April, 1947
35 Cents




This transformer was designed for iuboroiory apparatus requir-
ing a frequency range previously unheard of . . . flat within 2
DB 2 cycles to 20,000 cycles, this unit handles 25 watts output.

A manufacturer had the problem of changing his equipment from 400
cycle to 60 cycle power supply, but discovered that 60 cycle transform-
ers are twice as large. UTC developed a unit, hermetically sealed, that
fit his existing chassis, eliminating the need for a complete rebuilding
of the equipment.

Narrow band filters are a common requirement for multiple channel tele-
control purposes. To effect a maximum number of channels in the audio
range, filters made by UTC employ toroid high Q coils of unique struc-
ture. A typical special filter with 1500 cycle pass band is down 40DB at
1400 and 1600 cycles.

Low power 115 volt appliances such as electric razors, fluorescent desk
lamps, etc. are sometimes required to operate on 220 volts. For simplicity
of installotion in the application of one manufacturer, a 15 watt plug-in
unit was developed incorporating both plug and receptacle.




PROVED
POWER TRIODES

OU OLD-TIMERS have had thousands of QSO's as
a result of the solid power-performance of triodes
like these. Hams newly on the air, once they've plugged

GL-35T

ELECTRICAL CHARACTERISTICS

GL-100TH

. ) T 4 GL-35T GL-100TH
in a GL-35T or GL-100TH, soon will discover why .
both tubes are held in such high respect. Filament v°:'°9° i M 2 ;
Beinf triodes, they do their job with no fuss or bother, curren i amp -5 amp

and will stand up under plenty of punishment. Cleancut Interelectrode capacitances:
design helps to make the GL-35T and GL-100TH de- grid-plate 1.8 mmfd 2.0 mmfd
pendable. In addition, the tubes have certain outstanding id-fl t 4.1 fd- 2.9 fd
design characteristics: gric-filamen -} mm -7 mm

& plate-filament 0.3 mmfd 0.4 mmfd

Interelecirode capacitances are low.
Grids are the non-emitting type. )
The tantalum anodes operate at “‘glow’’ temperatures.

PLATE RATINGS, TYPICAL OPERATION,

CLASS C TELEGRAPHY

There is no gassing, even under momentary Voltage 2,000 v 3,000 v
overload conditions. Current 125 ma 165 ma
The GL-35T may be used to drive a high-power rig, or Input 250 w 500 w
—in push-pull—as the final for your medium-power Dissipation 50 w 100 w

- transmitter. Type GL-100TH is ideal for your final
stage, either singly or in push-pull—also a topnotch
Class B modulator tube.

General Electric’s line of ham tubes is complete, backed
by performance responsibility that makes every G-E
tube investment a sound one. See your nearby G-E tube
distributor for prices and detailed information. Or
write Electronics Department, General Electric Company,
Schenectady 5, New York,

. G.E.'s “Ham News" has doubled in sizel
Now eight pages of up-to-the-minute information,
useful slants, new circuits, other helps for the
progressive amateur. Your G-E tube distributor
hasthe latest *“Ham News’ waiting for you...freel

ELECTRONIC TUBES OF ALL TYPES FOR THE RADIO AMATEUR

GENERAL @) ELECTRIC

ie-Fe-aese



QUICK—RELIABLE—~PORTABLE!
the new Solar Model CBB Capacitor Analyzer

Check these features:
#° CAPACITANCE RANGE
10 mmf to 800 mf

#"POWER FACTOR RANGE
0 to 50 percent

# “QUICK AS A WINK"
C-R tube Wien bridge
balancing

# BUILT-IN ADJUSTABLE VOLTAGE
POWER SUPPLY

" SIMPLIFIED LEAKAGE
AND [-R TESTS

#”EASY TO READ
COLOR-CODED SCALES

" RESISTANCE RANGE
50 to 2,000,000 ohms

Here is a capacitor analyzer with both proved and
improved features that is a worthy successor to
Solar's famous Model CB, which outsold all other
capacitor analyzers combined.

Smaill in size, light in weight and big in performance
and dependability, Model CBB analyzer is the ideal
low-cost instrument for the service industry.

Cafulog IN-2 gives a full description of the reasons
why it should be in every service shop.

Solar Capacitor Sales Corp.
285 Madison Ave., New York 17, N. Y.

@ 211
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" hallicrafte

Hallicrafters famous radio equipment, sold and distributed
around the world before the war and used with superb effec- .
tiveness in every theater during the war is once again on the v
move. Watch for latest details of the Gatti-Hallicrafters mo- 7
bile radio equipped expedition to the Mountains of the Moon pe

in deepest Africa —a new and exciting test for the ingenuity '

of hams and the performance of Hallicrafters equipment. e

o
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AModel SX"42 Described by hams who have

operated it as “the first real postwar receiver.” One
of the finest CW receivers yet developed. Greatest
continuous frequency coverage of any communications
receiver—from 540 kc to 110 Mc, in six bands. FM-
AM-CW. 15 tubes. Matching speakers

are available. ... .. .. e . $27500

e/i{ode/ 8‘40A Function, beauty, unusual radio

performance and reasonable price are all com-
bined in this fine receiver. Overall frequency range
from 540 kc to 43 Mc, in four bands. Nine tubes.
Built-in dynamic speaker. Many circuit refinements
.never before available in medium price

‘.lassl 58950

./fl'oa’els-38 Overall frequency range from
540 kc to 32 Mg, in four bands. Self contained speaker..
Compact and rugged, high performance at a low price.
Makes an ideal standby receiver for hams. CW pitch
control is adjustable from front panel.

Automatic noise limiter............... $4750

hthcraﬁers RADI

THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO
AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A.

Sole Hallicrafters Representatives in Canada:
Rogers Majestic Limited, Toronto-Montreal



-———,

Section Communications Managers of the ARRL Communications Department
Reports Invited. All amateurs, especially League members, are invited to report station activities on the first of each
month (for preceding month) direct to the SCM, the administrative ARRL official elected by members in each Section.
Radio Club reports are also desired by SCMs for inclusion in QS7. All ARRL Field Organization appointments are
now available to League members. These include ORS, OES, OPS, OO0, and OBS. Also, where vacancies exist SCMs desire
applications for SEC, EC, RM, and PAM. In addition to station and leadership appointments for Members, ull amateurs
are invited to join the ARRL Emergency Corps (ask for Form 7).
ATLANTIC DIVISION
Hastern Pennsylvania W3BES erry Mathis 623 Crescent Ave. Glenside Gardens
Maryland-Delaware-D. C* W3BWT fppa W. Darne 132 Tennessee Ave., N.E. Washington2, D. C.
Southern New Jersey 2GCU Ray Tomlinson 623 E. Brown St. Trenton 10
Western New York y2UP Charles {. Otero 4158 Ridge Road, West $pencerport
‘Western Pennsylvania W3NCJ R. R. Rosenberg 927 East 2dcd St. irie
CENTRAL DIVISION,
Illinois WJIAND Wesley E. Marriner 624 ("'Tege Ave. Dlxon
Indiana WISWH Ted K. Clifton 550 Eben St. ew Haven
Wisconsin* WIDKH Ralph Klein 1106 Manitou St.,R.F.D. 3 Mamtowoc
DAKOTA DIVISION,
North Dakota WPEVP Raymond V. Barnett 406 17th St. Biamarck
South Dakota P90VY P, H, Schultz 118 N. Yankton Ave, Pierre
Minnesota WwWoCwB Walter G, Hasskamp 116 34th Ave., S.W. Crosby
DELTA DIVISION_
Arkansas \VS{/K(_ M arshall Riggs 4405 Howell Ave. Fort Smith
l.ouisana SVT W.J Wilkinson, jr. Room 313, Jcﬂerson Hotel Shreveport
Mississippi WSIGW Harold Day . Route 1, Box 111 Greenville
‘Yennessee W4FLS James W. Watkina 220 North Howell St. Chattanooga 4
GREAT LAKES DIVISION.
Kentucky WSIEZ/4 oseph P. Colvin 1653 Beechwood Ave, Louisville 4
Michigan WBSCW Joseph R. Beljan, jr. 13959 Thuller Ave. Detroit
Ohio i WBPNQ William 1, Montgomery 1290 Coolidge Ave. Cincinnati 30
HUDSON DIVISION.
}‘aste.m New York W2HZL, Ernest E. George 2044 L. exlngton I arkway Schenectady 8
Y. C. & Long 1sland W2KDC Charles Ham, jr. 151-06 84th D Jamaica, L. 1., 2
Northem New Jeraey* W2IIN John J. Vitale 57 Sayre St. Elizabeth 3
MIDWEST DIVISION,
lowa WOIPTR Lesiie B.Vennard 7712 Washington St. Burlington
Kansas WQA\\ P Alvin B. Unruh 842 N, Terrace Drive Wichita 6
Missouri W¢()UD Mrs. Letha A. Dangerfield 411 Mofiett Ave, Joplin
Nebraska WwgPO Roy E. Olmsted 101 Arikari Ave. Wauneta
NEW ENGLAND DIVISION,
Connecticut WIKQY Edmund R. Fraser 90 Atwater St. West Haven
aine WI1G F. Normaa 1yavis RFD 1 Id Orchard Beach
Kastern Massachusetts WILALP Frank L. Baker, jr. 91 Atlantic St. North Quincy 71
Western Magsachusetts WIAZW Prentiss M. Bailey 62 I)exter St. Pm.shcld
New Hamops! WIAXL John H. Stoughf.on Clar nt
Rhode Island WIHRC Clavton C. Gordon 70 olumlna Ave., Gaspee }‘lau‘au. Providence 5
Vermont WINDL Gerald Benedict 23 Foster St. ontpelier
NORTHVVEQTERN DIVISION
Alaska K7CBF August G. Hiebe c/o0 KFAR kairbanks
1daho W7IwWU Alan K. Ross 1017 Eaat Jefferson St. Boise
Montana WITEOM Albert Beck ’126 Amherst Ave. Butte
Oregon WTHAZ Raleigh A. Munkres Box 744 Baker
Washington * W7EHQ Lloyd Norberg P. ). Box 281 Stcilacoom
PACIFIC DIVISION
Hawau . KHOEL John Souza Walluku, Maul
Nevad; CX N. Arthur Sowle HBox 2025 eno
Santa Clara Valley W6BPT Roy E. Pinkham 1061 Fremont St. Santa Clara
Kast Bay W6ETI Horace K. Greer 414 Fairmount Ave. Oakland 11
San Francisco WONL Samuel C. Van Liew 215 Knowle: Ave, Daly City
Sacramento Valley w6 C John R. Kinney 5240 Jay Sacramento 16
Philippines * KAICB Craig B. Kennedy 25 Rooncvolt, Road San Francisco Del Monte,
Juezon
San Joaquin Valley W6PSQ James F. Wakefield 2940 Adoline Ave. gresno
ROANOKE DIVISION.
North Carolina W4 J. Wortman ¢/0 Duke Power U o ( harlott,e 1
South Carolina W4BSE/ANG Ted Fer uson 3422 Rosewood Dri Columbia 2§
Virginia Walte: Bullington 1203 E. Brookland Pk Blvd. R(chmond 22
\ West Virginia w8, Donald B. Morris 303 Home St. Fairmont
ROCKY MOUNTAIN DIVISION
Colorado \VggYT Glen Bond 2550 Kendall Denver 14
Utah-Wyoming WILLH Victor Drabble 1024 Oak St. Ogden, Utah
SOUTHEASTERN DIVISION,
Alab W4GBV lLawrence j. Smyth 808 Winona Ave. Montgomery
F.aat,ern Horida W4IP Robert B. Murphy 3612 Palmarita St. Coral Gabies
Westcm Florida ‘W4MS L.t. Comdr. wm'd J. Collins 1003 East 8lount $t. Pensacola
h reorgia W4HYW Thomas M. 570 Oak Drive Hapeville
West Indies* (Cuba-P.R.-V.L.) KP4KD Everett Mayer P 0. Box 1061 San Juan §, P. R,
b()UTHWESTERN DIVISION
Los Angeles WoQW2Z Ben W. Onstenk 9631 3rd Ave. Inglewood
Arizona WIMLL Gladden C hlhott 1408 West Freano St. Tucson
San Diego W6GC Irvin L. Emig 4852 Marlborough Drive $San Diego
WEST GULF DIVISION .
Northern Texas W5DAS N. C. Settle 2911 Elm St. Lallas
Qklaboma WSHXI Bert Weidner ox 14 R Crescent
Southern Tezxas WSHIF Ted Chastain 3037 So. Staples Sit. Corpus Christi
New Mexico WS5SHJF J. G. Hancock 110 S. E. Nevada St. Portales
MARITIME DIVISION. -
Maritime (NI, & Labr.att) VEIDQ A M. Crowell T769 Dublin St. Halifax, N.'S.
ONTARIO DIVISION -
Qntario VE3DU David S. Hutchinson 827 lovett St. London, Ont.
QUEBEC DIVISION .
Quebec VE2SU (ordon F. J. Phelan 4829 lsabella Ave. Montreal, Que.
VANALTA DIVISION
Alberta VEGL W. W. Butchart 10740-107 St, Edmonton, Alta.
British Columbia VE7IW W. W. Storey 3915 W. 32nd Ave. Vancouver
Yukon* VESAK W. R. Williamson P.O. Box 137 Whitehose, Y.T.
PRAIRIE DIVISION i} .
Manitoba VE4AM A. W. Morley 26 Lennox St. £t, Vital
Saskatchewan VESCO Norman Thompson 1120 7th Ave.,, N. W. Moose jaw
e

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




Outstanding g

The only high level cardioid crystal
microphone with Dual Frequency
Response. Gives you high fidelity
for clear channel, or rising charac-
teristic for extra crisp speech sig-
nals that cut through QRM. Brings
more and better QSO's. Also over-
comes room reverberation, permits
working at éredter distance.

CARDAX, Model 950, lists at $37

THE Cardax

CARDIOID CRYSTAL MICROPHONE

e
e’
-

MODEL 910

CRYSTAL MICROPHONE

Here is new smartness, new per-
formance you can enjoy at low
cost. This modern E-V crystal micro-
phone has high output (—48 db) ...
and voice quality that gets answers
to your CQ's. Extra rugged for -
rigorous service. Satiri chrome finish.
Model 910—8 ft cable, list $19.50
Also with 20 ft. cable at $21.00 list

Send for Catalog and Selection Guide No. 101

NO FINER CHOICE THAN

Eledtibiee




OHMITE

Resistors and Chokes
FOR RADIO FREQUENCY.
APPLICATIONS

I OHMITE

RHEOSTATS « RESISTORS « TAP SWITCHES




O “JOHNSON‘%);!M?} _
D) “BEHIND THE' GOOD NAMES

1. Type C dual section
capacitor

2,3. No. 124-212 sockets
for 833 tubes

4,5. No. 104-251 flexible

couplings
6. Type D dual section You're invited to judge us by the company we keep because you'll
capacitor find JOHNSON components behind the best names on transmitters.

That’s the new advanced RAYTHEON 1 KW AM Transmitter above --a
beauty inside and out. And, if you judge this transmitter by the company
it keeps, you'll know that quality came before all other considerations in

7-12, Steatite cone insula-
tors and lead-in bushings

13. Type C dual section the selection of components. That’s why Raytheon points with pride to
capacitor : “"Modern components, operated at well below their maximum ratings...”
14. No. 204-101-2 Vari- Fourteen of these “modern components' are identified in the interior view
able inductor above and listed to the left. They're the finest money can buy in variable

capacitors and inductors, insulated couplings, tube sockets, and radio fre-
quency insulators. All bear the Viking Head symbol of JOHNSON quality.
You'll find it in equipment where quality is more than a claim --- where
Hew Catat there’s a reputation to maintain. Look for it if you're an electronic equip-
969 J ment buyer; insist on it if you're an electronic equipment manufacturer.

Free on Reguest '

JOHNSON PRODUCTS INCLUDE

Tr itting Capacitors e Inductors ® Tube Sockets e R.F.Chokes e Q Ant o Insulators e Cc tors
Plugs and Jacks e Hardware e Pilot and Dial Lights e Broadcast C i

.'OH:NSON,,,,a{mw”amem Radée

E. F. JOHNSON CO, WASECA, MINNESOTA
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Don’t load your rig down
WITH WAR-WEARY SURPLUS

Many wartime components were built with only short periods
of operation in mind. They have no place in your rig—
limiting your DX — breaking down right in the midst of
working a ZK.

With fresh, newly-made C-D’'s you don’t have to worry about
such things. C-D’s are tough—they'll operate hour after hour
without breakdown. C-D’s are stable —even high overload
will not change their value and cause frequency drift.
C-D’s are ecomomical — they give you precision craftsman-
ship at mass production economy. Keep your log free of
“trouble-shooting™ interruptions — fill it with RST 599’s —
use Dependable C-D's throughout your rig.
cnn“[ll‘n“nlll!“ THIS GRIAT NEW C-D CATALOG NO. 1935A
Our new casalog is a MUST in every shack. It

wor"rs largest manufacturer Of illustrates and describes the complete line of fa-

mous C-D Capacitors for every bam requirement.

Send for your copy TODAY. Address: Cornell-
MICA —~ DYKANOL ~ PAPER ~ ELECTROLYTIC

17T'S FREE!~WRITE FOR YOUR COPY OF

Dubilier Electric Corporation,
Dept. JA4, South Plainfield,
New Jersey.
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'CATHODE OSCILLATOR

“

“GRID

Way back in the prewar era Bliley pioneered
“harmonic” crystals for amateur frequencies in
the 10 and 20-meter bands. Nowadays we know
that such crystals should be correctly termed
“overtone” oscillators because the crystal does
not oscillate at the exact mathematical harmonic
of its fundamental frequency. The present Bliley
AX2 unit for 20-meter operation contains an
overtone crystal designed to oscillate at approxi-
mately three times the fundamental mode.

When using overtone crystals the following con-

siderations should govern circuit design:

1. Grid Anode Crystal Oscillators—In normal
circuits of this kind crystals will usually
oscillate at the fundamental mode instead
of the overtone frequency desired because
the plate impedance is usually capacitively

74

CRYSTALS

BLILEY ELECTRIC COMPANY

CRYSTAL

GRID ANODE OSCILLATOR

reactive at the fundamental mode. To insure
operation only at the overtone frequency the
plate coil and the plate capacity must be
selected so that the equivalent plate imped-
ance is capacitively reactive at the overtone
frequency of the crystal but not at its funda-
mental frequency.

Optimum conditions should be such that
the plate tank will be broadly resonant about
half way between the fundamental and third
overtone frequency. Since these conditions
are sometimes difficult to establish when
using choke coils the grid anode circuit is not
recommended for use with overtone crystals.

Grid Cathode Crystal Oscillators—In most of
these circuits the plate tank impedance must
be inductively reactive and maximum output
with good stability is obtained when the
plate tank circuit is approximately tuned to
the crystal frequency. Proper selection of the
coil and condenser values for tuning to the
desired overtone frequency is straight-for-
ward procedure.

Write for Bulietin 31

UNION STATION BUILDING, ERIE, PENNSYLVANIA

11



Inquiries regarding membersh:p are solicited.” A& bona fxde'

mterest in cmc‘leur rudno |s the on!y essenhq\ quahflcchon, owner-

prerequisite, although full vohng “méi bershxp 8 granfed only !o”:'”

licehsed amateurs.
All general correspondonce shou(d be addrossed to 'he Secretcry
at the administrative headquarters’ af w_est Hartford, Connecticut,

Past P.reszdents B
HIRAM PERCY MAXIM WITAW, 19147-1_936 .
EUGENE C. WOODRUFF, WBCMP, 1_936-71940

* @ e @ _®

Ofiwers

President. . . . . ...t v ‘GEORGE W. BAILEY, W2KH

Wushmgton, D C.

Vice-President . “» . 7.
Oakland California

Secrefary. + '\ LS T KENNETH B WARNER,Z:_WIEH;

West Hcrfford Connecﬂcuf

Communlcahons‘Mcnager LT TRE HANDY :WIBDIV

West Hortford, Connecticut

Treasurer. . . . . . R
Wesf Hartford, Connechcut

Q.“»_C‘

General Courisel. . .
1026 Woodword Bmldmg, Washmgfon 5 D C T

“J; LINCOLN MCCARGAR, WéEY:

£ DAVID H. HOUGHTON” :

LI PAUL M. seeArf

DIRECTORS

Prolldcnt
(iEORGE W. BAILEY.......... 2B .W2KH
921 19th St N \V Washington, D. C,
cha-Prolldont
J. LINCOLN MCCARGA e WBEY
66 Hamllton Place, Oakland 12 ‘Calit,
Canadian General Manager
ALEX REID,......0o0onvennanes ....VE2BE
240 Logan ‘Ave., 8. Lambert, B, Q.
Alternate: Leonn.rd W. Mitchell.......... VE3AZ
8 Raglan Ave., Toronto, Ont.
Atlantic Divuion
EDWARD G. RABER . ..o vuvtinsnnn.n. W3z1

Adlternate: J. Victor Brotherson, ........ W8BHN
1743 Ottawa Drlve. Erle, Pa.
Central Division

CLYDE C, RICHELIEU,.... ... WOARE
4901 S0. 30th St., Miiwaukes 14, Wiso,

Alternate: Harold H. Jnnq ............. woDJG
#519 California Ave Alton, 0l

Dakota Division

TOM E AVIS...... WESW, ex-WIVVA
15w Becher Ave Wmmn.r, Minn.

Alternate: Harold B, Love. . ........ veo . WOZRT
Bozx 428, Mnndan. N. D.
Delta Division

GEORGE 8. ACTON.........
Plain Dealing, La.

Alternate: h,uxene H. Treadaway....... W
. O. Box 44, La Plnce, La.
Great Lakes Division

HAROLD (!, BIRD.......
114 H.lckory Dr., R.F.

Alternate; John H. Brabb

JOSEPH M. JOHNSTON...
427 Lincoln Ave., Avon-b
Alternate; Robert A. Kirk:
1910 Vak Lrive, Wmt Beimar, N

Midwest Division

Co A COLVIN. o vo i vteieiirennensa, W@VHR
¢/0 Omaha & Counell Blafs 8. Rallway Co.,
©Omaha 2, Nebr.
Alternate:

New EngIand Division
PERCY C. NO

ad bt, Westtield, Mass,
Alternate:

North wastorn Division
HAROLD W, JOHNSTON............ W7DXF
2727 Belvidere Ave., Seame 6, Wash,
Alternate: R. Rex Roberts.............. W7CPY
110 W. Brennan St., Glendive, Mont.
Pacific Division
WILLIAM A, LADL EY .
200 Naylor 8t., San Franclsco

Alternate: lilbert J. A ..........
1875 Dale A\e Ra.n Jose, Callf.

Rounoka Division

H.L.CAVENEBS. ........0.000veisas W4DW
2607 Vunderbm Ave., Ralelgh, N. C.

AlUernate: J. an Key
Box 707, Buenu Vista, Va.

Rocky Mountain Division
FRANKLIN K. MATEJKA 3 W

P. O. Box 212, }:;atm Park, Colo.
Alternate: P, Arthur Smoll. .. ........... WHKVD
529 No. Nevada Ave., (,olorado 8prings, Colo.

Southeastern Division

WILLIAM C. SHELTON............. W4ASR
527 Revilo Blvd., Daytona Beach, Fla.
Mlcnmlc Willlam P. Sides. . ........... W4AUP

Fleming Road, Montgomery, Ala.
Southwestern Division

HANS R, JEPSEN........000000susss WEKEIL
6837 Ethel Ave., No. Hullywood L,am
Auemale Arthur E. Bchifferman, sr.. ... W6RBH

445 Raymond Ave., Glendale 1, Calf,

West Gulf Division
WAYLAND M. GROVES, ...,. VWENW
Malil Box 586, Station Iiumble Plpe Line Camp,
Odesea. Texa
Alternate; Jack T. MOOI@. .. e0uvsesen.. WSALA
4531 Falrway A\e Dailas 4, Texas



“It Seems t0Us...”

THE WORLD CONFERENCE

Tt is early March as we write, in between the
two halves of the DX Contest. On what other-
wise could be relatively placid evenings, the
'phone bands have been resounding with ru-
mors of the dire fate that is directly ahead of
amateur radio because of the coming world
telecommunications conference. If all the
things we’ve heard these last few nights were
true we’d have a very black world indeed, with
our 10-meter band closed down a few days
back, our 75-meter ’phone band being with-
drawn until after the conference, the State
Department conducting its U.S.S.R. programs
in our 14-Me. band, United Nations reaching
for most of our bands for its communications
and broadecasting needs, European amateurs
already piped down on all useful frequencies,
and the United States committed to close us
down on all frequencies below 50 Mec. the day
the conference ends! We would also judge from
what we hear on the air that the coming con-
ference is to be in-Moscow or Cairo and that
the sole voice of the United States is going to
be a single FCC representative who doesn’t
know anything about amateurs. Let us say in
plain words that there is no truth to any of
these things and that there never has been. It
is perhaps understandable that amateurs
should be nervous and apprehensive about our
privileges as a world conference approaches,
somewhat in the position of an expectant father
chewing his fingernails in the anteroom. But
it is difficult to understand why ‘phone opera-
tion, with its vaunted superiority in the quick
exchange of intelligence, should have fallen
such easy prey to such misapprehensions and
misinterpretations.

It is the duty of members of the League to
have a better understanding of these matters
and of the place their organization has played
and is playing in them. In this issue we begin
a two-part article on the background of inter-
national radio conferences and how they work,
which we commend to those who wish to learn
something of the subject. DX radio is governed
by agreements between nations, signed at
world conferences. There have been several

such: London in 1912, Washington 1927,
Madrid 1932 and Cairo 1938. The next one is
to begin at Atlantic City on May 15th, under
the auspices of our own Government. It is not
being held in Moscow. The United States will
be represented by a bang-up (Government dele-
gation of about forty persons drawn from such
agencies as FCC, the State, War, Navy and
Commerce Departments, etc. It will be divided
into teams or task forces each specially skilled
and prepared on particular topics.

The United States preparation for this con-
ference has been going on for a long time, The
studies began in the middle of the war and have
been extensively reported in QST': the IRAC
postwar plan, the formation and work of
RTPB with ARRL as one of its contributing
sponsors, the ‘comprehensive FCC hearings
which lasted for months, the joint FCC-IRAC
reviews and recommendations, the public
meetings held by the State Department, the
intex-American conference at Rio, the prelim-
inary exchange of views between the major
allies at Moscow, and the months of work by
the select preparatory Government-industry
committee at Washington. Those who wish to
be informed on the development of the prepa-~
rations for this conference will find the whole
story displayed in frequent QST articles over
these years, including the suggested allocation
tables, the verbatim testimony of League offi-
cers at the hearings, the brief of the position of
ARRL in the 160-meter matter, the reports of
ARRL’s representative at Rio and Moscow.
For it is a fact that the League has been an
active participant in all this work and has main-
tained constant contact with every facet of the
scene, under the direction of its Board of
Directors.

At this moment, and as reported elsewhere
in this issue, the United States has transmitted
to the Bern Bureau for distribution to the
other nations of the wo.ld its proposals for fre-
quencies, which include exclusive amateur
hands at 3500-4000, 7000-7300, 14,000-14,400,
21,000-21,500, 28,000-29,700 ke. and in all the
bands which are at present assigned to us above
50 Me. Only the 160-meter band, still required
for loran, is missing from our hopes. In an ac-



companying explanation of all its frequency
proposals, the United States takes a very
strong gosition in our protection. It wasn’t easy
to reach this decision. Despite the affection our
country has for the amateur service, it is itself
so great a user of the spectrum that it has im-
mense difficulty finding places for all its serv-
ices. Most of them have had to give up space
rather frequently to permit the creation of
needed new services. As it is well known that
there have been no changes in the major ama-
teur bands since 1929, there were frequent
feelings that we too ought to share in the re-
making of the world by giving up something,
despite our great congestion. Kven in a coun-
try as friendly as our own, there were great
pressures and narrow escapes, In this long and
careful preparation by our country the con-
stant work of the League has brought us,
through these many d%culties, to current
1. 8. decisions, supported by every U. 8. inter-
est in radio, including IRAC and FCC, that
reflect the expectations and instructions of our
Board.

Except for Canada, we do not yet know what
the amateur proposals of any other country
will be. None has been announced; we only
speculate on their possible content. It will not
be surprising if some of them propose some
narrowing of amateur bands. That would be
the traditional view of some countries. Any
international conference of course is a hazard,
gince all the cards are on the table and you have
to play to pick up your aces again, but there
would be nothing new about hostile recom-
mendations from some countries and no reason
for becoming jittery over them; they always
try it on. Proposals themselves mean very
little. The United States naturally expects to
have to fight, not only for amateurs but against
similar attacks on practically every one of its
services. That is why it is making such exten-
sive and careful preparations.

Our country, for the nation as a whole, now
takes the ball. The League goes along to At-
lantic City to assist. There is little that the
anxious expectant father in the anteroom can
do at this stage. Since the attitude and an-
nounced intentions of our (Government are
satisfactory, all of us can have only applause
for the currently-announced proposals; and as
to urging our Government not to listen to for-
eign restrictive proposals, it isn’t necessary.
The preparatory phase is now successfully
over. To review the work to date and to make
any further plans that are found desirable, our
Board of Directors is having a special meeting
in middle March, to deal solely with this sub-
ject. We’ll report it in our next issue, along
with all available conference news.

Meanwhile don’t let anybody tell you that
the battle is lost before it starts and that your
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League — directors, committees, officers and
headquarters — hasn’t been in there pitching
these many years. You have only to read the
record and see the results to date.
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New WWV Schedules

TANDARD-FREQUENCY transmissions are made
) available as a public service by the National
Bureau of Standards over its standard-frequency
station, WWYV, on the following expanded sched-
ules and frequencies:

Power Qutput Audio Freq.
Me. EST (cycles)
2.5 7:00 P.M.~9:00 A.n, 1.0 440
5.0 7:00 P.M.~7:00 A.M, 10.0 440
5.0 7:00 A.M.~7:00 P.M, 10.0 440 and 4000
10.0 continuously 10.0 440 and 4000
15.0 continuously 10.0 440 and 4000
20.0 continuously 0.1 440 and 4000
25.0 continuously 0.1 440 and 4000
30.0 continuously 0.1 440
35.0 continuously 0.1 440

A 0.005-second pulse may be heard as a faint
tick every second, except the 59th second of each
minute. These pulses may be used for accurate
time signals, and their one-second spacing pro-
vides an accurate time interval for physical
measurements.

The audio frequencies are interrupted precisely
on the hour and each five minutes thereafter, re-.
suming after an interval of precisely one minute.
This one-minute interval is provided to give
Eastern Standard Time in telegraphic code and
to afford an interval for the checking of radio-
frequency measurements free from the presence of
the audio frequencies. Yonospheric disturbance
warnings applicable to the North Atlantic path
are given at 20 and 50 minutes past each hour. If
a disturbance is in progress or is anticipated
within 24 hours, the time announcement is fol-
lowed by 6 Ws; if conditions are quiet or normal,
the time announcement is followed by 8 Ns. The
announcement of the station’s services and of the
station’s call (WWYV) is given by voice at the
hour and half hour.

The accuracy of all the frequencies, radio and
audio, as transmitted, is now better than a part in
50,000,000. Transmission effects in the medium
may result in slight fluctuations in the audio
frequencies as received at a particular place; the
average frequency received, however, is as accu-
rate as that transmitted. The time interval
marked by the pulse every second is accurate to
0.000001 second. The beginnings of the periods
when the audio frequencies are off are synchro-
nized with the basic time service of the U. S,
Naval Observatery,




The “Micromatch”
A Device for Measuring Standing Waves and R.F. Power

BY MACK C. JONES,* WIPNX, AND CARL SONTHEIMER **

any amateur station is that of properly

terminating r.f. transmission lines. This
problem comes up in the adjustment of a fixed or
rotary beam, of an antenna tuner, in the adjust-
ment of interstage link-coupled circuits, and in
many other places around the ham station. The
Micromatch is a new and very valuable tool in
the adjustment of transmission-line terminations.
When connected in a transmission line of any
impedance from 70 to 300 ohms and properly
calibrated it will read the standing-wave ratio
(s.w.r.) of the transmission line beyond it, and
when its terminals are reversed it will read the
r.f. power being fed down the transmission line.
It will operate on any frequency, 3 to 30 Me., and
with any power from 10 to 1000 watts.

Using the Micromatch indicator it is possible
to adjust any impedance-matching network far
more rapidly than with existing methods. Tuning
an impedance-matching network by this means is
no more complicated than adjusting the final-
tank tuning condenser for minimum plate current
by means of a plate milliammeter.

Proper adjustment of any matching device or
load to the correct value free of all reactance is not
possible without some means for measuring the
standing-wave ratio along the transmission line
connecting to the transmitter. Improper termina-~
tion of the transmission line connecting the an-
tenna or tuner results in the poor performances
with which we all are familiar. The following
advantages result from correct matching:

1) Losses in the transmission line are mini-
mized.

2) Voltage on the transmission line is reduced,
thereby reducing danger of voltage break-down.

3) The antenna system may be operated over
a much wider band of frequencies without re-
tuning,

4) Receiver sensitivity is increased, if the re-
ceiver operates from the same antenna.

Another of the problems which the Micromatch
helps to solve is that of proper adjustment of
interstage link-coupling circuits. By adjusting the
loading and coupling on the grid circuit of an r.f,
amplifier it is possible to produce a perfect match
to the link line connecting to the driver tank
circuit. This results in all but the last of the above
advantages.

ONE of the difficult and important problems in

* M. C. Jones Electronics Co., 96 N. Main St., Bristol,
Conn.
**k 7 Leonard Street, Riverside, Conn.

OUR COVER

¢ It has been a long time since the QST
technical staff has been so enthusiastic
about a new device as it is about the
““Micromatch’ pictured (WI1EER-
W1JKQ beam in background) this
month. Here is an article describing the
simply astonishing ‘‘little black box*’
that can be inserted in a transmission
line at any point to read directly the
standing-wave ratio! For the thousands
of amateurs who have played with neon
bulbs and ‘‘detuning-of-the-tank®’
methods for approximating the degree
of match between antenna and line, it
will be unnecessary to point cut the con-
venience of such a device, but the gadget
is equally useful in the adjustment of
any form of link coupling, from final
amplifier to antenna tuner or between
stages of the transmitter. Further, the
Micromatch will measure r.f. power in
the line up to the amateur limit. This
new development seems to be destined
to become as popular as the familiar
plate milliammeter because, once hav-
ing seen it perform, you can’t imagine
not having one for the shack.

Theory of Operation

All the useful properties of the Micromatch ob-
tain because of its ability to measure energy flow
separately in either direction on the transmission
line. Since & transmission line is a one-dimensional
affair, energy can flow from the generator to the
load, or from the load to the generator. If the line
is terminated in a matched load equal to the surge
impedance of the line, then this load will absorb
all the energy that the generator sends down the
line; but if the load does not match the line, then
part of this energy will be reflected back toward
the transmitter. It is the interference between the
transmitted wave and the reflected wave that gives
rise to the standing-wave pattern.

Let us call the transmitted wave E. and the
reflected wave Z,. At some points on the line B,
and E; will be in phase; at these points there will
be a maximum voltage equal to E; + E;. At
other points (& quarter wavelength away from
the preceding) the two waves will be exactly out
of phase, and there results a minimum voltage
B, — B,. At all other points on the line the
voltage will be somewhere between these two
- N——
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extremes. Now the standing-wave Tratio is by
definition the ratio of the maximum to the mini-
mum line voltage, i.e.
E. + E;
saw.r, = T~ F, 1)
We see immediately that the s.w.r. can be
unity only if the reflected wave, Er, is zero, and
this condition is obtained if and only if the line is
terminated in a pure resistance equal to Z,, its
surge impedance.
It i3 possible to express the voltage and current
at each point on the transmission line in terms
of Ey and E;; the expressions are:

B = ki + ko,
1 .
AT

where k1 and kg are parameters that express the
phases of E. and E; at each point on the line; all
we need note about them is that their r.m.s.
value is 1.0.!

Fig. I — A simplified sche-
| matic of the Micromatch
>, standing-wave meter. It is
>< inserted in the transmission
line between the load and

the r.f. source.
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Turning now to the circuit of Fig. I, let us as-
sume that Cg is much larger than Cy, and that the
reactance of Cp is much greater than the surge
impedance of the transmission line. Let us choose
Ry so that R1/Z, = C1/Ca. We see that the volt-
meter reads the r.f. voltage between points D and
B, that is, the difference between the voltage
across (3 and the voltage across £2,. The voltage
across Cq is

(o5 'y
Ec = z-,—E' = (k1B + koE:r)
’e /2
and the voltage across Ry
)
Er = Ryl = ‘17:)" (k1 By — koEy)

The voltmeter reading is the difference betwcen
these two voltages:

Vi=Ec — En
C AT
02 - Zo) +L2Er 02 + Zn)

‘The coéfficient of E: is zero, since we have chosen
R1 so as to make C1/Cs equal to R;i/Z, and
remembering that the r.m.s. value of k, is 1.0, we
have

= klEg

S
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Fig. 2 ~ Standing-wave ratio plotted against meter
ceading of the Micromatch. The meter has a full-acale
reading of 1.0.

We see that with the Micromatch connected as
shown in Fig. 1, the meter reading is proportional
only to the reflected wave E;, and is not in-
fluenced by the transmitted wave E. Since E; is
zero only when the line is properly matched, this
shows us the first and perhaps most important
property of the Micromatch: the meter will read
zero if and only if the transmission line is proerly
terminated in Z = its surge impedance Z,, 80 as
to have unity standing-wave ratio.?

If we reverse the position of the generato and
the load in Fig. 1, and again compute the meter
reading, we find that the coéfficient of . is zero,
and that we have

2R
“'2 = Zo_): E,
When thus connected, the Micromatch reads the
transmitted-wave voltage only, and does not
respond to the reflected wave.

Referring back to Equation 1, we find that by
measuring ¥ and V3 we can compute the s.w.r.,
since
ks + B, - Va + 11
E.—-FE Va-—1

This computation may be avoided by making the
meter direct reading, as follows: When measuring
Vg, adjust the sensitivity of the voltmeter so that

s.aw.r, =

“The complete expressions of ki and kx are:
. X - —_—
= /3 con (ut — =), bam /2 cos (wt + ‘i(’z————c 2 o)
x is the distance between the generator and the point where
the measurements are made, ¢ is the velocity of light, w is 2=
times the frequency, s is the length of the line, and a is the
phase shift which the transmitted wave undergoes when
reflected from the load. E¢ and Er are both r.m.s. values,

2 This result is obvious when Fig. 1 is considered as a
bridge, but the other properties of the Micromatch eannot
be well understood unless the traveling-wave picture is
considered.
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it just reads full scale, then measure 1y without
changing the voltmeter gensitivity. Then, since
Ve = 1.0,
1+ W
1-"
and the meter scale may be calibrated to read
directly the s.w.r. corresponding to any voltage
Vy. The calibration curve in Fig. 2 shows the
standing-wave ratio in terms of meter deflection.’

Now consider the use of the Micromatch as a
wattmeter. Obviously, the net power delivered to
the load is the difference between the transmitted
power and the reflected power. For any load im-
pedance, this is given by

Eg2 — Erz .
= ——= 2 .72
P 7 K (Vg 142)

where K is a constant which depends on the line
impedance and circuit values, but not on fre-
(uenecy

s.w.r. =

o
" v
a /,
4
) /
©
g /
o 1
F /
g, /
/
o
0.3
o1/
al -
[} 0.2 08 Lo

0.4 0.6
METER READING

Fig. 3 — Calibration curve of the Micromatch iud -
cator used as a wattmeter. One actual point must be
found by comparison with a lamp or other known r.f.
load, after which the above scale can be fitted to the
meter.

Thus the power delivered to the load may be
found by measuring ¥y and V3 and taking the
difference of their squares. The squaring may be
done automatically by drawing on the meter the
calibration curve shown in Fig. 3. Full scale on
the meter is arbitrarily selected as 10. This power
scale is of course only relative, and the meter
must be calibrated at one point on its scale for
each value of line impedance used. Note that
with the calibration curve of Fig. 3, the Micro-
match will indicate 1 per cent of full-scale power
with good accuracy, while with the conventional
r.f. ammeter it is not possible to read accurately
below about 30 per cent of full scale, giving a
power range of 10 to I against 100 to 1 with the
Micromatch.
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Fig. 4 — 'The error in wattmeter reading for various
standing-wave ratios. This error can be eliminated, as
explained in the text.

In using the Micromatch as a wattmeter, it is
frequently possible to omit measuring V3. This
can be done if the s.w.r. on the line is small
enough. For example, if the s.w.r. is 2, V is one-
third as large as Vs, and Vi? is consequently 10
per cent of V42, Neglecting V; thus introduces
10-per-cent error on lines with an s.w.r. of 2; the
error introduced by this simplification for other
values of s.w.r. is shown in Fig. 4.

Construction

The circuit diagram of the Micromatch indi-
cator is shown in Fig. §. The constants have been
selected to operate at frequencies from 3 to 30
Me., and for transmission lines from 70 to 300
ohms. The capacitor (' is made variable to allow
the Micromatch indicator to be adjusted for
various values of transmission-line impedance.
The maximum capacity corresponds approxi-
mately to 70 ohms line impedance, while the
minimum capacity will correspond to about 300
ohms line impedance. The resistor 2; and the
capacitor Cs should be selected so that the above -

Fig. 5 — Circuit diagram of the Micromatch stand-
ing-wave indicator.
(1 — 3-15-pufd. midget variable.
Czg — 820-pufd. silver mica.
Cs — 0.0047-pfd. mica.
R1 — Special four-terminal 1-ohm 20-watt resistor.

See text.

Rg — 5000-ohm potentiometer.
MA — 0-1 d.c. milliammeter.
RFCi, RFC3 — 2.5-mh. r.f. choke.
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range is obtainable on the variable capacitor Cj.
The instrument is calibrated for impedance by
attaching various noninductive load resistors to
the load terminals and adjusting C; until the
meter reads zero. The scale on € should then be
marked for the particular value of load resistance
used. Another value of load resistance should be
substituted and the procedure repeated. Suffi-
cient points should be taken to obtain a smooth
calibration curve. It should be emphasized here
that the load resistors must be noninductive or an
incorrect calibration will be obtained. The meter
should be calibrated at about a 20-watt level. The
load resistors may be made up of several carbon
resistors connected in parallel to dissipate this
amount of power. Care should be taken to de-
termine that the resistors are actually carbon and
not wire-wound.

The resistor R is made up of ten 2-watt 10-ohm
resistors connected in parallel, as shown in the
photograph. Two leads are brought out at each
end of the composite resistor, one set to carry the
transmission-line current, and one set to connect
to the crystal and capacitor Cs.

There are a few precautions to take in the con-
struction of this instrument to prevent the loop
formed by R;, C3 and the 1N34 from having
voltage induced in it from the field of the line.
This loop is made small by running the lead from
R1 to the crystal znside the resistor assembly Rj.
The crystal is mounted directly against the
capacitor (2 and they are both mounted per-
pendicular to the line, If these precautions are
not taken, serious errors may be encountered at
high frequencies.

Since the entire range of the capacitor C, is
used in this instrument, care should be taken to
see that a minimum of capacitance from the
wiring is added in shunt with it. The stator side
of the capacitor is connected to the capacitor Cz
and the crystal rectifier. This connection should
be short and far removed from the rotor side of
C1 or the side of the transmission line to which it
connects. This helps to keep the minimum capac-
ity small. Since there is line voltage on the rotor
of the capacitor 1 it must be insulated, and an

MATCHING
MICROMATCH NETWORK
Q
o113 .
2R o O g
TRANSMISSION
LINE

Fig. 6 —To check a “flat” transmission line, the
Micromatch is connected in the line near the trans-
mitter, although it can be used anywhere along the line.
The matching network is then adjusted for minimum
rcading of the Micromatch.
insulated knob should be put on its shaft. It is
usually not necessary to adjust this capacitor
while the instrument is in use, so this should
present no problem.

When used as a wattmeter, with the poten-
tiometer set for maximum sensitivity, full scale
on the meter corresponds very roughly to 10
watts with a 70-ohm line and to 40 watts with a
300-ohm line, at all frequencies within its range
and depending on the sensitivity of the particular
crystal used.

When used at a power level near the minimum
values indicated above, the nonlinearity of the
crystal may introduce a slight error in both the
wattmeter and standing-wave-ratio readings.

Uses for the Micromatch

Many uses have been found for the Micro-
match indicator. Probably its most popular func-
tion is that of enabling the operator to de-
termine the standing-wave ratio on his antenna
transmission line and hence to adjust the match-
ing network for minimum reflection. The Micro-
match is inserted in the line, as shown in Fig,. 6,
and the s.w.r. read as previously described. The
effect of any adjustment at the antenna matching
network or of a change in element length, in the
case of a rotary beam, can be observed immedi-
ately. By adjusting the elements and the match-
ing network for minimum reading of the Micro-
match, one is assured that the s.w.r. is minimized.
These adjustments can be made with loose
coupling at the transmitter end, if a high-powered
transmitter is used. When the s.w.r. has been
minimized, it will be found that the coupling can

A rear view of the Micromatch
with its Masonite back cover re-
moved. Notice the construction of the
composite 1-ohm resistor and how the
other components are arranged to
have as little coupling as possible to
the No. 14 wire main lines.
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MICROMATCH >

epmeBE 7

ZTUNED LINE
v TO ANTENNA

Fig. 7— Link coupling to an antenna tuning unit is
checked by inserting the Micromatch in the link line
and adjusting the tuning and coupling of the antenna
tuner for minimum reading of the Micromatch. The
loading is then adjusted at the transmitter.

be increased at the transmitter and no detuning
of the final tank circuit will be observed, except
possibly at 28 Me., where the coupling-loop in-
ductance introduces some slight reactance. It
must be remembered that any adjustments at the
transmitter end can have no effect on the s.w.r.
but only on the power level through the Micro-
match.

In any two-wire line, a discrepancy in the s.w.r.
may appear depending upon how the Micromatch
is connected in the line. If this discrepancy ap-
pears, it indicates that the feeder currents are not
balanced. This will amost invariably occur with
unbalanced systems like the “J"” end feed, and it
will often occur when the feed line to the center
of an antenna is not brought away at right angles
to the antenna. In the latter case, there is usually
no solution but to lead the feed line away in the
proper manner,

One striking application of the Micromatch
was the adjustment of an antenna tuning system
for a 7-Mec. Zepp that was coupled to the trans-
mitter by about 20 feet of 70-ohm line, as
shown in Fig. 7. The Micromatch was first con-
nected as a wattmeter and the potentiometer ad-
justed until the meter read just full scale. Re-
versing the Micromatch indicated an s.w.r. of 10!
This particular antenna tuner had been adjusted
by all of the usual rules of thumb to what was
considered to be the correct adjustment.

The antenna tuner was then adjusted until the
Micromatch read a minimum. It became im-
mediately evident that the antenna tuner was
not capable of properly matching the antenna to
the transmission line, It was necessary to add a
few turns to the adjustable link of the antenna-
tuner coil. It also became very evident that this
adjustable link at the antenna tuner was an
impedance-matching adjustment and should not
be used to vary the loading on the transmitter.
When the antenna tuner was properly matched,
and the standing-wave ratio was less than 1.1,
the r.f. voltage on the transmission line was re-
duced so that a neon bulb could not be lighted
off the line, and the coupling at the transmitter
had to be increased.

The transmitter could now be operated over
the entire 40-meter band and still maintain fair
loading at the transmitter, without readjusting
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the antenna tuner. The standing-wave ratio rose
at each end of the band, but at no point was it
nearly as bad as before proper adjustment. Before
proper matching, the antenna tuner required ad-
justment every 100 ke. to maintain proper loading
of the transmitter.

The Micromatch soon dispelled the common
fallacy that the antenna system should tune up
with a minimum amount of coupling at the link
in the transmitter. With the transmission line
properly matched, the link was adjusted for
proper loading of the transmitter. The setting of
the link under this condition was much farther
into the tank coil than the incorrect adjustment
which existed prior to the proper matching. When
the line is properly matched, moving the link in
and out of the tank coil does not change the posi-
tion of the final tank tuning condenser for mini-~
mum plate current.

It might be noted here that cut-and-try meth-
ods of antenna tuning can produce the condition
of no change in the final tank condenser tuning
when the link is moved in and out. This condition
represents a resistance load at the link, but there
is no simple means, except of course with the
Micromatch, which will produce the proper value
of resistance load at the link,

Another very important use of the Micro-
match indicator is for adjustment of interstage
link coupling. The diagram in Fig. 8 shows the
Micromatch connected between the driver tank
circuit and the final-stage grid circuit of a typical
transmitter,

In this adjustment, the Micromatch is set to
the impedance of the line or twisted pair con-
necting the two coupling loops. The amplifier
grid circuit is then adjusted until unity stand-
ing-wave ratio is obtained. ‘This should be
done at the normal operating power level and

_with the plate voltage on the loaded driven am-

plifier. The adjustments are made by changing
the value of the grid leak, Rq, and by the coupling
of the loop at the driven amplifier. The grid circuit
is, of course, maintained in resonance, as indi-
cated by maximum grid current. In some in-

DRIVER

z AMPLIFIER
™ MICROMATCH
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Fig. 8 — Interstage link coupling cau be properly ad-
justed by means of the Micromatch. Since the grid-
circuit loading depends upon the grid current of the
tubes and the value of grid leak, Ra, adjustment should
be made under actual operating conditions. In some
cases it i8 necessary to load the circuit with an addi-

tional resistor, Ri, to obtain the proper match for-the
link line.
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stances it may be necessary to add a loading re-
sistor, Ry, across the circuit. The amount of drive
is kept constant during the tests by changing the
position of the loop at the driver end. If desired,
thé driving power can be measured by reversing
the meter. It is of course necessary to calibrate
the wattmeter scale for each setting of the poten-
tiometer, but this can be done by comparing a
light-bulb load with one of known wattage con-
nected to the a.c. line. The meter need be cali-
brated at only one place on its scale to read power
over quite a wide range.

Proper adjustment of this link-coupled circuit
enused the driving power to be maintained essen-
tially constant without retuning over a wider
range than obtained by conventional matching
methods.

In any transmitter, the Micromatch could be
used to adjust all of the interstage couplings,
and then left in the antenna feed line to monitor
the standing-wave ratio.

TRANSMITTER
RANSMIT RECEIVER

MATCHING
MICROMATCH NETWORK

01T 7

[RECEIVER

Fig. 9 — The Micromatch can even be used to match
properly a receiver to the antenna, by using the trans-
mitter as a low-power source of signal.

Another use of the Micromatch is that of ad-
justing an antenna tuner connecting a receiver to
a transmission line. In this application the trans-
mitter is used to feed a small amount of power
into the receiver input circuit as shown in Fig. 9.
(fare should be taken to prevent damage to the
receiver input circuit, by keeping the power level
as low as possible. The receiver should be tuned
to the frequency of the transmitter. The Micro-
match should be set for the impedance of the
transmission line. The antenna tuner is then
adjusted for unity or minimum standing-wave
ratio. This condition will produce the maximum
signal across the antenna ferminals of the
receiver.

The Micromatch may also be used to measure
impedance, such as the input impedance of a
receiver. To make this measurement, the Micro-
match is connected between a source of signal and
the receiver input, and the capacitor ', in the
Micromatch is adjusted for unity or minimum
standing-wave ratio. The unknown r.f. resistance
is then read on the dial associated with C; on the
Micromatch. This method works quite well if the
unknown impedance has only a small reactive
component. An estimate of the reactance may be
had by reading the standing-wave ratio after
balancing the capacitor Cj. If the standing-wave
ratio is unity this reactance is zero.
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A 25-watt light bulb was measured by this
method on the Micromatch. It had an r.f. re-
sistance of approximately 300 ohms and a stand-
ing-wave ratio of near unity at 7 Me.

After using the Micromatch it may be removed
from the line without disturbing the impedance
match, or it may be left in the line to monitor
either the standing-wave ratio or the power out-
put. The instrument should be very useful in
monitoring an antenna during wet weather to
determine the effect of dampness on the feeders
and insulators. Two instruments may be con-
nected in series, one to read power and the other
to read standing-wave ratio.

To review briefly the use of the Micromatch,
the following steps should be taken each time a
reading is taken:

1) Connect the Micromatch as a standing-
wave-ratio meter, and adjust the load for mini-
mum standing-wave ratio, i.e., minimum meter
reading, .

2) Reverse the connections, and connect the
Micromatch as a wattmeter. Adjust the poten-
tiometer until the meter reads just full scale.

3) Reconnect the Micromatch as a standing-
wave-ratio meter and read the standing-wave
ratio of the transmission line. Readjust the
load-impedance matching network if desired to
obtain a better standing-wave ratio.

4) The meter may be left in the circuit either
as a standing-wave-ratio meter or as a wattmeter.

After using the Micromatch for a few weeks, it
doesn’t seem possible that an amateur station
could be operated without it. It seems as indis-
pensable to tuning r.f. systems as a plate milliam-
meter is in tuning a Class C amplifier.

The Micromatch is a very useful device even if
the only calibration is the essential one of C for
various impedance levels, since all of the s.w.r.
applications can be used without knowing the
magnitude, the meter serving as a “minimum?”
indicator.

Silent Reps

I’r 18 with deep regret that we record the

passing of these amateurs:

Ex-W2DJ, Edwin B. Lant, Larchmont,
N. Y.

Ex-W3BLC, Floyd Rice, Bethlehem, Pa.

WS5FHJ, Henry W. Hart, Ruleville, Miss.

W5FQ, Burt Stuart, Meridian, Miss.

W6GMU, Robert M. Ryan, La Habra,
Calif.

W8WEF, Charles A. Wise, Detroit, Mich.

WIODCV, Joseph G. Grant, Harrisburg,
.

WOIUA, Tech. Sgt. Robert, L. Bennett,
Elmhurst, IIL

GW4KQ, Hugh H. Phillips, Cardiff, Wales
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Predicting Amateur “Conditions”
A New Method of Using CRPL Charts for DX Work

BY NEWELL A. ATWOOD, * W3KTR

e Methods previously outlined for using
CRPL m.u.f. charts have been prin-
cipally useful for determining the best
working frequency between any two
points at any given time of day. Here is
a way to find at a glance where you can
work, from a given location, at any hour.
A small amount of preliminary work sets
vou up for rapid determination of prob-
able DX conditions months in advance.

UBLICATION since the war of articles in

QST" 2 3 and elsewhere! describing propaga-

tion prediction methods has no doubt caused
many an amateur, particularly the DX ham, to
attempt to predict the best hours for DX QSOs.
Such attempts have probably not yielded results
commensurate with the efforts expended, in view
of the fact that the prediction methods hereto-
fore recommended are based on the location of
the desired remote station and the time of the
day that it is desired to work that station.
Additionally, the answer obtained by such meth-
ods is in terms of maximum usable frequency or
optimum working frequency at a given hour of
the day. To the average ham, the term “condi-
tions’”’ means “What is the best time of the day
to make DX contacts?’”’ or “What DX can I
expect to work with my rig during the hours I
can spend in the radio shack?”

The monthly publications giving basic radio-
propagation predictions three months in advance,
and originating with the Central Radio Propaga-
tion Laboratory of the National Bureau of Stand-
ards,® can be used to permit an amateur to predict
“conditions” with- fair accuracy in a usable
form and with little effort after the initial spade-
work is done. In the present period of the sunspot
cycle these predictions will be found most useful
for 10-meter operation, although the techniques
here described should be equally applicable to 6-
and 20-meter operation in the future.

* Commander, USN; ¢/o Office of Naval Research, Navy
Department, Washington, D. C.

1'W. R. Foley, ‘‘Forecasting Long-Distance Transmis-
sion,” QST, February, 19486.

2EB. H. Conklin, ""The Bright New World — of Sun-
spots,”” QST, January, 1946.

3 Newbern Smith & Richard Silverstein, * Radio Propaga-
tion Work at the National Bureau of Btandards,’” QST,
May, 1946.

40, P. Ferrell, “DX Predictions,” C'Q, August-Decem-

ber, 1946.
8 P. 46, QST, August, 1946.
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While the prediction methods outlined in this
article differ from those heretofore recommended
the theory underlying each method is identical
Briefly, this theory is that for distances in excess
of 2300 miles (4000 kilometers), propagation is
controlled by the Fa layer of the ionosphere at
two control points along the great-circle path
between the two stations, each point being 1250
miles (2000 kilometers) from each station toward
the other station.

For prediction of maximum usable frequency
by the method recommended by CRPL, the Fa-
4000 charts contained in the monthly CRPL pub-
lication are used with a world chart (also con-
tained in the same publication) upon which the
control points have been plotted. The condition
of the ionosphere for each hour of the day at each
control point is obtained in terms of maximum
usable frequencies, the lowest of which is the max-
imum usable frequency for communication be-
tween the selected two stations at the designated
hour, based upon reflections from the #a layer at
the two control points.

To predict amateur “conditions,” as outlined
in this article, the same charts are used but in a
somewhat different manner, A transparent chart,
upon which has been traced curves or “contour”
lines ‘representing amateur frequencies, is used
with a world chart upon which there appear a
control area surrounding the amateur’s location
and great-circle paths to all parts of the world
from the control area. By moving the trans-
parent chart horizontally, the hours of the day
at which the periphery of the control area and
the contour area coincide can be determined and
the areas of the world that can be worked at
these hours can be ascertained at & glance.
““Conditions” on 10 meters, for example, can be
determined by observing what land areas afe
covered by the 30-megacycle shadow of the #g-
4000 “cloud” as it drifts from east to west during
the twenty-four-hour day. The contour of this
‘“cloud” differs from month to month and differs
slightly over three zones of the world but a single
transparent chart can be used to obtain a fairly
accurate picture for any one month.

An amateur interested in predicting *condi-
tions” should subscribe to Basic Radio Propaga-
tion Predictions, CRPL-D, published monthly by
the Government Printing Office, Washington,
D. C. (Single copies 15 cents; $1.50 per year.t)
Figs. 1, 2, 6, 8 and 10 of this publication are used
to construct the basic world chart and the trans-

21




NORTH
g AURORAL ZONE
AL, ONE__

.ﬁ..%

_SOUTH| AURORAL ZONE_ ——~

— —
D

- ——

~ o

Fig. I — The basic map will resemble this one constructed for Washington, D. C., by the author. Each of the
heavy curves (including the vertical line) represents a great-circle path, intervals between curves being 30 degrees
of azimuth at the home location. The short double-arrowed vertical line marks the EST meridian,
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Fig. 2 — The 30-megacycle F3-4000 m.u.f. contour lines traced from the CRPL prediction charts for April,
1947. The contours for the three zones are superimposed on the same chart so that 10-meter predictions the
world over can be observed at a glance,
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Fig. 3 — Conditions, as predicted by the charts, at 8:40 o.M, EST, during April, 1947. The white area that
also encloses the lower portion of the home:station control area represents the part of the world that is “open”
for 10-meter communication. Shaded areas cannot be worked over the short great-circle route, but are “possible”
by the long path.
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parent chart in the manner outlined below.
These figures correspond with those shown as
Figs. 5, 6, 7 and 9 of the February, 1946, QST
article,! except in size,

Constructing the Basic Map

Upon the world chart, Fig. 1 of the CRPL pub-
lication, draw in heavy black lines a series of six
great-circle paths passing through the location
of your station and extending from this location
to the borders of the chart in each great-circle
direction at 30-degree angles around the compass.
This is done by means of the great-circle graph,
Kig. 2 in each issue of the CRPL publication (see
Kig. 6 of the February, 1946, QST article!), as
follows: Upon a sheet of tracing paper or thin
transparent paper approximately the size of the
C'RPL Fig. 2, trace from that chart the Equator
and three perpendicular lines corresponding to
the points of convergence of the great circles on
that figure. On the center vertical line, from the
world chart, CRPL Fig. 1, mark as accurately as
possible the location of your station. Using a
30-60-90-degree triangle, draw short lines passing
through the location of the station at 30-, 60- and
90-degree ungles to the perpendicular line. Great-
circle paths are next drawn in by moving the trac-
ing paper horizontally (maintaining coincidence
between the Equator lines) and drawing each of
five great-circle paths which pass through the lo-
cation of your station tangent to the short 30-60-
90-degree lines previously drawn in, using the
closest great-circle paths of CRPL Fig. 2 as
guides. The perpendicular lines represent the
sixth great circle running due north and south
through the location of your station. From right
to left, these great-circle curves, including the
perpendicular lines, represent bearings from the
station location of zero through 360 degrees at
30-degree intervals.

Next, on each great-circle path, distances 2000
kilometers each side of the home-station location
are spotted from the dot-dash lines of Fig. 2 of
the CRPL publication. These points are then
connected by a smooth curve to outline the
control area, 2000 kilometers (1250 miles) in
radius.

The curves and the control area are next trans-
ferred to your basic world chart, making certain

that the locations of the home station and the
Equator are properly positioned during the "

transfer,

Because of the type of world-chart projection
used, the periphery of the control area will not
be a circle but will take the shape of an egg or a
spinning top with its point toward the Equator.
The Equator on this world chart should be drawn
in a8 a heavy horizontal black line from border
to border. Also, the central meridian of the time
zone in use at the amateur’s station, e.g. 75, 90,
105 or 120 degrees for Eastern, Central, Moun-
tain or Pacific Standard Time, respectively, should
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be drawn in as a short, heavy vertical black line
at the Equator, for use in reading time from the
time scale on the transparent chart to be des-
eribed later. It will be found convenient to color
the land areas on the world chart using different
colors (light red, green and blue are recom-
mended) for the land areas falling in the £, /
and W portions of the world chart. The chart
thus constructed can be used as a basic chart
for predictions from month to month thereafter
at various amateur frequencies, and for these
reasons it is best to mount this basic chart upon
heavy cardboard or upon a piece of smooth wood,
using vegetable glue or similar adhesive.

Incidentally, this basic world chart with its
great-circle paths will be a good guide to the
direction in which that rotary beam should be
pointed to make the DX contacts predicted from
the charts.

Prediction Charts

To be used with the basic chart, a transparent
chart is prepared, preferably upon a roughened
cellulose (although thin white tracing paper may
be used), by tracing in part from Figs. 6, 8 and
10 of the CRPL publication. A permanent hori-
zontal line representing the Equator is traced in
ink on the transparent chart and a permanent
horizontal scale of hours, also obtained from the
same figures, is entered on the chart, most con-
veniently along the Equator line. [Jpon the
transparent chart there are traced, from the
F-4000 charts of the CRPL publication for the
month for which predictions are desired, *“con-
tour” lines corresponding to the amateur fre-
quency which is in use, or the high frequency
of the band in use (e.g.. 30 megacycles for 10
meters), These “contour’’ lines should be traced
from the E, I and W F3-4000 charts, preferably
in colors corresponding to those used upon the
basic chart for the land areas lying in the E,
and W zones respectively. Contour lines for
succeeding months can be transferred to the
transparent chart after erasing such lines for the
previous month, if traced with pencil. Or, if it is
desired to know ‘‘conditions” for several months
in advance, several transparent charts can be
prepared for use with the one basic world chart.

Making Predictions

Once constructed, the charts are easily kept
current and easily used. In use, the two charts
are always positioned vertically so that their
horizontal Equator lines coincide. For this pur-
pose guides may be associated with the basic
world chart which will permit the transparent
chart to be moved only in a horizontal direction.

The transparent chart is slid horizontally so
that the contour area outlined thereupon first
touches, then overlies and later passes out of
contact with the periphery of the control area on

- the world chart. The proper %, I or IV contour
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areas for the zone in which the
control areas lie should be used, Correlation of 30-Megacycle Predictions and Observations
of course. The band begins to at W3KTR for Washington, D.C.
open up at the time of first con-
tact between the contour area Date hopi Predicted T'ime (EST)
and the control area, and re- | %6 | Setor Location Open Period | Heard or Worked
mains open until there is no
further contact between these | “°t 2 EZJA}{W E“m‘““ham' England gra0— 1340 geas
. . ermany — 154
two areas; time is read from the ] Eéxzaﬁ.f golltaLd don. 8. AR gggo —1310 0;38
2 [ ast London, rica 0 — 1530 0735
transparent chart, using the 6 | ZSIBV | Capetown 8. Africa 0600 — 1530 1508
time scale along the Equator at :g K%A lﬁombﬁ’, Inﬂdm 0938 - 1028 : 1010
: s L : k onolulu, Hawaii 1100 — 194 1216
the point which coincides with 17 | LU7BU | Buenos Alres, Argentina | 0710— 1810 1737
the vertical line on the world N ? (Féggg{ i\{lget;m,E m.dAﬁ;ca gsz;g—mzo 1(;47
H _ ov. i (¥ erts., an 640 — 1240 0738
chart corresponding to the cen 3 | LASC | Oslo, Norway 0720 — 1100 0844
tral meridian of the time zone 3 gﬁ%g Eralvlaakfon , Germany ggﬁg—l%s 39%3
t) . 3 ollan 00 — 1200 9
at the amateur’s location. o | 2S1BC | Capetown, 8. Africa 0550 — 1620 0638
World areas that can be con- )g E‘%ﬁ Butch Fcumea osgg— 1708 078:’;
. : 2 'aris, France 0630 — 125 12
tacted dl{mng the period that 20 | HCIFG uito, Ecuador 0850 — 1800 1420
the band is open, as worked out f; (If%iv%(‘}% ula::ﬁs Wal fljggg— }gzg 18«;1
s 2 i ales — 125 0852
above, can be read directly | .. " | GeaF Linca., England 0740 — 1140 0744
from the charts. Since radio sig- 1§ %&};F gr ?mlf(’ft , Germany 8%2— H;g g;zg
3 aples, aly —_
nals tr.avel by great,-c.xrcle.pza,tht_!Y 22 | HCIFG Quﬁo, 0730 — 1720 1201
and since propagation is pri- 2):; (P}ﬁgo kgndo?, Enj I?d . g;zg— { }38 3%5)
* . 2 D aassluis, Hollan —
g!:;ﬂoyf ctzgt;zﬂ;dy f,y:thfh?é‘fﬁ. 58 | M7V | Sweden 0810 — 0930 0825

trol points, it is only necessary

to ascertain when the control points along these
paths, i.e., & first point on the periphery of the
control area and any other second point along
that great-circle path, become effective at the
desired frequency, to ascertain what can be
worked along that path 1250 miles beyond the
second control point. In other words, by means
of the two charts, the time at which the first
control point on any great-circle route be-
comes effective, and the location of all second
control points along that great-circle route, are
presented visually to permit a quick answer to
the question “ What are present conditions?”’

Allowance should be made for the zones in
which the control points are located, using the
proper contour areas for each zone (e.g., the
control points for red, blue and green land areas
should fall within the red, blue and green contour
areas). Additionally, it should not be overlooked
that land areas 1250 miles beyond the contour
areas along great-circle paths may be worked as
long as both control points fall within the proper
contour areas for each zone.

The use of the charts is much simpler than any
instructions as to how they are used, and Figs. 1,
2, 3 and 4 of this article may illustrate this.
Fig. 1 shows the basic world chart constructed as
outlined above for an amateur station located in
Washington, D. C. The control area is shown in
close-ruled lines and great-circle paths at 30-
degree intervals are shown. A vertical line cor-
responding with the 75th Meridian West is used
for reading time along the time scale on the
transparent chart. Fig. 2 shows the transparent
chart with 30-megacycle contour lines for the
E, I and W zones for the month of April, 1947,
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The numerals along the Equator constitute a
“local-time” scale, and can be read directly as
Washington time using the 75th-meridian vertical
line on the basic chart. Fig. 3 shows the basic
and transparent charts superimposed at 8:40 A.M.
while Fig. 4 shows the same charts superimposed
at 5:50 p.M. From these figures, ““conditions” on
ten meters at these hours can be easily observed
and DX contacts can be predicted readily. With
the actual charts, the times at which various
world areas come in and go out.can be predicted
with considerable accuracy.

Areas falling within the contour lmes and
designated by horizontal rulings are *visible”
but not “workable,” since great-circle paths
passing through these areas do not enter the
home-station control area at a point falling
within the contour lines. However, it may oc-
casionally be possible to work these areas by the
long great-circle paths; as may be seen by a study
of the charts, and it is probable that this ac-
counts for statements occasionally heard over
the air going something like this: “I worked
into the Philippines off the back of my beam,
and at 8:30 in the morning! Imagine that!”

Reliability

General correlation of predicted *conditions”
and stations heard or worked on 10 meters over a
period of several months late in 1946 is shown in
the accompanying table. This table compares
predictions made in the manner described above
with actual observations from the author’s ama-
teur station located near Washington, D. C.
Differences in predicted “open’ periods from

(Continued on page 180)
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A Low-Cost 2-Meter Transmitter

Improved Transmitter Performance for the Beginner and
Low-Power Enthusiast

BY EDWARD P. TILTON, * W1HDQ

e It’s a workaday world, and many
amateurs can only dream their designs
of crystal-controlled or MOPA 2-meter
rigs to come, while at the same time
they must struggle along with low power
and modulated-oscillator budgets. In
this day of v.h.f. refinement there is,
however, a ray of hope for this deserving
and well-intentioned group — the stabi-
lized modulated oscillator. The little job
described puts out a vastly better signal
than the majority of the simple rigs now
in use on 144 Mec., and its war-surplus’
tubes and low-cost components keep the
total cost under $20.00, down to the last
nut and bolt.

and complaining about the admittedly poor

quality of many of the signals heard cur-
rently on 144 Me., why not give us some simple
rigs that will put out the kind of signal you want
to hear on the band?” This query, in various
forms, has been cropping up with increasing fre-
quency in correspondence received at Head-
quarters recently. Many ask for descriptions of
simple MOPA rigs using low-cost tubes, while
others would like to know how to stabilize the

INSTEAD of berating the modulated oscillator,

o

modulated oscillator, but nearly all have a com-
mon aim:something simple and inexpensive which
will sound better than the you-know-whats that
are cluttering up the band today in most locations.

The answer is not easy; the construction of a
good MOPA, for instance, requires a lot more
than merely the construction of a simple triode
oscillator driving a triode amplifier. Even back in
the pre-1938 days on 56 Me. this technique was
found to be ineffective. It is utterly useless on 144
Mec. In such a set-up, where no buffer stage is
employed, the oscillator must be lightly loaded.
There must be an excess of drive, so that the
final stage can be coupled only loosely to the os-
cillator, otherwise the degree of frequency modu-
lation will be, to all intents and purposes, just
as bad as though the oscillator were modulated
directly. Only by using a high-C oscillator em-
ploying a good-sized tube, loosely coupled to a
beam-tetrode amplifier requiring only a small
amount of grid drive,? can a reasonable degree
of stability be attained. This method is just
about as costly as crystal control, and the latter
is much to be preferred.

What Makes a Signal Bad?

Frequency modulation, in itself, is not particu-
larly harmful in moderate amounts, for properly-
controlled f.m. can be copied on even the sharpest
receivers. It is the tendency of most modulated-
oscillator rigs to jump frequency when the audio
is applied, which renders them unreadable on
selective receivers. Many oscillators also suffer
from excessive a.c. hum, resulting from the use of
a.c. on the filaments of instant-heating tubes.
The greatest evil in most oscillator rigs in use
on 144 Me. is their inability to maintain os-
cillation at low plate voltages. Many which run

*V,H.F. Editor, QST.
1 “Stabilizing the 144-Me. Transmitter,”” Grammer, April,
1948, QST
2¢A V.H.F. Amplifier Using the 829, March, 19486,
QST.
L4

Front view of the simple 144-Mc. transmitter. ‘The
jacks at each side of the antenna terminals are for in-
sertion of a meter in the oscillator grid (left) and plate
(right) circuits. The microphone jack is at the lower left
and the on-off switch is at the right. The calibration
scale is drawn with India ink on heavy white paper.




at 300 volts on the plate stop oscillating when the
voltage is reduced to 150 or less. It is easy to see
what happens in such a set-up when anything
over 50-per-cent modulation is attempted! This
condition results from insufficient excitation, as
evidenced by low grid current when the oscillator
is coupled to a load. Grid current, not plate cur-
rent, is the important reading, in oscillators as
well as amplifiers, but how many 2-meter oscilla-
tors will show the grid current recommended for
the tubes used? Try it on yours, and see for
yourself!

The Remedies

The cure for all these ills is crystal control.
Let us start out on the assumption that there is
no really satisfactory substitute, if one is inter-
ested in radiating a first-class signal. But for the
man who wants to get on 2 “quick and easy,”
there certainly is something better than the
barely-intelligible lopsided gurgles currently
heard on the band!

Modulation is simply a process by which the
plate voltage of a radio-frequency stage (oscilla-
tor or r.f. amplifier) is varied at an audio rate.
It is obvious, therefore, that the oscillator must
not change frequency too greatly when its plate
voltage is varied, if it is to put out a readable sig-
nal. A frequency-voltage run on a low-C oscillator
may show a frequency change of a megacycle or
more with only moderate changes in supply volt-
age. The cure for this is the high-C oscillator,
with some provision for keeping the excitation up
to a value sufficient to maintain strong oscillation
under load. The disadvantage of the high-C set-up
is, of course, its lowered output, but by employ-
ing push-pull we can use a lower value of C than
with single-ended stages and still get moderately-
good stability, and the output comes up notice-
ably compared to single-ended rigs in the same
power class.

A.c. hum is bound to result when filament-type
tubes are operated from an a.c. source, unless
an adjustable center-tap resistor is placed across
the tube filaments and the a.c. potential carefully
balanced to ground. Even this is not a complete
cure, and it has the further disadvantage that it
renders the oscillator unsuitable for portable
or mobile operation from a storage battery. The
simplest cure is the use of heater-type tubes for
the oscillator, and the little 2C22s employed are
a very inexpensive solution. They are available
in tremendous quantities, at low cost, on the sur-
plus market. The 2C22 (also known as the 7193)

¢

Back view of the 2-meter transmitter, showing the
symmetrical arrangement of components. Note that the
“UJ”-shaped tank inductance is mounted directly on
the stator terminals of the butterfly tuning condenser.
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was produced for i.f.f. equipment that operated
in a frequency range just below 200 Mec. It has
an element structure similar to the 6J5, but its
plate and grid leads come out of the top of the
envelope, making it especially suitable for v.h.f.
applications.

The excitation problem was solved by resurrect-
ing an old friend of the early days on 5 —- the

- ““unity-coupled” oscillator. ‘There is grid excita-

tion to spare, as a result of the grid coil being
run inside the plate coil, and this push-pull oscilla-
tor shows the rated Class C operating conditions
for the tubes, as to grid current and bias, when the
oscillator is loaded for maximum output. It re-
mains in oscillation until the plate potential is
reduced to 22 volts, and over a voltage range
equivalent to 75-per-cent modulation the fre-
quency change is only about 100 ke. The fre-
quency stability under high positive-voltage
peaks is very good, and though the frequency
changes rapidly below 50 volts, the power radi-
ated on negative modulation peaks is so low that
the resultant frequency modulation is of little
consequence. The result is a signal that is read-
able on any receiver having a pass-band of 100
ke. or more.

Constructional and Circuit Details

‘This transmitter is designed for use with a plate
supply of 250 to 300 volts, making it ideal for
portable and mobile operation with the popular
sizes of vibrator or genemotor supplies. For
home-station use, a small power supply, cap-
able of delivering 275 volts at 100 ma. and 6.3
volts at 1.5 amperes, is required. The unit is
housed in a utility cabinet 5§ X 6 X 87inches in
size. Its design is characterized by rugged mechan-
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I'ig. 1 — Schematic diagram of the simple 111-Mec. transmitter.

C1, C4 — 10-pfd. 25-volt electrolytic.

Uz — B-pfd. 450-volt electrolytic.

(i3, Cg = 0.01-pfd. 600-volt paper.

(g — Butterfly variable (Cardwell K.R-11-BI'S modified;
sec text).

Ri — 470 ohms, 1 watt.

R2 — (.33 megohm, 14 watt.

Rz, R4 — 5000 ohms, 5 watts.

Rp — 0.47 megohm, 4 watt.

Re — 680 ohms, I watt,

R7 —- 10,000 ohms, 1 watt.

ical construction, making for good stability under
mobile conditions.

Four tubes are employed: a 6C4 speech ampli-
fier, a 6V6GT modulator, and two 2C22s as os-
cillators. The only elements of novelty are the
means of obtaining the microphone current, and
the mechanical construction of the oscillator tank
circuit. No battery is needed for microphone
current, this being obtained by running the
cathode current of the speech amplifier through
the microphone transformer. The 6C4 cathode is
by-passed with a large electrolytic condenser.
‘The plate circuit of the speech amplifier is de-
coupled and by-passed with a large-value elec-
trolytie, Cg, to reduce hum. Since the 6C4 stage
is used principally as a means of providing cur-
rent for the microphone, resistance coupling is
employed, this providing more than adequate gain
for a single-button microphone.

The unity-coupled tank circuit is made of
%{g-inch copper tubing, bent into a “U" which is
two inches long over all. The ends of the “UJ’’ are
made into spade lugs, as shown in Fig. 2, the
slotted ends providing a means of inductance ad-
justment in case the tank circuit turns out to be
other than exactly the correct length. The lug
ends are fastened directly to the terminals of the
butterfly-type tuning condenser, (s, being held
in place by the nuts which are a part of the con-
denser terminal assembly. Part of the “U,” at
the curved end, is cut out with a hack saw or file,
to provide an opening for the center-tap of the
grid coil. An easy way to make the grid coil is
to cut two pieces of insulated wire (it should have
good quality insulation) about four inches long,
and feed them into the “U” through the center
opening. The center-tap is made by twisting the
cleaned ends of the wires together before insertion
into the “UJ.” The protruding center-tap should
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Ly ~~ Midget filter choke. .

I.2, Ls — Unity-coupled grid and plate coils. See text
and Fig. 2.

J1, J2, J3 — Closed-circuit jack.

RFC; - No. 28 d.s.c. wire, close-wound on l-watt
resistor, !4-inch diam., £ inch long.

RKCa, RFCs, RFC4, RFCs— 20 turns No. 20 d.s.c.

. ~ wire close-wound on !{-inch polystyrene rod.

31 — S.p.s.t. toggle switch.

‘l' — Single-button microphone (uTC
“Quncer” -~ surplus).

transformer

be covered with household cement after the grid
resistor is soldered on, to keep it in position and
prevent its shorting to the plate tank. Note in
Fig. 1 that the grid leads are transposed as they
come out of the open ends of the “U.” The 2C22s
will not oscillate if the polarity of these leads is
wrong.

The plate leads may be of !4-inch copper
braid, or of copper ribbon, which is even better.
These are fastened to the two other stator termi-
nals of the butterfly condenser. If braid is used,
it may be made solid at the end by flowing solder
over the last half inch, after which a hole may be
drilled in the solder-impregnated portion, to pass
the stator terminal screw.

The butterfly tuning condenser, (', is & stand-
ard unit, and may be used in its original form,
provided the tank circuit is made exactly correct.

$eur-our ror
GRID-COIL
CENTER-TAP

Fig. 2 ~ Detail drawing of the oscillator plate induct-
ance. it is made from 3{¢-inch copper tubing, bent into
a “U” shape. Ends of the “U” are formed into spade
lugs, the slots in which provide a means of slight in-
ductance adjustment. It is mounted directly on the
stator terminals of the tuning condenser.

in’size. In the final model we altered the condens-
er slightly, to give more tuning range and make
the size of the tank coil less critical. One of the
circular rotor plates was removed and cut to form
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Under-chassis view shows the four heater chokes and
audio components. The small round object, left center,
is the microphone transformer, a surplus midget unit.
‘F'he audio choke is at the right.

¢

an additional butterfly rotor plate, making the
minimum capacity somewhat lower. The result
is a tuning range of about 142.5 to 150 Me., with
the 2-meter band approximately in the middle of
the range. The condenser rotor shaft is equipped
with a tension-adjusting nut which may be set
tight enough so the rig will not be jarred off fre-
queucy in the course of any normal handling.

Heater-circuit chokes were found to be neces-
sary, the stability and output being far better
after they were installed. They are not critical,
however, snd may be made readily by winding
No. 20 wire.on a l4-inch form, which may be
vither polystyrene or bakelite. The forms are
drilled at each end with a hole just large enough to
pass the wire, and the leads themselves are stiff
enough so that no mounting brackets are re-
quired, the chokes being mounted directly on the
tube sockets.

Provision is made for reading both plate and
grid ‘current, two meter jacks being mounted on
the panel, at each side of the plate tank. Their
terminals make convenient mounting places for
the grid resistor, 7, and the plate-circuit r.f.
_choke, RFC). Note that the jucks are connected
s0 that the meter leads need not be reversed, when
changing from one jack to the other. The plate-
meter jack must, of course, be insulated from the
metal panel.

Watch That Grid Current!

Since the grid is the controlling element in the
operation of a vacuum tube, it stands to reason
that the grid current is a most important read-
ing in a Class C stage, whether it be amplifier
or oscillator. This is particularly true of oscilla-
tors, though this fact is overlooked by many
workers and ignored by most texts. The plate
current is a fair indication of the operation of a
Class C amplifier, but it is almost entirely useless
in the case of an oscillator. It is impossible to
tell, from the plate current, when the antenna
loading is adjusted properly on most oscillator
rigs, but the grid current will provide a sensitive
indication. It also shows plainly whether the os-
cillator is functioning correctly. If the grid cur-
rent and bias are normal under load, the plate
current can be ignored, except to see that the in-
put is not excessive for the tubes used.

When this transmitter was first tried it was
found to be drifting badly when anything over
200 volts was applied to the plates of the oscilla~
tor. A check of the grid current showed that it
was running excessively high, so the 5000-ohm
grid resistor originally employed at R7 was re-
placed with a 10,000-ohm resistor. The grid cur-
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rent was then about 8 ma., with a dummy load
connected across the antenna terminals. Drift
was then very low, at plate voltages up to 300,
and twice the input could be run without serious
frequency drift. The grid current serves as 4 sen-
sitive indication of antenna loading, and the posi-
tion of the “U”-shaped coupling loop should
be adjusted so that the grid current is approxi-
mately 8 ma. for best stability and output. The
plate current need be measured only to determine
how much input is being run; it is of little or no
value in determining the correct loading. It will
run about 60 ma. with a 275-volt supply.

The oscillator frequency may be checked with
Lecher Wires, or by listening to the signal in u
calibrated receiver. In either case there should .
he a load across the antenna terminals, as the fre-
quency may be appreciably different between
loaded and unloaded operation. A rough calibra-
tion is shown in the front-view photograph. The
approximate pointer settings for the two edges
and the middle of the band are indicated, and the
maximum and minimum settings of the butterfly
condenser are shown by the two marks which are
separated by 90 degrees. This calibration scale
was made in rough form in pencil and then drawn
over with black India ink. It is glued to the
panel, and further held in place by the condenser
mounting nut and two small screws.

Several members of the Headquarters staff,
when looking over this little rig for the first time,
have asked, ‘“Where is the gain control?” The
answer is, of course, that there isn’t any. With
a single 6V6 used as a modulator for an input of
10 to 18 watts, there is no occasion for backing
off on the gain, and a half-watt carbon resistor,
Ry, across the microphone transformer, is much
cheaper.

(Continued on page 180)
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Gain vs. Element Spacing in

Parasitic Arrays
An Experimental Study of Three- and Four-Element Beams
BY B. G. ROWE, * W2FMF

e Antenna measurements, to be of any
significance, require a great deal of care,
special equipment, and knowledge of the
factors that can cause the measure-
ments to be in error. This article gives
the results of measurements intended
to bring out the relationship between
gain and spacing in parasitic arrays,
under controlled conditions and with
a technique that is completely described.
Wider spacing than is commonly used
is shown to give greater gain.

published on the advisability of using

wide vs. close spacing in multielement
parasitic antenna arrays in order to realize maxi-
mum forward-gain capabilities.” 2 In the prior
art, an article by G. H. Brown develops the
theory of parasitic arrays and gives gain figures
for combinations employing a single parasitic
element in coSperation with the driven element.?
This article has formed the basis for the design of
the close-spaced parasitic arrays that have been
so enthusiastically received by the amateur radio
. fraternity.

A graph has been published showing the maxi-
mum realizable gain of an array comprising a
single parasitic element either as a director or
reflector.4 According to this, maximum forward
gain may be attained in a two-element beam
(driven element plus single parasitic element)
when the parasitic element is acting as a reflector
and is spaced 0.15 wavelength from the driven
element, or when the parasitic element is acting
as a director and spaced 0.1 wavelength from the
driven element. With the parasitic element as a
reflector, power gains in the order of 5.4 db. are
indicated; whereas, with the parasitic element
acting as a director, power gains of 5.7 db. are
shown.

Upon the last two references has been based
the assumption that the published design data

* 8237 Witkop Ave,, Niagara Falls, N. Y.

1D. Whittemore, ‘‘Quarter-Wave vs. Close-Spaced
Beams,” CQ, February, 1946, p. 12.

2 B. P. Tilton, “The World Above 50 Mec.,” QST, June,
1946, p. 58,

3 G. H. Brown, ‘‘Directional Antennas,”” Proc. I.R.E.,

January, 1937, vol. 25, p. 78.
¢ The A.R.R.L. Antenna Book, *' Parasitic Arrays,” p. 66.
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RECENTLY a limited amount of data has been

may be applied exactly to three-element parasitic
arrays (driven element plus single reflector and
single director) for maximum forward gain,
whereas the references properly avoid any such
claim. For years many amateur radio operators
have retained close spacing, believing that it will
provide the highest forward gain. A certain per-
centage has used wider spacing, feeling that the
so-called disadvantages of high @, narrow band-
width and difficult adjustment of the close-spaced
array were not worth the claimed additional
gain. Some of the earlier articles concerned with
three-element beams showed spacing of 0.1
wavelength for the reflector and 0.15 wavelength
for the director. Later articles showed reversed
parasitic-element spacing, but of the same order
of magnitude.

Because the theory of parasitic arrays having
more than one parasitic element has not been
developed -— or, at least, published — for the
cases of most interest to the amateur, experi-
mental results apparently constitute the only
available source of information on the question of
wide vs. close spacing. While a few scattered
results initially may be viewed with skepticism,
more and more published data eventually will
resolve the question for practical purposes. It is

The antenna element with its coupling link. The
center of the link is grounded to the amplifier chassis by
means of the flexible braid at the center of the turn.

with the thought of adding to the fund of em-
pirical information that the present article is
written.

To aid, rather than confuse, contemporary ex-
perimenters, any published information should
include details of the experimental apparatus and
procedures employed. The imaginary or real
weaknesses of the apparatus and procedures
should be pointed out and discussed in order to
set the limits of validity and to simplify the job
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of subsequent experimenters. With this in mind,
the writer will outline apparatus, procedures and
results in experiments concerned only with the
forward gain of wide vs. close spacing in parasitic
aITays.

Method of Signal Generation

In the following described experiments a self-
excited oscillator coupled to a neutralized power
amplifier with a parallel-tod tank circuit was
utilized as the signal source. The rod tank circuit
was shunted at its high-impedance end with a
butterfly capacitor for resonance adjustment. The
815 power amplifier was operated at a constant
plate power input of some 35 watts and at con-
stant grid current. Plate power input was con-
trolled by load coupling adjustment. In initial
experiments a General Radio Type 857-A 95- to
525-megacycle oscillator was used to excite the
antenna arrays, but the plate-current rise with
load was negligible in this oscillator, making the
determination of plate power input impractica-
ble. While an attempt was made to use a grid-dip
meter, which was more sensitive to oscillator
loading, direct oscillator-to-load coupling was
abandoned because of the added difficulty of ad-
justment and the instability of frequency with
variation in reactive loading. Because the Gen-
eral Radio oscillator output is limited, it was
found necessary to substitute an 815 parallel-rod
oscillator to provide sufficient power-amplifier
grid excitation.

After a period for thermal stabilization, the
output frequency was continuously monitored
and held constant at approximately 140 mega-
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The transmitting test set-up, showing four
elements in place in the antenna assembly.
The power amplifier is mounted in a shield
box and inductively coupled to the driven
element, Excitation for the amplifier is fed
through the coaxial fitting at the bottom of
the shield.

¢

cycles by use of a General Radio Type
720-A heterodyne frequency meter.

Method of Antenna Coupling

The antenna was coupled directly to
the parallel-rod tank circuit of the
shielded power amplifier by a loop at
its center, as shown in one of the photo-
graphs. The loop was cut from 34 g-inch-
thick copper sheet and made one-half
inch wide. This method was decided
upon to minimize standing-wave losses
which probably would have occurred in
a feed line, as well as to eliminate im-
pedance-matching problems. Originally
it was believed that this method of feed
was desirable in that a variety of low
driving-point impedances is encountered.

To permit this method of feed it was
necessary to
construct the
power amplifier
vertically in a
23 X 23 X
27-inch cop-
per shield box,
as shown in the
photograph.
The long di-
mension of the
box is at right
angles to the
plane of the ar-
ray. This con-
figuration min-
imizes the
amount of me-
tallic conductor
spanning the
plane of the
electric vector
of the field and
minimizes the
required change
in antenna
length result-
ing from the
introduction
of the metal
box. However,
it is believed
that the metal shield box has no effect on the
length of the parasitic elements, as might have
been the case had the long dimension of the
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A view inside the amplifier unit.
The tube is an 815 with a linear
plate tank circuit. The antenna pick-
up-loop coupling is adjustable by
means of a through-bolt operated by
the wing nut at the top of theshield.
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Fig. 2 -— Relationship be-
tween voltage and currentin
a xermanium crystal diode.
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box been lying in the plane of the array at right
angles to and bisccting all of the elements.5 Be-
cause of the possibility that the metal shield
might affect the required length of the antenna ~
¢lement in the array, and because the coupling-
loop reactance will affect the antenna-element
length, no attempt has been made to correlate
the length of the parasitic elements with that of

‘The

Twin-Lead folded-dipole
mounted on a wooden frame above the indicating meter.

receiving  antenna

the antenna. Tn each case parasitic-element
lengths have been adjusted for maximum for-
ward gain at predetermined spacings.

The vertical power amplifier mounted on its
wooden supporting stand, to which in turn was
fustened the wooden boom for the array, is
shown in another photograph. The parasitic ele-
ments were clipped to wooden collars that could
be slid lengthwise along the boom to adjust the
spacing. All of the elements were made of 3{g-inch

5R. G. Rowe, “New Parasitic Beam Design," Radio
Newnr, January, 1947, p. 40.
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o.d. brass rod and provided at each extremity
with friction-fit adjustable ends to permit varia-
tion in over-all length. Each brass rod was scribed
at half-inch intervals near each end to facilitate
length measurement.

Signal-Strength Measurement

For reception, a folded-dipole antenna 39
inches long made from 300-ohm Twin-Lead feed
line was used. A 3j{-wavelength section of the

A

2

SECTIONS 300-0HM
TWIN-LEAD

e

o AAMAA o
VYWY

Iig. 1 — Circuit diagram of ficld-strength indicating
receiver using crystal-diode rectifier.

same linc coupled the antenna to a 300-ohm
l-watt carbon load resistor across which measure-
ments were made. In initial experiments the cir-
cuit shown in Fig. 1 was used, with the series cir-
cuit comprised by the 15,000-ohm carbon resistor,
the 0-200 microammeter and the 1N34 ger-
manium crystal diode functioning as a voltmeter
across the 300-ohm load resistor. Initial db.-gain
valculations, based upon voltage ratios in ac-
cordance with the formula

Kq
.= 20 |
db OB

where #9 is the measured voltage proiduced by

.,a

—ad
\
SECTIONS 300-0HM
TWIN-LEAD
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VYVVV
o
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<
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100011

8-MA. THERMO -
COUPLE

€ MA FULL SCALE

Fig. 3 — Circuit diagram of receiver using vacunm
thermocouple.
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the array and E) is the measured voltage pro-
duced by a half-wave dipole, were abnormally
large, as expected, because of the approximately
square-law characteristic of the germanium diode
at low impressed voltages, as shown in Fig. 2.

The measuring circuit finally employed, shown
in Fig. 3, metered a constant fraction of the cur-
rent in the terminating resistor through the
l-watt 1000-ohm carbon isolating resistors and
the small vacuum thermocouple shown in the
photograph. The thermocouple and its associated
0-100-scale meter were calibrated and shown to
follow the square law on direct current. This
relationship was not measured at the operating
frequency of 140 Me.

Thus the meter reading was proportional to the
square of the current in the terminating resistor,

/

08 GAIN

|4

0

3 4 20 2
POWER RATIO !

Fig. 4— Conversion chart, decibels to power ratio.

and thus directly proportional to power. Hence, °

db. gain was calculated according to the formula
Ps

2%

where P2 may be the meter indication produced
by the array and P; that produced by a half-
wave dipole or reference antenna. The receiving
apparatus is shown in another photograph.

Fig. 4 shows a plot of power ratios, Pq/P),
against db. for convenience in interpreting the
db. gain from the two meter readings or the
power ratios. To determine the db. power gain of
a particular array over a half-wave antenna, the
reading of the meter of Fig. 3 produced by the
array is divided by that produced by the half-
wave reference antenna. For example, if the
dividend were 10, corresponding to a power ratio
of 10, inspection of the graph of Fig. 4 indicates a
power gain of 10 db.

For the convenience of those not possessing the
thermocouple arrangement of Fig. 3, the meter
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db. = 10 log

The six-milliampere vacuum thermocouple used for
field-strength measurements.

of Fig. 1 has been standardized against that of

- Fig. 3. This standardization was performed by

shunting both metering circuits across the 300-
ohm line-terminating resistor and taking read-
ings on the thermocouple meter as the microam-
meter reading was advanced in 10-unit steps by
increasing the field strength. The resulting plot
appears in the graph of Fig. 5. As a first approxi-
mation the circuit of Fig. 1 may be employed as
the field-strength meter. From the graph of Fig.
5 the relative readings of the 0-200 microam-
meter may be interpreted in terms of current
squared, or power. The resulting power ratio will
give db. gain dircctly from the graph of Fig. 4.
Because the thermocouple receiver was not im-

100,
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v

\

]
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\
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Q!

0 100 120 140 160 180
MICROAMPERES

Fig. 5 — Comparison between readings of the re-
ceivers shown in Figs. 1 and 3.
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particularly because they fall in line with
Tanee I earlier published results,
Gain with various parasitic-element spacings and lengths,
measured with crystal-diode receiver. Experimenial Results
Lenath of Parasi Spacing of Parastt Table I is a chart of field-strength meter
ength of Parasitic pacing of Farasilic readings taken with the diode-type receiver
Fements, Inches Elements, Woreengths Diode-Type| 1 of Fig. 1, with reference to various spac-
. ] Receiver | oo | ings, number of parasitic elements and
Directors |} Directors | || Readings length of parasitic elements. Only the
‘ highest meter readings for each particular
gnd | Lot nd | 1ad spacing have heen converted to indicate
Radiator, Alone... ........ ........ 38 db. power gain over the half-wave radia-
40 41 01 | o T 90 tor. This chart represents the results of one
40 412 0.1 0.1 105 test run; other similar runs show a close
o | b {81 | m | es | comlation. |
0.5 42 01 0.1 100 Table II is a chart of field-strength
meter readings taken with the vacuum-
40 42 0.1 0.15 115 thermocouple receiver of Fig. 3, with ref-
40 41 01 0.15 105 . :
£0 4 0.1 0.15 120 erence to various spacings and number of
40 44 0.1 0.15 118 elements. Only the highest meter readings
40.5| 43 0.1 0.15 130 7.8 | for each particular spacing are shown. In-
05| 015 | o1 108 cluded in this chart is a column headed
40 43 015 | 0.1 132 7.8 | “Db. Gain From Table I.” This has bcen
30.5] 43 015 | 0.1 130 inserted to indicate the correlation between
wsl Py o1 " P these two separate se_ries of measurements.
10 3 0.9 01 130 ’ The greatest variation, appearing in the
39 43 0.2 0.1 138 four-element 0.2-wavelength spaced array,
is only 0.8 db., or well within experimental
w58 0.2 1 0.15 150 87 1 error and indicative of the magnitude of
9.5 | 42 02 | 0.15 150 - R .
the correlation experienced in these meas-
39.5| 42 0.2 0.2 160 9.2 urements.
39.51 43 0.2 0.2 160 In order to check the apparatus against
40 l40.5]| 43 01 | o1 | 015 115 the published results on arrays using a
39.5|40.5| 43 0.1 0.1 0.15 138 single parasitic reflector in combination
39 405 43 0.1 0.1 0.15 135 with a driven element, the field-strength
gg ég 5 g 8'i g‘}' g’ig ;ig reading of the thermocouple metering
3950305 01 o1 | o015 150 3.7 | apparatus of Fig. 8 was set at 8 on the
39 |39 43 0.1 0.1 0.15 143 0-100 scale of the meter by adjusting
40 |40 43 0.1 | 01 | 015 )} . 145 the coupling to the reference half-wave
9 |30.5| 43 0.2 0.2 0.2 165 radiator a.lone_a.ud noting the amplifier
38.5(30.5| 43 0.2 0.2 0.2 170 9.6 | plate power input. A single reflector,
38 (395 43 02 | 02 | 02 170 spaced 0.15 wavelength behind the radi-
ator, was adjusted in length until a maxi-

mediately available, many of the readings were
taken on the crystal-diode receiver and later con-
verted as explained under ‘Experimental
Results.”

Locale

The mearurements were made within a rein-
forced concrete building in a room 32 feet by 16
feet, with the transmitting and receiving arrays
spaced three wavelengths apart. The room con-
tained several large metal cabinets along the walls
and a large amount of conduit-enclosed wiring.
While it is planned to repeat the measurements
out-of-doors when weather conditions permit,
employing the several modifications in the appa~
ratus later to be described, it is believed that
the present results are reasonably accurate, in-
dicative and worthy of publication at this time,
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mum field-strength reading of 24 was ob-
tained at the identical plate power input. This

DRIVEN ELEMENT

cﬁL

CIRCUIT TUNED
TO OPERATING
FREQUENCY

R.E
SOURCE

Fig. 6 — Proposcd feed system to provide a resistive
load on the power amplifier through a coaxial trans-
mission line.
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shows a power ratio of 24/8, or 3, -

which, from the graph of Fig. 4, may Tape II

be interpreted as a power gain of 4.8 Gains measured with thermocouple receiver, compared

db. The published data for this ar- to published gains and gains from Table I.

ray show a theoretical gain of 5.4 db.

(neglecting element resistance, which |Porasitic-Element Spacing . .

would make the actual gain lower), in- — }1;1 el Rw‘::;f D?,;af:"’” 3(,”"03‘“‘” Dgaﬁf"’e"
dicating a close correlation between the arectors Reflctor 4G | Dipole | (Measured) | Table 1) | (Published)
theoretical and measured power gains.* | , . | .,

It is worthy of note that in a separate

series of tests with two-element beams, Radiator Alone......... 8

zmploying a single parasitic element 0.15 24 3 4.8 5.4
cither as a reflector or a director, the g:is 8:15 gg g:g g:g ;:g Sto7
measured gains correlated closely with 0.2 0.1 55 6.9 8.4 5.3
theoretical gains in both cases. With 0.2 | 0.15 60 7.5 8.8 8.7 .

the parasitic element as a reflector, g:; g'; 83 gg lg~2 18'2 8.7 7t09
the forward gain of the array peaked | o2 | o2 | o2 | & |109| 102 | ve

at a parasitic spacing of approximately

0.15 wavelength; whereas, with the

parasitic element as a director, the forward gain
of the array peaked at a parasitic spacing of
approximately 0.1 wavelength.

However, in this particular series of experi-
ments with three- and four-element beams, the
highest forward gains were obtained with wider
parasitic-element spacing, as indicated in the
accompanying tables.

While it is somewhat outside the scope of this
article to view the present results in terms of
signal improvement, it is well to bear in mind
that an increase of 3 db., while representing only
a small change in the S-meter reading on a
modern communications receiver, may be suffi-
cient to render a signal intelligible through heavy
interference. There is another expedient for
securing such signal improvement, however, in
which an additional advantage obtains. By ver-
tically stacking two close-spaced arrays, such as
the Premax RB-6109 beam for example, over-all
power gains in the order of 10 db. or more may
be realized. By feeding each beam in phase
through separate feed lines of equivalent length,
2- to 3-db. gain in addition to the 6- or 8-db. gain
of a single beam will result when the top beam is
0.5 wavelength above the bottom beam. Increas-
ing this spacing to approximately 0.6 to 0.7 wave-
length will result in somewhat higher forward
gain, The added advantage obtains from the fact
that either one or both of the beams may be
excited, effectively changing the height of the
antenna above ground and enabling control of the
vertical lobe of the array over a limited angle.

Projected Tests

As previously mentioned, it is expected that a
similar series of experiments will be performed
out-of-doors in the future, incorporating several
modifications. Parasitic-element spacings greater
than 0.2 wavelength will be investigated in an
effort to determine the spacing at which forward
gain begins to drop off.
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A crystal-controlled signal source will be em-
ployed to obviate the requirement of correcting
for oscillator drift and frequency shift with
changes in amplifier loading. 'The various arrays
will not be coupled directly to the amplifier, but
will be excited through a short coaxial feed line
and matching network according to the diagram
of Fig. 6. The inductive reactance L of the
coupling loop at the center of the driven element
will be compensated by the series capacitor C. If
was noticed in these experiments, and has been
recorded by others, that maximum field strength
often did not quite coincide with the minimum
plate-current dip of the amplifier plate meter.
While this phenomenon can be caused by reactive
loading, it has not been determined, by the
writer at least, whether this is because of the fact
that unity power factor in the tank circuit does
not occur at maximum impedance,® or because
the amplifier grid input impedance varies accord-
ing to the current-voltage phase relationship in
the plate tank circuit of the neutralized power
amplifier.” 3 The prospective feed system may
be adjusted to eliminate the effect because it will
provide a resistive load for the amplifier. Re-
moval of the relatively large metal shield box
from the vicinity of the antenna element will
enable the proper evaluation and correlation of
the antenna length with that of the parasitic
elements.

8 Gllasgow, Principles of Radio Engineering, 1938 edition,
38.

7 Batcher & Moulic, The Electronic Engineering Hand-
book, 1944 edition, p. 208.

8 A third possibility is the variation in screen current
with plate current. Where the screen is fed from the plate
supply through a dropping resistor the screen voltage
changes with plate-current variations, resulting in a shift
in operating conditions that frequently causes the optimum
screen voltage to be reached at a plate-current value higher
than that representing resonance. Screen-current variations
also cause a change in grid impedance. — Fd.
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Atlantic City—1947

Part I— How We Got Our Present Amateur Bands

BY A. L. BUDLONG,* W1BUD

e For the amateur who desires to kecep
himself well informed, this series of arti-
cles is must reading. Part I, in this is-
sue,! sets forth briefly the facts, figures
and dates in the history of amateur
frequency assignments, a subject of
vital interest to ARRL members as we
enter upon the period of another world
teleccommunications conference. Part
11, to follow in May QST, will describe
how an international conference does
business and outline the preparations
taken in the U. S. for the Atlantic City
Conference, which starts May 15th.

o the average person, Atlantic City is a
Tsummer resort, home of the famous board-

walk and site of the ““ Miss America’ beauty
contests, located somewhere on the East Coast
of the United States. To the average amateur,
it is the 1947 location of that periodic nightmare
known as an international radio conference, a
place where the ‘‘commercials’” always triumph
and where the amateur always gets gypped out
of some more frequencies. There is no question
about the gypping business because we now have
to operate in certain narrow bands whercas once
- a3 the fable goes — we had everything from
200 meters down, all for our very own.

Thesc ideas are firmly implanted in the ama-
teur mind; they are almost universally accepted
as basic fact. Were we to say that the interna-
tional treaty under which we now operate af-
fords us U. S. amateurs precisely the same fre-
quency bandwidths as our very first interna-
tional allocation, in 1927; that no U. S. law
ever gave amateurs an exclusive assignment of
all the territory from 200 meters down; and that
ueither any U. S, law nor international treaty so
much as mentioned amateurs or amateur radio
until 1927 . . . were we to assert that these
are the facts, it would appear that explanations
are in order.

And indeed we think they are. Certainly it is
true that the average amateur has only a hazy
idea of what we ever had, how we got it, why
we have international conferences, and how they
do business. What we propose to do here, there-

* Senjor Assistant Secretary, ARRL,

t'The substance of this first installment appeared origi-
nally in January 1938 QST, and has been revised only to
the extent necessary to bring it up to date.
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fore, is to give a brief factual account of amateur
frequency assignments, both domestic and inter-
national, from the very first days, and to follow
with a short description of the hows and whys
of an international conference. This is being
written in the belief that the information will be
valuable to all amateurs and because it is felt
it would be more widely read now than at some
time when interest in such subjects is not so
high.
A History of Amateur Assignments

Why do we have to have international agree-
ments on radio? Broadly speaking, there are three
reasons:

1) Since stations of one nation are frequently
in communication with stations of another na-
tion, it is necessary to have agreements on such
operating details as calling procedure, distress
signals, call assignments, methods of collecting
tolls on radiograms, etc., unless utter confusion
is to be encountered when any two stations try
to do business over the air.

2) Because it is possible to operate radio sta-
tions throughout a wide range of frequencies,
it is necessary to agree in advance where the
various services will locate themselves in the spec-
trum, so that stations will know where to find
each other.

3) Since radio signals are not confined to the
borders of the country in which they originate,
international agreements on allocations to serv-
ices are also necessary in order to prevent
chaotic conditions on the air and hopeless inter-
ference between services.

The first two were probably the major consid-
erations in the early radio conferences. The third
was not so vital in the early days of radio but
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today is extremely important.

Pursuant to the international agreements, each
nation, both as & matter of common sense and
agreement, arranges its own domestic laws so
that they conform to the international commit-
ments. Obviously, it would be silly if the various
nations, after carefully working out solutions to
their problems, disregarded the remedies by per-
mitting the stations within their borders to oper-
ate on some entirely different basis. ‘

Now let us trace the course of all the interna-
tional conferences and all our own national laws
to see how the amateur got taken care of as the
laws came along. We'll cover the international
treaties first, and then cover our domestic (U. S.)
radio laws set up under these international treaty
provisions,

International Regulation

The very first international radio conference,
though it doesn’t really belong in this story, was
held in

1903

It was held in Berlin. It didn’t say anything
about wavelengths, operating procedure or any-
thing of this sort and was held primarily for one
reason: there was getting to be considerable
trouble because of the fact that stations using
Blotto Co.’s equipment would communicate only
with other Blotto-equipped stations and would
turn studiously deaf ears to calls from stations
using Bliffsky or other gear. Such nonsense ob-
viously had to be stopped and this first confer-
ence, participated in by eight nations (including
the United States, which was to participate in all
subsequent conferences) was called mainly for
the purpose of putting an end to such short-
sightedness. A few clauses regarding charges for
messages and priority of distress calls completed
the brief document.

The next conference, resulting in the first
actual treaty, was the one that really started
things off. It was held in

1906

Like the first, it took place in Berlin. Twenty-
seven nations participated. Perhaps it would be
well to say right now that the principal objec-
tive was the setting up of arrangements to deal
with ship-to-shore work, that being the main
thing radio was then used for. In fact, the only
services defined in the treaty regulations were
coastal stations and shipboard stations — a sta-
tion, presumably, was either one or the other!

Judged by present standards, the conference
resulted in a pretty simple treaty and an even
simpler set of regulations to go along with it.
However, it is of interest to us because it was here
that we see the very first agreements of any kind
on wavelength assignments. These agreements
were exceedingly simple: coastal stations open
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to general public service had to be able to use
both 300 and 600 meters; ship stations were to
use 300 meters for a normal wavelength but could
use others if they did not exceed 600 meters;
small boats unable to “get up.’ to 300 meters
were authorized to use “a shorter wavelength’’;
and finally — get this! — coastal stations, apart
from their two specified waves, could use any
wavelength, so long as it was either below 600
meters or above 1600 meters. Had coastal stations
in those days wished to use any of the territory
represented by our present amateur bands, they
were free to do it.

THIS'LL &X
THAT NAVY STATION
ON {IDOMETERS

u‘i[- PRIOR TO (912

3 THERE WERE NO
REGULATIONS
WHATSOEVER

There was no mention of amateurs in the
treaty and no provision for them except that if
any nation had licensed amateurs at that time
(none did, including our own United States) it
presumably would have had to see to it that they
stayed below 600 or above 1600 meters.

In addition to these matters, the treaty and
regulations specified three-letter calls, limited
shipboard power, normally, to a kilowatt, out-
lined details of hours of service for coastal sta-
tions, the posting of “wireless” telegrams, rates,
collection of charges, etc., specified the use of the
International Morse code for radio work, desig-
nated SOS as a distress call and outlined some
very rudimentary regs on methods of calling
and working.

This second Berlin gathering also decided on
the principle of holding similar conferences from
time to time and, as a matter of fact, the next was
held six years later in London. So we come to

1912

Forty-three nations from all over the world
participated in this London c¢onference; our
radio gatherings were beginning to amount to
something! Not much was done to change the
1906 treaty and regulations but they were en-
larged on somewhat. As before, general public-
service stations had to be able to use 300 and 600
meters, but now they could also use 1800 meters.
Ship stations were 300 and 600 meters. A curious
addition to wavelength specifications was one
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prohibiting stations used exclusively for sending
gignals designed to determine the position of
ships from using a higher wavelength than 150
meters. Here was the first “short-wave’’ assign-
ment, as such, and it was to radio-bearing sta-
tions! However, this was by no means an exclu-
give asgignment, because, just as in the 1906
treaty, any station could use any wavelength
(except that the compass stations had to stay
under 150) as long as it stayed under 600 or over
1600 meters.

Ship power was still limited, normally, to a
kilowatt; additional power could be used if
needed, however, for distances over 200 miles or
under unusual circumstances. The Q signals came
into being. Revisions and additions were made to
other operating details but not a great deal of
change shows up in this treaty in these matters
as compared with the earlier one. Our old friends,
the coastal stations and shipboard stations, were
still the only defined services.

At this gathering it was agreed to hold the next
conference in 1917, but the first World War and
its aftermath upset things so badly that it was
fifteen years before another radio conference took
place.

1927

The 1927 conference was held at Washington.
Nearly eighty nations participated; as of that
time, this was the largest international gather-
ing ever held on any subject and the first since the
advent of “short waves.”

The delegates were confronted with a perfectly
stupendous task because of the tremendous strides
made in radio development since the previous
gathering. All the old concepts of radio had been
discarded and new theories evolved; new uses
for radio had been found with a resulting terrific
enlargement in the number of services; telephony
had been developed and had given birth to the
broadcasting industry; the short waves had
found use. As may be imagined, the conference
regulations were numerous and detailed, bearing
but little resemblance to those in the former
documents.

Radio services had segregated themselves into
dozens of different distinct classes by this time,
S0 the services mentioned in the list of definitions
were considerably more detailed. One of the defi-
nitions was that of “private experimental sta-
tions.” There were two subheads to this defini-
tion: the first explained that the definition in-
cluded stations of the kind we now recognize as
“experimental”’; the second stated that the defini-
tion applied also to “a station used by an ‘ama-
teur.”” We had arrived. Here, for the first time,
we find ourselves mentioned in an international
radio document.

More than that, the radio spectrum — hereto-
fore virtually wide open to everybody — was now
split up into channels, from 10 kilocyecles to 23,000
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kilocycles, and the various services allotted cer-
tain specified channels or groups of channels
for their use. And in this table, we amateurs were
allocated the following bands: 1715-2000 ke.,
35004000 ke., 7000-7300 ke. and 14,000-14,400
ke. Since the regular table of allocations did not
go above 23,000 ke. and since we amateurs urged
assignments still higher, special assignments were
designated at 28-30 Mec. and 56-60 Mec. jointly
for the use of the amateur and experimental serv-
ices. All these bands are the same width specified
as available to American amateurs in the inter-
national regulations under which we are now
operating (Cairo 1938).2

Licenses were required of all amateur operators
and it was further stipulated that each such li-
censee would have to demonstrate ability not
only to transmit the Continental code but to
receive it — “by ear.” The code speed required
of licensees was left to each country 1o determine
for itself, however.

Of course, the regulations also went into great
detail on all other matters such as revision of
the Q-signal list, calling procedure, rates, meth-
ods of collection, license requirements (commer-
cial), ete., but we take it for granted that by
now our readers are aware that each set of regula-
tions in the international treaties includes these
matters and we will not refer to them further.
From now on we will treat only those portions
of the treaties that deal with amateurs and
amateur radio. :

Following the Washington Conference, came a
five-yearinterval, and then the second of the really
“modern” conferences, in

1932 .
This was held in Madrid. Very little change

2 Readers about to take pen in hand to point out that the
current U, 8. amateur band at 28 Me. is not the full width
indicated here, and that the 1.7-Mec. band has not been
available for amateur operation in this country since the
war, are reminded that we are talking here of the interna-
tional regulations, not U. 8. regulations of the moment.
The current international regulations do make provision
for the amateur bands shown; the reasons for pur temporary
postwar U. 8. assignments will be dealt with in the second
half of this article.
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was made in the previous treaty or its annexed
regulations. Qur amateur frequency bands were
continued intact. However, we had not been sat-
isfied in the Washington regulations with having
the definition of an amateur included only “as
part of a definition of the “private-experimenial-
station” class; at Madrid, therefore, we sought to
have amateurs recognized as a separate and dis-
tinct class. The effort was successful and at Ma-
drid, for the first time in an international treaty,
we see the amateur service recognized strictly
as such.

The next international meeting, which pro-
duced the regulations under which we are now
operating — and which will be revised at At-
lantic City beginning May 15th — was in

1938

The location was Cairo, Egypt. By now, the
increasing pressure on the high-frequency spec-
trum brought about by expansion of existing
services and the introduction of new ones was
creating serious problems in the allocations table.
The spectrum between 3 and 25 Mec., once
thought to be of virtually limitless extent, was
full to overflowing — with more customers clam-
oring for admission every day. As might be ex-
pected, those countries having little interest in
amateur radio regarded our amateur bands as
legitimate areas for the spotting in of some of
the overflow, and the aggregate initial proposals
of the other countries (particularly those in
Europe) for a revised allocation table cut heavily
into all our bands. Only the unswerving stand of
the U. 8. delegation in our behalf, supported by
our neighbors and sister republics in the Amer-
icas, saved all our previous bands for amateurs
in this region — we in North and South America
emerged without the loss of a kilocycle. Else-
where, however, amateurs did not fare so well:
in the European region, the 3.5-Mec. band was
severed, and amateurs permitted only in the por-
tions 3500-3635 ke. and 3685-3950 ke.; outside
the American continents, too, amateurs no longer
enjoyed exclusive rights to the entire 7-Mec.
band, and both amateurs and broadecasting could
be permitted to use the territory between 7200-
7300 kc.; in Europe, the 5-meter band was re-
duced, at least in practical effect, to less than
half its original width of 4 Me.

Aside from these allocations matters, there
were few other developments of even passing
interest to amateurs, and all the other strictly
amateur provisions were continued without
change.

National Regulation

We have now shown, very briefly, what has
happened from the early days up to the present
time in terms of internaiional regulation. During
all this time, however, we were confronted with
changing laws and regulations on amateur radio
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here in the United States under the terms of the
United States laws, so let us go back now, see
what those laws were and what kind of domestic
treatment we got under them.

The outstanding thing about early radio law
in this country is that it was an awfully long time
before we got the first one! -

There was no United States radio law in 1903
at the time of the first Berlin international con-
ference already mentioned, nor was there one in
1906, at the time of the second Berlin affair. It
might be thought that this country was obligated
to have some sort of national law or regulations
after the 1906 conference, in order to carry out
the agreements made there to which the U. 8.
had been a party. The reason there wasn’t is that,
although we had signed the treaty, we didn’t
ralify it until six years later; there had been
quite a lot of squabbling and disagreement
about that treaty, anyway.

So we see the years dragging on through 1906,
’07, '08, 09 — and still no U. S. law on radio.
This doesn’t mean that no law was needed; in-
deed, by the latter part of this period  wireless’’
was assuming considerable proportions in the
daily life of the world. But with no laws here all
stations, whether amateur, government or com-
mercial, could operate with whatever call, wave-
length and power they wished, subject to no regu-
lations whatsoever — and that is precisely what
they all did!

In 1910 a very brief law was passed requiring
ships of a certain size to carry radio equipment,
but it said nothing more than that and has no
real bearing in the present discussion. The act
was subsequently modified slightly by another
similar act in 1912 but that, also, is of no concern
to us.

Nevertheless, the year 1912 is highly signifi-
cant from our standpoint, for in that year three
things happened: first, our Senate finally ratified
the 1906 Berlin agreement; second, we partici-
pated in the 1912 London Radio Conference and
signed the resulting treaty (it was promptly rati-
fied early in 1913); third, the United States wrote
its very first radio legislation. This was the so-
called 1912 Law, under which we were to operate
for the next fifteen years. '

Now, we want to direct particular attention to
this law because this is the one of which it has
been said that it granted amateurs all the terri-
tory from 200 meters down, for their own ex-
clusive use. Did it? Let us examine that law
and see.

To begin with general considerations, it may
be said that the law required that henceforth all
transmitting stations in the United States must
be licensed. Authority to issue licenses was
delegated to the Secretary of Commerce and
Labor. There were sections calling for the use of
a pure and a sharp wave, etc., one requiring
listeners to observe the secrecy of messages,

39



provision for punishment of violation of the
regulations or the transmission of false dis-
tress calls. No individual services were defined
except our old familiar stand-bys from inter-
national treaties, the coastal stations and ship
stations.

This is all fine, but what about wavelength
assignments, and particularly that part of the
law giving amateurs 200 meters and down? All
right, here goes for the wavelength assignments:
the 300-meter wavelength was specified for
general public-service work, per the international
agreements of 1906 and 1912. Furthermore, with
one exception, all stations were authorized to
use any wavelength they chose, provided they
stayed below 600 or above 1600 meters — this
again being simply a duplication of the interna-
tional specification of the time. Now, some read-
ers have by this time noticed that phrase “with
one exception.” Yes, that exception is the one
about which there has been so much controversy;
that exception is the one that is supposed to
have given hams everything from 200 meters
down. To end the suspense, we will quote that
article, in full. Here it is:

(General Restrictions on Private Stations.

Fifteenth. No private or commercial station not en-
waged in the transaction of bona fide commercial business
by radio communication or in experimentation in connec-
tion with the development and manufacture of radio appa-
ratus for commercial purposes shall use a transmitting
wavelength exceeding two hundred meters, or a trans-
former input exceeding one kilowatt, except by special au-
thority of the Secretary of Commerce and Labor contained
in the license of the station: Provided: That the owner or
operator of a station of the character mentioned in this
regulation shall not be liable for a violation of the require-
ments of the third (3] and fourth [4] regulations to the penalties
of one hundred dollars or twenty-five dollars, respectively,
provided in this section, unless the person maintaining or
operating such station shall have been notified in writing
that the said transmitter has been found, upon tests con-
ducted by the Government, to be so adjusted as to violate
the third and fourth regulations, and opportunity has been
given to said owner or operator to adjust said transmitter
in conformity with said regulations.

[Following this was regulation No. 16, stating that any
station of the above class within 5 nautical miles of a naval
or military station had to keep under 200 meters and under
one-half kilowatt in power.|

" Tt may be added, that’s all that was said on the
subject, in the 1912 law.

Now, did this grant amateurs the exclusive
use of the territory below two hundred meters?
Alas, it did not! To begin with, this was not a
grant of privilege to certain classes of stations;
it was,  instead, a restriction. Unless certain
stations were engaged in transacting business, or
developing apparatus in that connection, they
couldn’t go above 200 meters.

* Were amateurs the only ones so restricted?
Not at all; as a matter of fact, amateurs are not
even mentioned. Read the start of the quoted

2 The third regulation required the use of a * pure wave."
< The fourth regulation required the use of a *sharp
wave.”

40

section; it will be seen that the restriction applies
equally to private and commercial stations.
If this section can be interpreted as granting
amateurs ‘200 meters and down,” it also grants
certain classes of commercial station precisely
the same privilege. However, it is important to
note about this time that “private station’’ and
‘“amateur station’ are not the same. As we have
already pointed out, the section doesn’t mention
amateurs as such. To be sure, amateurs at that
time were classified ag “private stations® -— but
so were & number of other classes! School and
training stations were ‘‘ private stations.” So were
many of what we now think of as ‘“experimental ”’
stations. Stations set up by a firm to enable it to
conduct its own business between its various
branches were private stations. About this time,
it becomes apparent that hetween the broad inter-
pretation of “private station” and the inclusion
of that “or commercial” the Fifteenth regulation
was meant to apply to virtually every station,
unless it was conducting commercial business
(or developing apparatus in that connection).
Correct! It was!

Nor is that all; we point again to the fact
that the section says only that the specified
types of station cannot go above 200 meters
(or over 1 kw.) without special authority. Well,
how about the regular commercial stations that
were allowed to operate above 200 meters;
could they also go below 200 if they wished?
The answer is that they could. The authority
is contained in the second regulation, which we
quote:

Second. In addition to the normal sending wavelengths,
all stations, except as provided hereinafter in these regu-
lations, may use other sending wavelengths: Provided that
they do not exceed 600 meters or that they do exceed 1600
meters . . . [there then follows some dope on use of pure
and sharp wave).

The only “except as provided hereinafter”
contained in the law was the Fiftcenth section al-
ready quoted.

Let this, then, be said: the 1912 law, to the
extent that it gave amateurs the territory from
200 meters down, assigned precisely the same
privileges, by law, to every other class of station
in the country.

Except for a period during World War I, when
all radio stations were closed down, this is the law
which we operated under for fifteen years. In-
cidentally, since another part of this law stated
that stations should specify their operating wave-
lengths in their applications, practically all ama-
teurs gave ‘200 meters’’ as their operating wave-
length, and then tried to edge up higher than that
if they could get away with it! As a matter of
interest, no amateur license issued in the United
States ever stated that the licensee was entitled
to use all the territory from 200 meters down.

Although not alfecting any very large group of
amateurs, special arrangements were effected
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during this time between the ARRL and the .:

Department of Commerce whereby certain
“above-200"" wavelengths were made available
to outstanding relay stations.

We have said that the 1912 law was the onlv
one we had until the Communications Act of 1927
was passed. Now, it is apparent that nothing in
the 1912 law creates special bands for the various
services (we have quoted-all the 1912 law which
applied to wavelength grants or limitations), yet
it is a fact that, three years before the 1927 inter-
national conference, umateurs in the U. S. were
operating in specific. bands of frequencies in the
short-wave spectrum.

How come?

All right — brace yourself, for we suspect this
will be news to many — those bands were not
assigned under law, they had no legal standing,
and we had them solely on the basis of temporary
and informal agrcement with the other radio
services of the United States. .

Here’s the story:

Following the 1912 law, nothing much hap-
pened to disturb the tranquillity of two-hundred-
meter operation until around 1923, when a small
group of amateurs (and commercials, too, if we
are to be truthful) began going to the wavelengths
well below two hundred, to sce if they were
feasible for communicating purposes: As we now
know, they most certainly were, but it took a
transatlantic QSO % to make the average ham
believe it, at that time. An interesting sidelight
here is that since all amateur stations at that
time were required to specify their operating
wavelengths, and since these were invariably of
the order of 150, 175 or 200 meters, it was neces-
sary for the first short-wavers to get special per-
mission to operate on such wavelengths as 100,
90 and 60 meters — these not having been speci-
fied in the licenses!

At any rate, when the short waves began to
demonstrate their worth around 1924, everybody
in creation made a headlong rush for them. Re-
member: under the ancient 1912 law, still in ef-
fect at that time, every single service in the
“‘United States had equal rights with everyone
else for the use of the short waves!

Now, keep a firm grip on everything up to
this point while we backtrack a couple of years
to 1922 to pick up some dope that is going to
constitute part of our 1924 picture, when we
finally unveil it.

Around 1922 it was apparent to the then Sec-
retary of Commerce (Hoover), who was charged
under the 1912 law with the duty of administer-
ing radio, that the law was hopelessly inadequate
for existing conditions. A new law was badly
needed, but Congress, with the same slowness
which characterized its belated enactment of the
original law, simply couldn’t seem to get around

& 1MO-XAM (U. 8.) with 8AB (France), Nov. 27, 1923,
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to making one. So Secretary Hoover called the
first of what came to be known as the ‘“Hoover
Conferences” at Washington, participated in by
representatives of all the radio interests in the-
country, to see if some mutual agreements
couldn’t be worked out and some recommenda-
tions for the legislators evolved.

The first of these advisory conferences, in 1922,
didn’t do very much so far as we are concerned,
except that it recommended enactment of proper
legislation to deal with radio, suggested certain
amateur frequencies (of no interest to us, at the
moment, since they were around 200 meters),
suggested a definition for amateurs (the 1912 law
had no such definition), and recommended that
amateur status be defined by law and amateur
wavelength assignments ditto. Another recom-
mendation was for the creation of amateur deputy
inspectors, possibly at a dollar a year, to help out
in amateur regulation! Unfortunately, although
a number of radio bills were subsequently intro-
duced in Congress, nothing was actually done in
the way of legislation to carry out any of these
recommendations. Perhaps it was for this reason
that the recommendations of the succeeding
Hoover conferences actually became regulations
by reason of their adoption as such by the De-
partment of Commerce — not with authority
of law, however, but purely on the basis of mu-
tual agreement among services. This curious
regulatory status lasted until the “blowup” of
1926, of which we shall speak shortly.

The second conference took place in 1923; the
short waves had not yet opened up, and the con-
ference recommendations for amateurs were all
in the vicinity of 150-200 meters. Amateur radio
would have kicked like the dickens if they had
been anything else.

The third conference was in 1924; between it
and the second the short-wave business had split
radio wide open! The 1924 conference was tre-
mendously important, therefore.6 However, bear
in mind that nothing any of these Hoover confer-
ences did had any actual legal status. The recom-
wendations were nothing more than recommen-
dations; such agreements as were reached were
on the basis of mutual understandings between
services, temporarily (and illegally) incorporated
into the regulations by mutual consent and there-
after observed by all until a new law came along.
Actually, by this time everyone in radio realized
that the wording of the 1912 law was such that
the Secretary of Commerce had been given no
authority whatsoever to enforce any wavelength
assignments other than those set forth in the law

(Continued on page 188)

several months before
the conference, the ARRL had negotiated several special
low-wave bands for amateurs, pending the decisions of the
conference. The resulting conference agreements were con-
siderable expansions over the space made available by these
temporary assignments.

8 Since the short waves ‘“broke"
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A 40-Watt Modulator with
Cathode-Coupled Driver

Four Stages in a Compact Unit

BY WILLIAM J. LATTIN,* W4JRW

operation require a driver of low impedance

and good regulation, because the tubes
draw grid current on the positive signal peaks.
When a transformer-coupled driver is employed,
& fixed-bias source is needed which must have
such excellent regulation that battery bias often
is used. An excellent coupling transformer having
fairly high inductance and low-resistance wind-
ings is required. Since it was desired to build a
40-watt modulator as compactly as possible, the
use of a cathode-follower driver was investigated
and found to be quite practical.

The circuit shown in Fig. 1 was set up in the
laboratory and measurements of power output
and distortion were made. The results are shown
by the curves plotted in Fig. 2. It will be seen that

Typm 6L6G tubes in push-pull Class AB;

an output of 40 watts was obtained with about -

3-per-cent total distortion. The total “ B’ current
drawn by the sections of the 6SN7GT cathode
followers remains constant at about 13 milliam-
peres for all signal voltages applied, which indi-
cates that the regulation of the negative supply
voltage is unimportant. This was verified by
using a negative-voltage source applied through a
10,000-ohm resistor without by-passing to obtain
—67.5 volts at the cathode return of the 6SN7GT.
The power output and distortion readings were
the same as shown in Fig. 2.

A graphical analysis of the cathode follower
which was made in order to estimate the values
of cathode resistors and operating voltages
may be of interest. This is shown in Fig. 3.
The solid-line curves are plate-current vs. grid-
cathode voltage (Eg) characteristics obtained

*1304 Locust St., Owensboro, Ky.

1 Greenwood, ‘“‘Cathode-Follower Circuits,” QST, June,
1945, p. 11; Henry, “Improved Driver Stages for Class-B
Amplifiers,” QST, Nov., 1945, p. 45.

from a tube handbook. An axis of Rul,, which
shows the cathode-follower output voltage, is
shown for By = 5000 ohms. The operating charac-
teristic of the cathode follower is shown by the
dash-line curve (only for Rx = 5000 ohms). This
operating curve may be drawn easily because
when I, = 0, Ex = 0 and Epx = 300; when I,
= 10 ma., Ex = 50 and Epn = 250, etc.

A line having a slope of 5000 ohms (for Ry) is
drawn from I, = 0 and E; = 0 through the point
at —10 volts E; and 2 milliamperes, since —10
volts divided by 2 milliamperes is 5000 ohms.
Now with no signal, E; will be about 13.5 volts as
shown by the arrow drawn horizontally from the
intersection of the 5000-ohm solid line with the
operating characteristic to the Ey axis. Since
Ey cannot be made negative but can go only to
zero on the negative swing of a sine-wave signal
applied to the grid, about 13.5 volts peak is the
largest sinusoidal output that can be obtained
before clipping on the negative half-cycle starts.
It may be seen that clipping on the positive side
will not start until the peak grid voltage is much
higher, This may be determined by sliding a
ruler parallel to the 5000-ohm line along the £,
and Ey axes and extending the line to the right
until it again crosses the Eg axis. To obtain higher
voltage from the cathode follower the grid may
be returned to a positive point. For instance if the
grid-to-ground voltage is + 20 and Ex = +4- 30, a
peak output of about 30 volts can be obtained
without clipping on the negative side.

This driver circuit was used in the 40-watt
modulator shown in Fig. 4. The negative supply
voltage was obtained by means of a half-wave
rectifier using the same transformer as the main
“B" gupply. It was found that the 10-ufd. by-
pass on the screen supply for the 6L6Gs, C11, was
quite worth while since it resulted in about 10

¢

The cathode-coupled
modulator is built into a
compact unit which includes
power supply. The output
transformer is mounted ex.
ternally in the r.f. unit.
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Fig. 1 -~ Circuit used for measuring power output
and distortion in the cathode-coupled Class AB2 modu-
Jator.

per cent more power output than is normally ob-
tained with an unby-passed screen-voltage di-
vider.

The possibility of returning the cathode-fol-
lower resistors to ground and using self-bias on
the 6L6Gs with a VR-75 voltage regulator across
the self-bias resistor was considered. However,

this would have required a “B’’ supply 75 volts .

higher, and also several VR-75 tubes in parallel
would probably have been necessary, because the
plate-and-screen current of the 6L6Gs rises to
over 200 ma. under full drive. Since the negative
voltage supply was so readily obtained, it was
used in preference. If a selenium rectifier with a
high-enough peak-inverse-voltage rating were
available, it would further simplify the negative-
voltage supply, since the use of a separate fila-
ment winding is advisable with the 6X4 because
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of the high a.c. voltage from cathode to ground.

In the cathode-follower driver, the grid re-
turn was made to a point 34 volts positive
with respect to the cathode.return, resulting
in a value of Eyx of about 45 volts. Since the
return for Ry is made to —68 volts, the poten-
tial at the cathodes of the 6SN7GT, which is
applied to the grids of the output tubes, is —~23
volts with respect to ground. This provides the
correct bias on the output tubes as well as a large
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7ig. 3 ~— Curves used in 6SN7GT analysis. Grid-
cathode voltage is shown across bottom. When upper
50([)0-()hm line is extended, it crosses the Ey axis at +20
volts,

margin of safety in the signal voltage which may
be applied to the cathode-follower grids before
clipping can occur.

A Type 6SJ7 is used in the first amplifier stage
which is followed by a 6SC7 phase inverter. The
only requirement for these two stages is that they
provide sufficient gain to obtain about 55 volts
r.m.s., from grid to grid, at the 6SN7GT.

Construction

The photographs show most of the construc-
tional details of the modulator unit. One small
chassis contains all of the components except the
modulation transformer, 7'y, which is mounted
in the unit containing the r.f. amplifier, and is
not shown.

The power supply occupies the rear half of
the chassis with the filter choke, Ly, to the left,
the power transformer, 7', to the right and the
5U4G rectifier tube and filter condenser in be-
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Fig. 4 — Circuit diagram of the 40-watt modulator using a cathode-coupled driver.

Cy, Cs — 25-pfd. 50-volt electrolytic.
Cg - 0.1-ufd. paper.
(Ja ~(.02-pfd. paper.
4 — 8-ufd. 450-volt electrolytic.
Cs, Cy, Cg ~— 0,05-ufd. paper.
Cg, Cio, C11, Ciz, Ciz — 10-ufd. 450-volt electrolytic.
Cu — 20-pfd. 150-volt electrolytic.
Ci1g — 0.01-pfd. mica, 1000 vohs
Ri, Rs, R — 1 megohm, 14 watt.
Rz — 680 ohms, 13 watt.
R4, Ro, Rio —0.22 megohm, 1 watt.
Rs — 47,000 ohms, 1 watt.
Re — l-megohm variable.
R7 — 1500 ohms, 1 watt.
R, Ria —0.33 megohm, 14 watt.

tween. Grouped along the front edge of the chassis,
from left to right, are the 63J7, the 65C7, the
6SN7GT, the pair of 6L6Gs and the 6X4 rec-
tifier. The microphone input connector is set in
the left-hand edge of the chassis and along the
front edge are the gain control, Rs, and the two
toggle switches, S1 and Ss.

UUnderneath, the various by-pass condensers
are grouped around the tube sockets close to the

Ris — 0.1 megohm, 14 watt.

Ri4, R1s — 22,000 ohms, 1 watt.

Rie, R17 — 6800 ohms, 1 watt.

Ris — 2500 ohms, 10 watts.

Ri19 — 25,000 ohms, 10 watts.

R20 — 5000-ohm variable.

R21 — 2000 ohms, 10 watts.

Li — 10-hy. 200-ma. filter choke.

F — 3-amp. fuse.

51, Sz — S.p.s.t. toggle switch.

Ty — Modulation output transformer.

‘Ts — Power transformer — 375-0-375 volts r.m.s., 200
ma.; 6.3 volts, 4 amp.; 6.3 volts, 0.5 amp.; 5
volts, 3 amp.

points to be by-passed. The short lead between
the microphone connector and the grid terminal
of the 68J7 is covered with shield braid to pre-
vent hum pick-up and instability.

This modulator has heen in use for several
months and has proved to be capable of modu-
lating one hundred per cent an 829 running at
about 80 watts input, as checked on an oseillo-
scope.

¢

Bottom view of the
cathode-coupled modulator
showing the general loca-
tion of small parts.
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‘Happenin

the Month

CONFERENCE PREPARATIONS

The United States has issued invitations for
the convening in Atlantic City on May 15th of a
world conference to revise the international radio
regulations of Cairo. At this conference the post-
war planning of the various countries of the world
will come to fruition. The meeting may last as
long as six months.

On the part of the United States, preparation
for this conference has been under way for some
years back. The very extensive hearings of FCC
and the work of IRAC, reported in QST the last
several years, have been part of it. Ever since
the preliminary Moscow conference the U.S. has
had a special Government-industry committee at
work in Washington, under the Department of
State, polishing up the United States’ proposals
to their final form. ARRL Assistant Secretary
A. L. Budlong has been a member of this special
committee, in daily session for thrce months, in
addition to the League’s usual Washington
activities. The proposals of the U.S. have now
been completed and at this writing have been
reviewed and approved by FCC, on behalf of
eivilian services, and by IRAC, on behalf of Gov-
crnment services, and submitted to the Depart-
ment of State’s Telecommunications Codrdinat-
ing Committee, on the way to the Bern Bureau
for publication in the formal Book of Proposals
of the conference. These proposals incorporate
our amateur bands as they now exist above 3.5
Me. and continue to provide for a new amateur
band at 21-21.5 Mec. They propose also a 50-ke.
widening of the 11-meter band.

The U.S. proposal for the 160-meter region pro-
vides for the assignment of 1800-2000 ke. jointly
to navigational aids (loran) and to amateur,
fixed and mobile services. This band consists of
two regional loran channels of a width of 100 ke.
In any average area, only one channel is required
and it is proposed that the amateur, fixed or
mobile services in any area may employ the band
not required for loran on the condition that they
do not cause harmful interference. But in the
United States both channels are in use and the
arrangement contemplates no amateur assign-
ment here so long as loran remains at that part of
the spectrum. The question of sharing between
amateur and loran in this country, as sought in
the ARRL brief, still remains to be solved as a
domestic matter on the basis of technical investi-
gations. That idea is receiving separate study but
there is no news on it yet.
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Meanwhile, of course, the League keeps in close
touch with the developing situation at Washing-
ton and will continue to participate in the coun-
try’s preparations for the conference.

Janadian General Manager Reid has attended
a series of meetings at Ottawa at which the Can-
adian position for the world conference was
formulated. Canada will propose the present
hands except making the 10-meter band 28 to 30
Mec., plus a new band from 21 to 21.45. The
Canadian meetings also determined the amateur
regulations for the new licensing year beginning
April 1st, with the decision to retain all present

“anadian amateur allocations, including ’phone
assignments extending 50 ke. beyond the U.S.
ones in both the 3.5- and 14-Mec. bands.

Many countries are believed to be planning to
press at the conference for an expansion of h.f,
broadcasting assignments and also for increased
allocations for “tropical broadecasting.” (In the
tropical countries, static prevents the use of the
usual “standard” broadcasting frequencies and
the service is commonly conducted on frequencies
hetween 4 and 6 Mec.) There is encouraging indi-
cation from many of the member-societies of the
TARU that their governments will support and
defend the amateur allocations, including; the new
band at 21 Mec. The views of the United Kingdom,
as they existed in middle January, included a new
amateur band from 21.25 to 21.45 Mec. but pro-
posed shaving our lower bands to a harmonic
family: 3.5-3.6, 7.0-7.2, 14.0-14.4 Me.; also
retaining the band 1715-2000 ke. on a shared
basis with restricted power. The British thinking
at that time included no band in the vicinity of
5 or 6 meters and involved a shifting of the
2-meter band and a narrowing of the 400-Me.
band. The 28-30-Mec. band would be cut off at
29.7 as in the U.S.A. While these are not neces-
sarily the final British views, the indication is
that U.K. ig building up a “trading position”
based on the Moscow understanding between
some European countries.

RSGB advises that it will send three rep-
resentatives to the world conference.

We expect to have further conference news
each month.

BOARD MATTERS

Throughout the final years of the war, and
since, the officials of the League, operating under
the directions of the Board of Directors, have
actively looked after the interests of the amateur
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at Washington as plans were perfected for the
postwar world, and have fully participated in the
preparations for the coming world conference.
Everything is believed to be in readiness. The
ARRL Board itself holds its annual meeting in
the month of May, the same month that the
conference opens. To review and perfect the
arrangements for the protection of our rights, the
Board is holding a spccial meeting at West Hart-
ford on March 14th to deal solely with such
matters. It is expected that every division will be
represented. The meeting occurs too late in the
month to report in this issue of QST but we shall
have an account of it and its minutes, in our next
issue..

Meanwhile we want to tell you about the
known items of business to come before the
regular annual meeting of the Board in May.
These topics are outlined to you so that, in ad-
vance of the meeting, you may have an opportu-
nity to state to your director your opinion on any
of them that interest you. You are invited to do
this; your director will welcome your views.

You are of course already familiar with the
proposal for a Class D license, on which your
opinion has been sought on cards printed in our
last issue. You are also familiar with a proposed
plan for a rearrangement of the 10-meter band by
types of emission, as published at page 26 of
December QST', on which you were invited at the
time to write to your director. The directors com-
prising the Board’s Planning & Regulations
Committees at a recent meeting in New York
transmitted seven additional recommendations to
the Board, which will be considered at the May
meeting, and these we now describe to you as
follows:

1) As recently explained, it is believed desir-
able to postpone further proposals about 'phone
frequencies until after the world conference, so
that we may waste none of our energies mean-
while. The conference is expected to end by
November. It seems desirable, though, to get
along with the study of the ’phone matter as soon
as things are in the clear, and this means that the
subject should be worked on before the 1948
meeting of the Board. The Board’s committee
therefore proposes that the Board issue no new
proposals this year but that the committee be
authorized to study the question as soon as the
world conference ends and to originate proposals
which, with the approval of the Board, would
then be presented to the membership in QST and
a poll taken of amateur opinion thereon. The
Board would then be able to act finally on the
proposals, in the light of the opinion expressed by
amateurs, at its 1948 meeting.

2) There is great unevenness in the member-
ships of the various ARRL divisions. They vary
in size from about 700 members to about 7000.
This is unfair and makes for injustices, since each
director has only one vote. It would be much

46

better for us, and we would come closer to our

“ideals, if our division memberships were of more

nearly the same size. This question was before
the Board last year and was referred to this com-
mittee for study. The committee now endorses
the project and recommends to the Board that
our organization be changed to ten divisions
coinciding with FCC’s ten amateur call areas.
The call areas were deliberately planned to effect
ag even a distribution of amateurs as was prac-
tically possible and the committee believes that
the observance of those boundaries in ARRL
affairs would make for convenience and for a
much better proportionate representation of
amateurs in the affairs of our Board. At our
present membership the ten divisions would vary
from about 3000 to about 6000 members, a, great
improvement over the 10:1 ratio that now exists.
These figures include associate memberships, the
percentage of which is nearly uniform over the
country. It is also proposed that the division
names be changed to Division One, Division Two,
etc., so that any amateur, member or no, will
instantly know in which ARRL division he lives.

3) The Board asked the committee to study
various methods of referring questions to the
membership to learn what was acceptable to
them on the moot questions of the day. The com-
mittee after its study responds to the Board that
in its opinion the Board already has on its books a
mechanism for this purpose which it believes is
wholly suited to the League’s needs and which
it recommends be continued in use.whenever
needed. This is the method with which you are
already familiar in QST polls of amateur opinion
on stated subjects, with a detachable postcard.
The Board’s existing rules provide that questions
may be thus addressed either to all amateurs or
just to the members of the League, as the case
may require, and that the Board in finally con-
sidering the matter shall take into account the
opinions thus expressed. There are also safe-
guarding rules that the headings and type sizes
used in QST shall be as prominent as those used
for articles in the same issue, etc., so that all
questions so referred to the membership for
opinion will be fairly presented.

4) Ten-meter amateurs are having second-
harmonic BCI trouble with Television Channel
No. 2. When the v.h.f. spectrum was rearranged a
couple of years back, the League made it plain
that it was desirable to retain the harmonic rela-
tionship between amateur bands but FCC found
it expedient to convert our 5-meter band to a 6-
meter one. The Board last year referred to its
committee a suggestion that the League ask FCC
to shift the 10-meter band to 25 Mec. to escape
this television BCI. The committece responds that
the steps already taken by the United States are
such that it is not considered feasible to contem-
plate a shift in the location of our band, nor does
it believe that would solve the problem of inter-
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farcr ce fiom other harmonics. The question is a
difficult one and the solution is not yet visible,
so the committee asks permission to retain the
problem under study with a view to making
further recommendations. It reports that as a
temporary measure it has requested the publica-
tion of helpful information in QST

5) Considering the increasing interest in n.f.m.
'phone and its advantages in reducing BCI, the
committee proposed that it be given a wider trial
in some of our other bands. 1t looks good but we
are not sure that it is as good as it looks, the com-
mittee said in effect, and it therefore proposed that
only part of the ’phone bands be opened to this
mode now, and that the subject be reviewed after
we have had some practical expcrience. Specific-
ally it recommends that the Board request FCC
to authorize narrow-band frequency- or phase-
modulated ’phone operation on 3850-3900 ke.
and 14,200-14,250 kc. for an experimental period
ending June 30, 1948, under the condition that
the bandwidth shall not exceed.the bandwidth
occupied by an amplitude-modulated signal of
the same audio characteristics, the Board to re-
éxamine the question at its 1948 meeting in the
light of experience to that date. ‘

6) The committee strongly felt that the present
Class A licensing arrangement has outlived its
usefulness. Nearly half of all amateurs hold Class
A and ’phone work represents about half of
amateur activity. It would seem that any amateur
of a year’s experience who desires to work the
Class A ’phone bands readily gets that privilege,
so that the licensing arrangement is meaningless
as concerns its original function of confining
lass A rights to a relative few. Reviewed in the
light of present-day conditions, the committee
therefore strongly urges the Board to adopt a
proposition that was before it last year, that it
request FCC to make the Class A license available
to a Class B licensee (but not Class C) after one
year’s experience, by an endorsement to be given
upon application, but without additional tech-
nical examination.

7) In the 6-meter band we now have Al, A2,
A3 and A4 emission authorized, and f.m. 'phone
(including wide-band) on the part above §2.5 Me.
Most of the occupancy is confined to the low end,
and it’s the truth that there isn’t much of it for a
band that wide. It is desirable to encourage
greater occupancy of this splendid band and to
make it worth a fellow’s while to work in the
higher reaches of that band. One way to do that
would be to permit n.f.m. to come down lower in
the band and another excellent way, it is thought,
would be to permit ‘““duplex” or carrier-on
operation in some higher part of the band. Many
amateurs greatly esteem the privilege of “du-
plexing’’ but it’s a luxury that we can’t afford in
more congested bands. The committee recom-
mends that the Board ask FCC to authorize
narrow-band frequency- and phase-modulated
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‘phone on 51-54 Me., and that both wide-band
f.m, ’phone and A# duplex be authorized on
52-54. This would eliminate the present odd
figure of §2.5 and leave only two figures to re-
member.

Several other proposals or probable proposals
are known as we go to press:

While portable equipment may be operated on
any amateur frequency, mobile operation is
permitted only above 27 Mec. One reason for the
League’s opposition to mobile work on lower
frequencies in past years was the well-warranted
fear of the invasion of the amateur bands by
small-boat owners looking for utilitarian com-
munication. With FCC’s provision of adequate
facilities for this service, this hazard seems re-
moved. Vice-President MecCargar has given
notice of his intention to sponsor a proposal to
request FCC to permit mobile operation on the
lower amateur bands. No further details are
known at this time,

It may be necessary to propose an increase in
ARRL membership dues, including QST, to $3.
The rates to foreign countries have already been
substantially increased and the price of QST on
the newsstands has necessarily been raised to
35 cents a copy but the domestic membership
dues, being specified in the By-Laws, have not
been increased. The expenses of the League these
days are enormous and we have heavy tasks
ahead. QST costs half again as much to produce
as it did a few years ago and the costs of every
activity have similarly risen. There is reason to
expect some dropping off in the other revenues of
the League. While ARRL is currently in excellent
financial condition, it must remain that way and
its ability to hold together must not be impaired
by some sudden loss of other income. It is hoped
that, if it becomes necessary to ask for an in-
crease, the members will know from their experi-
ence in other departments of life that some rise in
dues is a reasonable thing and will feel that the
even figure of $3 is little enough to pay for QST
and what the League does for amateur radio.

‘The Chicago Area Radio Club Council reports
that the hotel situation in Chicago is such that it
is unable to stage the national convention author-
ized for the autumn of this year. The Board will
have before it a request that they now be author-
ized to put on the convention over the Labor
Day weekend of 1948. .

This clears the hook up to the moment. If ad-
ditional agenda items develop in the coming
month, they will be outlined to you in our next
issue. Your directors’ address is to be found in the
front of this issue.

THE U.S. AMATEUR PROPOSALS

The American proposals for the revision of the
Madrid convention and the Cairo regulations
comprise an enormous mimeographed book. The
United States proposes many changes throughout
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the texts of the treaties. In an earlier item in this
department we have reported the substance of the
U.S. proposals for amateur allocations. The al-
location table itself is of course one article in the
text of the regulations. The State Department
government-industry committce which has been
doing this job, and on which as reported in our
March issue ARRL’s Assistant Secretary Bud-
long has heen in daily attendance, decided that
the allocation table should be accompanied by an
explanatory document giving the reasons for its
frequency proposals, service by service, with an
explanation of the U.S. philosophy on each.
Amateurs will be greatly interested in reading
what is said of our service, for all the world to see.
Following is the text:

In the United States there is a tremendous public interest
in the amateur service, which is comprised of more than
60,000 radio amateurs whose interest in radio communica-
tions is purely without commercial interest or profit motive.
Indeed the term *amateur’’ is defined in the Regulations as
“a duly authorized person interested in radio techaique
golely with a personal aim and without pecuniary interest.”
Many of the developments and techniques now in common
use are due to the inventiveness and ingenuity of the radio
amateur. Improved techniques developed by him have
resulted in savings of spectrum space for the other services.
¥rom the viewpoint of spectrum economy, the radio ama-
teur is one of the inost efficient users of radio frequencies.
The almost intolerable interference conditions which con-
front the user of the amateur h.f. bands have merely served
as an added incentive to the amateur to use receiving sys-
tems which will provide adequate selectivity. Thus it is not
unusual to find an amateur receiving system with directive
antennas, crystal filters and even two or more stages of
heterodyne detection, possibly coupled to an audio filter
system. * Single-signal '’ receivers are the product of amateur
ingenuity and development. Transmitting systems likewise
take advantage of the various combinations of directive
antennas, stable oscillators, power supplies free from audio
modulation and minimum band widths of emission.

These high technical standards are for the most part
voluntary and have been adopted in order to satisfy the
communication requirements of the radio amateur. These
may be classified as:

1) Experimentation

2) Training in communication procedures

3) Long distance communication with low powered
transmitters

4) Disaster and emergency communications

5) Training in maintenance and operation of radio equip-
ment

Rzperimentation

Amateurs put into actual practice the sum total of radio
engineering knowledge, and because of the large number of
amateur experimenters, assure the maximum probability of
learning of variations in existing techniques and of develop-
ing new techniques. ‘This work should continue in order that
progress will not be stifled. This is particularly important in
the * microwave’’ spectrum, asbove L000 Mo., where much
remains to be learned.

Training in tion procedures

Amateurs transmit, receive and relay noncommercial
messages in order to develop their traffic handling ability
and to train themselves to serve later as commercial or
government radio operators. It would be difficult to man the
commercial and government radio stations were it not for
the availability of amateur operators who have trained
themselves. It is essential that this training comtinue.

Long-distance communication with
low-powered {ransmitters

Amateurs have provided reliable knowledgs of radio wave
propagation. This is because of the thousands of long-dis-
tance communications which take place daily in the high-
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frequency amateur bands. Further, the friendships devel-
oped between amateurs of the different countries have con-
tributed materially to the spreading of technical knowledge
and good will th:oughout the world. Because of the tre-
nendous public interest in this phase of amateur radio, the
United States considers it of paramount importance to
continue the exclusive allocations of high-frequency bands
for this purpose
Disaster and emergency communications
Since 1913, amateur radio has been the principal, and in
many cages the only, means of outside communication in
more than 100 storm, flood and earthquake emergencies in
the United States. The public service which has been ren-
dered by amateurs is matched only by the public interest in
amateur radio.
Training in maintenance and
operation of radio equipment
Because amateurs generally build and maintain their own
equipment, they acquire a proficiency which enables them
to qualify as technicians serving the public, maintenance
operators of radio stations and for other positions of respon-
sibility. Only the incentive of the satisfaction derived from
operating amateur radio stations will assure the continua-
tion of this valuable training.
Frequency band proposed for
the amateur radio service
The basic principles considered by the United States in
the choice of frequency bands for the amateur service are:
1) Observance of the Cairo bands, insofar as possible
2) Harmonic relationship, where feasible
3) Adequate new bands in the v.h.f., u.h.f. and s.h.f.
spectrum
4) Exclusive bands
The Cairo band 1715-2000 kc. now is requu‘ed for the
internationally recognized” maritime and aeronautical aid
known as loran, described hereinafter, and for other services.
To compensate, at least in part, for the loss of this band the
United States is recommending a new band exclusively for
amateurs in the high-frequency harmonic series to start at
21,000 ke. During the higher part of the sun-spot cycle,
which now is approaching, it is expected that amateurs will
find this band most useful, as it bridges the gap of frequen-
cies lying between the bands at 14,000 and 28,000 ke.
In summary, the exclusive amateur bands recommended
by the United States are:

Band, ke. Spectrum space, ke.
3500-4000 500
7000-7300 300
14000-14400 400
21000-21500 500
Total 1700 ke.
Band, Mec. Spectrum space, Mec.
28,0-29.7* 1.7
50-54 4
144-148 4
220-225 5
1215-1295 80
2:300-2450 150
3300-3500 200
5650-5850 200
10000-10500 500
21000-22000 1000

Total 2144.7 Me.

* The 1l-meter band does not appear in this tabulation
because it is not exclusively amateur. The U.S. proposal is
for widening the band, to be 27.18 to 27.48 Mo., with the cen-
ter frequency 27,32 designated for industrial, scientific and
medical devices and with the whole band shared by amateur,
fixed and mobile services subject to ‘ diathermy QRM."”
The fixed and mobile use in this country will be only in-
cidental, mostly special noncommunicating devices. The
band 420-450 Me., omitted in the above tabulation hecause
it is not exclusive, duly appears in the U.S. proposals in its
present status, temporarily shared with altimeters, to be
ours alone when no longer needed for altimetera. — Ld.
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ARE YOU LICENSED?

¢ When joining the League or renewing
vour membership, it is important that
vou show whether you have an amateur
license, either station or operator. Please
state your call and/or the class of oper-
ator license held, that we may verify your
classification.

CANADIAN ELECTIONS

In the first ARRL election held in Canada
since before the war, Dominion members of the
League returned Alexander Reid, VE2BE," to
office as the ARRL Canadian General Manager
for the unexpired remainder of the current dir-
rector term and for the following full two-year
term, 1948-1949. The balloting:

With very similar figures the incumbent Alter-
nate CGM, Leonard W. Mitchell, VE3AZ, was
returned to office for the same term:

Mr. Mitehell. . ..., vttt 413
Charles H. Harris, VE6HM.........covieeeniennns 296

Thus the team of Reid & Mitchell has been
selected by the Canadian membership to carry
on. Mr. Reid has been CGM since 1930, Mr.
Mitchell his alternate since 1940.

TO FORMER A.A.C.S. MEN:

The Headquarters of the Airways & Air Com-
munications Service of the ATC of the Army Air
Forces contemplates the early distribution of a
station directory listing all amateur stations
operated by AACS personnel throughout the
world. Major General H. M. McClelland, the
commanding general, wishes also to include ex-
AACS members who are presently active amateur
operators, to further the possibilities of contact
between wartime buddies via the amateur air-
ways. All former AACS men who have active
stations are requested to register the following
data tmmediately for inclusion in the directory:
name, call, mailing address, location of station,
power, frequencies worked, type of emission,
identity of AACS unit to which once assigned.
Address: Commanding (General, Headquarters
AACS, ATC, Washington 25, D.C., Attn: A-3,
Operations Division. You are also requested to
spread this word to all former AACS members.

EVIDENCE OF OLD CALLS

Amateurs eligible for a change in station call,
particularly old-timers who believe themselves
eligible for a two-letter call, are requested when
filing FCC application to attach any handy
documentary evidence they may have of the prior
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holding of such call. This saves a lot of FCC
checking;; in fact, FCC’s record of the old days of
Department of Commerce licensing is pretty
sketchy. The best evidence is a canceled license
but even a “Grand-Island QSL” would help.
Such evidence will be returned when the license
is granted.

KZS CIVILIAN AMATEURS

The only amateur operation that has ever been
permitted in the Panama Canal Zone has been
that of stations owned by military organizations
and operated by military personnel for training
purposes. American amateurs working as civilians
in the Zone, as employees of the (fovernment,
about a year ago petitioned for the establishment
of civilian amateur radio there. The project was
endorsed by the Headquarters Panama Canal
Department and approved by the War Depart-
ment. Detailed amateur regulations were drafted
by H.P.C.D. and went into effect February
14th. The regulations are a close paraphrase of
FCC’s amateur rules, being identical as to classes
of license, frequencies, power and technical
requirements. Calls will be from the KZ5 series.
Licenses are confined to citizens of the United
States residing in the Canal Zone. There is a
provision for the recognition of FCC licenses.
Provision is made for the licensing of amateur
stations to the commanding officer of a military
organization, in the same manner as obtains in
the United States. International messages ema-
nating from third persons are prohibited except
that such communications may be transmitted
to amateur stations licensed by FCC. All com-
munications must be in clear. There are a few
special rules’ concerned with the security and
defense of the Canal.

This is a big step forward. There will now be
many more KZ5 calls on the air. They are assured
of a warm welcome!

NOTICE—
Your Change of Address

should reach Headquarters at least 30
days before the issue date of the QST
with which it is to take effect. Please
send us your old address along with the
new, OM. The Post Office Department
will not torward QSTs mailed to your
old address — copies we cannot duplicate
-— unless you provide the extra postage.
May we have your cooperation? Thanks!

swrrcH i




TheWorld Above 50 Mec.

CONDUCTED BY E. P. TILTON,* WIHDQ

v.h.f. enthusiasts. There wasg little DX ac-
tivity of any sort on 50 Me., and the coldest
weather of the year brought little of interest in
the way of propagation conditions for the oc-
cupants of 144 Mec. and higher. It was a good
month for fence mending, and a lot of this was
going on. One needed only to mention v.h.f. on
any lower-frequency band to find a kindred
spirit, and 10 and 11, particularly, were being
used by members of the v.h.f. fraternity to discuss
their problems and plans for the coming summer.
Round tables were organized all over the
country to keep activity alive in face of the
lack of DX opportunities, and new stations were
showing up for these sessions almost everywhere.
There was a heartening interest in improved gear
for 144 Me., with more and more fellows going to
crystal control and superhet receivers. There
were even a few hardy souls braving winter’s
blasts to get started on beam antennas. Every-
where there was a note of optimism, and there
was little question that the spring and summer
of 1947 were going to provide & new high in
v.h.f, interest and activity.

The possibilities for international work on
50 Mec. were getting more attention, but, except
for certain areas where activity is low, the peak
had passed and there was little likelihood of
anything happening before next fall. Prospects
for a North Atlantic crossing were low, and
daily checks on the W1-G path indicated that the
peak for the month was about 45 Me., except for
a brief period on Feb. 24th, when G6DH heard
WQR on 48 Mec. F.m. stations in this country

FEBRUARY, as usual, was a quiet month for

*V, H, F. Editor, QST.

RECORDS
Two-Way Work
50 Mc.: KH6DD — J9AAK
4600 Miles — January 25, 1917
144 Mc.: W3HWN —- WIMNF
390 Miles — September 29, 1916
235 Mec.: W9OAW /6 — W6WQN/6
110 Miles — December 15, 1946
420 Mc.: W6FZA /6 — W6UID/6
170 Miles — September 28, 1946
2300 Mec.: W1JSM/1 — WIILS/1
1.6 Miles — June 23, 1916
5250 Mc.: W2LGF/2 — W7FQF/2
31 Miles — December 2, 1915
10,000 Mc.: W4HPJ/3 — W6IFE/3
7.65 Miles — July 11, 1916
21,000 Mec.: WINVL/2 — W9SAD/2
800 Feet — May 18, 1946

were still being heard daily by G6DH, PAGUN,
and PAGUM, and they were hearing stations from
the southeast up to about 50 Mec., indicating
that amateur signals might have been heard from
that direction, had any been on the air.

There is still plenty of opportunity for 50-
Me. DX in the right places — if only there are
stations active. Working south from Latitude 20
in South America, or east and west along Latitude
30 to 40, South, should be easy in April and fair
in May, but there is little prospect that anyone
will be on to take advantage of it. The only
candidate we know of, in addition to CE3FV,
previously reported, is PZ1A, at Paramaribo,
SBurinam, who has promised to be on soon.
Similarly, there are strips of high m.u.f. about
15 degrees either side of the Equator in Africa ~—
if that will do anyone any good. North-south hops
from Southern Europe to Africa are promising,
and east-west paths around Latitude 20, North,
are still good in the Pacific Ocean areas, though
the VK and ZL territory tapers off after April.

The record-breaking contact between JOAAK,

¢

Major W. O, “Texas” Brewer, JPAAK-W5KDA, who
was at the Okinawa end of the record-breaking 50-Mec.
contacts with KH6DD and W7ACS/KH6 on January
25th. The rig is a converted Navy TDQ, with an 829
in the final running 60 to 80 watts input. At his right is
the BC-610 used on 10 and 20. Receivers used on 50
Mec. are an S-36 and an ARR-5, both war-weary and
modified.
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The four-element arrays used for 28 and 50 Mec. at
J9AAK have their forward directors mounted below the
plane of the other elements.

¢

Okinawa, and KH6DD, Osahu, reported last
month, has not been repeated at this writing,
though both parties were on the watch for the
anticipated peak about 27 days following the
January 25th work. Contacts between KH6DD
and W6VDG/KW6 on Wake Island continued
on a crossband basis for several days after
January 25th, and are believed to have been
made two-way when W6VDG/KW®6 got his 50-
watt rig going on 6. Another station on Wake,
W60ONP/KWS6, is reported ready to go on 6 with
a 500-watt job. JOAAK has been heard on Wake,
but no contact has yet been made. Another
prospect for 50-Mec. DX in Honolulu is KH6DW.
He is the former W4AUU, Macon, Georgia, a
v.h.f. man from way back, so he should know
how it’s done. He heard both ends of the JOAAK-
KH6DD QSO.

In the Netherlands, at least two stations were
making regular use of their special licenses for
50-Mec. operation. PAGUM in Rotterdam and
PAGUN in Eindhoven were working daily on
50 Me., with strong signals over this 60-mile
path. Another European prospect, worked re-
cently on 28 Mec. by numerous Ws, is SHF-1,
experimental station at the Chalmers Institute
of Technology, at Goteborg, Sweden. They ex-
pect to be going on 50 Me. soon.

It appears unlikely that our friends in Britain
will be able to obtain even temporary permission
for 50-Mec. transmission, so it behooves us all to
remember them, pounding away on 58.5 to 60
Me., whenever conditions appear to indicate a
possibility of international work. It is probable
that next fall will see the m.u.f. rising high
enough to open that band for trans-Atlantic
work, and there is at least a possibility of our
making it during sporadic-E peaks this summer.
At least we should not forget to tune that range
now and then when things are hot.

Here and There on 6

With the supply of aluminum and dural being
what it is these days, not many of us have given
thought to substitutes, but here is an idea for
those who may be situated in places remote from
the junk yards where such materials can be
picked up. In a recent issue of Break-In, the
magazine of our brother society in New Zealand,
ZL1AO describes a 50-Me. array in which he
uses wooden doweling which has been sprayed
with metal paint. The rods were given two coats,
one of copper and one of zine. Copper straps
were used for making contact for attaching the
feeders, and then the whole assembly was given
a coat of clear lacquer to reduce electrolysis
etfects.
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The 6-meter band may not have been open
recently for international work, but some boys
have been getting out on about 42 Mec.! A number
of 20-meter ‘phones have been heard in Europe
on their third harmonics, but the prize in this
category is a contact between G6DH and YI2AT
on February 21st, when YI2AT was being re-
ceived on 42 Me. in England. During his cus-
tomary check on the frequency range between
30 and 50 Mec., G6DH ran across the signal of
YI2AT calling “CQ 10" on 42 Mec. Denis called
him on 28 Mec. and learned that YI2AT was
using a Tri-tet oscillator with a 7-Me. crystal,
quadrupling to 28 Mec., and an 807 in the final,
feeding a long-wire antenna. Apparently there
was enough 6th-harmonic output from the os-
cillator to drive the 807 a bit, and the signal was
plainly readable on both 28 and 42 Me., even
though the input was only 25 watts and the final
was grid-modulated. Too bad YI2CA wasn’t set
to go on 50 Mec. about then! YI2CA, reported
missing recently, is back on the air, but is being
delayed in getting his 50-Mec. rig on the air
because of difficulty in obtaining the necessary
parts.

Here is another of those DX reports: The 50-
Me. signal of WIKUD was reported heard in
Copenhagen, Denmark, on January 18th at
8:45 a.M. EST. This was a good day, the ob-
served m.u.f. being around 47 Me., but we need
more information before accepting this report
as authentic.

Ionospheric disturbances can produce some
strange effects. On the morning of Feb. 16th
(that day when the c.w. DX Contest was almost
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a washout) there was nothing to be heard from
the United States on 28 Me. at 1200 GCT, the
customary opening time for 10 in England, but
WGTR on 44.3 Mc. came in at 1250, reaching S9
by 1300. Other f.m. stations were heard with
good strength until after 1600, although no Ws
were heard on 28 Me. until 1535. This is not the
first time that G6DH has noticed what appears
to be an opening “from the top down.” On several
days recently he has heard the f.m. stations with
good strength when no other signals have been
heard from this country down to about 36 Mec.
On other days the services around 40 to 42 Me.
will be heard before the f.m. stations appear.

Those f.m. stations can fool you. They run a
lot of power, and they have mountain-top loca-
tions and high-gain antennas. Their reception at
distances from 1500 to 4000 miles or more may
indlcate a possibility of 50-Mec. DX, but not
necessarily. Harmonics of othet services are 4
more certain indication, since their power is apt
to be more like that of most amateur stations. If
harmonics or other signals are heard above 47
Mec. it’s time to “get cracking.” There has been
quite a bit of transcontinental reception of f.m.
stations recently, which has stirred the interest
of 50-Me. workers on both coasts, W6HZ and
W6QG have heard WGTR, Boston, and WNNE,
M¢t. Washington, N. H., vety well, between 8 and
10:30 A.M. PST. They would be glad to arrange
e.w, tests with interested stations in the East.
It will probably be too late for Fa work by the
time this appears in print, but we should be on
the lookout for transcontinental sporadic-E skip
in May, June, and July.

The best f.m. DX reception is reported by
K7IUI, Anchorage, Alaska. He has heard Chi-
cago, St. Paul, Milwaukee, Detroit, F't. Wayne,
Alpine, and Boston, and he wonders why he is
unable to hear any 50-Mec. stations.

A glance at the frequency listings we’ve been
running for several months will show that there is
a marked concentration of activity below 50.5 Mec.
This is OK during the winter months, but we

predict that there is going to be some real QRM
when the band begins to open. Not everyone is
on the low end, however, and it behooves us all
to watch the frequencies above 52 Me. for those
hardy souls who are up there. They include
numerous f.m. stations (those phase-modulated
rigs sound OK) and a few nets, not to mention
stations scattered around the country who op-
erate above the middle on general principle.
Several old-timers from prewar days on 5 are
now on 6 in Shreveport, La. and vicinity. These
include W5ZS, Dixie, with 50 watts to an 829 and
a 3-element rotary; W5DXB, Vivian, with 85
watts to a pair of 809s and a 3-element beam;

‘W5BFX, Shreveport, with 90 watts to a T-40,

a.m. and f.m., and a 3-element array; and W5ML,
Oil City, 110 watts to an 829 and a 3-element
array. Note their frequencies in the box — no
low-enders herel Wb5s AKI, IOP, AEN, JFF,
and KXO are now getting set. These fellows are
interested in extended-local as well as DX work,
and to further this end they are active ecach
evening between 6:30 and 8:00 p.u.

Need Nevada — and who doesn’t? W2NCR/7
says that the Las Vegas Amateur Association is
interested in 2 and 6, and that he and other
members will be going before the spring DX
season gets under way.

With the aid of a little weather observation you
can get a good idea of the degree of atmospheric
bending to be expected for the next 24 hours or
so0. Some fellows watch the sun for evidence of
increased sunspot activity and resulting high
m.u.f. Now here is WgHXY, St. Cloud, Minne-
sota, with a device for measuring earth currents,
and he is able to warn the boys of impending
aurora DX on 6. One instance when it worked
well was on Feb. 16th, when W@DZM and
WHQIN worked WAHUSI. WOPK, Downers Grove,
I, worked W@QIN, WODWU, and W8QYD
during this session. There was a mild flurry of
aurors in the East that night, but we have no
reports of anyone working stations he could not
work by ordinary propagation, though the aurora

¢

Thisis “the works” at KH6DD, Ewa,
Qahu, coholder with JOAAK of the
world's record for 50-Mc. work. At the
operating position are the Supcr-Pro
and S-36. The r.f. section of the $-30 is
used as a converter, fcedmg the Super-
Pro for v.h.f. reception. In the corner
is the BC-610 used on 20, 10 and 80. At
the left, top deck, is the 10-meter rig
which uses a 6L6-61.6-813 p.p.-100TH
line-up. On the shelf below are the
100TH driver and p.p. VT-127-As used
on 50 Mec. Both rigs operate from an
1800-volt supply and 810 modulator at
the hottom and at the right of the open
rack. Antennas include a rhombic and

a W8IK “Twin-Three” for 50 Mc.
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Who's Where on Six?

W1BJB Lineoln, Mass. (n.f.m.) 52.6 Mc.
WICGY Enfield, Conn. (n.f m.) 52.51
WICTW A:lmgton Mass. 51.35
WI1GJZ Greenwood, R. L. 50.18
W2LAL West Englewood, N. J. 50.2
W3CGF Baltimore, Md. 50.1
W3ENZ Washington, D. C. 50.7
W3KQz Takoma Park, 50.93
W3GKP Silver Springs, Md. 5145
W3G0A Bethesda, Md. 50.7
W3IUN Washington, D. C, 50.2
W3JCL Baltl.more, Md. 51.1
W3J80 ‘Timonium, Md. 51.55
W3KBE Washington, D. C. 51.0
W3KTR Bethesda, Md. 50.73
W3LWX Avondale Terrace, Md. 50.25
W3MBM  Baltimore, Md. 50.16
W3NG Hyattsvnlle, Md. 504
W3WA Catonaville, Md. 52.2
WILNC/3  Washington, D. C. 50.45
WIMUX/3 Washington, D. C. 50.19
W4GLV Leesburg, Va. 50.12
W4HS Arlington, Va. VIro
W4EMA Alexandris, Va. 51.2
WIKJV/4  Arlington, Va. 50.6
W6EGF/4  Arlington, Va. 50.15
WSBFX Shreveport, La. 53.2
W5DXB Vivian, La. 51.0
W5ML 0il City, La. 53.4
W573 Shreveport, La. 52.6
WSLIU Ft Worth, Texas 50.65
W60LO N. Ho vwood Cal. ¢ 50,1
We0LO/6 (mobl e 51.0
WIGWL (iriffin, Indiana 51.6
PZ1A Paramanbo. Surinam 50.2
VO4L 50.7
VK5NR 52.52

distortion was plainly in evidence whenever
beams were aimed North.

The Eager Beavers of Kansas and Missouri are
losing & member, but they are hoping it is for a
good cause. Little Beaver, W8JCQ, Ft. Riley,
Kansas, is off for Yokohama. Being an incurable
v.h.f. enthusiast Bill is taking along a rig for 6
and 2 meters.

Stabilization Gaining on 144 Mec.

A year ago crystal control was practically
unknown on 144 Mc. We had made the jump from
112 Me. not long before, and operation on 2 was
confined almost entirely to the use of rigs which
had been employed in WERS work during the
war. Working on 144 Mec. meant listening to a
mess of hash compounded of radiating receivers
and splashing transmitters. A lot has happcned
in & year; probably more advancement than was
ever crammed into one year in all the history of
v.hf. endeavor. The availability of surplus gear
which could be adapted to umateur use had a lot
to do with it. Tubes like the 832 and the 829, star
performers in the v.h.f. range, became cheap and

¢

Here is Eugene A. Piety, W7ACS/KMH6, who alse
worked JOIAAK and W6VDG/KW6. His rig is a con-
verted BC-640 which works from a cryvstal on 5555.8
Mec. with 6V6-807-24G to p.p. 214Gs, running 70 watts
input, modulated by 811s. 'T'he antcnna for 6 is a 3-
element array which was erected in 31 minutes flat.
Receivers are an 5-27 and an AR-88 used in the same

arrangement as the S-36 and Super-Pro at KH6DD.
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plentiful. The 6AKS, capable of real gain in 144-
Me. r.f. stages, ma,de possible the construction
of cofiverters having performance approxlmatmg
that to be expected of lower-frequency units.
Beam antennas, simple to build and adjust at
this frequency, became almost standard equip-
ment.

In many populous areas it i3 now possible to
use a selective receiver without sacrificing con-
tacts, since most of the more active stations are
crystal-controlled; yet the boys with the simple
gear can still have fun on 2. The presence of
many selective receivers has given most of the
users of oscillator rigs an opportunity to learn
just how badly they sound, however, and one
listen on a superhet has often been enough to
start a fellow on the construction of a crystal rig.
The SCR-522 and the ARC-3 have provided a
solution for many who think the construction of
a crystal-controlled transmitter too difficult.

That there are plenty of stations to work is
evidenced by the showings of some of the con-
testants in the 1947 Marathon, notably W2ZD,
Maplewood, N. J., who worked 134 different
stations during the first reporting period. The
use of phase modulation, with a frequency mul-
tiplication of 27 times, helped to boost his total
score to 620 points, the highest ever recorded by
a 144-Mec. entrant.

One of the first things one notices when he first
uses a selective receiver on 144 Me. is the tre-
mendous amount of room on the band. Where a
superregen secms loaded when the band has more
than five or six signals at the most, the selective
receiver makes it possible for hundreds of signals
to be present at one time without severe QRM.
W2BYH and W2SVI have been having some fun
working ¢.w. on 2, and it turned up the fact that

(Conlinued on page 136)




Modernizing the Old Receiver

Simple Means of Improving Gain and Image Rejection
BY WILLIAM L. NORTH, * WZBHE

of the new receivers, the author was rather
discouraged with the one in his ham shack.
Regardless of the fact that ten years ago it per-
formed along with others in the same general
price bracket, it just didn’t have the ‘sock”
of the newer ones. Furthermore, images on ten
and twenty meters were sometimes bothersome.
Consequently, the “old friend,” which had done
its job in an excellent fashion all of these years,
had fallen into disrepute. A new receiver was out
of the question, so it was decided to find out just
what might be done in the way of improving the
performance of the old. It might be well to men-
tion here that the receiver concerned is an
RME-69, but it is felt that the improvements to
be described are not peculiar to this particular
receiver and may be duplicated in others. The
original r.f. amplifier circuit is shown in Fig. 1.
In looking over the field, no major improve-
ments in circuits could be found on newer re-
ceivers outside of such things asnoise suppressors,
etc. Fundamentally the new receivers remain
superheterodynes and the improvements in sensi-
tivity and selectivity have been brought about
mainly by the use of better components. Better
tubes account for improved performance in many
of the receivers, and it was with this in mind
that the author set about investigating how the
old one could be improved. Incidentally, several
other things cqually important were overlooked
in the first analysis and this necessitated re-
modeling the receiver twice.

Choice of Tubes

The selectivity (determining image rejection)
and sensitivity of a superheterodyne are de-
pendent, for the most part, on the @ of the tuned

!.FTEB. having heard the performances of some
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e [n this article the author describes a
few simple alterations in his 10-year-old
communications receiver which resulted
in considerable improvement in per-
formance in both gain and image rejec-
tion. While incidental regeneration
doubtless contributes toward these re-
sults, the article demamstrates that
individual treatment of the front end of
a receiver can yield very worth-while
increases in performance.

r.f. circuits. Although the ) of ordinary unloaded
circuits is high enough for good selectivity, pre-
cautions must be taken or the tube following the
first tuned circuit will so greatly load it that the
effectiveness of the entire amplifier will be largely
lost. 'This is particularly important at the higher
frequencies, where loading is many times that
exhibited at lower frequencies. Tt is for this reason
as well as the fact that it becomes more difficult,
to keep up the @s of the unloaded circuits, that
image rejection, gain and sensitivity fall off on
ten and twenty meters in nearly all receivers.
Furthermore, it may serve to little avail merely
to substitute a tube with a higher transcon-
ductance, because even in a good circuit, the
loading may be so increased as to largely offset
the additional gain of the tube. Full advantage
of a better tube may be realized only where
other defects of the amplifier can be remedied,
if such defects are present. The term ‘‘better
tube” does not mean merely a tube of higher
transconductance because so many tubes with
large transconductance have such high input
admittance that their substitution results in
small increased gain and a considerable loss in
image rejection.

In surveying the newer tubes, it became ap-
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Fig. I—Circuit of the original r.f. amplifier in the

author’s RME-69 receiver. The hband-change switch
= and meter circuit are not shown. R) is 150 ohms.
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Fig. 2—Modified
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6AKS r.f. amplifier.
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parent that the 6AKS5 was by all means the tube
to use in the r.f. amplifier of a receiver. Its input
admittance is fairly low at 28 Mec. and, in addi-
tion, its transconductance is in the order of 5100
compared to around 1500 for tubes such as the
6K7, 6D6, etc. What could be simpler? An
adapter was made from an old 6-prong tube base
and a 6AK5 was substituted for the 6D6 in the
r.f, stage of the RME-69. The results were far
from startling; in fact, the only improvement
noticeable was at frequencies lower than about
10 Me.

Circuit Modifications

In view of the fact that the 6AK5 and 6D6
are not designed to operate at the same values of
bias, screen and plate voltages, the failure of the
experiment was attributed to this., The receiver
was taken out of the cabinet and by the use of
several resistors and associated by-pass con-
densers, voltages were adjusted to those rated
for the new tube. The other components in the
r.f. amplifier stage were left as found. An im-
mediate improvement in gain was measured on
all frequencies, varying from 18 db. at 2 Mec. to
4 db. at 30 Me. with several frequencies showing
gains in the order of 25 db. The resulting in¢rease
in gain was so startling to the author, and the
receiver had so much “sock,” that it was left in
this condition for several weeks, and once again
it seemed like a new receiver rested on the oper-
ating desk.

However, being a true ham, and considering
that in spite of the improved gain at the lower
frequencies there had been relatively little in-
crease in gain and image rejection on ten meters,
it was decided to carry the investigation further.

In attempting to bring up the gain at 30 Me.,
it was considered possible that degeneration was
entering into the picture — that the length of
the cathode lead external to the tube, in par-
ticular, was introducing inductive reactance at
the higher frequencies, thereby reducing the gain
at 30 Mec. Accordingly, it was decided to dis-
continue use of the adapter and install the minia-
ture socket in place of the old 6D6 socket, thus
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shortening the leads considerably. Furthermore,
upon studying the receiver, it was found that
grid, screen, and plate by-passes were brought
to the chassis rather than to the cathode terminal
of the socket. The control-grid ground return
could not be connected to this terminal because
the tuning-condenser rotor was grounded. Since
lifting the condenser from ground would have
involved a major construction job, it was left as
originally installed. All other by-passes were re-
turned to the 6AKS5 cathode terminals. This
tube has two such terminals, one for grid returns
and the other for plate returns. The decision to
alter these by-pass connections ultimately made
the r.f. stage work. '

Immediate improvement in gain at 30 Me.
was noted, amounting to some 12 db. over that
obtained before work on the receiver was started.
Simultaneously the signal-to-image ratio was
increased to better than 30 db. Since this is con-
siderably greater than would be expected from
the tuned. circuits even if there were no loading,
it seems evident that regeneration contributes to
this sort of performance; in fact, the stage had a
tendency to oscillate at certain spots within the
two higher-frequency ranges. This instability
was eliminated completely by the use of C; as.
shown in Fig. 2. It may not be required in all
receivers. Fig. 3 is a graph of the gain with the
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Fig. 3 — Curve showing increase in gain obtained by
altering the input stage of the RME-69.

modified r.f. stage, using the gain of the original
receiver as a basis.

A comparison of the original of Fig. 1 and the
modified circuit of Fig, 2 will show the change in
the original by-passing. Some of the condensers
were originally located several inches away from
the r.f.-tube socket and were common to either

(Continued on page 130)
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VE-W Contest

April 4th-5th~-6th

heard for the first time since 1939 on April

4th as revival of this great contest gets under
way. The all-time high of 574 participants will be
topped if precontest interest is any indication.
Leaders in 1939, VE3SF and W2IOP, will have to
look to their laurels to maintain supremacy.

Sponsored by the Canadian Amateur Radio
Operators’ Assn., the first postwar VE-W get-
together promises to be a highlight among oper-
ating activities in 1947. A “CQ VE” to raise
Canadians and “CQ W to raise United States
stations will provide you with operating thrills
from the opening gun right down to the finish
line! The Contest Rules follow:

Dates: Starts Friday, April 4th, 8 p.m. Ends
Sunday, April 6th, midnight. (Local time.)

Operating Time Limit: Your period of opera-
tion must not exceed 20 hours.

Object: Each VE will work as many W stations
in as many U. S. ARRL sections (see page 6,
QST) as possible. Each W will work as many VE
stations in as many VE sections as possible.

Scoring: Message preambles will be exchanged.
Each preamble sent will count one point and each
one received will count one point. It is not neces-
sary for preambles to be exchanged both ways
before a contact may count, but one must be sent
or received before credit is claimed. All preambles
must be handled under approved ARRL proce-
dure. Mark each new Section as it is worked. The
“check” portion of the preamble will be the RST
report of the station worked. On ’phone the
“T will be omitted, of course. Sample preamble:
“Nr 1 VE3CAR CK 589 Toronto Ont 8:02 P Apr
4.” W stations multiply their final score by 8§,

, there being approximately eight times as many
U.S. sections. VE stations multiply the number of
points by the number of U.S. sections worked.

Frequency Bands: Any or all amateur bands.

Power Multipliers: Under 30 watts, multiply
total score by 2; between 30 and 100 watts,
multiply total score by 1.5; over 100 watts, multi-
ply total score by 1. (D.c. input to the final.)

Operator Handicap: 1f more than one operator
is used at a competing station, the total score
must be divided by the number of operators
having a part in the score.

Prizes: A Certificate of Merit will be awarded
to the leader in each ARRL section, There will
be additional prizes for the highest-scoring Cana-
dian and American stations.

Logs: All logs should be mailed to the Cana-
dian Amateur Radio Operators’ Association, 46
St. George Street, Toronto 4, Ontario, Canada,
not later than midnight, April 30, 1947.
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THE calls “CQ VE” and “CQ W” will be

Operator’s Certificate: The following certifi-
cate is requested on each log submitted: “I
hereby state that in this contest I have not
operated my transmitter outside any of the
frequency bands specified on my station license;
and also that the score and points set forth in
the above summary are correct and true.”

‘You’ve been asking for it ever since the end of
The Great Silence. Here it is! Let’s see a big
turnout for one of the most popular of contests:
April 4th-5th-6th; “CQ VE” and “CQ W';
20-hour time limit; Certificates of Merit; prizes.
May the best men win!

A,

L)
25 Years Ago 5

this month

AI"RIL’,1922TQST didn’t leave any of the recent
big ham doings unreported —the little
Headquarters staff was busy participating in all
the conventions, the Governors-President Re-
lay, and the very important first session of Secre-
tary Hoover’s Radio Commission.

Up front in this issue is the Editor’s report on
the Washington Radio Conference, another at-
tempt by the Department of Commerce to make
technical and regulatory repairs on the Radio
Law of 1912, to cope with the rapid growth of
new radio services. The spokesmen for the big
corporations were heard first. They did not have
an easy time of it, with charges of monopoly, re-
straint of production, and manufacture of inferior
receiving cquipment being repeatedly hurled
their way. Independent commercial companies
and other interests identified with the new me-
dium, radiotelephony, also had their say. .

Amateur Radio was represented by ARRIL
President Maxim, sitting on Mr. Hoover's ad-
visory committee alongside such prominent ama~
teurs as E. H. Armstrong, C. M. Jansky, jr. and
L. A. Hazeltine, and by Vice-President Stewart,
Secretary Warner, Paul F. Godley, and officials of
League-affiliated clubs. Lead-off man for the ama-
teur argument was our recently-returned hero,
‘“Paragon Paul,” who stated the amateur posi-
tion in strong terms. He especially denounced the
‘‘ American-small-boy’’ publicity we have been
receiving in various circles, to which Secretary
Hoover replied:

I would like to say at once that anyone starting any such
suggestion that this Conference proposes or had any notion
of limiting the area of amateur work waa simply fabricating.
.« . The amateurs were asked to be represented in this
Conference and they are represented here today. . . . So I
wish to sit on that right at the start — the whole sense of
this Conference has been to protect and encourage the ama-
teur in every possible direction.

(Continued on page 188)
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DECEMBER CALENDAR

The December issue of the I.A.R.U. Calendar
is devoted principally to a discussion of prospects
and preparatory work for the coming world
telecommunications conference. First briefly re-
porting the five-power Moscow conference (from
data published in the January issue of QST),

the Calendar urges officers of all member-

societies to keep in close touch with government
communications authorities with the following
common objectives:

1. The retention of the present Cairo alloca-
tion of 1715-2000 ke. shared between amateur,
fixed, and mobile. For the information of mem-
bers, the ARRL reports that it is still taking
issue with the U, 8. government’s proposal to
exclude amateurs from this band of frequencies,
and at this writing has reason to feel that there
will be a revision of the U, S. proposal so as to
include amateurs in at least part of this range.

142, The retention of the present Cairo alloca-
tions of the 3.5-, 7-, 14- and 28-Mec. bands. It is
here to be noted that there is a great deal of

v
~—

pressure to assign 3900-4000 ke. to the aero-
nautical mobile service in Europe, and high-
frequency portions of the 7- and 14-Mec. bands
to the international broadcasting service.

3. Inclusion of a proposal by each govern-
ment to institute a new amateur band 21-21.5
Me. It is encouraging to note that three of the
five powers at the Moscow meeting proposed
some sort of amateur allocation at this point in
the spectrum, but it will be necessary for many
governments to advance and support the full
21-21.5 Me. proposal if we are to be successful
in finally obtaining the assignment.

“4, A liberal set of assignments in the region
above 30 Mec., similar to those proposed at
Moscow, While most of this portion of the
spectrum will be considered by an.international
conference for the first time, and compromises of
actual band limits will undoubtedly be necessary,
bach member-society should ensure that its
government is made aware of the necessity for
ymateur allocations at approximate octave in-

{Continued on page 134)

: PRCAPERENEHUE
NEPBHY TREX 3HAKOR ND3LIEHEH CHTHRNOR
NHBUTENLCHWA PAOMOCTAHUMA CCCP

From the Central Radio Club of Moscow, courtesy‘URSA—b—l, we have this map of the call districts and ‘prefixes

used by amateurs in the Ruesian sphere.
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CONDUCTED BY JOSEPH E. GRAHN, * WICH

How:

With one-half of the first postwar C.W. Inter-
national DX Competition a fond memory as this
is written, it appears that the contest will go
down in history as the maddest scramble of all.
Activity scemed to be at an all-time high. Signals
were ten deep for every kilocycle on the dial —
and then some! In a two-hour listening period we
logged 47 countries, while in another of about 40
minutes we heard 21. Did you fellows hear
XU6GRL making hay with QLM and QML and
refusing to answer calls on his own frequency?
He was one, among several foreigners, who put
these signals into operation, to the gain of many of
the smart boys on this side. We have the word,
gang, that J3AAB, CRO9AN and CR9AG have
made a compact to never answer anyone calling
on their own frequencies. Nuff sed?

JEENES, CAN
YOU TELL WHO HE

CAME BACK YO, THROUGH
THOSE DX HOGS?

What:

Eighty is still giving the gang an easy ride
——— e W2PNB, with 45 watts into an 815,
latched onto F'%MS VP6AE, G6RB, GSTK
GSLI, G2HFO, GW8CT GWSYB HBQSS
HBQEI, HBQFL, (’)KILM, ON’4AU, ()N4HC,
OZAFT, G3AXT, KP4CO and K4IFL — all be-
tween 3500 and 3600 ke. . . . — W3HH worked
HB9EK, G5JU, YU7TKX and G2AVP, between
3525-3550 ke. . — . . _ W1GKA, using 60 watts

# 83 Quinapoxet Lane, Worcester, Mass.
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and a 400-foot wire, QSOed G8CK, (G280, G5KT
and PA@DC, all on the Lf. end of the band
..... — W7BED, with forty watts and 7600
feet elevation, grabbed ZL1NF (3680) with a wire
fifteen feet off the ground. He uses an antenna}
Forty offers plenty of thrills for those willing

‘to dig. .. — W6TI sez his biggest came the

other day when he worked three Gs . . . 2PL,
5LI and 5DQ. .. all in thirty-nine minutes, mak-
ing his total six, one before the war and five since
..... —~ W3JKK, with one rock and 80 watts,
raised G4IF (7150), G5LZ (7150), SMS5IZ (7150),
CM2BU (7210), and is hearing plenty more with
an abandoned telephone lead for a receiving
antenna . ... ~ W2QUJ got VK2ZMN (7085),
7L2GS (7175), HBODA (7100), HII3ES (7115),
LXI1AS (7115), YRSM (7135), CROAD (7240),
PAGAB (7125), G2ITS (7125), KAIEA, KH6-
MNA and KP4ABK._.._. — W4DXI grabbed
HBOCS (7140), HBOFP (7160), G6TM (7050),
ZL2MM (7110), G8TK (7140) and F9BC (7140)
..... — W2RDK claims 40 is his best band and
proves it by clicking with ZL2N'T (7165), HK5CR
(7099), J2AAM (7100), PAGMM (7170), XE2FG
(7090), KH6FG (7130), GI3AXI (7097), SM7HT
(7100), SM6HN (7070), UA3AF (7110), UA3DQ
7130) and LU9AX (7070). Charlie wants to
apologize to the gang, especially to the three W9s
and the W6 who waited for his 35-minute QSO
with CN8AS to end, while he was trying to ar-
range skeds with an old friend of his in CN.
(Gang, there is an example of real hamming.)
W4LAC, using ten watts, had a fine
contact with ZL2QM . . . —. W7RT had a night
of it on Jan. 24th, knocking over W6VSO 19,
XE2HQ, KA1ZU, W6NQG/KM6 XU6GRL,
KP4CC and KPGAB He is using a new bxgnal
Shifter and sez he is off xtals for life. Proper
handling of that VFO will make us all happy,
John._._. ~ VE3ACS, with two rocks and
plenty of patience, worked ZL2GO, KZ5AG,
OH2X, ynd several KH6s and Europeans. After
listening to the ungentlemanly way VFOs are be-
ing used on the bands, Morgan says he’s disgusted
{an understatement if we ever heard one) . —. .
W3LNE (ex-W8DWYV) jawed with HABF
UG6AB, TRIP, SM3WZ, TI4MAR, SM7FN,
ZL2MM, HB9CS, KV4AA and UA3KA, on or
near the low-frequency end.

Twenty, the band that keeps the DX gang
happy, is still up to par._._. — WIRBI, with
XYL and other QRM, is tickled to have worked
VP8AD (14,070), VSIBX (14,025), UBSKAE

PRSI
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(14,085), XU6GRL (14,070), ZK1AH (14,145),
CRYAN (14,085), EP3D (14,197), and PK1RX
(14,135) o o= W6SAIT, an ex-W2, sez working
Europeans from California is really tuff, but he
managed to snag HA4EA (13,995), UAODP (14,-
070), HZ1AB (14,100), TF3A (14,025), OQ5BR
(14,103), FFSWN (14,040), UNIAO (14,112) and
KV4AD (14,112) . _._.. — New ones at WSRDZ
are GC4LI (14,038), VS7ES (14,065), ZD2G
(14,079), I6USA (14,095), ZE1]JI (14,077), SP1-
KWK (14,050), VU2AV (14,067) and VQ53TWJ
{14,090), for a total of 100._._. - VE1EP, who
sez phooey to high power and beams, did work
LQA4LA (14,030), TA1DB (14,040), VQ2HC (14,-
035) and ZC1AN (14,040), and his list of heard
ones really makes our eyes pop out. Better build
that beam, Art, and get in on therealfun . __._. -
WIENQ contributes his first, with CE3DZ
(14,000), PY1HZ (14,090), OKIAW (28,020),
ZLIHM (3720), YVSAB (14,150) and CXIDZ
(14,085) « v oo = W6SN must have his antenna
problems licked. Bill sends in & hot list, the choice
ones of which are PI1L (14,035), UA6BC (14,095),
CN8BK (14,005), YOSWZ (14,025), PK4IP
(14,055), SVIRX (14,015) and PZIAL (14,025)
..... —~ W1KMY sez he struggled along with
WOMCF/C1 (14,025), OH4P (14,085), ST2AM
(14,030), VQ2GW (14,040), ZBI1A (14,040),
VK7DW (14,040), J3AAD (14,030), LX1AO (14,-
020), KZ5NA (14,025), PZIAL (14,030) and
PZIMY (14,070)._._. —~ W2MPA, on ’phone,
knocked off a string of stuff a mile long, the choice
ones being JOAAW (14,180), J3DN (14,190),
PK1AW (14,360), KA1SS (14,180), EK1MB
(14,350), VQBAB (14,325), ZS4P (14,070), VK6RU
(14,390), ZE2JD (14,200) and VK4HG (14,160),

¢

‘The rig at OZ7UU, Charlottenlund, Denmark, con-
sists of 4 stages: a Philips 4654-pentode xtal or VFO, an
802 buffer-doubler, a German 12p35 in another buffer-
doubler, and Taylor T40s in the final. Power supplies,
which are contained in a screened box on the rear of the
transmitter table, deliver 300, 400, 600 and 1200 volts.
The modulator is a four-stage job ending up with 6L6s
in AB2 plate modulating the T40s. Antennas in use are
a voltage-fed Hertz and a W8JK rotary.
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WSIBE/J, located at Itazuke Army Air Base,
Kyushu, Japan, is another G.l.-operated station that
has been putting out a nice signal all over the U.S.A.
The rig runs a kw. into a BC—610-E. Receivers are
BC-799s and an SX-28. Antennas include a three-
element rotary for 20 meters, a five-element ten-meter
rotary, a V beam with 8 waves to a leg, a half-wave
horizontal doublet, a half-wave vertical doublet, and a
long wire. The call belongs to Lt. John B. Landress of
Dallas, Texas.

making a total of 107 postwar. WIGKX partook
of these meaty ones: J2UVW (14,255), C7TAA
(14,390), VKT7LZ (14,190), ZS6DW (14,195),
CT1UU (14,285), KP6AB (14,235), KV4AD
(14,265), UAIAB (14,240) and VK6DO (14,-
3358) i i me =

Ten has paid dividends to WSNBK, who in the
last 14 weeks has snagged 82 countries, the latest
of which are ZC6FP (28,030), CR4AA (28,045),
GC4LI (28,070), UBSKAE (28,100), CT1JS
(28,025), TF3A (28,010), ZB1AB (28,125), VR~
2AB (23,005), VQ2GW (28,175), CROAG (28,-
025), HA7AD (28,200), OE1AX (28,110) and
ZE1JS (28,175) . .. —~ W7JHB landed C7AA
(28,280), WBURU/C7 (28,115), W4HUR/C7
(28,260), SU1BD (28,509) and XU6GRL (28,-
240) .. —. — WOAWO’s nineteen watts to an
807 snagged KZ5NA (28,140), HP1A (29,400),
PY6AV (28,400), FASDX (28,400), PZIRM
(28,120), VO6H (28,200), TI2EA (28,120) and
HCIFG (28,480) .—._. — W2CYS kept busy
working UA9CF (28,020), YI2AT (28,005), OH-
8NX (28,140), VQSFCA (28,000) and, on ’phone,
FK8VB (28,100), CTIYT (28,400), J9AGT
(28,380) and J2AMA (28,400) . _ . _.. _WILQO's
dreams of postwar DX have come true. For the
past thirty days his string of DX QSOs is very
imposing, totaling 69 countries.._._. - W8ZBK
took four hours to snag G6LX, I1GX, GW3UO,
EI3J, I1WG, G3RK, G2AV, G4QB, D4ASU and
several VEs . . _. -
Where:

The new J QSO Bureau is: Maj. Lloyd D. Col-
vin, J2AHI, Hq. 71 Sig. Ser. Bn., APO ¢/o PM,

(Continued on page 136)




The Staggering Band Theorem

A Design for Living in Amateur Radio

BY LARSON E. RAPP, WIOU

¢ Once again Rapp, the fearless April
scientist, walks boldly in ‘“*where angels
fear to tread’’ and locks horns with the
greatest problem of all amateur radio,
the *phone vs. c.w. controversy. Attack-
ing it with his usual logic and analytical
gkill, he comes up with a solution to all
of the frequency-subdivision situations.
Here is enlightening reading for all
students of this basic amateur question.

rpEE “circular-band theorem” described !
Fa year ago put many thinking amateurs to
work devising ways and means for best
utilizing this very logical system for reducing
interference in the amateur bands. The work of
Shuart ? and Sexton ? was particularly outstand-
ing, and it is safe to say that, had conditions re-
mained as they were in 1946, or, better yet, 1936,
there would be no need for further attacks on the
problem. However, in the year that has elapsed,
three factors have contributed to increased inter-
ference in the amateur bands to such a magnitude
that other solutions must be sought.

The factors responsible for the augmented
QRM are the increased number of amateurs, the
surplus equipment now available, and 'phone
operation. The most reliable figures on the
growth of amateur radio indicate that the number
of amateurs will be increased by 50 per cent
within one or seven years, or possibly sometime
in between.* Taking the most optimistic attitude,
it is still apparent that something must be done.
The surplus market, which is just beginning to
get under way, now makes it possible to build a
complete 1-kilowatt transmitter complete with
pilot lights (three colors) for $47.85, and it is
difficult to estimate how many kilowatt rigs
there are lurking throughout the world, just
waiting for a receiver before they can start work-
ing other stations. Some idea can of course be
obtained by listening to the number of stations

1 Rapp, “The Circular Band Theorem,” QST, April,
1946. .
2 Shuart, * Vertical Modulation,” QST, June, 1948,

3 Sexton, * Putting Circular Bands to Work,"” QST, June,
1946.

¢ Harkness, *The Pros and Cons," Qssining Golf Digest,
Oct., 1946. Also, latest report of the Gallop Pole.

& Miller, Joe, The World's Funniest and Oldest Gags.

¢ Rapp, ibid.

7 “A Plan for the Ten-Meter Band,” QST, Deo., 1946.
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testing each night, obviously with no thought of
ever listening, but these figures will vary with the
locality, and nothing definite is available, Con-
servative estimates of the surplus market, which
take into consideration the. present amateur
practice of stocking up on spare parts, all agree
that it will be roughly 37 years and 4 months
before an appreciable dent in the stock becomes
apparent. It is interesting to note that the custom
of storing the large spare tubes in the final ampli-
fier — it is not at all unusual to find a conserva-
tive 1-kilowatt amplifier that uses four 450-TIs
in push-pull-parallel —— may have some effect on
the number of licensed amateurs in the near fu-
ture, according to the FCC. Radiotelephone op-
eration, in this and other countries, has increased
instead of dying out and, although apparently a
more attractive form of communication to many
than “talking with their hands,”® it is a great
devourer of kilocycles.

As a matter of strict fact, amateur 'phone is
undoubtedly the greatest contributor to amateur
interference today, both in the amateur and in
the broadcast bands. Some of the foreign coun-
tries, with whom we enjoy the most friendly rela-
tionships otherwise, have developed 'phone tech-
niques that require several times the channel
space required by the more primitive domestic
'phones, but information on the exact methods
used is difficult to come by. At least nothing on
the subject has appeared in the domestic press in
the past few years, so the secret must be kept
fairly well guarded. However, it is not the pur-
pose of this treatise to engage in a discussion of
the relative merits of ’phone vs. c.w., but only to
propose a solution to their working together in
closer harmony with no mutual jealousies or de-
mands for more frequency assignments.

Reasoning along the lines of more band edges
for everyone, a major objective of the Circular
Band Theorem,® careful study of the “Ten-
Meter Plan’” was made and many observations
of students of that band were carefully analyzed.
Regardless of the merits of the proposal, the con-
census seemed to be that it was too complicated
and that the average amateur, already over-
burdened by weighty problems about his standing
waves and an S-meter that will only hit the pin
on strong signals, could not be expected to re-
member where one allocation within a band leaves
off and another begins, even though it is to his
best interests to acquaint himself with these de-
tails. This weight of opinion discouraged a plan
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that the author was about to propose for all of
amateur radio, namely, to stagger the ’phone
and c.w. assignments every 100 ke. throughout
the spectrum. However, it was this very dis-
couragement that gave impetus to a new and even
better plan, so it appears that the *“Ten-Meter
Plan” served a very useful but unexpected pur-
pose.

Research

From intimate discussion with well-informed
representatives of both factions, the author has
reached the conclusion that if the subdivision of
the amateur bands were left up to the 'phone men,
all of the amateur frequencies would be made
available exclusively to ’phone. Likewise, mem-
bers of the brass-pounding contingent would be
only too happy to see all of the bands made ex-
clusively c.w. That this is basic will be agreed by
all and, indeed, it is confirmed by the traditional
greeting between 'phone and c.w. men8

Obviously the best solution to the problem
would be the development of some new form of
‘phone and ¢.w. that would allow the two to
work independently on exactly the same fre-
quency. It would then be possible for the bands
to be thrown open in their entirety to both ’phone
and c.w., and both factions could go along bliss-
fully unaware of the other on the air, in much
the same fashion that they do now off the air.
~ While this attack is still being carried on in the

laboratory, it may be sume time before the svlu-
tion is obtained. Another very promising ap-
proach is based on a communications method in-
volving the inverting of the normal spcech fre-
quencies into corresponding ‘contrapolar’”®
frequencies — i.e., frequencies less than zero —
modulating the carrier with these frequencies
and then reinverting them back to normal after
reception. Since negative sidebands are ob-
tained, the signal disappears entirely with modu-
lation, and the higher the modulation frequencies
the more it disappears. Thus the more high-
fidelity ’phones active on the air with contrapolar
modulation, the more room there is, and the only
problem, aside from the technical ones, is to
guarantee that there be enough ’phones talking
all of the time to insure the existence of the fre-
quencies, Present experience indicates that this
problem is insignificant. Stations in neighboring
countries will undoubtedly supply large portions
of the bands to us and will thus be helping to
make room for many more stations, a very
worth-while step in the right direction.

Staggering the ‘phone and c.w. assignments, as
mentioned before, brought out some interesting
possibilities. Obviously 100-ke. segments are too
large and, since all of the international assign-
ments are not necessarily even multiples of 100,

8 “Drop dead!”

? Wildenhein, * Contrapolar Frequency Spectrum,” QST,
March, 1944.
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there would be some disagreement by the two
factions. The next step was to reduce the idea to
50- and then 25-ke. scgments, and by the time
8-ke. segments were reached a general equation
was developed that permitted one to study the
effect regardless of the segment widths. The ac-
tual equation is beyond the scope of this paper
but, suffice to say, it does show that, for an upper
audio limit of 4000 cycles, 'phones always take
up more room than c.w. stations. The reciprocal of
this equation, incidentally, is the factor by which
’phone men think their assignments should exceed
the c.w. assignments. However, in a broader
sense, such as ’phone, by using the theory of
limits one can visualize reducing the segments
until the 'phone and c.w. portions are superim-
posed. This is the principle of “imposition”
which has been hinted at by other workers but
never fully explained. Suffice to say, however, it
shows the impracticality of staggering assign-
ments in frequency, or “space” on the dial.

The Staggering Band Theorem

The other approach, the new Rapp plan, is
one that requires no great technical progress and
can therefore be put into effect almost at once.
It too is derived along the general basic space-
time-frequency canons, and it is so simple and so
logical that it scems unfortunate, and somewhat
amazing, that no one has suggested it before this
time. Known as the “staggering band theorem,”
it consists simply of staggering frequency assign-
ments in time rather than in space (frequency)!
Stated another way: During alternate 24-hour
periods, make the bands exclusively ‘phone or ex-
clusively c.w.! For example, on the day the plan
goes into effect, the 3.5-, 14- and 50-Mec. bands
would be exclusively c.w. throughout the world,
and the 7- and 28-Mec. bands would be exclu-
sively ’phone. At the end of the 24-hour period,
80, 20 and 6 would be exclusively ’phone for a
day, while the c.w. men held forth on 7 and 28
Me. At the end of that 24-hour period, conditions
would revert back to those of the opening day for
another 24-hour period, and so on. The periods
would be concurrent throughout the world, the
calendar being based on GCT or some other
well-known time, WWYV is already prepared for
the move, since time signals as well as standard
frequencies are a part of the regular schedule.

The advantages of the plan are obvious. No
’phone man could ask for more frequencies,
because they would all be available to him. The
c.w. man would similarly be content, with no
'phone interference to interrupt his activities.
Progressive old-timers, who have camped on one
frequency for so long that they have worn a hole
there, would have an opportunity every other
day either to go on another mode of communica~
tion or go to a movie. In either event, they would
find out what is going on in the world, an im-

(Continued on page 138)
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COMBINATION B.F.0. AND A.N.L.
FOR THE SKY BUDDY

HE combination b.f.0. and a.n.l. cireuit used in

the new S-38 receiver can also be used in the
Sky Buddy by substituting a 6SQ7 for the 76
b.f.0. tube originally used. The 76 and its socket
are removed, and an octal socket for the 63SQ7
is installed in place. The circuit connections
are shown in Fig. 1. The two diode plates are tied

B+ CONTROL GRID OF
AuD!O

ouTpuT
TUBE

Fig. 1 — Circuit modifications required for the addi-
tion of a noise limiter to the Sky Buddy receiver.
C1 = 100-4pfd. mica.
Ca —470-ppfd. mica.
(s — 0.01-pfd. 400-volt paper.
R1, Ra — 47,000 ohms, 14 watt.
L, — B.f.o. coil.
S1 — B.f.o. switch