELUXE HAM STATION...

an HA-8 SPLATTER GUARD...
or an SR-160 TRANSCEIVER!

for complete details, turn the page...




Improve your rig with these Collins accessories

1. 302C-3 Directional Wattmeter — For
fixed or mobile applications. Measures forward
and reflected power on 200- and 2000-watt
scales accurately (3.4 to 30.0 mc) without
calibrating adjustments.

2. DL-1 Dummy Load—A 100-watt resis-
tive load for all HF frequencies. Connects per-
manently in antenna coax line, with in-out
relay switching. Provides easy comparison of
antenna SWR and nonband interference tune-
up. Type N and RCA antenna connectors are
provided.

3. 312B-5 Speaker Console and External
PTO— For use with KWM-2 in fixed station
operation. Provides limited separation of re-
ceive and transmit frequencies, speaker, di-
rectional wattmeter, and switching for func-
tional control system.

4. 136B-2 Noise Blanker— For use with
KWM-2 in mobile operation. Effectively re-
duces impulse-type noise in the transceiver.
Requires separate antenna resonance at 40 mc,

5. 312B-3 Speaker—Contains a 5”x7”
speaker and connecting cable. Styled to match
S/Line and KWM-2.

6. 516F-2 AC Power Supply— Operates
from 115 v ac, 50-G0 cps. Provides all voltage
for 32S-3 and KWM-2,

7. MP-1 Mobilé Power Supply — Transis-
torized inverter powered from a 12 v dc auto-
mobile, aircraft or boat storage battery to the
voltages required for operating the KWM-1,
KWM-2 or KWM-2A.

8. PM-2 Portable Power Supply— Com-
pact, lightweight and supplies all voltages
needed for KWM-2. Operates from either
115 v ac or 220 v ac at 50-400 cps to give
you a completely portable SSB station. An
auxiliary speaker is included.

9. CC-2 Carrying Case — Specially designed
Samsonite Silhouette case for KWM-2/PM-2
or 30L-1. Molded Royalite interior protects
equipment against rough handling. Also avail-
able in model CC-3 for accessories.

These are just a few of the Collins accessories
which can help you improve your rig. There
are many more...mounts, microphones and
adapters, to mention a few. Ask your author-
ized Collins distributor to demonstrate the
advantages of Collins accessories. A new Col-
lins book, Amateur Single Sideband, will be
an invaluable addition to any ham's library.
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4X250B tetrode
chalks up 20,000
hours—and is

still going strong!

Back in 1960 an original-design Eimac 4X250B tetrode was placed in
operation in a UHF communications system belonging to the County of
San Mateo, California. 20,000 operating hours later —February, 1964 —it
was removed by San Mateo Chief Radio Engineer Walter Harrington, W6MX,
for test and evaluation. Returned to the Eimac laboratory, this 4X250B
tetrode passed acceptance tests with flying colors—within specification
in all respects and equivalent in performance to a brand new production
tube! This is another example of the way Eimac designs quahty tubes
for power, dependability, long life. For data on Eimac IR :
original-design tetrodes to meet your needs write: Amateur FEe
Service Dept., Eitel-McCullough, Inc., San Carlos, Calif. EEEES




Some may callit ‘‘ancient modulation'’, some
simply call it AM phone—but whatever you
call it, AM still represents a major portion of

FEATURES

Built-in temperature compensated,
extremely stable VFO—separate,
calibrated bandspread dial scales for sall

7 bands—highly efficient pi-network

tank circuit—flexible, timed sequence
keying system—self-contained _
power supplies—effectively TV| suppressed!

EASY TUNING

Basic tuning controls are located on the
VFO dial escutcheon—QSY within

the phone or CW portion of a band

today's amateur activity—and the ‘'Ranger
1I'"" is one of today's most popular AM rigs!
For AM or CW operation, for 160 through 6
meters—the *'"Ranger I1’’ offers the ‘‘biggest-
little’” 75 watts you'll find on the air! Rated
at 75 watts CW and 65 watts high-level AM,
the ‘“Ranger II'" delivers communications
quality audio with the necessary punch to
break through today’'s QRM! An excellent
“first'’ transmitter for the Novice or the new
General, the “‘Ranger |I'" will drive any of the
popular kilowatt level tubes and will provide
a high quality speech driver system for high
powered modulators without modification!
What else? The ‘‘Ranger 11'' offers attractive
styling in a compact cabinet and is available
at a reasonable price.

Cat. No. 240-162-1..."Ranger II" Kit ... Net $249.50
Cat. No. 240-162-2..."Ranger " Wired Net $359.50

is usually possible by merely changing
the VFO frequency setting.

RANGER II

COMPLETE CATALOG
- Drop us a card and we will
e : send you Amateur Catalog
962 which gives the full
‘‘Ranger II'" story, as well
as detailed information
on our complete line of
_ amateur transmitters
»»»»»»»»»» o 7 B Y g ] and accessories.

S|  E FJOHNSON COMPANY

g WASECA, MINNESOTA, U.S.A.

i
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Section Communications Managers of the ARRL Communications Department
Reports Invited. All amateurs, especially League members, are invited to report station activities on the first of each
month (for preceding month) direct to the SCM, the administrative ARRL official elected by members in each Section.
Radio club reports are also desired by SCMs for inclusion i in QST. ARRL Field Organization station appointments are
available in areas shown to qualified League members. General or Conditional Class licensees or higher may be appointed
ORS, OES, OPS, OO0 and OBS. Technicians may be appointed OES, OBS or V.H.F. PAM. Novices may be appointed OES.
SCMSs desire apphcanon leadership posts of SEC, EC, RM and PAM where vacancies exist.
S ATLANTIC DIVISION
Delaware K3GKTI M. F. Nelson 505 Milltown Rd. Marshulltown
Lastern Pcnnsylvanla W3ZRQ Allen R, Breiner 212 Ruce St. Tamaqua 18252
Maryland-D. C. W3JzYy Andrew H, Abraham RFD 1 Smithsburg, Md. 21783
Southern New Jersey K2BG Herbert C. Brooks 800 Lincoln Ave. Palmyra 0 gb
Western New York K2HUK Churles T. Hansen 211 Rosemount Drive Buftalo 26
Western Pennsylvania W3GJY John F. Wojtklewlcz 1400 Chanun St. Conway
CENTRAL DIVISIO
Illinols WQPRN Fdmond A. Metzger 1520 South 4th 8t. 8pringfield
Indiana WwoyYyx Ernest L. Nichols RFD 7 Bloomington
Wisconsin K9GSC Kenneth A, Ebneter 822 Wauona Trail Portage 53901
DAKOTA DlVISION
Minnesota wdorx Mrs. Helen Mejdrich Route Altkin
North Dakota W@IIVA Harold A. Wengel 805 3rd ,S. W, Minot
South Dakota W@RRN J. W. Sikorski 1900 8. Menlo Ave. Sioux Falls
DELTA DIVISION
Arkansas W5DTR Curtis R. Willlams Route 3, Box 230 Little Rock 72205
Louisiana W5PM J. Allen Swanson, Jr, RFD 1, Box 354-E Covington
Mississippl WSEMM S. H. Hairston 2321-27th A Meridian
Tennessce w4UvP William Scott 115 East }’{olston Ave. Johnson City
GREAT LAKES DIVISI ON
Kentucky K4QIO Mrs, Patricla C. Shafer 732 Greenridge Lane Loulsville 7
Michigan W8I'X Ralph P, Thetreau 27209 W Six Mile Roud Detroit 48240
Ohlo WS8AL Wilson E. Weckel 1317 Logan Ave., N.W C'anton 44703
HUDSON DIVISION - - =
Eastern New York W2EFU Gegrge W. Tracy 1138 North Country Club Drive S8chencctady
N. Y, C. & Long Island K2IDB Blaine 8, Johnson 266 Cypress St. Massapequa Park
Northern New Jersey wa2cvw Edward F, Frickson 13 Robert Circle South Amboy 088'79
S MIDWEST DIVISION
Iowa \\‘_ﬂNTB Dennis Burke 1418 Douglas Ave. Ames 50010
Kansus BATA C, Leland Cheney 8114 Levitt Dr. Wichita 67207
Missour{ W@TPK Alfred E. Schwuncke lidgar Star Rte Rolla 65401
Nebraska WeGGP Frank Alle Box 272 Gering
S— NLWJMGLAND DIVISION
Connecticut WIFHP Robert J. O'Nell Hard Hill Road Bethlchem
Tsastern Mnss'whusetts WI1ALD Frank L. Paker, Jr. 85 Solar Ave. Braintrec 02185
Maline KIDYG Herbert A. Davis Lakes Ln. Ellsworth Falls
Now Hamnshlrc WI1YHI Albert F. Huworth 20 Plummer Rd. (Bedtord) Manchester 03102
Rhode Island K1AAV John E. Johns 30 Fruit St. Pawtucket 02860
Verm KIMPN E. Reginald Mu.rray 3 Hillcrest Drive Montpelier 05601
Wcst,em Massachusetts WI1BVR Percy C. Noble 8 St. Dennis St. Westfleld 01085
— NORTHWESTERN DIVISION. -
Alaska KL7BZO Kenneth E. Kouester 2005 Sunrise Dr. Anchorage
aho K7HLR Raymond V. Evans Route 3. Twin Falls
Montana WITYN Joseph A. D’Arcy 1119 East 5th Ave. Anaconda
regon W7AJN Everett H, France 3335 8.I2. 116th Ave. Portland
Washington W7PGY Robert B. Thurston 7700-31st Ave., N.E. Seattle 98115
S PACIFIC DIVISION
East Bay K6LRN Richard Wilson 107 Cordova Way Concord
Hawali KH6BZF Ice R. Wical 45-601 Luluku Rd. Kancohe 96744
Nevada W7PBV Leonard M. Norman 622 Utah St. Boulder ('Ity 89005
Sacramento Valley W6BTY George R. Hudson 2209Meecr Way Sacramento
San Francisco * W6OPL Ired Laubscher 655 Wakerobin Lane San Rafacl
8an Joaquin Valley W6JPU Ralph Saroyan 204 E. Townsend Ave. Fresno
8Santa Clara Valley W6ZRJ Jean A. Gmelin 10835 Wlllowhrook Way Cupertino
—— ROANOKE DIVISION.
North Carolina W4BNU Barnett 8. Dodd 420 West Franklin St. Salisbury
South Carolina W4PED Charles N. Wright 711 Merriwether Dr. North Augusta
Virginia w4QDY Robert L. Follmar 1057 Dunc St, Norfolk 23503
West Virginia W8JIM Donald B. Morris 1136 Morningstar Lane Falrmont 26554
ROCKY MOUNTAIN DIVISION -
Colorado he TTB Donald Ray Crumpton  P.O. Box 223 Alamosa
New Mexico KS51QL Newell Frank Greene P.0. Box 406 - Dexter
Utah W7MWR/W VOAD Marvin C. Zitting P.0. Box 1813 Salt Luke City 84110
Wyoming W7CQL Wayne M. Moore 142 South Montana Ave. Casper 82601
— SOUTHEASTERN DIVISION
Alabama K4KJD Willlam 8. Crafts Rout, c 3 Box 233 Athens 35611
Canal Zonc KZ5TD Thomas B, DeMels P O x 1111 Balboa
Lastern Florida W4GJI Guernsey Curran 0( 48 Palm B
Georgla W4RZL Howard L. Schouher I‘ O 1902 Columbus 31902
West Indies (P.R.-V.1.) KP4DJ Willlam Werner 563 Ramon Liovet Urlk{'l T{,lluﬁ}m
o
Western Florida W4RKH Frank M. Butler, Jr. 494 Elllott Rd. Fort Walton Bcach 32548
— - SOUTHWESTERN DlVISION
Arizona W7FKK "Floyd C. Colyar 1 West Plerson St. Phoenix
1.08 Angeles WG6FNE John A. McKowen 3430 So. Hills St. Los Angeles 90007
8an Diego W6LRU Don Stansiter 4427 Pescadero 8an Diego 7
8anta Bnrbarn WABOKN  Cecll D. Hinson 1933 Coventry Court Thousund Oaks
— WEST GULF DIVISION - —
Northern Texas W5BNG L. L. Harbin 4515 Cnlmom. Fort Worth 76107
Oklahoma KS5KTW Bill F. Lund 12210 8, Ow: Tulsa 20
Southern Texas WS5QEM Roy K. Eggleston 1109 Vemon Drlve Corpus Christi
_ CANADIAN DIVISION -
Alberta VE6TG I{arry II.v.rroId 1834-5th Lethbrldxe. Altn
British Columbia VE7FB . E. Say. 4553 West l2th Ave. Vancouver 8, B
Manitoba VE4HW \vullam H I{orner 6 Ilart Ave., Winnip g
Maritime VE1IWB D. E. Weeks Harvey Statlon, N, B,
Ontario VE3NG Richard W. Roberts 170 Norton Ave. Willowdale, Toronto, Ont
Qucbee VE2DR C. W. Skarstedt 62 St. Johns Rd. Pointe Claire,
Montreal 33, P, Q.
Saskutchewan VESQC Mel Mills 1012-10th St., East 8askatoon
A — —

* OMclpl appolinted to act temporarily in the absence of a regular official
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MODEL LRRA-I]

@@&.DD SIYANGE
VLE/LE/MF COMMUNIGATIONS
(10 n 600 KGS)

SENSITIVE (.1 ulv)
STABLE (1 Part in 10°)
SELECTIVE (4 IF Bandwidths)

BULLEVIN 3011 SIDEBAND (AM, CW, FSK, FAX modes)

BULLETIN 3015
BULLETIN 3017

DEPENDABLE (electronically switched
emergency hatteries)

SHIP AND SHORE MODELS AVAILABLE

Q'I'HE TECHNICAL MATERIEL CORPORATION

MAMARONECK, NEW YORK
nd Subsidiaries

OTTAWA, CANADA o  ALEXANDRIA, VIRGINIA e  GARLAND, TEXAS ®  OXNARD, CALIFORNIA
SAN LUIS OBISPO, CALIFORNIA o  LUZERN, SWITZERLAND e  POMPANO BEACH, FLORIDA
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facture, sale or r‘e' tal of rad
‘on its board.

in tin ama
sh:p of a tronsm hng stah n on%’ knowle

Past Presidents

HIRAM PERCY MAXIM, WIAW, 1914-1936
EUGENE C. WOODRUFF, WBCMP, 1936~1940
GEORGE W. BAILEY, W2KH, 1940-1952

GOODWIN L DOSLAND, WHTSN, 1952-1962
{Prcudenl Ememu:)

DIRECTORS

Canada
NOELB.EATON. .. .o.vvittonvivnsns VE3CJ
R.R. 3. Burlington, Ontarlo
Vice-Director: Colin C. Dumbrille. ........ VE2BK
116 Oak Ridge Drive, Bale d'Urfee, Quebee
Atlantic Division
GILBERT L. CROSSLEY . .. .....0oou.u.. W3YA
734 West Foster Avenue, State College, Pa. 16801
Vice-Director: Edwin S. Van Deusen. . ... W3LECP

3711 McKinley St., N.W., Washington, D.C. 20015

Central Division

PHILIP E. HALLER................. WIHPrG
6000 S. Tripp Ave., Chicago, Ill. 60629

Vice-Director:

Dakota Division

CHARLES G. COMPTON. ............ WPBUO
1011 Fairmount Ave., St. Puul Minn. 55105

Vice-Dircetor: Charles M. Bove. ., ...... WHMX
1611}; Eust Lake St., \Iluneapolla. Ninn. 55407

Delta Division

PHILIP P. SPENCER. ....... W5LDH/WS5SLXX
29 Snipe St., Lake Vista, New Orleans, Lu 701 4
Vice-Diirector: Franklin Cassen. ......... BK

925 North Trezevant 5t., Memphis, Tcnn 38108

Great Lakes Division
DANA E. CARTWRIGHT............ WsuUrB
2979 Observatory Ave., Cincinnatl, Ohio 45208
Vice-Director: Charlex C. Niller.......... JSU
4872 Calvin Drive, Columbus, Ohlo 432"7

Hudson Division

MORTON B. KAHN .. ................. W2KR
22 Birch Hill Rd., Great Neck, N. Y. 11020
}l}ge-btmclor Harry J, Dannals. ........ W2TUK

Arbor Lane, Dix Hills, Huntington, L. I.
11743

Midwest Division

ROBERT W. DENNISTON........... WINWX
ox 631. Newlon, Iowa 50208,
)& 1ce-1)trcttor Sumucr II Foster, .. ........ W 0(‘

MILTON E. CHAFFEE.............. WIEFW
28 Rcussner Rd., Southington, Conn. 06489
Vice-Iiirector: Bigelow Green. .., ........ WIEAE
236 Marlboro St., Boston, Mass. 02116
North western Division
R. REX ROBERTS. .................. w7Ccry
837 Purk I{lll Drive, Blllings, Mont. 5910"
Vice-Director: Robert B. Thurston, ., ... . PGY
7700 31st Ave., N.E.. Seuttle, Wash. 98115
Pacific Division
HARRY M. ENGWICHT.............,. WOIHC
0 Chapman, San Joxo Calit. 95126
Vice-Director: Ronald G. Martin, . ......,.. 6ZT

Roanoke Division

P.LANIER ANDERSON.JR.......... WIMWH
428 Maple Lane, Danville, Va. 24541
Vice-Director: Joseph T. Abernethy. ., . .. 4AKC

764 Colonial Drive, Rock IIill, 8.C. "9770
Rocky Mountain Division

CARL L. SMITH, . WHOBwWJ
1070 Locust St.. Denver, Colo. 80220
Vice-Director: John H. Sumpeon, Jr.. . . .. wW70CX

3618 Mount Ogden Drive, Ogden, U'tah 84403

Southeastern Division

THOMASM.MOSS.................. 1YW
.0. Box 20644, Munic lpul Alr ort Brunch.
tianta, Ga. 6
Vtce-Dircctar Chur‘(« J. Bolv l ......... WiLVV

210 S.W. 27th Lane, l\llnml Fla. 33133

Southwestern Division
RAY E. MEYERS.................... wWeéMLzZ
Box R, San Gubriel, Culit. 91778
Vice-Director; Virgil Talbott............
1175 Tonghill Way, Monterey Park, (nur 91754
West Gulf Division
ROEMER O. BEST.................. "HQK I
P.O. Box 1656, (‘orpm Christl, Texas 78103
Vnz-lnreclor Ray K. Bryau............ wsuyQ
117 S.W. 61st 1crra;§i5gklahomu City, Okla.



“It Seems to Us...”

Accomplishment

During the past year or so, discussions relative to amateur matters at club meetings,
hamfests and conventions, as well as on the air, scem to have been more spirited than at
any time in our recent recollection. This is all to the good.

But sometimes we are obsessed with « particular phuse or aspect of our personal interests
and activitics, and fail to stand back for a look at the over-all picture of our League —
especiully its progress and its sccomplishments. Taking just the last few yeurs, let’s tick

them off:

An expanded program, the Amateur Radio
Public Service Corps, to help justify our use of
valuable radio frequencies.

A commemorative postage stamp honoring
hams.

A new headquarters administration building,
fitting the stature of the national amateur
organization, with modernization of WIAW in
process.

Expanded privileges on the 160-meter band.

A larger and (we hope you agree) better
QST.

A revised and updated working arrange-
ment with the American National Red Cross

Removal of power restrictions in the 420-
Mec. band.

A successful bill for reciprocal operating
privileges.

Relaxation of RTTY dual
requirements.

identification

Permission for launch of amateur experi-
mental satellites.

A new ‘‘junior’’ Handbook —Understanding
Amateur Radio, with new v.h.f. and operating
manvals in process.

Participation in the new ‘iInter-American
Union of Radio Amateurs’’ to strengthen ama-

for disaster communications. teur ties in this hemisphere.

Attaining these objectives required the cooperation of many people, both inside and
outside the League. But from the amateur standpoint, let us point out we list these as ac-
complishments of the League, not of Hq. nor of any individual. The League is 100,000
members; the Hq. is the staff hired to help carry out ARRL objectives. Neither could exist
successfully without the other. The League’s membership — you — provide support aud,
through the Board of Directors, guidance and direction for objectives. The management,
and hired staff coordinate and implement activities and aims, and simply represent the
membership in relations with federal and other agencies to accomplish the objectives such
as those listed. Successes have come from teamwork.

Through the League organization, we coordinate our organized opcrating activities —
contests, awards, code practice, self-policing, traffic and emergency networks, civil defense
communications — to write a continuing record of amateur performance in the public
interest, convenience and necessity. Your League provides a myriad of services for individ-
ual members and affiliated clubs — technical information, TVI help, a library of films on
loan to clubs without charge, licensing advice, a planned community public-relations pro-
gram, guidance in legal difficulties such as zoning ordinances, etc. Your League serves as
headquarters of the International Amateur Radio Union, coordinating activities of some
60 national amateur radio socictics around the world.

Most important of all, your Leaguc is the representative of the amateur in national and
international regulatory fields. This work, to protect and enhance amateur operating priv-
ileges, is vital to our existence.

Your membership in the League supports and ensures the accomplishment of objectives
such as we have listed. It is improbable that any individual or uncoordinated group could
have attained even a few of them, much less all. However trite, there is still no truer state-
ment than “in union there is strength.”



October issue.

Prices are as follows:

cents

Please send your orders to:

225 Main Street,

The Commemorative Stamp
A Reminder

Although no exact date of issue of the commemorative stamp has yet been released by the
Post Office Depurtment, it will make its appearance before the end of 1964. In the meantime,
ARRL Headquarters is receiving orders for thousands of the special first-day “covers” (en-
velopes) that were announced on page 26 of the September issue of QST and page 99 of the

Briefly, the League has arranged for official first-day covers, printed in sets of three each in a
different color, to be serviced on the first day of issue of the commemorative stamp. On the
day the stamp is released, we will frunk these special envelopes with the new stump, have them
cancelled with a special postmark at the first-day city, and then forward them to you or others
of your choice. These will be collectors’ items for both amateur radio operators and philatelists.

Single envelope with a single stamp — 25 cents

Set of three envelopes with a single stump on each — 70 cents

Pair (two stamps on one envelope) — 30 cents

Block (four stamps on one envelope) — 40 cents

Plate block (four stamps with identifying number of printing plate) on one envelope — 75

Commemorative Stamp Department
American Radio Relay League
Newington, Conn. 06111.

Don’t miss out by getting your order in after the commemorative stamp release date, because
there will be no way we can back-date these special first-day covers for you. Act now!

‘a-Stravsys

Stolen Equipment —On Sept. 14, 1964, the
following items were stolen in Oakland Park, Fla.
(a) Drake TR-3 transceiver Ser. No. 817 with a.c.
power supply and speaker (b) Eldico electronic
keyer Model EE-3 (¢) D-104 Astatic microphone.
Info on these items should be relayed to the Oakland
Park police department.

Stolen Equipment — The following item was
stolen from WA6AWY, 828 No. Lucia Ave., Re-
dondo Beach, Calif. Drake TR-3 transcciver, Ser.
No. 1188 with a.c. power supply. If you huve any
info, call him collect at 213-372-44061.

The Eye Bank Net (sce p. 79, May, 1963, QST)
continues its record of outstanding public service.
Since the Net went into operation on December 20,
1962, it has been responsible for locating 449 eyes
which were required for emergency use. Morning
sessions of the Net mecet on 3970 ke. beginning at
1100 GMT, while evening sessions are on 3963 lke.
at 0100 GMT. Contact WOGET or WYNTI if you'd
like to know how you can participate.

Just at press time we arc saddened to receive
word thut John L. Reinartz, K6BJ, died at Fort
Ord Army Hospital, California, on Monday, Octo-
ber 5. K6BJ was the first recipient of the Hiram

10

COMING A.R.R.L. CONVENTIONS

October 31 and November 1 — Oklahoma
State, Lake Texoma
January 23-21, 1965 — Florida Statc,

Miami

February 20, 1965 — Michigan State,
Muskegon

March 26-28, 1965 — Dclta Division,

Memphis, Tennessce

April 21-25, 1965 — New England Divi-
sion, Swampscott, Mass.

July 2-5, 1965 — ARRL National, San
Jose, Calif.

July 9-11, 1965 — West Gulf Division,
Oklahoma City, Oklahoma

Percy Maxim award, for his pioncer work in opening
the short waves during the early twentics, and the
gold medal was presented to him just a few days
before his death. A complete story will appear in a
subsequent issue of QST.

Bill Stegner, W@ZMR, although blind since birth,
has been granted FCC permission to serve as an
engineer at KGHM. In addition to serving his regu-
lar trick as broadcast engineer, he does some main-
tenance work and fills in as disc jockey.
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Balanced Modulators

for VHF. and UHF. Sideband

Dual Circuit for Phasing Systems

Direct phasing provides a compara-
tively easy way of generating a
double- or single-sideband signal at
the higher frequencies. A feature of
the 144-Mc. balanced modulator
described here is a simple method
of obtaining the required 90-degree
r.f. phase shift.

generation of 144-Me. single-sideband sig-
nals, using the dircet-phasing method,
appeared in G-K Ham Ncws.! In the system
described, four triode tubes were used in the
double balunced modulators. Several of those
who built similar units encountered difficulty in

SOME time ago, an article by W2WZR on the

* 103 West Rosewell Ave., Nedrow, N. Y.

#* Shellmans Drive, R.D. 1, Clay, N. Y.

10'Hern, “A 144-Me. Direct S.S.B. Generator,” G-E
Ham Neuws, Sept.~Oct., 1962.

BY JAMES V. O'HERN,* W2WZR

AND THOMAS L. SLY,** K2QCX

Fig. 1—The two r.f. balancing potentiometers
and the r.f. phasing-line connectors (BNC) are
to the right of the tubes; the output balun is to
the left. The modulator output connector {also
BNC) is in the rear right-hand corner of the
chassis, as viewed from the panel. Audio input
connections are made to the feedthroughs
in the foreground.
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obtuining matched tubes. Once a good set was
obtained, everything worked well. However,
physical construction of the unit proved to be
rather difficult for the average home-brew artist.

Seeking a simpler scheme, and even better
performance, the authors of this article decided
to approach the problem independently, and
incorporate the best features of all known systems
that could be utilized. At first, a solid-state-diode
approach looked promising. Although a func-
tioning system was produced ultimately, several
problems remained. Among these were low out-
put, fussy impedunce matching, undesired phase
shift within the modulators themselves, and
temperature difficulties. Before abandoning this
approach, several days were spent in trying to
improve the situation. It was finally decided that,
in the interests of simplification, solid-state
diodes were out.

Suitable Balanced-Modulator Tubes

Since the number of tubes should be held to a
minimum, the next step was to look at the various
dual triodes available with regard to electrical
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%\ BALUN

CARRIER INSERTION :;’

144 Mc.
16K
Cs 500
7500
J‘ JZ
A C
Ci—Butterfly air variable, 11 pf. per section (Johnson
160-211).
Cz, Cs—Piston-type trimmer, 1-4 pf. (Central 829-4 or
similar).

C4—Silver mica.

Cs, Cs, C7, Cs, Co—Button-type feedthrough capacitor
(Erie 654-017 501K, or similar).

J1, J2, J3—Chassis-mounting BNC receptacle.

symmetry. Most of the garden variety failed to
meet the requirements. The choice finully nar-
rowed down to the 2C51, 5670, or the W.L,
396-A. A few yecurs back, we used to cuss these
tubes because they didn'’t conform with the rest
of the dual triodes. IHowever, they are just what
the doctor vrdered us far as symmetrical wiring
is concerned, and we would like to thank those
who were responsible for this busing con-
figuration.

Circuit and Construction

Figs. 1 and 3 show how one of the units was
constructed, and the circuit diagram appeurs in
Fig. 2. It is best to build this modulator in its
own box, separate from the rest of the trans-
mitter, although one version built (see Tig. 5)
included a pair of cascaded 6360 ADB; linears
which drive a parallel 4CNX250B 1-kw. final. In
any event, special care should be used in the
placement of components und in the wiring to
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Fig. 2—Circuit of the double bal-
anced modulator. Capacitances
are in pf. (zuf.) and resistances are
in ohms (K-1000). Fixed capacitors
not listed below are dipped silver
mica. Fixed resistors are V2-watt
composition. Lettered terminals con-
nect to corresponding terminals
in Fig. 7.

Li—Single turn No. 20, Y2-inch diam. inserted between
halves of L.

Lla—4 turns No. 12, V2-inch diam., center-tapped, with
slight space at center for L; (see Fig. 3).

L3, Li—See text.

Ry, Rz, Rz— Composition control.

RFC—See text.

S1—S.p.s.t. toggle switch.

muaintain the closest possible electrical symmetry
throughout the modulator circuits. Correspond-
ing leads in both modulators, and in each side of
cach modulator, should be of equal length, even
though it may mean making an occasional lead
longer than necessary to achieve this.

In the barefoot unit shown in Figs. 1 and 3,
the underside of the chassis is divided into three
compartments, one for each modulator input
circuit, and the third for the common output
circuit. Double-sided printed-circuit board 4
inch thick makes excellent partitions, and if a
picce of the sume material 1g inch thick is used
for the top of the chassis, things are real eusy.
Ground connections can be made at the nearest
point by simply soldering to the copper facing.
IToles cun be enlarged easily in the soft material
with a reamer, cutting down on the assortment
of drill sizes required. If the copper-coated bonrd
is not available, gasoline screen or flashing copper
may be used for the partitions. The transverse
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partition has cutouts in its bottoin edge which
straddle the two tube sockets, between the grid
and plate terminals.

The four button-type feedthrough capacitors,
(s, (s, (7 and Cs, are mounted through the
transverse shield in pairs, as shown in Fig. 3.
The 7500-ohm resistors lic along the output side
of the partition, with one end of each resistor
connected to a capacitor terminal on that side,
and the other end soldered to the shicld. On the
input side of the shield, the four L6IC resistors
are connected between the cupuacitor terminals
on this side and the tube grid terminals. Leads
arc then run from these same capacitor terminals
to four feedthrough insulators which provide
topside terminals A, B, ¢ and D for audio
input.

The cathodes are bypassed at the socket
terminals, and the d.c. connections are brought
to the top of the chassis in small feedthrough
insulators to which the potentiometer connections
are made. These controls may be remotely
located, if desired.

One side of each filament is grounded. The
other side of ewch filument is brought through
a feedthrough bypass capacitor to the top of
the chussis where the capuacitor terminals are
connected together and to the 6.3-volt source.

Dimensions of Ly and Lg are not critical. These
coils are provided to compensate for the input
capacitance of the tubes. Those shown in Tlig. 3
each have four spaced turns of No. 22 wire on
14-inch iron-slug forms.

On the output side of the transverse shield,
the tank coil L. is supported by soldering its
leads to the stator terminals of (1. The center
tup connects to the r.f. choke, RI'('y, which is
mounted in a hole in the chassis, immediately un-
der the coil. The plate bypass ('4 connects to the
other end of the choke as it emerges from the top
side of the chussis. The choke was made by filling
a l-megohm l-wutt resistor with No. 30 Formvar
wire, close-wound. The plate-supply voltage is
connected at this point. The 4-pf. piston trim-
mers, (‘s and ('3, may not be necessary. They are
an aid if the tubes are not exactly matched, but
all tubes tried here have matched adequately for
very good carrier suppression.

The one-turn output link Ly is fed via feed-
through insulators to the top of the chassis
where it connects to the half-wave balun.
R(-174/U is used for the balun which is formed
into a coil, as shown in Tig. 1. A twisted pair of
No. 36 Formvar wirc may also be used for the
bulun; the velocity factor is approximately 0.66.
With either type, the length will be approximate-
ly 25 inches. One side of the link goes to a BNC
output conncctor. The outer conductors of the
balun and output line are grounded at @ common
point. If twisted pair is used, one of the wires is
grounded at botl ends, and the other wire makes
the link cinnections. This about does it so far as
construction is concerned.

Carrier Generator

A low-level 144-Mec. source may be used to

November 1964

Fig. 3—Bottom view of the chassis shown in Fig. 1. The
vertical shield at the top separates the two r.f. input
circuits, The output tank components are below the trans-
verse shield which straddles the two tube sockets between
the plate and grid terminals. The tubular trimmers, Ca
and Cgz, are to either side of the butterfly tank capacitor.

drive the balanced modulators, but its frequency
output must be rock-stable. The transitron oscil-
lator shown in Fig. 4 is recommended. This type
of oscillator is sluggish, so it should be left run-
ning all of the time. This will cause no difficulty
in receiving, since the oscillator operates at 24 or

Fig. 4—Circuit of the transitron oscillator. Unless indicated,

capacitances are in pf.,, and resistances are in ohms

(K=1000). Fixed capacitors are silver mica or NPO
ceramic; resistors are Y2-watt composition.

Ci—Air trimmer.

Ca—Feedthrough type.

Li—See text.

Y;—Third-overtone crystal in 24- or 36-Mc. range (see
text).
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36 Mc. and generates no noticeable harmonics.
. The 39K resistor may be omitted if large excur-
sions in frequency are not contemplated.

At 2 meters, the frequency of oscillation will
be from 5 to 20 ke. lower than the frequency for
which the crystal is normally marked. If an exact
frequency is desired, the crystal should be or-
dered specifying series-resonant operation.

The inductance L; should be made as large as
possible, using just enough capacitance to reson-
ate the circuit over the range of crystal frequen-
cies to be employed. In our exciters, the oscillator
is followed by a GAKS buffer, a 6AK5 doubler
or tripler (depending on whether the crystals are
at 36 or 24 Me.,) and another 6AKS5 doubling to
144 Mec. The tank circuits in these stages are
adjusted to resonate with a capacitance of 60 pf.
at 24 Me. (or 40 pf. at 36 Mec.) 20 pf. at 72 Me.,
and about 10 pf. at 144 Mec. The 144 Mec. doubler
delivers 114 volts r.m.s. across 50 ohms which
docs the trick at W2WZR and K2QCX.

R.F. Phasing

As in the Ham News unit, the balanced modu-
lators are driven from a 50-ohm r.f. source, split
by a coaxial-line T arrangement, shown in Ifig.
5. One branch of the T is 14 wavelength of
RG-62/U and feeds one of the dual triodes. The
other branch is 3§ wavelength of the same type
cable which feeds the second duul triode. For 2
meters, the lengths figure out to be 9 and 27

RFC

! UALS 0
25mbh. 100
AuUDIO A TO B&W 2Q4
INPUT 1 ao= PHASE  PHASE-SHIFT
2 T R& NETWORK
606 RFC 50
: YL 0
25mh.

Fig. 6—Circuit of the low-pass audio filter. Capacitances
are in pf., resistances in ohms. Ry is a composition control.
The upper output terminal connects to Terminals 1 and 5
of the 2Q4, lower output terminal to Terminals 3 and 7.
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Fig. 5—R.F. phasing lines and T
connector, as described in the text.
Cable connectors are BNC type.
The coil of white cable at the cen-
ter is the half-wave modulator-
output balun. This version of the
double balanced-modulator chas-
sis includes two 6360 linear ampli-
fiers (at left) following the
modulators (right).

inches. This arrangement gives a very accurate
90-degree r.f. phase shift over a wide band of
frequencies. By using terminated sections, instead
of a single quarter-wave line, the r.f. amplitudes
at the output ends of the T are equal, and the
v.8.w.r. is low.

Audio Phasing

Audio can be taken from an existing phasing-
type exciter, or from a unit built up to one's own
liking. A low-pass filter with a 3-ke. cutoff
should be used in the audio system. For 600-ohm
drive-impedance levels, the circuit shown in
Fig. 6 is adequate. This conserves frequencies
and keeps the phase tolerance within bounds if «
YL happens to operate the rig.

Four phases of audio are required to drive the
pair of balanced modulaturs, and Fig. 7 shows
how this can be derived. A function switch muy
be used to route appropriate phases to the
balanced modulators. However, since everyone
scems to be using upper sideband on 2 meters,
it is easier to hook the phuses up as shown in
Fig. 7. Then, if you happen to arrive on lower
sideband, just reverse the 9- and 27-inch pieces
of RG-62/U, or transpose the sccondary leads of
one transformer, and the sidebands will invert.

Operation

The 50-mw. output from this generator may be
amplified by any system the builder may choose
consistent with good linear-amplifier practice.
Line-up is straightforward, and the receiver S
meter may be used as a carrier-null indicator.
It is best to saumple the r.f. output of the final
transmitter stage in determining carrier-null
settings. This should be done through an at-
tenuator at the receiver terminals fed by =a
shielded line terminated with a link coupled to
the final to avoid any direct pickup from the
carrier generator.

This system hus been duplicated by a number
of hams, and has been in use for over u yeur at
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Fig. 7 —Audio driver for the balanced modula-
tors. Resistances are in ohms. R; is a wire-
wound control. Fixed resistors are Y2-watt
composition. T1 and T2 may be any type having
a 20,000-ohm primary and secondary imped-
ance of 500 to 4000 ohms. Output transform-
ers from ARC-5 receivers may be used if the
internal connection to the case is removed, or
the case insulated from ground. The two trans-
formers should be identical.

K2QCX and W2WZR. Operation is very stable
and sideband suppression is good. The output is
clean and free of birdies, and the carrier null
stays put. The rig is grid-block keyed with the
carrier inserted, and the c.w. signal is just as clean
as the best you'll hear on 40 meters. The r.f.
phasing system can be used on any frequency
where the length doesn’t make the coax lines too
cumbersome. It works well on 50<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>