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ULTRA COMPACT UNITS...OUNCER UNITS

HIGH FIDELITY....SMALL SIZE.... FROM STOCK

UTC Ultra compact audio units are small and light in weight, ideally suited to remote amplifier and
similar compact equipment. High fidelity is obtainable in ail individual units, the frequency response
being + 2 DB from 30 to 20,000 cycles.

True hum balancing coil structure combined with a high conductivity die cast outer case, effects good
inductive shielding.

Type, Secondary
No. Application Primary Impedance Impedance
A-10 Low impedance mike, pickup, 50 125/150 200/250 50 ohms
_____or multiple line to grid oogsoo
A-11  Low impedance mike, pickup, 50 200, 500 50,000 ohms
_orlinetolo d itiple allq_x_shxelds for low hum pickup)
“Low impedan kup, 50, 125/150, 200/250, 80,000 ohms overall,
_._or mulitiple line to gnd ' 333, 500/600 ohms in two sections
A14 Dynamlc microphone to one 30 ohms 50,000 ohms overall,
r two grids in_two_sections
A-20 Mlxmg, mnke plckup, or mul- 50 125/150, 200/250, 50, 125/150‘ 200/250.
tipte line 333 5007500 ohms Ag )0/600 . 16.00
A2 muxlng. low |mpedance mike, 50 200/250, 500/600 50, 200/250, 500/600 18,00
. pickup, or line to line (multiple alioy shields for low hurru}_c_uL
A.16_Single_plat single grid 15,000 ohms 60.000 ohms, 2:1 ratio _15.00
A-17 Sinﬁle plate to single grid  As above As above 17.00
& MA unbalanced D.C.
ngle qlale to two grids. 15,000 ohms 80,000 ohms overall,
rim 2.3:1 turn ratio 16.00
le plate to two grids 8 15,000 ohms 80,000 ohms overali,
. fAA_unbalanced D.C. 2.3:1 turn ratio 19.00 TYPE A CASE
A-24  Single plate to multlple line 15,000 ohms 50, 125/150 2007250,
33, 500/600 ohms 16.00 1%2" x 1%2” x 2" high
A-25 Single plate to mulhple line 15,000 ohms 50. 125/150, 200/250,
.8 MA unbalanced D.C 333, 500/600 ohms 17.00
A-26 Push pull low level plates to 30,000 ohms 50, 125/150. 200/250,
—.__Mmultiole line 0 at_eMla_t_e 333, 500/600 ohms 16.00
A27 (‘rystal mlcrophone to mul- 100,000 ohms 50, 125/150, 200/250,
tiole | 3, 500/600 ohms 16.00
A-30__Audio chuke.250 hentvs @ 5 MA 6000 ohms D.C..65 henrvs 10 MA 1500 ohmsD.C. _12.00
A-32_ Filter choke 60 henrys @ 15 MA 2000 ohms D.C, 15 henrys @ 30 MA 500 ohms D.C, _ 10.00

UTC OUNCER components represent the acme in compact quality transformers. These units, which weigh
one ounce, are fully impregnated and sealed in a drawn aluminum housing %a” diameter...mounting
opposite terminal board. High fidelity characteristics are provided, uniform from 40 to 15,000 cycles,
except for 0-14, 0-15, and units carrying DC which are intended for voice frequencies from 150 to
4,000 cycles. Maximum levei O DB,

Type List
0. Application Pri. Imp. mp. Price,

01 Muke. pickup or line to 50, 200/250 50,000 $14.00

1grid 500/600

0-2  Mike, pickup or line to 50, 200/250 50,000 14.00
2 grids 500/600

0-3 __ Dynamic mike to 1 grid 7.5/30 50,000 13.00

0-4__ Single plate to 1 gnd 15,000 60,000 11.00

Plafe to grid, D.C. in Pri. 15,000 60,000 1L00

15,000 95.000 13.00

0-7 Plate Ito Pz grids, 15,000 95,000 13.00

nggéﬂ 08 Smglegate to line 15,000 50, 2007250, 5007600 _14.00

019 .C. . 15,000 50, 200/250, 500/600 14.00

7/." Dia. x 1%2" high 30,000 ohms 50, 200/250, 500/600 14.00
plate to plate

01 ke to lir 50,000 50,.200/250. 500/600 _14.00

0-12_ Mixing_and_matching 50,200/250 50,200/250, 500/600 _13.00

0-13 Reactor, 300 Hys.—no D.C.; 50 Hys.—3 MA. D.C.. 10.00

0-14__50:1 mike or line to grid 200 14.00

8-15__10:1 single piate to grid 15,000 1 megohm 14.00

150 VARICK STREET L4 NEW YORK 13, N. Y.

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: “ARLAB'""




@ Economy rides high with the new 6U8. This dual
miniature will replace a triode like the 6AB4 plus a
pentode like the GAGS5. Two-tube performance—
one-tube compactness!

The single base and socket simplify your chassis
layout . . . also reduce lead inductance, for in Type
6U8, triode and pentode occupy one envelope, with
the leads between the two sections measured in small
fractions of an inch.

Ideal for converter applications. Commercially the
new GUS is serving as an oscillator-mixer tube in
TV front ends. Here’s evidence that the tube will
do a bang-up job in a 10, 6, or 2-meter converter
of your own design!

Useful in transmitters. You can put the triode section
of the 6U8 to work as an agscillator, and make the
pentode half a doubler or amplifier—for each tube
section is electrically independent . . . Frequency?
High enough for the 2-meter band and above.

Your G-E tube distributor will be glad to quote the
low price and tell you more about the new 6U8.
See him today! General Electric Company, Electronics
Division, Schenectady 5, New York.

G=-E MILESTONE:

Dependable tubes in quantity!

® Way backin 1918, General Electric
built 100,000 radio tubes for the
armed forces. These tubes—which per-
formed to the highest standards then
known—stood for manufacturing tech-
niques ahead of their time. In the years
since, there has been further step-by-
step improvement in G-E tube-building
know-how. Today, as a user, you ben-
efit from G.E.'s long history of prog-
ress in translating tube design into
performance. The millions of G-E tubes
currently built, are dependable be-
cause of 34 years' experience in
large-scale precision manufacture !

ELECTRONIC TUBES OF ALL TYPES FOR THE RADIO AMATEUR

GENERAL ELECTRIC

166-184




Never before in amateur history has there been avail-
able a transmitter as thoroughly engineered as the KW-1
— putting the entire world within the operator’s reach.
Its efficient high and low level filtering, and low level
peak clipping, permit high average modulation without
splatter. Its kilowatt input not only gets out, but is easier
to copy. The KW-1 is truly an investment in satisfaction.

B

COLLINS RADIO COMPANY, Cedar Rapids, lowa
11 W. 42nd St., NEW YORK 18 1937 Irving Blvd., DALLAS 2 2700 W. Olive Ave., BURBANK




RPRIL 1952

VOLUME XXXVI « NUMBER 4

PUBLISHED, MONTHLY, AS ITS OFFICIAL ORGAN, BY THE AMERICAN RADIO RELAY LEAGUE, INC., AT
WEST HARTFORD, CONN., U. S. A.; OFFICIAL ORGAN OF THE INTERNATIONAL AMATEUR RADIO UNION

STAFF

Kditorfal

A. L. BUDLONG, WI1BUD
Editor

HAROLD M. McKEAN, WICEG
Managing Editor

GEORGE GRAMMER, W1DF
Technical Editor

DONALD H. MIX, WITS
BYRON GOODMAN, WI1DX
Assistant Technfcal Editors

EDWARD P. TILTON, W1HDQ
V.H.F. Editor

RICHARD M. SMITH, WIFTX
C. VERNON CHAMBERS, WIIEQ

Technical Assistants

ROD NEWKIRK, W9BRD/1
DX Editor

ELEANOR WILSON, W1QON
YL Editor

DOROTHY C. ARCHER
Production Assistant

WALTER E. BRADLEY, WI1FWH
Technical Information Service

Advertising
LORENTZ A. MORROW, W1VG
Advertising Manager

Circulation
DAVID H. HOUGHTON

Circulation Manager

38 La Salle Road

West Hartford 7, Connecticut
TEL.: 3-6268 TWX: HF 88
Yubscription rate in United States and
Possessions, $4.00 per yveur. postpaid:
84.25 in the Dominion of Canada,
§5.00 in all other conntries, Single
copies, 40 cents. [Forelgn remittances
ghould be by international postul or
express money otvder or bank draft
nezatiable in the 1F, ¥, and for an
equlvalent amount in U, S, funds.

Fntered axs second-class matter May
21, 1919, at the pust otce at Hartford,
Clonnecticut, under the Act of Mareh
3, 187Y. Acceptance for muailing at
special rate or postage provided for in
sectlon 1102, Act of Octuber 5 1017
authorlzed Neptember 9. 1922, Addis
tionalentry at C'oncord, N. H,, a.utllor—
{zed Februury 21, 1929, under the Act
uf Iebruary 28, 925,

'opyright 1952 by the American Radio
Relay Leurue, Inc. T'itle registered at
11, 8. Patent OtHce. International copy-
right secured. All rights reserved.
fyuedan resernados todos los derechos.
Printed In U, 8. A

“—

INDEXED BY
INDUSTRIAL ARTS INDEX

—CONTENTS —

"ItSeemstoUs..." . . . « v v v v v 4w .
Hamfest Calendar . . . . . . . . . . . .
The ""Bandbox' — A Single-Control Frequency Multiplier
Donald H. Mix, WITS
Automotive Radio Noise Elimination
Brooks H. Short, W9DPI
Silent Keys ¢ & v o ¢ o o o o ¢ o o o ¢« o o o o s o o
An Elevator Mast . . . . . . . John D. Avery, WIIYI
The Double-Spectrum Theorem . Larson E. Rapp, WIOU
A V.H.F. Transmitter for the Novice or Technician
Edward P. Tilton, WIHDQ
Happenings ofthe Month . . . . . . . . . . . .. ..
Ralph T. Weaudin, WIBAWW . . .« ¢ ¢ v v 0 v ¢ 0 o
A Four-Purpose Communication-Receiver Auxiliary
George D. Hanchett, jr., W2YM,
and Kenneth G. Bucklin, W2CDP

In QST 28 Years Ago This Month . . . . . . . . . . .
Evolution of a 78-Meter Tunable Whip

William H. Fishback, WIIKU
On the Air with Single Sideband . . . . . . . . . . . .
A Compact Portable 2-Meter Emergency Station . . .

Robert W. Ehrlich, W2NJR, Richard P. Wells,
W20ORX, and Ralph H. Preston, W2BWN

How a C.W. Traffic Net Operates

William G. Walker, W3NUG
Civil Defense Keynotes 1951 SET George Hart, WINJM
YLNewsand Views « &« ¢« « « « « o o ¢ « ¢ o o

Technical Topics —
Pi-Network Design Curves + « « « o « s o o « ¢ o« o &

"New Theories' on V.H.F. Wave Propagation . . . . .
Stretching the Junk Box . Robert G. Seymour, WOWJS
Ten-Meter WAS Contest Results . . . . . . .
The World Above 50 Mec. . . . . . . . .

United States Naval Reserve . . . . . . . . . . . . ..
Military Amateur Radio System . . . . . . . . " . . .
How'sDX? . . ¢ v v v v v v v vttt e e e e e e e
Hintsand Kinks . . . . . . . . . .. .. ...
Correspondence from Members . . . . . . . . . . . ..
OperatingNews . . . . . . . . . . . . ...
Withthe AREC . . . . . . . . .« v v v v v e v o oW
Station Activities . . . . . . . . . .. .0 L
QuistQuiz. . .« « . . . . L L 0ol e e e e e

BARRLQSLBureau . . . .« « « + + ¢ « o o ¢« o o o &

10

11

17
21
22
24

30
31

33
37

38
40

41

48
50
83

84
838
56
58
59
62
62
63
66
67
68
72
74
133
136



2-WAY FM RADIO-TELEPHONE

A new Hallicrafters product—the “/ittlefone”—is now
ready for thousands of important uses in hundreds of

Z industries.
RAILROADING

This light, rugged, dependable radio-phone will be

FREIGHT HANDLING . T .
offered through Hallicrafters distribution organization—

WAREHOUSE OPERATIONS .
ou by the men who know communications best.

USES OF “LITTLEFONE ” CHALLENGE YOUR IMAGINATION!

There are literally thousands of industrial uses for the

“littlefone” radio—anywhere where powerful, dependable,

RANCHING & LARGE FARMS K

“on the move” contact is required.
MINING (Above & Below

Ground)

PIPE LINE INSPECTION

===

-4

ROAD BUILDING

SHIPPING (Dock Operations) LUMBERING
CONSTRUCTION POLICE & FIRE CONTROL
CIVIL DEFENSE DISASTER EMERGENCIES

FACTORY INSPECTION
FORESTRY CONTROL
INTER-CITY BUSES

TELEPHONE




CENTRAL STATION

HT-23 (25-50 Mc.) HT-24 (150-174 Mc.)

Same performance and specifica-
tions as the "Littlefone” Hand
Carry.

o AC-operated Central Station
o Audio-amplifier, providing one
watt of audio for loudspeaker

o Power consumption is 35 watts

* Plugs in any AC outlet (117 Volts)
HT-21 (25-50 Mc.)
HT-22 (150-174 Mc.) Where one or more extra stationary
receiving stations are desired, Halli-
crafters economical S-81 receivers
may be added.

o FULL TWO-WATT ANTENNA OUTPUT*
o Weighs only 14 pounds!

o Complete, self-contained 2-way radio-tele-
phone station!

¢ Powered by Dry, or Wet Rechargeable Batter-
ies (can be recharged from car battery or 117
Volts AC)

¢ Rugged, weatherproof
e 22 sub-miniature tubes!
*On 25-50 Mc. « One-Watit output on 150-174 Mc.

10 Ib. lower powered models
also available

ellfcrericre

World’s Leading Manufacturer of Precision

Radio and Television — Chicago 24



w N ~ . . ~ .
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 SCM, the administrative ARRL otficial elected by members in each Section.
Radio Club repurts are also desired by Ms for inclusion in OST, All ARRL Field Organization appolntments are
now available to League members. These include ORS, OES, OP'S, OO and OBS. Also, where vacancies exist SCMs desire
applications for SEC, EC, RM, and PAM. In addmon to station and leadership appnlmments for Members, all amateurs
in the United States and Canada are invited to join the Amateur Radio Emergency Corps iask for Form 7).
ATLANTIC DIVISION
Eastern Pennsylvania W3IBXE John ti. DuBois 4105 E. Elbridge St. Philadelphia 35
Maryland-Delaware-13.C. WIOMN James W, John 29 Fawcett St. Kensington, Md.,
Southern New jersey w22ucv T.loyd I.. Gainey Hoffman A\e & Marlton Pike Merchantville
\Western New York was v Edward Graf #1 King Tonawanda
Western Pennsylvania W3IKWL Ernest J. Hlinsky 509 Bocchwoud Ave, Farrell
(_.ENTRAL DIVISION.
Hlinois WOKOL H. I, Lund 3135 S, Sth St. Springfield
Indiana WODGA Clifford C. McGuyer 1321 South Governor St. Evanasville 13
Wisconsin WIRQM Reno W. Goetsch 929 S. 7th Ave. Wausau
DAhOTA DIVISION.
North Dakata WaVKP kverett k. 4(]6 South 8th St. Fargo
Sonth Dakota WOARRN J.oW. blkorsu 000 South Menlo Ave. Sionx Falls
Minnesota W@MXC Charles M. Bove 1611% E. Lake St. Minneapolis 7
DELTA DIVISION
Arkansas WSDRW Dr. John i.. Stockton P, 0. Box 302 Siloam Springs
Lonisiana WSGHF Robert K, Barr Box 446 Springhill
Mississippi WSJHS Norman B, Feehan P. . Box 491 Gulfport
}'»nnessee W4AFI D. ;. Stewart McAlice Drive Fountain City
GREAT LAKES DIVISION
Kentucky , . W4KKG I. W. Lyle,ir. .3 Jettersontown
Michigan W8DLZ iNorman C. MacPhail 1340 (,lddingu. S.E. Girand Rapids
Ohio WSBAJIW John E. Siringer 072 Clague Kd. Cleveland 16
HUDSON anISlON
Itastern New York W2ILI Stephen [. Neason 794 River St. Troy
N. Y. C. & Long Island W20BI(I Cieorge V. Cooke 88-31 239th St. Bellcrose 6,L. 1.
Northern New Jersey W2NKD Thomas ). Ryan, jr. 1082 Anna St. Elizabeth 4
MIDWEST DIVISION.
Towa woprp William G. Davis i d St. Mn.chcllvxlle
Kansas WRICV Earl N. Johnston 4 Roosevelt peka
Misgouri WOGBJ (“larence T., Arundale !(148 South Jeflerson Ave, \nrmgneld 4
Nebraska W@K]JP Guy R. Bailev 133 North 38 St. Omaha 3
NEW _ENGLAND DIV ISlON
{ onnecticut* WIHYF Roger (. Amundsen RFD 4 Ridgeneld
Maine WIPTIL, Orestes R. Brackett (,oodnch St. Bingham
Kastern Massachusetts WIALP Frank L. Baker, jr. 91 Atlantic St. North Quincy 71
\Western Massachusetts WIEOB Victor W PPagunoff 7002 Rogers Ave. West Springtield
New Hampshire \W1INC Norman A, Chapman 98 Sonth St. (Concord
Rhode Island WICIH Roy B. Fuller 7 Ledge Road East Greenwich
Vermont WIFPS Raymond N. Flood 2 Marlboro Ave. Brattleboro
e NORTHWESTERN DIVISION
Alaska KLINT Glen Jcnermn 038—ird Ave, Anchorage
tdaho W7IW Alan K, 2105 Irene St. Boige
NMontana WIKGJ hdward (:. Brown 421 VYellowstone Ave. Billings
)regon WM J. E. Roden 519 N.W. Ninth Pendleton
Washington WwWi7CZY L.aurence Sebring Route 2, Box 384 Everett
- PACIFIC DIVISION -
Hawaii KHORU John R. Sanders «¢/0 Mackay Radio & Tele- Honolulu
) graph Co. inc., Box 2993
Nevada W7BV7Z Carroll W. Short, jr, 1608 Arizona St. Boulder City
Hanta Clara Valley W6l.ZL Roy 1. Couzin 7 Englewood Ave, .08 Gatos
ay 6JZ Ray H, Cornell 909 Curtis St. Albany 6
Francisco WaATO R. F. Czeikowitz 243 Colon Ave. %an Francisco 12
wcramento Valley* WECKV Willie van de Kamp RED 1, Box 492A “hico
Xan joaquin Valley W6rKYM K. Howard Hale 741 E. Main St. Turlock
+ROANOKE DIVISION
North Carolina W4DL X C, Geaslen 1832 logie Ave. Charlotte
south Carolina W4ANK l Hnnter Wood 1702 North Rhett Ave. North Charleston
Virginia WY4EF r Lindauer Route 1, Box 431 Annandale
West Virginia WSEMCR John Steele Milburn
J{OCI\Y MOUNTAIN DIVISION I
Colorado Waroz M. W. Mitchell 1959 Uinta St, Denver 7
(tah WIUTM Floyd L. Hlnshaw 165 East 4th, North Bountiful
Wyoming W7HNI A.D. Gaddi P. 0. Box 786 Ciillette
QOUTHEASTERN DIVISION
Alabama W4G W Dr. Arthur W. Woods 2819-16th Place, bouth Birmingham 3
tastern Florida WIKEWZ John W. Hollister 3809 Springtield Blvd. Jacksonville
Western Florida WAMS Edward J. Colli ins 1004 E. Blount $t. Feusacola
(reorgia § W4zZD James P. Born, jr. 25 First Ave., N.E. Atlanta
West Indies ((‘uba-P.R.-V.I.) KpP4DJ William Werner 563 Ramon Llovet Urb. Truman,
Rio Plc(lras. P. R,
Canal Zone KZ5AW Everett R. Kimmel Box 264 amboa, C.
) OUTHWESTERN DIVISION -
T.or Angrles WHESR Samel A, Greenlee 1701 Snnul\eda Blvd. Manhattan Beach
Arizona WIMID Jim Kennedy 4511 N. 8th St. Phoenix
San Diego WOYYM Mrs. Ellen White 3677 \W ngntman St. tan Diego
_ WEST GULF DIVISION .
Northern Texas WSBKH William A. Green 1834 (Inivcrsitv Bivd. \bilcne
Yklahoma W5SGVV Jesse M. Langford 2005 \V. Oklahoma. Ct. Enid
Southern Texas WSFIF r, Charles Fermaglich M}( \Iodxca! Am Bidg. Houston 2
New Mexico WSNXE Robert W. Freyman 2255-4 l.os Alamos
MARITIME DIVISION . -
Maritime (NAd. & l.abr. att,) VEIDQ . M. Crowell 69 Dublin St. Halifax, N. S.
ONTARIO DIVISION -
«ntario YVE3IA €s. kric Farquhar 16 Emerald Crescent Burlington, Unt.
QUEBEC DIV lSlO S
¢ luebec VE2GIL, CGordon A. Lynn R.R. No. 1 Ste. Genevieve e
Pierrefonds, P. Q.
VAN\LT\ DIVISION. .
Alberta VEOM] Svdney Jones 10706-57th Ave. Edmonton, Alta.
Hrlhsh Columbia VETUS W:Ii Moorhouse 324 Regina Ave. Lulu Island
Yukon
PRAIRIE DIVISION . -
Manitoba VIEE4AM A. W, Morley 26 Lennox Ave. st Vital
Suskatchewan VESHR Harold R. Horn 1044 King St. Saskatoon

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



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

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 (within
the 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.

B

20 METERS, Type Z-3, $3.75 « 40, 80 AND 160 METERS, Type Z-2, $2.75

—
il
Since rw«v}; 1934

4ls

AND KNOW WHERE YOU ARE

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

7



iz KAMERICAN
RADIO RELAY
LEAGUE, nwc.

is a noncommercial association of radio. amateurs, bonded for

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

It is an incorporated association without capital stock, chartered
under the laws of Connecticut. Its affairs are governed by a Boord
of Directors, elected every two years by the general membership.
The officers are elected or appointed by the Directors. The League
is noncommercial and no one commercially engaged in the manu-
facture, sale or rental of radio apparatus is eligible fo membership
on its board.

"Of, by and for the amateur,” it numbers within its ranks practi-
cally every worth-while amateur in the nation and. has a history of
glorious achievement as the standard-bearer in amateur affairs.

Inquiries regarding membership are solicited. A bona fide
interest in amateur radio is the only essential qualification; owner-
ship of a transmitting station and knowledge of the code are not
prerequisite, although full voting membership is granted only fo
licensed amateurs.

All general correspondence should be addressed to the adminis-
trative headquarters at Wesi Hartford, Connecticut.

"o

Past Presidents
HIRAM PERCY MAXIM, WI1AW, 1914-1936

EUGENE C. WOODRUFF, W8CMP, 1936~1940

O o & 9 @

Officers

President . . . .« .+ . . GEORGE W. BAILEY, W2KH
1 Eqst 79'h St., New York 21, N. Y.

Vice-President . . . . . . . WAYLAND M. GROVES, W5NW
P.O. Box 584, Odessa, Texas
Yice-President . . . . . . FRANCIS E. HANDY, WI1BDI

38 LaSalle Road West Hartford, Connecticut
Secrefary . . . ... A: L. BUDLONG, W1BUD
38 LaSalle Road West Hartford, Connecticut

Treasurer . . .« . DAVID H. HOUGHTON
38 l.aSalle Rocd West Hartford, Connecticut

L2 ® [5) [>] )
General Counsel . . . . . . . . .. ... PAUL M. SEGAL
816 Connechcut Ave., Washmgton 6, D.C.

Assistant Secretaries. . . . .7 "JOHN HUNTOON, WiLYQ
RICHARD L. BALDWIN, WIIKE .
38 LaSalle Road, West Hartford, Connecticut

HARRY PASTON, W1DJV

DIRECTORS
Canada
ALEX REID......000ovivnunnnnnness VE2BE
210 Logan Ave., 8t. Lambert, B. Q.
Vicek/)irector Wmlam W. Butehart. ..... VEGLQ

107 8t., Edmonton, Alta.

Atlantic Division
ALFRED C. HECK
515 Cedar Ave., Sharon Pa.

Vice-Director: Charles O. Badgett........ W3LVF
725 Garden Road, ulenslde. Pa.

Central Dx' vision

l'm-mrmar ( harles F. Re b erg
3900 W, 10th Ave., Gary, Ind.

Dakota Division
GOODWIN L. DOSLAND., ........ .. . WPTSN
Moorheuad, MJ
Vice-Director: Alfred M. GOWaR. ........ WYPHR
325 8. Menlo Ave., ruoux Ialls, 8. D.

Delta Division
JAME'B W WAT KINB. . .oveivnnnsss WIYFLS
220 N. Howell Ave., Chattanooga, Tenn.
Vm-lmeclor George 8. Acton..... v . W5BMM
Plajn Dealing, La.

Great Lakes Division

JOHN H BRABB.................... W8SPF
417 Ford Bldg., Detroit 26, Mich.
Vice-Director: Harold E. Stricker......... Wwswz

247 W. 5th 8t., Marysville, Ohio

Hudson Division
JOSEPH M. JOHNSTON............. W280X
423 Monmouth Ave., Bradley Beach, N. J.
Vice-1:trector: Gieorge V. Cooke, jr.. .. W20BU
84%-31 239th St., Bellerose 6, L. Y.

dewent Division

WILLIAM J. 8(‘HMI
306 8, Vassar, \Vlcmm. Kansas

Vice-Director: Ja.mes E. McKim........ WPMVG
1404 8. Tenth, Balina, Kansas

New England Division
PERCY C. NORLE
37 Broad 8t., wmnem Mass.

Vice-Iérector: Y'rank L. Baker, jr......... WlALP
91 Atlantic 8t., North Qumcy 71, Mass
Nortbwestern Division
R. RE‘( ROBERTS . ................. w7CPY
R37 Park Hlll Drive, Billings, Mont.
T ko—l}lrertnr Karl W, Weingarten. ....... W7BG

219 'N. 24th St., ’I‘agoma7 Wash.

Pacific Division
KENNETH E. HUGHES. . ............ We6CIs
%10 W. Orange Ave., 8o. 8an I'rancisco, Callf.
Vice-Nirector: Richard F. Czelkowitz..... W8ATO
243 Colon Ave., San Francisco 12, Calif.

Roanoke Division
WILLIAM H. JACOBS e WACYVQ
Route 6, Raleigh, N. C.
Vice-Director: GGus M. Browning....... W4BPD
135 Broughton 8t., s E., Orangeburg, 8, C.

Rocky Mountain Division

FRANKLIN K. MATEJKA
P. O Box 212, Estes Park, Colo.

Viéce-Director: Ramon 8, Walker
P. O. Box X, Brush. Colo.

Soutl:ea'fern Division

LAMAR HIL
104 Myrtle, L‘ochran, Gi

Vlce-llirector Froest W. Barr, .......... W4GOR
911 Rosemary Ave,, bW Atlanta, Ga.

South weutern Division

JOHN R. GRIGGS. ... ........ocouii.. WEKW
10412 Don Pico Rd RFD 2, 8pring Valley, Callf.
T 4ce-Director: Walter R. J0O0B. .. ....... Woels KM

1315 N. Overhill Drive, Inglewood 3, Lall[
West GuI[ Division

A DAVID MIDDE .............. wsCA
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“It Seems toUs...”

THE BOARD MEETING

Last autumn — or in some divisions a year
earlier — you selected a fellow-amateur to
serve as your director and represent Full
Members in your-area in the government of
the affairs of the League. We are now rapidly
approaching the second major step in the sys-
tem provided for democratic control of ARRL
— the yearly meeting of the 16 elected repre-
sentatives of amateur radio to discuss League
and general amateur affairs, to consider prob-
lems and proposals, and to make decisions on
them in accord with the majority sentiment.

Currently the directors are engaged in visit-
ing clubs and attending hamfests, and many
of them are using the mail to solicit expressions

of opinion on one live subject or another. In -

this general manner the director becomes in-
formed on the needs and desires of the mem-
hers in his division, and is thereby enabled to
reflect properly the net sentiment of his divi-
sion in discussions which will occur at the
Board table in May. So the grass roots in this
system is you. And now is the prime oppor-
tunity for you or your club to express views
to your director on matters of the day, or on a
new pet idea or proposal of your own. His
address is on page 8 of this issue of QST. He
would like to hear from yvou.

NOVICE CHARACTERISTICS

At Hq. we make a special effort, through
periodic spot surveys, to keep tabs on charac-
teristics and trends in amateur radio. We
guther all sorts of interesting and useful bits of
information. A postwar check showed the av-
erage age of hams to be about 34 years; 71
per cent of all amateurs are married; the typi-
cal ham has been licensed for 12 years, a mem-
her of the League for 8; more than half of all
amateurs either have completed -a four-yvear
college course or are in school aiming at that
end; “Hints & Kinks” is about the most pop-
ular feature in QST; hams prefer rack-and-
panel transmitter construction two-to-one
over table (cabinet) rigs; and so on.

We keep 1 particular eye on the newcomer.
We know that, in pre-Novice days, the average
age of the new licensees was 27.8; that most of

them becume interested in hamming through
an amateur friend; that practically every one
used our License Manual and about one-third
took advantage of WIAW transmissions for
code practice; that one-third (not the same
third, we hope!) flunked the exam on an earlier
try; that QST is read by 85 per cent of the
newcomer group. And so on.

As you might expect, we were keenly inter-
ested in seeing how the Novices would shape
up, and when we put a finger on the pulse of
the first WN's to be licensed last year, the result
most striking to us is the similarity between
Novices and earlier newcomers via the regular
channels. The average age of the Novice is
25.7 years; actual ages ranged from 815 to 86!
Like their earlier counterparts, the Novices
mostly became interested in hamming through
an amateur friend, practically all used our LM
for examination study, and many used WIAW
for code practice. Half the Novices required
three months or less to prepare for their exam;
the same time was needed for earlier new-
comers to study for old Cllass B or C. Experi-
menting and ragchewing turn out to be the
prime interests of both groups, although
among Novices “DX” runs a strong third.
As to power inputs, Novices break down ul-
most equally between under 25 watts, 25-50
watts, and 50-75 watts; with no similar maxi-
mum for the other group of course no direct
comparison is possible, but we note the ma-
jority of newcomers started with 75 watts or
less anyway. And so far as equipment is con-
cerned, the Novice is no different from his
earlier counterpart or from any of the rest of
us for that matter — he, too, in the ratio of
nine-to-one finds a manufactured recciver
more to his liking and convenience than build-
ing one of his own. At the time of survey, about
three months after license issuance, half the
Novices already could handle 13 w.p.m. or
more; in fact, one-fourth of them had already
qualified for a (General or Conditional Class
license, while most of the remainder were go-
ing up for the exam shortly.

What gives us the warmest feeling, though,
is that our survey indicates that QST is read
hy 93 per cent of the new WNs. That’s starting
right, ()Ms!



‘- Strays "%

WAIRAZ uses o new plastic liquid product,
Krylon, to cout (SLs, certificates and the like
with a preserving and washable finish. 1t is avail-
able clear or in u variety of tints.

At u recently conducted amateur examination
held by FCC at the Ohio State School for the
Blind, (‘olumbus, Ohio, seven lads quulified for
their Novice (‘lass licenses.

Fngineer R. J. Cotton of the (Commission's
Detroit office permitted code tests to be written
in Braille; the copy was translated to him by a
school instructor. Theoretical examinations were
given individually by Mr. Cotton who received
question answers in oral form.

Sueh special consideration has been FCC's
policy for yeurs with regard to blind, paralyzed
or deaf amateur operator candidates. The Com-
mission fully recognizes the benefit possession of
an amateur license can be to the handicapped
person and particularly to the shut~in.

Some of the old-timers are having a difficult
time substantiating the fact that they held ama-
teur licenses during or prior to April, 1917. The
National Amateur Wireless Association used to
publish bulletins which listed amateur licensces;
the possession of some of these bulleting would
help either ARRL or FCC give some of the Extra
Class licensee applicants a hand. There may be
other lists which would help these fellows out.
We are particularly interested in information
covering the period 1915-1917. Can anyone give
us an assist?

No, you're unot sceing double, you’re sceing triple!

Richard, Charles and Robert Fenwick, of Kentland,
Indiana, who bear the calls WN9PKS, WNIPKU and
WONJS respectively, are probably the only identical
triplets in the amateur ranks. Licensed last year, the
boys are 15 and sophomores at Kentland High. 'The
Kenwicks like contest work in the c.w. bands and also
enjoy 2-meter operation.
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HAMFEST CALENDAR

ILLINOIS —- I'riday through Bunday, May 23rd-25th,
ut the Hotel President, 2045 North Lincoln Ave., Chicago
—- 4 get-together of W9 YLs. The registration fee is $1.00,
in advance. For details of the program and arrangements,
write to WIGME at the Hotel President address.

MASSACHUSETTS — Baturday, April 19th, at the
Lafayette House, 20 miles south of Boston on U. 8. Route
No. 1 — u get-together of W1 YLs. For tickets to this
luncheon and rag-chewing session, send $2.00 in advance
to W1BCU, 343 Fisher Street, Walpole, Mass,

CALIFORNIA — Saturday, May 3rd, at the Fresno
Memorial Auditorium — the 10th Annual Hamfest of the
I'resno Amateur Radio Club. Dinner, entertainment, activ-
ities, and prizes. Preregistration tickets may be purchased
from Grant Storey, 908 W. Pico, Fresno, Calif., at $4.00
each.

TEXAS — Sunday, April 20th, at East Texas State
Clollege — a hamfest sponsored Jomtly by the Bonbham,
Paris, Sulphur Springs and Texhoma Clubs of Northeast
Texas, and the East Texas Amateur Radio Club. The
usual “‘grab-bag"” drawing will be held. For further details,
write to W5AJ, Route [, Box 201-B, Pittsburg, Texas.

NEW YORK — Saturday, May 10th, at the Elk's
Club, Rochester — the Annual Hamfest of the Rochester
Amateur Radio Association. Technical talks are scheduled
for the afternoon, with separate entertainment for the
ladies. Dinner in the evening will be followed by enter-
tainment and a speaker. For reservations, write P. O. Box
1388, Rochester 3, N. Y.

NEW JERSEY — Saturday evening, April 19th, in the
Terrace Room, Hotel Stacy-Trent-— 8th Annual Old
Timers' Nite Round-up and Banquet of the Delaware
Valley Radio Assn. Turkey dinner will be served promptly
at 6:30 p.M, Program includes talks by well-known radio
personalitics. Bring your oldest commercial or amateur
tickets as awards will be made to those with the earliest
dates, including a special award to the *“Grand OM" in
attendance. W2ZI's collection of old-time gear will be on
display. Reservations may be obtained before April 15th
from General Chairman FEd G. Raser, 315 Beechwood

- Ave., Trenton 8, N. J., at $5.00 per person. Tickets pur-

chased at the door will be $6.00. Plan to bring as many
guests as you wish; clubs and groups should request special
yeating arrangements well in advance. As in the past, the
party will be stag.

PENNSYLVANIA —- Sunday, April 20th, at the Lodge
in North Park — annual hamfest of the Western Pennsyl-
vania Emergency Network, This is a picnic-gathering, and
there will be numerous competitive events, For further de-
tails, write to \WW30BO, 1400 Creedmoor Ave., Pittsburgh
26, Penna.

OREGON — Saturday and Sunday, April 26th and 27th,
at Eugene, Oregon — the Oregon Amateur Radio Conven-
tion, sponsored by the Valley Radio Club. Speakers will
include ARRL Division Director Rex Roberts, and John
Reinartz on screen-grid modulation. There will be model
control demonstrations by W7HLB and W7LVN, Admis-
sion will be $6.50 for hams and $2.50 for XYLs and friends.
For further information, write to W7FBA, 400 Howard
Ave., Eugene, Ore.

WISCONSIN — Saturday, April 26th, at the Youth
Building, Wausau —- Annuai Hamfest and Banquet of
the Wisconsin Valley Radio Association. Starting at &
».M., a well-rounded program has been arranged, featuring
an excellent banquet, eutertainment, and hamfesting galore.
Scheduled for the afternoon is a Wisconsin Section meeting
at 3 p.M, followed by an organizational meeting of the Wis-
consin Council of Radio Clubs. Please make reservations
in advance to assist with meal plans. Tickets, $3.00, avail-
able from Lawrence Lapinske, WOEWMI, P. O. Box 179,
Wausau, Wis.

COMING A.R.R.L. CONVENTIONS

June I4th — New England Division, Spring-
field, Mass.

June 28th-29th — West Gulf Division, Corpus
Christi, Texas

QST for



The “Bandbox”— A Single-Control
Frequency-Multiplier Unit

Compact Transmitter Subassembly for Sz’x Bands

BY DONALD H. MIX,* WITS

¢ The Bandbox is a four-stage frequency
multiplier covering six ham bands,
brought down to the size and conven-
ience of a single stage. It is designed to
work between a low-power VFO or crys-
tal oscillator and an amplifier using an
807 or similar type. Changing bands is
merely a matter of flipping the switch
to the desired band and resonating at
the desired frequency with the single
control. It is a simple matter to transfer
this component-size unit from one chas-
sis to another when making alterations.
‘The Bandbox should fit readily into any
program of building or rebuilding a
multiband rig.

tice in constructing a multiband transmitter

to lay all of the tubes and other components
out on 4 chassis and then try to devise a means
of switching or changing coils to give output on
the desired bands as conveniently as possible.
More often than not, this procedure leads to
bulky and awkward mechanical arrangements,
and a multiplicity of controls. When rebuilding
becomes desirable, everything must be done
over again. This includes the most time-con-
suming and complicated part of the job — the
dismantling and reassembly of the frequency-
multiplier stages which might have been doing
an entirely satisfactory job in the old rig. The
primary function of a frequency multiplier is to
multiply frequency and, once u good design has
been found, it should serve this purpose in one
transmitter as well as in another. Following out
this line of reasoning led eventually to the
multiplier unit shown in the photographs.

The unit is a subassembly package containing
all tubes and circuits necessary for multiplying
frequency from any low-power 1.75- or 3.5-Me.
VFO or erystal oscillator. It gives enough output

FOR years it has been u not uncommon prac-

* Assistant Technical Editor, QS7.

¢

'This small package contains the necessary frequency
multipliers to give output on any of the six ham bands
from 80 to 10 from any 1.75- or 3.5-Mec. VFO or crystal
oscillator. The switch knob at the hottom selects the
band, while the single tuning control resonates all cir-
cuits. Oscillator input is connected to the pin jack in
front: output on the desired band is taken from the one
to the rear. The large hole below the row of ventilating
holes in the side is for adjusting the 14-Mec. grid trimmer.
A similar hole in the opposite side provides access to the
10-meter grid trimmer.
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on any of the six ham bands from 3.5 to 28 Mec.
(including the 21- and 27-Mec. bands) to drive
any amplifier tube such as the 2E26, 807 or
the new 6146. Thus a multiband rig could consist
of an vscillator of the desired type, this multiplier
unit and one of the above amplifiers. For higher
power up to a full kilowatt, only a second beam
tetrode stage would have to be added. The unit
is of sufficiently small dimensions and so designed
that it can be mounted on a chassis almost as
easily as a tank condenser or other similar single
component might be. It can be transferred from
one chassis to another simply by removing a half-
dozen mounting screws and unplugging the
external connections. Furthermore, the four
stages are shielded as a unit and the TVI filtering
job, once done, doesn’t have to be repeated for
the next project. There is only one tuning control
for all bands. Changing from one band to another
is simply a matter of clicking a switch and reso-
nating with the single control for maximum grid
current to a following amplifier. In operation, no
further metering is necessary. An inexpensive
70-ma. unit will easily take care of the power-
supply requirements.

The desirability of multiplying frequency at
low power level has already been often stressed
as an aid in reducing TVI, but there are other
advantages as well. Since the practicably-ob-
tainable efficiency of frequency multipliers is
quite low, the over-all transmitter efficiency
is improved by multiplying frequency in the
low-power stages where the watts lost will be
less. The necessary step-up in power can be
obtained in u straight amplifier operating at
much higher efficiency. Furthermore, inexpensive
low-voltage components can be used and this
saving can be appreciable in a rig of several
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C; — 170-xufd. mica.

Cz, C3, Cy, G5, Csy Cag, Ciz, «13, C, Cis, Cav, Cuzy C22.
Ca, Cro, Cai, Ca2, Css, Caz, Cas, Cz29 — 0.001-
ufd. disc ceramic.

C7 — Approx, 65-upfd. variable (see text and accom-

panying footnote).

Cg — IOO-uyfd silvered mica.

Cp — 220-pufd. mica.

C1: — 47-ppfd. silvered mica.

Cis — Approx. 35-uufd. variable (see text and accom-
panying footnote)

Cig — 150-upfd. mica trimmer or 30-uufd. mica trimmer
and 47-upfd. silvered mica in parallel.

Cra, C214, Czz, Can— 30-zufd. mica trimmer; sce text

(Millen 27030).

Fig. 1 — Circuit diagram of the Bandbox freguency multiplier.

Ciz, Cas, Cue, C27 — 100-ppfd. mica.

Czs, Cas — Approx. 25-pufd. variable (see text and foot-
note).

C33 -_ 47-;&,‘zfd. mica.

Ri, Rs, Re, Rg — 22,000 ohms, 13 watt.

R2 — 3300 ohms, 1 watt.

Rs — 33,000 ohms, 1 watt.

Rs — 2200 ohms, 1 watt.

R7 — 2350 ohms, 2 watts (two 4700-ohm l-watt in
parallel),

Ry — 1940 ohms, 2 watte (3300-chm 1-watt and 4700)-
ohm 1-watt in parallel).

Ly — Approx. 12 yh. —24 turns No. 22 d.c.c., l-inch
diam., close-wound, or smaller wire spaced to
]ength of 34 inch (see text).

At
L

o
Power | [spep
PLUG P
3la
v -
3715V, &.3v.

Lz — Approx. 4.2 zh. — 17 turns, 33-inch diam., 17,32
inch long (B & W 3012 Miniductor).

1.3 — Approx. 1.8 gh. — 12 turns, 34-inch diam., 35 inch
long, tapped at 613 turns from ground end; see
text (B & W 3011 Miniductor).

Ls — Approx, 0.4 xh. — 7 turns, }4-inch diam., 74 inch
long (B & W 3003 Miniductor).

Ji— Fozr]-sc)ontact male power connector {Jones P-301-

P — Focuégoutact female cable connector (Jones 3-304-

).
RFCi, RFCa, RFC3, RFCy, RFCs, RFCq, RFC7, RECs
R — 2.5-mbh. r.f. choke (National R-100-S).
S: — 4-pole 6-contact rotary switch (see text for assembhly
procedure).



stages. Added to this is the advantage of com-
pactness.

The Circuit

The circuit diagram is shown in Fig. 1. The
first stage, operating at 80 meters, uses a well-
screened tube, the 6AK6, because it is called upon
to work as u straight amplifier when the oscillator
output is in the same band. Type 6C4 triodes are
used in the remaining stages not only to simplify
the circuit and wiring but also because they are
much more tolerant in regard to driving voltage.
It is not necessary to adjust the excitation care-
fully in each stage to prevent overdriving in the
next.

‘The tuning condensers of all stages are ganged
to a single control. Broadband ecircuits were
considered but finally discarded because the
relatively low efficiency would make larger tubes
with higher dissipation rating almost a certain
requirement. The 80-meter circuit is designed to
cover only the required tuning range for that
band — 3500 to 4000 ke. (g is a bandspread
padder. However, when the bandswitch is turned
to the 7-Me. and higher-frequency positions, Cyy
adds enough capucitance across the 80-mecter
tank circuit to shift its lowest frequency to about
3350 ke. 50 that the harmonics will include the
L1-meter band. This is permissible, of course,
since the frequencies at the high end of the
S0-meter band are not needed for multiplying
to the other bands. It is to this second range that
the following stages are tracked. The 21-Me.
band is reached by tripling frequency in the stage
otherwise used for 14 Mec. The tuning range here
is automatically shifted by the bandswitch which
shorts out an appropriate portion of Ly for
21 Me.

The trimmers, Cy9 and Cas, are to compensate
for the difference between the input capacitance
of the 6C4s and the larger capacitance of the
screen-grid tube to be used in the amplifier,
thereby automatically maintaining proper condi-
tions for tracking. Cis, Cys and C3s adjust the
range over which the tuning condensers will tune.

Parallel plate and grid feed is used throughout
so that the tuning condensers need not be insu-
lated from the chassis. All tubes are protected
against excessive dissipation, when not being
driven, by the use of cathode biasing resistors.
To keep the circuit as simple as possible, capaci-
tive coupling is used between all stages and the
unit is designed for capacitive coupling also at
the input and output.

Construction

If dimensions are to be kept to & minimum, it
will be necessary to make a special shielding
enclosure of sheet aluminum. However, if size
is not considered an important factor, a standard
5 X 6 X 9-inch box can be used. If this is done,
it would be advisable to keep the length of the
chassis about the same as described here. Other-
wise, it may be difficult, if not impossible, to get
the unit, with its shafts projecting, into the
hox. The width of the chassis should be made
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5 inches to match the width of the stundard box,
but the components should not be spread out
accordingly. It might be possible to make use
of a standard 114 X 434 X 8-inch chassis, fasten-
ing it flush against the front of the box and using
spacers to anchor it to the rear, but the lips on the
standard chassis will make it more difficult to do
the necessary work underneath.

The chassis shown is made from sheet alumi-
num about !{¢ inch thick. It is 414 inches wide
and 714 inches long, with 14-inch lips bent down
along the longer edges for fastening to the sides
of the box. The box is made to fit the chassis us
closely as possible and has an inside height of
414 inches. The front and the two sides are made
from a single piece, with 14-inch lips bent along
both top and bottom edges. Similar lips are bent
along all four edges of the removable back. The
two rear corners of the chassis must be notched
out for these lips.

The chassis is placed in the box with its top
surface 2)4 inches down from the top of the box
and a row of 4-inch holes is drilled along each
side of the box, just above the chassis level. The
top cover also is perforated. The box and chassis
are assembled with No. 4 machine screws tapped
into the aluminum, although self-tapping screws
can be substituted. The bottom plate is made 1
inch wider than the box to provide a 4-inch
flange along cach side for fastening down to a
chassis. To provide clearance for the heads
of the screws holding the bottom plate, a pair of
aluminum-sheet spacing strips, sbout 34 inch
wide and the length of the box, can be placed
under the flanges.

The input and output terminals are 'phone-tip
jucks centered 34 inch up from the bottom on
the right-hand side of the box. The output termi-
nal is about 1 inch from the rear and the input
juck 134 inches from the front. At the rear, the
power connector is centered 74 inch from the
left edge and 114 inches up from,the bottom.

The bandswitch is made up from Centralab
Switchkit parts. The index assembly is Type
P-123 and the ceramic wafers are Type X having
6 positions, 5 of which are used. The switch is
mounted on aluminum brackets (with the tie
rods in a vertical plane) to bring the center of the
shaft 114 inches below the chassis. In the bottom-
view photograph, the first wafer at the top (80) is
spaced 14 inch from the index head, with its point
contacts to the left. The second wafer (40) is
spaced 1 inch from the first with its point con-
tacts to the right. The third wafer (20 and 15) is
spaced 2 inches from the second with its point
contacts to the left. The last wafer (output) is
spaced 1 inch from the preceding one with its
point contacts also to the left. The rear mounting
bracket is spaced 14 inch behind the last wafer.
The front mounting bracket is fastened to the
index head at the shaft bushing.

The tube sockets are placed 74 inch in from
the edges of the chassis. The 6AK6 and the
14-Mec. 6C4 are to the right, spaced 114 and 434
inches respectively back from the front edge of
the chassis, The 7-Mc. and 28-Me. tubes are to
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the left, spaced back 25¢ and 614 inches re-
spectively.

The shafts of the two tuning-condenser units'
are coupled together with a Millen type 39003
rigid coupling. It may be necessary to file down
the front end of the coupling close to the setscrew
hole to permit the setscrew to get a good grip
on the short tail shaft of the front condenser. In
the first condenser section ut the front (80), the
last 5 rotor plates are removed. In the sccond
section (40), the first 9 rator plates are removed.
In the third section (20 and 15), the first 4 rotor
plates are left in and the remainder are removed.
The fourth stator plate of this section also is
removed, but the rest of the stators are left in.
In the last section, all rotors except the last four
are removed.,

The condenser gang is mounted on top of the
chassis with its front mounting hole !4 inch from
the front edge of the chassis. 1n assembling the

! The condenser gang is made up of two dual-section
Hawmmarlund type HFD midget variable condensers. Type
HFD-100 (100-uufd.-per-section) is necessary for the section
tuning 3.5 and 7 Mc. Either the same type or Type I1FD-50)
(50-pufd.-per-section) may be used for the rear condenser
tuning the other bands. If these condensers cunnot be oh-
tained locally, they are listed in the latest catalog of Allied
Radio Corp., 833 W, Jackson Blvd., Chicago 7, {ll. Other
types of condensers may be used. of course, but some cnt-
and-try may be necessary for proper frequency range and

- trackin

unit, the condenser gang should be mounted first
with screws at the two inner mounting holes only.
Then the switch gang underncath should be
positioned and the mounting holes in the brackets
drilled to match the front and rear mounting
holes of the condenser gang. In other words, the
switch brackets should be fastened to the chassis
by means of the front and rear condenser-
mounting screws. After the holes have heen
drilled in the switch brackets, remove the front
bracket, fasten it down with the front condenser-
mounting screw, slide the front of the switch
into the front bracket, fasten with the shaft nut,
and then fasten the rear switch bracket with the
rear condenser-mounting serew.,

Mount the tube sockets with the plate termi-
nals toward the neurest switech wafer. The r.f.
chokes are mounted in pairs on cither side of the
tube sockets, eentered ubout an inch from the
eenters of the tube sockets, with the grid choke
toward the front and the plate choke at the rear.
The one exception is the 40-meter grid choke
which is fastened with the same screw holding the
80-meter coil form, The form is centered 114
inches from the front of the chussis.

The two grid trimmers, (9 und Clhg, are
mounted vertically underneath, (/19 just to the
rear of the second wafer and (og immediately
behind the third wafer. Half-inch holes are drilled
in the sides of the box and the chassis lips are
notcehed out so that these condensers can be
ndjusted from the outside. The three plate
trimmers are fastened on top of the chassis,
uging the nearest choke-mounting serew to
fusten the grounded side to the chassis. The
other terminal of the trimmer is soldered
directly to the uppropriate tuning-con-
denser stator terminal. These condensers
cun be adjusted through one of the ventilat-
ing holes in the top cover. It should be
mentioned that some brands of 30-pufd.
trimmers have 2 mounting hole on one side
only. If the mounting hole is used to ground
the condenser in these types, the adjusting
serew will be “hot,” necessitating the use
of an insulated serewdriver for adjustment.

L4

‘T'op interior view of the frequency
multiplier xhowing the tubes, coils
and the tuning-condenser gang. The
d0-meter coil is in the foreground with
the 6AKG to the right. The 10-meter
coil and plate trimmer are bchind
the 6AK6 with the 7-Mec. 0C1t to the
1=ft. In the srcond section to the rear.
the 11-Me. coil with its 21-0Me. tap
is to the left, followed by the 28-Me.
plate trimmer and tube. The 20-meter
61, its plate trimmer and the 28-Me.
coil are to the right. 'I'he lips along the
top edges of the box are «uplicated on
the bottom.

L
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Tt is preferable to use a type that has 4 mounting
hole at each terminal so that the outer plate,
instead of the inner, can be grounded.

Coils

Approximate inductance values for the coils
are given under Fig. 1 for the benefit of those who
must wind their own. However, the use of the
B & W Miniductor coils has the advantage that,
the original coil dimensions can be duplicated
vlosely. This is necessary if pruning of the coils
for tracking is to be avoided. The 80-meter coil,
Ly, is wound on a Millen bakelite 1-inch diameter
form, fastened to the chassis. The other coils are
supported by their leads which are soldered
directly to the condenser terminals. The 21-Mec.
tap on Lz should be made with a piece of wire
about 3 inches long. When the outer ends of the
coll are soldered across the condenser terminals,
this tap, which comes near the top of the seventh
turn, should be bent in a sweeping curve around
the outer side of the coil (counterclockwise as
viewed from the front) to the end of a wire from
the bandswitch, coming up through a hole in the
chassis drilled alongside the condenser frame. The
tap is soldered to the end of this switch wire.
Don't clip off the excess tap length until adjust~
ments for tracking, described later, have been
made.

Very little actual wiring is necessary, the
resistor and by-pass leads alone being more
than adequate in most instances. Short
shielded heater and high-voltage leads are
run down each side of the chassis, terminat-
ing at the power connecctor at the rear.
"These leads are by-passed at euch stage by
the method described in QST for April,
1951.2 The condenser is soldered with the
shortest leads possible between the inner
and outer conductors of the wire. The
outer shield is then grounded to the chassis
at the nearest possible point. Tube-terminal

? Grammer, ‘' By-Passing for Harmonie Redue-
tion,”” QNT, April, 1951, p. 14,

¢

Bottom view of the multiplier chas.
wis showing the bandswitch, r.f.
chokes and other small components.
‘The 80-meter circuit is at the top, the
10-meter circuit at the bottom. 1T'he
20-meter grid trimmer is to the right
and behind the second switch wafer.
The 10-meter grid trimmer is to the
left of the third wafer. ‘This view also
shows how the removable back of the
enclosure is made. The text describes
a eomewhat different and simpler
method of mounting the switch.
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by-passes are also connected with the shortest
leads possible. Convenient grounding points can
be provided by placing soldering lugs under the
socket-mounting screws and also under the r.f.
chokes when they are mounted. The remainder
of the wiring is done with small bare wire covered
with spaghetti, running as directly as possible
from point to point.

The Centralab switches have two rotor contacts
and (g and Cy7 are most conveniently mounted
by opening up the lower rotor contact so that it
does not make connection with the rotor, and
then soldering the condenser betwecen this
terminal and the other rotor terminal above.
The -lower terminal is then used also as a tie
point for the preceding 0.001-ufd. plate blocking
condenser and a lead going through the chassis
to the tuning-condenser stator terminal above.
(o5 and Cgy are soldered directly between the
contact terminals of the two switch sections,
while Cq7 is soldered between the terminal of the
switch and the top end of the near-by grid choke,
RF(C4y. C1 is soldered between the input pin jack
and the grid terminal of the 6AK6 socket. A
short, piece of wire connects the last section of
the switch to the output jack. These last two
connections are the only ones that cannot be
made before the chassis has been pluced in the
box.




Mounting the Unit in a Transmitter

In mounting the multiplicr unit on a chassis
with other stages, it is not necessary, of course,
that it be placed close to the panel. By using
extension shafts, it can be placed as far to the
rear as desired. However, since the amplifier is
coupled capacitively to the output of the unit, the
length of leads to the amplifier grid and cathode
will have considerable influence on the tuning and
the power delivered to the grid of the amplifier,
especially at the higher frequencies. The unit
should be fastened sccurely to the chassis and
the amplifier tube mounted close to the output
terminal. The grid of the amplifier should be
connected to the output terminal of the multiplier
unit with a short wirc well spaced from the
chassis, and the cathode of the amplifier should
be grounded or hy-passed immediately to the
chassis. If the grid wire, or the path from the
amplifier cathode to the multiplier box is much
over 6 inches long, there may be a noticeable
loss in output at 28 Me., and it may not be
possible to resonate the higher-frequency multi-
plier circuits.

It is preferable also to have the oscillator
located on the same chussis as the multiplier unit
so that the coupling leads will be short. However,
if the oscillator has the power and tuning range
to spare, a picce of coax cable can be used, as
shown in Fig. 2. In order to do this, it must bhe

Coax cable

Coy

VFO

Mult,
input
lerminal

Fig. 2 - Suggested method
of coupling VFO to multiplier
unit. C; may be inserted in scries
to reduce drive if necessary. Sce
I text for other details.

possible to retune the oscillator output circuit to
compensate for the capacitance of the cable.
With VFOs having only link-coupled output,
it may be possible to obtain sufficient drive to
the 6AK6 simply by connecting the link line to
the input of the multiplier unit. It all depends on
how much output the VFO has to spare. It may

help in such a case to shunt 'y (Fig. 1) witha 0.001- -

ufd. condenser. If this doesn’t work, it will be
necessary to make a connection to the oscillator
tank circuit.

Power Supply

A'power supply delivering 375 to 380 volts at
60 or 70 ma. is required to operate the unit. To
assure adequate output, the supply voltage
should be close to this fizure. The actual plate
voltage — voltage between plate and cathode —
will be 40 to 90 volts less than the supply voltage.
A suitable circuit is shown in Fig. 3.

Adjustment

Until the unit has been tuned up, no plate
or screen voltage should be applied to the
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5V, AC

Fig. 3 — Circuit diagram of a suitable power supply

for the frequency-multipler unit.

C1, Cg — 16-ufd. 600-volt wkg. eleetralytic.

Ry — 50,000 ohms, 10 watts.

1.1 — 12-hy. 80-ma, filter choke.

81 — S.p.s.t. toggle switch.

Ty — Power transformer: 350-0-350 volts r.m.s., 70
ma.; 6.3 volts, 2.5 amp.; 5 volts, 3 amp. (Stancor
P-4078 or equivalent).

amplifier. Means should be provided for checking
the amplifier grid current, or the voltage across
its grid leak. While it should be possible to make
adjustments without metering the multiplier
unit, the job will be a little easier if a milliam-
meter is inserted in the high-voltage lead to the
power supply, at least.

‘With the switch in the 80-meter position, turn
on the oscillator and tune it to 3500 ke. (1750 ke.
if the oscillator output is at 160 meters). If the
oscillator is crystal-controlled, use the lowest-
frequency crystal at hand. Now resonate the
multiplier for maximum drive to the amplifier.
With the multiplier tuned to resonance, adjust
the coupling to the oscillator to give maximum
drive to the amplifier. The 6AKS is rather critical
as to excitation. Maximum output should occur
with the oscillator developing a bias of 15 to 30
valts across the grid leak of the 6AKG6. If no
other means is available, the drive to the 6AX6
can be reduced by inserting a mica condenser of
proper size in series with the wire to the input
terminal of the multiplier unit, as indicated in
Fig. 2. If a VFO is used, the multiplier should be
checked at both 3500 and 4000 ke. to make sure
it is covering the proper frequency range. (The
multiplier must always be retuned, of course,
for uny appreciable change in oscillator fre-
quency.) 1t may be necessary to spread out the
last few turns of Lj on the coil form to get the
circuit to hit both ends of the band. Drive to the
amplifier should be essentially the sume any-
where in the band, providing the output of the
oscillator is reasonably constant.

With the 80-meter stage working properly,
the switch should be turned to the 7-Mec. pasition.
Set the VFO to 3500 ke. and resonate the
multiplier. If there is no indication of drive to
the amplifier, it may be necessary to adjust the
7-Mec. trimmer, Cig, a little bit at a time, retun-
ing the gang, until an indication of output is
obtained. As an aid, a milliammeter in the high-
voltage lead should show a dip when Cg is tuned
through resonance. When an indication is ob-
tained, tune the gang for peak drive and then

(Continued on page 12#)
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Automotive Radio Noise Elimination
Up-to-date Methods Based on Engineering Research

BY BROOKS H. SHORT,* W9DPI

vERY automobile includes a number of
E sources of radio interference. The function
of the clectrical components makes' them
potential producers of noise, and to climinate the
sources of noise would mean rendering the vehicle
inoperative. There is nothing more sorry than a
car that will not run, unless it is a rig that will
not put out.

In 1938 the Engineering Department of the
Delco-Remy Division of General Motors Cor-
poration went to work to sce what could be
done to reduce the undesirable radiations from
vehicles using their electrical equipment. A group
of qualified engineers has been working on the
problem since that time; and, although it has not
been completely solved, we have made a lot of
progress. It is the purpose of this article to ac-
quaint the mobile ham with the few simple steps

Coaxial or feed-throngh condensers used in sup-
pressing automotive noise. These particular units are
made by Declco-Remy, but similar ones are available
from several manufacturers of radio capacitors.

that in some cases will completely eliminate
his interference, and in others will reduce it to
negligible magnitude. In considering the noise
sources and their suppression, we will break the
automotive electrical system down into its com-
ponent parts, as this attack makes for clarifica-
tion of the problem.

The Ignition System

There are three sources of noise in the ignition
circuit. The first is of little importance to the

* Supervisor, Rescarch Engineering Dept., Delco-Remy
Division, General Motors Corporation,
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® Most of the curatives for car noise that
hams apply are based on cut-and-try,
and sometimes the process is not only
time-consuming but ultimately disap-
pointing. This article gets into the basic
causes of generated noise and describes
methods, developed over a long period of
time in the automotive laboratories,
that are based on sound engineering
principles and that have been proved to
worlk.

amateur, but will be discussed in the interest
of giving the complete story. After the contacts
have been opened and after ignition has occurred,
the condenser in parallel with the breaker points
becomes charged to the full potential of the car
battery. When the contacts close to build up
energy in the coil primary for the next ignition
impulse, that condenser is shorted by the breaker
points. The energy that had been stored in the
capacitor now proceeds to send current through
its lead, the breaker points, the ground plate,
and the capacitor mounting bracket. Since each
part of the path has physical dimensions, there
is an appreciable amount of inductance in series
with the capacitor. That inductance combined
with the capacity of the condenser forms a res-
onant circuit tuned to a frequency in the broad-
cast band. There is nothing we can do to elimi-
nate this source of noise other than nesting the
compounents well down in the distributor bowl,
where the natural shielding of that bowl prevents
the noise from becoming objectionable. Such
positioning has been done in the Delco-Remy
distributors.

The second source of noise in the ignition
system lies in the distributor proper and operates
cach time the gap between the rotor and a cap
insert breaks down. The amount of noise formed
here is proportional to the value of the voltage
before the gap breaks down, and the frequency
spectrum generated is a function of how long
it takes to break the gap down completely. Stu-
dents of advanced electrical engineering have
a concept that is very applicable here. They
call this operator a ‘“unit function,” and what
it means is that up to the instant when the unit
function acts, the circuit was operating under
one group of conditions, and after the unit func-
tion operated an entirely different group of con-
ditions obtained. For example, let us imagine we
are entering a dark room. We turn on the light
switch or let the unit function operate, and we
have current in the wires and have light. Ev-
ery time a gap breaks down, we think of it as a
unit function operating, with a new group of
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Fig. 1 — (gnition system with recommended suppression methods.

eonditions following the operation. In all subse-
quent discussion we will tulk about circuit changes
that are capable of producing noise as operations
of the unit function. In this source of noise, the
ignition coil is raising the potential of the wire
from the coil high-tension terminal to the dis-
tributor center terminal along approximately a
2500-cycle-per-second wave. When the potential
wets to approximately 8000 volts, the distributor
gap breaks down and an arc is established be-
tween the rotor electrode and the cap insert.
When this arc is established the capacitances of
the high-tension lead, from the distributor to the
corresponding spark plug, and that of the spark
plug itself are connected to the secondary. The
sudden increase in capacitance causes the voltage
to fall to & very low value. This change in voltage
is the source of the radio noise under considera-
tion.

To suppress this sccond source of ignition
noise we have found suppressor resistor units to
be very cffective. The source of noise may be
thought of as a battery or generator. To prevent
that gencrator from sending high-frequency cur-
rents into either wire we insert suppressors so
that the generator is looking toward high im-
pedance, which discourages the source from send-
ing out interference. We have found that 5000-
ohm suppressor units in each of the spark plug
towers of the distributor, along with a 10,000~

Fig. 2 ~— Conventional type by-pass capacitor. Be-
cause units of this type have considerable inductance,
their by-passing effectiveness is poor except for a nar-
row range in the vicinity of 2 Mec., as shown in ¥ig. 3,

ohm suppressor in the distributor center tower,
does a good job of suppressing this noise.
There are a number of effective suppressor
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units available. A good sup-
pressor «¢lemeut should he
molded of material having
low capacitance. The resistor
material should have the
same resistance, or near it, at
high voltage as at low voltage.
We have found the Erie
model L7VR-10ME 10,000-
obm units and the L7VR-
5ME 5000-ohm units to he
very effective.

The third source of noise
in the ignition system occurs
at the spark plug. The spark
plug has been raised to some
voltage between 8000 sand
22,000; the plug then breaks
down, and the voltage per-
gists at approximately 1500
volts. This change in poten-
tial occurs very rapidly, creat-
ing a noise of great magnitude over a wide fre-
quency spectrum. Again we have found suppres-
sors the best way to reduce noise. A 10,000-obhm
unit should be used at each spark plug. There
are a number of considerations from the academic
viewpoint why the resistor slug should be built
into the spark plug. There ure also reasons why
it should be an external unit. From a practical
view, we would not differentiate between the
two approaches. Ten thousand ohms at the plug,
vither built into the spark plug or mounted ex-
ternally, should do & comparable job.

Any of the three sources of noise may be re-
flected into the sccondary of the ignition coil,
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I'ig. 3 -~ Typical attennation curve of a hy-pass
condenser of the type shown in I'ig. 2.

sent to-the primary through the capacity of the
coil, and then appear at the battery terminal of
the coil with enough energy to drive the wires of
the 6-volt system with noise. This is important
since all light wires are connected to the 6-volt
battery along with the ignition supply lead. To
discourage such transients from driving the 6-volt
leads, some kind of filter scemed to be indicated.
A rather complete study was made of the filtering
effects of by-pass condensers, and it was found
that the usual 0.3-ufd. condenser was of little
value. Referring to Fig. 2, we show u 0.3-pfd.
capacitor with a total lead length of 1 inch. We
hardly sece how the condenser could have much
less lead length. The by-passing action of this
capacitor i8 shown in Fig, 3. We find at 2.03
megacycles this unit is very effective, but by the
time we get to 4 megacycles the capacitor is of
negligible value as a by-pass.

To get around the difficulties with such capaci-
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Fig. 4 — Construction of the coaxial or feed-through
type by-pass condenser. \ typical attenuation curve
for this type of unit ix shown in Fig. 5.

tors, a number of engincers, in different organiza-
tions, arrived almost simultancously at a by-pass
unit having very low inductance. Their reasoning
was that if we could cancel the inductance out in
the same way we do when we wind a noninductive
resistor, we could make a by-pass unit that would
be effective to a much higher frequency. Such a
by-pass unit is shown in Fig. 4, with its attenua-
tion or noise reduction characteristics shown in
Fig. 5. In the construction, the core diameter
should be large and the winding should be as thin
in the radial direction as is possible, to get the
best inductance cancellation.

The photograph shows some coaxial capacitors
as manufactured at Delco-Remy.! Most capacitor
manufacturers are now making these. feed-
through capacitors, and at least one has been
featuring his product in a national advertising
campaign.

One of these coaxial capacitors should be
mounted as close to the battery terminal of the
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Fig. 5 — Attenuation curve for a feed-through type
by-pass condenscr. This is representative of units having
a capacitance of 0.1 to 0.25 pfd.

coil as is practical, with the core of the capacitor
inserted in the lead from the ignition switch to
the ignition coil. Such installation will usually dis-
courage any high-frequency energy from getting
back into the low-voltage wiring of the vehicle.
In stubborn cases, two feed-through capacitors
may be used with a radio-frequency choke be-
tween them. The value of the choke has to be
determined by trial-and-error for the particular
installation. In making such a choke, be certain
that the wire used has sufficient cross-sectional
area to carry the current with negligible drop.
In some particularly stubborn installations,
even more suppression is required to clean out
the ignition noise. The only known way to clean
out the residual after all the above steps have

! Delco-Remy does not have a distributor set-up for
selling such capacitors to individuals, but similar units may
be obtained from a number of capacitor manufacturers that
4rll through regular radio distributors.
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to take care of this residual.
When so used, be sure to ground both ends of the
shielding to a satisfactory ground.

Packard Electric Division and Pontiac Motor
Division of (ieneral Motors Corporation have
given us a way to do away with the suppressors
at the distributor cap and at the spark plugs.
They have made use of a special nonmetallic high-
tension cable. This “wirc” has approximately
3500 ohms per foot of length, and is used for all
high-tension leads in the 1951 Pontiac product.
This cable is somewhat superior to “lumped”’
constants. If the lead lengths as used on the 1951
Pontiac will fit your car, these leads do a beauti-

Fig. 6 — Generator commutator and brushes. Current
flows from commutator segment to brush by means of
tiny arcs.

ful job of suppressing ignition noise. Do not at-
tempt to shorten these leads as they have termi-
nations at each end, and trying to shorten them
will result in disgustingly short life.

The Generator

The generator includes two sources of noise.
The first is of interest to us becausc it is the reason
why automotive brushes last so long. Referring to
Fig. 6, we have two brushes carrying current to
and from the commutator. The accepted theory
is that the brushes are not in mechanical contact
with the commutator, but are held away by a
film of gas. The current is conducted between the
two clements by a group of parallel arcs. If more
current is carried, we have more arcs. The arcs
are continually forming and dying out so that no
one arc persists for very long. As cach arc forms,
it acts like the unit function we considered in

Fig. 7 — In commutation, conductors [ and 2 reverse
their positions with respect to the brushes. A rapid
reversal of the direction of current flow takes place
while a coil ix shorted by a brush.

ignition. This sputtering, formation and decay of
conducting ares is one source of noise.

The second source of noise arises from the com-
mutation. In Fig. 7, (1) and (2) indicate con-
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ductors on opposite sides of an armature. When
wire (1) is at A it will be carrying current into the
page, and the wire (2) at B will be carrying it out
of the paper. If we take a later period of time,
when the armature has rotated through 180 de-
grees, we find wire (1) now at B, and so carrying
current out of the page, and (2) will be at 4, and
will be carrying current into the page. In other
words, sometime during the rotation the current
in the coils has been reversed or commutated.
This commutation took place while the coil was
shorted by the brush. If we luok in our textbooks
we find a picture similar to that of Fig. 8 at a.
This is known as lincar or perfect commutation.
This kind of commutation can be had in a genera-
tor designed for onc output voltage, one output
current, and operated at one speed. Our automo-
tive gencrators operate over wide speed ranges
and are called upon to dceliver widely varying cur-
rents and voltages. For that reason we sometimes
get currents like those of B of Fig. 8. When
such operation is had we must in practically no
time change the current by 50 per cent of its
normal value. This rapid change is aguin a pro-
ducer of radio noise.

Both of the sources of noise in the generator
may be eliminated by using a 0.1- to 0.25-ufd.
coaxial capacitor in the generator armature cir-

BAR_CONTACTS BRUSH

¥ a BAR LEAVES BRUSH
+le

)

TIME———>

=1
‘c

Fig. 8 — *Linear” commutation is shown at a. The
curve at B is representative of practical operating con-
ditions in a car gencrator, and the rapid change in
current causes commutation interference.

cuit. This condenser should be mounted as near
the armature terminal as is possible and must be
mounted directly on the gencrator frame.

There is one other effect in the generator that
is of interest. The generator armature shaft and
lamination assembly is positioned by an insulat-
ing film of oil or grease at each bearing. For a
number of rcasons, that armature during rota-
tion picks up an electrostatic charge. The charge
proceeds to grow and raise the potential until the
film of oil breaks down. At breakdown, radio fre-
quencies are produced as determined by the size
und shape of the generator considered as a cavity
resonator. To eliminate this “shaft hash” we
have found an arrangement similar to Fig. 9 to
be desirable. A brass ring or flange is pressed
upon the shaft. This ring is then grounded by a
spring-loaded grounding brush. To be effective,
this shaft grounding device must be on the drive
or pulley end. This effect is probably of negligible
importance unless the mobile rig is being oper-
ated on two meters.

The Regulator

The regulator unit is charged with more noise
than any other component in the automotive
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clectrical system. The encrgy for the so-called
“regulator noise” comes from the field of the
generator. Referring to Fig. 10, we have drawn
the circuit diagram of the generator and the por-
tion of the regulator that has to do with noise
generation. After a certain minimum speed has
been reached, either the current regulater con-

END )
BELL —*%

<+—— COILS

BRASS RING

__NsHaFT

GROUNDING BRUSH
LAMINATIONS

R °: ¢ S——————
K
Fig. 9 — Mcthod of grounding the xcnerator shaft
to the cnd bell to eliminate “shaft static.”

tacts or the voltage regulator contacts vibrate.
Let us consider what happens during one cycle
of that vibration. To examine the circuit we must
assign values to the circuit components. Let us
assume the voltage output of the armature is 7.2
volts, the field resistance is 3.6 ohms, and the
regulator resistance is 45 ohms. With the contacts
closed we have a ficld current of 7.2/3.6 or 2
amperes. This 2 amperes also represents an
amount of energy that has been stored in the
magnetic field of the generator. We like to think
of the stored energy in terms of money that has
been deposited in the bank. Circuits are just like
people, in that they do not like to undergo change
and are willing to cxpend their savings in order to
oppose any change. Thinking along this line, let
us now consider the circuit of Fig. 10. Let us as-
sume that the voltage regulator contacts open,
placing the regulator resistor in serics with the
field. At the instant of opening, the ficld sces a
change coming and doesn't like that change —
it reasons that it is willing to cxpend its savings

FIELD '

REGULATOR '
RESISTOR

ARMATUR

CURRENT
REGULATOR
CONTACTS"

VOLTAGE —
REGULATOR
CONTACTS

e T ©

Fig. 10 — Regulator circuit in which radio-frequency
noise originates.

to oppose that change, and for the first instant at
least it does oppose the change and does sustain
the 2 amperes that was flowing before the points
opened. Looking at the regulator end we find
that the 2 amperes must now How through the. 45
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ohmag, resulting in an instantaneous rise in voltage
of 2 X 45 or 90 volts. This source of noise is very
ragged sounding, since the regulator contacts do
not have a fixed frequency of operation but oper-~
ate only as called for by the load on the generator
or the condition of the battery.

To climinate regulator noise we have found
the usc of two coaxial condensers and a small
resistor capacitor to be effective. Place a 0.1- to
0.25-ufd couxial capacitor between the battery
terminal of the regulator and the battery, with
its case well grounded. Use a second capacitor of
the same size in the lead between the armature
terminal of the generator and the gencrator ter-
minal of the regulator with its casc also well
grounded. The third unit should be connccted be-~
tween the field terminal and ground. This unit
consists of i 0.002-ufd. condenser with a 4-ohm
carbon resistor connccted in scrics. Never use 4
capacitor across the ficld contacts or hetween
ficld and ground unless you also use the resistor,
for such application will result in greatly reduced
regulator life. A sketch of how the regulator may
be suppressed is shown in Fig. 11.

Iig. 11 — 'The right way to install by-passes to re-
duce interfercnce from the regulator. A condenser
should never be connected across the gencrator field
lcad without the small scries resistor indicated.

In some cases it is desirable to pull double-
braided shielding over the leads between the gen~
erator and regulator. Lf the application of Fig. 11
does. not reduce the noise to a sufficiently low
level, it is suggested that such be done. Since the
normal car wiring system has these leads braided
in a group with other leads, it is suggested that
the two leads between the generator and the
regulator be replaced so that the shicld can be
applied to the two leads only. When such a shicld
is used it must be grounded well at both ends. In
the most difficult cases even the shielding may
not give the desired degree of suppression. When
such is the casc one may accomplish the desired
quieting by insulating the regulator from the car
chassis. The shicld is then conneeted to the regu-
lator case at onc end and to the gencrator frame
at the other. Noise cancellation is then obtained
because the fields sct up by high-frequency cur-
rents flowing in the armature or ficld leads are
cancelled by ficlds sct up by the returning current
in the shielding. In the majority of cases the last
two procedures are not neccssary.

o General

Most installations get power for the radio gear
4t some junction remote from the battery, This
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means that although we are supplying the re-
ceiver with pure d.c. from the battery, the lead
hetween that junction point and the battery has
considerable impedance at high frequencies. Quite
often the I7 drop in the lead contains high fre-

_quency which gets into the receiver by the “back
way.” When this condition is the cause of trouble,

much can be accomplished by using a separate
lead directly between the radio receiver and the
“hot” battery terminal.

When suppressing a vehicle it is quite often
desirable to be able to pick out the various noises.
Ignition noise varics in repetition rate with engine
speed and can be recognized, at least during the
early stages of your work, by that characteristic.
When you are nearly done, this noise takes on the
sound of eorn popping, and apparently does not
follow cngine spced. When you are at this point
it is recommended that all lcads be removed from
the gencrator so that the only sources of noise
left are in the ignition system.

Regulator noise and generator noise may be de-
tected by racing the engine and cutting the igni-
tion switch. Since turning off the ignition switch
kills all ignition noise, and since the generator and
regulator continue to operate until the engine has
coasted down to the “cut-out” speed of the gen-
erator, this is a way of getting only the gencrator
and regulator noises. The generator noise may
easily be distinguished since it is a somewhat mu-
sical whine, while the regulator interfercnce is a
ragged, rasping, irrcgular noise.

Some cars have clectrical gauges that cause in-
terfercnce. If you have “ thrown the book” at your
car and haven’t reduced the noise to a satisfactory
level, we would recommend that you examine the
gauges. A small capacitor located near the gauge-
sending unit will usually clean up such noise.

Good luck to you in vour hunt and elimination
of automotive clectrical interference. But please
don’t come back to us with the question of what
do we do with the other guy’s car!

Silent KReps
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An Elevator Mast

How To ‘‘Lower the Boom’’ in a Hurry

BY JOHN D. AVERY,* WIIYI

beam has been installed on top of a high
tower have you wished changes could be
mude? Undoubtedly many times but, if you are
anywhere near average, you have probably left
it ““as ia" and not made the changes, because of
the difficulty involved in working on the beam at
any height. A 90-mile-per-hour gule brought
down our old wooden tower, and we decided that
the next tower would not only stay up but it
would ullow convenient working on the beum.
I'his article will describe the solution we worked
out and have used to our complete satistaction.
The new tower was to be made of such material
and construction that it would stand high winds,
and it must allow convenient working on any
part of the beam and rotator. It was finally de-
cided that the only approach we could use was
one that permitted the beam and rotator to be
lowered to the ground with a minimum of effort
and inconvenience. Several weeks of sketches and
planning evolved the design to be described, and
much of the drafting and mechanical work was
done by my 16-year-old son, John Phillip, in his
home workshop.

The Elevator Mast
The must itself is a 40-foot stcel Wincharger
tower, set in a 5 X 5 X 8-foot concrete base.
Although these towers are self-supporting up to
10 or 50 feet. when properly mounted, this mast is
*R.F.D. 1, Rockville, Conn. o "

Ho w many times after your 10- or 20-meter

¥

The W11Y1 beam at the top of the mast (upper left),
on its way down (left center), and on the ground and
ready for alterations (left bottom ). Below: A close-np view
of the hand-driven winch used for raising and lowering
the carriage. The bottom set of guy wires anchors to the
corners of the concrete base.




guyed at three places with No. 8 stecl wire and
turnbuckles. The hottom set of four guys is tied
to anchor bolts set, in the corners of the concrete
base. The upper guys are sets of three each. When
lowering the beam and rotator, it is necessary to
unhook two euch of the top aud center guys, to
permit the beam to pass. The ground anchors
also have large eyes and it is a simple matter to
loosen the turnbuckles and slip out the hooks.
T'he carriage plus the beam and rotator weighs
close to 200 pounds, so heavy track was used to
guide the carriage. With a lighter installation, a
lighter track could be used. The track itself is
made up of eight 10-foot sections of Stanley over-
head door track, which comes with ball-bearing
trucks. The 80 feet of track and four ball-bearing

trucks cost about $30.00 from a mail-order house.
The other pulleys involved in the hoist are of the
standard home-workshop variety and are made of
nonrusting material. The cable for the hoist is
Li-inch airplane cable, with a test strength of
around 4000 pounds.

‘The carriage construction can be scen in Fig. 1.
It was built up from 2 X 2 X 3{g-inch steel angle
flame-welded together. The separation of the two
trucks is about 12 inches, center to center.

The ties for the track were made by stacking
234 X 14%-inch lumber, as shown in Fig, 1B, and
holting it togcther. The rails are then held in
place by pieces of strap iron, us shown in the
sketch. The ties are placed every 5 feet up the

(Continued on page 184)

¥

Fig. 1 — T'wo views of the
elevator mast, showing details
of the construction. (A) —
Simplified sketch of the pulley

RO A N8

system. (B)— Details of the

v
|

track ties.

A

~— 14~inch pulleys

— 2-tnch idler pulleys

| S-inch pulleys
mounted on Larriage

A

(B)
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The Double-Spectrum Theorem
A Compatible System for 'Phone and C.W.

BY LARSON E. RAPP,* WIOU

EW frontiers are not easy to find in amateur

\l radio. Thanks to the untiring efforts of our

cellar scientists, practically no communica-
tions problem remains unsolved — suve one.
[t was first presented by the late K. B. Warner
in a QST editorial! and received great acclaim
as a problem, but no solution was offered at the
time. The author had anticipated this problem
and offered a straightforward and ingenious
solution 2 that, unfortunately, was never put into
practice. It is a sound and workable sanswer but
has the minor drawback of requiring complete
cooperation between all of the amateurs in the
world.

In all fairness, and for the complete documen-
tation of this paper, it must be said that another
solution has already been proposed, involving
pulse modulation.? This proposal met with little
general acceptance, probably because it involved
unfamiliar equipment. It was also suggested at
the time that, being a wide-band technique, it

e [t has long been recognized that the
best possible solution to the QRM prob-
lem is to open all of our bands to both
*‘phone and c.w. This has not been too
popular in the past, however, because of
the mutual interference. This article of-
fers an ingenious solution, based on con-
temporary thinking, that merits your
careful study. Who will be the first on
the air with it in your ncighborhood?

c.w. for DX work. Perhaps its greatest draw-
back, however, was that it was not an amateur
development, but merely a utilization of prin-
ciples grown out of commercizl work. For ama-
teurs, this would never do.

Necdless to say, the author had not lost
sight of this problem, and a certain portion of
each working month has been allocated to it since
1046, We are pleased to present a solution that
should be acceptable to everyone, since it

has none of the objections of the previous
proposals.

Fundamental Theory

A recountal of the many blind alleys
that were followed would be of little inter-
est to anyone except those who would
care to repeat these many unsuccessful

experiments, and thus it will be omitted.
The first glimmer of hope came in 1948,

when several references were made in the
literature to “positive” or “upward”
modulation. Ileretofore most normal

‘phone men had considered modulation to
be something that required both upward
and downward swings, but this was merely

a convenient concept. However, with this
coruscation about ‘“positive” modulation,

(A)
M’[ﬂﬂﬂﬂuhﬂmIUMMMMMM&&MMMMMMMMMMHﬂ
N
3800 2600 3700 3800 3500 4doo
N "PHONE
B) I K
300 3600 3700 3800 3900 4b0o0

I'ig. 1 — A typical amateur band (3.5 Mec.) as it might appear
on a panoramic receiver at some given instant, t. (A) Using
present techniques, and (B) using the principles outlined in this
article. The double-spectrum theorem provides for operation-of
both ’phone and c.w. signals on the same frequency without

mutual interference.

would not be acceptable to high-sclectivity ad-
dicts and manufacturers of sharp receivers, not to
mention the fact that it is inferior to ordinary

* Kippering-on-the-Charles, Mass.

1 K. B. W., ** Wanted: A Second Spectrum,” QST, Dee.,
1947,

? Rapp, ‘‘The Staggering Band Theorem,” QST, April,
, “‘Narrow-Band Pulse Transmission,"
July, 1919.
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- it was not too difficult to postulate u spee-
trum with “positive” modulation for
‘phone signals and “negutive” modula-
tion for c.w. signals. Although the author
is considered to be a fairly unemotional
type, it must be confessed that the first
realization of the importance of this in-

vention reduced him to a nervous condition

popularly described by the expression “ay jittery
as o June bride.”

This, then, was an approach worth investi-
gating. With positive modulation for 'phone, anl
negative modulation for code, all that was re-
quired was a receiver that would respond only to
positive or negative modulation, but not to both.
Negative modulation, for obtuining the code
signals, presents no problem ut all, obviously.

QST for



positive or negative modulation
will be short-circuited by the
erystal diode, and only the modu-
lation of opposite polarity will
reach the grid of the amplifier.

Positive
Modulator

Fig. 2 — ‘I'he basic transmitter circuit. S) switches
the transmitter for ’phone or ¢.w. operation.

i = 0.01.ufd. 400-volt paper.

Ri — 1.0 megohm, 1% watt.

Rz, Ra — 1-megohm volume control, lincar taper.

R4, Rg — 10,000 ohms, 2 watts, matched within 5 per
cent,

Rs — 470 ohms, 1 watt.

S; — Three-pole 2-position
insulation).

rotary »switch (ccramic

Using the pedicular circuits that 'phonc men use
for positive modulation, a phase inverter and a
d.c. amplifier (for the keyed characters) represent
ull of the additional equipment necessary. Since
the d.c. amplifier will also pass audio frequencies,
the same modulator can be used for both ’phone
and code work, and it requires only switching of
the input from microphone to key and the selec-
tion of the properly-poled output from the phase
inverter. The basic circuit is shown in FKig. 2
Any of the common circuits for positive
modulation can be used — some varia~ T

Note that this requires d.c. cou-
pling from the diode load resistor,
Ry, and the absence of a coupling
condenser is deliberate. There is
some difference in performance
Phone among the erystal diodes, and
the new rhythmic IN2N proved to be the best in
this particular application.

When you want to receive 'phone signals,
switch S (Fig. 3) to ““ PIL.,”” and only signals with
positive modulation will come through. If code
is vour pleasure, switch Sy (Fig. 3) to “C.W.”
and tune in your favorite “CQ DX.” One of the
first things you will notice, after you have grown
accustomed to the use of this adapter, is that you
will occasionally hear ’phone signals when S
(Kig. 8) is in the “C.W.” position, or c.w. signals
when S; is turned to “PH.” This indicates that
the ’phone (or c.w.) signal is not using pure posi-
tive or pure ncgative modulation, and the opera-
tor will doubtless welcome a cull that tells him his
equipment is slightly out of adjustment.

A few astute rcaders may have noticed that |

+250°

Modulated
R.E -
Stage

CW.

————H)V.

Sic 3 ——+HV,

. :
DET B, AUDIO AMP

tions of clamp-tube modulation ure very
popular in this application — and your
favorite circuit is the right, one for you to
use. A 6F6 is shown in the phase-inverter

circuit, but one section of a 6SN7 can be —
used if desired. The audio quality is

about the same in either case. The con-

trol, /{3, is set to the position that gives

chirpless and clickless keying, and in some in-
stances a small 100-ppfd. mica condenser may be
required across the key contacts. As shown, the
circuit cannot be used for break-in operation with
either c.w. or ’phone, unless some type of voice-
control and oscillator hold-in circuit is used. The
hold-in circuit is coupled at the switch arm of Sy,.

Receiving the Double Spectrum

Fortunately, the receiving system represents
no new or unfamiliar techniques, and many re-
ceivers are already in u suitable condition for
receiving ‘phone (or c.w., but not both) signals
of this new type. There arc many limiters in re-
ceivers that work on the positive {or negutive)
peaks, and all that is required is a combination
limiter that will work on one or the other. The
eircuit in Fig. 3 shows one way that it can be
done —no doubt many other possibilities will
oceur to discerning readers. This circuit can be
built as a separate unit and coupled to any re-
ceiver between the detector and the first audio
stage, or it can be built into the receiver.

The operation of the recciver circuit is easy to
follow. Depending upon the position of 8}, ull

April 1952

Iig. 3 — The receiver adapter circuit.
(it — 470-upfd. mica or ceramic.
( - 10-pfd. 25-volt elcctrolytic.
Cz — 0.02-pfd. 400-volt paper.
Ri, R2 — .0 megohm, 15 watt.
Rz — 47,000 ohms, 1 watt.
R4 — 1000 ohms, 14 watt.
Rs — 1.0-megohm volume coutrol, linear tapcr.
S — D.p.d.t. rotary switch, low-loss.
Ty — LE. transformer.

like the previous proposal,? this solution requires
the codperation of all amateurs in switching over
to these new methods of modulation, for complete
success. However, since many 'phone men are al-
ready embracing positive modulation techniques,
we feel certain thuat this proposal will meet with
instant acceptance. You can change your trans-
niitter over now and modify the receiver later
(aceepting some QRM in the meantime), or vou
ean go whole-hog and immediately enjoy the
fruits of a double spectrum.

[It is recommended that readers who do not fully appreciate
the significance of the present disclosures wait for a subsequent
article on complete aliynment and tune-up procedures before
building the equipment. —ED.]

25



A VHF. Transmitter for the Novice or
Technician
An Easily-Adjusted Rig for Use on Either 145 or 220 Mec.

BY EDWARD P. TILTON, * W1HDQ

soon discovers is that it is rarely possible

to build a rig that has everything. If one
lists the characteristics he wauts in a piece of
aquipment and then trics to build them all into
one *“dream rig” he is likely to find some conflict
between his aims. We can design a simple rig, a
low-cost rig, a highly-etficient rig, or a beautiful
one, but the chances arc good that we won’t be
able to roll all these objectives into one.

The aim in this cuse was case of adjustment,
s the inexperienced constructor would not run
into trouble when he tried to get the rig going.
We wanted operation on cither 145 or 220 Me.,
to take carec of both Novice and Technician.
Other desirable characteristics were subordinated
to these two. If parts similar to thosc used in the
original model arc obtained, and the general lay-
vut shown is followed, even the beginner should
have little trouble in duplicating the rig success-
fully.”

Basically, the transmitter consists of a 12AU7
dual triode, as a combined overtone oscillator and
frequency multiplier, 1 5763 pentode doubler,
and 4 pair of 5763y in a *“‘push-push doubler”
final amplifier. Crystals in the same general fre-
quency range can be used for either band; in fact,
for opcration between [46.68 and 147 Me. or
220.03 and 220.5 Mec. the fellow who has both
Novice and Technician tickets ean hit both these
ranges with a single crystal. Choice of erystal
freuencies cun be made from Table 1.

The rig is not intended for quick band-chang-
ing between 220 and 145 Me. Plug-in coils are
practically out of the question for the frequencies
for which this job is designed, but the change
from one band to the other can he made in a mat-

! HARD FACT of transmitter design the beginner

¢ With the number of Novice and
Technician licensces growing at a rapid
rate, there is increased demand for a
v.h.f. rig that will provide a good signal
on 145 or 220 Mec. and still be relatively
simple to build and ecasy to adjust.
The transmitter described here was de-
signed with these needs in mind. The
fellow with both Novice and Technirian
tickets can use it on cither band, with a
single ecrystal.

ter of minutes by soldering another set of induct-
ances in position for Ls, Ls aund Ls. Output in the
144-Mec. band is comparable to that obtainable
with the popular SCR-522, about 10 to 15 watts.
On 220 Me. the cfficiency drops, as might be ex-
pected, but it is still possible to develop up to
about 4 watts output. This is cnough to drive an
832A or similar amplifier, ur the rig may be used
by itself. Even 3 to 4 watts is capable of covering
a good many miles on 220, if it is put into a good
antenna system.

Mechanical and Electrical Details

In laying out this transmitter a principle
was followed that is recommended for all begin-
ners, and it’s not, such a bad idea for the rest of us,
either. A chassis much larger than absolutely
necessary was used. This makes for an open lay-
out that is easy to wire, and it is good insurance
against failures from shorts and other mechanical
troubles. The rig could be built in one-fourth the
space — if one wishes to try it.

The chassis is aluminum, for casy working, 7
by 13 by 3 inches in size. (Johnson No. 194-361.)
Layout of parts i8 not extremely crit-
ical, but the iun-line arrangement
shown provides a symmetrical wiring
job, with short leads in the circuits

*V.H.F. Editor, Q3T.

¢

A transmitter for use on 115 or
230 Mec. Stages, from left to right,
are 12AU7 oscillator-multiplier,
5763 doubler, and a pair of 57638
in the final.

¢
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" DOUBLER- FINAL

72 or 110 Mc.

t

0SC. MULTIPLIER

H—

Ce [,

360r 55 Mc.
18 M.

.j.l 12AU7 &

DOlilBLER

-
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e
o
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>
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o
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12AU7 5763 5763

a s s s 4 5 4

Fig. 1 - Schematic diagram and parts list for the

Novice-Technician v.h.f. transmitter.

Ci, Cz—50-pufd. screwdriver-adjustment
(National PSR-50).

Ca, G4 —-10-pufd.-per-section butterfly-type variable
(Jobnson 10LB15).

Cs, Ca — 3-30 /,mfi mica trimmer (National M-30),

Cizy Coy Cr1y Cigy Crg, C17 — 0 .001-ufd. disk ceramic.

g, Ci0 — 25-pufd. ceramic or mica.

Cia, Ci13 — 10-gufd. ceramic or mica.

Ri. R4 — 1000 ohms, L5 watt,

R2 — 10,000 ohms, /b watt.

Ra— 100 000 ohms. 14 watt.

Rs — 47, 000 ohms, !% watt.

Re — '15.000 ohms. 15 watt.

R7 — 100 ohms, 14 watt.

Rs. Ra, Ri0, Rin — 18,000 ohms, | watt.

1, — 15 turns No. 20 tinned, spaced diam. of wire,

15-inch diameter.

lo—6 turns, same as L. Make both windings from a
single .!l -turn piece of B & W Miniductor
No. 300

l.3 — 6 turns No. 3003.

l.is — 145 Mec.: 6 turns No. 14, 3{-inch diam.,
long, center-tapped.

%% inch
where these churacteristics are important. Look-
ing at the top-view photograph, we see the oscilla-
tor-multiplier tube at the left, with the crystal
and oscillator tuning adjustment, C;, between it
and the edge of the chussis. The first 5763 is
just to the left of the middle, with the multiplier
plate tuning, ('s, between it and the 12AU7.
Next comes the 5763 tuning adjustment, C’3, the
two 5763s, and their plate tuning control, Cj.
T'he ervstal socket at the tar right is the antenna
output terminal. On the front wall of the chassis
is a jack (J2) connected between the 5763 cath-
odes und ground, for measuring the cathode cur-
rent, or keying the transmitter for e.w.
Remembering this line-up, it is a simple matter
to identify the major components in the bottom
view. The inductances, from left to right, are the
oseillator coils, Ly and Lo, in one unit, the multi-

t Tilton, ‘‘Overtone Crystal Oscillator Circuits,”” April,
1951, 987, p. 56.

¢ The Radio Amateur's Handbook, Chapter 17, 1951 or
1952 edition.
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trimmer

144 or
220 Mc.

Ly

=2
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RFC,

6.3V. 6.3V,
=300

— 220 Me.: 4 turns No. 14, %4-inch diam.,
long, center-tapped.

Ls — 1 15 Mec.: 2 turns No. 14, l-inch diam.,

L4 inch apart, ccntet-tapped
--220"Me.: U- shaped loop No. 14, made from 4%%
inches of wire, with sides 1 inch apart, center-
tapped. ‘

s — 145 Mec.: 2 turns No. 14 covered with spaghetti
insulation, 1l-inch diam., close-wound, with leads
long ¢nough to reach antenna terminal — see
photograph.

— 220 Me.: U-shaped loop same width and height as

) Ls, with leads to reach antenna terminal.

Ji — 11-pin male chassis fitting (Amphenol 86-RCP11).

J2 — Closed circuit jack.

P1 = 11-pin female cable plug (Amphenol 78-PF11).

RFCi — Single-layer r.f. choke (Ohmite Z-141).

34 inch

turns

plier plate coil, L1, 5763 plate coil, Ls, and the
final plate and antenna coupling windings, Ls
and Lg. Power leads mude with shielded wire are
brought out to un 11-pin fitting on the back wall
of the chassis. Note that this is a plug-type chas-
sis fitting; the matching socket goes on the power
cable. This is a stundard safety measure that
should apply to all power supply cabling, pre-
venting exposure of hot terminals if the cuble is
accidentally removed while the power is on.
Now let’s consider circuit features, beginning
with the oscillator. To hold down the number of
stages required to get to the operating frequency,
an overtone oscillator circuit was used. We will
not discuss at length the principles on which this
type of oscillator works, as this information is
available in Q8T ! and in the Handbook.? The
crystal may be in the 6-Mec. range, oscillating on
approrimately three times the frequency for
which it was ground, or it cun be an 18-Mec.
eryvstal, in which case the frequency of oscillation
will be that marked on the holder. The 6-Me.
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TABLE I

C'rystal Frequencies (in Me.) for the Nowice-
Technician Transmitter

Operaling Frequency Fundamental Crystal® OQuertone Crystad

6.0 18.0

145.0 6.042 18.125
147.0 ©.125 18.375
148.0 6.166 18.50
220.0 6.112 18.334
225.0 6.250 18.750
Both bands with 6.112 to 18.334 to
same crystal 6.125 18.376

* When fundamental-type crystals are used for overtone
service, the resultant frequency may not be an exact mul-
tiple of the value marked on the holder. Crystals multiplying
out close to band edges should not be used uutil the fre-
quency of oscillation is checked accurately and found to be
inside the band.

crystals are plentiful and inexpensive, but ad-
justment for third-overtone oscillation may be a
bit critical. The 18-Me. cuts cost a little more,
and may have to be supplied on order, but they
are especially designed for this type of operation,
and are extremely easy to use. Any of the better-
known crystal manufacturers can supply them,
but they may not be on your dealer’s shelves.

Output of the oscillator is capacity coupled,
through Cs, to the grid of the other half of the
12AU7. This stage doubles the frequency to 36
Me., if we are to work on the 144-Me. band. If
220 Me. is the aim, the stage is made to triple to
about 55 Me. Tuning to cither of these frequen-
cies is accomplished by making Cs large cnough to
cover this range with a single coil. It hits 55 Me.
near its minimum setting," and 35 Me. at ubout
two-thirds in.

The frequency is doubled again in the plate
circuit of the 5763, to 72 Me. for 144-Mec. opera~-
tion, or 110 Me. for the higher band. A large con-
denser could be used at C3, to permit covering
these two frequencies with a single coil, but we
need all the drive to the final stage we can get.
Efficiency falls off rapidly as the plate tank capa~
citance is increasced, so we usc coils as large and
tank capacitance as low as practicable, for both
bands.

Balanced tank circuits are used in the last two
stages. The split-stator or butterfly-type tuning
condensers, C3 and C4, have their rotors grounded,

and plate voltage is fed into the center of the
coils. In the plate of the first 5763 this type of
circuit provides drive to both final grids, with
capacity coupling, and in the final stage it makes
for a wore efficient tank circuit than would be
possible at these frequencies with single-ended
circuitry. The trimmers (s and Cs balance up
the tank circuits, making up for the plate-to-
ground capacitance that appeurs ucross the other
side of these center-fed coils. In the model shown
they are adjusted from below the chassis, but
they could be mounted the other side up and ad-
justed from above, if access holes were drilled at
the proper points.

The push-push doubler circuit used in the
final stage has certain advantages, particularly
for the beginner. It is relatively easy to drive,
and its efficicney is wearly as good as that of a
straight-through amplifier. But its most im-
portant attribute, for our purposes, is that the
need for neutralization, always a tricky process
at these frequencies, is eliminated. You can build
a final amplifier that will be somewhat more ef-
ficient than this one, but you arc not likely to
find one that is more sure-fire or casier to adjust.

Why all the pins on the power fitting, J1?
This allows metering of all nceessary circuits
for un accurate tune-up process without using
jacks or meter switches. If one is well supplied
with meters he can leave as many as he likes per-
manently connected, and thus observe the opera-
tion of several circuits simultancously. If one
meter is used the circuits can be checked one at
a time, after which a jumper is connected be-
tween the proper terminals of the power cuble
socket, P1, and the meter moved on to the next
stage. If the rig is wired as in Fig. 1, metering of
the plate current in the oscillator and multiplier,
the combined plate and screen current in the other
stages, and the grid current in the final can be
handled in this way.

Construction

Marking and drilling of the chassis is easier
and neater if the wrapping paper is left on. The
parts can then be spread out on the chassis ex-
perimentally to check the-layout. Then draw the
layout on the paper, marking hole sizes so that
there will be no mistakes in drilling. Check the

¢

Bottom view of the
Novice-Technician

v.h.f. transmitter.

Coils in position are
those for operation on
145 Me.

QST for



hole positions for the sockets to be sure that the
pins are going to be in position to make r.f. leads
as short as possible. The 12AU7 and first 5763
sockets are mounted in similar positions, with Pin
1 at the upper right as secu in the bottom view.
The two sockets for the final tubes are mounted
with their center lines at a45-degree angle with
the center line of the chassis. They mount so
that the No. 1 pins are toward the center line of
the chassis, so they can be connected together
with a very short lead. When the drawing on the
paper is completed and checked, center-punch
through the paper for all holes and proceed with

drilling.
MOD.
" gh Pin8 on Py
T
+300V. Separate 300V.
supply if used
Modulator and fmal
on same supply
Fig. 2-— Method of connecting modulator to the

v.h.f. transmitter. If separate power supplies are used on
modulator and final stages, conncct as shown with solid
lines. The dotted line shows connections for using same
supply for both.

Wiring the transmitter is very simple. Except
for power leads, most of the connections are made
with the leads that are purt of the resistors and
condensers themselves. 1t is important to see that
leads in the last two stages are kept as short as
possible, Use of tie points where nceded for sup-
port makes a neat-looking job and facilitates
servicing. They may be scen in the bottom view,
serving as supports for the junctions of Ry, 3,
Rs and Ry, and their respective power leads. A
single-lug plate is used for 221, and a two-lug plate
for the other connections.

Use of shielded wire for power leads, nearly
standard practice as a TVI prevention measure
in equipment for lower frequencies, is a good
habit to acquire. With u.h.f. TV stations coming
up, prevention of harmonic radiation is going to
be important for the v.h.f. man before long, and
shielding of power wiring is the first step in this
direction. To use shiclded wire easily, cut the
braid back a half inch or so, wrap the loose metal
ends around the insulation, and run a little solder
over the wrap. Where scveral shielded wires run
parallel they may be soldered together, making a
wiring job that will stay neatly in place indefi-
nitely.

Adjustment and Operation

For testing we need a power supply capable of
delivering 300 volts at 200 ma,, but the initial
adjustments can be made at 200 volts or less. The
lower voltage is desirable as a protection against
tube damage, in case operating troubles are en-
countered. A filament transformer giving 6.3
volts a.c. at 2.6 amperes or more is also needed.
This can be built into the transmitter if desired,
or it can be part of the power supply.
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We check the operation of the oscillator first,
with the rest of the tubes in their sockets, but
no plate voltage on them. Connect the test sup-
ply to Pin 2 of the power cable plug, P;, and a
milliammeter (50 or 100 ma.) between Pin 3 and
Pin 2 tompomx ily to measure the oscillator plate
currént, - ¢

Apply plate voltage and turn Cy from maxi-
mum toward minimum while watching the
meter, Somewhere neur the middle of the tuning
range there should be a sharp dip in plate current,
indicating oscillation. The current will rise gradu-
ally as the condenser is opened, und then it will
swing up to the original value as oscillation stops.
Best operation will be just on the low-capacity
side of the point where oscillation started. We
should now listen to the note to be sure that os-
cillation is crystal-controlled. This can be checked
on about 18 or 36 Mec., if a receiver is available
that covers these ranges, or it can be done on
either 144 or 220 Mec.

Listening to the oscillator on about 18 Me.
there should be only a very slight change in
frequency as (' is tuned; probably not more
than the audio range. If there is a continuous
and large change as ('y is adjusted, the stage
is oscillating by itself and not under control of
the crystal. The indicated frequency change
on 144 or 220 Mc. will, of course, be considerably
more than on 18 Mec. but the difference between
crystal-controlled and self-oscillation will not be
hard to observe. The former will produce a pure
note, whereas the latter will result in a rough
sound, the frequency of which will jump markedly
if a metal object is placed near the oscillator coil.
Frequency change with vibration is another sign
of self-oscillation.

Oscillation other than crystal-controlled indi-
cates that there is too much feed-back. The
remedy is to remove one turn at a time from the
feed-back winding, Ls, until only crystal oscilla-
tion remains. If there is no oscillation it is usually
because of insufficient feed-back, or it might be
the result of a defective crystal. Much less feed-
back is required with 18-Me. crystals, and as
noted under Fig. 1 the feed-back winding can be
reduced to three turns if only this type of crystal
is to be used. Feed-back can be controlled by
separating Li and Ly mechanically and ad-
justing the position of e with respect to Lj, but
it, is preferable to leave them as one unit if pos-
sible, in the interest of mechanical stability.

We can now connect a jumper between Pins 3
and 2 in the plug, P, und connect our meter
betwcen Pins 4 and 2, to check the multiplier
portion of the 12AU7. Turn (3 and watch the
meter for a dip, as before. Near the middle
of the range of (3 there should be a pronounced
dip, indicating the second harmonic of the os-
cillator frequency, and near minimum capacitance
there should be a lesser dip for the third har-
monie. If this cannot be found, but the one at
36 Mec. shows up well, the coil L3 is too large.
Cut the end turn of L3 away from the polystyrene
strips that hold it in place, and bend it away from

(Continued on page 126)
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N.F.M. EXPANDED

Effective March 1st FCC has finalized its pro-
posal, originating with ARRL, to upen for nar-
row-band frequency or phase modulation the
entire voice bands 3800-4000 ke. and 14,200-
14,300 ke. N.f.m. can now be used on any ama-
teur band where A3 is permitted, except in
1800-2000 ke. where considerations of loran oper-
ation block the n.f.m. privilege.

RENEWALS 'WAY BEHIND

In recent months FCC’s overloaded amateur
licensing unit has been giving preference to is-
suance of new tickets and letting applications for
modifications and renewals pile up. As reported
last month, a relaxation of the modification re-
quirements is expected to reduce the load from
that source. And as concerns renewals, as also
previously reported, the Clommission has indi-
cated that if an amateur applies for renewul be-
fore expiration date (and so uotes the date of
application in his logbook or other record) he
may continue operation until he hears from FCC
even though it is past the cxpiration date of his
license. This concerns renewals only; not com-
bined applications for modifications, change of
privileges, ete. So if you applied for renewal even
ud long ago as last December (but before expira-
tion of your ticket) don’t be alarmed if you
haven’t had word from FCC as to its action; the
staff is some months behind. Go ahead and oper-
ate. You'll be hearing from FCC eventually.

GRANDFATHER CLAUSE

As February QST was going to press we were
able to include, on the basis of telephoned in-
formation, a brief announcement of the (‘om-
mission’s action in waiving the examination for
Extra ('lass license for persons who were ham-
ming before May, 1917. As a matter of general

interest, we publish below the text of FCC’s an-
nouncement:

At a session of the Federal Communications Commission
held in its offices in Washington, ). C., on the 27th day of
December, 1951;

The Commission having under consideration the Notice
of Proposed Rule Making in the above-entitled matter in
which it was proposed to amend Part 12, *“ Rules Govern-
ing Amateur Radio Service'' to provide that the Amateur
Extra Class of license may be issued to any person who
iqualifies for or currently holds a valid amateur operator
license of the General or Advanced Class and who can show
that he held a valid amateur operator or station license
issued by any agency of the Unit<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>