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M THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC EQUIPMENT
%

{Rugged mechanical construction
 Gutstanding electrical efficiency

In the new 3X2500A3, Eimac engineers
have developed a highly efficient external
anode triode which, in Class C service, de-
livers up to 5 KW output at a plate volt-
age of only 3,500 volts. The mechanical
design is radically simple, incorporating a
“clean construction” which gives short, low
inductance heavy current connections that
become an integral part of the external
circuits at the higher frequencies.

The external anode, conservatively rated at 2500
watts dissipation, has enclosed fins so as to, facili-
tate the required forced air cooling.

Non-emitting vertical bar grid does not cause aa-
ode shadows ordinarily created by heavy supports
in the grid structure.

Thoriated tungsten filament. Note unusually large
filament area, and close spacing.

Filament alignment is maintained throughout life
of the tube by special Eimac tensioning method.

New glass-to-metal seals do nothave the RF
resistance common to iron alloy seals, nor the
mechanical weaknesses of the feather-edged types.

Grid ring terminal mounts a cone grid support
which acts as a shield between plate and filament.

A coaxial filament stem structure forms the base
of the tube. This makes possible proper connec-
tions to the filament lines.

Grid and filament terminal arrangements make it
possible to install or remove the 3X2500A3 with-
; out the aid of tools.

The new mechanical and electrical features
“of the Eimac 3X2500A3 external anode tri-
«.Je make it valuable for use on the VHF
as well as low frequencies. More complete
data and information yours for the asking.

Aol

FOLLOW THE LEADERS TO

TYPE 3X2500A3 — MEDIUM MU TRIODE
ELECTRICAL CHARACTERISTICS

ott Filament: Thoriated Tungsten

.g,s.”"
e Voltage .. .« . . . . . 75volts
BES Current . . . . . . . . . 48 amperes
Tu Amplification Factor (Average) 20

Direct Interelectrode Capacitances (Average)

. GridPlate . . . . . . . . . 20wsufd.

EITEL-McCULLOUGH, INC., 1123 San Mateo Ave., San Bruno, Calif. Grid Filament . . . . . . .. . 4Buufd
Plate Filament . . . . . . . . L2uufd.

Plants lototed ot: San Bruno, Calif. M ond Solt Loke City, Utoh Transconductance (18=830 mo., E5=3000 v.) 20,000 umhos

123

Export Agents: Frazar ond Hansen, 301 Clay $t., San Francisco 11, Calif., U.S.A




Looms Large on the

CERAMIC Firmament

Your search for a “hard-as-diamond” versatile
material ends when you discover the myriad pos-
sibilities of Steatite.

Let us tell you more about STEATITE . . . ama-
terial that may solve your production problems.

Ceramic Trimmers

— - Division of GLOBE-UNION INC., Milwaukee Bulletin 695

2
Variable Resistors . )
PRODUCERS OF Bulletin 697 Tubular Ceramic Selector Switches
Capacitors Bulletin 722

Bulletins 630-and 586

Ceramic High Voltage Capacitors
Bulletin 814
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Section Communications Managers of the A.R.R.L. Communications Department

Reports Invited. All amateurs, especially League members, are invited to report station activitiés each mid-month
(16th of the month for the last 30 days) direct to the SCM, the administrative official of ARRL elected by mgmbers in each
Scction whose address is given below. Radio Club reports are also desired by SCMs for inclusion in QST. New ARRL Field
Organization appointments, with the exception of SEC, EC, OBS, and OO are not at present being made. See Operating

News.

Lastern Pennsylvania
Maryland-Delaware-District

__ATLANTIC DIVISION

Jerry Mathis

823 Crescent Ave.
9701 Monroe St.

Glenside Gardens

of Columbia W3Cl1zZ Hermann E. Hobbs Silver Springs P O. Linden, Maryland
Southern New Jersey W3GCU y Tomlinson 623 E. Brown Trenton 10
Western New York WS8UPH Charles I. Otero 4158 Rldi Road West Spencerport.
Western Pennsylvania WS8NCJ R. R. Rusenberg 927 East 23rd St. Erie
_ S ___CENTRAL DIVISION __ ; —

Illinois WON David E. Blake, II 4501 N. Malden St. Chicago 40
Indiana WOEG Herbert S. Brier 385 Johnson St. Gary
Kentucky WOIAR Darrell A. Downard 2077 Sherwood Ave. Louisville §
Michigan WSDPE Harold C. Bird R.F.D. 2, Box 228 Pontiac 2
Ohio - W8SMFP Carl F. Wiehe 122 St. Albert St. St. Bernard 17
Wisconsin WIRH Emil Felber, Jr. 1625 N. lSLh St. Milwaukee §

_ _ 3 DAKOTA DIVISION -
North Dakota aymond V. Barnett 406-17th St. ‘Bismarck
South Dakota WOSVY P. H. Schultz 118 N. Yankton Ave. Pierre
Northern Minnesota wokuz Armond D. Brattland 2802 S. Western Los Angelcs, Calif.
Southern Minnesota WIYNQ Millard L. Bender 608 N. Huron Ave. Spring Valley

_ DELTA DIVISION.
Arkansas W5G Ed Beck 2503 ﬁ_sho > St. Little Rock
Louisiana WSDKR Eu&/nc H. Treadaway —i LaPlace
Mississippi WSHAV Clement 524 Santnm St. Biloxi
Tennessec SP James B. Witt .F.D.6, Shady Dell Trail Knoxville
7 HUDSON DIVISION.

Eastern New York WIRZL Ernest E. George 7034 Lexmgton Parray Schenectady 8

C. & Long 1sland W2KDC Charles Hara, J¥. 151-06 84th D amaica, L. 1., 2 |
Northern New Jersey WwW2CQD Winfield G. Beck 617 Spruce St oselle

_____MIDWEST DIVISION, .
Towa = WODTR Teslic B.Vennard 2712 Washington St. Burlington
Kansas WOoAWP A. B. Unruh 1617 S. Seneca St. Wichita 12
Missouri WOoOU Mrs. Letha A. Dangerﬁcld 411 Moffett Ave. Joplin
Nebraska WIFQB Arthur R, Gaet! 6105 N, 37 St. Omaha 11
—— EW ENGLAND DIVISION,

Connccticut dmund R, Fraser 48 Wlllow St. West Haven 16
Maine WIAQL G. C, Brown 9 No. Main St. Brewer
Eastern Massachusetts WIALP Frank L. Baker, Jr. 91 Atlantic St. North Quincy 71
Western Massachusetts WI1JAH William J. Barrett 239 Columbla St. Adams
New Hampshire WIFT] Mrs. Dorothy W. Evans P. 0. Box 312 Concord
Rhode Island WIHRC Clayton C. rdon 70 Columbia Ave,, Gaspee Plateau, Providence §
Vermont WIN Burtis W. Dean P. O. Box 81 Burlington

_ NORTHWESTERN DIVISION.
Alaska 7G ames G. Sherr: Homer
Idaho WT7TAVP on D. Oberbilli P O Box 486 Boise
Montana WICPY Rex Roberts 088 Glendive
Qregon W7GN! Carl Austin 1137 Federal end
Washington W7F (o} Tatro 513 N. Central Olympia

PACIFIC DIVISION

Hawaii KORLG Howard S. Simpson ells St. Waluku, Maul
Nevada WG6CW N. Arthur Sowle Box 2025 eno
Santa Clara Valley Wo6luz Earl F, Sanderson 600 Acacia Ave, San Bruno
East Bay W6TT Horace R. Greer 414 Fairmount Ave. Oakland 11
San Francisco WG6RB William A. Ladley 200 Naylor St. San Francisco 12
Sacramento Valley W6MD Vincent N. Feldhausen 113 Sout.h Ql.uncy St. McCloud
Philippines KAIGR George L. Rickard Box 849 Manila
San Joaquin Valley* WG6BXB Edward H. Noack 811 West Magnolia St., Stockton

North Carolina
South Carolina

ROANOKE DIVISION.

J. Wortman

WicC w.
W4B ANG Ted Ferguson

Virginia Walter G. Walker 217-51 ort News

West Virginia WSJRL Kenneth M. Zinn P. O. Box 132 8burg
- , ROCKY MOUNTAIN DIVISION

Colorado WIVGC .H. F. Hekel 2743 Julian St. Denver 11

Utah-Wyoming WG6LLH Victor Drabble 1024 Oak St. Ogden, Utah
. . SOUTHEASTERN DIVISION

Alabama Lawrence Smych 808 Winona Ave, Montgomery

Eastern Florida W4IP Robert B, u(‘g f/ 3302 S W Graneland Blvd. Miami 33

Westem Florida W4MS Lt. Edward J. Collins 409 10th A Pensacola

W4FDJ Ernest L. Morgan JF.D. Lyons

Georgi
West Indxeu (Cuba)
(Puerto Rico-Virgin Islands)* K4KD

Everett Mayer

SOUTHWESTERN DIVISION.

c/0 Duke Power Co.
3422 Rossewood Drive

Tharlotte T
Columbia 25

P. O. Box 1061

San Juan §, P. R,

Los Angeles 68 H. F. Wood 429 So Fairview Burbank
Arizona WG6RWwW Douxillas Aitken 341 S. Mt. Vernon Ave,  Prescott
San Diego WG6CHV H. Culbertson 7172 Eads St. La Jolla
WEST GULF DIVISION. _
Northern Texas WS5ALA ack T. Moore ,,4529 F. alrway Ave Dallas £
Oklahoma WSAYL d Oldﬁeld_ N.W. 35th St. Oklahoma City 6
Southern Texas WwSsJC James B. Rives 1721 }xentuclgy Ave. San Antonio 1
New Mexico WSHJF J. G. Hancock 0 S. E. Nevada St. Portales
MARITIME DIVISION
Maritime — VEIDQ A. M. Crowell 6 Dublin St. "Walilax, N. S.
ONTARIO DIVISION.
Ontario VE3EF Wing Commander ¢/o_Canadian Bank of
Donald R. Gunn Commerce New Toronto, Ont.
_ QUEBEC DIVISION
Quebec VE2CO Lieutenant L. G. Morris 4114 Hingston Ave. . Mgntrgal 78, Que.
VANALTA DIVISION
Alber VE4GE C. S. Jamieson 581 Riverside Drive  Drumbheller, Alta.
BriLlsh Columbia VESDD C. O. 1. Sawyer 2634 West 31st Ave. Vancouver
PRAIRIE DIVISION,
Manitoba "VE4AAW A. W. Morley ) 76 Lennox bt. ‘St. Vital
I Saskatchewan VE4SY Arthur Chesworth 1084 Redland Ave. Moose Jaw
R
¢ R — N

—
*Officials appointed to act temporarily in the absence of a regular official.
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JRRTEE Superioi Engineering...
:  basis of Collins quality leadership

Above all, the Collins Radio Company is an engineering outfit. An un-
usually large percentage of its personnel are graduate engineers.

They came to Collins because the Collins progressiveness and quality
standards are their own ideals. They are the nucleus of the organization,
from management on through.

These men determine and uphold the character of Collins radio com-
munication equipment from inception, through all stages of research,

design, production, quality control, field test and field service. Many
of these engineers and their lab assistants are active hams.

ments, and another team under W9GJY is shaping up a receiver
incorporating highly desirable innovations.

Both are under the
general supervision of W9FVM. Look for a significant Collins
announcement soon!

COLLINS RADIO COMPANY
Cedar Rapids, lowa
11 W. 42nd Street, New York 18, N.Y.
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Finer in Performance AND NOW — Smarter in Appearance with

INTERCHANGEABLE COLORED FLANGES

ROUND OR SQUARE...AT NO EXTRA CHARGE

Marion Gluss-to-etal Trly Hermetically Sealed
24" and 32" Electrical Indicating Instruments

Smart styling, sleek lines, more color are invading the radio and electronic industry.. . bulky
packaging and drab blacks and grays are no longer in step with the times...appearance
now takes equal rank with performance in consumer demand.

Sensing this important trend, we here at Marion present a “beauty treatment” for radio and
electronic equipment in our new and attractive interchangeable colored flanges. There are 12
different irid shades, including blue, red, green, silver, gold and others—in both round
and square shapes.

Manufacturers who specity Marion hermetically sealed instruments will find that the eye-
appeal of these new flanges will give added sales value to their products. Amateur radio
operators and experimenters will especially wel e the idea b se the interchangeability
feature will help reduce instrument costs by permitting universal application of Marion
“hermetics” when building or modernizing their equipment.

Marion "hermetics” sell for no more than most compelitive unsealed
instruments. .. and they're being delivered in ever-increasing quantities.
Write for our 12 - page brochure.

MARION ELECTRICAL INSTRUMENT (O.

MANCHESTER, NEW HAMPSHIRE

EXPORT DIVISION 458 BROADWAY + NEW fORK '] N T U S A
) CABLE ADORESS. MORMANIX
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ARNMPETENOL/

CONNECTORS

e e e e e i

As the aviation industry again swings

into peacetime production, Amphenol is
ready to offer practical aid in many forms.
Amphenol components helped to fight a
winning war . ..and now Amphenol
engineers with their “know-how’ — deepened
and strengthened by wartime experience — are
cooperating in creating peacetime applications
for aviation communications, electrical circuits
and electronic controls. Amphenol connectors,
cable assemblies and other parts provide
positive electrical contacts within all

types of equipment. For detailed technical
data on Amphenol products — send

for Condensed Catalog No. 72.

AMERICAN PHENOLIC CORPORATION
CHICAGO 80, ILLINOIS
In Canada * Amphenol Limited » Toronto

Connactors o (A-N,U.H.F.,British) « Condult « Cable Assemblies « Radic Parts « Plastics for Industry
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GEORGE W, EY
1530 P 8t., NW., ‘Washington 25,

Vice-President

Canadian General Manager

ALEX REID. .. viiververvaeroncasecs VE2BE
240 Logan Ave., 8t. Lambert, P. Q.
Alternate: J.eonard W. Mitchell.......... VE3AZ

78 Raglan Ave., Toronto, Ont.

Atlantic Division

EDWARD G. RABER........c00vuunse W3ZI
Beechwood Ave., ’I‘renton 8, N.
Hternate: J Victor Brotherson. . ........ WS‘BI'{N
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Alternate: George Rulffa, Jr.. ... ....~.... W2CJY
3% Brookwold Drive, Maniiasset, L. I,N. Y.

Iulduest Division
FLOYD E. NORWINE,JR............ WOEFC
7405 Hiawatha Ave Rlchmond Helghts 17, Mo.
1lternate C A.Colvin.......cocnnenn.. WIVHR
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“IT SEEMS T0 US—"

.

THESE BANDS

For an institution that as yet has regained
only a small part of its normal facilities, it
geems to us that amateur radio operating has
been proving pretty interesting. Certainly
we've been having all kinds of conditions.

Except on the 5-meter band, that is. Maybe
we have there, too, but there doesn’t seem to
be enough of us on 5 to know much about it.
What that band chiefly needs is more popula-
tion. Too many of us seem to be QRX for the
shift to 6 meters, and meanwhile we're missing
a lot. The other evening there was gorgeous
E, skip and in the whole blamed country
there seem to have been just two amateurs on
to enjoy it. There have been some nights with
tropospheric DX extending out several hun-
dred miles, and the maximum number of
distant stations that anybody has heard on
such nights is seven. Just think of it: Hundreds
of stations could be working hundreds of miles
and only half a dozen can be heard within one’s
reception range! Let’s get in there and do
some work, fellows. For one thing, how about
transferring to 5 some of the local conversa-
tions that now disfigure the 10-meter band
during DX hours? Everybody, we think,
ought to be equipped to do local work on a
local band, or else lay off during the hours that
DX is hot. And if we get on 5, we’ll be there
when that band “makes open.”

Have you ever thought of our bands as hav-
ing personalitiecs? We have; maybe we're
nutty but we can’t escape it. Sometimes the
characteristics change but generally we go
around thinking of the hambands as if they
were people. To us there is something funda-
mental about the 3500-4000 band and we

enerally think of her as a serene and broad-

osomed mother-band who looks after and
nourishes all of us. Then 7 and 14 Mec. are her
strapping sons, hard bronzed warriors ever
ready for distant battle. The v.h.f. of course
are the young sprouts, and the super-highs are
probably gremlins, although we haven’t doped
that out thoroughly as yet. We're a little
uncertain, too, about 28 Mec. Sometimes he

seems to be a friendly gnome in a cave and
sometimes we think that he’s just an eccentric
nephew of Mother 3500. We do know that he’s
young and just slightly potty and very in--
ventive, and that he spends all his time at his
workbench fashioning new developments for
the boys. And has that guy ever been busy since
November 15th! What a bunch of stuff he has
turned out! It’s as though he knew that for the
moment he was our only distance band, and
that therefore most of us were depending on
him for everything during this brief interlude
until the rest of our bands come back to us.
What an amazing variety of performances he
has been handing us! Here’s a band that
ought to be more or less uniformly unin-
teresting and bless us if it hasn’t been one of
varied miracles ever since we moved in on the
Potty One. He’s still not 80 good on reliabilit
but we’ve had super-DX, continental D
Sporadic-E short skip, aurora reflections, trop-
ospheric extensions, local groundwave stuff —
everything from one mile to seven thousand.
It has been of such variety as to fascinate the
most case-hardened ham. Pretty good, Potty,

and we thank you; keep it up!
WAR SURPLUS

One of the subjects creeping into our cor-
respondence at Hq. these days is the disposi-
tion of electronic gear which has been or will be
declared surplus by Army and Navy. We think
it is time to sound off. We don’t intend to
propose a solution for this problem — and
truly it is 2 mammoth problem — because it so
greatly transcends the single field of amateur
radio, but we do want to get across a few facts
and correct certain false impressions which
seem to exist.

There was, for example, the wild story that
billions of dollars worth of radio and electronic
gear was being dumped into open fields near
the Air Forces electronics depot at Dayton
with terrific loss because of exposure to
weather., Actually, the equipment had been




crated, either waterproofed, fungus-proofed or
tropicalized, and made ready for or just
returned from overseas, so that a little local
weather would do it no harm, But, hearing the
story, local hams propositioned the Army to
buy some of the gear; when turned down they
raised quite a hubbub, one of the reasons being
a lack of understanding of complexities in the
disposal system. In point of fact the equipment
was no longer under Army jurisdiction and the
commanding officer couldn’t have sold or
given away a nickel’s worth of it if he’d wanted

Let us first roughly outline steps in the
disposal process. All surplus —from WAC
bobby pins to railroad locomotives —is
handled under the direction of the Reconstruc-
tion Finance Corporation. To assist in this
vast job, RFC appoints certain companies as
their agents. First of all, items must be cleared
for sale — that is, declared surplus by the
military. The original manufacturer then has
first opportunity to buy it back. If he doesn’t
want it — and many do not — there are then
certain preferences for veterans, if they can
use the stuff in their businesses. Then it is
offered for public sale in large lots. It is through
this last channel, via distributors, that an
increasing amount of gear is reaching the ham
market.

Now some of our members are suggesting
we should arrange for the sale of single items
direct to individual purchasers. Unfortunately
there is a firm policy — provided in the basic
law set up by Congress — not to sell single
units to individuals. Remember that this is not
solely a radio-equipment matter but a policy

overning disposal of all surplus commodities.
%‘or the most part, therefore, such gear will
have to reach us via normal distribution
channels through jobbers and dealers.

It has occurred to some of our gang to
suggest that the League act as RFC agent for
amateurs, buying surplus gear in wholesale
quantities and retailing the stuff at cost. It
sounds swell. But think a minute, OM. Let’s go
as far as to make the Utopian assumption that
there would be sizeable quantities of desirable
equipment available at a reasonable price.
Remember ARRL has members not only in the
continental United States but also in our
territories and possessions and in most foreign
countries as well. We'd need a physical plant
with hundreds of thousands of feet of floor
space and several hundred employees. We'd
have to set up departments for personnel, pur-
chasing, orders, shipping, accounting, claims,
technical, laboratory testing. We’d be con-
tinually engaged in squabbles over a priority
system, claims and damages, customs diffi-
culties. No, thank you. It’s a huge job, and
your local dealer is well entitled to the few
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bucks he tacks on that receiver’s cost as his
fee. We’d have to build from scratch an or-
ganization far more vast than any radio
distributing corporation now in business and
then completely disband it when the gear had
been processed — perhaps within a year. It
just doesn’t add up to common sense. And this
18 all aside from the fact that ARRL is a
membership society and does not belong in the
radio distributing business.

While we’re talking about it, let’s get out of
our heads the idea that all such communica-
tions equipment is ideally suited for ham
operation. It isn’t. In fact, with the exception
of certain models of receivers and some types
of measuring apparatus, most of it is par-
ticularly unsuiled to our needs even with
extensive alterations. The limited application
of special military gear, now that the shooting
has stopped, is one reason why the original
manufacturer doesn’t want the stuff back.

For example, there’s a certain Army receiver
manufactured during wartime in large quan-
tities, the surplus of which is currently reach-
ing amateur distribution channels. Selling for
perhaps 15 or 20 per cent of original cost, it
might sound like a good buy. But is it? The
sensitivity is considerably less than that of
the better manufactured Kam receivers; back-
ground noise is quite a lot higher than we're
used to; 18 Mec. is its top limit; it has no
amateur bandspread; the common model is
dynamotor-supplied from storage batteries.
General sentiment around here: at a ridicu-
lously low price such a receiver might be a
good standby or ‘“second ” receiver, but hams
would be wiser to invest only a few more dol-
lars and get one designed for amateur com-

‘munications work. Remember that the original

price to the Government was abnormally high
because of tough mechanical specifications and
that even a small per cent of this cost can run
into the price range of good ham receivers.

Then there’s a transmitter we've seen, not
yet declared surplus, but which soon will be.
It cost Uncle perhaps $4,000 and might hit our
market at $400. A good buy, it seems. But is it?
It is 8 feet tall, 4 wide, 3 deep; its weight is
enormous; the power supply is a motor-
generator set; the tuning system and controls
doubtless were suitable in the application for
which it was designed but the conglomeration
of dials, knobs and meters would, frankly,
drive us nuts! Even if we had an oversized
shack (with concrete foundation) in which to
house it, at $400 it’s no go — we’d even think
twice before accepting one for free. Com-
ponents, did you say? We can do a lot better
with $400 elsewhere.

Of course, not all gear is like this. Certain

(Concluded on page 102)
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Tuned Circuit Design for UHF.

Conventional Tanks in Unconventional Form at 140 to 450 Mec.

BY MAURICE APSTEIN,* W2QI, and MOE JOFFE,* W2BNY

e Coil-condenser tank circuits can be
used at frequencies as high as 500 mega-
cycles. In v.h.f. and u.h.f. oscillators the
¢‘old-fashioned” tank circuit may even
== believe it or not — be better than a
linear circuit. The trick is to keep the
inductance and capacitance where they
belong.

vented the disclosure of many develop-
ments taking place in communications. At
the same time, the tremendous demand for
v.h.f. and radar equipment resulted in considera-
ble acceleration of the research in these fields.
During the last year we have had many hints of
the new and wondrous developments that would
soon be disclosed. To those of us who have had
some small knowledge of the equipment in use by
the armed forces, there have emerged two distinet
types which are worthy of amateur attention.
One, concerned with that part of the frequency
spectrum above 1000 Me., has been used almost
exclusively for radar work. The tubes are either
velocity-modulated types or magnetrons, and the
tuned circuits almost exclusively cavity resona-
tors or “plumbing.” Most of the material released
of late has concerned this microwave region.
Concurrent with the microwave research, but
for different purposes, there was carried forward

!'FTER Pear]l Harbor, security regulations pre-

* Engineering Department, Allen D. Cardwell Mfg. Corp.,
Brooklyn, N. Y.

extensive development of practical communica-
tions equipment for the region between 100 and
1000 megacyecles. It is with the work done in this
region that amateurs will be most concerned, at
least for the present, because equipment for these
frequencies is more readily available and because
the techniques involved are a logical extension of
the principles pioneered by the v.h.f. gang. Then,
too, hams after all are primarily interested in
communication, and with equipment now availa-
ble this region lends itself more readily to com-
munication than the microwave bands.

Heretofore, v.h.f. oscillator design has largely
been based on the use of tank-circuit elements
made of large-diameter tubing. The stability of
such oscillators was gencrally attributed to the
high Q of the resonant lines. But investigation has
shown that rigid mechanical construction fre-
quently was a more important factor than the
high Q, primarily because the high reactance and
low Q of the tube leads nullified the good elec-
trical properties of the line. At 300 megacycles the
tube leads have almost as much inductance as the
line, with the result that the overall @ of the cir-
cuit is considerably reduced. A nonrigid line
oscillator performs as poorly as a nonrigid coil-
condenser combination.

Specifications for portable military equipment
require that & minimum amount of space be used.
To meet this requirement, compact, high-Q cir~
cuits have been developed which equal the sta-
bility of large lines. Tests have proved that
compact v.h.f. oscillators can be built to embody
stable operation equal to that of large line oscil-

¢

Using an LC tank
. circuit, this oscillator
generates about 114
watts of r.f. in the fre-
quency range from 140
to 450 megacycles.
Exceptionally solid
construction results
in excellent frequency
stability. The tube is
a 6F4 acorn triode.

¢
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lators if strict attention is paid to mechanical and
electrical details — even though lumped para-
meters are used.

The oscillator described in this article should
be of interest to all hams expecting to operate in
the v.h.f. region because it embodies several novel
concepts in circuit design and mechanical con-
struction, all contributing to its efficiency, sta-
bility, and general smoothness of operation.

Inductance Where You Want It

To analyze the circuit used, let us start with
the basic concept of inductance. By definition,
inductance is the ratio of the voltage induced to
the rate of change of the current responsible for
the induced voltage. A coil has a great deal of
inductance because the current in every turn
induces a voltage in every other turn; thus the
inductance of a solenoid is proportional to the
square of the number of turns, other things being
equal. The inductance of a straight wire is very
small, and at low frequencies the voltage induced
in such a wire is entirely negligible. But at very
high frequencies, where the rate of change of cur-
rent is extremely large, current in each part of the
wire induces an appreciable voltage in the rest of
" the wire, and the reactance (and therefore the

indactance) of even a short length of wire becomes °

a considerable factor. Increasing the diameter of
the wire has the same effect as connecting a large
number of conductors in parallel; in other words,
the effective inductance is decreased. From this
may be inferred the basic principle that the
inductance of a particular conductor depends not
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only upon its length or dimensions, but also upon
the paths which the currents take in flowing along
it.

A simple flat disc'is an example which illustrates
the importance of current path in determining the
effective inductance of a given conductor. If the
current flows from A to B, as in Fig. 1, we simply
have a large number of essentially parallel paths.
Although the inductance is small, at high fre-
quencies it is appreciable.

In Fig. 2 the same disc has the current entering
at the center and flowing radially out toward the
edge. Here we have several things occurring, all
tending to decrease the effective inductance: (1)
the current paths are shorter; (2) the currents in
radial elements of the surface are equal; (3) for
every current path there is a corresponding path
in the opposite direction. Item (3) is most impor-
tant because it means that all voltages of self-
induction will be almost completely cancelled out.
It is for this reason that the end plate of a coaxial
cavity (short-circuited concentric line) can be
considered to have negligible inductance even
though its dimensions are comparable to the
length of the inner conductor.

Let us examine this principle as related to-a
simple quarter-wave line tuned by a variable
capacity at the open end, as indicated in Fig. 3.
The circuit we want looks like Fig. 4, schemati-
cally, but when we set it up physically, it looks
like Fig. 5. We find that it works fairly well up to
about 250 or 300 Mec., but if we try to go higher
the line becomes so short that the tube is prac-
tically at the shorting bar. Even if oscillations
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can be obtained we have practically no induc-
tance to which to couple.

What has happened is shown in Fig. 6. The
dimensions of the condenser plates are sufficiently
large to represent a considerable length of the line,
and the tube, instead of being actually at the end
of the line, is tapped too far down to have a rea-
sonable value of load impedance. The result is
that there is no oscillation.

Let us then try to use the plates of the con-
denser as part of the line by connecting the tube
at the other end, as in Fig. 7. The tube leads rep-
resent considerable inductance added to the end
of the line, so we have to move the shorting bar
still closer to the condenser. And here we have a
peculiar condition. If we rotate the condenser
clockwise, we begin to mesh the plates halfway
down the line, with the result that we get little
tuning effect unless we use a large capacity. But if
we use a large capacity we soon get to the point
where the capacity short-circuits the line and
parasitic oscillations start, because the oscillatory
currents flow directly across the condenser and
back into the tube and ignore the line completely.
On the other hand, when the condenser is rotated
counter-clockwise, we at first get a very great
frequency change because we are loading the line
at its hot end, but as we turn it further into the

\
——————-—]
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Fig. 10 — Circuit diagram of the 140-450 Mec. oscil-
lator. The oscillator tube is a 6F4, drawn here in uncon-
ventional fashion to show how the tube elements are tied
in with circuit construction,

C1 — 30-xufd. mica, constructed as described in the text.
Ca2 — 100-xufd. midget mica.
Cs — 500 uufd. (Erie Ceramicon)
R1 — 0.22 megohms, 14-watt.
Rz —0.5 ohm, %-watt.
L; — 144 Mec.: 334 turns No. 12 nlvered wire, 34 inch
inside diameter, 34 inch lon,
220 Mec.: 134 turns No. 12 sllvered wire, 1§ inch
inside diameter, % inch long.
420 Mec.: 34 turn No. 12 silvered wire, }6 inch
_inside diameter.
Dimensions of the tuning condenser are given in Fig. 11.
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A view from underneath the assembly, with the
mounting plate taken off. This shows the construction
of the tuning condenser rotor and the two grid con-
densers.

mesh the effect of the capacity introduced de-
creases because the rotor is traveling farther down,
the line and approaching the shorted end. Soon
we get to the shorted condition outlined above.
By applying the principle of reducing induc-
tance by symmetrical current flow, these effects
can be minimized and the over-all circuit offi-
ciency increased. Consider the circuit of Fig. 8.
Here we have two quarter-wave lines in parallel,
symmetrically arranged about the tuning con-
denser. Alternatively, it may be looked upon as a
half-wave line shorted at both ends. At any given
instant, current is flowing either toward the center
from both ends, or away from the center toward
both ends. Around the center region, therefore,
there will be almost complete cancellation of self-
induction, and the conductors will contribute
very little to the overall inductance of the circuit.
When we make this center region of our tuned
circuit the stator plates of a split-stator con-
denser, we find that to reach a given frequency we
need much more inductance than usual, external
to the condenser — which is where we want it.
Such an arrangement would look like Fig. 9.

A Wide-Range Oscillator

The design of the oscillator shown in the ac-
companying photographs was based upon these
principles. The circuit diagram is shown in Fig.
10, and the photographs show the details of con-
struction. Basically, the assembly consists of two
very heavy brass plates which do double duty,
acting as tube mounting supports and as the
stator plates of the tuning condenser. The tube
is a 6F4, which in itsclf has symmetrically ar-
ranged grid and plate leads and thus carries out
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quency at which the
circuit oscillated was
796 megacycles. The
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still further the principle of inductance cancella-
tion. In addition, the method of connecting the
tube to the line is such that the lead wires to the
tube are shunted by low-inductance silver-plated
brass plates, causing lead length to have very
little loading effect on the line.

On each end of the stator plates is mounted a
small coil which represents most of the inductance
in the circuit. By making the coils self-support-
ing and of heavy gauge silver-plated wire, losses
are kept to a minimum. Three amateur bands are
covered by the three sets of coils shown, the one-
turn set tuning from 417 to 456 Me., the 2-turn
set from 215.6 to 230.8 Mec., and the 4-turn set
from 141.2 to 151.9 Mec. Thus the same oscillator
assembly can be made to do duty on three of the
most interesting of the v.h.f. bands available to
amateurs. The coils are mounted to the stator
blocks by means of 6-32 screws and soldering
lugs so that they may be readily removed. On ei-
ther side of the grid stator plate is a small brass
block spaced off from the main assembly by a
mica sheet. These act as low-inductance grid
condensers.

In addition, in order to permit band setting for
proper bandspread, two small disc-type trimmers
are mounted between the stator blocks directly
underneath the tube. When these are adjusted it
is advisable to keep the airgaps approximately
equal and thus avoid unbalancing the cireuit.
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Fig. 11 — Essential dimensions of the tuning-condenser
assembly. Top sides of stator plates should be tapped to

ever, was very small
because the rotor
plates meshed too far
down on the line,
demonstrating the
principle discussed
carlier. By using the
two trimmer discs as
tuning condensers a
considerably greater
frequency range was
obtained, again con-
firming the earlier
statements.

The frequency sta-
bility of the oscilla-
tor is excellent because of its rigid construction. A
sharp blow on the table causes the frequency to
shift only several hundred cycles at 400 mega-
cycles. The warm-up period is very short and is
mostly due to the effect of the heater in warming up
the other tube elements. Once the tube reaches op-
erating temperature, frequency drift is negligible.

When using s high-order harmonic from a
crystal to beat against the oscillator output the
note is almost pure, having none of the charac-
teristics of the general run of variable oscillators
operating at 400 megacycles. With a plate voltage
of 250 volts the 6F4 will deliver approximately
1.5 watts, which is much more power than can be
obtained from the usual transceiver oscillator,
and is ample for low power work at these fre-
quencies.

The oscillator may be used to drive a “light-
house” tube as the power amplifier of a trans-
mitter. It can also serve as the high-frequency
oscillator in a superheterodyne receiver. For
maximum stability the 200,000-ohm grid leak
should be used. By increasing the value of the
grid leak the unit may be used as a superregenera-
tive receiver. Higher plate voltages, up to 300
volts, may be applied provided the rated plate
dissipation of 2 watts and the maximum plate
cuwrrent of 20 ma. for the 6F4 are not exceeded.
An important point to remember is that the tun-

(Concluded on page 106)
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A 28-Mc. Receiver/Converter
A Coz;zbination Unit for Getting Started on Ten Meters

BY BYRON GOODMAN, * W1JPE

o Here is a simple superheterodyne with
good c.w. performance that can be used
with any broadcast receiver to furnish
excellent phone reception. When used as
a converter ahead of a b.c. receiver, the
second detector is used as a b.f.o. for code
reception and as a regenerative ‘“‘peaker”’
for voice.

“gimple” receiver, and he will probably

reply “A regenerative detector and one
stage of audio.” Ask him if he recommends it for
ten-meter operation and —if he has ever used
one on that band —he will probably answer
“No.” That, unfortunately, is the fundamental
fact that we must face — the old reliable detec-
tor-and-one-audio which so many operators. cut
their eye teeth on just isn’t the receiver for 28
Mec. Not that it can’t be used — it can and has —
but one has to have considerable patience and
gavvy to handle it properly. The next best “‘sim-
ple’”” approach is, of course, a converter — the
front end of a superheterodyne feeding into a
low-frequency receiver instead of a conventional
i.f. amplifier — but if one works a converter into
a broadcast receiver the reception of c.w. signals
is difficult because of the absence of a beat~fre-
quency oscillator. It was decided that a “simple”’
receiver for 28 Mc. would be a converter for

* Agsistant Technical Editor. :

!- SK THE average amateur what his idea is of a

working into a b.c. receiver, with the b.f.o0. built
into the converter so that c.w. reception could be
obtained. However, when this has been done we
have a pretty fair c.w. receiver by adding a stage
of audio amplification to the converter, and the
end result is a converter that is also a super-
heterodyne receiver in itself. By plugging head-
phones into the unit, excellent c.w. reception is
obtained, and by working the converter into a
b.c. receiver one can receive 'phone signals very
acceptably. Of course, one can receive ’phone
signals via the headphones and c.w. signals
through the b.c. receiver, but we feel that the
most satisfactory reception is obtained with
headphones for ¢.w. and b.c. receiver for ’phone.
By actual trial there isn't quite enough gain for
weak ’phone signals without feeding into a b.c.
receiver, although c.w. signals can be heard right
down into the noise.

There is a little bonus with this arrangement
that works out nicely when the converter is fed
into a b.c. receiver of slightly low gain, such as
some of the smaller midget receivers. By setting
the b.f.o. just below the oscillation point, so that
it is in a highly regenerative condition, an addi-
tional boost is obtained on weak ’phone signals.

The simplest converter for working into a b.c.
receiver would be a single 6SA7 or similar os-
cillator-mixer tube, but unless one gangs the
oscillator and mixer tuning circuits he will notice
that the oscillator frequency is shifted as the
mixer input circuit is tuned through resonance.
This is objectionable enough with ’phone signals,

, ¢

A combination converter and su-
perheterodyne receiver for 28 Me.
The large tuning knob is the main
tuning control — the center knob is
mixer tuning and the right-hand one
is the regeneration control. The tubes,
from left to right, are VR, oscillator,
detector/b.f.o. and audio.

¢

February 1946

17



6SN7 DETECTOR/BFO

. L
Antenna g

AAAAA
WW/

6J5 AUDIO

=

b3
- ~Ce R1:E J
3 ]
(&us = L Ry Ra
OSCILLATOR
t g SEND-RECEIVE
3 . = 5 OSWITCH
]
VR-150 oI5V,
REGULATOR 6
Cs 7 T OGN.
Ly Ce FAoC. B = Heaters =
7 Re = +————06.3V,
":L | }Ca MWWV

Fig. 1 — Wiring diagram of the 28-Mc. receiver/converter.

C1, C7 — 15-pufd. variable (Hammarlund HF-15).
Ca, C¢ — 0.01-ufd. postage-stamp mica.

Cs — 250-pufd. silver mica, 5% tolerance.

Cs, Cg — 100-pufd. mlca.

Co — 55 uufd. 81lver mica (50 and 5 ppfd. in parallel).
Cs — 250-ppufd. mica.

Ci0 — 0.001-xfd. mica.

C11 — 0.1-ufd. 200-volt paper.

Cia — 25-ufd., 25-volt electrolytic.

Co — See text.

Ry — 20,000 ohms.

R2, R4 — 500 ohms,

R3 — 50,000 ohms, 1-watt.

but it is intolerable with c.w. signals under
QRM conditions. As one peaks the mixer the
oscillator frequency is “pulled,” and it is defi-
nitely a two-handed job to tune in a signal. If the
circuits are ganged, the pulling will still be present
but it is not noticeable because of the single
control. However, ganging and tracking is a
chore the home receiver constructor likes to
avoid. In an attempt to escape this objectionable
pulling in a two-control converter, rather loose
coupling was used between oscillator and mixer
— actually just stray coupling — and the result
was quite satisfactery. Although the signals will
all be somewhat louder with greater oscillator
injection, no weaker signals can be heard, and the
lack in gain can be made up elsewhere. The
reduction in pulling is a tremendous convenience,
and the less than one-ke. shift that can be ob-
served in this converter is considerably less
than that obtained with any other simple com-
bination that has been described.

The Circuit

The wiring diagram is shown in Fig. 1. The
oscillator, a conventional tuned-grid plate-tickler
type using a 6J5, is loosely coupled through stray
fields to a triode mixer. This coupling can be
represented by C¢, as in the diagram, but no
conventional capacitor is used. The triode mixer
is one section of a 6SN7 dual triode, and the other
half of this tube is the detector/b.f.0., for want of
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Rs— 1.0 megohm.

Re — 15,000 ohms.

R7 — 50,000-ohm potentiometer, wirewound.
Rs — 20,000 ohms, 1-watt.

Ry — 1000 ohms.

Resistors }4-watt composition unless otherwise men-
tioned.

RFCi — 10 mh. iron-core r.f. choke (Meissner 19-6840).

J1 — Cable connector (Jones S-201).

J2 — Midget open circuit telephone jack.

T1—Small 3 to 1 audio transformer (Thordarson
T-13A34).

a better name. This detector/b.f.o. is the conven-
tional regenerative detector, and its tuned grid
circuit also furnishes the plate load impedance
for the mixer. The mixer input circuit, LCy, is
tuned to the frequency of the incoming signal,
say 28.1 Me. Since the converter is designed to
work into an intermediate frequency in the
broadcast range, say 1550 ke., the oscillator cir-
cuit, L4Ce¢C7, will have to be tuned 1550 ke.
higher or lower to give the proper beat. The
oscillator is tuned on the low side in this set, so
for the 28.1-Me. signal the oscillator would be set
at 26.550 Mc. The 1.55-Mec. beat develops in the
plate circuit, LgCs, of the mixer, which is tuned
to this frequency. For headphone reception, the
signal is detected in the detector/b.f.0. and am-
plified in the 6J5 audio amplifier. The headphones
are connected in the plate circuit of the 6J5
through J2, and if crystal headphones are used it
will be necessary to use a resistor across them to
complete the d.c. path to the tube. When working
into a b.c. receiver, the 1.55-Mec. beat is coupled
out through L7 and J1 to the antenna and ground
connections of the b.c. receiver.! For c.w. recep-
tion, the regeneration control, Rg, is advanced

1 No difficulty was encountered with this low-impedance
winding in coupling into the rather high-; xmpedance input of
& typical midget b.c. receiver, However, for maximum signal
transfer it might be advantageous to connect to a low-
impedance winding on a circuit tuned to 1550 ke., connecting
the tuned circuit directly across the antenns terminals of the

O0ST for



until the detector/b.f.o. is oscillating. For ’phone
signals, the control is retarded until the detector/
b.f.o. is regenerative but not oscillating.

The resistor R, in series with the regeneration-
control arm, is insurance against a noisy po-
tentiometer at Ry. The time constant bf Rs and
Cy is sufficient to iron out the small discon-
tinuities of voltage encountered in noisy wire-
wound potentiometers.

A VR-150 regulator tube is included to stabilize
the voltage throughout the set, and the voltage
to the converter must be fed through a dropping
resistor from a higher voltage than 180, to insure
firing of the VR tube. Provision is included for
removing the mixer plate voltage during trans-
mission periods, and this feature allows one's
transmissions to be monitored without complete
blocking of the receiver. With no plate voltage,
the mixer acts as a half-baked diode and allows
strong signals, as from one’s transmitter, to be
heard by tuning the oscillator to the proper
frequency. It also allows one to spot himself in
the band with respect to other signals, since the
tuning dial calibration does not change when the
mixer plate voltage is removed. '

Construction

A first glance at the converter in the photo-
graphs might identify it as a transmitter or v.f.o0.,
gince it must be confessed that it doesn’t have a
panel in the usual sense of the word. However,
the design was arrived at in an effort to simplify

construction, and none of the essential parts of a .

receiver are missing. The main tuning knob, the
one that gets the working-over during long op-
erating periods, is mounted on the left-hand side
for left-hand tuning — to leave the right hand
free for copying and for log-book entries — and
it is high enough so that one’s hand doesn’t
become cramped. The knob and dial, National

HRK and K-ODD, are inexpensive but very
smooth in operation. The knob is mounted on an
aluminum bracket which represents the only
metal work necessary outside of the chassis itself.

The chassis is the popular 5 by 10 by 3-inch
size, and the tuning condensers C; and C7 are
mounted by their shaft bushings. In addition,
the oscillator condenser, C7, is tied down to the
top of the chassis by a screw through the chassis
and the tapped hole in the condenser bracket.
The headphone jack, Js, is mounted on the side
of the chassis and must be insulated from the
chassis by two fiber washers, to avoid shorting of
the plate voltage. The antenna terminals, a
National FWG assembly, the converter output
jack, J1, and an Amphenol 5-prong male plug for
the power leads, are mounted along the rear of
the chassis.

Although some of the components may appear
crowded in the photograph, wiring the unit is a
simple matter if a little thought and care are
exercised. After the variable condensers, Am-
phenol MIP tube sockets, power plug and an-
tenna posts are mounted, the heater leads should
be laid in place. Pin No. 8 on the 6SN7 socket is
grounded to a lug under the nut of a mounting
screw for the socket, pins 1 and 2 on the 68J5
audio socket are grounded to a similar lug at that
socket, pins 1 and 7 are grounded to a lug at the
oscillator socket, and pin No. 2 on the VR-150
socket can be grounded over on pin 1 of the os-
cillator socket. The “hot’” heater leads, pin 7 on
the 6SN7 and pins 2 and 7 on the oscillator and
audio sockets respectively, are then tied together
and a lead carried to the power plug.

1t is convenient to wire the audio stage first,
gince the socket is not very accessible with the
audio transformer in place. The ’phone jack must
also be wired before the audio transformer is in
position. Pin 4 on the 6J5 socket is used as a tie

¢

The location of the
components under the
chassis and along the
rear is shown in this
view. The detector/
b.f.0. coil is mounted
on the rear of the chas-
sis, between the an-
tenna posts and the
power plug.

¢
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tioned above until the VR tube draws
12 or 15 ma., with all of the tubes operat-
ing. A convenient point to measure this
current is in the ground lead of the
'VR-150. The receiver will draw about 28
me., including the VR current, in case
you know your power supply voltage
and wish to calculate the dropping re-
sistor beforehand.

With the tubes drawing current —

7o Anterna s Iy st M2 dlcC. dasewound
' .

76 Separation betweern

* p[ll andly

MIXER COIL

Fig. 2 — Construction of the coils. The mixer and oscillator
coils are wound on National PRF-2 forms — the detector form is a
National PRE-3. All coils are wound in the same direction.

point for Rg, which is supported between this pin
and the potentiometer, Ry. The plate voltage to
J2 is also picked up at this pin, and hence a lead
must be run back from pin 4 on the 6J5 socket to
pin 5 on the VR-150 socket. The grid and ground
leads of T'; must be connected to the proper points
before installing the audio transformer.

At the mixer socket, Cs, Cg and Rs are mounted
across the socket. Ca and R; ground to a lug
under the same nut that holds the heater ground
lug, and a heavy lead from the roter of C is also
run to this point, to insure a good r.f. ground for
the tuning condenser. C¢ grounds to pin 8 of this
socket — its other end is anchored to a tie point
which also serves as the junction for the leads
from Lg and Rs. This tie point is mounted under
the other nut on the socket, and another soldering
lug at this point grounds Cio. A heavy wire lead
is run from the stator of the tuning condenser,
Ci, to the mixer grid.

The coils for the mixer and detector/b.f.o. can
now be installed. Only the ends of the coils were
fastened with Duco cement at the time of wind-
ing, just in case some adjustments had to be
made, and this procedure is recommended unless
you are willing to force your luck! Fig. 2 gives full
data on the winding of the coils.

At the oscillator socket, Rs and Cjs are hung
between the tuning condenser rotor and the
socket. Pin 8 grounds through a heavy lead to
the rotor of C7, rather than to a lug and henece
back through the chassis to the tuning condenser,
and Cg grounds to the center of this wire. This
heavy lead and the others mentioned previously
are of No. 14 wire, and are used where it is neces-
sary to minimize inductance and for mechanical
stability. The other lead of Cj is stuck in a small
hole in the Lgl4 coil form, thus serving as a tie
point for R4 and one end of Ls. The oscillator
padding capacitor, Cs, is hung directly across Cr.

Adjustment

To test the receiver, connect a power supply
and adjust the VR-150 dropping resistor men-
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and nothing smoking! — connect the
converter output from Ji to a b.c. re-
ceiver through a twisted or shielded pair,
advance the regeneration control and
look around 1550 ke. for a loud unmodu-
lated carrier. If the detector is oscillat-
ing, you will find the carrier easily, and
if you are lucky its frequency will be
around 1550 ke. Its exact frequency doesn’t
matter at all, just so long as it isn’t beat~
ing with a strong local b.c. station that might
creep through. When the regeneration control is
backed off, the carrier in the b.c. set should get
weaker and finally disappear. If no oscillation is
obtained at any setting of the regencration con-
trol, check the direction of winding on Lgs and L
and the values of the components in the circuit.
If it is found that the frequency is a poor one
because of a local b.c. station, the frequency can
be shifted by removing turns from Lg or, more
easily, by adding a small capacity — 10 or 20
pufd. — across Cs. When operating properly, the
detector should go into oscillation with the regen-
eration control advanced about halfway.

The only difficult job is to check the oscillator
frequency, but a transmitter harmonic can be
used for first spotting, or a strong local signal can
be tuned in to give one an idea of where the band
is. With the constants given, the band will occupy
about 70 of the 100 dial divisions. If the_high-
frequency portion of the band is missing, push
the turns of L4 together just a bit, and pull themn
apart slightly if the low-frequency end of the
band can’'t be tuned. If the oscillator doesn’t
work at all, check direction of turns and, of
course, all wiring connections.

If 70 divisions is not enough bandspread, more
can be obtained by increasing the padding con-
denser C¢ and spreading the turns on Ls. We
went whole hog and removed a stator plate from
Cy, and this spread the band out to 90 divisions.
However, the adjustment of Ls then becomes
rather critical, and the procedure is not recom-
mended until one is thoroughly familiar with the
receiver and his marker signals.

If a milliammeter is connected in the send-
receive switch line, it will read mixer current.

This will be about 0.2 ma. with the mixer and

oscillator circuits tuned to the proper frequencies,

and will increase to about 1.0 ma. as the mixer is

tuned closer to the oscillator frequency. With the
(Concluded on page 108)
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A New Linear Amplifier Circuit
Divided-Wave Amplification for High Efficiency

BY SIDNEY

Here is a novel idea for increasing
the efficiency of linear power amplifiers.
Because there are no hard-to-adjust
and hard-to-maintain phasing arrange-
ments, the circuit offers better possibili-
ties for multifrequency operation than
high-efliciency linear circuits previously

proposed.
OowER amplifiers for either unmodulated or
Pfrequency—modulated service operate with
such high efficiency, of the order of 75 per cent,
that no considerable improvement is necessary.
But a power amplifier for a carrier wave mod-
ulated in amplitude by a speech wave still pre-
sents an outstanding problem, and it is the
purpose of this article to describe a new. line of
attack. ‘

Several solutions have previously been offered.
The most wide-spread arrangement in use today
is the Class-C radio amplifier modulated at high
level by a Class-B audio amplifier. Other more
complex arrangements in less common use are
the Chireix ‘“out-phasing modulation’ method,
and the Doherty high-efficiency circuit. Neither
of these is readily adaptable to transmit-
ters which must operate on a number of

T. FISHER *

r.f. voltage is doubled, and half because the in-
stantaneous d.c. power input to the amplifier also
is twice the carrier input. The net result is that a
Class-B linear amplifier must have a maximum
power capacity twice that necessary for the car-
rier alone.

Since over any considerable period of ‘time the
modulation in a voice-modulated wave has a
very low average value, we are not far wrong in
considering the efficiency of the circuit for the
carrier wave alone as its actual performance.
Thus we have, in conventional linear amplifiers
intended for transmitting a carrier wave ampli-
tude-modulated by a speech wave, and where the
modulation may reach 100 per cent, an average
efficiency of only about 33 per cent. This means
that for every watt delivered to the antenna,
about two watts of power is dissipated as heat at
the anodes of the output tubes.

Two disadvantages are immediately apparent:
first, the cost and difficulty of providing this
relatively large amount of direct-current power at
high voltage are considerable, and second, unduly
large power-amplifier tubes must be employed in
order that this amount of heat may safely be
dissipated.

In the Doherty high-efficiency circuit, linear

frequencies or be tunable over a band of ls CREEN VOLTAGE'%T
frequencies. : 200 |
w — -
Linear Amplifiers 2350 LOAD LINE’ e GRID B| ASI—O V[OLTS
When a wave containing amplitude mod- 160 4 1 LI

ulation is to be amplified, the amplification A S — ZSVOLTS
must be linear. Linear amplification is N =
conventionally obtained with a Class-B am- & 7
plifier, the efficiency of which is about pro- & 207777 = |0 VOLTS
portional to the r.m.s. value of the radio- = 4 -
frequency wave being transmitted by it. o A
When operated continuously at its maxi- X go| ANl 2 )5 yoLTS —
mum capacity, such an amplifier will havea AN T 1
peak efficiency of the order of 66 per cent. 'z > =] | ! ! ! 1
Maximum capacity represents 100 per cent z ol . ST OTE
modulation, at which point the peak power 4011 e N 225 voLts
output is four times the carrier power and - N 1T T
the value of the applied r.f. voltage is twice A a0 YOLTS
the carrier voltage. Half of this four-times — Tt
increase in power is secured as a result of the 0 40 80 120 160 200 240 280 320 360 400 440 480

fact that the pecak efliciency is twice the
carrier-only efficiency because the applied

*F. T. Fisher's Sons, Ltd., Toronto. Ontario,
Canada.
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OPERATING POINT
PLATE VOLTS

Fig. 1— Plate voltage — plate current curves of a small
transmitting tube used to illustrate the points brought out
in the text. The load line is drawn for Class-B operation.
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amplification is obtained at an efficiency of around
60 per cent, which is very nearly twice the ef-
ficiency of the ordinary Class-B. linear amplifier.
This is the same order of efficiency as is achieved
in a plate-modulated Class-C amplifier, and the
choice between the two systems lies in the prac-
tical details of components, ease of adjustment,
and first cost. For any individual applications
these may be quite different for the two ap-
~ proaches to the problem.

A New Method of Linear Amplification

If a linear amplifier can be made to operate at
an efficiency equal to that of a plate-modulated
stage, there is an excellent opportunity for saving
of weight, size, and power requirements — serious
considerations in radio equipment for aircraft and
other mobile uses. It is believed that the proposal
which follows is a basically-correct approach to
the problem.

The plate dissipation in a vacuum tube goes to
a low value when either the plate current is re-
duced to a low value without exceeding the al-
lowable plate voltage, or the plate voltage is
reduced to a low value without exceeding the
maximum plate current. It will be obvious that
an applied r.f. wave form which causes both these
conditions will be transmitted with maximum
efficiency. The ideal form is a square-topped
wave, because in such a wave the energy is
contained completely in rectangular pulses which
rise instantaneously from zero to the maximum

value, and drop to zero from this maximum value
instantaneously. The energy therefore can be
transmitted wholly during the time when the
maximum allowable plate current is being drawn,
and under this condition the ratio of voltage drop
across the load to voltage drop across the tube is
a maximum. The Class-C amplifier, as ordinarily
operated, approximates this condition, since the
high bias and large r.f. grid voltage cause the
plate current to flow in pulses essentially rec-
tangular in shape. In such amplifiers it is possible
to obtain an efliciency of the order of 90 per cent,
using conventional tubes.

Fig. 1 illustrates the point in a qualitative way.
This figure shows the plate characteristic of a
typical small transmitting tube. When the tube
is operated as a Class-B amplifier into the rated
load impedance, the place current rises with
excitation along the load line from the plate-cur-
rent cut-off point to a maximum value which is
determined by the allowable plate heating and
the allowable cathode current. For the tube whose
characteristics are given in Fig. 1, this maximum
value occurs at zero grid voltage. When the grid
is driven to zero voltage, 10 per cent of the plate
voltage appears across the tube and 90 per cent
across the load. Thus at this point the tube is
delivering power at an instantaneous efficiency
of 90 per cent. However, with sine-wave excita~
tion only a small part of the energy is developed
at or near this high-efficiency point, and most of
the energy content of the output wave is delivered
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Fig. 2— Two waves in which a sine-wave voltage can be split into sections approaching the shape
of rectangular pulses. Above — “horizontal” division, or separation on an amplitude basis; below —

“vertical” division, or separation on a time basis.
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Lz Fig. 3 — Schematic of a 3.
7~ 3 branch amplifier of the type de-
Load scribed in the text. This circuit

separates the sine wave into a
series of pulses and recombines
them in the output circuit.
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at much lower efficiencies. A sine wave will be am-
plified with about 60 per cent efficiency and, for the
reasons previously given, this will be reduced to a
carrier efficiency of about 30 per cent when 100-
per-cent modulation is provided for. On the other
hand, the tube would amplify a square-topped
wave with an efficiency of 90 per cent, so that for
a given plate dissipation the tube would have
a power output for the square-topped wave about
fout times greater than for the sine wave, and
about six and one-half times greater than for the
carrier wave 100-per-cent modu-

X

3) Recombination of the separately-amplified
components in the output circuit so that the
original waveform is reproduced.

In other words, high-efficiency amplification
is achieved by dividing the wave into several
sections (in practical cases, about three), trans-
mitting each of the sections through a power am-
plifier whose peak allowable current is that of the
section being transmitted, and then combining
the three sections at the output by connecting
the three amplifier branches to a common load.

lated by a signal.

Insofar as linear amplification 20

is concerned, the solution to the

problem resolves itself into chang-

ing the actual r.f. signal wave into

the form in which it can be ampli-

fied with the highest efficiency;

that is, having it approach a
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which this can be done. The wave
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circuit so that the original waveform again is
obtained. This arrangement involves some cir-
cuit complexity, but it increases the plate-circuit
efficiency of the amplifier by a large factor. Also
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Fig. 5— Shape of recombined wave in the output

circuit. The distortion is at radio frequencies and is
easily filtered out by the tuned plate tank circuit.

it reduces the required tube power capacity, since
the increase in efficiency chiefly manifests itself
as a reduction in the amount of power dissipated
in the plates of the power amplifiers.

It may be helpful to think of this system as a
series of Class-C amplifiers, each driven by dif-
ferent sections of the wave, the sections being
selected by a combination of grid bias and grid
drive in an arrangement which might be termed
an “amplitude filter.” Each branch then amplifies
its section of the wave at higher efficiency and
higher output than would be possible if it had to
handle the whole wave, and the sections then are
combined in the output circuit so that an over-all
linear relationship between input and output is
obtained.

In practice this rather round-about method has
been found to work out with surprising ease. Fig.
3 shows an outline circuit of a 3-branch modu-
lated-wave linear amplifier. Each of the three
branches has its grid drive and grid bias in-
dividually adjusted so that the branches transmit
current in sequence and noi simultaneously.
Branch 1 is biased to cut-off so that it operates as
a conventional Class-B amplifier. It receives the
lowest grid drive. Branch 2 is biased beyond cut~
off, and it has a greater grid drive. Branch 3 is
biased to about twice cut-off, and it has the high-
est grid drive. These three branches are connected
to the load through a common plate coil, and
their load impedances are adjusted in about in-
verse proportion to the grid drive. Branch 1 has
the highest load impedance, Branch 2 an inter-
mediate load impedance, and Branch 3 a load
impedance about one-half that of Branch 1.
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Referring to Fig. 4, when the wave commences
Branch 1 immediately starts to draw plate cur-
rent, since it is biased for Class-B operation. As
the wave advances it reaches & point, shown as a
relative grid voltage of 1.0 and a relative load
current of 0.5, where the peak allowable current
of the Branch 1 tube is reached. At this point
the grid starts to draw current and is biased more
negatively because of the d.c. voltage set up
across the grid leak. At the same time the plate
current of Branch 1 decreases abruptly, because
at this point in the wave Branch 2 has started to
draw plate current and is delivering power to the
load from a higher-impedance source than does
Branch 1. Similarly, as the wave advances,
Branch 3 draws plate current and Branch 2 at

_ this point has its plate current abruptly reduced.

The same process takes place in reverse order
when the wave has passed its maximum value
and decreases again to zero. Each tube operates
linearly over the range of amplitude for which it
alone delivers power, and non-linearly outside
this range. The three groups of pulses are de-
livered in sequence to the load resistance, and the
way in which they combine is shown in Fig. 5.
It might be mentioned that the figures shown are
copies of oscillograms in an experimental amplifier.

The recombined wave has, for a 3-branch ar-
rangement, appreciable harmonic content, prin-
cipally at the ninth harmonic. In any radio-fre-
quency application it is, of course, rather easy to
reduce the ninth and higher harmonics by any
factor desired. If the circuit is used for audio
frequencies the harmonic content can be reduced
by the application of negative feed-back.

Plate-Circuit Efficiency

It will be apparent that the efficiency of this
circuit is high, even when the r.f. grid voltage is
small, because the instantaneous efficiency rises
to about 90 per cent when the maximum current
in each branch is reached. This is shown in Fig.
6, which is a plot of per cent instantaneous ef-
ficiency against per cent peak load current for the
amplification of a sine wave. For the conventional
Class-B amplifier the efficiency is assumed to be
proportional to the peak load current, rising to a
value of about 90 per cent at 100 per cent of the
allowable current. The plot shows how this ef-
ficiency curve varies as circuits of varying num-
bers of branches are used. In each case for which
the data are given, the power ratio from one
branch to the next is 2 to 1; that is, a 3-db.
separation.

For example, in the 3-branch circuit illustrated
by the previous waveform curves, the instantane-
ous efficiency rises to 90 per cent at 50 per cent of
the maximum load current, and the efficiency does
not depart far from this value right up to the
maximum power output from the over-all circuit.
For waves of low amplitude the efficiency of this
circuit therefore is quite good and, in fact, it is
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the same for waves of half the maximum ampli-
tude as the efficiency of a conventional Class-B
amplifier for waves of maximum amplitude. In
other words, the carrier efficiency is twice that
obtainable in ordinary Class-B lmear amplifica-
tion,

If as many as ten branches are used, then the
efficiency of the circuit for waves of 4.4 per cent
of the maximum amplitude is the same as the
efficiency of the conventional circuit for waves
of maximum amplitude, and for waves of ampli-
tude higher than 4.4 per cent the efficiency
steadily improves to a value in excess of 90 per
cent for waves of maximum amplitude.

Fig. 6, which was obtained experimentally, is
further explained by Fig. 7, which shows the
efficiency obtained in amplifiers having different
numbers of branches with 3-db. separation be-
tween each. The efficiencies are shown both for a
sine wave of constant amplitude, and for a signal-
modulated carrier wave with 100 per cent modu-
lation, and were derived experimentally using
the tube whose characteristics are shown in Fig.
1. For normal applications involving speech modu-
lation an a,rrangement of about three or four

branches gives a practical compromse between :

efficiency and circuit complexity.

Controlled-Carrier Systems

The linear amplifier system described, whose
efficiency remains relatively high for low ampli-
tudes of the transmitted wave, has some ad-
vantages to offer as a power amplifier for a sys-
tem in which the carrier is either controlled so as
to keep the percentage modulation substantially
constant and high, or in which the carrier is sup-
pressed. Since suppressed-carrier systems are of
a rather special nature and require special re-
ceivers, consideration of a controlled-carrier sys-
tem is of more interest in the present application.
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Fig. 6 — Instantaneous efficiency as a function of

output load current for circuits having from 1 to 10
branches.
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In a controlled-carrier system, in general it is not
necessary to use special receivers, and the trans-
mission is essentially no different from constant-
carrier systems.

The usual controlled-carrier system operates in
such a way that when no speech current exists the
carrier is transmitted at a very low level, say 5
per cent of the maximum capacity of the system.
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Fig. 7—Efficiency as a function of number of
branclhes, for unmodulated and 100-per-cent modulated
signals.

When speech modulation is applied, the carrier is
increased proportionately to the modulation so
that the output consists of a voice-modulated
carrier whose modulation is substantially com-
plete for all modulation amplitudes. Since average
voice modulation is only about 20 per cent, the
range of amplitudes of the output wave will vary
in a ratio of about 10 to 1, with the average ampli-
tude about one-tenth of the peak amplitude. This
factor is responsible for the low efficiency of con-
ventional linear amplifiers in controlled-carrier
systems, and the ability of the circuit outlined in
the previous paragraphs to sustain its efficiency
at low amplitude will be of value in this type of
transmission. For example, to consider again a
transmitter with an unmodulated output of 100
watts, if this carrier is controlled so that it drops
to, say, 5 watts in the absence of modulation, it
will rise to a total value of 150 watts, averaged
over an audio-frequency cycle, for 100 per cent
modulation. Considering average modulation as
20 per cent, the average power content of the
carrier plus the sidebands would be approxi-
mately 6 watts if the carrier were completely
suppressed during silent periods, but the con-
stant-carrier output of 5 watts combined with the
modulation gives an average carrier plus sideband
output of about 10 watts. This output power will
be generated in a 3-branch amplifier with an effi-
ciency of around 30 per cent. That is to say, the
direct-current input to this output stage will be
about 33 watts for speech. This compares with
the case of the conventional Class-B amplifier
operating on a controlled-carrier system where,
under similar conditions, the direct-current input
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is of the order of 90 watts, or of the Class-C
carrier amplifier modulated by the Class-B audio
amplifier using a constant carrier where the total
d.c. input is between 250 and 300 watts.

Practical Variations

A large number of variations of this basic idea
obviously are possible. Only the “vertical” di-
vision of the wave has been considered. “ Horizon-
tal” division in which all branches may transmit
current simultaneously also is possible; this
would involve a bridge or hybrid-coil arrange-
ment in the output, so that the branches could
supply current simultaneously to the load, with-
out mutual coupling. Both series and shunt plate
supply arrangements- should be considered. In
place of the ‘‘signal-shaping”’ arrangement em-
ploying adjustments of grid drive and grid bias
to set up the sections of the wave, the plate current
of one branch can be utilized to “trigger” the
grid bias of the succeeding branch. By using a
divided d.c. power supply, the branches can be
arranged in parallel or in series to deliver power
to a single load impedance, instead of the divided
load described. The adaptation of this circuit to a
modulated amplifier and to an oscillator are
straightforward.

Special tubes having a higher ratio of plate
current to plate dissipation than those currently
used will have particular value in this circuit.
New forms of tubes, employing multiple grids or
multiple anodes, with heat interchange between
the anodes, appear to have useful possibilities.

In conclusion, this arrangement appears to
have an advantage of at least 5 to 1 on the basis
of d.c. power input over circuits now in use, and
in some cases this improvement might be 10 to 1.
It is possible that these advantages will not be
obtained in all cases in practical apparatus be-
cause of the greater circuit complexity, but sub-
stantially the improvement to be expected should
be obtained.

A further point is that with this circuit the
total power dissipation of the output stage is
considerably reduced. For instance, with a 100-
.watt carrier and 100-per-cent sine-wave modula-
tion, the power to be dissipated by the plates of
the power-amplifier tubes as indicated by Fig. 7
is about 66 watts. The maximum power to be
dissipated by the anodes of the power amplifier
in a controlled-carrier system using a conventional
Class-B power stage is about 150 watts, and
without controlled carrier is about 200 watts,
while in an output stage in which a Class-C am-
plifier is plate modulated by a Class-B audio
amplifier the total plate dissipation is about the
same. The plate dissipation in the system de-
scribed, therefore, is only about one-third of that
obtained™in conventional systems, if the small
amount of power required for low-level modula-
tion is neglected, and the tube complement em-
ployed is a correspondingly smaller capacity.
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Dixie Jongs’

B2 W1 JUIC

I SWARE, I go through me a war and I come out a
stinking captain and I think I am doing swell
and even brag about it a little off and on sense
1919 up to lately, and then here comes along
another war and of all the dum bunny hams that
git into it none of them ever comes out less’'n a
major. Is my face red. Old Goat Saxon, W4AAY,
was a bloomin’ lieutenant commander, which is
sump’n similar to a major, when the Navy tied
him up, and old Leland Smith, W4AGI, is a
major, and old Teddy Winstead, W4ALT, is a
major, and old Willis Hudgins, WIBNT, is a
major, and old Leroy Thompson, W4BRF, is a
major, and old Roy Gale, Wi1BD, is a major,
and old Jim Spratlin, W4KYV, is a dad blame full
colonel, whooocee, and I ain’t such a much
dummer’n they are, and even one of them good-
for-nothing Three Wise Monkeys from Arkan-
saw — the one in the middle — Logan, W5IQ-
WA4FPD —, blew into my shack last week to be
deprocessed at Fort McPherson and you can
shoot me for a commy if he ain’t another bloomin’
major. It ain’t right. Don’t any hams ever miss it
just one little notch and wind up nothing but
captains? I ask you.
— W4IR

Stra X

Some really small capacitors were made during
the war using Lectrofilm, a synthetic dielectric
material developed during the war and used in
applications for which only mica was previously
considered suitable. These capacitors became
known as “matchsticks” and will have many
postwar applications in lightweight or compact
equipment.

Sheldon H. Dike, W3DPE, is the first radio
amateur to report his active participation in the
development of both the A-bomb and the radio
proximity fuze, our No. 1 and No. 2 “secret
weapons.”

Among the nine radio communications em-
ployees of Press Wireless now serving in the
Philippines who have been awarded by the
Philippine Army the Philippine Liberation Rib-
bon, is Forrest B. Bartlett, W60WP.
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QRM —The Electronic Life Saver

How Enemy Radar Was Foiled by Jamming
In Two Parts— Part IT*

BY PAUL ROBBIANO, * W6PKM

¢ In this concluding part of the radar
countermeasures story thereceiving equip-
ment and antennas are described and
some of the tactical uses of the equip-
ment are discussed. The transmitting
equipment was described in Part I, which
appeared in QST for January, 1946.

transmitting gear was an equally intensive

program for the development of radar
receivers covering frequencies from 30 Mec. up to
approximately 10,000 Mc. These receivers were
to provide continuous coverage of the above
spectrum with the emphasis placed upon achiev-
ing as wide a tuning range as possible for a given
unit, such as a two- or three-to-one ratio of high-
to low-frequency limits. Primarily such receivers
were to be designed for the purpose o.f reception of
radar transmissions, which are characterized
generally by pulse modulation in which peak
powers are present for relatively short intervals.
Because the duty cycle is low, the average power
in the signal is likewise low. This situation calls
for special considerations in the receiver. For
instance, an a.v.c. circuit designed for normal
operation on amplitude-modulated signals, in
which considerable carrier power is present, will
not function on radar-signals of even large
amplitude. Also, if the receiver is to reproduce

*Radio Research Laboratory, 18 Divinity St., Cam-
bridge, Mass. '

CONCURRENT with the development of radar

the modulation with reasonable fidelity, with
pulses of duration of one microsecond or less, it
must be able to handle sidebands and video-
modulation components extending into the mega-~
cycles. Such requirements led to the develop-
ment of high-frequency i.f. amplifiers operating at
frequencies of 30 Mec. and above. Careful design -
and proper choice of tubes enabled construction
of i.f. amplifiers with bandpass in terms of mega~
cycles without sacrifice of much of the high overall
gain necessary in the more refined types of radar
search receivers.

Generally speaking; two types of receivers
evolved from the research work done at the
Radio Research Laboratory. The first and sim-
plest of these was the “direct detection” type.
This type of receiver used a simple detector, such
as a diode or crystal, followed by a pulse or video
amplifier feeding a pulse-distorting diode; this in
turn was followed by an audio amplifier. Such a
receiver is neither as sensitive nor as selective as a
superheterodyne, but its simplicity has made its
use desirable in some cases. Direct detection was
used in an early receiver designed to warn the
pilot of a combat aircraft of the dangerous
proximity of airborne radar systems carried in
enemy night-interceptor aircraft. Accordingly,
when an enemy night interceptor was within
range of the waming system, the pilot was given
immediate warning of imminent interception and
was able to take suitable evasive action.

More recently, two other direct-detection type
receivers have been developed at this laboratory.

¢

A “ direct-detection ” receiver, con-
sisting simply of a tuned eircuit
feeding a rectifier, followed by suffi-
cient video and audio amplification
to bring the received signal up to a
suitable level. The model illustrated
tunes from 1000 to 3500 megacycles,
using an adjustable plunger in a
concentric cavity.

<

¢
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Both the low-frequency model, tuning from 1000
to 3500 Mec., and the higher-frequency version,
covering from 2500 to 5000 Mec., were put to good
use for radar search work in the Pacific war
theaters. True enough, they lacked some of the
selectivity and sensitivity' of superheterodyne
receivers operating in the same range; however,
their compactness and simplicity of operatxon
made them very attractive.

Much of the receiver research at Radio Re-
search Laboratory has been directed toward the
development of a series of high-performance
superheterodyne receivers providing continuous
frequency coverage from approximately 50 Mec.
on up to very high frequencies. Work was begun
on such a receiver at the General Radio Com-
pany even before the Radio Research Laboratory
was operating. Later the U. S. Navy awarded a
contract to this concern to manufacture a num-
ber of these ea.rly radar receivers. However, early
in 1942 the receiver project was moved to Radio
Research Laboratory where many improvements
were made on the General Radio model, the
greatest one probably being the successful gang-
ing of the oscillator and mixer tuning controls.

The layout and construction of the set in its
final form was of necessity neat and systematic;
it was also compact since it was for airborne use.
The receiver was constructed in two sections, main
chassis and r.f. head. On the main chassis were

the power supply, designed for 115 volts, 60 to
2400 cycles, the 30-Mc. i.f amplifier, second
detector and video output amplifier, feeding into
earphone jacks. The r.f. head contained the local
oscillator and crystal mixer with a single tuning
control. This whole r.f. head was completely
shielded and plugged as a unit into the main
chassis assembly.

Once the main chassis had been developed,
most of the additional work was directed toward
the development of higher-frequency plug-in r.f.
heads. Eventually, four r.f. heads were developed
providing continuous coverage over a frequency
range from 40 to 3400 Mec. These were also used
in a newer receiver which incorporated some
improvements over the earlier model, such as a
two-step variable i.f. bandwidth control and
separate i.f. and a.f. gain controls. Other receivers,
tuning to considerably higher frequencies, were
also developed but were never used to as great an
extent as the original series. In addition, special
receivers were devised which incorporated auto-
matic tape-recording systems for use in radar
search applications.

Antennas and
Direction Finding Equipment
The same reasons which made it necessary for
the receivers and transmitters to cover large

frequency ranges applied in the case of antennas.
L]

¢

The " butterfly ”-tuned converter
unit for a 300-1000 Mc. receiver
constructed on the vertical central
partition of an aluminum casting. In
the upper view, the larger " butter-
fly ” at the right, incorporating a 955
acorn, makes up the high-frequency
oscillator (the second harmonic of the
oscillator is used to cover the fre-
quency range). The mixer circuit, at
the left, uses a small * butterfly ” and

a crystal detector.

he mechanical tracing arrange-
ment, on the other side of the parti-
tion, is shown in the lower phoato-
graph. The nine screws at the upper
left permit adjustment of tracking
at the same number of points through-
out the tuning range.

¢
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Wide-band cone antenna for the
frequency range 300-3000 megacycles.
The inverted cone is mechanically
supported above the ground plane
by the insulating cone-shaped skirt.
The end of the antenna cone termi-
nates in the coaxial fitting at the
bottom.

¢

In aircraft installations it was essential to keep
the number of antennas to a minimum, since each
antenna added weight and drag. On ship installa-
tions a minimum number of antennas was just
as important because the number of clear loca~
tions in the superstructure of a ship is limited,
and never sufficient for all the antennas needed
for radars, communication and IFF as well as
for the countermeasures equipment.

The wideband characteristic required of the
antennas was not the only unusual feature.
Frequently, the directional properties and the
polarization required of the radiated signal were
equally unconventional. An additional problem
was imposed by aircraft antennas. As the speed
of the aircraft increased, it became essential to
reduce as much as possible the aerodynamic drag
caused by aircraft antennas. This was done by
applying streamlining techniques to the design
of the antennas or else by recessing them in the
wings or fuselage of the plane.

In the course of this program several different
types of antennas were designed. Early in the
work of the Radio Research Laboratory it was
found possible to design a cone antenna so that it
matched well into a transmission line over a
tremendous frequency range. One of these an-
tennas worked from 300 to over 3000 megacycles.
The trick consisted not only of choosing the right
angle for the cone (about 60 degrees if 50-ohm
feed line is used) but of supporting it in such a
way that a smooth transition was made from the
feed line to the cone. This cone was fine so far as
matching a line was concerned, but its radiation
pattern and polarization were suitable only in
certain special cases. It wasn’t of much use
against the Germans’ Wurzburg radar, since the
Wurzburg had a spinning dipole. This meant that
if the jamming were being transmitted by a
vertically-polarized antenna, the Germans would
not be jammed at the time that their dipole was
horizontal (and this occurred 1500 times a min-
ute). In fact, once the Wurzburg antenna char-
acteristic became known it was recognized that
the jamming antenna must radiate a signal at
every angle of polarization. In other words,
circular polarization was needed.
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An antenna nicknamed the “Fishhook” was
designed to supply this. It consists of two dipoles
crossed at an angle of 90 degrees and bent toward
the ground plane. The radiating elements are
fed 90 degrees out of phase through a balancing
and phasing unit built into the antenna base
and dipole supports. The elements are bent to-
ward the ground plane to increase the vertical
component of the radiated field at angles near the
horizontal. This antenna is normally mounted
on the under side of the wing or on the belly of an
aircraft and produces a circularly-polarized field
in a single-lobed pattern which is cosinusoidal in
shape in all planes through the antenna axis.
Flight tests using the ‘“Fishhook” antenna and
a noise-modulated transmitter to jam a simulated
German Wurzburg radar showed that the radia-
tion patterns of the * Fishhook” were satisfactory.
Later this antenna became a standard installation
on all aircraft of the 8th and 15th Air Forces.

As the speed of our aircraft increased with the
advent of more efficient engines and jet propul-
sion, it became necessary to consider more seri-
ously the problem of aerodynamic drag in the
design of antennas. This problem was solved
completely in the higher-frequency ranges by
the design of a series of ““slot’’ antennas, consist-
ing of a shallow box-like cavity energized by a
loaded stub in the form of a “T”, the aperture
of the box being covered by a thin sheet of fiber-
glass. In terms of wavelength, at the minimum
frequency at which the slots are suitable for
transmitting purposes, the dimensions of the
cavity are approximately 0.6A long, 0.2\ wide,
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and 0.2\ deep. The antennas operate over about
a 2-to-1 frequency range and radiate energy
polarized parallel to the narrow side of the aper-
ture in a single broad lobe. Since a slot antenna
is installed with its aperture in the plane of the
skin of an aircraft, and the aperture is covered
with a fiberglass window, it causes no drag.

Antennas having the necessary structural
strength to withstand heavy vibration and gun
blast as well as the necessary broadband electrical
properties for RCM applications were needed for
use in ship-borne systems. A series of dipoles with
corner reflectors was developed to meet these
requirements, The dipoles were of the sleeve
type, consisting of the conventional balanced,
center-fed dipole with a hollow tube, insulated
from the fed elements and coaxial with them,
extending half-way from the feed point to each
end of the radiator. By properly choosing the
characteristic impedance of the transmission line
formed by the dipole elements and the sleeve,
this type of antenna can be made quite broad-
band and it has the additional advantage of
simplifying the mechanical problems involved in
providing structural strength.

A series of antennas of this type was designed
to cover the frequency range of 85 to 1400 mega-
cycles, and they were widely used in the Fleet for
countermeasures against German coastal bat-
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An example of shipboard antenna
design. The three corner-reflector
antennas shown cover the frequency
range 145-800 megacycles. The base
structure contains the electric drive
mechanism used to rotate the syatem.

¢

teries in the Normandy invasion and against
Japanese airborne radars in torpedo planes in the
Pacific Theater of Operations.

Once the initial requirements for broadband
antennas for the early jamming transmitters had
been met, it became expedient to design direc-
tional antennas and combine them with already-
developed receivers to build up direction-finding
systems. .

The need for direction-finding equipment to
locate enemy radar stations was emphasized as
a result of a Technical Observer mission to North
Africa early in 1943. Since most enemy rade_Lrs
were on frequencies of 100 to 600 Mec., the initial
emphasis was on direction finders for this fre-
quency range. On these and also higher' fre-
quencies, the polarization of the signal radiated
from a radar antenna may remain the same out
to the limit of the radar’s range. Since some radar
transmitters use vertical polarization and some
horizontal, it was necessary to develop direction-
finder antennas which operated on either ve:rtical
or horizontal polarization. In fact, the ability of
the direction finder to distinguish the polariza-
tion of the enemy radar signal is of advantage
since this same polarization will be most effective
for the jamming signal.

One direction finder was developed for the
frequency range 100 to 600 Mc. The antenna
consists of a horizontal dipole for horizontal
polarization and two vertical out-of-phase dipoles,
or Adcock, for vertical polarization. Both an-
tennas are mounted as a unit on a single support
and are rotated manually for a minimum signal
as observed with a receiver.

Another type of direction finder was also
developed to give an automatic indication of the
bearing of the received signal. In this type a
unidirectional receiving antenna rotates at speeds
of several hundred revolutions per minute. The
rotating antenna or ‘““spinner” actually consists
of two antennas, one responsive to vertically-
polarized and one to horizontally-polarized sig-
nals. Either can be selected in order to match
the polarization of the received signal. The
antenna output enters a receiver such as des-
cribed elsewhere in this article, is amplified and
applied to the magnetic deflection coils of a
cathode-ray tube. The deflection coils are rotated
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synchronously with the antenna so that angular
deflection corresponds to antenna positisn and
radial deflection to signal strength. Thus a
pattern similar to the shape of the direction-
finder antenna pattern is drawn on the face of
the cathode-ray tube. The direction in which the
pattern points corresponds to the direction of the
received signal.

« With this type direction finder a bearing could
be obtained even though the enemy signal was of
very short duration. This was an advantage in
the case of enemy radars with highly-directional
rotating antennas. The antennas for this type
direction finder are of the broadband type. The
first model operated in the frequency range of 300
to 1000 Mec., but this range was subsequently
extended to both higher and lower frequencies
with antennas developed later. One operates over
a frequency range of more than 10 to 1. Later
developments also included indicators using elec-
trostatic-deflection cathode-ray tubes.

From the outset the direction finders found
wide application in investigational aircraft op-
erating near and over enemy territory. With the
.aid of the direction ﬁnders the location of numer-
ous enemy radars was ‘“pin-pointed,” and this
information played an important part in later
tactical operations. Production models of direc-
tion finders developed at RRL were installed in
numerous aircraft and also aboard many ships.

Tactical Use of RCM Equipment

In the preceding pages, emphasis has been
placed on research and development taking place
at Radio Research Laboratory, while little has
been said concerning the tactical use ‘of such
equipment in the different war theaters. The
entire tactical story is far beyond the scope of
thig article; however, a brief revelation of the
important part that radar countermeasures played
during the war certainly seems justified.

« Radio amateurs played an important part in
the operational use of radar countermeasures
equipment as well. For example, according to
Captain Hugh Winter, W9HID, who was super-
visor of countermeasures training at the Army
Air Forces Training Command Station at Boca
Raton, Florida, from 1942 to 1943, over 25 per
cent of the officers and 10 per cent of the enlisted

¢

A “Fishhook ” antenna designed to
give a circularly-polarized radiation
pattern over the frequency range
530-580 megacycles. The balancing
and phasing unit is in the base.

¢
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men who were selected in that period to take the
Army Air Forces’ special countermeasures train-
ing course were radio amateurs. That the RCM
officers had a remarkably thorough training
before being given countermeasures work will be
understood from the fact that they were required
to pass regular courses in the field of communi-
cations, radar and IFF work, before being allowed
to study RCM. Countermeasures officers and
enlisted men were accordingly among-the most
highly trained electronics experts in the AAF!

The first use of U. 8. radar countermeasures
equipment against the enemy took place in the
early spring of 1943 when the Army Air Forces
sent a specially-equipped B-24 radar search plane
(carrying RRIL-developed equipment) to the
Alaskan theater in order to scout suspected
Japanese radar on the island of Kiska. This
plane, the first of a long line of such aircraft
(known as Ferrets) did indeed locate two poten-
tially dangerous Japanese radars on that island.
Operating the search equipment were AAF coun-
termeasures officers, Lt. William Praun, W6MEV,
and Lt. Edward Tietz, WOQDL.

The Navy, too, was active in the Alaskan
area. It assisted in a Signal Corps jamming
expedition to Amchitka, from which point the
Kiska radhrs were to be blinded during the
invasion of that island. (The Japs, however,
blew up their radars when they abandoned Kiska
two days before our invasion.) Navy counter-
measures-equipped PBY search planes flew mis-
sions westward over the Kuriles, and ship-board
RCM teams were on the job during the bom-
bardments of those islands. Among the hams
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active in this work were Lt. W. P. Van Ordstrand,
W6FDE; Lt. L. C. Fay, WS8HEO; Lt. G. L.

Picotte, K7IAF; and CRE C. Q. Callahan,

WOMBK.
The Radio Research Laboratory’s earliest
direct contact with operational problems occurred
in April, 1943, when an engineer from the
Laboratory flew to North Africa as an AAF
civilian technical observer in the first of a series
of Ferret planes sent to that theater. The early
planes, containing what was then the latest gear
for intercepting and finding the direction of
enemy radar stations, were manned by AAF
countermeasures officers, many of whom were
hams. Among them were Lieutenants Norman
Wood, W9JKW, Matthew Slavin, W6BWE, and
John K. Pheley, W6JHM, of Fresno, California.
Pheley was later lost during a radar scouting
flight from Tunis to Southern France.
" The equipment carried by these first Ferrets
was some of the very earliest DF’ing gear devel-
oped at RRL and now seems quite crude com-
pared with the more elaborate sets more recently
devised. The Ferrets were started at the request
of the theater commands of the Allied Forces in
North Africa. At that time it was known that the
Germans possessed many radar stations of all
types along the coasts of Sicily and Safdinia, but
their exact location was not known. It was im-
perative that as many of these stations as possible
be located and destroyed before the contemplated
invasion of Sicily. If this was not done it would
mean that the Germans
would have available
methods of tracking ap-
proaching Allicd naval
craft, thus removing
virtually all of the ele-
ment of strategic sur-
prise which the Allies
were counting on. On
top of this, the Germans
were also capable of fol-
lowing the movement
of planes and directing
anti-aircraft fire at them.
The firing of the coastal
defense guns on the
coast of Sicily was sim-
ilarly controlled. In or-
der to eliminate this
serious threat, radar in-
telligence work had al-
ready been started by
a special group of RAF
planes equipped with in-
vestigational gear. Their
data,fplus that collected
by fights of the U. S.
Ferret plane, proved to
be extremely valuable
in “pin-pointing’’ the
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Three sizes of “slot” antennas, designed to mount
flush with the skin of a plane and avoid drag.

location of many of the potentially dangerous
German radar sets. Once the location had been
determined, Allied fighter-bombers were sent in
to bomb and strafe these installations. This early
work contributed considerably to the success of
the Allied landings on Sicily which occurred in
July of 1943. Investigational work of this sort was
carried on until the end of the war, and later done
on a greatly expanded scale and with far superior
equipment.

The landings themselves were protected by
radar countermeasures which were the responsi-
bility of specially trained Navy teams assigned to
each particular operation. Used during the in-
vagion at Salerno, for example, were & number of
RRL-developed 400 Me. jammers installed and
operated by these teams. The jammers took the
German coast-watching radars out of action and
prevented the accurate direction of gunfire
against our assault forces. Amateur members of
Navy RCM teams which participated both in
these Mediterranean operations as well as in the
Normandy invasion itself included Lt. Cdr.
Colbert, W6ADG; Lt. R. H. Haas, WSHWE;

.and Lt. W. A. Leonard, W3JYG.

During the later stages of the war in Europe,
the U. S. 8th Air Force in England, for instance,
was sending several planes equipped with inter-
ception gear on nearly every bombing mission over
Germany. Included in this equipment were radar
receivers incorporating automatic recording ma-
chines. Operators kept a record of all the German
radar signals inter-
cepted, always on con-
stant lookout for new
German radar frequen-
cies which might mean
new types of German
radar; however, the ma-
jority of German radar
signals intercepted
turned out to be in the
450- to 600-Mec. region,
and were largely signals
from enemy radar scts
used to control the fire
of anti-aircraft guns.
Such advance informa-
tion on the frequency
distribution of German
radar stations proved to
be of vital importance
in the successful large
scale radar jamming ac-
tivities that were begun
in the whole 8th Air
Force in the fall of 1944.

When the U. S. 8th
Air Force first started
its strategic bombing of
Germany early in 1943,
the German Air Force
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Laboratory model of the automatic-indication direction-finding system. The rotating
antenna is covered by the transparent dome at the upper left. As the antenna rotates, the
variations in strength of the received signal cause the antenna dxrectmnal pattern to be
plotted on the screen of the cathode-ray tube at the right. The receiver used with the
system is at the far right.

was still well supplied with first-line fighter
planes which were attacking American bombers
constantly during their missions over Germany,
and inflicting heavy losses. Later on, after the
8th Air Force began sending larger and larger
numbers of escorting fighter planes, the prob-
lem of German fighter opposition eventually
diminished to the point where American es-
cort fighters had to hunt for enemy fighters
in order to find something to shoot at. However,
while the destruction of the German Air Force
was slowly but surely taking place, German radar-
controlled flak batteries were multiplying at an
alarming pace. As a result, it seemed that every
time a bombing mission was flown over German
territory new flak batteries would appear; more-
over, the fire from these radar-controlled bat-
teries was accurate, and the losses that the 8th
Air Force was forced to sustain to German flak
were beginning to compare to those suffered
formerly to German fighter planes. The introduc-
tion of blind-bombing techniques in the 8th Air
Force, while greatly increasing the effectiveness
of our strategic bombing, did not help this situa~-
tion very much since clouds did not impair the
accuracy of German radar-controlled flak, and
heavy losses to flak continued.

Meanwhile, in the United States attempts were
made to get large scale production of radar coun-
termeasures equipment under way. By October,
1943, two bomb groups of the 8th Air Force had
been equipped 'with Carpet jamming transmitters
which were flown on each mission. This sudden
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development in the radar war took the Germans
completely by surprise, resulting in about half as
many bomber losses to flak in these two Carpet-
equipped groups as were being experienced by

‘non-equipped groups. Later the Germans were

able partly to overcome this handicap by chang-
ing and spreading the frequencies of their fire-
control radars to escape much of the jamming.
Shortly after, the 8th Air Force introduced
“Window.” To the Germans, Window presented
a new headache since on the radar scope it
was pretty hard to tell the difference between a .
cloud of Window and a bomber plane. Iron-
ically enough, the Germans had also thought of
Window, but they had never made use of it
for fear the Allies would use it against them.
Actually the RAF made the first use of ¢ Window”’
in one of their night bombing raids on Hamburg.
The design of the British “Window” was im-
proved by personnel at Radio Research Labora-
tory, and machinery was devised here to put the
newer and much lighter Window into mass pro-
duction. Once in mass production, it was used in
ever-increasing quantities until the end of the
war.

The success of RCM as experienced by the
original two Carpet-equipped bomb groups led
to the equipping of the entire 8th AF with elec-
tronic jammers, a task involving the field in-
stallation of over 6000 equipments! The installa-
tion of the RCM equipment in bombers of the
8th AF was greatly expedited by American en-
gineers from the American-British Laboratory.
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This was a civilian laboratory established by the
Radio Research Laboratory in Great Britain to
assist U. S. Services in the European theater with
their RCM activities. Most of the time this con-
sisted of directing installation of RCM gear or
giving instructions to RCM mechanics on main-
tenance of such gear.

¢ The efforts of the American-British Laboratory
personnel and the radar men in the 8th AF began
to pay off by October, 1944. Losses to flak, while
relatively light, were hard to interpret, and it
wasn’t until radar intelligence men, civilians from
ABL as well as Army officers, went into Germany
and interviewed German radar officers and crews
that the true extent of the German helplessness
in the face of concentrated American jamming be-
came known. The simultaneous use of Window
and Carpet jam-

being the invasion of France. In this operation,
several hundred radar jamming transmitters
were carried in vessels of all classes for the purpose
of jamming German coast-watching radars and
radar used to control the fire of German coastal
defense guns. Large amounts of Window were
also used. Evaluation of the part played by RCM
in this operation would not be reliable because of
the many complications involved; however, Brit-
ish intelligence reports showed that shortly after
the invasion was in full swing, only one German
radar station was in operation in the invasion
area. Of the many German stations in operation
before the invasion, quite a few were knocked out
by low-level bombing, while the rest were be-
lieved to have shut down because effective Allied
jamming made operation of the enemy radars
impossible.

ming had reduced
the effectiveness of
German radar-con-
trolled flak to 25
per cent or less of
its effectiveness
before jamming
was introduced!
German officers ad-
mitted that under
unfavorable jam-
ming conditions
3000 rounds of
heavy ack-ack were
fired for every
American bomber
shot down, as
against an average
of 800 rounds or
less required per
kill under condi-
tions of little or no
jamming. In many
cases this waste of
shells was so alarm-

Perhaps not so
widely known is
the fact that the
Germans had not
expected the main
Allied landings to
occur on the beaches
of Normandy. In-
stead, landings had
been expected far-
ther North. Capi-
talizing on any pos-
sible German er-
rors in judgment,
the Allies staged
several fake inva-
sion maneuvers.
One flcet of small
ships was sent to-
ward Calais with
a number of jam-
ming transmitters
aboard and with
airplanes circling

ing that the flak
batteries involved
were ordered to
shut down. After
this was done, all
the Germans could
do was to “sit and take it.”

Certainly, the story of RCM in the 8th AF is
only & very small part of the complete picture of
the role played by RCM during the course of the
war with the Axis, but it is a good example inas-
much as the 8th AF was the biggest user of radar
countermeasures equipment. A similarly intense
program was carried on by the slightly smaller
15th AF in Italy. The Air Forces in the Pacific
Theater also used RCM equipment, though on a
smaller scale. Radar countermeasures also had an
" important place in all of the large-scale naval
landing operations, the most notable of these
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Top view of the 250-1000 Mc. antenna used with the automatic
direction finder. This assembly rotates at speeds up to several hun-
dred r.p.m. The two horizontal tapered cylindrical elements form
the DFing antenna responding to horizontally-polarized signals,
while the single vertical element on the opposite side of the curved
reflector-shield is used for vertically-polarized waves.

overhead, dropping
great quantities of
Window. To the
German radar op-
erators, this un-
precedented jam-
ming seemed con-
vincing-enough evidence that a large-scale land-
ing was to be expected in that vicinity; their con-
fusion was no help to the High Command.

In the Pacific theaters, the airborne RCM pro-
gram never became so wide-spread as in Europe.
The main reason for this was that Japanese radar
was generally inferior and less abundant than that
used by the Germans, and hence never proved as
serious an obstacle to the offensive operations of
our air forces. The U. 8. Navy, the bulk of which
was in the Pacific waters, was equipped with radar
intercept and jamming equipment, however, and
made very effective use of it to jam Jap airborne
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radar, as well as Japanese shipborneradar. U. 8.
submarines, in particular, employed RCM to
great advantage.

Conclusion

With V-E Day and V-J Day has come the
termination of activities at Radio Research
Laboratory. The ending of the war has also
brought home several hundred laboratory people
who went overseas as civilians to help both
American and British Services with their RCM
problems. Some 120 laboratory personnel were
sent over to England ‘to the American-British
Laboratory, many of these later going to conti-

nental Europe. Others were sent to the Mediter- .

ranean area and to all of the Pacific war zones,
including Alaska. Through the efforts of these ad-
vanced observers, the operational use of labora-
tory-developed equipment was greatly expedited.
They were also responsible for numerous. up-to-
date reports on enemy radar activity, which made
it possible for their fellow engineers at Radio Re-
search Laboratory always to keep several jumps
ahead of the enemy in the fast-changing radar
war. While most of the overseas personnel were
active in field engineering and radar intelligence
work, a number had a direct hand in the planning
of new tactics made possible by the advent of
RCM equipment, since they were assigned to
Operational Analysis Sections of the American
Air Forces.

Taken in total, the RCM program carried out
at Radio Research Laboratory represented a
rather large investment; however, on a dollar-
for-dollar basis, this investment paid for itself
many times over in the number of ships and
planes saved directly by the protection afforded
by RCM equipment. More important, countless
Air Force and Navy men have come back home
safe only because an enemy radar operator had
his radar range ’scope jammed at the crucial
moment. This saving of men and machines has
more than justified the existence of Radio Re-
search Laboratory, a heretofore secret war ac-
tivity in which the amateur was again found in
ihe forefront.

B Strays K

One day in '41, John Alton Fitch, W8DT, and
I went ashore on the northwest coast of Green-
land. There we chanced upon the now deserted
camp of the Hobbs-Greenland Expedition. While
rummaging around the site Fitch found a copy of
a 1928 QST among the debris.

A few days later our Naval party was joined by
Capt. Donald B. McMillan and his stout ship, the
Bowdoin. .

These two incidents recalled historic events in
amateur radio. - .

— Ens. Harold Quinn, W3GAD

February 1946

New Apparatus

Tuned Plug-In Coil Form

ONE OF the greatest determents to home com-
munications-receiver construction is the
tedious process of trimming the coils for proper
coverage, particularly in a gang-tuned affair with
one or more r.f. stages. It is felt that many more
receivers would be home-built if there were some
way to avoid the lengthy cut-and-dry process of
adjusting each coil to the correct inductance.
Further, it should be possible to plug in the coils
for band changing, since band-switch receivers
are not normally an amateur project.

A coil form that goes a long way toward simpli-
fying receiver construction is the new Millen No.
74001 Permeability-Tuned Coil Form. Built on
an octal-tube base, the coil form is of Y4-inch o.d.
polystyrene tubing. Four split collars of polysty-
rene are supplied with each form, allowing the
experimenter to place them on the form to suit
his needs and then cement them in place. These
collsrs serve to hold the ends of the windings and
to separate two or more windings from one an-
other. A powdered-iron plug inside the form is
used to adjust the inductance, the adjustment
screw coming out through the normal octal-base
key pin. A friction lock holds the adjusting screw
in place, and bringing the adjustment out
through the bottom permits easy adjustment
through the keyhole of the socket. A heavy
aluminum shield can is part of the assembly, and
it grounds through one of the pins of the base.
The heavy shield not only allows the forms to be
used close to one another but also serves as a
grip for removal of the coil from the receiver.

Using No. 32 enamelled wire, a coil of 68
ph. can be wound on the form. With the iron slug
full in, the inductance is 100 ph. and thus the form
is large enough for any amateur operation that
might be contemplated. The powdered-iron slug
is & type that is suitable for use up to 35 Mec.
without loss, and its use results in a coil of some-
what higher Q than would normally be obtained
for the same diameter.

B. G.
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Forecasting Long-Distance Transmission

Using Predicted-MUF Charts for Determining
DX Frequencies and Times

BY WILLIAM R. FOLEY, K4FEC*

quency propagation consisted mainly of

highly scientific — and very dull — articles
on the ionosphere confirming what we’'d already
learned by experience — that transmission some-
times is possible over great distances, and some-
times it isn’t. During the war the military necded
propagation information and needed it badly.
More than that, they needed it four months in
advance, and written so the average radio opera-
tor could understand it and use it. The result was
a tremendous advance in the practical application
of propagation information. With the removal of
security restrictions, this information will soon be
available to the amateur fraternity.

BEFORE the war the literature on high-fre-

Jonospheric Propagation

As we all remember, long-distance transmission
at high frequencies is made possible by reflections
from the ionized layers that exist from about 70
to 250 miles above the surface of the earth. Un-
fortunately there is not just one layer, but four
with which we are concerned. The general situa-
tion, in daylight, is shown by Fig. 1. Energy
leaving the transmitting antenna at a low angle
passes through the D, E, and F| layers, is reflected
by the Fy layer, returns through the Fi, E and D
layers, and finally reaches the distant receiving
antenna. At night, the E and Fy layers usually
disappear.

There are two basic facts in this .picture. If
the frequency used is too high the wave will not
be reflected by the Fg layer. Instead it will pass
right through and be lost in outer space, and the
desired communication will not be possible. If the
frequency used is oo low the absorption in passing
through the lower layers will be so great that the

Fig. 1 —In long-distance transmission signals pene-
trate the lower ionospheric layers and are reflected by
the Fa layer.

*3103 Plyers Mill Road, Kensington, Md.
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® Working DX need no longer be a matter
of instinct or long hours of listening;
with the proper charts, it’s now possible
to determine with good accuracy, well in
advance, the best frequencies and best
hours of the day for any given transmis-
sion path. The method is relatively sim-
ple, as this article shows. (But it’s still
an art to raise ’em!)

desired communication will not be possible. Thus
there is always an upper and a lower limit to the
frequency that can be used between given points
at a given time. “Propagation analysis” is the
prediction of these limits.

Distance and Maximum Usable Frequency

Fig. 2 shows the paths taken by signals in going
various distances. As the distance changes, so does
the angle a at which the signals strike the re-
flecting layer. It has been found that the maxi-
mum frequency that can be reflected is affected
by this angle. For example, at a time when fre-
quencies only up to 7 Mc. can be reflected over a
very short distance path (when the angle a is 90
degrees), it may be found that 21 Mec. can be re-
flccted if the distance is 2500 miles (when the
angle a is about 30 degrecs).

Although measurements of the ionosphere are
regularly made at zero distance (that is, with
transmitter and recciver at the same location,
and an angle a of 90 degrees) it is more convenient
to base all computations on the frequencies that
could be reflected for a transmission distance of
2500 miles. This figure is chosen because it is the
greatest distance that can be covered with a
single reflection. Table I can then be used to
find the F3 frequency limit for any shorter dis-
tance.

When the distance exceeds 2500 miles, trans-
mission can take place in two or more “hops” as
shown by Fig. 3. Now here is a point where
theory and practice don't quite agree. If we con-
sider a distance of 3000 miles, which is a little
too great to be made in one hop, to be made up of
two hops of 1500 miles each, it would seem logical
that the upper frequency limit should be based on
1500 miles. From Table I the maximum usable
frequency would be seen to be less than for a
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TABLE I
Factors by Which 2800-mile F 3 Frequencies
Must Be Reduced for Shorter Distances

Distance Factor
0 miles 0.35
250 miles 0.36
500 miles 0.42
750 miles 0.53
1000 miles 0.63
1250 miles 0.73
1500 miles . 0.82
1750 miles 0.90
2000 miles 0.94
2500 miles 1.00

transmission distance of 2500 miles. But experi-
ence shows that this is not the case; the frequency
limit for a transmission of 3000 miles is just as
great as it would be for 2500 miles. The best
results are obtained if we consider the two points
1250 miles from each end of the path as being
““control points.” Any frequency which can be re-
flected at both of these points seems to find its
way over the entire path! This is true of all paths
which are longer than 2500 miles. The locations of
the control points along the path are indicated in
Fig. 4.
Effect of Longitude

In the early days of the war the Fa layer charts
were found to be quite good for transmission in
the United States and for the North Atlantic, but
the values seemed to be too low for the Pacific

QefLECT!

EARTH
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Fig. 2— The angle “a” at which signals strike the
reflecting layer varies with the distance from the trans-
mitter. It is nearly 90 degrees at short distances and
drops to less than 30 degrees at a distance of 2500 miles.

ocean areas. The addition of data from new iono-
spheric measuring stations confirmed this fact.
To take account of this variation, the world is
divided into three “zones,” and separate F3 layer
charts are published for each zone. The proper
chart to use is determined by the zone in which
each control point is located. The zones are
shown in Fig. 5.

Determination of
Maximum Usable Frequency (MUF)

Keeping the previous explanation in mind,
we can now proceed to determine the upper fre-
quency limit for a particular example. Let us take
the case of Hartford, Connecticut, to Rio de
Janeiro, Brazil, a distance of approximately 4900
miles, for the month of February 1946.

Using your kid brother’s geography book, mark
the locations of both Hartford and Rio on the

February 1946

outline map, Fig. 5. Next take a sheet of trans-
parent paper! and draw a horizontal line in the
center to represent the equator; also draw a ver-

- tical line in the middle to represent local time at

Hartford. Place this sheet over Fig. 5 with your
equator line on the equator, and with your Hart-
ford time line on Hartford. Mark the locations of
both Hartford and Rio on the transparent sheet.

The next step is to draw the great-circle path
between Hartford and Rio, since that is the path
that the radio signals must take for efficient
propagation. This can be done with the aid of
Fig. 6, which is a great-circle chart. Slide the

- transparent sheet along Fig. 6, keeping the

equator line on the equator of Fig. 6, until both
Hartford and Rio appear on the same solid line.
Trace the solid line from Hartford to Rio; this is
the great-circle path. Before removing the trans-
parent sheet, measure 2000 kilometers (1250

ST
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Fig. 3— When the distance is too great to be covered
by one reflection, the signals can take two or more
“hops.” .

miles) from each end of the path to locate the
control points. This can be done by eye because
the dotted lines in Fig. 6 are spaced every 1000
kilometers.

Now return the transparent sheet to Flg. 5
very briefly to determine the zone in which each
of the control points is located. In this example
both control points are in the “W?” zone, so we
use the “W?” zone frequency chart to read the
values for both control points. At this point it will
be convenient to rule up a working sheet to
tabulate the figures. Four columns will be needed,
headed (1) Local time at Hartford, (2) MUF at
west control point, (3) MUF at east control
point, and (4) MUF for path. Twenty-four lines
will be needed to accommodate entries for each
hour of the day.

Now take the transparent sheet and place it
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Fig. 4 — When the distance exceeds 2500 miles it is
assumed that the signal is reflected at two points 1250
miles from each end. How the signals travel between
these two “control points” is anybody’s guess, but this
method of prediction gives results that agree with
experience,

1 There is a roughened celluloid which is excellent for this
purpose. It can be marked easily with a pencil, and can be
erased and used over again.
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TABLE II ¢ WORK SHEET

Maximum Usable Freq ies, Hartford to Rio,
February 1946
Local Time | MUF at West | MUF at East | MUF for

at Hartford | Control Point | Control Point Path
00 13.5 20 13.8
01 15 17 15
02 16 15 15
03 15.5 13 13
04 14.5 14 14
056 13 20 13
08 18 27 18
07 24 28 24
08 27 29 27
09 28.5 31 28.5
10 30 31.5 30
11 31 31 31
12 31 33 31
13 31.5 356 31.5
14 31 37 31
15 31 38 31
168 30 38 30
17 28.5 36 28.5
18 24 31 24
19 17 28 17
20 14 28 14
21 13.5 24 13.8
22 13 23 13
23 13 22 13

on Fig. 7, which is the 2500-mile F3 chart?® for
February, 1946, for the “W” zone. Keep the
equators lined up, and slide the sheet along until
the Hartford line is at 00 hours. Mark down on
the work sheet the frequency values which ap-
pear under each control point. Move the Hartford
line to 01 hours, and read them again. Repeat this,
hour by hour, until you have the values at each
control point throughout the 24 hours of the day.
At 23 hours you will find that the east control
point is off the right-hand edge of the chart.
When this happens, you have to shift your trans-
parent paper 24 hours to the left to read the
value, which will then be just inside the left-hand
edge of the chart. Someday when paper is cheap
they’ll make these charts double so this won't
happen.

It may happen that on some problems the con-
trol points will be on an exact north and south
line so that it is impossible to call one the “west”
and the other the “east.” In such a case simply
label your columns “north control point’’ and
““south control point.”

Now go down your working sheet and for each
hour fill in Column 4, using the lower of the two
figures in Columns 2 and 3 for the same hour.
Column 4 is the predicted upper-frequency limit
(MUF) for communication between Hartford
and Rio during the month of February, 1946.

2 These charts, prepared by the Interservice Radio Prop-
agation Laboratory at the National Bureau of Standards,
are not available for general distribution at this time. As
soon as they can be obtained, an announcement will be
made in QST.
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Optimum Working Frequency (OWF)

Since the absorption in passing through the
lower layers is reduced as the frequency in-
creases, the strongest signals will be received
when the frequency is as high as possible. How-
ever, the figures shown on the Fz layer charts are
the average values expected, and if operation is
attempted using these exact frequencies it will be
found that on about half the days the frequency
will be too high. If we want reliable transmission
day after day, the maximum usable frequencies
should be reduced by about 15 per cent. The re-
sulting value is defined as the Optimum Working
Frequency (OWF).

Commercial services needing interruption-free
point-to-point service naturally would be guided
by the OWF in their choice of operating fre-
quency. However, amateurs as a rule are less
interested in consistent communication than in
DX possibilities; besides, the nature of amateur
frequency assignmentsis such that comparatively
little choice can be exercised. Both these consider-
ations —in addition to the fact that the MUF
predictions are on the conservative side — in-
dicate that for amateur work the band to use
should be selected on the basis of the MUF rather
than the OWF.

Selection of Best Frequency Band

The data from the working sheet have been
plotted as Fig. 8, and from it we can determine
the best frequency band for working between
Hartford and Rio in February, 1946. The guiding
principle is to use the frequency band as close as
possible to the MUF line, but always below it.
This has been drawn in as a dotted line. Starting
at 00 hours (midnight Hartford time) we find
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Fig. 8 —Maximum usable frequency, Hartford to
Rio de Janeiro, February, 1946.
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Fig, 10 — Maximum usable frequency, Hartford to
Honolulu, February, 1946.
the 7-Mec. band to be the best. Between 12:30
and 2:30 A.M. thel4-Mec. band may come through,
but after that 7 Mec. will be required again until
just after 5:00 .M. At that time 14 Me. will be
the best band until 8:30 .M. when the lower edge

of the 28-Me. band should come through. It ap-
pears that 28 will be the best band all day until
5:00 p.m, After that time 14 will be best until
8:00 p.M., when the shift to 7 Mec. will be made.
The remainder of the evening will find 7 Me. the

best band.

When the control points are located in different
zones the method of working out the maximum
usable frequencies is the same, using the ap-
propriate zone prediction chart for each con-
trol point. The path between Hartford and
Honolulu, for example, involves two zones: the
“W?”. zone for Hartford and the “I” zone for
Honolulu. After the great-circle path has been
traced and the control points located, the MUFs
for the Hartford control point are determined
from the ‘‘W’’ zone prediction chart, Fig. 7, and
the MUFs for the Honolulu control point at
corresponding times are found from the ¢‘I" zone
chart, Fig. 9. The two sets of MUFs are tabulated
and the lowest selected at each hour, just as in the
example above. For February, 1946, this proce-
dure leads to the graph of Fig, 10.

At distances of less than 2500 imiles the prob-
lem is complicated by distance factors and by the
fact that the reflection may take place in either
the E layer, the F) layer or the F3 layer. The pro-
cedures will be described in a subsequent article.

WWYV Schedules

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

2.5 Me.—7.00 p.M, to 9.00 a.M. EST (0000 to
1400 GMT).

5.0 Mc. — Continuously, day and night.

10.0 Mc. — Continuously, day and night.

15.0 Mc. — Continuously,.day and night.

The 10- and 15-Mec. radio frequencies are
modulated simultaneously at accurate audio fre-
quencies of 440 and 4000 cycles. 5 Mec. carries
both audio frequencies during the daytime but
only 440 cycles from 7:00 p.M. to 7:00 A.M., EST,
while 2.5 Me. carries only the 440-cycle modula-
tion. 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 accu-
rate time signals, and their one-second spacing
provides an accurate time interval for physical
measurements.

The audio frequencies are interrupted precisely
on the hour and each five minutes thereafter,
resuming after an interval of precisely one min-
ute. This one-minute interval is provided to give
Eastern Standard Time in telegraphic code and

February 1946

to afford an interval for the checking of radio-
frequency measurements free from the presence of
the audio frequencies. The announcement of the

_ station’s services and of the station’s call (WWV)

is given by voice at the hour and half hour.

The accuracy of all the frequencies, radio and
audio, as transmitted, is better than a part in
10,000,000. 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 -
0.00001 second. The l-minute, 4-minute and 5-
minute intervals, synchronized with the second
pulses and marked by the beginning and ending of
the periods when the audio frequencies are off,
are accurate to a part in 10,000,000. The begin-
nings of the periods when the audio frequencies
are off are so synchronized with the basic time
service of the U. S. Naval Observatory that they
mark accurately the hour and the successive
5-minute periods.

Of the frequencies mentioned above, the lowest
provides service to short distances and the high-
est to great distances. In general, reliable recep-
tion is possible at all times throughout the United
States and the North Atlantic Ocean, and fair
reception over most of the world.
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HAPPENING Y70

Charles €. Wlalack

Charles E. Blalack, W6GG, the genial and
well-loved vice-president of the League, died
suddenly at his home in Yuma on the evening of
December 7th. He was 57 years old.

Engaged with his brother in the Blalack Feed
& Seed Company, he was a dealer in tractors and
harvesters and much interested in agricultural
machinery, having recently invented a greatly-
improved mowing machine. He had previously
been in business in El Centro, although Pasadena
was really home to hiim. In earlier years he had
been in business in San Francisco.

Charlie was
an old-timer,
having entered
ham radio in
1913, and al-
ways had a
transmitter on
the air. Before
becoming
W6GG he was

and W6XBR.
He was active
both on c.w.
and on 14- and
4-Mec. 'phone.

When the
Southwestern
Division of the
Leaguewascre-
ated, Charlie
became its first
director, taking office at the beginning of 1936. He
continued in that duty until his election as vice-
president at the May, 1940, meeting when George
Bailey was elevated to the presidency, holding
that post in successive two-year terms until his
death. He was chairman of the Board’s Planning
Committee since its inception, making several
transcon trips to its meetings; and he was also
chairman of the Board’s Regulations Committee,
of which he had called a January meeting in West
Hartford just two days before his passing.

We shall miss W6GG, his counsel, his charm,
As President Bailey said in a letter to directors,
“Charlie’s genial persofality, his capacity for
hard work, his loyalty to ARRL and his un-
swerving devotion to amateur radio made him
an outstanding figure. His memory will linger
long in the hearts of his friends, who are legion.”
|
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THE OUTLOOK

There are some indications that there has been
a consultation between the United Kingdom and
the United States on the question of simultaneous
joint action in reopening the remaining amateur
bands, with the resultant decision that it will not
be possible to return our 7- and 14-Me. bands to
us before March 1st, at which time the subject is
to be redxamined. Military needs for these fre-
quencies have continued, both in the Pacific
theater and in the rehabilitation of Europe. The
matter of our 3.5 band is believed to be somewhat
eagier, training activity having been substantially
cleaned out; but some hot circuits remain for
which substitute frequencies have not yet been
found.

The United States-British Commonwealth Tele-
communications Conference at Bermuda con-
cluded in early December, with substantial dele-
gations from this country and from most of the
Empire. The conference officially dealt only with
economic matters, chiefly rates on commercial
traffic. .

We understand that, pursuant to some dis-
cussions at Bermuda, it is now tentatively planned
to have a meeting in Washington of the five great
powers about the beginning of Spring. This
meeting would be preliminary to a world tele-
communications conference, in much the same
manner that Dumbarton Oaks preceded the San
Francisco UNO conference. At that time the
place and date for the world conference will be
decided — some time between the coming autumn
and the following spring,.

The opening of our band 220-225 Me. is now
in prospect by February. It was held up pending
the ironing out of some divergent views of U.S.A.
and the Empire, particularly Canada, concerning
certain aids to aerial navigation. This matter has
probably also been the cause of the hold-up in the
420-450 band. And it would seem that only the
load of paperwork has delayed the opening of
our 1215-1295 band, so it is expected soon.

FCC’s problems of personnel and finances are
easing slowly, and early action in the resumption
of amateur station licensing is expected. Also in
prospect for the near future is a general review of
the amateur regulations, with numerous minor
amendments to clarify or improve administration
but without fundamental change.

NORWINE HEADS COMMITTEES

President Bailey has named Director Floyd E.
Norwine, jr., WOEFC, of the Midwest Division,
to succeed our late vice-president, Charles E.
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Blalack, as chairman of two committees of the
ARRL Board of Directors, the Planning Com-
mittee and the newly-formed Regulations Com-
mittee. The latter committee, studying for the
Board the matter of proposed changes in amateur
regulations, is having a meeting in West Hartford
in mid-January.

ELECTION RESULTS

In the second solicitation of nominations for
alternate director of the Delta and Midwest
Divisions, the Delta Division again failed to
make any nominations and is again being solicited
hereunder. In the Midwest Division the only
nominee was the incumbent, C. A. Colvin,
W9VHR, of Omaha, and the Executive Com-
mittee accordingly declared him re&lected as
alternate director for the 1946-1947 term without
the need for membership balloting.

ELECTION NOTICE

To all Full Members of the American Radio
Relay League residing in the Delta Division:

You are hereby advised that no eligible candi-
dates for alternate director of your division were
nominated under the recent second call. By-Law
21 provides that if no eligible nominee be named,
the procedure of soliciting and nominating is to
be repeated. Pursuant to that by-law, you are
again solicited to name Full Members of your
division as candidates for alternate director
thereof. See the original solicitation published on
page 23 of August QST, page 21 of September
QST, which remains in full effect except as to
dates mentioned therein: Nominating petitions
must now be filed at the headquarters office of
the League in West Hartford, Conn., by noon
EST of the 20th day of February, 1946. Voting
will take place between March.1st and April 20,
1946, on ballots to be mailed from the head-
quarters office the first week of March. The new
alternate will take office as quickly as the result
of the election can be determined after April 20,
1946, and will serve for the remainder of the
1946-1947 term. You are urged to take the
initiative and file nominating petitions.

For the Board of Directors:

K. B. WARNER,
Secretary

January 1, 1946

IF YOUR QST IS LATE ...

ARRL Hq. is the busiest in its history. De-
spite a large increase in personnel and facilities,
we have been unable to keep up with the winter
load. Membership has been growing rapidly and
our Circulation Department in particular has
been overloaded. Both people and equipment are
still hard to get and we haven’t enough of either,
so that during the winter peak we have been
running about three weeks behind in the handling
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of both new memberships and renewals. We have
been doing our level best and we hope that we
shall be out of the woods by the time these lines
are in print. But if your first copy of QST on
either your renewal or a new membership is later
than you hope, don’t worry — it will be along —
and try to be patient with us in the knowledge
that we’re doing all we can to serve you.

EXAMINATION SCHEDULE

The Field Division of FCC, under George S.
Turner as its chief, announces its schedule of
amateur examinations for 1946, and with it a
considerable improvement in the facilities offered
us for examinations.

Eight new semi-annual examination points are
established, at Amarillo, Texas; Bakersfield, Calif. ;
El Paso, Texasg; Klamath Falls, Ore.; Las Vegas,
Nev.; Salisbury, Md.; Tucson, Ariz.; and Wil-
mington, N. C. Incidentally, examinations at
Grand Island, Neb., are now by appointment
only.

Of more importance to us is the establishment
of Tulsa, Okla., a8 a new quarterly examining
point and a change of four cities from the semi-
annual to the quarterly basis: Corpus Christi,
Memphis, Omsaha and Williamsport, Pa. The
establishment of these examinations quarterly
means that Class C tickets are no longer avail-
able within 125 miles air line of any of these
cities and that henceforth applicants from those
areas must appear in person and be examined for
Class B.

FCC announces that it will give amateur
examinations during 1946 on the following sched-
ule. Remember this list when you need to know
when and where examinations will occur. Where
exact dates or places are not shown below, in-
formation may be obtained, as the date ap-
proaches, from the Inspector-In-Charge of the
district. An asterisk (*) indicates that the exam-
ination dates shown are subject to change and
should be verified from the inspector as the
date approaches. No examinations are normally
given on national or state holidays. All exam-
inations begin promptly at 9:00 a.M., local time,
except as noted below:

Albuquerque: Mar. 19, Sept. 12.

Allegan, Mich. (P. O. Box 89): By appointment.

Amarillo, Tex.: Mar, 14, Sept. 10.

Atlanta, 411 Federal Annex: Tuesday and Friday at
8:30 A,

Bakersfield, Calif.: Some time in February and August.

Baltimore, 508 Old Town Bank Bldg.: Wednesday, Friday
and by appointment,

Bangor, Me.: Apr. 18*%, Oct. 17%,

Beaumont, Tex., 329 P. O. Bldg.: Thursday and by appoint-
ment,

Birmingham: Jan. 19, Apr. 20, July 20, Oct. 19.

Billings, Mont.: Apr, 29¥%, Oct. 1*.

Bismarck, N. D.: S8ome time in April and October.

Boise: Some time in April and October.

Boston, 7th floor Customhouse: Monday through Friday.

Buffalo, 328 Federal Bldg.: First and third Thursdays of

each month.
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Butte, Mont.: Apr. 24*, Oct. 4*,

Charleston, W, Va.: S8ome time in March, June, September
and December,

Chicago, 246 U. 8. Courthouse: Friday.

Cincinnati: Some time in February, May, August and
November.

Cleveland, 541 Old P. O. Bldg.: First and third Fridays each
month, also by appointment.

Columbus, Ohio: Some time in January, April, July and
October.

Corpus Christi: Mar. 14, June 13, Sept. 12, Dec. 11.

Cumberland, Md.: Apr. 17, Oct. 17.

Dallas, 500 U. 8. Terminal Annex: Monday through Friday.

Davenport, Ia.: Some time in January, April, July and
October.

Denver, 504 Customhouse: First and second Thursdaya of
each month,

Des Moines: Jan. 10, Apr. 5, July 11, Oct. 11.

Detroit, 1029 New Federal Bldg.: Friday and by appoint-
ment, .

El Paso: Mar. 23, Sept. 14.

Fort Wayne: S8ome time in February, May, August and
November,

Fresno: Mar. 20%, June 19%, S8ept. 18%, Dec. 18%,

Galveston, 404 P. O. Bldg.: Tuesday and Friday.

Grand Island, Nebr. (P. O. Box 788): Monday through
Friday but only by appointment.

Grand Rapids: Some time in January, April, July and
October.

Hartford, Conn.: Mar. 19%, Sept. 17*,

Hilo, T. H.: Apr. 8, Oct. 21.

Honolulu, 609 Stangenwald Bldg.: Monday at 8:30 a.M,

Indianapolis: S8ome time in February, May, August and
November.

Jacksonville: May 4, Nov. 2.

Juneau, Alaska, 7 Shattuck Bldg.: Monday through Friday
and by appointment.

Kansas City, 809 U. 8. Courthouse: Friday and by appoint-

ment.

Kaunakakai, T. H.: Oct. 14,

Kingsville, Tex. (P. O. Box 632): Monday through Friday
but only by appointment.

Klamath Falls, Ore.: Some time in May and November.

Lanai City, T. H.: Oct. 9.

Las Vegas, Nev.: Some time in April and October.

Lihue, T. H.: Apr. 29, Oct. 30.

Little Rock: Jan. 16, Apr. 10, July 17, Oct. 9.

Los Angeles, 539 U. 8. P. O. & Courthouse Bldg.: Wednes-
day at 9:00 A.M. and 1:00 p.m.

Memphis: Feb. 20, May 22, Aug. 21, Nov. 20.

Miami, 312 Federal Bldg.: Monday and Friday.

Milwaukee: Some time in January, April, July and October.

Mobile: May 15, Nov. 6.

Nashville: Feb. 15, May 17, Aug. 16, Nov. 15.

New Orleans, 400 Audubon Bldg.: Monday at 8:30 a.M. and
by appointment.

New York, 748 Federal Bldg., 641 Washington 8t.: Monday
through Friday.

Norfolk, 402 New P. O. Bldg.: Friday.

Oklahoma City: Jan. 22-23, Apr. 23-24, July 23-24, Oct.
22-23,

Omaha: Jan. 17, Apr. 12, July 18, Oct. 18.

Philadelphia, 1200 Customhouse: Requiring code test,
9-9:30 a.M., and 1-1:30 p.M. Wednesday. Not requiring
code test, 9 A.M. to 1:30 r.M. Monday through Friday.

Phoenix, Ariz.: Some time in April and October.

Pittsburgh: Feb. 13*, May 10*, Aug. 8%, Nov. 7%

Portland, Me.: Apr. 16%, Oct. 15%.

Portland, Ore., 805 Terminal S8ales Bldg.: Friday at 8:30

AM,
Reno: Apr. 17%, Oct. 16*.
Roanoke: Apr. 8, Oct. 5.
8t. Louis: Feb. 7, May 17, Aug. 8, Nov. 15.
8t, Paul, 208 Uptown P. O. & Federal Courts Bldg.: First
and third Fridays of each month.
Salisbury, Md.: Mar. 7, Sept. 12.
Balt Lake City: Mar. 23*, June 22%, Sept. 21*, Dec. 21*.
San Antonio: Feb. 27-28, May 23-24, Aug. 21-22, Nov. 13-14.
B8an Diego, 307 U. 8. Courthouse: By appointment.
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ARE YOU LICENSED?

o When joining the League or renewing
your membership, it is important that
you 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.

San Fr: ), 328 Customh Monday.

8an Juan, P. R., 322 Federal Bldg.: By appointment.

Savannah, 214 P. O. Bldg.: By appointment.

Schenectady: Mar. 13-14, June 12-13, Sept. 11-12, Deo.
11-12,

Seattle, 808 Federal Office Bldg.: Friday.

Sioux Falls, 8. D.: S8ome time in March, June, September
and December.

Spokane: Apr. 18%, Oct. 10*,

Syracuse, N. Y.: Jan. 9%, Apr. 9%, July 9%, Oct. 8*.

Tampa, 409 P. O. Bldg.: By appointment.

Tucson, Ariz.: Some time in April and October.

Tulsa: Jan, 25, Apr. 26, July 26, Oct. 25.

Wailuku, T. H.: Oct. 12,

Washington, D. C., 410 International Bldg., 1319 F 8t.
N.W.: Monday through Friday.

Wichita: Mar. 8, Sept. 13.

Williamsport, Pa.: Mar. 12%, June 4,* S8ept. 10%, Dec. 3*.

Wilmington, N. C.: Some time in June and December.

Winston-Salem: Feb. 2, May 4, Aug. 3, Nov. 2,

CANADIAN REGULATIONS

In our November issue we reported the fre-
quency bands made available to Canadian ama-
teurs; now we have some additional information
on the conditions to be observed by Canadian
amateurs.

Amateur stations must be so operated as not
to interfere with other services or with broadcast
reception. Each licensee may operate one portable
station at a temporary location or in his own
passenger automobile. Such stations shall sign
their assigned calls followed by the word “port-
able.”

We have previously reported that the Canadian
bands are the same as in the U.S.A. Amplitude-
modulated ’phone may be employed throughout
the 28-29.7 band under the following conditions:
The station must have a reliable frequency meter
and visual means of indicating overmodulation;
the transmitter must be either crystal-controlled
or of comparable stability and constancy; the
modulation system must insure intelligible speech,
must not exceed 1009, modulation, and must not
disturb the frequency stability of the trans-
mitter. There are no restrictions on a.m. 'phone
operation in the bands above 56 Mec. Unlike the
U.S. regulations, no frequency-modulated trans-
mission, either telegraph or ’phone, is permitted
in the 28-29.7 band. However, as in the U.S,,
f.m. may be used on all the frequencies above
58.5 Me.
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NAVAL-BASES STATIONS

The following quotation from a letter originat-
ing in the office of the Chief of Naval Operations
states the Navy policy on the authorization of
amateur stations at naval activities ashore, in
regions within the jurisdiction of FCC, ie.,
within the territory in which the Communica-
tions Act authorizes FCC to issue amateur sta-
tion licenses. (We have no information yet on the
policy toward amateur installations in areas
outside FCC licensing jurisdiction.)

. . . The following policy, governing the installation of
amateur radio stations within the boundaries of naval
activities ashore, supersedes the policy as et forth in
previous references:

2) An amateur radio station will not be permitted in the
same compartment with naval transmitting and receiving
equipment at any naval shore radio station. This restriction
does not preclude the installation of an amateur station
in a building in which living quarters and regular Navy
radio equipment are located in the same building.

b) The Department will interpose no objection to the
granting of an amateur radio station license by the Federal
Communications Commission to personnel at a navy yard,
naval station or reservation (except as noted in paragraph
(a)), provided, after due consideration as to hazards and its
probable interference with naval radio activities, the Com-
mandant approves such installations.

Each district commandant will keep a record of all
amateur radio stations installed within the limits of each
navy yard, naval station or naval reservation.

The Department will not approve an application for an
amateur radio station license made by an individual residing
outside the limits of a navy yard, naval station, or naval
reservation, when such amateur radio station is to be
installed within the limits of a navy yard, naval station, or
naval reservation, unless such station is to be used in con-
nection with training the Naval Reserve.

Radio stations used exclusively for training the Naval
Reserve, which operate only on government frequencies
assigned for such use by the Navy, and with Navy or Naval
Reserve call signs, do not require any license from the
Federal Communications Commission. The only stations
which require FCC amateur station licenses are those which
are operated in the amateur frequency bands.

The normal procedure for the licensing of an amateur
radio station, to be installed on a naval reservation, is for
the individual to prepare the usual application form in
accordance with the regulations of the Federal Communica-
tions Commission. This application is to be forwarded by
official correspondence to the district commandant having
purview of the reservation in question. The commandant
will either return this application to the individual con-
cerned by disapproval endorsement, or forward it to the
office of the Federal Communications Commission having
cognizance of licensing in the area concerned, with an ap-
propriate approval endorsement and furnish a copy thereof
to the applicant.

The Federal Communications Commission regulations
require that the application shall be prepared in the name
of an individual without relation to rank, rating, title or
any other connection with the military service, that the
applicant shall have absolute control of the radio trans-
mitter for use in amateur service, and shall use the trans-
mitter only with a personal aim and without pecuniary
interest.

‘While the amateur licensee is legally responsible for each
and every transmission made from a transmitter under his
control, the Commandant may regulate the hours and dates
during which transmissions may be made from any such
transmitter licensed to operate on a naval station or naval
reservation under his command. The Commandant may
also revoke authority for such operation entirely, at his
discretion.
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—
Silent Repsg

IT 18 with deep regret that we record the
passing of these amateurs:

W%\IARHM, F. Newton Williams, Laconia,

W1SL, Col. Davis S. Boyden, Lunenburg,
Mass. )

W%L\;E, Lt. Wm. H. Birney, jr., Brooklyn,

W5BKC, Jack C. Ford (R/O RAF), Vicks-
burg, Miss.

W6GG, Charles E. Blalack, Yuma, Ariz.

W7ELYV, Donal B. Lowe, Grace, Idaho

W8AQD, RM1/c Clarence O. Reed, Kala-
mazoo, Mich.

WS8ATG, John Datko, jr., Youngstown,
Ohio

WS8DMX, John H. Borden, Youngstown,
Ohio

W8NOU, CRT .Oliver A. Goodwin, To-
wanda, Pa.

W8QAO, RT1/c Richard A. Morrison,
Williamson, N. Y.

W%CiA‘A?’ C. Raymond Stedman, Denver,

olo.’

WSI)O‘;\ID, Chester Garriott, New Castle,
nd.

W9PVC, Ens. Eric J. Kleven, USMS,
Capa, S. Dak.

VE4VJ, W. K. Angus, Edmonton, Alberta

VE4XF, Sgt. H. F. P. Sullivan, Edmonton,
Alberta,

I1KW, Renzo Albanello, Leghorn, Ttaly

A Correction
Lt. (jg) Charles Wesley Woodin, KA1CW, whose

.name appeared in the Gold Stars list in October

QST, is reported alive and well after being a
prisoner of war for three years. Although regret-
ting the error, we are very happy to be able to
make this correction.

Feedback

ON PAGE 57 of the December issue, in the tabu-
lation at the end of the second column, the
exponents in the second through the sixth lines
should be reduced by 1. On page 58, first column,
second tabulation, the last four lines should read
543.2 X 10, 5432 X 1, 54,320 X 107!, 543,200 X
102, and in the last line of the third tabulation
the number should be 56 instead of 0.56.
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Premodulation Speech Clipping
and Filtering

Increased Sideband Power without Overmodulation

BY W. W. SMITH, * W6BCX

“lip” sounds are from 20 to 30 db. weaker
in intensity than the loudest vowel sounds.
Nevertheless they are the major contributors
towards “ connected-speech” intelligibility, When
a signal is barely above the noise level and indi-
vidually articulated strong vowel sounds can just
be recognized, connected-speech or ‘discrete-
sentence’ intelligibility is poor because the weaker
“lip” sounds — the really important sounds —
are lost in the background noise. The connected-
speech intelligibility can be greatly enhanced
under these conditions by increasing the a.f. gain
until the weak consonant sounds provide heavy
modulation of the carrier, at the cost of rather
severe distortion that occurs on the loudest vowel
sounds as a result of amplitude limiting or
“clipping.” ’
1t is the purpose of this article to emphasize the
advantages to be gained by incorporation of

Mos'r or the consonant speech sounds or

amplitude clipping and low-pass filtering in the .

speech systems of amplitude-modulated amateur
transmitters. It is felt that the dividends that
accrue from peak clipping have not been suffi-
ciently emphasized and that premodulation clip-
ping and filtering does not enjoy the wide popu-
larity among amateurs it deserves, even though
first advocated for amateur use some six years
ago.b 3

* 215 West Cook St., S8anta Maria, Calif.

1 Grammer, * Lop-Sided Speech and Modulation,” QST,
Feb., 1940.

2 Smith, “ An Effective Splatter Suppressor, " Radio, Oct.,
1940.

3 Smith, “ A Simple A.F. Peak Limiter (Chopper) for the
Phone Transmitter,” Radio, June, 1941.

® By incorporating peak clipping and a.f.
filtering in an a.m. ’phone transmitter
it is possible to realize an effective power
gain of nearly 100 times so far as working
DX is concerned — without splatter and
without increasing heterodyne inter-
ference. The intelligibility of weak sig-
nals is greatly increased at a slight sacri-
fice in quality. The author suggests
*“Clipter’® as a one-word label for the
clipper-filter system.
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Peak Clipping and Splatter

In a conventional transmitter which is “voice-
modulated® 100 per cent,” the gain ordinarily is
set at such a point that on normal speech the peak
amplitude seldom exceeds 100 per cent, and then
only for a very short period which may be de-
scribed as a “burst.” The burst represents over-
modulation, with its inevitable generation of
high-order distortion components and resultant
adjacent-channel splash-over or “splatter.”” If the
gain is gradually increased above this level, the
bursts will become more and more frequent dur-
ing conversational speech, until finally almost
every syllable produces splatter. The pertinent
and interesting fact is that if the distortion of the
system is low at levels below 100 per cent, it is
possible to run up the gain at least 10 db. above
the level representing ‘100 per cent voice modula-
tion” with only a negligible reduction in the con-
nected-speech intelligibility. If, instead of relying
upon transmitter overload, a clipper designed for
the express purpose of chopping high-amplitude
pcaks is incorporated, the gain may be run up at
least 20 db. It is true that the quality or “natural-
ness”’ will suffer slightly, but the speech is still
highly understandable.

This is not an advocacy of heavy overmodula-
tion, but rather an explanation of why it does
exist in the amateur bands. When the equivalent
power gain obtained is considered, it is easy to
see why the temptation exists to crank up the
gain and hope the FCC does not happen to be
lending an ear. But regardless of the FCC, the
practice is grossly inconsiderate and anti-social
—and conducive to a verdict of ‘justifiable
homicide.” )

Premodulation Clipping

What most amateurs have failed to appreciate
is that heavy modulation, with consequent peak
clipping, need not mean overmodulation and
splatter provided the chopping is done in the
audio system and that the high-order harmonics
thus generated are filtered out before reaching
the modulated r.f. stage. In fact, it is interesting
to note that even if the question of splatter is
ignored, confining the clipping to a chopper de-
signed for the specific purpose makes it possible
to realize a greater effective power gain than is
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obtained by simple overmodula-
tion and incidental clipping.

The effect of two degrees of
speech clipping in a well-designed
choppér is illustrated in Fig. 1.
Curve A represents no clipping,
and is representative of broadcast
stations and a few amateur sta-
tions. Curve B represents 10 db.
clipping, which produces negligible
deterioration of the diserete-word
articulation at high carrier levels
and a considerable improvement
at signal levels below 10 micro-
volts. Curve C, representing 25 db.
clipping, provides a worthwhile
improvement in intelligibility at
signal levels around 3 microvolts,
but deteriorates the intelligibility
very slightly when the signal
strength is good. Obviously, as
much as 25 db. clipping would be
advantageous only when working
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Fig. 1 — Illustrating the effect of peak clipping on weak signal read-
ability. 100 per cent peak modulation and negligible selective fading are
assumed in all three cases. If 80 per cent discrete-word articulation is ar-
bitrarily taken as the minimum acceptable for DX communication, note
that with 25 db. clipping it is possible to carry on communication with
approximately 1/10th the carrier field strength, or 1/100th the received
carrier power, required for unclipped speech. It should be kept in mind
that the discrete-sentence intelligibility is considerably higher than the
discrete-monosyllabic-word intelligibility, because of the aid of context.

DX and the carrier is barely above
the background noise. The average
amateur transmitter is overmodulated on peaks of
loud syllables and could be represented by a
curve about midway between A and B.

The curves assume a typical communications
receiver, negligible selective fading, no heterodyne
interference, 100 per cent peak modulation, low
distortion below the clipping level, and full-wave
clipping (both negative and positive peaks lim-
ited to 100 per cent). They also assume that the
peak noise limiter in the receiver is adjusted for
optimum threshold level under each condition,
or else is inoperative altogether. Many peak noise
limiters (actually they are choppers or clippers)
in communications receivers begin to limit on
positive peaks at around 30 or 40 per cent. This
is fine when the transmitted signal has little or no
clipping, but is not so good when a high degree of
clipping is employed at the transmitter.

The curves are representative, but will vary
somewhat with receiver fidelity, transmitter fidel-
ity, etc. More or less receiver sensitivity will
simply displace all three curves to the right or left
without affecting their relationship. If the dis-
tortion in either the receiver or the transmitter
is high when no premodulation clipping is em-
ployed, then the equivalent power gain or gain
in intelligibility under poor receiving conditions
will not be so pronounced when a high degree of
premodulation clipping is utilized. With regard
to Fig. 1, it should be kept in mind that the
discrete-monosyllabic-word articulation percent-
age determines the discrete-sentence intelligibil-
ity, but that the latter runs much higher.

With very bad selective fading, such as occa-
sionally is encountered in the 4-Mec. band, a high
degree of premodulation clipping will actually
degrade the intelligibility, even when the signal
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The ratio depends upon the syllabic articulation percentage and is not
significantly affected by the degree of clipping. :

is weak. However, this is an unusual case and
should detract little from the overall attractive-
ness of premodulation clipping because communi-
cation is none too satisfactory under such cir-
cumstances anyhow, regardless of the received
sighal strength, unless diversity reception is
employed.

Nomenclature

Because it is logical to assume that anything
offering so much and costing so little will even-
tually become widely popular among the amateur
fraternity, the question arises as to a short,

~ descriptive title which is appropriate. Under the

Bell System classification of “range controllers” ¢

the clipper or chopper portion of the system quali-
fies as a “limited range, instantaneous com-
pressor,” called a “peak chopper” for short.

This takes care of the clipper or chopper, but
ignores the associated filter. Also, it would apply -
equally to incorporation in any speech equip-
ment, whether it be transmitter, receiver, or
public-address system. Perhaps “premodulation
speech clipping and filtering” is the most appro-
priate from a descriptive standpoint, but it is
quite a mouthful and could stand & little clipping
itself. Some of our most noteworthy wartime
electronic developments have been dubbed with
nicknames for convenience; therefore it need not
be considered facetious to coin a short title for the
overall system. The author offers “Clipter,”
feeling that one name is about as good as another
8o long as the amateur fraternity all standardize
on the same title.

4 Wright. “ Amplitude Range Control,"” The Bell System
Technical Journal, Oct., 1938.
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Fig. 2— Low-level, full-wave clipter system. The gain control
R1 is not required if one of the preceding stages has a gain control.

B1, Bz — 734-volt “C” battery

C1 — 10-pfd., 25-volt electrolytic

Ca, C3 — 8-ufd., 450-volt electrolytic
C¢ — 25-ufd., 25-volt electrolytic

Cs, Cs — 0.023 ufd., = 5%

C7, Cs — 0.07 ufd., = 5%

Co —0.08 ufd., = 5%

L1 — 30-mh. iron-core choke

Lg, L3 — 80-mbh. iron-core choke
L¢— 30-mh. iron-core choke

Practical Circuits

Illustrated in Fig. 2 is a “clipter”’ suitable for
use on the 4-, 14- and 28-Mec. bands. The clipper
circuit shown is but one of many that may be
employed satisfactorily. It happens to be a shunt
type, but a series type is equally suitable and
may be preferred by some. The clipping level is
nominally 714 volts, determined by the bias volt-
age supplied by each of the “C”’ batteries By and
Bj. Because of contact potential effects, it is not
advisable to attempt to run the clipper diode with
much less bias.

To provide 25 db. of clipping requires about 6
volts peak input at the grid of the 6J5. The
maximum output available at potentiometer Rg
is approximately 4 volts peak for all degrees of

clipping, which means that the complete clipter .

illustrated has a voltage gain of slightly less than
1 when 25 db. of clipping is employed (figured on
the basis of peak values). Usually this will permit
the clipter as illustrated to be spliced into an
existing speech amplifier at a suitable level with-
out need for additional amplification.

Under conditions of maximum -clipping, the
peak voltage across the secondary of T will
reach about 200 volts. A husky interstage trans-
former with a well-clamped core is necessary in
order to avoid acoustical lamination chatter.

The shunt diode clipper shown does a clean job
of clipping, having negligible time constant and
holding the peak output voltage to a negligible
rise as clipping is increased from threshold to
25 db. No provision is made for clipping much
more than 25 db., as the intelligibility deterio-
rates rapidly beyond this point.

It is important that leads between Ry, Rs, Rs,
the 6AL6, and the control grid of the 6V6 be kept
short and not cabled with other leads or run
against the chassis, in order to minimize the time
constant of the chopper circuit.
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R1 — 0.5-meg. pot., a.f. taper

Rz — 1000 ohms, 1-watt

Rs — 0.15 megohm, 1-watt

R4 — 0.25 megohm, 1.watt

Rs — 0.5 megohm, 1-watt

Re — 0.25 megohm, 1-watt

R7 — 400 ohms, 2-watt

Rg — 1000 ohms, = 10%, 5-watt

Rg — 1000-ohm pot., a.f. taper, = 10% (check with ac-
curate ohmmeter)

The low-pass filter illustrated has a cut-off
frequency of approximately 4000 cycles, and is
60 db. down at about 6500 cycles and above. Be-
sides having good attenuation characteristics, its
phase-shift characteristics are good (approxi-
mately proportional to frequency within the pass-
band). The latter characteristic is important, be-
cause we want the filter to round off the sharp
edges, as it were, without canting or otherwise
disturbing the level tops of the clipped cycles of
the wave. For the same reason it is important
that the phase shift throughout the audio system
following the filter be minimized, or the full bene-
fits of peak clipping and filtering cannot be
realized. The problem will be made somewhat
easgier if all frequencies below 400 cycles or so are
attenuated ahead of the chopper, because inex-
pensive modulation transformers (particularly
those designed to carry the Class-C plate current)
have considerable phase shift and poor response
down around 100 to 150 cycles, which takes in the
fundamental frequency of most male voices. As
the advantages of bass suppression for com-
munications work are well known, it is only a
matter of pointing out the necessity for placing
the suppression circuits ahead of the chopper.

The filter need not be so elaborate for the v.h.f.
"phone bands, because receivers are not so sharp
and it is permissible for the sidebands to extend
out a little. In fact, fairly good attenuation at 15
ke. and above with negligible attenuation at 4000
cycles may be obtained by shunting both the
primaries and secondaries of two or more trans-
formers following the chopper with capacitors
of optimum value, to be determined by cut and
try. The leakage inductance of each transformer
in conjunction with the shunt capacitors forms a
w-section filter having attenuation characteristics
adequate for v.h.f. use.

On the 420-Mec. band and above, no filter will
be required except for the incidental filtering
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which results from the limited high-frequency
response of conventional audio components, How-
ever, because capacitors are cheap, it is advisable
to shunt the transformers in every case to lower
the cut-off frequency.

The filter illustrated was designed to use stand-
ard values of commercially-available chokes, such
as Meissner. The filter capacitance values can
best be obtained by checking with an accurate
capacitance meter or bridge, paralleling two or
more capacitors to get the desired value when
necessary. Tubular paper capacitors have suffi-
ciently high @ for the purpose, and the better
grades will be found to run within § per cent of
their marked values.

Adjustment

In order to take full advantage of the clipping
feature, the transmitter must be capable of 100
per cent sine-wave modulation with low distortion.
Lots of good-sounding amateur transmitters do
not meet this requirement, and should be re-
vamped before any attempt is made to set the
world on fire with a clipter.

An oscilloscope is a great help in making initial
adjustments and checking for correct operation,
but is not absolutely necessary. Assuming that it
has been determined that the transmitter is capa-
ble of 100 per cent sine-wave modulation without
more than about 10 per cent distortion,® turn the
gain control (B; or other preamplifier control) full
on and the clipping level control, Ry, full off. Then,
using ordinary spcech, advance Rg until the trans-
mitter shows signs of being modulated at a low
level. Listening on a ‘phone monitor or the station
receiver, adjust R; to the highest setting that
gives good intelligibility.

Now advance Ry to a position just below the
point where splatter is heard when the station
receiver (assuming it is a superhet with antenna
terminals shorted to ground) is tuned just off the
signal, Have another station, preferably nearby,
check for splatter just to be sure. Potentiometer
Ry then need not be touched unless the adjust-
ments to the modulated r.f. stage, particularly
loading, are altered appreciably. In fact, it is
advisable to make the control on Ry not too ac-
cessible; otherwise, it may get twisted acci-
dentally sometime.

If an oscilloscope is available it may be used to
check the waveform out of the modulator to
ascertain whether the tops of the clipped waves
are flat. It may also be used to check the modula-
tion envelope of the r.f. carrier and determine
whether the negative peaks are being clipped in
the Class-C stage (negative modulation in excess of
100 per cent). The latter condition is the worst

51t is especially important from an interference stand-
point that distortion caused by nonlinearity of the modu-
lated r.f. amplifier be held to the lowest possible value.
Distortion in the modulator is much more tolerable, but

should not exceed 10 per cent for maximum exploitation of
the clipter,
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offender so far as splatter is concerned, particu-
larly in a plate modulated rig. If the condition
exists, it will be necessary to back off on Rg until
it is corrected.

When making over-the-air comparisons of ad-
jacent channel splash-over between a rig using a
high degree of peak clipping and one using no
clipter system, the clipter-equipped transmitter
should be compared with a conventional rig
having much greater carrier power. Otherwise
the greater sideband power obtained with a clipter
system will give the illusion of more adjacent-
channel interference. Because no receiver has a
rectangular i.f. selectivity curve, greater sideband
power in itself will give the effect of a slightly
broader signal, the effect being exaggerated when
a.v.c. action is employed and the ratio of side-
band power to carrier power is high. However,
increased sideband power, when confined to
speech frequencies, produces a different quality of
QRM than does splatter, and the difference can
readily be recognized by anyone familiar with the
ragged sound of overmodulation splatter.

A conventional kilowatt rig, not overmodu-
lated, naturally cuts a wider swath on the tuning
dial of a receiver than does a 100-watt rig oper-
ated under the same conditions. For the same
reason, and also because of the receiver’s a.v.c.
action, the use of a clipter results in a signal
which takes a slightly greater slice of kilocycles
than does a signal from a conventional trans-
mitter of the same carrier power. Instead of rea-
soning that the clipter-equipped rig is broader
and produces more QRM, one should consider
that for a given amount of ¢ntelligence-carrying
sideband power the QRM actually is less with a
clipter-equipped rig, because of the greatly-
reduced heterodyne interference.

The first thing that the owner of a newly-
installed clipter will observe is the much greater
activity of the antenna-current meter under
speech modulation. It is very gratifying to watch
the antenna ammeter needle jump around in a
lively manner and know that the fellow just up
the street is copying a weak signal 20 to 30 ke. off
your frequency with no trouble whatsoever. A
word of warning is in order, however; it behooves
the user of a clipter to make sure that at all times
it is working correctly, because faulty operation
can cause terriic QRM.

It is not necessary to make provision for more
than two degrees of clipping. The first can be that
which just causes perceptible distortion. This will
correspond to about 10 db. clipping and can be
used at all times except when working extreme
DX.

The second degree of clipping corresponds to
that at which the intelligibility begins to suffer
when the signal is received under ideal conditions
(no background noise). This corresponds to about
25 db. clipping, which need be used only when
difficulty is experienced in “‘getting through.”

49




Itlis"possible to provide an indicator on the
clipter circuit to show continuously the amount
of, clipping in effect. However, this is a luxury,
if not an unnecessary refinement, and hence is not
shown. A negative-peak clipping indicator on the
Class-C stage, to ensure correct adjustment of Ry
at all times, is of greater use. However, if you

MODULATOR

On the credit side are the automatically self-
adjusting clipping-level feature, and the avoid-
ance of difficulties because of phase shift in the
Class-B modulation transformer.

On the debit side are the facts that the clipper
and filter components must work at high power
and are considerably more expensive. Also, no
protection is afforded the modulation transformer
against sudden surges as is the case with the low-
level, full-wave clipper.

5R46GY The filter portion of the Fig. 8 clipter should
be designed to work into a load resistance equal
to the d.c. plate voltage on the modulated
wowrAss | tomopuatep  Stage divided by the d.c. plate current. One
3000 ™0 4000 LAss CAMP.  or more Thordarson “splatter chokes’’ may
=2 —— be used as inductances, these chokes being
= provided with taps to permit a considerable
5 ‘ choice of inductance value. A suitable filter for
RASE A any particular load impedance may be deter-

Fig. 3 — Half-wave, high-level clipter suitable for d.c.
inputs up to 3000 volts and 500 ma. The rectifier fila-
ment transformer must be insulated for at least four
times the d.c. plate voltage.

insist on something to indicate the amount of
chopping, simply stick a 0-1 ma. d.c. meter (not
over 40 ohms d.c. resistance) in series with one
of the 714-volt “C" batteries and ground. Then
establish the correlation between meter readings
and db. clipping.

An incidental advantage of the clipter illus-
trated in Fig. 2 is the protection it affords certain
expensive components from breakdown, flash-
over, or accelerated deterioration as a result of
unexpected peaks from door slams, sneezes, ete.
Included are the Class-B modulation transformer
and the plate tank and neutralizing condensers.

Half-Wave, High-Level Clipper

Fig. 3 is a modified clipter system which has
both advantages and disadvantages compared
with the low-level, full-wave clipter system of
Fig. 2. In the Fig. 3 system only the negative
peaks are clipped; positive peaks are limited to a
value within the upward modulation capability
of the modulated amplifier by proper choice of
modulator tubes, modulator plate voltage, and
plate-to-plate load. By running the modulated
tubes somewhat under full rating (both plate
voltage and plate current), by providing plenty
of excitation to the modulated stage, and by using
wider than normal spacing on final amplifier
tank and neutralizing condensers for the d.c.
plate voltage used, the upward modulation capa-
bility can be made about 200 per cent. If sufficient
audio power is available, it is possible to be
modulating in the neighborhood of 200 per cent
on positive peaks and slightly less than 100 per
cent on negative peaks — without splatter. This
would seem to violate the letter of the FCC
amateur regulations limiting modulation per-
centage, but not the spirit or intent.!

il

mined by referring to almost any text treating
wave filters.

When this clipter circuit first was tried,? a
delay bias resistor was connected between plus
“B” and the input of the filter, with the idea of
preventing filter hangover from causing the plate
voltage on the modulated stage to go negative at
any time. However, the resistor was found to be
unnecessary, probably because all energy in the
stop band of the filter shows up as d.c. input,
giving a very slight controlled-carrier effect which
is sufficient to prevent filter hangover from swing-
ing the modulating voltage below zero. Good
splatter suppression with a high degree of clip-
ping was obtained from a simple, single-section
= filter, but two or more sections are recom-
mended when operating on the lower-frequency
’phone bands — assuming they will be at least as
crowded as they were in 1941.

With the half-wave clipper the splatter may be
slightly less with the speech poled one way than
with it poled the other. However, the difference
will be very slight, particularly if bass suppression
is employed.!

Use on F.M.

It is quite probable that some reduction in
adjacent channel interference can be realized on
f.m. by the use of a clipter, but no attempt has
been made by the author to evaluate the possible
improvement and advantages when used on f.m.

6 Strays %

In radio, it is sometimes necessary to measure
the power involved in cross talk between carrier
channels. This power may be less than a hun-
dredth of a millionth of a microwatt. Converted
to heat energy, this is approximately equal to
that from a 60-watt lamp falling on an area one
foot square at a distance of 4000 miles, — The
Ohmite News
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How's DX?

How:

We had no sooner turned in last month’s copy
for this column than it became very apparent
that the dope would be hopelessly ancient by the
time it got into the various hamshacks. This is
partially due to the lead time required by our
production schedule, but it is mainly caused by
the rapidly changing picture on the ten-meter
band. Stations keep popping up all over the world
and then move or unpop so fast that even a daily
newspaper would have trouble keeping up with
them. So if you find that some of the stations
mentioned on this page during the next few
months are old hat to you or that they are no
longer active, bear in mind that these are trying
times.

One thing we can be sure of, however, and that
is that there has been enough of the stuff kicking
around to make anybody happy. True, it isn’t
all too easy to raise, but it’s there for the guys
with the right combination, and after a number
of starvation years it tastes mighty good, once
you latch on to some of it.

Where: Py

Apparently those Gs reported last month were
all kidding us. We know that G5DX was in
France, and G3WP writes to say that the Gs have
not yet been allowed back on, although action is
expected shortly - — < — « — We trust this won’t in-
sult the intelligence of those in the know, but
apparently a few of our foreign friends have been
wondering about the fraction bar and numeral
tacked on to the end of many a W call. For their
information, that is the “portable’” designation
used in this country, to indicate a station not
operated at the home address. For example,
WI1UE/1 means W1UE portable in the W1 dis-
trict, WSKAY /KB6 means WS8KAY portable in
the KB6 area, and WILOG/VP4 is WILOG
portable in Trinidad. Incidentally, the W calls
you hear signing “portable J’ and ““portable PY”
and so on are not phonies but generally GIs who
have obtained permission from their officers to
operate ham radio from some U. S. military post
in that area. This is no kind of undercover opera-
tion, since it is being done with the full knowledge
and sanction of the authorities. It’s a swell break
for our GIs stranded in some foreign port for a
while + -+ - — We have received a number of
lists of “Calls Heard,” but space limitations pre-
vent their publication. However, we would like
to thank the donors for their trouble and suggest
that some of the fellows they copied would appre-
ciate a ‘“heard” card. The lists came from
W5KKN and W1BGJ in Nassau, G3BW in Eng-
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land, W1GSB in French Morocco, WINUR and
W2KJT in Japan, W1JSV and W8NNF in Al-
giers, WSN'WTF on a ship in the English Channel,
W5CUB in Egypt, W1QG and WININ in Ger-
many, W2JZK near Guam, W6QAP in Ecuador,
WBS8JIN in France, and WSKAY en route Leyte
to Wake Island. If you do get a card from these
fellows, or any others, don’t forget that ham
radio means plenty to them right now, and your
acknowledgment and a note on ham radio would
do much to bring them closer to home + ~« -+ ~
We have the addresses of G5DX and P1X, and
will forward your cards if you worked them.
G5DX was in France and P1X was undercover
in Holland.

When:

Wi1DSB, at Limatambo, Peru, for Panagra,
reports that OA4D is active on 10 ’phone down
there, and that a number of ex-Ws expect to get
OA tickets very soon » ~+—- - Looking over the
good ones, W1LOU/8 reports HC1CZ (28,000)
and TI2DX (28,255) on ¢.w. HC1CZ was W6QAP
using a one-tube regenerative receiver — he is
now in a hospital in Canal Zone and will be back
in W6 land shortly « —+—-—-W7EYS worked
WG6NSL /J and W9TQD /J on 28,050 c.w., and
K7CBF and X7HMS on 28,500 ’phone. Heard on
’phone were W5KIO [Iwo Jima (28,400), KA1]B
(28,600) and YVIAQ (28,130) - —«—- - W6HG
heard XU3SJA (28,050) and says the way to
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check on Asian conditions is to listen for EOA3
(28,000), a commercial in Tokyo « =+~ - W5KC,
W1HDQ and a lot of others have been knocking
off WSBOR/PY (28,480 ’phone), who has been
rocking in.—-—- - W6DTB reports WSILM/
Tinian, without benefit of frequency «—--—- -
FASNF has switched from c.w. to ’phone and is
80 loud that many stations pass him up. He's

louder than EA1D was!«—--- — W5ADZ heard
a nice handful of c.w. on 28,000: W6PUZ /Tinian
and WOHQN/J ¢+ —-— - - WI1UE/1, a traffic man

gone ten-happy, reports hearing K6CGK, TI2RC,
HC1JW, LU3DD, VP2AT and XE1AM, while
the c.w. heard at WINCS/3 includes F8RP
(28,900), G3C (28,420), W7EGN /K7 (28,025),
W2ILE/K6 (28,100), W3JAV/K6 (28,090) and
W2AVO/K6 (28,400) + —- —- — Speaking of the
gang operating in X6, which includes representa-
tives from practically all W districts, WINSS/K6
says that some have been using the higher por-
tions of the band and don’t seem to get many
replies. Take a listen there around X6 time and
do yourself some good +—-~—- - Mouth-waterer
of the month is reported by WB8JIN, listening
in France, who heard ZC6NX (28,300) on both

’phone and c.w. Yipes!:—-:—- - VO2K]J (28,~
250) and VO2M (28,220) are on ’phone, as is
© W4HVT/PY (28,570) - — - — - — W9ZIB of 56-Mc.

fame reports through W1HDQ that he has heard
CXI1FB, HK3AD, O0A4M, WILOG/VP4,
WIWUG/KB6, W1KSF/Tinian, TGIRV, and a
K6 calling VK2DY. We have had no official word
on the VKs and so rather suspect that last one.

Who:

"LU7AZ (28,150) very active on c.w. and some-
times ’phone, puts in a rocking signal up here
from his new location at Nicasio Orono Nr. 75,
Buenos Aires. He also has a station at the home
of his parents, a “perfect amateur QTH out of
the noise,” and signs LU7EZ from that location.
The address is Avellaneda 446, Ramos Mejia,
Buenos Aires s —+—- — Colin Grattan, another
outstanding station down Argentine way, writes
to say that his call is no longer LU9BV but
LU9EV. The new address is Rivera Indarte 271,
San Isidro, F.C.C.A., Argentina «—--—- - Re-
member W8OSL of beer-can vertical and other
fame? He used to get into Asia pretty well from
the 8th district, but we find that he was one of a
group of seven men who were officially the first
into Japan, on Z-day minus two! His AACS
career has carried him to Newfoundland, Aus-
tralia, New Guinea and the Philippines « =« .« —
W4ZZ was on a ship to Leyte and back and did a
little listening —on the broadcast band. Best
station was KSL, Salt Lake, which rode through
out past Guam. Of the 5-kw. stations, KDYL,
another Salt Lake station, held up best, and
Herrick is convinced the salt lake and soil have
something to do with it. When last heard from
he was pricing salt in carload lots!:—<—- -

b2

WATZ writes that on his way through Hawaii he
finally located KF6JEG, and that if any of the
gang want confirmation on Howland, Jarvis or
Canton Islands with JEG, he can be reached at
Overseas-Foreign Aeronautical Comm. Station
KVM, M Road, Damon Tract, Honolulu + =+ — - —
Please keep an ear out for old VR6AY. Pitcairn
was one of AP’s pets, and they would like to hear
how the island fared during the war. It is good
publicity for amateur radio, so if you hear any-
thing from there, let us or the Associated Press
know in a hurry « ~«—- -~ WINVO, ex-W2ESO,
is pretty sharp. He says that the XYL, WINVP/1,
was D4USB’s first ’phone contact and hence
shares credit for the first 'phone QSO between
Germany and U. S. One’s first reaction is, of
course, “Nuts!”, until sharpy Gene points out
that Ds were never allowed on ’phone! And, so,
another “first” is chalked up - —+ — - — So you're
all through with DX, because there’s nothing new
under the sun? Then you won’t want to hear
about AC3SS, Mr. H. G. Baker, The Residency,
Gangtok P. O., Sikkim, via Calcutta, India.
Located about 200 miles from AC4YN, he is
hemmed in by British India, Nepal, Bhutan and
Tibet. He will be active on 14 Mc -—-—-—The
South Africans have just been allowed back on,
on 28 and 56 Mc. ZS6DW was the first to get on
ten, and on his first day was probably called by
every active W ’phone, all at once! The rest of
the gang will be on just %5 fast as licenses can
be issued.

Predictions:

Now that you have had a chance to check on
the 28-Me. predictions published last month, and
have lost all faith in us because you worked
Manila when we said you couldn’t, or you got on
when we said you could work Rio and didn’t even
hear them, you can appreciate what we’re up
against. However, we repeat that these predic-
tions represent trends only and we think you'll
find that, in general, they work out pretty well.
The conditions for February appear to be better
than for January, so gather 'round and give a
look. Where no maximum usable frequency is
shown, it means the 28-Mec. band is open during
the period shown — a single time indicates when
the corresponding m.u.f. is reached.

Maz. Usable
Path Freq. Time
. (Me.) (GCT)
Washington — 8. F.............. E 1800-2300
Washington —Rio.............. 1300-2200
‘Washington — Paris............ 27.3 1800
‘Washington — Manila........... 22 2300
Washington — Sydney.......... 27 2400
B.F.—Rio...covoviiiinnnat. 1630-0030
8. F.—Paris....c.ocoovivnnnn.. 22 1800
8.F.—Manila.......cooovvenn 2330-0130
S.F.—Sydney.......coomeven.n 2400-0230
S. F.—BanJuan, P.R.......... 1700-2330
N.Y.—8an Juan, P.R......... 26.7 1800
— W1JPE
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A Non-Radiating Superregenerative
Receiver for Two Meters

Improved 144-Mc. Receiver Performance wi'th New Miniature Tubes

BY E. P. TILTON, * WIHDQ

HOUGH THE trend in v.h.f. receiver design is
toward the superheterodyne principle the
simple superregen still has much to recom-

mend it. Its high sensitivity and noise rejection

characteristics, its simplicity and low cost, and
its adaptability to portable and mobile operation
make it a ‘“natural” for amateur v.h.f. work.
The superregen still is the easiest receiver to
build, and only the best of superhets have any-
thing on it when it comes to weak-signal reception.

The outstanding fault of the superregenerative
receiver is radiation, and this feature haslong been
the limiting factor in v.h.f. work in localities
where there is any concentration of activity.
Many “cures” have been offered from time to
time — special circuits for which low radiation
is claimed have been devised, and receivers with
r.f. stages have appeared without number — but
still the radiation persists. What, then, does it
take to make a non-radiating receiver?

First, it takes more than a detector which will
superregenerate at low plate voltage, although
this is certainly a good start. Second, the mere
fact that a receiver has an r.f. stage is no guaran-
tee that it will not radiate. This was proved re-
cently when a 112-Me. superregen having an r.f.
stage was tested for radiation in the Head-
quarters lab. An S-27 receiver having an S-meter
was used to check the radiation. With no antenna
on the t.r.f. receiver its radiation could be heard,
but not with sufficient strength to give an S-
meter indication on the superhet. With an an-
tenna coupled to the detector, the meter read S-7.
Connecting the antenna to the coupling coil on
the r.f. stage dropped the meter reading to S-3 —
still enough radiation to kick up quite a rumpus.
From this, it appeared that not only must the
detector be completely shiclded, but it must be
isolated from the antenna circuit, as well.

Design objectives for the receiver about to be
described included not only elimination of
troublesome radiation, but good sensitivity, ease
of tuning, simplicity and low cost, as well as
compactness and low current consumption, to
permit the receiver to be used for portable or
mobile work.! This four-tube receiver meets all
these requirements. None of our near neighbors
(there are several 144-Mec. stations within a

* V.H,F. Editor.

1 Credit for most of the novel ideas in mechanical design

should go to A. David Middelton, W20EN, who worked
closely with the author in the development of this receiver.
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Front view of the 144-Mc. t.r.f. receiver. The pointer
knob above the vernier dial tunes the r.f. stage. The
small round knobs are for audio volume (lower right)
and detector plate voltage variation. Outside dimen-
sions of the handmade case are 7 X 5% X 4 inches.

half mile of WIHDQ) have been able to hear it,
reception of weak signals from points well beyond
the horizon is considerably improved, the re-
ceiver is essentially single-dial control (im-
portant in mobile work), and its low-cost minia-
ture tubes permit compact assembly and low cur-
rent consumption. Heater current is 625 ma.,
and the total drain from 135 volts of “B” bat-
tery is less than 10 ma.

The circuit is conventional throughout. Only
the new-type miniature tubes and the mechanical
arrangement employed represent departures from
well established practice. The new 6AKS pentode
is used in a tuned r.f. stage, followed by a super-
regenerative detector employing a 6C4 triode.
Two audio stages, using a second 6C4 and a new
audio pentode, the 6AKS6, supply ample volume
for speaker operation at low plate voltages. To

. make for compactness, the smallest commer-

cially-available components are used. Some shop-
ping around for special parts (there were some
splendid miniature components developed during
the war) would make possible a somewhat smaller
unit than the 7 X 534 X 4-inch design we em-
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ployed. The chassis is 4 X 51{ inches in size,
with a folded back support which is 13£ inches
high. Midget audio components could reduce this
area materially, if small size is important.

Taming the 6AK5

The 6AK5 miniature r.f. pentode is rightfully
called “the tube of the year.” In it we have, for
the first time at low cost, a tube which will give
a good account of itself in r.f. stages operating at
144 Mec. and higher. But, like all tubes having
high-gain capabilities, both the tube and its asso-
ciated circuits must be well shielded if oscillation
is to be avoided. The first r.f. stage in which we
used a 6AKS oscillated violently, despite shield-
ing which had been adequate for a 9001.

To eliminate r.f. oscillation and detector radi-
ation, completely separate compartments were
used for the r.f. and detector stages. Identical

boxes 174 inches square and 3 inches long were
made from scrap aluminum and !4-inch square
brass rod. The tube sockets were mounted on the
end plates, and all the connections to the socket
prongs were made before the boxes were assem-
bled. This made wiring & simple matter, despite
the compact assembly.

The only part of either circuit which is not en-
tirely shielded is the lead which runs from the r.f.
stage coupling condenser, Cs, to the detector
coil, L3, through two small Isolantite feed-
through bushings in the walls of the two shield
compartments, a total of about one-half inch of
unshielded wiring. This connection, the only in-
terconnecting lead except for the power circuits,
was made by running separate leads from the
condenser and coil through the bushings, and
then soldering the two ends together after the
units were mounted on the front panel. Inductive

POWER PLUG
ON CHASSIS

ON CABLE

Fig. 1 — Wiring diagram of the four-tube t.r.f. superregenerative receiver. Boundaries of shield
compartments housing r.f. and detector stages are shown in dotted lines

Ci, Cs — Split-stator condenser (Cardwell Trim-aire).
ee text.

Cb Ca; Cy— 500-;mfd- m.idget mica.

Cs, C7 — 50-upufd. midget mica.

Ces — 0.002 ufd.-midget mica.

Co, C11 — 10-pfd. 25-volt midget electrolytic.

Ci0, C13— 0.1-pfd. paper.

R1 — 1500 ohms, 14-watt.

Ra, R7, Rs — 100,000 ohms, 3}4-watt.

Rz — 3.3 megohms, }4-watt.

R4 — 40,000 ohms, 14 watt. See text.

Rs — 500,000-ohm potentiometer.

Re — 2000 ohms, 14 watt.

Ry — 600 ohms, 14 watt.
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Rio — 50,000-ohm potentiometer.

Rn — 25,000 obm, 1 watt.

S:—Spst sthch on Rio.

Sa, Ss — D.p.s.t. toggle switch.

J1 — Coaxial socket (Jones-S-201). Matching plug for
antenna is P-101 or P-201.

" Ja — Headphone or speaker jack.

L1 —2 t. 34-inch i.d. No. 18 enam. inserted between
turns of L2, at cold end.

Lz — 4 t. 34-inch i.d. 84-inch long, No. 18 tinned.

Ls —5 t.. center tappea %-mc.h long, No 18 tinned.
R. f coupling tap, 1 t.,

L4 — Midget audio or filter choke (Inca D-92)

Ti1 — Midget audio transformer.
OST for




coupling was considered, but was abandoned be-

cause of the mechanical complications involved.

Our original model had the two tuning condens-
ers ganged, but this had several disadvantages.
The optimum L/C ratio for each stage could not
be used without tracking difficulties, and ganging
complicated the shielding and isolation problems.
Actually, the setting of the r.f. tuning condenser
is not critical, and it may be left near the mid-
point of the tuning range for all except the weak-
est signals. Operation of this receiver is actually
much closer to being “single control” than that
of the average superregen having an antenna

- trimmer. o -

We wanted the highest usable L/C ratio for
the r.f. circuit, 8o the familiar Trim-aire, with its
one stator plate cut in half, is used and the coil
connected to the two stator terminals. The rotor,
also a single plate, is grounded. This type of con-
denser has the distinct advantage that no moving
contact is included in the circuit carrying r.f.
Conventional condensers having one stator and
one rotor plate were tried, but had to be dis-
carded because of noisy operation.

'*Superregenerative Detectors are

All Alike!”’

Almost everyone has his pet circuit, usually
because he happened to hit upon the right com-
bination for that particular hookup. Actually,
once the various components are adjusted for
maximum performance, one circuit has little to
recommend it over another. While this is true,
tubes, chokes, and other components vary widely,
and variations in parts and their placement can
cause surprising variations in performance. The
builder of this or any other superregenerative re-
ceiver will do well to experiment with different
values for the grid leak, B3, the quench by-pass,
Cs, the r.f. chokes, and the transformer-loading
resistor, R4, if optimum performance is to be
attained.

The detector tube, a 6C4 miniature triode, was
chosen for its ruggedness and low cost, and also
because its audio output is considerably higher
than could be obtained with a 955 or 9002. It
should be pointed out here that the first audio
stage could be dispensed with for home use, the
two stages having been employed to assure suffi-
cient volume to override car noise in mobile
work.

Some trouble was experienced with howling
when the detector was operated near the point
where it went out of oscillation, but this was
cured by using a loading resistor, Ry, across the
audio transformer primary. This resistor may
not be needed with some tubes, but when used it
should be the largest value which will prevent
howling. This value varied between 25,000 and
50,000 ohms for several 6C4s tried, and will de-
pend on the characteristics of the audio trans-
former used.

February 1946

Close-up view of the r.f. and superregenerative de-
tector compartments, with back plates removed to show
details. Top, back, and right side may be removed from
sit.lger assembly, providing accessibility despite compact

esign.

It is customary to strive for maximum L/C
ratio in detector circuits also, but we found that
this can cause some trouble with the 6C4. The
9002 and 955 seem to perform smoothly with
low-C circuits, but some increase in capacity was
necessary to get the 6C4 to tune across the band
without variation in degree of superregeneration.
The Trim-aire used for detector tuning has one
split-stator plate and two normal rotor plates. In
addition, a circular rotor plate was used to in-
crease the minimum capacity and bandspread.
With this arrangement (see the close-up view of
the detector compartment) the 6C4 tunes across
more than twice the width of the 144-Me. band
without readjustment of the regeneration control.

Bandspread is a point on which opinions vary.
We feel that the twenty divisions (on the usual
100-division vernier dial) obtained with the con-
denser described above is all that is needed to
provide easy tuning of weak signals, and that a
relatively narrow spread is desirable for mobile
operation. If the builder is of the other school of
thought and feels that a dial should be cranked
round and round to cover the band, then the
spread may be increased by using only one nor-
mal rotor plate and the circular disc plate, or it
may be increased still more by reducing the
spacing between the circular rotor plate and the
split stator plate, or by increasing the spacing
between the stator and the normal rotor plate.
None of these variations will have any effect on
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Rear view of the complete receiver. Note that the r.f.
stage and superregenerative detector circuit compo-
nents are in separate completely-enclosed compart-
ments, for elimination of radiation. Miniature tubes are
used throughout, for compactness and low current
consumption.

the operation of the detector, other than to in-
crease the spread of the band on the dial.

Several commercially-available r.f. chokes
were tried and rejected in favor of the handmade
variety, which provided smoother operation and
were much smaller and more convenient to use.
These were wound on IRC l-watt resistors (the
insulated type which is 14-inch in diameter and
214 5-inch long). The ends were notched with a fine
saw, to keep the No. 30 d.s.c. wire from slipping
off, and then the wire was close-wound to a
length of 17€4 of an inch. It is recommended that
no lacquer be used to anchor the wind-

for the detector and r.f. B +, in order that this
may be drawn from a regulated source, such asa
VR-150. The other pin marked “B -+’ (pin 4)
supplies the audio tubes, and the voltage used here

* need not be regulated. If “B’’ batteriesare used —

and they are highly recommended for mobile
operation — pins 4 and 5 may be connected to-
gether in the power socket on the cable. The use
of “B” batteries in mobile work will result in
better sensitivity and more quiet operation than
will be available with any sort of mobile power
supply, vibrator or dynamotor, and the drain
from the car battery will be negligible during re-
ceiving periods. A set of medium-size “B”’ bat-
teries (135 volts is sufficient for good speaker vol-
ume) will last through a year or more of normal
operation. When batteries are used, the on-off
switch, S3-Sz, should be thrown to the “off”
position when the receiver is not in use, otherwise
there will be a small continuous drain on the bat-
teries through the Rj¢-R;; bleeder.

Operation

When the receiver is completely wired the first
move should be to check detector operation. With
the 6AKS5 in its socket, but with no plate or screen
voltage applied to it, apply the plate voltage to
the detector and check for the customary hiss.
Try the regeneration control, By, to determine
whether the detector goes in and out of super-
regeneration smoothly. Some variation in values
of R and R4 may be necessary to attain this end,
and some 6C4s work better than others in this
respect.

Next, the tuning range should be checked by
means of Lecher wires or an absorption-type
wavemeter. With the values given, 144 Me.
should fall at about 80 on the dial, with 148 Me.
at around 60. The position of the r.f. coupling tap
on Lg will have considerable effect on the reso-
nant frequency of the combination. Its position
is not critical, except for its éffect on the tuning

(Concluded on page 108)

ing, as this will decrease the effective-
ness of the choke by increasing the
distributed capacity.

Power Supply is Important

Power supply filtering and regula-
tion are important factors in attaining
smooth and efficient performance with
superregenerative detectors. The power
plug mounted on the back of the chassis
(see Fig. 1 and rear-view photograph)
provides a separate connection (pin 5)

¢

Bottom view, showing audio
component arrangement.
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ARRL Band-Warming Party

First Postwar World-wide QSO Contest

February 22-28; March 1-4

EMEMBER the Sweepstakes? . . . and the

DX Contest? Could you forget them?!

Here is a postwar warm-up party to help
you get back into the swing and prepare for
thingh to come. It is a reunion session for all
amateurs. Renew your old friendships. Make
some new ones. ]

This Band-Warming Party is just what the
name implies. You will note some features taken
from the Sweepstakes, some from the DX Con-
test. It is a free-for-all. Amateurs all over the
world are invited to participate. Use voice, or
telegraphy, or both, as you choose. Note the extra
credit for contacts between 'phone and c.w. All
bands open to W and VE amateurs may be used.
The opportunity to add states towards WAS
awards is one of the attractive aspects.

The contest will be open for 118 hours over two

_ week ends. Get in on the fun during any fifty of
the available hours. The first week end includes
February 22nd, a holiday for many. Join the gang
for the postwar band-warming. See you there.
CQ BW DE W1AW.

Contest Dates

Contacts for credit may be made during the
following periods. Total operating time for both
week ends must not exceed fifty hours.

FEBRUARY 22-25
Starting: Friday, Feb. 22
7:00 A.m. PST; 8:00 A.m. MST;
9:00 a.M. CST; 10:00 a.M. EST (1500 GCT)
Ending: Sunday, Feb. 24
11:00 p.M. PST; Midnight MST;
1:00 a.M. C8T (Feb. 25);
2:00 .M. EST (Feb. 25)
(0700 GCT Feb. 25)
Marcr 14
Starting: Friday, Mar. 1
5:00 p.M. PST; 6:00 p.m. MST;
7:00 p.m. CST; 8:00 p.M, EST.
(0100 GCT Mar. 2)
Ending: Sunday, Mar. 3
11:00 p.M. PST; Midnight MST;
1:00 a.M. CST (Mar. 4);
2:00 A.M. EST (Mar. 4).
(0700 GCT Mar. 4)

How it Works

Any and all frequency bands open to ama-
teurs in the United States and Canada on the con-
test dates may be used. Contacts may be either
’phone or c.w., and between all amateur stations
anywhere in the world.

Wxo 18 ELigisLE: All radio amateurs.

CompeETITION: It is an operator competition.
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The highest one-operator score should be sub-
mitted in the case of stations having more than
one operator.

Results will be reported in QST, with leaders
in each ARRL Section and each Country
indicated.

GENERAL CaLL: On c.w. — CQ BW.

On ’phone — Calling any Con-
test Station.

ExcHANGE oF INFORMATION: Contacts should
be numbered consecutively as established. Each
station will send the contact number, signal re-
port, and name of ARRL Section in which lo-
cated. Outside stations shall use the name of
country instead of section. Example of informa~
tion to be exchanged: Nr 73 RST 459 Indiana.

Contact CreEpiTS: Each contact counts two
points if the specified information is exchanged
and receipted for both ways, or one point if in-
formation is receipted for one way only. Double
credit is given for contacts between ’phone and

c.w. stations. However, such credit will be given
only if contacts are initially established while each
station is using a different mode of communica-
tion.

IF TWO-WAY EXCHANGE OF INFORMATION I8

MADE —

Each 'phone to 'phone, or c.w. to c.w. QSO
2 pts.

Each ’phone to c.w., or c.w. to ’phone QSO
4 pts.
IF INFORMATION 18 SENT ONE-WAY ONLY —

Each ’phone to ’phone, or c.w. to c.w. QSO
1 pt.

(Concluded on page 112)
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=7 95 YEARS

HEAM‘S and flowers and cupids and a gal make
a Valentine cover for QST for February,
1921. There’s a radio set too, of course —a CRL
regenerator which an ad says is henceforth to be
called a ¢Z-Nith.”

Although Lester Spangenberg describes the
tube transmitter at 2ZM using four 5-watters
with an m.g. supply, the editor in this issue
reiterates our belief that the d.c. generator will be
outgrown in amateur c.w. work. In the lead arti-
cle, “I.C.W. from Sixty-Cycle Current,” LeRoy
Clausing from NRL describes a motor-driven
high-voltage reverser that will permit attaining
any desired tone frequency. Most of us have
progressed from the use of raw a.c. on one tube
to the use of two tubes, back-to-back, self-
‘rectifying. Hollis Hoffman and the editor go
around and around on this subject in ‘“Com-
munications,” the latter showing that a full-wave
self-rectifying circuit gives an output much better
suited for heterodyne reception than for a non-
oscillating detector. The supply modulation is far
from 1009, and we understand that at Aldene the
RCA has reduced modulation to about 309,
simply by utilizing the reactive properties of large
chokes. However, most of us don’t consider such
supplies satisfactory for ’phone use. In our first
article on ‘““An Electrolytic Rectifier for C.W.,”
P. J. Furlong, 1FF, our Boston city manager,
describes his four-jar arrangement of lead and
aluminum strips in a borax solution; “the darned
thing works like a charm.” The trend to c.w. is
sustained by a report of the constants of various
‘“Amplifying Bulbs,” particularly the foreign
ones, by A. E. Harper. )

The spark contingent is upheld by M. B. West,
old 8AEZ, with a provocative article on ‘Some
Whys, and Speculations as to Some Possible
Wherefores” — an article destined to start the
classic furor in amateur circles over the power
factor of an oscillating circuit. The world distance
records are still held by a spark station: 2RK,
Brooklyn, which leads off the station descriptions,
has been copjed in London, Gibraltar and off
Pernambuco, the latter 3600 miles. 2RK has a
4-wire flat top on 75-foot masts, with a United
Wireless 30,000-volt coffin, a Grebe synchronous
rotary, 4 Navy Leyden-jar condensers and a
heavy pancake O.T. 9ZJ, Indianapolis, has been
heard over two-thirds of the country using a
24,000-volt transformer with 200-cycle supply,
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feeding a 115-foot hexagonal cage antenna sup-
ported by two trussed pipe masts 88 feet high.
Antennas for spark sets continue to hold the
limelight, Boyd Phelps’ recent letter on fans hav-
ing caused a flurry of ¢ Communications” dealing
chiefly with the current distribution in the vari-
ous wires.

Flash! A new transcontinental relaying record
of 614 minutes has been established, Hartford to
Los Angeles and return — details next issue.
. « . Everyday Engineering Magazine, which has
been arranging trans-Atlantic sending tests for
early February, has unfortunately been obliged
to suspend publication. At the request of its
radio department editor, M. B. Sleeper, the
ARRL Operating Department is taking over the
tests and will see them through. We are not par-
ticularly optimistic, as *British amateurs have
not had the practical experience in shortwave
reception that we have benefited by over the
past 10 years.” ... Radio Inspector Kolster
calls attention to the constant violation of the
regulation requiring stations whose transmissions
might interfere with the reception of time signals
to remain silent during their transmission. .
QST continues its campaign to get amateurs
down to the legal maximum wavelength of 200
meters, the editor saying that if a Republican
Congress wasn’t unwilling to give a Democratic
administration enough money to enforce the law,
909, of our stations would find themselves shut
down. . . . An unusual receiving hook-up is
suggested from Mexico by Julio Prieto, he who is
destined to become the president of LMRE.
Particularly sensitive to continuous waves, it
employs an extra lead to the grid from the far end
of the antenna, where the potential is highest.
. . . Montgomery-Ward break a record with the
largest QST advertisement yet published — six
pages of standard components.

The highly-successful Midwest Division con-
vention at St. Louis in late December is reported
by none other than our unknown contributor,
The Old Man, in “Rotften S.0.L.,” the title
meaning that he was sorry for those who couldn’t
be there. He was. Some fun! During that conven-
tion our ARRL Board of Direction had a meeting,
“where for the first time our directors from the
West and South actually sat in with those from
the East and North, and we feel that the better
understanding all of us gained by that meeting
will do lots in strengthening our organization.”

0ST for




INTS = KINKS |

FOR THE EXPERIMENTE

MAKING OUT COLOR CODE ON
OLD MICA CONDENSERS

LD mica condensers on which the color code

is faded, scorched, or just plain dirty, will

show their original identifying colors if a drop of

water is placed on each spot of paint. — Thomas
E. G. Abbott, W6DTJ. .

AUTOMATIC HIGH-LOW RANGE
~ METER SWITCHING

I'r 18 often desirable to cut an amplifier’s plate
power input to a fraction of its original value.
Such may be the case with a 1-kw. rig operating
in a local net, in which it is desired to run less than
100 watts. The plate meter, usually 1000 ma. in
such a rig, is difficult to read below 100 ma. One
could more easily tune to resonance, with no load
on the amplifier, using a 100 ma. scale, were it not
for the danger of damaging the meter by acci-
dental overloads.

An automatic meter switch can be provided
with the addition of a relay and a pair of resistors
to the usual 1-ma. meter circuit. The relay, one
of a type that operates when 200 or 250 ma. flows
through its 'winding, automatically shifts the
meter shunt from high to low as the current
increases. The circuit is shown in Fig. 3.

This type of switching does not rely on the

R ] [ ]
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O
FROM POWER SUPPLY TO TRANSMITTER

Fig. 1 — Automatic meter switching to
read high or low currents. Ry operates
when 200 to 250 ma. is drawn through its
winding, thus shorting out Rs and chang-
ing the full scale reading from 100 to 1000
ma. when the resistances are used as
shown below. The relay winding must
pass 1000 ma. maximum current.

M — l.milliampere meter.

R1 — 1000 ohms, minus the meter resist-
ance.

Rz —1 ohm, 2 watt.

Rs— 3 ohm, 5 watt.

Ry — D.c. relay, designed to operate at
200-250 ma.
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human element, and will provide protection for
the meter and greatest ease in adjustment of the
circuit. Through the use of different values of
resistors, other current ratings may be obtained.
— Kenneth M. Miller, WONQJ.

A SIMPLE METHOD OF COUPLING
BETWEEN V.F.O. AND AMPLIFIER

I HAVE found.that’the output of my e.c.o. (A
Signal Shifter) is sufficient to drive an 807
buffer or doubler without employing a tuned cir-
cuit in the grid of the 807 stage, although the
e.c.0. unit is on the operating table several feet

v.fo. output Doubler or buffer 7

7"

Fig. 2 — Remote coupling method for v.f.0. or exciter.

from the transmitter. The method of connection
shown in Fig. 2 is, admittedly, an inefficient way
to transfer power; but maximum efficiency is
unimportant, so long as the stage receives suffi-
cient drive. The ease with which this 807 is driven
indicates that a higher-powered stage, employing
an 813 or similar tube, could be operated by the
same method. — Jokn P. Isaacs, W6PZYV.

e 0o mam

TWO SOLDERING HINTS

AN’EAT gadget for cleaning your soldering iron
may be,made as follows. Take an, old
phonograph needle cup, drill two small holes’and
screw it to the work bench, Pack it rather tightly
with steel wool. A twist of the iron in the cup —
presto, a nice clean iron. This idea is not original,
but it’s good. — Jim Lydon, 165 Church St.,
Milton, Mass.

—— ¢ ¢ emn

N THOSE hard-to-solder jobs, where the iron is

too amall for the job at hand, try pre-heating

the metal parts to be soldered with an electric hot

plate, toaster, or other source of heat. The iron

will not then have to lose so much heat, and the

operation can be performed successfully. — J..C.
Nelson, WSFU.

09




CONDUCTED BY E. P TILTON,* WIHDQ

HE QUESTION is often asked these days

“What is to become of the beginners and

Class-B licensees who want to work on
voice, now that 160 is no more?”’ Before a thou-
sand voicesshout “ What's wrong with 10 meters?”’
in reply, let's look over the characteristics which
are desirable in a 'phone band.
~ First of all, we want reliable local contacts.
DX is fine, but the beginner makes progress and
the oldtimer keeps his friendships by working
locally. We should have a frequency where 'phone
may be used with simple equipment, preferably of
low cost, so that the small-pocket-book boys will
not be too severely handicapped, and a small in-
vestment will bring a reasonable return. Our
Class-B band should be relatively free from
QRM; it should afford at least occasional oppor-
tunities for working DX; and it should be in a
portion of the spectrum where the use of c.w. pays
off sufficiently to encourage the newcomer in at
least occasional use of other than voice operation.
It should afford a chance to work on voice with-
out causing the operator to become embroiled
with his neighbors for miles around. Last, but
certainly not least, the ideal Class-B band should
be in a frequency range where experimental work
is possible, to afford a maximum of incentive to
the beginner to build and learn, rather than to
encourage the purchase of readymade kilowatt
rigs and commercial receivers.

Both 28 and 56 Mec. fill all these requirements,
with the possible exception of that referring to
local range, at least as well as 160 ever did, and
the qualities of the 5-meter band for local work
are such that many old hands at v.h.f. work will
contend, with some justification, that things can
be done on 5 that are impossible on 160.

How Far Can You Work on 5?

We have always felt that the men who regard
56 Mec. as primarily a DX band, and work other
frequencies except when 5 is open for sporadic-E
skip, are missing a large part of the pleasure and
satisfaction which can be derived from working on
the band. Many still think of 56 Mec. as a cross-
town proposition, and feel that some lower fre-
quency must be used to work beyond the horizon,
except when 5 is open. That this is untrue has
been proved repeatedly by consistent work over
distances beyond 100 miles, in several instances

* V.H.F, Editor.
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U.H.F. RECORDS
Two-way Work
56 Mc.: WIEYM-W6DNS, July 22, 1938 —
2500 miles.
112 Me.: W1BJE/W3FYB, September 6, 1945
— 355 miles.
224 Mec.: W6I0J/6-W6LFN/6, August 18, 1940
— 135 miles.
400 Mc.: W6IOJ /6-W6M YJ /6, September 14,
1941 — 60 miles.
5250 Mc.: W2LGF/2-W7FQF/2,
1945 — 31 miles.

December 2,

a

over difficult terrain. The fellow who is situated
in flat country should have no trouble in main-
taining reliable contacts over a radius of 100
miles in all directions, and work up to 300 miles,
and more, is possible more frequently than most
people realize. If a definite effort is made to
develop interest in local and extended-local work,
enthusiasts in any populous area should have no -
trouble in keceping busy. The writer has been
active on 56 Mec. since 1933, and finds it interest~
ing all the time, whether it is the DX season’ or
not. The new 50-Me. band should be even better.

While it is certainly true that reasonably high
power and complex gear pay dividends in im-
proved coverage, there is probably no band
where the beginner can do as well with a small
investment as on 5 or 6 meters. A 100-watt rig for
50 or 56 Mec. need cost no more than the same
power on 160, and the receiver problem can be
handled with a simple two-tube converter, which,
used with even the simplest communications
receiver, will give a fine account of itself. Both
the present and future bands are 4 megacycles
wide, assuring that QRM need never become a
limiting factor, causing operators to go to ever
higher power in order to override one another.

Of all the bands ever assigned to amateurs,
only 10 and 5 have exhibited, at one time or
another, every form of wave propagation in the
catalog. Five i3 more responsive to atmospheric
conditions than is Ten, and its reaction to spora-
dic-E has been such as to indicate that a WAS on
6 meters is at least an intriguing possibility. The
effect of the aurora borealis on 5-meter signals is
like nothing else in all of amateur radio, and
other lesser-known phenomena, such as reflections
from meteors, are at hand to keep us guessing.

In the experimental field, v.h.f. work holds
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vastly more possibilities than all low-frequency
bands combined. On 160, when the worker had
attained the ideal of a 1-kilowatt rig and a half-
wave antenna, he was through, except to go on
with the endless battle against QRM. The v.h.f.
man seldom reaches the high-power stage; practi-
cally all the outstanding work in the history of
the 5-meter band was done with less than 400
watts. He is working in a field where his results
depend more on his ability and ambition than on
the size of his pocketbook.

Why all this propaganda? Well, in a short time
we’re going to be changing to 6 meters. The new
band will have all the desirable characteristics of
the old, plus the entrancing possibility of F2-
layer DX. Transcontinental and transoceanic
contacts are almost certain to be made before we
pass the peak of the current sunspot cyecle. By
next fall, the maximum frequency for F2 work is
almost sure to have gone above 50 Mec.; but it
won’t do anyone any good unless hundreds of
amateurs get going on the band in all sections of
the country.

Just listening on the band, when conditions
look good on 10, will not be enough. Since Novem-
ber 15th, 56 Mec. has been open for both sporadic-
E and aurora DX on numerous occasions; yet
almost no contacts have been made. Why? Be-
cause too many fellows were listening and waiting
for someone to break through, before taking the
trouble to get on themselves. The fact that
sporadic-E skip has been appearing on 10 at the
rate of one night in three since November 15th
indicates that we are in the midst of the best
winter season in the history of modern 5-meter
work. Certainly the spring DX season will hit a
new high — but there will have to be stations on
the band before anyone will know it!

Right now is none too soon to get gear going.
Transmitters, receivers, and antennas constructed
now for use on 56 Me. can be converted to 50 Me.
when the change comes, with a minimum of
effort. Polishing that equipment off in consistent
nightly work over local and extended-local paths
will guarantee that its performance will be top-
notch when the spring DX season begins to break,
sometime in April. Let’s get going!

November 28th afforded the first strong short
skip on 28 Me. Signals were heard t