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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 all 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.

Secondary List
N Application Primary Impedance Impedance Price
A-10 Low impedance mike, pickup, 50, 125/150, 200/250, 50 ohms $16.00
 grid_____333, 500/600 ohms .
nce mike, pickup, 50, 200, 500 50,000 ohms 18.00
or line to 1 or 2 grids (multiple alloy shields for low hum pickup) "
A1 w Impedance mike, pickup, 50, 125/150, 200/250, 80,000 ohms overall,
or multiple line to grids 333, 500/600 ohms in two sections
A-14 Dynamic microphone to one 30 ohms 50,000 ohms overall,
or two grids in_two sections
A-20 Mixing, mike, pickup, or mul- 50, 125/150, 200/250, 50, 125/150, 200/250,
tiole line to_line 333, 500/600 ohms 333, 500/600 ohms 16.00
A-21  mixing, low Impedance mike, 50, 200/250. 500/600 50, 200/250, 500/600 18.00
pickup, or line to line (muitiple alloy shields for low hum pickup)
A-16_Single plate to single grid 15.000 ohms 0,000 ohms. ratio _15.00
A-17 Single plate te single grid  As above As above
8 MA unbalanced D.C.
A-18 Single plate to two grids. 15,000 ohms 30,000 ohms overall,
Solit primary - 2.3:1 turn ratio
A-19  Single plate to two grids 8 15,000 ohms 80,000 ohms overall,
MA unbalanced D.C. 2.3:1 turn ratio c
A-24  Single plate to muitiple line 15,000 chms 50, 125/150, 200/250, TYPE A CASE
333, 500/600 chms 16.00 1%” x 12" x 2” high
A-25 Single plate to multiple line 15,000 ohms 50, 125/150, 200/250,
3 M d D.C. 333. 500/600 ohms _____17.00
Push pull low level plates to 50, 125/150. 200/250,
multiple_fine ! lat 333, 500/600 ohms ___ _16.00
Crystal microphone to mul- 50, 1257150, 200/250,
tiole line 333, 500/600 ohms ___ 16.00
Audio choke. 250 henrvs @ 5 MA 6000 chms D.C..65 henrvs @ 10 MA 1500 ohms D.C. _12.00
Filter choke 60 henrys @ 15 MA 2000 chms D.C., 15 henrys @ 30 MA 500 ohms D.C. 1000

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 7" 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 level 0 DB.

List

Application Pri. Imp. Sec. Imp, Price

Mike, pickup or line to 50, 200/250 5 $14.00
1 grid 500/600

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

7.5/30 13.00

p It 15,000 00 11.00

Plate to grid, D.C. in Pri. 15,000 0,000 11.00

0-6 _ Single plate to 2 grids 15,000 13.00

0-7 Plate to 2 grids, 15,000 13.00
D.C. In_Pri.

nggER 0-8__Single plate to line 15,060 50, 200/250, 500/600 _14.00

Plate to line, D.C. In Prl. 15.000 50, 200/250, 500/600 14.00

0-10 Push pull plates to line 30,000 ohms 50, 200/250, 500/600 L4.00
plate to plate

Crystal_mike to_line 50.000 50, 2007250, 500/600 14.00
0-12_Mixing_and_matching 50, 2007250 50, 200/250, 3007600 _13.00
Reactor, 300 Hys.—no D.C.: 50 Hys.—3 MA. D.C., 6000 chms 10.00

50:1 mike or line to grid 200 %2 megohm 14.00
0-15__10:1 single plate to grid 15.000 1 megohm 14.00

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




@ Save space...
¢ Increase rectifier life. . .
¢ Get top dollar value!

€0 G-E GERMANIUM DIODES

% made by the wotld’s
\Jargest producer!
rgst ool

THINK OF THE SPACE SAVED when you use diode
rectifiers approximately 2" long, '4" diameter!
Think of that worry-free feeling that comes
from knowing these tiny marvels can give you
10,000 hours and more of reliable service!

DIODES ARE SELF-HEALING when temporary over-
voltage occurs. They stand up under shock and
vibration. They have no filaments to heat, so
power drain is less. You get no filament hum!

YOUR G-E TUBE DISTRIBUTOR is your best source
for germanium diodes, for General Electric
makes and markets more diodes than any other
manufacturer. Huge G-E production by the most
modern methods assures dependable perform-
ance—packs extra value into thrifty G-E. prices.

CHECK THE LIST BELOW for popular G-E types.
There are many more available. Then see your
distributor for further information, including
descriptive diode Bulletin ECG-3B. Or write
Tube Department, General Electric Company,
Schenectady 5, New York.

TYPE INVERSE VOLTAGE RECTIFIED CURRENT (IN MA) -
RTMA  G-E UsE PEAK  SmiRATIONS || oPERATING  PEAK SURGE,  MAX MWV,
IN48 G5 General 85 70 50 150 400 .833
IN52 G5D General 85 70 50 150 400 15
1N63 GSE General 125 100 50 150 400 .05
1N64 GSF *Video Det. 20 — — — — .25 at—13 v
1N65 G5G General 85 70 50 150 400 .20
1N69 G5K General 75 60 40 125 400 .85
-IN70 GS5L General 125 100 30 90 350 .30
IN72 G7 *¥U-h-f 2 — 25 75 — —
1N81 G5P General 50 40 30 90 350 .01 at—10 v
another G-E *first’—Diffused-junction Ger ium Rectifiers ! Hermetically sealed
0 against humidity and dust . . . extremely small and compact . . . with high
put ratings, low leakage loss. Your G-E tube distributor has them!
IN91 4JA1A1 General 100 30 150 470 25 amp e «
IN92 4JA1A2 General 200 65 100 310 25 amp o
1N93 4JA1A3 General 300 100 75 230 25 amp —
1IN94 4JA2A4 Line volt. rect'r 400 185 ) 500 1570 25 amp —
*Tested at 44 mc for rectifying efficiency. **Tested at 500 me as a low-noise mixer.
GENERAL ELECTRIC
166-184
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Your Collins distributor has a kit that will
enable you to convert your 75A-2 into a 75A-2A
- the equivalent of our new 75A-3!! Or, if you
prefer, your distributor will make arrangements
for you to return your receiver to Collins. We
will make minor repairs and completely realign
your 75A-2 in addition to converting it into a
75A-2A.

The type number “75A-2A” indicates that the
receiver was once a 75A-2 but has been converted
and is now the same as the new 75A-3 — includ-
ing mechanical filter!

Whether your 75A-2 is brand new or several

years old, it can share honors with the 75A-3 as

the world's most advanced ham receiver.
Conversion kit, complete with a 3 kc plug-in

mechanical filter and instructions

Net domestic price . . . . . . . $100.00
Factory modification, including minor repairs,

complete realignment, and installation of a me-

chanical filter conversion kit complete with a

3 ke filter

Net domestic price . . . . . . $125.00

Type F455B-08 - 800 qde mechanical filter
plug-in unit

Net domestic price . +« « + « « o« $ 75.00

COLLINS EQUIPMENT IS A GOOD BUY — FOR THE PRESENT AND

FOR THE FUTURE. SEE YOUR COLLINS DISTRIBUTOR TODAY.

For the best in amateur radio, it's . . .

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 W. 42nd St., NEW YORK 36

1930 Hi-Line Drive, DALLAS 2

2700 W. Olive Ave., BURBANK
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QRK ?*

ALWAYS TOPS WITH A hallitrafiers

You'll have the best QRK 100 watts
can give with Hallicrafters HT20
transmitter—and you'll /isten to more
and hear it better on a Hallicrafters
receiver. You be the judge—you hear
the difference!

It's value like this—and more of it

dollar-for-dollar in every price class—
that has made Hallicrafters equipment
the unchallenged first choice of the
world’s most critical expert, the Amer-

A Ham’s Dream! Model SX71—Com. }
Revr. especially designed for top ham
performance. Double conversion, built-

in NBFM limiter stage. 538 kc to 35 Mc,
46-56 Mc in 5 bands. Temp. Comp., volt-
age reg. 1 r-f, 2 conversion, w i-f stages.
Xtal. filter, w-pos. selectivity, 1815” x
874” x 12” deep. Ship. wt. 51 lbs. 115V,
A.C. 11 tubes teg. tact. $224.50

ican amateur operator for 19 years.
Hallicrafters equipment is designed
specifically for the ham operator—
planned to meet his problems—
planned to fit his pocketbook. The
measure of Hallicrafters success is in
the reputation this group of experts
extends to this equipment. And that
reputation is unchallenged in the field.
You can bear the answer every night
of the year on the air— just listen!

‘ Top Selectivity —Low Price! Model 576
—Dual Conversion Super with 50 kc am-
plifier for tops in selectivity, 500 C.BS. at
6 db down— 3.5 ke at 60 db down. Giant
4-in. "S” meter. 540-1580 kc, 1.72-32
Mc in 4 bands. 1 r-f, 2 conversion, 2 i-f
stages. 5 pos. selectivity. Phono input jack.
3 watt output. $179.50




[

TVi Suppressed 100 Watter—Model HT20
Here's the transmitter you've been waiting
for! Continuous coverage from 1.7 Mc to
30 Mc. Full band switching, no more plug-
in coils; choice of 10 crystals. Shielded, fil-
tered r-f compartments plus low-pass 52
ohm co-axial line output filter assures at
least 90 db suppression of all harmonics
above 40 Mc. Only $449.50

QRK—international “Q"* Signal for—
“What is my readability? "

‘ Model $-40B—Covers Broadcast Band
540-1700 kc and three short-wave bands.
1.7-43 Mc. One r-f, two i-f stages. Electri-
cal bandspread tuning. Switches for auto-
matic- noise limiter, code reception and
three-position tone control. Code pitch
control. Built-in PM speaker. 115 V, A.C.
Only $119.95

< Matched Speaker, Model R46 —The perfect
speaker for SW. Includes transformer of

500/600-ohm input. Voice coil impedance
3.2 ohms. 10” cone. Black finish. 15” x 1074”

x 1074"” deep. Only $19.95

craﬂers

Chicago 24, lllinois

World’s Leading Exclusive Manufacturer of Communications,

High-Fidelity, Precision Radio and Television



Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially I.eague members, are invited to report station activities on the tirst of each
month (for preceding month) direct to the SCM, the administrative ARRL official elected by members in each Section.
Radio Club reports are also desired by SCMs for inclusion in QST. All ARRL Field Organization appointments are
now available to League members. These include ORS, OES, OPS, OU and OBS. Also, where vacancies exist SCMs desire
applications for SEC, EC, RM, aud PAM. In addmnn to station and leadership appointments for Members, all amateurs

in the United States and Canada are invited to join the Amateur Radio Emergency Corps (ask for Form 7).

ATLANTIC DIVISION ___

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

I<astern Pennsylvania WIBXE John H. DuBois 2219 Rhawn St, Philadelphia 15
Maryland-Delaware-D, C. W3IEQK Arthur W. Plummer 4804 Rexmere Road Baltimore 18, Md.
Southern New Jersey 2UICV Lloyd L. Gainey Hoffman Ave. & Marlton Pike Merchantville
Western New York wasjv tdward Grai %1 King St. 'l onawunda
Western Pennsylvania WJ3INCD R, M. Hec RED 1 Sharpsville
—— _ 'ENTRAL DIVISION S
1linois WIOKQOL H. 135 S, Sth St. springficld
Indiana WIDGA Clifford (, Mc(:uvor 1%21 South Governor St. Evansville 13
Wisconsin WIRQM Reno W Goetsch 929 S, 7th Ave. Wausau
— KOTA DIVISION
North Dakota WOVKLE JORY ereu l:, Hill 1527 FKifth Ave., Fargo
South Dakota WORRN J. W, Sikorski 1900 South Menlo Avc ~ioux Kalls
Minnesota WAMXC Charles M. Bov 161135 E. Lake St. NMinneapolis 7
_ DELTA DIVISION
Arkansas WSLUX Ered Ward 520 South Maple St. Harrison
Louisiana WSGHF Robert E. Barr Box 446 Springhill
MISSISSIDDI WSJHS Norman B. Fechan 12, O. Box 491 Crultport
‘I'ennessee WACXY/WLG Mark M. Bowvlle 1U9 Dixie Lane Oak Ridge
GREAT LAKES DIVISION.
Kentucky WATUT Ivan C. Kelly 415 E. Mt. Vernon St. Somerset
chhigan WBHKT Fahian T. McAlhster RED 1, Box Bridgman
Ohio WBAJW John k. Sirin; 2972 (,lague Rd. Cieveland 16
- I HUDSO DIVISION — -
hastcrn New York waiy, I Stephen J. Neason 794 River St. t'roy .
& Long Island W20 George V. Looke 88-31 239th St. Hellerose 26, L. L.
Norlhcrn New Jersey \\’2\’01{ Lloyd H. 410 % Fifth Ave. Asbury Park
MIDWEST DIVISIO .
lowa Warp William G. Davis Srd Mitchellville
Kansas WaICV Earl N._Johnston 624 Rooscvelt Topeka
Missouri WAGB, ( “larence i.. Arundale 1048 South Jcrferqon Ave, Springtield 4
Ncbraska WOCB Flovd B. Campbell 203 W, 8th North Platte
P - NEW NGLAND DIVIS ON "
Connecticut WI1HYF Roger C, Amundsen Ridgefield
Maine WIPTI, (restes R, Brackett Goodnch St. Bingham
Kastern Massachusetts WIALDP Frank L. Baker, jr. 91 Atlantic St. North Quincy 71
Western Massuchusctts W1lYH Roger E. Corey 07 West Allen Ridge Road springfeld
New Hampshire WIGMH Carroll A. (,urner 426 Belmont St. anchester
Rhode Island W1JBB Merrill D. Kandall 27 Annandale Road Newport
Vermont WI1FPs Raymond N. 2 Marlboro Ave, Brattleboro
NORTH WES'I ERN DIVISION —
Alaska KLINT Glen Jerferson 038—ird Ave. Anchorage
Idaho TIW Alan Ross 2105 Irene St Boise
Montana WI7KG] FEdward G. Brown 421 Yellowstone Ave, Billings
Oregon W7BL! john M. Carroll F.O. Box 70 P'endleton
\Washington wicz .aurence Sebring Koute 2, Box 384 lsverett
PACIFIC DIVISION
Hawaii KHoRU John R. Sanders c/o Mackay Radio & Telegraph Honolulu
Inc. Box 2993
Nevada w1Jg Ray . Warner 539 B\rch St. Boulder City
Santa Clara Valley W6lLZL Roy I. Oouzm 16615 Englewood Ave. L.os Gatos
kast Bay woJZ Ray H, Cornell 909 Clurtis St, Altany ¢
San Francisco WO6ATO R. F. Czeikowitz Mi Colon Ave. san branmsco 12
Sacramento Valley*® WoCKV \\’xllxe van de Kamp FD 1, Box 492A
San Joaquin Valley WokFYM E., Howard Hale /41 E. Main St. Iurlock
—. R OANOKE DIVISION .
North Carolina W4DILX J. C. Geaslen 1832 l.ogie Ave. harlotte
South Carolina WAANK T. Hunter Wood 1702 North Rhett Ave. North Charleston
Virginia WA4FF . ,rigar l.mdauer Route 1, Box 431 Annandale
\West Virginia W8MCR John T, Stee Decota
ROCKY' MOUNTAIN DIVISION
Colorado* WOCDX Karl Brueggeman 1945 Kearny St. Denver
¥Itah WiUTM Hoyd L. Hinshaw 165 Last 4th North Bountiful
Wyoming W7JDB . Daily 205[ ewis I.aramie
e - bOU THEASTERN DIVISIO)
Alabama W4GIW Dr. Arthur W. Woods 411 Wondward Bldg. Birmingham
Kastern Florida W4FWZ John W. Hollister !800 Springficld Blvd. Jacksonville
\Vcs(crn Florida W4MS Fdward J. Collins 100: Blount St. ensacola
Guorgi W4zZD ames P. Born, jr. 25 First Ave,, N.E. Atlanta
West Indles (Cuba-P.R.-V.L) hI'4DJ Villiam Werner 563 Ramon Llovet Urb. Truman,
Rio bledras. P. R.
Canal Zone KZ5NM/W40QBS Nelson W. 373 Margarita, C. Z,
P \OUTHWFS’I ERN DIVISION -
l.os Angeles* WoYV] tioward C. Bellman 974 Mayo St. 1.08 Angeles 42
Anzona W7LVR Albert Steinhrecher Maple Koad, RFD S, Box 237 ‘Lucson
San [)iego WOFJH Kdgar M. Ca.meron ir. 1450 So. Escondido Bivd. Escondido
“anta Barbara W6IOX Vineent + f 1017 Indio Muerto St, Santa Barbara
WES JLF DIVIS ON .
Northern lexas WSGF William J. (,em.r 1509 Avenue () I ubbock
©)klahoma WSGVY Jesse M. I,.an;uord 2005 W. Oklahoma Ct. £nid
Southern ‘I'exas WSFIF Dr. Charles Fermaglich 6!8 Mcdlcal Arts Bldg. Houston 2
New Mexico* WSBIW Dick Matthias P . Box 5438 state College
. MARITIME DIVISIO
Maritime VELIDQ A. M. Crowell 09 l)ublm St. Halifax, N. S.
ONTARIO DIVISIO N .. P -
wntario ViE3IA 5. Eric Farqu 16 t.merald Crescent Burlington, Ont.
— ()III-.BFC DIVISION - - ..
Quebec VE2GL Gordon A, Lynn R.R.No.'1 Ste. Genevieve de
Picrrefonds, P. Q.
VANALTA DIVISION________ .
"~ Alber VEoOM J Sydney ‘I'. lones 10706-57th Ave. lkdmonton, Alta.
er\h Columbia \'h? Wilf Moorhouse %08 \’irtoria Rd. Nanaimo, B. C
Yukon e— mm——
e !’RAIRIE DI’VISION
Manitoba* VE4LC I.conard E. C 286 Rutland St St. James
Saskatchewan VESHR Harold R. Horn 1044 King St. Saskatoon
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PETERSEN RADIO COMPANY, INC.
2800 W. BROADWAY « COUNCIL BLUFFS, IOWA

EXPORT SALES ONLY: Royal National Company, Inc., 75 West Street, New York 6, N. Y., U. S. A.
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™E AMERICAN
RADIO RELAY

LEAGUE, uwc,

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 Board
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 ehglble to 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 to
licensed amateurs.

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

Past Presidents
HIRAM PERCY MAXIM, WIAW, 1914-1936
EUGENE C. WOODRUFF, W8CMP, 1936~1940
GEORGE W. BAILEY, W2KH, 1940~1952

)
-4 >
0

Officers
President . « « « « « . . . GOODWIN L. DOSLAND, W@TSN
Moorhead, Minn,
First Vice-President . . . . . WAYLAND M. GROVES, W5NW
P.O. Box 586, Odessa, Texas

Vice-President . . . . . . . . . FRANCIS E. HANDY, W1BDI
38 La Salle Road, West Hartford, Connecticut

Secretary « . . . « « A. L. BUDLONG, WI1BUD
38 La Salle Road West Hartford, Connecticut
Treasurer . . « . . . DAVID H. HOUGHTON

38 La Sclle Road West Hartford, Connecticut

General Counsel + . . . . . . v« « + « PAUL M, SEGAL
816 Connecticut Ave., Wushmgton 6, D.C.

Technical Director . . . . . . . GEORGE GRAMMER, WI1DF
38 La Salle Road, West Hartford, Connecticut

Technical Consultant . . . . . . . PHILIP S, RAND, W1DBM
Route 58, Redding Ridge, Conn.

Assistant Secretaries:

JOHN HUNTOON, WI1LVQ JOHN E. CANN, WIRWS
38 La Salle Road, West Hartford, Connecticut

DIRECTORS
Canada
ALEX REID. . ..... ... ......._...... VE2BE
240 Logan Ave., St. Lambert, P. Q.
Vice-Director: Willlam W, Butchart...... VE6LQ
10740 107 8t.. Edmonton, Alta.
Atlantic Division
ALFRED (‘: HECK.............0c000 W3GEG
516 Cedar Ave., Sharnn, Pa.
Vice-Director: Charles O, Badgett. .. . ... W3LVF
725 Garden Road. ulenslde Pa.

Central Division

WESLEY FE. MARRINER............ \W9AND
%44 N. Galena Ave., Dixon
Vice-trector: Harry M. Matthews .

Box 1195, Springtield, I

Dakota Division

..WouUQT

ALI"RED M. GOWAN............... W@PHR
5 S. Menlo Ave.. Bloux falls, 8. D.
Vlce-hirector
Delta Division
JAMFS W. WATKINS.......... . ... W4FL8
220 N. Howell Ave., Chattanooga, Tenn
Tdce-Litrector: George 8. Acton. . ....... WS5BMM

Plain Dealing, La.

Greut Lakes Division

JOHN M. BRABB.................... W8SPIr
417 Ford Bldg Detroit 26, Mich.

I’lco-l)trecmr flarold E. Stricker, . ....... \W8wW2z
247 W, 5th St,, Marysville, Ohio
H, udson vaxsmn
GEORGE V. COOKE, JR.. ... .....0.0 W20BU
SK-41239 st.. Ueuerme 16 N.Y.
Hco—l)(nczor ‘Thomas J. Ryan, jr. ...... W2NKD
1082 Anna Bt., l-llmb«.th«i N.J.
Midwest Division
............. WPOZN

WILLIAM J. SCHMIDT
306 8, Vassar, Wichita, Kansas

Vce-Director: James 15, McKim........ WHMVG
1404 8. Tenth, sallna, Kansagr

New L'n gland Division

PERCY C. NOBLE. . ................ WIBVR
37 Broad bt Westtleld, Mass,
V(ce-mrectar Irank L. Baker,jr......... WIALP

1 Atlantie 8t., North Qulncy 71, Mass.

Northwestern Division

R. REX ROBERTS. ................. W7CPY
8437 Park Hill Drive, Billings, Mont.
Vice-Director: Karl W, Weingarten, .. .. ... W7BG
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“It Seems t0Us..”

CONELRAD FOR AMATEURS

One of the problems of a nation tightening
its defenses is radio security, which among
other things includes insurance against the use
of domestic radio stations as “homing” ob-
jectives to aid the navigation of enemy air-
craft. Such stations are beacon lights pointing
the way to the hearts of our industrial cities.
A way must be found to extinguish these
“lights,” or otherwise render them useless, in
time of emergency.

The Communications Act of 1934, as
amended, provides the President (in time of
declared national emergency, as now) with
broad authority to control or even close radio
stations. By an Executive Order in December,
1951, the President delegated much of this
power to the Federal Communications Com-
mission, along with instructions to set up »
security system for all civilian radio services.
The term “Conelrad” was derived from the
phrase, ‘“control of electromagnetic radia-
tions.”” Broadcast stations were the first on
the list, and it has taken these many months
to set up the measures now being put into
effect. Briefly, in the event of an aircraft
warning, all fm. and TV stations would go
off the air, and all a.m. stations would either do
likewise or shift to one of two spot frequencies,
640 or 1240 ke., and operate in what is known
as cluster pa.tterns with precautions designed
to thoroughly confuse any direction-finding
equipment.

In their own way, amateur stations might be
beacons, too. For that reason some reasonable
procedure is needed to provide suitable warn-
ing for amateurs so_that they may leave the
air in the event of impending enemy attack.
8o, early in February another step in the im-
plementatlon plan was taken with the holding,
by FCC, of an informal engmeermg conference
in Washmgton to discuss a Conelrad system
for the amateur service. The discussion on this
and related subjects occupied a full day, at the
end of which it appeared a common viewpoint
that such a warning procedure could best
make use of the established system for broad-
casters. One form it might take would be that
before an amateur went on the air, he would
check the local b.c. band. If stations were

operating normally, he would be free to pro-
ceed. But if the usual local stations were off
the air, or were observed to go off the air while
ham opemtmg was in progress, and all local
b.c. carriers on 640 or 1240 ke., he would be
alerted to stay off, or go off the air at the time
the general Clonelrad condition went in effect.
A continuous check would be the obvious aim.
Monitoring the broadcast band aurally is the
simplest gystem, but there are more practical
ones and several technical approaches suggest
themselves. For example, an amateur might
build himself an automatic device by tying a
relay-operated indicator into the a.v.c. line of
an a.c.-d.c. set, to show whether a local b.c.
station were on the air. (adgets of this nature
have appeared in radio magazines off and on
for a number of months now, and QST will
undoubtedly carry similar data tailored to
ham needs when the rules are made final and
the actual requirements known.

It is expected that the Commission will now
move toward issuing proposed rule-making for
amendment of our regulations to require ob-
servance, and therefore we shall then have the
opportunity to file comment if desirable. It is,
at presenf at least, contemplated that FCC
rules would not require any specific equip-
ment or systems, but simply obligate the
amateur to have some means of knowing of
attack warnings or alerts when issued.

We should here underscore that what we
have been talking about is a procedure strictly
for the amateur service in the present condi-
tion of national emergency. Participants oper-
ating in the Radio Amateur Civil Emergency
Service are subject to control by their radio
officers, who separately will establish such
silencing procedures as are found necessary
for security.

No one, FCC included, looks forward with
any eagerness to the obligation which will be
imposed on amateurs’ operations. It is simply
4 necessary evil required for our common in-
terest by the complexities of the world situa-
tion. We know that amateurs will tackle this
new job with full understanding that it is in
the public interest and that, as always, the
thoroughness with which we do the job will
further reflect credit upon the amateur service.



OUR COVER

Novice and old-timer alike will find much
appeal in this completely-contained low-power
crystal-controlled transmitter built by WI1JEQ.
Vern makes usc of one of the new 6BL7 dual
triodes developed for TV sweep circuits, resulting
in a compact two-stage rig. Full constructional
details appear in this issue starting on page 35.

- Strays %

What is belicved to be the first transistor-to-
transistor communication by amateurs was held
on February 13, 1953. The contact was between
W2JEP and W2YTH at a distance of half a mile.

Two single-stage transistor transmitters were
operated c.w. on 40 meters with a power input of
60 milliwatts. The signal reports werc R5 and
S8/9 and would probably have been readable
much farther. The oscillator at W2YTH was
crystal-stabilized and showed better frequency
gtability than the one used by W2JEP which
had no crystal.

We believe that this contact is a “first” in
amateur communications on any band and if this
is disproved we limit the claim to the 40-meter
band. Are there any challengcrs?

~ W2JEP and W2V TH

WIFWH was disturbed by an implication
contained in the description of Wo6WZD's “Tree-
Top Beam” on page 46 of February QST. Walt
assures us that anyone the leust bit familiar with
tree-ology knows that the array can’t possibly
“grow higher day by day.” The tree will merely
grow up around it!

— 0 ¢

Roy D. Jordan, W2KUD, and Neal F. Har-
mon were recently honored by the presentation
of the Charles A. Coffin Award, highest honor
given by the Gencral Electric Company to its
employes. Mr. Jordan, advertising and sales pro-
motion manager for the GE Commercial and
Government Equipment Department at Syra-
cuse, has had 25 years of continuous service with
the company.

W2KUD is active in civil defense and emer-
gency work, has held OPS, OBS, ORS and EC ap-
pointments, is a member of the Old Timers Club
and was first licensed in 1923.

During a discussion of antennas, A makes the
statement that “Any Twin-Lead feed line will
radiate unless the standing-wave ratio is brought
down to a very low value — something below 1.2
orso.” B takes cxception to this remark, claiming
that the s.w.r. has very little to do with the ra-
diation from a line of this type. Who is right?

{Pleage turn to page 140 for the answer)
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HAMFEST CALENDAR

ARKANSAS — Baturday and Sunday, April 11th and
12th, at the Crescent Hotel, Eureka Springs — a non-profit
hamfest. On the agenda for Saturday are a buffet supper,
hayride, square and round dancing, and a midnight weiner
roast. A banquet will be held at noon on Stinday. The fce of
$§3.75 per person covers the above-listed activities, plus
room and board with the exception of Sunday breakfast.
Write \WWSMED for further information.

KANSAS — Sunduay, April 12th, at the City Building,
Coldwater — the (loldwater Amateur Radio Club will
sponsor its hamfest. Those who attended last year's hamfest
will be pleased to know that another auction will be held.
Registration to be handled at the door. W@DOZ, president
of the club, will answer inquiries.

KANSBAS — Sunday, May 3rd, at the American Legion
Hall, Satanta — the Fourth Annual Hamfest of the Hi
Plains Amateur Radio Club will be held. This will be an
all-day meecting with entertainment for all, including the
XYLs and children. Everyone is requested to bring a cov-
ered dish contribution for the luncheon at noon. For further
information, write to WgGID.

NEW JERSEY — Saturday, April 25th, in the Grand
Ball Room of the Hotel Stacy-Trent, Trenton — the Ninth
Annual Old Timers' Nite Round-up and Banquet will be
held, sponsorcd by the Delaware Valley Radio Association,
to honor the early living pioncers of wireless and to rem-
inisce on their experiences of yesteryear. Turkey dinner will
be served promptly at 6:30, after which the program will
include personalities prominent in early wireless history.
Bring along your oldest amateur and commercial tickets, as
awards will be made to those holding the earliest dated
licenses. A special award will go to the *(Grand OM '’ whose
radio operating experiences can be traced back to the earli-
cst days of wireless. W2ZI's famous collection of old-time
gear will be un display. Tickets are by reservation only, and
may be obtained prior to April 218t from General Chairman
Ed Raser, W2ZI, 315 Becchwood Ave., T'renton 8, at $5.00
per person. Late comers without tickets will pay $6.00 at the
door. Guests are welcome, regardless of age ur swateur ex-
perience. As in the past, the party will be stag.

NEW YORK — Saturday, April 25th, at the Elks Club,
Rochester — the Rochester Amateur Radio Association will
hold a Western New York Hamfest. The afternoon program
will consist of a number of technical and group sessions, with
exhibits and amusements of various types. Following the
dinner at 6:30 p.M. the evening program will feature
speakers. Special plans have been made for the XYLs, with
several sessions of particular interest to them. Registration
begins at 2:00 p.M., with tickets selling for $3.75.

PENNSYLVANIA — Saturday, April 18th, at the Stock
Yards Inn, Lancaster — the Annual Banquet of the Lun-
caster Radio Transmitting Society. Festivities will begin at
6:30 p.M., and entertainment has been planned for OMs,
YLs and XYLs. Registrations are in advance, $2.50 per
person, and may be obtained through A. C. Jacoby, W30Y,
589 N. Plum St., Lancaster.

WISCONSIN — Baturday, April 18th, at the Youth
Building, Wausau — Annual Hamfest and Banquet of the
Wisconsin Valley Radio Association. Scheduled for the
afternoon is a mceting of the Wisconsin Council of Radio
Clubs delegates at 1 r.M., followed by a Scction meeting of
appointees und net members at 3 p.M. Beginning at 6 p.M.
a well-rounded program has been arranged featuring an
excellent banquet, entertainment and bamfesting galore.
‘Trunsmitters on 3950 and 29,620 ke. will be on the lookout
for incoming mobiles. Please make reservations in advance
to assist with meal plans. Tickets available for $3.00 from
Lawrence Lapinske, WOEWNM, P. O. Box 179, Wausau.

COMING A.R.R.L. CONVENTIONS
June 20th-21st —Rocky Mountain Di-
vision, Estes Park, Colo.

July 10th-12th —National Convention,
Houston, Texas

QST for



Meteor Scatter

A Newly-Discovered M éan.sj for Extended-Range Communication
in the 15- and 20-Meter Bands

BY OSWALD G. VILLARD, JR.,* W6QYT, AND ALLEN M. PETERSON,** W6POH

¢ Although you might not suspect it,
in view of this past winter’s experience,
the 14-Mec. band is never completely
**dead.’”” This article describes a newly-
discovered type of propagation that is
always present, for which the optimum
communication distance is of the order
of 800 miles. It has gone undetected for
many years because it is usually masked
by other forms of propagation and re-
quires first-raie cquipment for its ex-
ploitation —— equipment which, how-
ever, is not at all unusual.

seven or eight hundred miles away after

the 20-meter band has ‘“gone dead” at
night? Thanks to a recent discovery in which
amateurs have played a part, it is now possible
to do this without shifting down to a lower fre-
quency and battling the usual QRM. By taking
advantage of a new type of radio propagation
known as ‘‘meteor scatter,” two stations can
communicate far beyond ground-wave range
all night long and have the band essentially
to themselves.

Furthermore, QSOs can be carried on by this
means all day long too, even though the station
at the other end is well inside the skip zone at
all times. And best of all, here is one type of rea-
sonably long-distance radio transmission which
promiscs not to be subject to fadeouts, iono-
spheric storms, and all the other uncertainties
which plague the regular ionospheric layers.

* Trustce, W6YX; Dept. of Electrical Engincering, Stan-
ford University, Stanford, Calif.

#¥ Radio Propagation Laboratory, Stanford University,
Stanford, Calif.

W’ANT to keep a schedule with someone

Fig. I — Point-to-point
communication by ground
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Schedules using this type of propagation should
be 100 per cent successful.

The catch? Yes, there is one, for new types of
propagation such as this don’t keep themselves
hidden all these years without good reason.
The disadvantage is that at amateur power
levels, it is necessary to be content with a fairly
weak signal, and one which fades fairly rapidly
between very wide limits. The signal is on the
average 0o weak for satisfactory telephony,
but is adequate for e¢.w. It makes occasional brief
dips into the noise, but promptly comes back
again. It will often rise twenty or thirty decibels
above the noise, for as much as five or ten sec-
onds at a time. The astonishing part of the mat-

‘ter is that the signal — at least some signal —

is there substantially all of the time, even when
the band, by every normal criterion, should be
completely dead!

What does one need to take advantage of
this form of transmission? Nothing more than
an efficient station, and some knowledge of
what to expect. Briefly, the explanation of the
signal — at least in the vicinity of 20 meters —
is forward scattering from ionization trails left
behind by the myriads of tiny meteors which
pepper the £ region of the ionosphere at all
times. Hence the maximum range for this form
of transmission is essentially that for normal
one-hop K-layer transmission, or 1500 miles.
For reasons which will be brought out later, a
good transmission distance in practice is about
half this value, or around 800 miles.

In view of the low height of the E region -
roughly 70 miles — the vertical angle of take-off
even for the shorter distance is quite low — of
the order of 5 or 6 degrees. Thus a good site is a
requirement: vne which does not have nearby
mountaios or apartment houses screening off

Direct skywave out~- -
both stations inside each
others skip zone

4 . / / 7o
scattering after layer reflec- Skip zone K ,/«bk/p Zzone
lon et he gren e e ey, O,
path has failed. e L7 e o
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e
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N
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wave going on

¢ from both transmitters Main Southeast
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produces backscatler 40ing on south
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low-angle radiation in the desired direction of
communication. An antenna well up in the air,
a sensitive receiver, and a location reasonably
free of man-made QRN are also important. If
this sounds formidable, remember thut these
are no more than the requirements for reasonably
good DX results. A “full gallon” is not esscntial
-—-two or three hundred watts will do, although
the more the merrier. It follows that many
thousands of operators throughout the country
should be able to take advantage of this new
type of extended-range transmission.

Ground-Scatter Transmission

How does this type differ from those to which
we are already accustomed? The story, briefly,
is as follows. Consider two cities, say New York
and Chicago, spaced roughly &({) miles apart.
{Any other two cities, spaced the same distance.
would do equally well.) Until fairly recently, it
was thought that communication between these
two communities at frequencies below 30 mega-
eycles could only be conducted when the “regu-
lar” layers — F, E and sporadic-K —- were suffi-
ciently ionized to reflect a signal from one city to
another. The distance involved is much too great
for ground- or space-wave communication, and
it is also too great for the extension of ground-
wave range caused by tropospheric bending, even
if that effect were important at the lower fre-
quencies.

Not long ago, however, another mechanism
for getting a signal from New York to Chicago
in the absence of direct reflection from an over-
head layer has come to be understood. This is
the indirect bounce by back-scattering from the
ground. When the skip is so long that Chicago
cannot hear New York directly, both Chicago
and New York may still be able to hear Miami,
Florida. If the New York transmitter uses a
beam directed southward, it will lay down a

£, G. Villard, jr., and A. M. Peterson, * Instantaneous
Prediction of Radio Transmission Paths,”’ QST, Vol. 36,
No. 8, pp. 11-20, March, 1952.
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Visible meteors during a
shower: a two-second exposure
during the great Draconid dis-
play of October, 1946. Lines
drawn through individual me-
teor trails (inside circles) inter-
stct at a common point known
as the shower radiant. Thou-
sands of meteors too small to be
aeen — but producing radio re-
flections — strike the E' region
of the ionosphere at all times.

strong signal all over the state of Florida and the
Atlantic Oceun on one ride, and the Gulf of
Mexico on the other. A small but detectable
part of this signal will be scattered in all direc-
tions by water waves in the Gulf and the At-
lantic, by houses and trees on the land, and so
forth. It the Chicago station also uses a beam di-
rected at Florida, it will be able to pick up scat-
tered components of the signal originating in
New York, and the two stations will be able to
communicate via Florida, as in Fig. 1. The in-
direct signal will be much weaker than a direct
hounce over the great circle path, and will have
a hollow, fluttery sound not unlike that of a
DX station, but it will be well above the noise
level and perfectly readable for both voice and
code. (See description on page 74 of the 1953
ARRL Handbook.)

This type of scattering has been observed
quite regularly by amateurs interested in 50-
megacycle DX, and has been given a variety
of names including ‘“rebound scattering” and
“reflected skip.” The authors, who prefer to call
it “ground scattering’’ since this seems to be the
more descriptive term, have shown some photo-
graphs illustrating it in their article on scatter-
sounding in the March, 1952, QST Those
photographs show scatter echoes received at the
same s8pot, from which the initial signal had been
transmitted; it should be understood, of course,
that ground scatter echoes from a given trans-
mitter can also be heard at other locations inside
the skip zone surrounding that transmitter.
Thus & scatter-sounder in New York would be
heard in Chicago under conditions of Fig. 1.

Meteor Reflections

Now about the only remaining way to get a
signal from New York to Chicago — if we leave
out the possibility of bouncing a signal from one
place to the other via exceptionally strong
auroral ionization to the north — is by means of
reflection from a meteor column formed some-
where in the vicinity of the great-circle path.

QST for



[t has been thought until fecently that these
meteor reflections were always of short duration,
and of no practical value for communication
except perhaps during an exceptionally strong
meteor shower such as the great one of October,
1946. This impression has stemmed from the
fact that most observations of meteors have
been conducted with transmitter and receiver
at one location, which is clearly the most con-
venient experimental arrangement. Under these
conditions relatively isolated reflections, or sig-
nal bursts, are obtained.

Recent advances in understanding the nature
of these reflections, however, have led to some
interesting conclusions.? Tt is now known that
there are in general two types of meteor echoes.
About 10 per cent of the total detected under
ordinary conditions have very long durations
(ten seconds to ten minutes), strong fading fluc-
tuations, and an irregular and unpredictable
“life history.” Their behavior is not vet well
understood. The other 90 per cent of the echoes

t {
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at 14 megacycles, the same echo would last only
one-fourth of a second at 28 megacycles.

Lastly — and  here is the payoff —it hus
been discovered that the duration of a meteor
echo at any giwen frequency, increases . very
rapidly when transmitter and receiver are sepa-
rated by several hundred miles. This increase
factor is proportional to the square of the secant
of the forward-scattering angle 2¢ in Fig. 3.
It works out that for a transmitter-to-receiver
distunce of 800 miles, the remote reflection
produced by a metecor column formed over the
midpoint of the path will have a duration more
than twenty times that which it would have if
the receiver were adjacent to the transmitter.

Thus, by going to a relatively low frequency,
such as 14 megacycles, we get stronger echoes,
and ones which have longer duration. Then, by
changing from u backward to a forward path,
we get another increase in echo duration — and
quite u large one at that.

Por some years, back-reflection experiments
have shown that a truly astonishing
number of meteor echoes cun be received
even with relatively low-power equip-
ment. Measurements at Stanford Uni-
versity 3 using equipment and power
levels substantially equivalent to that
employed in a 1947 amateur experiment 4
have shown that at a frequency of 23.1
megacycles, during the early morning
hours, several thousand metcor reflec-
tions per hour can be detected. This is at

Receiver
Noise
Level

TIME ~———>

Fig. 2 — *‘Life history” of the most commonly-encountered type
of radio echo from a meteor trail. Shape is the same for either back-

ward or forward reflection (see Fig. 3).

have a surprisingly regular behavior, being char-
acterized by a rapid rise to peak amplitude, fol-
lowed by a decay of exponential form as shown
in Fig. 2. Since the decay is exponential, it is
convenient to define duration as the time inter-
val between the peak and the time at which the
echo strength has dropped to roughly one-third
the peak strength. Thus this ‘“duration” is
analogous to the time constant of a condenser
discharging through a resistor.

Now it turns out that the height of the peak
can be predicted quite accurately for this type
of echo, and varies inversely as the three-halves
power of frequency, assuming all other factors
to be held constant. Thus, an echo having a peak
of unit strength at 14 megacycles will be less
than one-third as strong at 28 megacycles.
Furthermore, the duration of this type of echo
has been found to vary inversely as the frequency
squared. Thus if an echo lasts for one second

2 Von R. Eshleman, **The Mechanism of Radio Re-
flections from Meteoric lonization,” Technical Report
No. 49, Electronics Research Laboratory, Stanford
University, Stanford, Calif., July 15, 1952.

3 L. A. Manning, O. G. Villard, jr., and A. M.
Peterson, “Radio Doppler Investigation of Meteoric
Heights and Velocities,” Journal of Applied Physics,
Vol. 20, No. 5, pp. 475-479, May, 1949.

40. G. Villard, jr., **Meteor Detection by Amateur
Radio,” Q8T, Vol. 31, No. 7, pp. 13-18, July, 1947.
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a rate of nearly one per second. The
average duration of each echo at this fre-
quency may be taken (conservatively) to
be one-quarter of a second. This implies
that on the average, meteor echoes are
present for nearly one-quarter of the total time.

If now the frequency is lowered to-14 mega-
cycles, and an 800-mile forward bounce is congid-
ered, the average duration of the meteor reflec-
tions is multiplied by a factor of roughly 50
times! Thus, if one echo vccurs each second, and
each echo lasts on the average twelve seconds,
there will clearly be more than enough meteors pres-
ent to guarantee a continuous signal by meteor
reflections alone.

This picture is, of course, greatly oversimpli-
fied, although it does represent a fair approxi-
mation. For example, the area of the sky from
which meteor echoes are obtained for overhead
reflection is not the same as it is for distant re-
flection. However, when all the details ure worked
out, to the best of present knowledge, there

BACK REFLECTION
P Meteor column

FORWARD REFLECTION

Fig. 3~ lllustr’ating backward and forward reflection (or
“scattering””) from a meteor trail.
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will be at 14 megacycles enough meteor reflec-
tions on the average at all times of the duy and
year to guarantee a continuous signal between
two amateur stations separated hy 800 miles
and having moderate transmitter powers, good
locations, and simple beam antennas.

Accidental Discovery

This effect was turned up accidentally by
the authors during the course of the W6YX
scatter-sounding experiment,! which consisted
of a demonstration that when echoes from a
particular area appear on the scatter-sounder,
strong signals can actually be heard from ama-
teur stations located in that area. The converse,
of course, was also investigated at the same time.
In other words, the authors were just as eager
to be able to show that when no echocs appeared
from a given area, amateur signals could not
be received from that area, either. This proved
to be a tricky proposition, as was poiuted out,
because as long as any echoes appear anywhere
on the indicator, it is always possible for a sta-
tion in a supposedly “dead” region to be heard
weakly by ground scattering via the area from
which the echoes are coming.

It was decided that the most conviucing test
would be to wait until late on a night after all
F, E, and sporadic-E activity had disappeared,
and the indicator showed no echocs at all. Such
nights are actually few and far between on the
West Coast during the months of November
and December. When one was at last found, a
‘phone call was put through to Rod Beaudette,
W7FXI, at Spokane, Washington, about 750
miles airline from Palo Alto. Rod, a Stanford
graduate who had participated in the early
meteor experiments at W6YX, has 500 watts
on the air feeding a 3-element beam perched 30
fecet above the roof of his house in suburban
Spokane. At his location the ground slopes off
toward the south (the direction to Palo Alto),
and there are no intervening mountains to block
oft the horizon. Aside from this, Rod’s location
might be termed average, having the usual num-
ber of impedimenta in the form of light lines,
neighboring houses, ete. W6YX's location (at
least for the north und south directions) is bet-
ter than average; the station is located atop a
small hill one or two hundred fcet above the

WSGKY/G, 500 WATTS, DIPOLE, DISTANCE: 10 MILES
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floor of the valley containing San Francisco Bay.

\While Rod, wakened out of a sound sleep,
good-naturedly went down into his basement
to turn on the rig, we at Palo Alto thoroughly
crossed our fingers and patrolled back and forth
across an absolutely dead band. Suddenly, a
signal!l Could that drowsy-sounding voice be
Rod’s? In our excitement, we placed another
'phone call to verify it. There could be no doubt.
Again we checked the amateur scatter-sounder.
No sign of any echoes. No sporadic-£ at all,
and F-reflections had died out hours eurlier.
Yet there was W7FXI: at times unreadable on
voice — at others, easily readable snd well
above the noise. During the dips, his carrier
could always be copied by switching on the
b.f.o. C.w. rcception was quite satisfactory
without the crystal filter, and much improved,
of course, with it.

These tests were repeated as often us suitable
conditions could be found, with similar results
on each occasion. The signal was definitely al-
ways there, when by all rights nothing should
be heard. Its characteristics at once suggested
thc meteor-scatter explanation, and instan-
taneous ficld-intensity recordings strengthened
this impression. Tn addition to bursts, nose whis-
tles and ‘““body Dopplers” could easily be scen
superimposed on the continually-fading, but
almost-always-present background. As is to be
expected, the duration of the big bursts over
this long path was, on the average, far greater
than anything we had experienced during the
course of local tests, Kig. 4 illustrates this effect
by showing the comparison betweecn a recording
of backward-reflceted meteor echoes ohtained
locally, and a similar recording of forward-re-
tflected meteor echoes over a 750-mile path. Echo
overlapping in the latter case prevents accurate
determination of individual echo durations but
the increased average duration is clear.

Other Paths

In the thought that there might be some-
thing magic about the path to Spokane, similar
tests were carried out with W7PZ in Tucson,
Arizona — about 750 miles away in a routh-
easterly direction. Ben has a three-element beam,
about 300 watts, and a location outside Tucson
on flat land not far from the airport. His signals
were heard just as consistently as
W7FXI's in Palo Alto.

In addition, W6HJT in San Marino
-------- only 300 miles away and nearly south
from Palo Alto— also put in a very

- TIME ——

W7PZ, 300 WATTS, 3-ELEMENT BEAM, DISTANCE: 750 MILES

strong signal with a steady background
underlying the meteor bursts.
Attempts to increase the frequency or
the distance met with less success, how-
ever. Transmissions to and from Tucson

___.1

Fig. 4. — Forward and back-reflected meteor echoes at 14 mega-
cycles. When these records were made (late at night), no layer

propagation of any kind could be shown to be present.
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on 10 meters resulted in a signal audi-
ble only during well separated bursts,
with no sign of a background between.

On one occasion, W@PRZ in Aber-
deen, South Dakota, was asked to listen
for the 20-mcter W6YX signal. His dis-
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Fig. 5 — Effect of distance on meteor echo bhehavior, for a given frequency and power.

tance i8 near the muximum for one-hop E-layer
reflection: about 1400 miles. During the course of
a 15-minute transmission, only one or two distinct
bursts were heard. His antenna, location and
equipment are top-Hlight, as his DX record shows,
80 the conclusion seems to be that at extreme
range the number of meteors which can produce
a signal over the path (they have to be just
about exactly over the midpoint) becomes so
small that a continuous background is not sup-
ported. Also, the angle of take-off becomes so
low (down around one degree) that antennas of
practicable height are quite inefficient. ‘Che effect
of varying transmitter-receiver distance, with
frequency and power constant, is shown in Fig. 5.

Relationship to 50-Mc. Scattering

The theoretical investigations which followed
these ham experiments confirm the expectation
that meteors alone can support the entire sig-
nal% ¢ However, the possibility thut other
factors may be involved can by no means be
ruled out. There has recently been published an
account of another new form of propagation,
in many respects resembling that discussed in
this article, which is effective at frequencies of
the order of 50 mega.cycles and at very high
power levels.” It is suggested that this propa-
gation may be explained as forward-scattering

50. G, Villard, jr., A. M. Peterson, et al., ‘' Extended-
Range Radio Transmission by Oblique Reflection from
Meteoric Ionization,” Journal of (eophysical Research,
March, 1953 (in press),

§Von R. Eshleman and L. A. Manning, *Radio Com-
munication by Scattering from Meteoric [onization," Tech-
nical Report No. 57, Electronics Research Laboratory,
Stanford University, Stanford, Calif., December 1, 1952,

7 D. K. Bailey, et al.,, **A New Kind of Radio Prop:

tion at Very High Frequencies Observable over Long~
Vol. 86, pp. 141-145, April -~

Distances,’

15, 1952,

Physical Review,

L

April 1953

from irregularities such as might be caused by
turbulence in the £ region of the ionosphere.
Meteors are cited as playing an important part.
The observed signal, however, hus certain char-
acteristics for which meteors would almost
certainly not be responsible.

These characteristics, unhappily, are not
easy to study at 15 megacycles. 1t is not yet
known to what extent, if any, the 15- and 50-
megacycle signals are caused by the same
agency. The situation as of December, 1952,
may be summarized in the following way. At the
lower frequency, theory indicates that meteors
alone should easilyv account for the observed
signal. Nothing in the experimental evidence
thus far disagrees with this conclusion. At 50
megacycles, however, the theury — based on
present knowledge of metcor echo behavior —
predicts that they alone will not be sufficient to
account for what is observed. It appears that
other factors must be sought.

The unscrambling of the several factors which
may contribute to the signal observed at the two
frequencies will be an exciting and challenging
job. One of the first tasks will be to gain as much
experience with these new types of propagation
as possible. Here the amateurs, with their wide
geographical distribution, and their willingness
to experiment at all hours of the day and night,
are in a position to makeya. ¢ongribution.
It is obvious that any midans for making the
20-meter band work around the clock (at least
for 800-mile QSOs!) is going to be important
as crowding on the lower frequencies increases.
Furthermore, the invulnerability of meteors to
ionospheric storms is another important point:

a weak, but really reliable circuit may, during

emergencies, be worth much more than one
which could fade out at the crucial moment.
(Continued on page 124) o

15

(D) Weak, becavse vertical angle so low



TVI Hints for the VHF. Man

Low-Pass Filters and Transmitter Techniques for Use at 50 Mc. and Up

BY EDWARD P. TILTON,* W1HDQ

published to date hus been for use on

bands below 50 Mec. The ideas presented
could be adapted to the v.h.f. man’s needs, but
there has been little specific information that
could be applied directly to transmitters for 50
and 144 Me. One reason for this is, of course,
that a very high percentage of all TVI to date
has resulted from operation on 28 and 14 Me.,
for it is on these two bands that the harmonic
problem is most severe.

We’ve been primarily concerned with reducing
the amount of energy radiated on low-order har-
monics of these frequencies, too, so the design
techniques have been directed toward harmonics
falling in Channels 2 through 6. Even in the case
of 28-Me. operation, the lowest harmonic that
could cause trouble in the high channels is the
seventh, so shielding and filtering methods
that cut out the more troublesome low-band
harmonics are almost always effective in the
high band, too. With v.h.f. operation, however,
the problems may be «quite different. The
50-Me. operator has a 4th-harmonic possibility
in Channels 11, 12 or 13, and tripler stages multi-
plying to 144 Mec. can create quite 2 rumpus in
Channels 9 and 10. Though the amount of TVI
thus far resulting from use of the v.h.f. bands is
relatively small, there is certain to be more
hefore long as more TV stations begin using the
high-band assignments. U.h.f. TV now bursting
forth on a commercial scale ¢cannot be expected
to make life any easier for the v.h.f. operator.

Sources of V.H.F. TVI

Just.as with our lower bands, before we can
do unything about reducing v.h.f.-caused TVI
we must be sure of the nature of the problem.
Unless we know what is causing the interference
we will be very lucky if we happen onto a solu-
tion. Experience has shown that the principal
sources of TVI from v.h.f. rigs are as follows:

Mos’l‘ of the TVI information that has been

"% V.H.F. Editor, QST.
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1) Adjacent-channel interference in Channel 2
from 50 Me.

2) 50-Mec. interference on any occupied chan-
nel in certain receivers having 45-Mec. i.f.

3) Blocking from v.h.f. fundamental fre-
quency, normally only from 50-Mec., and on
Channels 2-6.

4) Image interference in Channel 2 from 144
Me., in receivers having 45-Me. i.f.

5) Audio effects similar to BCL.

6) Radiation of unwanted harmonics of oscil-
lator or exciter frequencies. Some examples of
this are 9th and 7th harmonics of 6- and 8-Mec.,
respectively, in Channel 2, 10th harmonic of
&.4-Me. ossillators in Channel 6, 3rd harmonie of
25.5 Me. or higher in Channel 3, 7th harmonic
of 25-Me. stages in Channel 7, and 4th harmonic
of 48-Me. triplers in Channels 9 or 10. These are
just examples; there may be other combinations.

7) 4th turmonic of 50-Me. operating fre-
quency, in Channels 11, 12 or 13.

8) Various harmonics of 50 or 144 Me. falling
in the u.h.f. range, Channels 14 through 83.

The first five categories are receiver faults.
Nothing can be done at the transmitter to correct
the first four items, other than to reduce power
or increase the separation between the trans-
mitting and TV receiving antennas. Corrective
measures that can be wpplied to the receiver
will be discussed later; what we are concerned
with for the present is the transmitter, and steps
we can take to reduce its TVI poteotiality. Item 5
is a receiver condition, too, but it can be elimi-
nated at the transmitter end by avoiding the
use of amplitude modulation. Frequency modula-
tion or c.w. will do the trick ordinarily.

The radiation of unwanted harmonics of exciter
frequencies (Item 6) is a common cause of TVI,
particularly where the transmitter is operated in
close proximity to TV receivers. In an open
layout there is little that can be done to correct
this, so the first step is thorough shielding, if the
exciter frequencies cannot be shifted to avoid

¢

A low-pass filter for use
with a high-powered 50-Mec.
trangmitter. Though variable
condensers arc used, they are
not adjusted in normal opera-
tion, and shafts should be
anchored in place with lac-
quer to prevent their being
moved accidentally.

¢
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having harmonics in locally-used channels. An
example of the latter approach is the avoidance
of 8-Me. crystals in 50-Mec. work where Channel 6
is used. Crystal or other oscillators in the 8-Mec.
range may produce sufficient 10th harmonic to

Fig. 1 — Filter method for suppressing high-band
harmonics that might otherwise be radiated from power
cabling. A typical physical arrangement is shown in the
sketch,

Cy — 0.001-pfd. miniature disk ceramic.

Cy — 0.001-pfd. feed-through by-pass (Erie Style 326).
(For 500-2000-volt lead, substitute Plasticon
Glass mike, LSG — 251, for C; and Cz.)

RFC ~- 14 inches No. 26 enamel close-wound on 3/16-
inch diam. form or resistor.

interfere in Channel 6, but shifting to a 6-Mec.
oscillator moves the harmonics to other channels
that may not be used locally.

Often the interfering harmonies will be passed
on through succeeding stages, particularly with
the capacity-coupled circuits so often used in
frequency multipliers, so shielding alone may not
effect u cure. But just us with other forms of
harmonic trouble, shielding is the first step in a
corrective program. You have to have it before
other measures will work.

The More Stubborn Cases

What to do from here on depends on the
severity of the problem. If your harmonic TVI
(either from exciter stages or the final operating
frequency) is just a matter of faint cross-hatching,
it is quite possible that shielding the rig and
installing an antenna coupler fed with coaxial
line! may clear it up, as these simple steps are
capable of holding down radiation of the harmonic
by the antenna system to quite low levels.

1f these measures make little or no change in
the intensity of the interference, filtering of the
power cables is next in order. As simple a matter
us by-passing power leads where they are brought
out of the transmitter enclosure may help,
though use of shielded wire for interior power

U Antenna couplers for 50 and 144 Mec. were described
in QST for October, 1952, p. 58, and January, 1952, p. 50.

? Grammer, ‘‘By-Passing for Harmonic Reduction,”
QST, April, 1951, p. 17.

April 1953

- wiring, atd the addition of small ceramic by-

passes where the leads are brought out, as sug-
gested by Grammer,? is much better.

In all but the more difficult cases, trouble
will have been corrected by now, and in any
event the strength of the harmonic interference
will have been reduced to the point where it will
be possible to track down the source. The sim-
plest way to do this is to have a TV receiver
running in close proximity to the transmitter,
and use it as a visual indication of the effective-
ness of suppression measures. A probing lead can
be clipped to the TV antenna lead (no electrical
connection; just the capacity coupling will suffice)
to check for harmonic leaks in the transmitter
and its associated cabling. Couple the transmitter
to a lamp or other dummy load and see if harz
monic energy is present in the antenna line. If
the power cabling shows appreciable harmonic
energy, more effective filtering of the individual
leads will be required.

The use of shielded wire and ceramic by-passes
will take care of most low-band harmonic radia-
tion from power leads, but where Channels 7
through 13 are involved, something better may
be needed. The exciter and amplifier described
by the writer in QST for September and Decem-
ber serve as a good example. This combination
was substantially free of harmonic TVI in the
low channels, but when it was operated on 50
Me. in the presence of a weak signal on Channel
11 it wiped the picture completely out with its
fourth harmonic. Furthermore, it did it with
only the exciter running.

The probe test showed that the power cable
was hot with 200-Me. energy, so the filter circuit
of Fig. | was installed in each power lead. Even
the smallest by-pass condensers of conventional
construction have sufficient lead inductance to
make them relatively ineffective at 200 Me., so
feed-through capacitors were used at (2. Then
small v.hf. chokes were inserted in series with
the leads, and the ceramic by-passes left as they
were originally, connected as shown in Fig. 1 and
the photograph on page 17 of April, 1951, QST.
These methods are not applicable to leads carry-
ing more than about 400 volts, su we had to settle
for something a bit less effective on the feed-
through terminal for the 4-250A plate voltage.
Here a high-voltage by-pass of the most compact
construction we could find was mounted as close
as possible to the feed-through bushing, and the
connection made to it with copper strap to hold
down lead inductance. There was still a faint
trace of harmonic left on the terminal and cable,
but it did not interfere seriously except when the
probe was held near the lead or terminal. These
Channel 11 tests were made with a very snowy
signal, with the 50-Mec. transmitter only six
feet away from the receiver, running inputs up
to 750 watts.

Shielding requirements were more stringent
for the 200-Mec. harmonic than for lower fre-
quencies. The covers on both units had to be
screwed down tightly all the way around, as the
slightest crack leaked enough 200-Mec. r.f. to
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cause trouble. A hole in the side of the chassis
for the ventilating fan, a source of no troublesome
harmonic radiation at 54 to 86 Mec., had to be
covered with screening to contain the 200-Mec.
harmonic.

Low-Pass Filters for 50 and 144 Mc.

Having gotten the level of the harmonic radia-
tion on Channels 2 through 13 down to the point
where very little could be found other than in
the transmitter output load, we were ready to go
to work on low-pass filters designed especially
for the v.h.f. man. The filters shown in the
photographs were designed according to informa-
tion presented about two years ago in QST'.2 They

]
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Fig. 2 -~ Schematic diagram of the 50- and 144-Mec.
filters. No partitions are built into the 144-Mec. unit.
Values on the drawing are for the 50-Mec. filter.

Cy, Cs — 50 Me.: 50-pufd. variable, shaft-mounted, set
to middle of tuning range (Johnson 50L15).

l}IM Me.: 11-ppfd. fixed ceramic (10-xufd. use-
able).

("3, C3 — 50 Me.: 100-ppfd. variable, shaft-mounted,
set with rotor !4 inch out of stator (Bud
MC-905).

lﬁ;l-)Mc : 38-uufd. stand-off by-pass (Erie Style
50-Me. coﬂ data:

la, Ls— 314 turns %% inch long. ‘T'op leads % inch,
bottom leads V inch long.

Iz, La— 416 turns 95 inch long. Leads 14 inch long
each end.

I.a— 533 turns 74 inch long. Leads 1 inch long each.

\ll 50-Mec. coils No. 12 tinned, }3-inch diam., coil

length measured bctween right-angle bends

where leads begin.

1144-Mec. coil data:

Ly, Ls — Z':iturns 1{ inch long. Leads }{ inch long each
end.

L2, L4 = 2 turns 4% inch long. Leads 1 inch long each

Ls—5 tums 3¢ inch long. Leads 5% inch long each end.
All 144-Mec. coils No. 18 tinned, lj-inch diam.,
lengths measured as for 50-Mec. coils.
J1, J2 — Coaxial fitting.

use standard parts, and the adjustment procedure
is simple enough if one has access to a grid-dip
meter. Kven without adjustment it is quite
possible to achieve satisfactory results with these
filters if the physical and electrical specifications
given are followed closely.

The larger of the two is suitable for use with
the high-powered amplifier for 50, 28 and 21 Mec.,
described in December QST, providing protec-
tion of Channels 3 through 13. Appreciable

8 Grammer, " Eliminating “T'VI with Low-Pass Filters.”
ST, Feb., March, April, 1950.

4 Grammer, *“Inexpensive L and ¢ Standards,” QST,
Jun., 1953, p. 48.

18

attenuation across the whole of Channel 2 is not
practical for a filter that will also pass the 50-Mc.
band without insertion loss. Any of the commer-
cial filters, or the various designs that have
appeared in QST and the Handbook, can be used
to reduce harmonics of the two lower bands in the
amplifier’s range, if Channel 2 must be protected.
Such a conventional filter must be removed
when operation on 50 Me. is to be attempted.

The small filter is intended for use with low-
powered 2-meter rigs, primarily to attenuate the
192-Mec. component in the output that so often
is present as the result of stages that triple to
144 Mec. passing along a 4th harmonic of 48 Me.
as well. Since it has high attenuation in the
region between 190 and 215 Me., it may also
serve nicely in a rig for 50 and 144 Me., in pre-
venting radiation of the 4th harmonic of 50 Me.
It will not, however, remove any spurious com-
ponents in the transmitter output that mlght,
interfere with Channels 2 through 6.

Building and Adjusting the 50-Mec. Filter
This is a “how-to-do-it”’ treatment. Discussion
of the principles involved will not be repeated
here, but it is strongly recommended that anyone
unfamiliar with filter fundaments read basic
information on this subject that has already
heen presented.? The material to follow will
concern itself only with the practical application
of earlier design ideas to the nceds of the v.h.f.
operator, giving only the practical information
that will be necessary to insure duplication of
the results achieved with the two filters shown.

The circuit used in both filters is shown in
Fig. 2, with values of inductance and capacitance
for the 50-Me. jub given on the diagram. If means
for arriving at these precise values are available,
the components can be preset and the filter
assembled and used without further adjustment.
A method of using a grid-dip meter and simple
standards for measurement of both (' und L was
outlined recently in QST.% If the builder is in
doubt of his ability to do this, ur if he does not
have access to a grid-dip meter, a satisfactory
job can be done by using exact duplicates of
the parts and layout, and seth’mg the condenser
plates at the positions shown in the interior
photograph.

The 50-Me. filter cuse is a standard ICA box
(Slip Cover, No. 29100), though a suitable con-
tainer can be made from t,he dimensions given
in the layout drawing, Fig. 3. Physical layout
of parts is important, if results obtained with the
original are to be duplicated without extensive
adjustments. It is suggested that the drawing
and photographs be studied carefully with this
in mind.

Looking at the interior view, it will be seen
that the two end condensers, (i and (4,<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>