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Australia
June 18, 1943

Hallicrafters
Chicago, Illinois
U.S'AI

Dear Sirs:

In the May issue of QST, appeared a picture
of your Hallicrafters Model S-29 Radio...and a
group of men and myself listening in on a
program...in the New Guinea area.

The Radio which appears in this picture was
purchased by myself in August, 1941. This same
radio has been in continuous operation...and has
caused no trouble.

This Hallicrafters Model S-29 was one piece
of equipment which every man...was anxious to
carry. It was carried at all times...through New
Guinea jungles...in the midst of a jungle swamp
.+.where tropical rains fell heavily...in extreme
damp heat, this radio never once faltered. It
brought untold relief to every fighting man...
caused tense nerves to become relaxed, bringing
happy moments to dark surroundings. The part
played by this instrument could never otherwise
be duplicated. Every night...the fellows would
listen to the news from home. Notes were taken
...and news was called to the troops on front liane
duty. Without this radio there would have been
no contact with the outside world.

This same radio is operating perfectly and
the only replacement needed was a new set of tubes.

Sincerely vyours,
Glen V. Blakeslee

BUY MORE BONDS!

e hallicrafters ca.

CHICAGO, U. 5. A, §

WORLD'S LARGEST EXCLUSIVE MANUFACTURERS OF SHORT
WAVE RADIO COMMUNICATIONS EQUIPMENT
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“1HE McELROY copE

if you plan to
participate in
tomorrow’s
electronic era...

perhaps a McEiroy
engineer can be
of service to you.

This is the McElroy code. This is the key to our thinking. This is
the force which generates McElroy initiative, This is the power
of creative engineers in concerted action. The new McElroy
Model XTR-442B Automatic Transmitter is accurafely cali-
brated in words per minute and will dperate at speeds from
5 to more than 200 words per minute. Speed is constant and
will not vary. The XTR-442B is one of the reasons why McElroy
is the world's largest manuiacturer of automatic radio tele-
graph apparatus. Write direct for additional information.

MANUFACTURING CORP.

82 BROOKLINE AVE., BOSTON, MASS.

WORLD'S LARGEST MANUFACTURER OF AUTOMATIC RADIO TELEGRAPH APPARATUS

P CRLA R

e e il

plasma helps save lives . . .
donate a pint of blood fo the Red Cross today.




MCcELROY does it ,_ug'uin!\

s

WM

Aware of the need for ‘ch instrument ihaf would provide "m‘orvo efficient marine
radiotelegraph communications, Ted McElroy* arid his creative engineers have per-
fected the Model PFR-443 Wheatstone Code Tape Perforator.

Speed limitations of hand sending coupled with ceriain restrictions of manual
operation have oftimes proved costly in time, money, and lives. Now, because of
precise electrical and mechanical features, this new Perforator practically eliminates
the human margin of error. These prepared tapes feed through automatic radio- .
telegraph transmitters. '

Simple to operate, the PFR-443 performs automatically or semi-automatically. Any-
one with a basic knowledge of signal codes can prepare tapes cleanly and accu-
rately at speeds up to 50 words per minute . . . not only in Intemational Morse, but
in all other codes used throughout the world. Wheatstone Perforated Tapes also
serve as file records of all {ransmissions. Additional information may be obtained
by writing to McElroy Manufacturing Corporation.

* WORLD CHAMPION RADIO TELEGRAPHER FOR MORE THAN 20 YEARS*

Hasten the pe .o keep b




Section Communications Managers of the A.R.R.L. Communications Department
Reports Invited. All amateurs, especially League members, are invited to report communications activities, training
plans, code classes, theory-discussion groups, civilian-defense buxIdm or e{)hnmng each mid-month (16th of the month for
the last 30 days) direct to the SCM, the administrative official of ARRL elected by members in each Section whose address
is given below. Radio Club reports and Emergency Cobrdinator reports r Eresentmg community organized work and plans
and progress are especially desired by SCMs for inclusion in QST. ARRL Field Organisation appointments, with the
exception of the Emergency Codrdinator and Emergency Corps posts, are suspended for the present and no new appoint-
ments or cancellations, with the exception named, will be made. This is to permit full efforts of all in Emergency Corps plans.
_ ATLANTIC DIVISION
Eastern Pennsylvania 3BES Jerry Mathis 6208 Master St. Philadelphia 31
Maryland-Delaware-District . : 9701 Monroe St.
of Columbia W3CI1Z Hermann E. Hobbs Silver S . Linden, Maryland
Southern New Jersey W3GCU - Ray Tomlinson 623 E. Brown St. Trenton 10
Western New York W8MC William Bellor 186 Dorsey Rd Rochester
Western Pennsylvania Ww8C E. A. Krall 703 Broadway Hast McKeesport
CENTRAL DIVISION. _ 3
[llinoig* WV%LZ George Keith, Jr. Box 22-A, R F.D. 2 Utica
ndiana WIEGQ Herbert S. Brier 385 Johnson St. Gary
Kentucky WOARU Darrell A, Downard 116 N. Longworth Ave. Loui-vﬂ!e 12
Michigan WS8DPE Harold C. Bird R.E.D. 2 Pontiac
¢hio 8CB D, C. McCoy Normandy Lanpe, R.R.7 dy
Wisconsin 9] il Felber, Jr 1625 N. 18th St. Milwaukee 5
DAKOTA DIVISION,
North Dakota W9YVF {;ﬂln W. McBride 420 West 12th St. Sioux kalls, South Dakota
South Dakota WoOvVY Schultz 118 N. Yankton Ave. Pierre
No! rn Minnesota WIFUZ Armond D. Brattland Ws;acrh}’r({ductjon Training Glenwood
Schoo
Southern Minnesota WIYNQ Millard I.. Bender 608 N. Huron Ave. Spring Valley
DELTA DIVISION
Arkansas WSGED Ed Beck 2503 Bishop St. Little Rock
Louisiana WSsD w. & Wilkinson, Jr. Room 313, Jefferson Hotel Shreveport
Miassissippi WSHAV P. W. Clement 824 Santmx St. ilox]
Tennessee W4sP James B, Witt R.F.D. 6, Shady Dell Trail Knoxville
_HUDSON DIVISION.
Eaatern New York W2LU Robert E. Haight 511 So. Holmes St. Scotia
N. Y. C. & Long Istand W2AZV E. L.. Baunach 102 Central Ave. Massapequa, L. I.
Northern New Jersey WwW2CQD Winfield G. Beck 617 Spruce St. Roselle
MIDWEST DIVISION
owa WYAED Arthur . Rydberg Mitchellville
Kansas WOAWP A. B. Unruh 1617 S Senecg St. Wichita
Missouri* WoOUD Mrn "Letha A. Dangerfield Box 2 Lee’s Summit
Nebraska W9PO Roy E. Olmated 101 Ankarn Ave, Wauneta
NEW ENGLAND DlVlSION._ i
Connecticut WIKQY Edmund R. Fraser 48 Willow St. West Haven 16
Maine* WI1AQL G.C. Brown 379 No. Main St. Brewer
Eastern Maasachusetta WIALP w%nk L. Baker, Jr. 91 Atlantic St. North Qulncy 71
Western Massachusetts WI1JAH liam J. Barrett 239 Columbia St. dam
New Hampshire WIEFTJ Mrs. Dorothy W, Evm- P. O, Box 312 Con d
Rhode Island WIHRC Clayton C. Gordon 70 (‘olumbln Ave., Gaspee Plateau, Frovidence §
Vermont iIN Burtis W. Dean P. O. Box 81 Burlington
NORTHWESTERN DIVISION
Alaska K7GNN ames G. Sherr Homer
Idaho W7AVP Don D. Oberbi P. O. Box 486 Boise
Montana WwWIicPY Rex Roberts Box 1088 Glendive
(Qregon WTGN{) Carl Austin 1137 cheral ene
Washington WITFW 0. U. Tatro 513 N. Central Olympia
PACIFIC DIVISION, _
Hnwah KG6ETF ‘rancis T. Blatt 837 16th Ave, Honolulu
Nevac W6BIC Hdward W. Heim 509 Claremont St. Reno
mtn Clara Valley weluz Farl F. Sanderson 600 Acacia Ave. $an Bruno
{ast B 6TI Horace R. l:rec 414 Fairmount Ave. Qakland
an Brancweo W6CIS Kenneth E. Hughes 590 35th Ave. San Francisco
acramento Valley W6MDI1 Vincent N. Feldhausen 113 South Quincy St. McClaud
Philippines KAIGR S L. Rickard Box Manila
San Joaquin Valley* WoMIW Ralph C. Lowry 315 Santa Barbara Modesto
ROANOKE DIVISION.
North Carolina W4CYB Wortm . O. Box 566 Morganton
South Carolina W4BQE/ANG Ted Fexa 1213 Colleae St. Columbia
Virginia W3AKN Walter Wnlkar 217-51 Newport News
West Virginia waJy Kenneth M. Zinn P.O. Box 132 Clarksburg
ROCKY MOUNTAIN DIVISION
Colorado* WOVGC H. F. Hekel 2743 Julian St Denver 11
Utah-Wyoming WI7DIE John 8§, Duffy 938 D'’ Rock Springs, Wyo.
SOUTHEASTERN DIVISION
Alabama W4GBV Lawrence J. Smyth 808 Winona Ave. Montgomery
Eastern Florida* W4BYR - Frank C. Fassett 1712 Hills Ave. ampa
Western Florida W4AXP Oscar Cederstrom 408 S. Pine St. Warrington
Georgia W4FD]J! Emest L. Morgan K.D. 4 Lyo.
West Indies (Cuba) M20. Mario de la Torre Eacobar 110 (Altos) Hnbana, Cuba
(Puerto Rico-Virgin Islands) K4KD Everett Mayer 24 Lindberg St. Santurce, P. R.
SOUTHWESTERN DIVISION. .
ILos Angeles \VKRW H. F. Wood 723 N. Las Palmas Ave. Hollywood
Arlzona WeRWW Douglas Aitken 341S. M¢t. Vernon Ave.  Prescott
San Diego W6BZE Richard Shanks 4033 S. Hempstead Circle $San Diego
_WEST GULF DIVISION,
Northern Texas W3ITAU N. R. Collins, Jr. 2230 W. Amberst Dallas
Oklahoma WSGFT Russell W, Battern Box Enid .
Southern Texas SMN Horace E. Blddy 1746 Schllt\?r Ave. San Antonio
New Mexico WSHJF . G. Hanc 110S. E, Nevada St. Portales
MARITIME DIVISION,
Maritime VEIDQ A, M. Crowell 69 Dublin St. Halifax, N, S.
ONTARIO DIVISION.
Ontario VE3EF Flying Officer Donald R. Gunn c/o Canadian Bank of
Com erce New Toronto, Ont.
QUEBEC DIVISION.
Quebec VE2CO Sub-Lieutenant L. G. Morria c/ 0 Room 604. 1111 Beaver
all Hill Montreal, P. Q.
VANALTA DIVISION,
‘ Alberta VE4AGE {a.xmeson 581 W. Riverside Drive Drumbheller, Alta.
British Columbia VESDD 1634 West 3lst Ave. Vancouver
- J’RAIRIE DIVISION,
Manitoba VE4AAW "A, W: Morley 153 Sherbrook St. -  Winnipeg
Saskatchewan VE4SY Arthur Cheswon.h 1071 4th Ave., N.W Moose Jaw

*Officials appointed to act until the membership of the Section choose permanent SCMs by nomination and election.




Can you use this

new — .0004" — flexible material?

In developing and manufacturing entirely new Electro-Voice Microphones our engi-
neers have had to experiment in nearly all branches of the scientific arts. About a year
ago, one important microphone project was delayed because a thin and extremely
flexible sheeting material was not avdailable commercially.

Although we aren’t chemists, we finally developed. what we believe to be, another
Electro-Voice “first” . . . a method of sheeting a flexible material to as thin as four
ten-thousandths of an inch. It is a material that can be stabilized, and one that will retain
all of its characteristics from —40°F. to +185°F,

We design and manufacture microphones . . . have been doing it for the past 16 years
... and we intend to stick to our own field. However, if you're in war production and
can use this new material, we'll be glad to save you the time and trouble of
developing it yourself. Just tell us how much you need. . . we'll fill your order.

Blood donors are needed immediately . . . . see your local Red Cross

&am%we MICROPHONES

ELECTRO-VOICE MANUFACTURING CO., INC. - 1239 SOUTH BEND AVENUE - SOUTH BEND, INDIANA
Export Division: 13 East 40th Street, New York 16, N. Y. — U, S, A, Cables: ARLAB
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Directors

President
GEORGE W. BAILEY ..........000ve. WIKH
1530 P 8t., N.W., Washington 25, D, C.

Vice-President
CHARLES E. BLALACK .. .. ..ovvasen WwW6GG
Rox 108, Yuma, Ariz.

Canadian General Manager

ALEX REID. . ....cvtrivinnaennsannn VE2BE
240 Logan Ave., 8t. Lambert, P. Q.
Alternate: Leonard W. Mitchell. .. ....... VE3AZ

78 Raglan Ave., Toronto, Ont.
Atlantic Division

WALTER BRADLEY MARTIN........ w3Qv
Address correspondence to the Acting Dlrector:
HERBERT M. WALLEZE............. W&BQ

P. O. Box 18, Drums, Pa.
Central Division

GOODWIN L. DOSLAND............ WoT8N
11831 Longwood Drive, Chicago
Alternate: Everett H. Gibbs. . ............ W8AQ

405 Rroad St., Wadsworth, Ohto
Dakota Division

TOM E, DAVIS............coivennnn .Wovva
915 W. Becker Ave., Willmar, Minn.
Alternate: Donald M. Beaudine. ... ....... WORPJI

2821 Carson Way, Sacramento, Callf.
Delta Division

E. RAY ARLEDGE.......ccii-rzhase .. WS58E
340 N.E. 20th Terrace, Apt. 7, Miami 37, Fla.
Alternate: B (. LowerySmith........... W4DEP

9 N.E. 41st 8t., Mlaml|, Fla.

Hudson Division
R()BERT AKERIDGE KIRKMAN....W2DSY
250 Albert Place, Elberon, N. J.
Alternate: George Rulfts, jr.
17221 Highland Ave., Jumalca., L. I

Midicest Division

FLOYD E. NORWINE, JR......-..... WOEFC
* 7405 Hlawatha Ave., Richmond Helghts, Mo.
Alternate: Willlam H. Graham .. ........ W9BNC

6915 No. 318t Ave., Omaha, Neb.
New England Division

PERCY C. NOBLE.....co0tsuoseenns WIBVR.
A7 Broad Bt., Wesmejd Mass.

Alternate: Clayton C. Gordon. .......... WIHRC
70 Columbia Ave., Warwick, R. I.
Northicestern Division
KARL W. WEINGARTEN (... cennes W7BG:
3219 N. 24th St., Tacoma 7, Wash.
Alternate: R. Rex Roberts.............. W7CPY.

110 W. Brennan 8t., Glendive, Mont.
Pacific Division

J. L. MCCARGAR . .. ..ivevvrorccnrnens WOEY"
66 Hamllton Pl., Oakland 12, Cslif.
Alternate: Elbert J. Amarantes, . ........ W6FBW’
1675 Dale Ave., San Jose, Callf.
Roanoke Division
H. L. CAVENESS.......000uv.n .W4DW
2607 Vanderbllt Ave., Ralelgh, N.C.
Alternate: J. Frank Key.....ocvvvonoesan W3ZA

Box 707, Buena Vista, Va.
Rocky Mountain Division

¢, RAYMOND S8TEDMAN........... WICAA
925 fo. Gaylord St., Denver 9
Alternate: Willard C, Wright. . .......... 1W9BQO

Box 891, Denver
Southeastern Division

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

Fleming Road, Montgomery, Ala.

Southicestern Division

JOHN E. BICKEL........c.o0vueuiss W6RBKY
1844 E. Whittler Blvd., Whittler, Calif.
Alternate: Fldridge E. Wyatt, jr......... WBARW

5291 E. Broadway, Long Beach, C'alif,
West Gulf Division

WAYLAND M. GROVES............. W5SNW
¢, Humble Pipe Line Co., Hawkins, Texas
Alternate: Jennings R. Poston. . .... veveese s WBAZ

Box 246, Mabank, Texas




“IT SEEMS T0 US—

QRD

ARroUND the United Nations, and
particularly in the United States, there is now
increasing talk of the need for planning the
postwar future of the radio art to get the
maximum benefit from war-born advances. In
fact, elsewhere in this issue we report the
preliminary organization of one such U. S.
planning group, one in which ARRL will act
:as both a sponsor and a participant. Thus we
:approach the first small steps on the way back
to the resumption of peacetime amateur
operating.

As these various studies get under way, we
«can safely assume that it will be demonstrable
that the radio amateur has richly repaid his
country for his privileges to date. But it seems
to us that the time is arriving when we shall
need also to formulate a more complete state-
ment of the eventual objectives of organized
amateur radio than we have had in the past.
In short, we need something that gives the
sailing course for a planned future for amateur
radio as an institution. How should we state
our aims, our policy? It is a subject on which
we should like to invite the reactions of the
members of the League.

It is our thought that we shall need some
such bright shield, partly to give ourselves
guidance, partly to have something to hold up
hefore the world that will commend itself to
the minds of legislators and administrators and
to the enlightened self-interest of the other
segments of the radio community. Where are
we going with this art? What is our ultimate
intention, as the possessors of the only right
.accorded the private citizen to engage in
:private communication? As we see it, we owe it
to ourselves to state our principles in terms
that far transcend the transitory individual
pleasures of pursuing a hobby -— which is
only the superficial aspect of amateur radio.
True, in the brave new world of the future the
pursuit of happiness, in the highest sense of
that phrase, is, we understand, to be an
important ingredient. We are to expect a
world with heavy accent on the merit of those
intellectual, cultural and ‘plain-amusement
things that contribute to the happiness of life.
Of course, amateur radio is distinctly one of
those things. But we suspect that 1t is also
going to be a hard-headed world, and the
radio part of it probably still will be marked by

greed and disfigured by business dog-fights.

.~ Unquestionably the radio amateur will have to

continue to earn his salt: he must recompense
society for letting him pursue his art. #

So we propose that we now engage in some
self-examination. We at ARRL headquarters
have been proud of and reasonably content

. with the aims and standards of our kind of

amateur radio. We have been able to point at
the collateral advantages to the nation that
flow from this pursuit of a hobby; as, for
example, in supplying a reserve of trained
operators and technicians for military and
industrial needs, in our contributions to the
technique, in our constant preparedness to
render emergency service. Do these things
constitute a suflicient philosophy for the
future? We think they do, but we are not
entirely sure.

In any such attempt to get down to funda-
mentals in our thinking, we are inevitably led
to examine the definition of an amateur.
Both by world treaty and in our own regula-
tions he is defined as a person with a non-
pecuniary interest in the technique of radio.
It is worth noting that in England, for ex-
ample, the amateur must undertake experi-
mental work. In this country we have tended
toward simpler qualifying examinations and
have done many things that encourage mere
operation of a station to the dereliction of
individual technical growth or of experimental
work. We find it difficult to determine whether
this is a weakness or a source of great strength.
In this country we always have had addi-
tional operating rights not enjoyed by ama-
teurs of other countries; and it has been in our
thoughts that, as a result, the American
amateur was a better-rounded amateur, and
that our traffic-handling skill and our capa-
bilities in emergencies were among the strong-
est justifications for our existence. Nonethe-
less, we suggest that in any soul-searching in
which we now engage it would bé the part of
self-interest to re-study the relative emphasis
which should be given operating matters and
technical matters in the specifications for the
postwar amateur, We all know that in the
past we have had many amateurs who have
had neither interest nor ability in the technical
side but who were perfectly content to buy a
transmitter and receiver and simply operate
them for the pleasures of communicating.



American hams on the average are the best
operators in the world — and many of them
qualify as the worst informed. We have laid
considerable store on building a reservoir of
skilled operators. Of course this is very desir-
able, if it can be done in addition to advancing
ourselves in technical proficiency and at no
expense to our group security, but in our plans
for the future are we sure that will prove to be

on the right track? It could be pointed out, for

instance, that in almost any other country
such a situation would not be tolerated, for
there the amateur is primarily an investigator
of the technique. When amateur radio is
criticized in this country as a useless employ-
ment of frequencies, the critics claim that our
fellows are merely conversing to amuse them-
selves and are contributing nothing and learn-
ing nothing; or that our traffic activities are an
improper and unintended utilitarian expansion
of the amateur franchise. Our critics do not
appreciate as readily as you and we the fun-
damental truth of these matters: that these
things are the raw material of training, and
that an amateur, by tinkering his station to
where it got out well and by learning to work
through the world’s worst QRM, was, despite

these inanities, developing personal skill botk
in the technique and in operating. And operat-
ing has other justifications: its contributions to
international amity and domestic friendships,
its educational value, the good that attaches
to any morally healthful avocation. Even the
puerile ragchewing was largely an outlet for
people otherwise intellectually starved. But
we must also look to the criticisms and ask
ourselves whether the old pattern will be a
sufficiently persuasive philosophy for our
future in a world where there is going to be
tremendous pressure for frequencies.

This whole subject of postwar planning is,
admittedly, a complex one. Involved in it also
are many questions of internal organization
and policy. But these come in the second
phase; the first phase is the campaign for
restoring amateur radio to active status as
800D a8 tlI;ZSSible after the war shall end.

It is that phase we are concerned with now.
It has many ramifications, of which the above
is, to our mind, one of first importance. What
do you think about it? Our correspondence
columns are open for discussion of this and
other aspects of our postwar rehabilitation.

K. B. W.

« SPLATTER «

OUR COVER
TaE March of the Megacycles”’ might be
one title for this month’s cover. Or something
might be worked out about ‘“The Orbit of the
Octaves,” or possibly ‘“The Dashing Decades”
— or even “The Beat of the Bands.” . . .

Before this goes too far, let it be said that the
idea (as we hope yau’ve guessed) is to create an
impression of the amateur frequency bands
marching in octaves up the spectrum to the fu-
ture. Conventional coils convey us from 1.7 Me.
up to 30 Mec., whereupon coaxial and parallel
resonators take us up to the ultrahighs, There, on
the border of the unknown, we approach the
realm of the (to stay-at-home hams, at least)
still-esoteric hollow wave guide and its ilk.

Sort of a postwar phantasy — if you want to
take it that way.

LR

FOOTNOTES

WrTH one exception, each of the non-staff
contributors to this issue qualifies as a bona fide
old timer. We might even claim a perfect showing
by disqualifying the “exception” on a technical-
ity; as yet he’s a ham in name only, having been
licensed post-Pear]l Harbor.

Anyway, to get down to business, this month
we welcome back to QS7”s pages an old friend —
William A. Adams, W6ANN — “Annie” to
most of the boys on most of the bands since that
other wartime close-down. You may remember

10

him as the western terminus (Atwater, 2JN, was
on the eastern end) of the first transcontinental
contact on 10 meters back in 1928, He turned in a
superb performance during the 1932 Southern
California earthquake emergency, too, consti-
tuting himself practically an ertire national relay
network on 14 Mec. Recent years have seen
‘“ Annie’s”’ interests concentrated almost entirely
on the very-highs, especially on 112 Mec. That’s a
subject he tells more about in his story on WERS
frequency measurement (p. 30). . . . The new-
comer — both to QST and to the air — men-
tioned above is Frederick M. Burkle. He be-
came interested in radio four years ago, simul-
taneously with buying his first copy of QST. He's
been reading it ever since, too, apparently with
no ill effects — except that it has kept that radio-
bug infection alive. Following plenty of home
study and an ESMWT course at Yale University,
he went up for his Class B exam in August and
received his ticket September 25th. Meanwhile
he’d been active in the Hamden WERS system
from the beginning, not only as an operator but in
helping with the original installations and build-
ing gear (as per p. 23). Right now radio is only a
hobby with him — his job is in the information
department of the Southern New England Tele-
phone Co., to which he transferred from the en-
gineering department — but sooner or later he
hopes to make radio his life work. . . .

A. D. Mayo, W4CBD, became a ham almost
exactly twenty years ago. He was just 13 then,
and his call was 5DF. The W4CBD tag was as-
signed in 1932, a year before he graduated from
Alabama Polytech as a chemical engineer. The:

(Coniinued on page 84)
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CD-WERS, 1944 Style

A Modern Mobile Emergency Transmitter-Receiver

BY FREDERICK A.

This article describes a mobile unit
which can be mounted conveniently in
practically any automobile. The unit is
complete in itself and requires nothing
more than an antenna and the primary
source of power. It is flexible in control |
and in application to mobile-, portable-
or fixed-station use. Many of the supply
problems of wartime construction have
been solved by the author’s ingenuity.

THE advancement of the art of emergency
communication within the War Emergency Radio
Service presents to the amateur a challenge
differing in many respects from any he has met
heretofore. True, he has served adequately in
local emergencies under serious handicaps many
times over, with solid credit to our avocation.
Emergency service for the duration of the war is
quite another matter, however, and WERS is
giving him the first real opportunity to handle
such an assignment.

Generally, in meeting past emergencies, he
taped a discarded dipole to the car window frame,
threw an experimental bread-board rig into the
back seat, and tapped the car battery or car
radio for power. Then, enlisting the wife as driver,
he set off in a cloud of dust,

LONG,* EX-WS8NE,

EX-WS8BSL

gadgets continually cluttering up the car. No,
the days of haywire hops are dead and gone. The
1944 CD-WERS mobile rig needs to be an inte-
gral part of the car’s equipment, ready to go on
ten seconds’ notice.

The present WNYJ-66 rig is designed for
WERS and modern mobile emergency-service
conditions. The transmitter, receiver and power
supply are constructed as a single unit. The only
extra items of equipment needed are the antenna
and a source of primary power. A.c. or d.c. power
may be used interchangeably. Operation may be
mobile, portable, or at a fixed location. The rig
is “push-to-talk’ controlled. Al control is from
the panel, which measures 4 X 12 inches and is the
only part in sight when installed under the cowl
of the car. The part that is out of sight is equally
compact: 10 X 12 X 8 inches. With fourteen watts
input, furnishing seven watts of 90 per cent
modulated carrier output, the rig can work any-
thing the receiver can bring in. It is not critical
with respect to antennas; almost any sort can
he coupled to it, with approximately the same
degree of efficiency. The modified “J” discussed
later does, however, seem to have a slight edge
in performance, when fed with a good 80-ohm
coaxial line. The rig is not difficult-to construct
or to get into operation. There are no trick cir-
cuits, although careful planning of the layout is

hoping to Marconi that the
darn thing would work if and
when he got there. Thanks to
ham ingenuity, usually it did
work. That, however, was the
year before last — or the year
before the year before that.
Now we have an emergency
every day and all day. WERS
operators live like firemen,
waiting for the siren twenty-
four hours a day. This busi-
ness of putting-it-in, taking-it-
out, putting it in again and
taking it out again eventually
brings signs of wear and tear
on the car as well as on the
gear. After the fifth month
and forty-seventh alert, this
creates in the soul of the op-
erator an awful pall of bore-
dom, not to mention the oft-
repeated comments of the
wife on those blankety-blank

*468-41 Forest Drive, Douglaston,
L. I., N. Y. Borough Radio CoGrdi-
nator, Queens County.

be determined by the

The WNYJ -66 mobile transmitter-receiver, showing panel arrangement and
mounting supports for mstallanon under the cowl. Location of the speaker will
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t of the grill on the car instrument panel.
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essential. Rubber-cushioned mountings are pro-
vided where needed. Thus we have compactness,
adequate power, and flexibility. Approximately
one watt of power is delivered to the antenna for
every tenth of a cubic foot of space in the unit
—-and that’s with the power supply and receiver
heing counted in for good measure.
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At about this point I hear a voice saying,
“Qh, well, sure — if you have a hundred bucks
and can get all the parts you want, to say nothing
of priorities, then anybody can do it!” Well,
brother, this rig was built just like you built
yours. I didn’t even have any power tools avail-
able, beyond a borrowed drill press. No hundred
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Fig. 1. ~~ Wiring diagram of the WNYJ-66 WERS mobile transmitter-receiver unit.

(C1 — By-pass condencer in handsct
(approx.0.0001 »fd.;seetext).

Cg — 50-pufd. mica.

Cs — 8-ppfd. ceramic midget var-

1able.

Cg — 0.05-ufd. paper, 400 volts.

Cs, Cs, Co — 0.01-ufd. paper, 400

volts.

Co — 35-pufd. doubled-spaced ce-
ramic midget variable.

Cz, C10 — 100-2pfd. mica.

Ciy, Gig—0.1-ufd. paper, 400
volts.

Cig, C17 — 8-ufd. electrolytic, 450
volts.

Cis — 5-pfd. electrolytic, 25 volts,

Ci14 — 0.03-pfd. paper, 400 volts.

Cis — 25-ufd. electrolytic, 25 volts.

Cis, Cze—0.002-4fd. paper, 400
volts.

Ci19 — 0.008-4fd. paper, 1600 volts.

Ca0 — 0.5-ufd. paper, 400 volts.

Ca1 — 1-ufd. paper, 600 volts,

Cag — 8-ufd. electrolytic, 500 volts.

Cgs — 16-ufd. electrolytic, 475
volts.

Ca¢ — 4-pfd. electrolytic, 450 volts.

Cas — 5-ufd. electrolytic, 50 volts.

R1 — 5 megohms.

Ra — 3500 ohms, 10-watt.

Rs — 25,000 ohms, 1-watt.

R34 — 0.5-megohm potentiometer.

Rs — 75,000-0hm wire-wound po-
tentiometer.
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Re — 50,000 ohmas, 2-watt.

R7— O.I-megohm potentiometer.

Rs — 1300 ohms, 1-watt

Re, Rnn —0.1 megohm 1-watt.

Rio —= 50,000 ohms, 1-watt.

Riz —- 900 ohms, 1-watt.

Ris — 50,000-ohm potentiometer.

Rus —7500 ohms, 25.-watt.

Ris, Rie — 50 ohms, 2-watt.

Ri7 — 5000 ohms, 2.watt.

RFC,, RFCg, RFCy —- v.h.f. choke
(Ohmite Z-1)

" RFCz — 80-mh., r.f. choke

RECp— 40 turns No. 14 enameled,
L4-inch diameter, wound in
2 layers.

RFCs — 10-mh. r.f. choke. -

RY:1 — D.p.d.t. 6-volt d.c.. relay
(good insulation). -

- RY2 — D.p.d.t. 6-volt d.c. relay.

T1 — Microphone transformer

(Thordarson T-86A02 or )

equivalent). ..
Te — Driver transformer (UTC.S8
" or equivalent).

Tz — Modulation transformer{UTC

'CS24 or equivalent).

'[‘4-—Dpeaker transformer, 4000-

ohm input.

U's — Plate transformer, 6-volt d.c.
and 115 volt a.c. primaries,
400-volt center-tapped 150-
ma., or 300-volt center-
tapped 200-ma., secondary.

T'e ~— Filament transformer, 115-

volt a.c. primary, 6.3-voit
a.c. secondary, 50 watts.
SH — Flexible braid shielding.
P1 — Female plug, 6 contacts.
Pz — Male socket, 6 contacts.
J1 — 4-spring jack.
Jz — Heavy-duty banana jack.
BP — Bmdmg posts.
“*l, S4, S5 — S.p.s.t. toggle switch.
bs — D, p.d.t. toggle switch.
S3 — D.p.s.t. toggle switch.
Ss — 8.p.d.t. toggle switch.
S7 — 3-p.d.t. anti-capacity switch.
PL — Dial light.
M — 0-200-ma. milliammeter.
Li—4 turns No. 12 tinned, !5
inch diameter, turns spaced
to hit band (about 1§ inch).
I.» — Swinging pick-up coil, 2 turns

No. 12, Y.inch diameter,
spaced only to scparate
turns.

T.2 — 2 turns 3g-inch copper tubing
or No. 10 wire, 34.inch
dianieter, spaced #j-inch
between turns.

L4 — Swinging plck-up coil, 2 turns
No. 12, #{-inch dw.mcter,
turns spaccd half diamcter
of wire.

Ls ~ 4 to 10 henries, 150 ma.

SPKR — 5-inch permanent-mag-
net speaker.

VIB — Vibrator (Mallory No. 825
or ‘equivalent).

F — 6-volt 30-ampere fuse.
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bucks, no pre-war source of supply, no priorities,
no pull! The parts came from friends, bargain
counters, junk boxes, and an old b.c. receiver.

To make the vibrator transformer, for example,

the power transformer from that old b.c. re-
ceiver was rewound turns-per-volt by turns-
per-volt, squeezing the core in a vice for easy
removal and re-insertion. The shields, boxes and
all, were formed from discarded aluminum-base
acetate transcription dises. If you have a friend
in the right place at a broadcast station, you
can probably talk him out of the two or three re-
quired; if not, you can make out with the metal
from big tin cans, or even galvanized iron or
flashing from the hardware store. Incidentally,
if you can get the discs, the acetate can be peeled
off by soaking for L0 minutes in boiling water,
then scraping the edge off with a knife. After
running the edge of the knife halfway around
under the film, lift it and peel off in one sheet.
If you haven’t the two d.p.d.t. relays on hand,
they can be built up with solenoids from buzzers
or door bells, using clock-spring leaves and contacts
made from old silver spoons. (They do say it'’s
agin the law to use a thin dime!). Relays designed
for 5-volt operation perform better on the 6-volt
supply in mobile service. They have more ‘“snap,”’
and the springs can be tightened to avoid chatter
from car vibration. It is a good plan to mount
relays on end, or upside down. In those posi-
tions the moving contacts are aided both by
gravity and by spring tension, in the receiving
position. In the transmit position there is usu-
ally less trouble with chattering of contacts.
The mike transformer was

e EwRTYPY ss

Actually, there is plenty of equipment available
for WERS unit construction, if an effort is made
to search it out and a bit of ingenuity gxercised to
adapt what is available to the need at hand.
WERS builders need to recapture the spirit of
hams of the 1915-1922 era. Remember the drilled
marble base for the lightning switch, the graphite
pencil-mark grid leaks, the contact points on the
loosecoupler filed down from 8-32 brass machine
screws, the typewriter knobs for controls, the
transmitting condensers built up from photo-~
graphic plates covered with shellacked tin-foil?
Then almost anything needed was built up with
limited hand-operated tools from commonly
available materials. To-day, despite wartime
shortages, we have much greater quantities of
both new and used parts available, and most of
the materials are easily adaptable to our specific
needs. What did they have that we haven’t got?

Circuit Details

Now, while that soldering-iron is getting hot,
take a look at Fig. 1. WNYJ-66 uses a common
Class-A audio driver and transmitter modulator,
but the HY 615 detector output is fed into its
own first audio stage, a 65F5. In this way provi-
sion is made for separate volume controls for the
receiver and modulator circuits, and the HY-615
output is stepped up to drive the 6N7 Class-A
stage with “zip” to ensure good receiver per-
formance. A 7500-ohm 25 watt variable dropping
resistor, R14, in the audio high-voltage line is ad-
justed so that the veltage will be the same
regardless of whether the supply is switched to-

on hand, but it doesn’t
work a bit better than one in
an earlier rig made from an
old 3:1 replacement audio
transformer with about 50
turns of No. 36 wire wound.
over the secondary. There
wasn’t room for both a 6-volt
primary and a 6-volt second-
ary on the core, so a filament
transformer was re-wound
from an old toy train trans-
former. No modulation trans-
former available? Then use
choke modulation.

It is true that, at 112 Me.,
rubber insulation isn’t as good
ina coaxialline as polystyrene,
but we aren’t looking for DX
in WERS. Sure contacts over
short distances will result from
the use of a coaxial line made
of automobile high-tension
wire with shield braid drawn
over it, if it is wrapped with

s

friction tape and given a coat
of varnish to keep the weather
out. Of course, you could use
glass beads from the dime
store for insulators and make
up a better cable.
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coil is connected

Top and left side of WNYJ :66 mobile chassis. The receiver tank pick-up

to the antenna change-over relay by means of a short piece
of flexible coaxial cable. Insulated terminals for the feed line and binding posts

. for an external relay battery appear at left rear, and volume controls for mike

" and hand set are placed near the hand set plug. Note shielding of rectifier tubes
and the rubber-mounted can housing the vibrator and power transformer.
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the transmitter or the receiver. The audio voltage
should be exactly 300. Excess voltage can be taken
care of by the insertion of an additional 1500-ohm
25-watt variable dropping resistor (not shown
in the diagram) at the input end of the audio
high-voltage line. By this means, conditions are
provided under which the Class-B modulator
will deliver a full and consistent 10 watts of audio.
The detector regeneration control is through the
75,000-ohm wire-wound potentiometer, Rs.
Careful attention to the handset portion of the

diagram will indicate the changes required in the -

normal handset circuit, including the control
of the two d.p.d.t. relays from the “push-to-
talk” switch, S;. The by-pass condenser, C,
is already installed in some handsets. It is not
required in this circuit, but may well be left as
it is. The 50,000-ohm potentiometer, Ri3, enables
the operator to adjust the volume in the handset
headphone without disturbing the level of the
speaker input. The antenna-switching section of
the relay, Ry, should be provided with the best
r.f. insulation obtainable. The 3-p.d.t. anti-ca-
pacity switch, Sy, shunts either the oscillator
current alone or the combined oscillator-modula-
tor current through the 0-200 ma. d.c. meter.
Two 84s with the elements of each paralleled
are connected as a full-wave rectifier to pass the
relatively heavy current required. If a power
transformer with specifications differing from
those given for T's is used, some experimenting
may be necessary to determine the value of the
buffer condenser, Cyg. Compactness is achieved in
the filament choke, RFCj, by winding the No. 14
enameled wire in two layers on a wooden dowel

Sub-chassis arrangement of the WN'YJ-66 mobile unit. Crowding
was necessary to mount the essential parts. Point-to-point wiring
was nsed, even though it meant sacrificing appearance for efficiency.
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The ’phone jack, Jj, enables a second operator
to monitor the receiver under conditions that
make speaker operation impracticable. More im-
portant is the fact that it provides headphone
operation for the operator while monitoring weak
signals, when external local noise must be ex-
cluded and more privacy is required. The band-
set receiver operates on both transmit and receive,’
to allow the operator to check continuously on
the speech input and to provide sidetone.

The wiring generally is by the “straight-line-
shortest-distance’ method.

If substitutions are made for the tubes indi-
cated, appropriate circuit changes must be made
in accordance with tube characteristics.

The details of layout and construction of
WNYJ-66 should be apparent from the pictures
(which, incidentally, were made by W2DTE).
For the sake of appearance the bakelite panel was
rubbed down with steel wool and lettered with a
pen and white paint. On it, from Jeft to right, ap-
pear the transmitter tank tuning dial, regenera-
tion control, milliammeter, audio volume control
and receiver tuning dial. Below, from left to right,
are the ’phone jack, transmitter vernier-tuning
knob, transmitter high-voltage switch, meter
switch, power switch, receiver-tuning vernier and
pilot-light switch. The two small shields above
the regeneration control and volume controls are
the shades for the red pilot lights which illuminate
the controls. (Red is used to comply with black-
out regulations current in New York City.)

Since the microphone volume control and the
handset receiver volume control, once set, usually
are left alone, they are placed on the left side of the
chasgis just back of the handset plug.
Also on this side of the chassis are the
terminal-insulator mounts for the feed
line and the binding posts for the four
No. 6 dry cells in series or 8-volt storage
battery used astheexternalrelay battery
when operating on a.c. On the other side
of the chassis are the a.c. input socket
and the d.c. input jack. There is nothing
on the back of the chassis except holes
for ventilation. These would not be re-
quired were it not that it was necessary
to install series-dropping resistors in the
primary of the plate transformer, which
originally was designed to be used in
series with another transformer, each
having a 55-volt primary.

Looking down on the top of the
chassis, along the back edge from left to
right, are the relay-battery change-over
switch, the 84 rectifier tubes, and the
shield canholdingthe vibratorand power
transformer. This can is insulated from
the chassis by its rubber-grommet
mountmg, as shown in Fig. 2. A single
ground is brought from the can to the
chassis, through a flexible braided shield
which houses all the wires from the unit
to the chassis, on the right side. In front
of the rectifiers are the antenna and
high-voltage change-over relay, and the
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powet-supply filter condensers. ‘The powet-supply
filter choke, r.f. choke and condenser, filament
transformer, 6-volt input r.f. choke and cons
denser, fuse block, and a.c.-d.c. change-over
switch all are mounted beneath the chassis, under

Fig.2 — Method of using rubber grommets to provide
cushioned mounting for the vibrator-transformer shield
can.

the rest of the power supply, separated from the
rest of the unit by a transverse shield. It takes
careful planning to get them all in there, but it
can be done.

In front of the filter condensers on top of the
chassis is the transmitter tank, and to its right the
HY-75 and the modulation transformer. The
L -shaped Lucite rod appearing at the left is the
support for, the transmitter tank pick-up coil. It
is spring-tension mounted with a bolt through the
chassis. The horizontal arm at the top enables the
operator to make adjustments with a minimum of
hand capacity. The same type of mounting is used
for the receiver tank pick-up, except that it is
horizontally mounted and a pointer knob takes
the place of the Lucite handle. Later experience in-
dicates that the receiver coupling would have
been better controlled if supplied with a Lucite
extension handle in place of the pointer knob,
like the transmitter coupling. In front of the
modulation transformer is the shield housing the
receiver tank and component parts, including the
HY-615. Just outside this unit, to the left, is the
6N7 Class-B modulator, with the 6S¥F5 first audio
tube in front of it. Again to the left is the driver
transformer, and, further left, the 6N7 triode-

connected Class-A driver tube, with the micro- -

phone transformer in front of it. The p.m. speaker
mounting completes the layout on the top of the
chassis,

The audio d.p.d.t. relay mounts conveniently
under the chassis, along with the remaining in-
cidental components. I found one or two cautions
advisable in construction: keep all r.f. compo-
nents, transmitting and receiving, well insulated
and separated as far as practicable from the
chassis and near-by grounds; keep all a.c. leads
well shielded and as far as possible from the r.f.
Ceramics and Lucite were used for insulation in
this rig. If you cannot get Lucite in any othér
form, you will find it in drug stores in the form
of cosmetic boxes, in brushes and combs, and in
tooth brushes. This is an expensive way in which
to acquire it, to be sure, but not much of this grade
of insulation is required.
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The two tank tuning condensers are belt diiven
from sub-chassis shafts terminating at the posi-
tions desired for panel controls. The verniers are
sub-shafts driving the other sub-shafts. All are
cut from towel rods, obtained from the dime store
all chromium-plated and evetything. Pulleys ate
used to reduce the drive ratio to 4 to 1 on the main
dials, with another 4 to 1 on the vernier knobs. If
you can’t find pulleys of proper dimensions; they
can be turned out on a borrowed lathe; or you
might just possibly be able to trade the price of a
movie for some pulleys from Junior’s Erector set.
The pulleys should be provided with a spring for
tension, even if you have to make the spring. You
can get a piece of piano wire from your piano
tuner for the springs. Use a good grade of fish-
line for belts. Do not use a cheap line that will
soak up moisture; if your pulleys are metal, they
will be hot with respect to the grid in both tanks.

The unit is mounted under the cowl at the cen-
ter of the instrument panel, with only its panel
extending below. This brings the speaker directly
behind the grill provided for a car radio, which I
do not have. The rubber-mounted legs on the back
of the chassis rest on L -shaped angie brackets
bolted to the fire-wall. The front is supported by
rubber-mounted brackets on the chassis, sus-
pending the unit from the instrument panel itself.
These brackets are not shown in the pictures.

The Antenna

The choice of a practical, inexpensive antenna
for mobile use required much time and effort in
comparison and experiment. The modified version
of the “J” finally developed owes much to helpful
suggestions from W2GZO. Substantially, this
antenna is an end-fed half-wave dipole with a
“Q" section matching it to a low-impedance I ne.

~epmm~ -

Fig. 3 — Modified
*J” antenna. No short.
ing bar and no adjust-
ments are required.
Leads from the coaxial
line are connected di-
rectly to the ends of
the antenna elements.
It is not the intention
of the drawing to indi.
cate a delta match.
The dimensions given
are for a frequency of
115.4 Mc., but the an-
tenna gives satisfac.
tory performance over
the entire 112-116-
Mec. WERS band.




Very sketchy information concerning the im-
pedance at the ends of any given dipole did not
restrain us from going ahead.

On reasonably good authority, an arbitrary im-
pedance of 2000 ohms was assumed for the input
end of the dipole. On this assumption, we applied
the impedance-matching transformer formula,
Z1=+/%2 Z3. The dimensions used for a frequency
of 115.4 Me. are as indicated in the sketch, Fig. 3.
1t is only necessary to cut the elements to the
lengths specified in the ARRL Handbook, mount
them, hook on the feeders, and adjust the tank
pick-up coil for optimum radiation. You can miss
the measurements as much as an inch either way
without serious practical effect. The antenna is
extremely simple in construction and mounting,
and, in the experience of this writer, out-performs
all the other simple antennas.

If you can get it, use a good coaxial line, of
course. It will certainly improve operation. How-
ever, the antenna will.work fairly well if fed by
twisted pair. Just be certain that you have the
same wire in the pair attached to both the short
element and to the ground at the transmitter. By
the way, if you can’t get auto whip antennas or
hard-drawn copper tubing for the elements, yon’ll
find that the copper-washed steel gasoline lines
available by the linear foot at automotive supply
stores or garages make good inexpensive antenna
material. The 5/16-inch diameter size is about
right. Give it a coat of clear Duco, lacquer, oreven
shellac, so that it won't rust after it is installed.

The Frequency Meter

The frequency meter is a simple absorption’

type designed with a high capacity-to-inductance
ratio to give good @, large surface on the in-
ductance for pick-up purposes, mechanical rigid-
ity, and broadening of tuning by the use of shunt
capacities across the variable capacity to get the
degree of bandspread desired. It seems to work
better when using variable capacity alone, but
when built this way it must be used very care-
fully because of its sharp tuning. Probably a
vernier dial would be better than the electrical
bandspread, but I haven’t tried it this way. If
the insulation is good and the unit is mechanically
rigid, it will hold its calibration well enough for

WERS applications. The strap (really an external
plate for the neon bulb) was installed to make the
operation of the bulb more critical. It helps to
indicate resonance sharply and to reduce the
capacity between the elements. When you do this
you have such negligible capacity in the neon-
bulb circuit that bulbs can be changed without
apparent effect upon calibration. In fact, I have
changed from !4-watt to 3{o-watt bulbs without
any apparent etfect, except that the 14 ¢-watt is
more sensitive, The ignition point of either seems
to be low enough for satisfactory operation.
Once the bulb has been ionized, it is quite sensi-
tive. With the half-wave antenna (the modified
*J”’) radiating about 5 watts of carrier, I have
been able to keep the neon glowing as much as
two wavelengths away. Under these conditions
the little unit also performs as a simple field-

_ strength meter, and it is useful for determining

optimum coupling between the transmitter tank
and its pick-up coil. Likewise, if you are careful
in your orientation of the inductance to the feed-
line you can run it up and down and “see’” your
standing waves. For lower-power rigs an even
smaller neon bulb could be used, but be care-
ful not to burn it out. Of course, the unit will
work without neon glow for frequency checking
purposes by watching the oscillator plate current
for the resonance dip, or, better still, the same
procedure in conjunction with a field strength
meter. Probably the unit could be made more
sensitive by putting a half-wave antenna on it,
but I haven’t got that far yet.

There are no mechanical problems. The only
things to watch in construction are good insula-
tion (I used ceramic and silver-mica condensers)
and mechanical rigidity. An insulated shaft coup-
ling should be used on the variable condenser.

Let me say again, in winding up this story, that
there is no reason why our WERS equipment
should not be professional both in operation and
in appearance. The current dearth of tailor-made
gear should not stop us. The ham ingenuity for
which the amateur fraternity is justly famous can
make us all proud of the gang, proud of the gear,
and proud of the results. The latter will further
justify favorable consideration of amateur radio
by the powers-that-be, when this war is over.

Fig. 4 — Absorption-
type frequency meter with

YKo-watt to 1{-watt neon-
tube indicator, used for

FRONT VIEW
—_ checking WERS3 equip-
ment. The 34-inch strap
] soldered to the rotor side
#andle of the one-turn copper-

3- tubing coil is bent up

1 around the envelope ot

the neon tube, with a

16

separation of about 1y
inch. If the meter appears
to tune too sharply, a 5-
upfd. variable condenser,
shunted with a zero-coef-
ficient mica condenser of
appropriate capacity, may
be substituted. A bakelite
extension of a length as
great as practicable is used
on the condenser shaft.
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Astrommy and Amateur Radio

Hiteh Your Hobby to a Star

BY HDOLLIS M. FRENCH,* WIJLK

| | yeve development has entered a stage
in which the amateur experimenter of necessity
must become an amateur in other vitally related
earth and sky sciences. He must learn to under-
stand and use new tools and apparatus in order
to make the most effective use of the very-high
and higher frequencies. The factors which govern
weather and the electromagnetic field of the earth
— astronomical, meteorological and topographical
— as well as conditions in the ionosphere and in
the upper and lower troposphere all serve to
determine the range of communications just as
definitely as do power input, circuit efficiency or
mechanical design of transmitting and receiving
components. After the last war, the radio amateur
conquered the oceans; after this war, he will ex-
plore and master the “ocean of air’’ in which so
much of our power was wasted in other years.
Now, while wartime restrictions hold ordinary
“hamming’’ in abeyance, is the time to study the
sciences of astronomy and aérology for their bear-
ing upon communications.

Radio is not strictly a terrestrial art. With
advancing knowledge, ever closer relations appear
between the science of astronomy and the art of
radio communication. These are more evident as
we pass the limitations of the old astronomy of
position and enter the fascinating field of astro-
physics, where radiafton becomes the foundation of
the science. Leaders in the field of research, such
as the Radiation Laboratory of the Massachusetts
Institute of Technology, today employ astron-
omers and radio engineers alike among their
physicists engaged in the investigation of the

general field of radiation and its manifold ap-.

plications to the service of man. In many projects,
the astronomer and the radio engineer must work
closely on the same problem.

In the study of the propagation of waves, for
instance, we find ourselves in a field where a
thorough understanding of astrophysics is re-
quired to understand observed effects. The sun

* Asgt. Technical Editor, QST

is a star, and certain aspects of the behuvior of
radio waves in the earth’sionosphere are functions
of activities taking place within and upon the
surface of this star. The earth’s satellite moon
likewise has been accused of complicity in the
changing patterns of wave propagation. We may
well disregard ‘“signals from Mars’’ or hypotheti-
cal influences reaching us from distant stars, but
the amateur will be better informed about where
his signals are going, and why, if he is willing to
look into a few topics of practical astronomy.

We leave for treatment in a later article the
influences of the sun upon radio transmissions in
the very-high, ultrahigh and super-high fre-
quencies through variations in temperature,
humidity and gradients of pressure in the lower
atmosphere. The. resulting discontinuities be-
tween adjacent air masses are potent factors
governing communications, but their discussion
properly belongs in the science of aérology rather
than astronomy. The tidal or gravitational effects
of both sun and moon may be considered as
belonging to either science or both.

Solar Radiation and the Ionosphere

We examine first, therefore, the direct influ-
ences of solar radiation upon the earth’s iono-
sphere. There are daily, seasonal and long-period
variations of a cyclic nature which affect distant
reception of all radio-frequencies and which are
directly attributable to solar radiation. The more
familiar of these phenomena are the daylight-to-
dark shifts of transmitting range and the summer-
to-winter variations. Both of these effects we
understand to be related to the position of the
sun with respect to the observer’s horizon. Similar
effects, differing from the solar influences in de-
gree and in period, have been traced by H. T.
Stetson! to the position of the moon in the ob-

1 H. T. Stetson, ‘On the Correlation of Radio Reception
with the Moon's Position in the Observer's Sky," Perkins
Obszervatory Miscellaneous Scientific Papers, Reprint No. 8,
about 1932.

Many radio amateurs, like the late Ross A. Hull, have included amateur astronomy in
their hobby interests. This article points out ways in which astronomy serves the advance-
ment of radio. Succeeding articles on ‘““Acrology and V.H.F. Wave Propagation’’ and ‘“The
Influence of Topography on V.H.F.-t0-S.H.F. Communications’’ will further demonstrate
the importance of a knowledge of these related sciences to the radio communications art,
and will discuss the construction and use of instruments for research and experiment
such as the barometer, psychrometer, anemometer, resistance-type thermometer and
hygrometer, recording devices, the pilot balloon and all the interesting ‘‘radiosonde”’
zear used in soundings of the lower atmosphere. Other new tools which will be suggested
for the radio amateur’s use include contour maps, the level and theodolite — all strange
gadgets to practitioners of the mike and key, perhaps, but definitely useful in adapting
ourselves to present-day and probable future developments in amateur communications.
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- #erver’s sky. One explanation of these phenomeéna
postulates electrostatic fields for sun, moon and
earth, with interaction governed by mutual
potential differences. A proved hypothesis apply-
ing only to solar influences is that of the ioniza-
tion of distinct atmospheric layers of differing
densities.

We may consider the sun to be an enormous
transmitter, with self-contained power supply,
which radiates energy over a broad band of wave-
lengths of an order of magnitude so small that,
instead of measuring them in meters and centi-
meters as we do radio waves, a special unit called
the angstrom is applied. This unit has a value of
about one ten-millionth of a millimeter. The solar
band of wavelengths includes heat rays, light
rays, ultraviolet rays, X-rays, gamma rays, and
other rays of yet shorter wavelengths, some of
which are of lethal character. Fortunately for life
upon the earth, rays shorter than about 2900
angstroms are filtered out before reaching the
surface of the earth by a transformation in the
upper atmosphere brought about by the ultra-
violet portion of the sun’s radiation. This upper
region, called the tonosphere, lies between 30 and
250 or more miles above the surface of the earth
~— above both the troposphere, or lower atmos-
phere, and the stratosphere. Here the separation
between atoms is so great and collisions between
them so much rarer than in the denser lower
atmosphere that, when an atom becomes ionized
by being robbed of one or more of its electrons by
the action of the ultraviolet rays, it remains in
that condition for a relatively long time. Thus we
have an ionized region of a composition so differ-
ent from that of the lower atmosphere that radio
waves are refracted differently. Moreover, there
are in the ionosphere itself strata of differing
densities, and therefore of differing indices of
refraction, which constitute a distinct series of
layers. This region has been investigated and,
for convenience in comparison, the different
layers have been labeled D, E, F, Iy and F,

Farth onsame scale —»'+
(Except. for distance from

sun.which on same scale
as diameters would be 36 feet.)

Fig. 1 — Relative size of sun, earth and sunspots. A
stream of intensified radiation originating in a region of
sun.spot disturbance traces a curved path through space
by reason of the rotation of the sun combined with the de-
creasing velocity of the stream beyond its point of origin.
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according to their relative average heights above
the surface of the earth. (See Fig. 2.) None of these
layers remain constant in height, and it is the
variation in their heights, combined with their
various refracting, reflecting and absorbing cap-
abilities, that govern to a very large extent the
conditions of long-distance radio transmissions.
The heights of the ionized strata and the degree
of ionization may vary in accordance with the
angle of incidence of the solar rays and also in
accordance with changing conditions within the
sun, which affect the character and amount of
its radiation. Diurnal and seasonal variations
arise from the first cause, longer-term cyclic and
sporadic variations from the latter.

Sunspots

From an ideal engineering viewpoint, the power
supply of our great solar transmitter appears to
be very unstable. It is burning up. It overheats to
such a degree that the atoms of its incandescent
gases are constantly being broken down into
simpler structures. Subatomic energy thus re-
leased flies off into space as solar radiation.
While the entire substance of the sun is constantly
emitting energy under enormous pressures and
at terrific temperatures and incredible velocities,
there occur also from time to time sudden surges
of even more violent emission — veritable explo-
sions — at isolated points on the solar surface.
(See Fig. 1.) These spots appear relatively dark
against the intensely bright photosphere of the
sun, s0 that it is easy for observers to watch for
their appearance and trace their course across
our field of vision as the sun revolves about its
axis over a period of about twenty-seven days.
From these ‘““sunspots,” beams of intensified solar
energy emission are projected to very great
distances. When one of these beams sweeps
through our atmosphere, the normal phenomena
of solar radiation are strikingly modified by the
resulting changes in ionization. It is of interest to
note that the streams of sunspot radiation are not
necessarily straight-line beams, as from a search-
light, but generally are scimitar-shaped. The
distortion is caused by the rotational speed of
that portion of the sun’s surface from which
the rays may be emitted. This characteristic
partly accounts for the fact that efforts to
predict precisely the beginning of the effect upon
the atmosphere at the observer’s zenith through
observation of meridian passage of a sunspot
group have failed. Terrestrial effects have been
observed from 34 hours before to 86 hours after
the time predicted on the basis of straight-line
projection at the speed of light. It is further
evident that the propagation speeds of sunspot
emissions are only about one per cent of light
speeds.?

When all of the factors involved are better
known and understood, it should be possible to
make reasonably precise predictions of coming
changes in wave-propagation conditions caused

* “(Getting the Signal Across,” (by six engineers of RCA
Communications, Inc.) Relay, Bept. 1943,




by various forms of solar radiation. Two cycles,
in addition to those of diurnal and seasonal varia-
tions, now are recognized. One of these — the
solar rotational cycle, of approximately 27 days
— marks the average time between reappearances
of the same sunspot group at the central meridian
of the sun. The approximate time definition
arises from the fact that the substance of the
sun is gaseous and, therefore, a spot on its surface
will not necessarily rotate at a constant rate.
The rotation period at the solar equator is
approximately 24.6 days, and this period in-
creases with rising latitude. The principal ap-
pearances of the disturbances known as sunspots
are between solar latitudes 5° and 40°, and the
mean rotational period of this belt is approxi-
mately 27 days.

The second solar cycle depends upon the varia-
tion in number and average size of the sunspots.
Its duration has been observed to be approxi-
mately 11.1 years from one maximum to the
next. There is, however, a considerable degree of
variation in the length of this average period
and there is no sharply defined maximum or
minimum period. Nevertheless, ' this “sunspot
cycle,” which has been observed now for 17
cycles or nearly two hundred years, is the most
significant of all solar cycles, and many terrestrial
effects are closely linked -with it. - Magnetic
storms, earth currents, ionization of the upper
atmosphere, the aurora, solar ultraviolet radia-
tion and sunspots all increase and decrease to-
gether, in the same approximate 1l-year cycle.®

Astrophysical Measurements

Quantitative measurements of the effects of
solar radiation upon the medium frequencies were
commenced by Dr. G. W. Pickard as early as
1926.* Correlation of these measurements with
the sunspot numbers on the Wolfer scale was
continued by Professor Harlan True Stetson,
Director of the Perkins Obhservatory (astro-
nomical) and Professor G. W. Kenrick of Tufts
Jollege Electrical Laboratories.’ Sporadic effects
of solar eruptions, resulting in “fade-outs” ou the
high frequencies, were investigated by Dr. J. H.
Dellinger of the National Bureau of Standards.®
J. A. Pierce, W1JFO, and Melvin S. Wilson,
W1DEI, among others, have published sum-
maries of observations of solar radiation effects
upon the lower portion of the very-high-frequency
range.” By means of these, numbers of amateurs,
otherwise innocent of any knowledge of astro-

2 J. H. Dellinger, ' Some Contributions of Radio to Other
Sciences,’”” reprinted from the Journal of the Franklin
Institute, Vol. 228, Na. 1, July, 1939.

4 G. W. Pickard, *“Correlation of Radio Reception with

Solar Activity and Terrestrial Magnetism,’’ Proceedings of

the L.R.E., Vol. 15, 1927, Nos. 2 and 9.

~H. T. Stetson, ‘“Radio Reception and the Sunspot
Cycle,”” reprint from the Proceedings of the Fifth Pacific
Science Congress, Toronto, 1934.

8 J. H. Dellinger, ‘A New Cosmic Phenomenon," QS7,
Jan. 1936; * High-Frequency Radio Fadeouts Continue,"
(ST, June 1936} “Radio Fadeouts Through 1936,"” QST,
Feb. 1937.

7J. A, Pierce, “Interpreting 1938’s 56-Megacycle DX,""
QST, Sept. 1938; M. S, Wilson, ‘‘ Five-Meter Wave Paths,'
ST, August and September, 1941.
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physics, have become familiar with such terms as
“Dellinger effect,” ‘“skip distance,” “critical
frequencies,” “virtual height,” “saurora skip”
and “sporadic E-layer skip.”

Many amateurs undoubtedly will be quite
content to accept, at second-hand, any astro-
physical data relative to their hobby. For those
who have a mind to investigate these things for
themselves, to seek out first causes and perhaps to
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tions of high-frequency radio waves.

19



reach a position where they may be able to make
further contributions to the field of knowledge,
there are excellent textbooks on astronomy, such
ag the two-volume edition of “Astronomy” by
Russell, Dugan and Stewart of Princeton Univer-
sity Observatory, as well as practical manuals on
the construction of observational gear. One of
the best of these is Ingalls’ “ Amateur Telescope
Making”; another is George Ellery Hale's
“Signals from the Stars,” in which he describes a
complete solar telescope and spectrohelioscope of
an inexpensive type which, as he says, “can be
built and used by professional or amateur
astronomers and geophysicists and by radio
students tnterested in the possible influence of solar
eruplions on radio transmisston.”

The amateur with a truly scientific approach
to his hobby will study all available sources of
reliable information and ground himself thor-
oughly in the proved fundamental principles of
every field of knowledge having a bearing upon
his own research. He will patiently test each new
theory by known facts. He will carefully record
the results of all observations for further study,
comparing, analyzing, separating the unknown
factors, and testing over and over again. A
relevant fact omitted may destroy the oppor-
tunity for a real contribution to the development
of the art.

The science of radio communications unfor-
tunately has been afilicted with a lunatic fringe
spun from pseudo-scientific hypotheses com-
parable to the claims of astrology in the field of
astronomy. Some years ago a ‘“‘research’ article
was published in a popular radio magazine in
which the author proposed a lunar theory affect-
ing 5-meter DX which, in substance, suggested
that the moon exerts a tidal efect upon the earth’s
atmosphere, as well as upon the earth and the
sea, and that the resulting distortion of the
atmospheric layers accounted for periodic in-
creases in the range of propagation for 56-Me.
waves. This author counseled his readers there-
fore to “watch the periods of time between three
and four days before and three and four days
after full moon for long-distance DX (sic) on 5
meters this summer.”

What is wrong with this picture? “A little
knowledge is a dangerous thing.” The gravita-
tional pull of the sun and moon undoubtedly do
create atmospheric tides and it is conceivable
that herein may lie the explanation for one of the
many ways in which the propagation of electro-
magnetic waves is affected, although the magni-
tude of increases in effective transmitting distance
from such a cause is probably so slight as to be
difficult of measurement. However, the theorist
obviously was innocent of knowledge of the
simplest astronomical principles to a degree that
enabled bhim to ignore established facts. If such
an effect is caused at full moon by the alignment
of earth, sun and moon, the tidal effect is even
more marked at the time of new moon, and more
still at the periods when either new moon or full
moon happens to coincide with the time of the
moon’s perigee (moon’s closest approach to the
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earth). Nevertheless, this lame lunar theory was
widely accepted in the five-meter fraternity, and
many & voice was heard on the air passing it
along as the latest and most scientific explanation
for the mysteries of five-meter DX,

The keenest enjoyment of his hobby is ex-
perienced by the amateur when his progress in
the art is by means of his own careful study and
research, rather than by a process of thumbing
rides on the vehicles constructed by other minds.
It is with the purpose of encouraging the thought-
ful and scientifically minded amateur that these
articles are offered on topics which may at first
glance seem to some to be but slightly related to
amateur radio as they have known it.

Radiomen

The following ts reprinted from a recent issue
of the U. S. Coast Guard Magazine, a service pub-
lication devoted to the inlerests of the U. 8. Coast
Guard: -

Among the stranger people on this earth are
radiomen. A radioman is a person either going
on or coming off watch.

Contrary to popular belief, radiomen are not
crazy. A radioman has two brains: one perfectly
normal brain, which is destroyed during the proc-
ess of learning radio, and another which is in a
constant state of turmoil and is used proficiently
in his work. This latter brain is filled with dots
and dashes and procedure signs.

Radiomen are like groundhogs. They seldom
see the sun, coming up topside only on Saturday
mornings at the special request of the command-
ing officer. If the sun is shining and a radioman
sees his shadow, he goes below and everyone
knows there will be six more days.

Sitting at his typewriter a radioman receives
an endless story of the world fowing through
his ears, unable to get out because both ears are
stopped up by headphones. The stuff flows out
through his fingers and is given out as press news,
weather messages, and so forth.

When conversing with a radioman, do not try
to point your story by asking if he remembers
‘““the message to Garcia,” because he will jump
and scream, “ What's the number of it? Who sent,
it? If it’s lost, it didn’t come in on my watch!”

Radiomen live on black coffee and cigarettes.
All through the long midnight watches they sit
and dit and dah, so tired and weary of it all and
wondering why they ever chose radio as a pro-
fession. When they go off duty they hurry home
to their little “ham” radio sets and just dit and

-dah to their heart’s content.

Girls who fall for radiomen will find they are
courted with considerable sparking, and after
they are married will receive much broadcasting
both loud and long.

Radiomen are found on all ships and in all
stations and are quite harmless if left alone,
fed occasionally, and given annual leave so they
may rig up new “ham” outfits at home!
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RADIO TECHNICAL PLANNING BOARD

As the major civilian agency to under~
take postwar studies of radio, there came into
existence, in mid-September, what is called the
Radio Technical Planning Board, a nonprofit
agency sponsored and financed by a group of
nonprofit associations interested in the radio
field, including ARRL. Originally proposed by
the chairman of FCC at a joint convention of the
Institute of Radio Engineers and the Radio
Manufacturers Association, the initial work of
launching the agency was undertaken by the
latter organ.zations, who. of course are numbered
among the sponsors. Others besides ARRL include
the American Institute of Electrical Engincers,
the International Association of Chiefs of Police,
and several organizitions representing broad-
casting: NAB, FM Broadcasters and National
Independent Broadecasters —and there will
probably be members representing aviation radio
and the communication services. Dr. W. R. G.
Baker, vice-president of General Electric Co., was
elected chairman for a term of one year.

The objectives of the RTPB are to formulate
recommendations for the technical future of the
radio industry and radio services, in accordance
with the public interest and the technical facts,
and to publish those recommendations for the
information of government, industry and the
public. Its work is restricted to engineering
considerations. It will do most of its work
through study groups or committees called “pan-
els,” with a mechanism providing for the publica-
tion of formal reports including majority and
minority opinions and the comments of sponsor-
ing organizations. Your League has joined with
other organizations both to make this general

study possible and as a participant to look after
the interests of amateur radio. The work will take
many months to complete, may indeed continue
until the postwar structure of civilian radio is
reéstablished. We shall expeet to report upon the
work of this board from time to time.

TURNER SUCCEEDS TERRELL

GEORGE S. TURNER, for the last several
years assistant chief of the Field Division of FCC,
has been appointed chief of the division to succeed .
William D. Terrell, who recently retired from the
government service as reported in our last issue.

Mr. Turner has been in the radio inspection
service since 1924 and before coming to Washing-
ton was the FCC Supervisor-in-Charge at At-
lanta. A native of Independence, Mo., he was for
many years a prominent amateur in those parts.
Old-time hams will remember that from 1922 to
1924 he was Division Manager of ARRL’s Mid-
west Division, the DM in those days being a sort
of super-SCM for the whole division. That job
probably taught him plenty, both about radio
and about administration!

THE AMATEUR WAR RECORD

ATTENTION, amateurs! At ARRL head-
quarters we are compiling a name-by-name record
of the service being performed in the war by
American and Canadian amateurs — so as to be
able to show after the war what it has meant to
our countries to have the services of amateurs
available. There are still thousands of you men
and women from whom we have not heard. At
the bottom of this page is a convenient form easy
to fill out, which we ask you to clip and send to
us — or reproduce its essentials on a post card.

AMATEUR WAR SERVICE RECORD

Name

Call, present or ex: or
grade of op-license only

Present mailing address

SERVICE
{1 Army

- [[] Navy
{1 Coast Guard
{1 Marine Corps

Rank or rating

{J Maritime Service
(7] Merchant Marine
[] Civil Service

Branch or bureau: Signal Corps, AAF, Buships, WAVES, etc.
If civilian industry, give title and company.

[ Radio industry,
1009, war

November 1943

21



ARE YOU LICENSED?

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
vour classification.

Wherever you are in this war effort, if you're
an amateur engaged in work with radio or any
of its associated branches, we need your record
for our common good. Please let us hear from you.

NOTICE TO MEMBERS DISCHARGED
FROM THE MILITARY SERVICES

THE requirement of continuous member-
ship in the League for eligibility to ARRL offices
has been waived for members serving in the
uniform of the United States. Particulars on page
24 of July @ST. Those desirous of taking advantage
of this arrangement are asked to claim the right
when renewing membership, stating the beginning
and ending dates for their military service.

OPERATOR LICENSES EXTENDED

FoR the benefit of you fellows in the armed
services who only occasionally see a copy of QST
we repeat the following good news:

FCC on May 25th reinstated and extended for
three years from the stated date of expiration, all
amateur operator licenses expiring between Pearl
Harbor and May 25, 1943. And every amateur
operator license due to expire between May 26th
of this year and December 7, 1944, was extended
for three additional years. The action does not
apply to licenses suspended by FCC or volun-
tarily surrendered by the holder, nor to licensees
who failed to prove citizenship and file finger-
prints under Order 75. Otherwise, we're all fixed
up. Thus there will now be no expiration of a ham
op license until December of next year, and no
action or renewal application is necessary until
that time approaches. If the war is still on, there
will probably be another extension. FCC no
longer receives applications for renewal of station
licenses and is letting them expire. Calls, however,
will be retained for those who held them as of
Pearl Harbor.

1943 Rochester Fall Meeting

The 1943 Rochester Fall Meeting for
members of the IRE and the RMA Engineering
Department will be held at the Sagamore Hotel
in Rochester, N. Y., November 8th and 9th,

The meeting will begin with registration at
8:30 A.M. Monday. A number of interesting pa-
pers and reports, ranging in scope from recent
advances in Klystron theories to practical dis-
cussions of capacitors and ceramic dielectrics,
are scheduled. An exhibit of Signal Corps equip-
ment will be featured on both days. The meeting
will conclude with a banquet Tuesday evening.
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G Strays s

Here is a little story about the FCC:

It takes place in WAKEFIELD, where Jimmy
Jones, having taken his girl to the movies, decides
to WALKER home. After he has left her house he
gets a CRAVEN for candy. In fact, it is so bad it
is almost a PAYNE. To satisfy the urge he breaks
into a candy store. He then repents, and decides
that if he takes it on the FLY they will not have
a CASE against him. So he leaves, being careful
to close the DURR behind him. — 4n SWL.

— e mmm

Effective November 1st, f.m. b.c. stations
will be issued new calls to replace the present
letter-numeral designations. If the licensee of an
f.m. station operates a standard b.c. station (for
example, “WAAX"’) in the same city, he may use
the standard b.c. station call letter assignment
followed by the suffix “FM"’ for the f.m. station
(“WAAX-FM”), or he may be assigned a new
four-letter call, such as “ WXXR.”

Missind in Action
I.. H. Richards, W9GDK, of Lake Forest, IlL.,

has been reported missing in action by the War
Department.

Prisoners of War

Albert H. LaFleur, RM3¢, USNR, WiMCF
who was last heard from on Wake Island, is being
held a prisoner of war in the Shanghai Intern-
ment Camp, Field Post Office 106, Shanghai,
China. He would like to hear from the gang.

- Silent Repsg

BT 18 with deep regret that we
record the passing of these amateurs:
WICYC, Linwood L. Garey, Portland,
Maine

WI1GOR, C. E. Chesley, Lynn, Mass.

W1PG, Chief Aviation Radioman Henry
F. Rand, USN, Lynn, Mass.

W2CTY, Emil M. Herlin, Long Island
City, N. Y.

W4BPM, Thomas Thompson, Memphis,
Tenn.

W5KQO, Alfred L. Stout, Beaumont,
Tex.

W8DSQ, Rudolph F. Drews, Lansing,
Mich.

W9HNJ, George F. Wicklund, Ironwood,
Mich. .

W9JYX, Victor C. Ingels, Kokomo, Ind.

VE4AEZ, Sgt. Luther Arthur Appelt,
RCAF, Wetaskiwin, Alberta, Canada.

0ST for
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The test of any WERS equipment is its ability
to establish and maintain communications anywhere
in the territory served by the licensee, under any
conditions. There will be many situations in which
only a transmitting and receiving unit with self-
contained power supply which the operator can carry
wherever he can go afoot will provide the vital link in
the chain of communications. In this article, the
writer gives his experience with such equipment and
offers suggestions for improvements in design.

On the Spot
With a Walkie-Talkie

The Pack: Set in WERS Operation

BY FREDERICK M.

l'r was during a recent daylight air raid
defense test. I was walking my assigned beat,
when suddenly a voice from WJLH-29 Control,
sounded in the headset I was wearing.

“What is your present location?”

I gave the street and nearest house number.

“Stand by there. You will be picked up by
a warden in a motor car. I can reach him by
telephone, but he has no radio. When you reach
the location where he will take you, establish
communication with Control through the nearest
sector headquarters station at the earliest pos-
sible moment. That is all.”

A few short minutes later I was at the scene of a
simulated “incident.” It was beyond the normal

*97 Hartley Street, Hamden, Conn.

BURKLE *
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WJLH-38 in use by its constructor.

range of the control station, and no telephones
were near enough to be of service. I made contact
quickly with the nearest WERS zone unit and
established a relay link to WJLH-29. From that
time until the ‘““all clear” sounded, the pack
transmitter-receiver strapped to my back was the
sole means of keeping that isolated scene of simu-
lated death and destruction in touch with the
helping hands of organized civilian defense. The
officials at the report center were informed of the
details of the “incident” by the local warden —
type of bomb, casualties involved, need of addi-
tional fire-fighting equipment, and so on. Without
prejudice to needs at other places from which in-
cidents were being reported, the heads of the
various civilian defense services were then able to
dispatch exactly the personnel, equipment and
supplies called for by the circumstances. Medical
units, fire apparatus and auxiliary police arrived
promptly on the scene of action. All were able to
keep in touch with their commanding officers at
the report center throughout the tour of duty,
and to receive further orders.from time to time.
When at last all was accomplished that could be
done to meet the needs of the occasion, and the
“all clear” had sounded, it was still through
the perambulating radio transmitter that final
instructions and dismissal from duty came to
the workers.

1 remembered the paragraph in QST for April,
1942, in which Vernon Chambers called the
walkie-talkie the “link in the chain’’ that makes
for a solid line of communications. I know. I built
that rig, or one very nearly like it, and after seeing

Panel view of the WERS pack set. A flexible shaft
clipped to the aperator’s belt enables him to control the
receive-transmit switch without reaching back to the
panel. Receiver tuning, controlled by the upper dial, is
generally left adjusted to the control station’s frequency.
The regeneration control knob is below and slightly to the
left of the dial. Jacks for 'phones and mike are on the
left edge of the panel, with the “on-off” switch below.
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All parts are panel-mounted. In this rear view, the top of the
panel as seen in the front view now appears at the left. The detector
tube is the lower of the two in the forcground, the other being the
vscillator. The modulator tube is above and behind the oscillator.

it in action, I can back up his statement. Truly,
under difficult conditions when life and property
are endangered and communication must be es-
tablished without delay — then the radio trans-
mitter that can go wherever a man can go afoot
is the one that does the job.

Circuit Details

The circuit diagram (Fig. 1) shows the changes
made in the Chambers circuit, incorporating
helpful suggestions from WI1KV and WI1IND.
Being unable to get an Isolantite switch section,
I reckoned that, if a bakelite section were sub-
stituted, the combination of losses arising from
long leads and r.f. through the switch would be
too great. Therefore, I chose to use separate
1Q5GT tubes in the receiving and transmitting
circuits. A further advantage followed from this
course, through the facility thus gained for
mounting the tuned circuits directly on the tube-
socket terminals,

Fig -~ Wiring diagram of
the \\ ERb "walkxe talkie.”

C1 —15-ppfd. midget variable
with one rotor and two
stator plates removed.

Ca — 35-ppfd. midget variable.

('3, C¢—3-30-pufd. mica trimmer.

Cs, Co — 100-xpfd. midget mica.

(7 —~0.006-pfd. midget mica.

Ri — 0.5 megohm, 5-watt.

Ra — 15,000 ohms, }%-watt.

Rs — 0.95 megohm lé-watt

R4 — 50,000-0ohm volume control,

L— IS-hem'y 75-ma. filter choke.

11—~ 234 turns No. 14 e., 34-inch

inside diameter, 1 inch long.

L2—1}4turns No.14e., }4-inchfn-

The receiver side of the circuit is still
the time-tried *“Minute-Man’ super-
regenerator with the grid returned
through the plate circuit, placing u
small positive voltage on the grid. C3
and C4 are mica padders used as an-
tenna coupling condensers. The quench
voltage of the superregencrative detec-
tor is filtered out of the audio circuit by
the combination of the by-pass con-
denser, (7, and the 80-millihenry r.f.
choke, RFC3. The value of C7 is de-
termined by conditions present in any
individual circuit, which may vary con-
siderably. Therefore, experimentation
with values ranging from 0.003 ufd. to
0.006 pfd. is in order. This condenser is
removed from the circuit while trans-
mitting, to prevent attenuation of the
higher audio irequencies.

Maximum audio power and the best possible
quality is obtained only by proper biasing of the
audio tube. The 414-volt battery shown in the cir-
cuit diagram may be replaced with a bank of four
or five Mallory bias cells.

Increased ““ A’ bhattery drain introduced by the
added 1Q5GT has not proved a serious disadvan-
tage; after two months of operation during WERS
alerts and drills, the battery still delivers rated
voltage. I chose to use the 414-volt audio bias bat~
tery as the source of microphone current, as well.
However, there are some single-button micro-
phones of recent manufacture which will operate
better and remain in good condition for longer
periods if the supply is limited to 114 volts. In
this case, the logical source is the filament battery,
as in the Chambers circuit.

Provision is made, through one section of the
receive-transmit switch, Sy, for disconnecting the
potentiometer, Ry, used as a detector regeneration

Ant.

side diameter, 3§-inch loug

RFCi, RFC2— v.h.f. choke
(Ohmite Z-1).

RFC3 — 80-mbh. r.f. choke.

J1, J2 — Open-circuit jacks.

S1, Sa — Sections of 4-pole, 2-
position bakelite switch
(Centralab M, mounted
on Centralab index as-

) _sembly No. K-122).

S3 — D.p.s.t. toggle switch.

S4 — D.p.d.t. toggle switch.

I — Transceiver transformer.
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eontrol, so that the battery will be relieved of its
drain during transmitting periods.

The power input circuit is taken through a
d.p.d.t. switch, Sy, from either the 90~135-volt
“B” battery or an a.c. power pack. There are
many times when a.c. is available that the
operator is able to conserve hard-to-get “ B’ bat-
teries for a time of greater need. I adapted the
power supply from an old Atwater-Kent broad-
cast receiver by installing an outlet cable and
mounting a suitcase handle on the top of the
power pack. This supply delivers 165 volts under
load. On-the walkie-talkie unit, the connection for
the a.c. supply is on the same side as the antenna.

As 1 was able to obtain a three-winding trans-
ceiver transformer, 7', the Chambers audio input
cireuit was modified accordingly, doing away with
the necessity for the slightly less efficient im-
pedance coupling used in the original circuit be-
tween detector and audio and between the micro-
phone and the modulator circuit.

Construction

The plywood cabinet, painted black, is pro-
vided both with shoulder straps and a five-and-
dime suitcase handle. Felt padding was sewed
around the heavy suitcase straps used for shoulder
straps, and was also applied to the back of the
cabinet to cushion it. The front panel is of alumi-
num salvaged from an old receiver. Sufficient
slack was allowed in the leads from the power-
input terminal strip to allow for removing the
panel, on which all parts were mounted, whenever
repairs or adjustments are required. The back is
hinged for easy access to the batteries and tubes.
Inside this hinged cover is mounted a copy of the
station license, a circuit diagram, and a copy of
the WERS rules and regulations. A cardboard
pocket contains the CD arm-band, a sealed en-
velope with operating instructions for certain
contingencies, a card with notes on adjustments,
dial settings and circuit changes, and the ARRL
portable-mobile log book. When operating, the
log-book is attached to a plate snapped on the
operator’s belt, ready for use.

Further conveniences include a flexible shaft
from an old automobile radio, which is attached
to the shaft of the rotary receive-transmit switch,
S1, brought to a clip on the operator’s belt and
terminated in a knob for easy change-over switch-
ing. This provided a marked improvement in ease
and speed of operation. The on-off switch, Ss, is
located in the lower left-hand corner of the front
panel, where the operator can most easily reach it.

I used an adjustable automobile whip antenna
mounted on the side of the cabinet. Best results
were obtained with the whip extended to 37
inches, which, with the 12 inches of wire leading
to the antenna switch, Sg, makes a total antenna
length of 49 inches.

The microphone mounting is in the form of a
home-made breast-plate of Presdwood and a
flexible shaft of BX cable with elbow-type BX
connectors at either end.

The unit as a whole, complete with batteries and
all other accessories, only weighs about twenty
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Carrying case with cover opened, showing the battery
compartment and antenna mounting. Operating data is
on the cover, with pocket for arm-band and log book

pounds, and is really much lighter than it might
appear to be in the photographs.

Operating Notes

Considering the fact that they were designed as
audio tubes, the 1Q5GTs are doing a swell job in
this rig. Excellent operation results from the ap-
plication of the normal rated maximum voltage of
90 to the plate of the transmitting tube. A range
in excess of a mile from the control station, with
the pack set operated at ground level, has proved
consistent. Receiver sensitivity and audio power
are entirely adequate. From the roof of my home
location, which is on a hill, I find that [ can con-
tact all stations in the Hamden net, including
paths up to 5 miles. Here I use either 135 volts
from a ‘*B” battery or 165 volts from the a.c.
power supply, with results about equal. Operation
at the increased input will, of course, shorten the
tube life, but no detriment to audio quality or
other operating characteristics has been noted.

During one Wednesday evening test one of the
TR~4 units required repairs, and my pack set was
temporarily substituted for it. The regular an-
tenna was coupled to the pack set by wrapping
one of the feeders around the fully extended rod
antenna of my unit. All stations in the net re-
ported satisfactory reception under these condi-
tions, including the control station at a distance
of about four miles. This unit thus has proved its
usefulness not only as a ‘ walkie-talkie’ but also
as an emergency unit to be put in operation
wherever needed with a minimum of delay.
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MORE and more fre-
quently the ITS department is re-
ceiving letters from hams asking
for the addresses of friends whose
names have been printed in the
column; fellows who went to
school together and who have
done a lot of “hamming” to-
gether but have lost contact with
each other as a result of the war.
The ITS files have proved a val- !
uable aid in reuniting amateurs
by providing up-to-date military 2
addresses, but occasionally we've
had to advise “rank and military
address unknown.”” Therefore, as
QST goes to press this month we
stress once more the importance
of that AWSR; not only to bring

you & possible QSO by mail, but sHBE

to aid in the important task of
securing the return of the ham
bands after the war is over.

‘We know theré are many hams 5y
in service who have not yet been
included in the roster, so how
about sending in that service
record? We earnestly request new
names as well as changes in rank
and address, since our ultimate
goal is to have the name of 7
every ham in service recorded at
Hq. So get busy on those AWSRs 7H
and keep ’em coming! A conven-
ient form is provided in “Hap-
penings of the Month,” page 21.

“Somewhere in Sicily.”
wool hams now fighting in the European theater. I‘hey are veterans of the p

ARMY —SIGNAL CORPS

AT certainly is a red letter
day when QST arrives in India,”
writes W8FGYV. “The old magis g
read from cover to cover, and
even the advertisements are in-
teresting.”’ (The Adv. Dept. says:
“What’s he mean — ‘even’?”)

IJSS, Dineen, T/Sgt., Camp McCain, Miss
LMB, Sheshan, Lt., Ft. Monmouth, N. J
MJN' htman, Lt., Ft. Mon.mouf.h N.J.
3CAD Ward, Lt t‘omﬁ duty.
2FTB, Bloom, nmouth, N. J.
2HPV, Diecks, Pfc Camp Crowder, Mo.
2LEC, Bruscella Ft. Monmouth, N. J.
21 UR, Heptig, Put., Camp Crowder, Mo.
20C/ Wattg&t foragn duty.
ex-3FJS, Furman , Pvt., Camp Crowder, Mo,
M, Santomas, T/3, foreign duty.
herbondy, T/5, ackson, 8. C.
Forde,l.t ¥t. Monmouth, N. J.
, Ft. Monmouth, N.J.
5CBR, Gallegm. Lt. foreign duty.
SEVA Schnexder P{'c. Cnmp Hulon, Tex.
SR e L S
udgins, lonmau
SHME, Wi Williams, Lt., Ft. Monmouth, N. J.
SIED, Keith, Lt., Ft. Monmouth, N. J.
SIID, Schaeffer, 1 t., Ft. Monmouth, N, J.
BISF Schneﬂ’er, Pvi., Camp Crowder, Mo.
NT, B ., Ft. Monmouth, N. J.
S’I‘F W Pvt . Indianapolis, Ind.
GCVD Droesel T/S, Ban Carlos, Calif.
6DPK, Bnrton 8gt.. Indianapolis, Ind.
6FCF, Nick .. Camp Roberts, Calif.
e e B Rl .
UgR., onmou
8RIV, Eker, Pfc., s, Was!
K6TQS, Holbert, Lt Ft, Monmouth N.J.
, Erwin, Lt., Ft. Monmouth, N. J.
man, Pvt., Ft. Lewis, Wash,
GEi Ellison, §/8gt., Ft. Lewis, Wash.
K7 U Arthurs, { . foreign duty.
Andernon. t., foreign duty.
7HWR Mon /Sgt . forelgn duty.
8N(s‘.{ lzaeu ifrow,'l;;‘}égBtoll‘mg duty.
arbiaux, orexgn u
8P D Proctor, address
8PTK, Horbatv, T/4, Ft. Lewm Wash

We're mighty proud of these three dyed-in-the- ix&owxlch'k C

Tunisian front and of the more recent Sicilian campaign. L. to r. -— S /Sgt.

Knapp, W1A1J; S/Sgt. Rusczek, WIMPO, and M /Sgt. Schnell, W2HNC
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8QEO, FX T/3,fo dut;
R0 Pt T i

88XY, Thomas, S/Sgt 'Ft. Lewis, Wash. _
8TYB Mills, T/4, !oreum duty.
PQ Gl , Cpl., Athens. Ga.
er, Put., Camp meder. Mo
8W Vn%n,Pvt Washm%ton,
Be.ll. s, Ft. Lewis, V
QD Lucas. be., Camp Crowder, Mo.
9EVYV, Kampe. l‘/5 Davwis, Calif.
Ol-'HH Ramer, /Sgt ,Camp Murphy.m:..
9CAS, Darges, C uh.
9GBY, Doege, T, %%t (ore
9HTD, Swenson, ., Sta rd Cahf
9JXI, Jones, L Pendleton Field, Ore.
9NKM, Dow, Pf’o Davis, Calif.

Operator's license only:
Chesebrough, Pvt., Camp Wheeler, Ga.

Mack, Pvt., Camp Kohler, Calif.
Sheehan, Pvt., Camp Kohler, Calif.

ARMY —GENERAL

MM ingenuity again —
one OM used the stray parts from
a Zero to build a two-tube re-
ceiver. He claims it worked fine,
and even brought in Tokyo. Hil

1BSS, Jackson, T/4, Military Res., Va.
ex-lEI%eEutler, /Sgt forei dut
McClel

lMLB ead,Pvt Ft McClellan

1MTI, Hicks, Cpl., Foxboro, Mass.

INUR Brown.Pvt Bloomington, Ind.

2IRF, Hmmu.Lt !orexgn duty.

L’JUJ Wonon T/4 Montclsir, N. J.
pt forelgn duty.

2M L., Bhenmn, helby, Miss.

2MXW, Ehrlich, address unknown.

3BYF, Schuler, Pvt., Camp Edwards, Mass.

31’I‘L Guxewxc: T/Sgt.LaPlata Md.

ESX, Basham, Cadet, West Pmnt N Y.
4H10, horard, ot Raleigh
4ICD, Gr: Cpl foreign uty

5EB Fouta, Capt Camp Adair, Ore.
FOH, Maxwell, apt.. Camp Swift, Tex.

'I'U. Beckmeyer. Lt., Memphis, Tenn.

6MFB, Hatakeda, T/3, Camp Bavage, Minn
8RUX, Lmdsa ., foreign duty.

7JAN, Hook orelgn duty.

&PMO, Oreh ovec. S/Sgt foreign duty.

8QL Claypool, add reas unmown.

Koenui Lt., foreign duty.
8SNN Gosatyla, Cpl foreign duty.

VIC.Shnﬂ'er.Pv ,Ft Eustin, Va.

8 Swmher,Pvt. New Orleans, 1a.
8WIG, Chlttenden, Camp Fannin, Tex.
9BTN, Yancey, Lt. n, Okla.

ex-9EPK, Seotf, 'r/égz Indianapolis, Tnd.
QGTI Plettau, address own.

D. Banders, Pvt., Ft. Logan, Calo.
9HLL, Wion, Ft. Coll ins, Colo.
91HI, Pagliarulo, sddress unkn
9JUR, Irick, Clarence, Mo.
9LLP, Terry, Capt., Ft.Colhm Colo.
9MMQ orgensen Cpl nvxa "Calif.
9QAA, Crawford, égt fom@ duty.
S)S'I'I,fﬁunt M/S; exgn duty
9 T/4. lela.

9YKB' New,Pvt San Diego, cmf

Operator’s license only:

Aschenbrand T/Szt Cmp Davis, N. C.
Knox, Ky.

OWD.

ﬁame. Va.

eC: Pasadem, Calif.
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NAVY—GENERAL

RT2c Gibbes, W4HGJ,
in a recent letter to Hgq. ex-
presses a thought currently up-
permost in everycne’s mind:
‘“Here's hoping all of the old
hams and a lot of new ones will
soon be back on & peaceful air.”

KAIMN, McNally, Lt., address unknown.
1AB, Goss, Lt. (ig), Groton, Ct.
1BJB, Martin, Lt. Comdr., Boston, Mass.
nt, RE Washmgton.D C
VE2AMK, Anderson, sddress unknown
2ANZ, Stein, Ens., New York City.
2 MQ Honeiser, A/S, Troy, N. Y.
20LR, Miller, 82¢, Newport, R. I.
3HAV Bowera, A/S Bambrxd e, Md.
3IGB, Sutton EM3c, Williamsburg, Va.
3IX8, W , Great Lakes, Ill.
SJPF R«imo ids, ins., Norman, Okla.
ton, Lt., "Arli on, Va.
4DRK Stephenn. Lt. (ig), Norfolk, Va.
7, Jnmxson. 82¢, San Diego, Cal.
6PN, Russell, Lt. Comdr., Quonset Pt.
6PSD, Cauno, address unknown.
GTCE Kelley, A/8, Butte, Mont.
7GG W Palmer, CRM, Pt. Blnkely, Wa.
7IWK, Hog,ewelde, 8¢, C
7JBK, Miller, A/8, Farrngut daho
8GFB, Hollzmiller, address unknown.
8IVV, Hoznn. A/8, Great Lakes, TIl,
S’I‘WA Donnelly, A/8, Cambndze, Mass.
8VGO, Bmley,Enn Cambridge, Mass.
8VKT, ‘Riley, 82¢, Davxsvxll

8VZJ, Binting, RM3c, address unknown.
9BHG, M cCullough Blc, Stlllwater, Okla.
9CFI, La.nmng. dress unknown.

ex9DR, Meyers, Lt. aom dr., Bellevue, D, C.
9DR Parr,Ena Boston, Mass.
9F " Junst, A S, Evanston, Il.

Gardner. Memphis, Tenn,
QJSL ‘Smith, Ens., Rhode Island.
INTC, Matthews, Eins., Portamouth, Va.
9WQC, Roblnson, Ens., ' Hutchinson, Kana.
¢x-97ZN, Mathews, Comdr., Columbus, Ohio.

Opérator’s license onfy:
Kelley, Lt. (jg), Cambridge, Mass.

ARMY — AIR FORCES

WHILE we know many
of the amateurs listed below are
serving in some one of the domes-
tic regions of the Army Airways
Communications System, their
exact address is unavailable and 35
consequently we must enter them
as “address unknown.” If any of
these OMs, or their friends and
relatives, will send in more com-
plete data, we'd appreciate it.

IBLL Ritchie, Cpl., address unknown,

M, ng, M/8gt., Nashville.
lDEJ Snnth F/O, Stuut Fleld Ind.
1EKW, Hampslure /Sgt dress unknown.
1GDT, Stone.Sgt address unknown.
11KQ, "Linfie Id, 2nd Lt., address unknown,
1JDL, Felix, Pie., address unknown.
1JER, Bavicki, Lt. ,addresn unknown.
1YY, McNer] foreign duty.
1KTU, Oliver, T/3, Lakeland, Fla.
1LLZ, Frost, Plc., , George Field, I1l.
1LOT, Stephen, Sioux Falls, 8. D.
mux& Fenton, Sioux Falls, 8. D.

Robinson, Pvt., Luke Field, Aris.
100L, WElor, S L. sddreas ukmown.
2ABH, Andren B/Sgt address unknown.
"AGO,Couzet Cpl., forelgn duty
2AXU, Abel, Sgt., address
ZCLE VanEasen, Sgc Sodahanr Base, War-

ensburg, Mo.
.CBH Moore, Capt., address unknown.
3EMB, Nacht, Cl address unknown.
2ENP, Pascinti, 8/] t addreas unknown.
"GMB Baranowah address unknown.
MR, Furman fc. reu unknown.

zm i’et.ers.l’vt.,addresa unknow,
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It’s a bit too early to expect much
response to our’plea for more YL pic-
tures and AWSRs, but just to prove
that we earnestly desire a better show-
ing, here’s une from the files. Mrs.
Leta Bush, WODBD, is a topnotch
radio instructor for the Army Air
Forces at Scott Field. (See “Women
and Radio,” September, 1943, QST.)

2JDE, Pearson, Szt address unknown.
"JNT Gubits, Lt., address unknown.
MA Malamut, 8/8gt., address unknown.
2KZA Kayatt, /Sgt address unknown.
2 LNI, Gensl.cr. Pfc Fanmngda[e,L L
MEQ, Rhodes, Cpl., address unknown
2NWP Artlmovxch M/Sgt addres:unknown
, Stewart, Sioux Falls, 8. D.
2NX Schnelder. 8/8gt., addresg unknown.
20NT, Pfec, ,Sxoux Falls, 8. D
2QYZ Doy e, 8/ dress unknown.
28C, Jacobello T, addres: unknown.
3CHC, Cox, 5/84t., address unknown.
3DBT, Loughne My th address unknown.
3DLA, Rupp, /Sgt ., address unknown.
u—aDZJ now, /Sgt., address unknown.
3(AU, Gilleon, (Iqﬂ address unknown.
GDV McGee, f/ t., address unknown.
GTS, Stull Lt., foreign duty.
'SION Smith, Pfe., Truax Field, Wis.
R SM MeBride, Cpl address unknown.
4AHU Henderson, /Sgt address unknown.
4DDD Robinson, Pvt.‘ address unknown.

EHK Moseley, 5/8gt., address unknown. 9FAN,

4EWC, McCraw.A C, Boca Raton, ['la.
4FNM, Roberts, T/Sgt., address unknown.
4FUM, Cody, Capt. renada, Miss.

Ein(xNL treaxner. 2nd Lt., address un-

4GSF, Paladine, Lt., address unknown.

(:UA Pattillo, B/Sxt address unknown.

4HLA. Ridolf, Pfc., address unknown

SENB, Moore, Lt., address unknown

aETG Jones. Capt., address unknown.
McKee, K{{ C, Ban Antomo, Tex.

5IKF Compton t ad ress unknown.
Dutton, C; unknown.

5JAW, Faver,(’llp n.d essunknnwn

5JLM, Shafer, T/8gt., n.ddresn unknowu

5JVE, Perez, 8gt., ad

5KMK, Rockett, Pvt., Kees]er Field Miss.

5KP, Land, 08 address unknown.

5KPO, Reid . Cpl., address unkmown.

M H Sha iro, Sgt address unknown

ochran, Lt., Butler,

GCD Avar , Major, Chi 1co Call

6COU, delin, 081 . WD,

K6DV, Huard, W, dresn unknown.

K6EMS, Bobul&xx. t.Cal.,address unknown.

K6KUU, Bly, M /S ., address unknown.

6MJP, Copebmd 0., Lowry Field, Colo.

go%m Davm.L} sgéid'li‘ess unknF?awn
Young, T, ., 1ampa,

RHF MacFarlane, ’I‘/Sgt addressunknown.

8RYQ, 8hook, Lt., Pyote

6SEV, ‘Pearson, address unknown

6TRI, Saling, Pvt., San Marc
GTI%Q‘.; Eden, A/C. Seymour Johnson Fd.,

6TUZ, Payne, 8/8gt., address unknown.
GUPF Rxchnrda fc Swux Falls, 5. D.
address unknown.
ex7GdN Hoy, .M/S t., address unknown.
7GR Hamngton, /%xt dress unknown.
GRN, Edwards, Capt., addresa unknown.
7GR8 'Shaf er.Pfc..add unknown.
7HHK, Rasmusen, Capt., a.ddreu unknown.
7HKE, Lo treth, Plc furelzn duty.
?HRF, ln,'l‘/égt address unknown.

7IFG, Bailey, A/C, Miami Beach, I'l4.
{IPG, Rayton, T/Sgt., address unknown.
71ZL, Miller, Pfc., address unknown.
TLVW, Marwin, { 5/Sgt., address unknown.
8AZ Darrow. Sgt., address unknown,
8BTG, Beshenich, Cpl., address unknown.
SCHO, Koppe. Lt., address unknown.
8DJD, Scott, T/Sgt., address unknown.
ex-ShNB McAfee.L a dress unknown.
8EPO, Cochran, , address unknown.
8FAP, Rankin, S/Sg?. addreu unknown.
8SFPT, Stokes, Pfc., address unknown.
8GPV, Lucas, Sgt. "address unknown.
8 » Reu, Sgt., Orlando, Florida.
8HQJ, Hi ghﬁ eld, S/Sgt address unknown.
SHSE. Baughn, C l Hamsburg.
BMEG Heinlein, Pfc., Sioux Falls, S D.

%& . Peyton, 8/. Sgt address uoknown.

tn,Lt Pyute.Texax
SOPJ Fisher, M/Sgt dress unknown.
8PI% Warwick, 8gt., 2address unknown.
8PY Genkmger Cpl address unknown.
Regone, Sgt., forexgn duty.

JF Book walter, address unlmown.

UG Bishop, 8/5gt., address unknown.

, Fritz, Pvt., address unknown.
83Vv, Peterson. Pfc Sioux Falls, 8. D.
8’I‘DL Goppelt, Pfc., Sioux i'alls, §. D.

, YanFleet, Sgt Bradley lueld Ct.
8TG , Mayo, Cpl., address unknown.
STIB, Ruth Capt., address unknown.
8TOZ, Fleischman, Sgt., Chanute Fieid, Iil
8UEA, Boyce, Bgt., address unknown.
8UMC, Gondek, Cpl , Sioux Falls, 8. D.
8UMQ, Dohner Sioux Fals, 8. D.
8UNI, P ,Sgt Sioux Falls, 8. D.
8UUN Baumler. Bfc., Sioux [alls, 8. 1.
80UZ, So[ranko, B/Sgt forelgn duty
8U YC Kasproski, Sioux Falls, S.
8VEX, James, Pfc 8ioux Ialls, 8 D.
8WLC, Duris, Pfc., ~ address unknown,
SWLM. Kahhch Pfc Sioux Falls, 8. D.
9AJF, thn Capt address unknown.
QAKU Stone. Sgt., ‘address unknown.
9ALL, Greenwood, Sgt., address unknown.
9AWU Mikesell, Sgt address unknown.
9CAP, Hnnley.s Bgt., address unknown.
9CMX, Kail, /0, Laredo, Tex.
t)DME Cnbb S/Szt addressunknown
9DYW ouse. xlo‘. Sicux Falls, 8. D.
ex-QEOH Babcock, Capt., address unknown.
RIS, Murphy. Pvt., Jefferson Bks., Mo.
9E ZV Rogers, T/ t address unknown.
Plumlee, Sgt address unknown.
QI'KG Murphv.szt ‘address unknown.
9FTD, Resch, Pfc., address unknown.
9GSL, Velander. Pic., address unknown.
QHKH Salm, 5/5gt., ‘address unknown,
9JAC, Hubenschmxdt Cpl address unknown.
QJCQ,Johuson. Sgt address unknown.
9JLZ, Dearing, P c., Sioux Falls, 8. D.
9KAG, Cummings égt address unknown.
9KEN, Wmaluw.Pfo address unknowa.

9LER, Tamasi, Lt., address unknown.
9LWJ, Zeuschner, Bic., address unknown.
9MLA, Beattie, 2nd Lt., address unknown.

Our last word from W7GCT was
when he was Corporal (xreer, sta-
tioned at Ephrata Air Base in Wash-
ington with a communications squad-
ron. Bob wrote us then that the
fleece-lined jacket was a souvenir of
his connection with a heavy bom.
bardment group. These nippy morn-
ings make us wish we had one, too!
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9MUE, Cohen T/8; P? , address unknown. 20KT, Arany, Robert
MU Gre.mer Field, N. H-  3DTO, Roberts, R. S.. RE

90CT, Hudson M/ dress unknown. 3EHT, Mlller,O C., it.
DOIV Oveson. bgt dmuunkn 3FBU, Miller, E. ., Lt. (ig)
RR Hagenau, T/Sgb , address unknown ex-3 FEH Mﬂler.W J., Comdr.
OOTK Ugoletti, Pic., Scott Field, Ill. SHPQ, Schimm; elpfennlg,W Lt. (ig)
XA Jacobowits, Capt.. Stockton, Cal. 3IDS, Wright, R. J.
QQLK Frits, Lt., New Orleana, La. 3IXV, Gray, A C RT2e
9QNA, Mav:onholder Cpl,, address unknown, 3TZ, Bem.lbeln
ORNI, 'Schol D, Cpl address unknown. 4C88, Mantey.W F.
95! OB. Bri er. Cp address unknown. 4DDV wkins, H. C.
OTJT, Perrv, ? Sioux Falls, S. D. 4DVX, Stewart, J. M., RT2¢
9TPJ, Bmith, Pfc., Sioux Falls, 8. D. 4F1J, Fxncher.N Ww. S/Sgt
YULE, Lumnk &gt., address unknown. 4FMD, Hood, R. M., RT2c
UVR Gormck (,pl address unknown. 4FX7Z, Terry.L E RT2e
9VDR, Stolb , Cpl.. address unknown. 4GSD Adams, J.
9VPD, Jones, P! ,Sloux Falls, 8. D. 4GWM, Woop.R M., RT3c .
st Kavi B Bom i 80, QL il Bt
, Barchett, ' ., address own. E
DM, Brebbice, &/Ct. sddress unknown,  GNGD, Kitopel. 1 E. J. W. Estes, W60MG, was Jast re-
) 60EC, Schmidt, B, F. ported as a chief radioman on active
Operator’s license only: QLX lehsple,T J Lt. ( M duty w.'ith the Navy in England. His
Kilis, Capt.. Greenwood, Miss. GngS()Newhoug'T A AR peacetime address was Hollywood.
Tinglish, Cpl., Sioux Falis, 8. D. 6STS, Jackson, D. E. )
Granger, Pfc., Scott Field, Ill. 6SSL, Snyder, M. E. NAVY —SPECIAL DUTY
Kane, S/8gt., Sioux Falls, §. D. 7AHA, Soults, E. E. i
Kirtlan, Cpl., Sioux Falls, 8. D. 7EVR,’EdlunéR W.,CRM ANOTHER parent comes
Lewis, Capt., forelgn duty. TN, Spaugh, R to the fore with additional infor-
Lochner, Sgt., Patterson erld Oluo 7HAY, Hall. F. M., s/szt L .
Menick, Cpl., Jeflerson Bks, THIFY Kesm'Rh mation for our ITS records: this
ggggggé fe. &%f'"?o}:éﬂlé'h gug LBT gl?hnszzk F. J.A time the mother of A/S Kelley,
Wildenhein, Sgt.. Sioux Falls, 8. D. gN Alﬁ SS::;,H g' : G6TCE, who sent data on her son
Wolf, miT/Sgt oreign duty. 8PSE, a.vlor AA and also several other hams on
Wo gt I't. Bragg, C. 8QCT. Cirelli, A. . ,
Zerician, §/8gt., Bowman Field, Ky. 3AM. Skowron. J. F. foreign duty. It’s surely grand to
ssvrlij Po:»rack,w;r.l. have the parents codperating so
NAVAL RESEARCH LARS {fngF_ B"gf,{g;;ltj‘. e wholeheartedly — keep it up!
WERE i r. 8WRB, eunﬁr YW, Carlson RTle, Quonset Pt., R. I
g F“D Rnymdebted to Mr. 9BXH, Wright, L. (, 2H2C. Cox, Ena., sddress unknown.
. (¢. Fincher (father of W4F1J) g%\(njnuml}r é) g A 2JOB, Wentink, Ens., address unknown.
for the following list of hams at gpsen, 'headore ex-2LHG, Brook, RT2c, Houston, Tex.
\ . .. 5 9JRI, Chapman, Jack C. 2 ) ,
NRL’s Radio Matériel School, g%ﬂb.Bo?m{}. .J.};RE IIC{%% G’Qxf&“n%ﬁff&ﬁ“fﬁ?e Cel
§ ’ H , Booker, James P. ZMHK Nelson, RT2¢, Treasure lsland, Cal
ge”""uﬁ They’re a mixture of g\ Barrowe, Dale B. 2NKF, Debler, RT3, Treasure Island, Cal
Navy, Marines and Coast Guard 9NJA, Lewis, H. A. ’SFCR,‘Pontus ARTIe, Flizabeth City, N. C.
~— officers and enlisted men, stu- gPOW- émg % ['I" - 3lll, (,horouy, ARTIc, Quonset Pt., R. L.
. SXB, Burkhardt 4CVH, Mayo Brunswick, Me.
dents and instructors. 9TDI, Hoyt, W. A. 1EFB, Lazoaby, A}‘thc, Alameda, Calif.
OVHO Schaeperkoetter, Louis 4HVA, Wafford, RT2¢, foreign duty.
1EOB, Paunoff, V. W., RM1¢c 9VVT, Lemme, Earl 4WB, Morgnn ART2c, Corpus Christi, Tex.
M%Stevem R.B., RT2c $YDH, Morrison, R. C. 5CJE, Gose, RT2¢, Corpus Christi, Tex. ’
1 I, L. L. 9YFY, Ewing, R. D. 5HOT, Freeman, RTlc, address unknown.
IMN, Emery,R T.,RT2¢ Operator'sli iy: 6ITN, Jacks(m R’I lc, forexgn duty.
IMZM Suprvnomc:. V. A perator’s license only: 6KRI, Sc Brunswick, Me.
918, Randall, W, H., RT3c Nahum, 8, J. O e Coleo i, Tex
2NYR, Neuman, R. L. Tocarsic, J. 6UGYV, Scranton, ARTlc, DeLand, I'la

7CAL, Earle, ART1c, La.kehumt..
7CC Parker, RE, address unknown.
7ITG, Rockne, RT3¢, Treasure Island, Cal.
SRJW, Tichy, Ens., foreign duty
8WBT, Miller, RT%c, Grove City,
9AIG, Blttner, Ens., Princeton, J
\)BCT Coxl Lt RNfg).Brunswmk Me.
:g 3c. San Diego, Cal.

90ZA Essad, Ens,, address unknown.
9PAR. Johnson RIZc. Washington, D. .
9PUX, Glasnapp, RTle, Dubugue, Iowa.
90U, W'n.ne.RTlc. Corpus C mtl Tex.
9 . RT2¢, New River, N ©
QSXT F‘rawert RTZc Treasure Island, Calif

9VCH, Werner, address unknown.
S)VFL. Moore, RTac, foreign duty.
9VPU, Hill, Ens., Brunswick, Me.
97AD, Jacobson, "ART2c, Corpus Christi.
ex- QJBE Johnson, RT3¢, Treasure lsland.
97IF, Gordon, RT2c, address unknown.

Operator’s license only:

Logan, RT2¢, Atlantic City, N. J.
alls, RT2¢, "Treasure Island, Calif.

L

CIVIL SERVICE -
LAGB, Warden, Philadelphia Signal Depot.
IAUN Wiley, Phﬂadelphm Signal Depot.
IAXD Zeitlen, Philadelphia Signal Depot.
IBNR, Toth, Philadelphia Signal Depot.
ICPA. Snyder. Pinladclpbm Sulgml Dr.:fot
‘A group of British and American hams, all of whom were working together 1DKJ, Snyder, i or, Wr
on secret radio developments in England at the time this picture was taken. 1DRF, Smith, Philadelp Depot.
Front row (I. to r.) — Ens. Messmer, W3IYH; Lt. Wood, G4JN; Lt. IHCU + Taylor, S%'R.LMB c‘t onﬁmath
Comdr, Withington, WIKUR and Sub-Lt. Octolony, G60M. Back row— i ‘e HRL Bellewe DG,
(Lt. {jg) Tremaine, W3BQ; Sub-Lt. McLune, BGM' Lt. Comdr. IIN Shaw, 8C Labs, Ft. Monmouth.
hdgerlv, ‘W1BOO; Ens. Atkinson, W5GOC and Lt. (Jg) Harwood WI1INV. 1IOR, Banéner, ‘Philadelphia Signal Depot.
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lJNM Ryder, 8C. radio eng., Presque {sle,

lJOY Woodsum, foreign duty.

1KMH, Shepard, Boaton, M

1KVK, Warman, FCC,

IL(I:'L Tuttle, instructor, arner ' Robins FId.,

a,
ex-1LUP, Stewart, Philadelphia Signal Depot.
IL(\QI ., Walden, AAF, radio tech., Columbus,

1IMGR, Sprague. Philadelphia Signal Depot.
INDR, Sienko, FCC, radio operator, Pleasant-

ville,
INET, Ricker, FCC, Rhode Island.
lNGV Séi]ller, radlo mechanio-technician.
C Labs, Belmar, N. J.

ZAEL Bchwarts, SC Labe, Ft. Monmouth.
2AHZ, 8chmahl, 8C, Laurelton, L. I.
AIW Rogers.SC Laba ¥'t. Monmouth.
" Reed, SC Labs, Ft. Monmouth.
2BBYV, Schhtt Sl | Labs, Ft. Hancock.
2BHB, C Labs, F't. Monmouth.
9BPW, leverman SC Labe, Ft. Monmouth.
2B Tepper sC labs, Ft. Monmouth.
2BVB, Ramm, §C Lal elmar, N. J.
2BYEK, Wi e.SC Labs, Ft. Monmouth.
ex-ZCIP SC Labs, Belmar, N, J.
Woe.hrer, Signal Labs. Ft. Hancock.
2CY8 Buhoski, Signal Labs, Ft. Hancock.
2EDI, 8hifflin, SC Labs, Ft. Monmouth.
2EHN, Smith, 8C Labs. Belmar, N. J.
2E7ZV, Ver@er, Signal Labs, Ft. Hancock.
2FXE Tucker, Signal Labs, Ft. Hancock.
2FYZ, Shnymoa, ignal Laba, Ft. Hancock.
"(xO'I‘ Voigt, FCC, address unknown.

Van Velsor 8C, mechanic, Camp

Evans, A

2HNWX Sharp, 8C, Engineer, Camp Coles,

2HXF, Tomaso, 8i Labs, Ft. Hancock.
leY Wxscup. SC Labs, Ft. Monmouth.
hatz, SC Labs, Ft. Monmouth.
YH W'ngood FCC radio operator.

2JBG, nggms. Si Lebas, I't. Hancock.
..JJW Worth, SC bs. Ft. Menmouth.
JKR Swenson, 8C Labs, Ft. Monmouth.
2KBI, 8truble, Signal Labs, Ft. Hancock.
2KJ, Ross. I'CC radio operator.

KNP Rosen, CAA, commumwtlons opr.

2KXK, Stefanile, Slgnal ba, Ft. Hancock.
2LAL, Beott, 8C, inspector.
LLK, Sobeck, SC Labs, Ft. Monmouth.

2LYY, erght sC Lnbs Ft. Monmouth.

MCH erlm.g, sC l/a . Ft. Monmouth.
2M X eber, Jignal Labs, Ft. Hancock.
KI, Reinbart ’gngnal Labs, t. Hancock.

MON Rmenkrantz. address own.
2MOZ. Zipf, SC Labs, Belmar, N. J.

MWW, Wolfe, 8C Labs, Ft. Monmouth.
2NTA Soul es, 5C Labs,Ft Monmouth.
2NUB, Whitting, SC Labs, Ft. Monmouth.
20AT, Wa.lte, Labs,Ft Monmouth.
20DF, Ross, SC Labs, Ft. Monmouth.
20D§, Wlllmont. War Dept., technician.
J"OPK Sheridan, SC Labs, Belmar N J.
3AUR, Spea]nna RL, Bellevue, D. C.
ex-3A71, Baum, SC, radio mech.-tech.
. Torretti, SC Labs, Ft. Monmouth.
, Turner, Navy Dept., inspector.
3BGD, Segen, addresa unknown.
3COG, Seltzer, Navy Dept., Washington, D.C.
COY Simmons.P e]plua Signal Depot.
3C8Y, Scott, SC, mdxo aide, Ft. Monmouth.
3DF, éterhng, CC Washington, D
3 fton, , Washington, D. C.
3GG! Raﬂ'erty. SC, Presque 1sle, Me.
3GN U Wilbur, mstmctor,Ft Monmouth.
3HNR, Wilson, 5C, inspector.
’iHNZ, Trout, Laulzfton Signal Depot
3HPQ,R1ccobono. RL, Bellevue, D. C.
3JDS, Stoops, NRL, Bellevue, D. C.

, Richie, SC, mspector

'LTHW Wilson, NRL Bellevue, D. C.
3JZN, 'Suedekum, Technician, Lowry Field,

Colo.
3JKO Shaﬂer, NRL, Bellevue, D. C.
K, Taylor, NRL, Bellevue, D.C.

'iJLR Storck, Slgnal Labs, Ft. Hancock.

JJUC Wethenll Ph'ladelphm Signal Depot.
dress unknown.
321, Raser. bCLa , Ft. Monmouth.

GGE Williams, Lexmgton Signal Depot.
ex-68PTX, Wltkms, Lexington Signal Depot.
8BDYV, Thompson, address own.
8D, Stqtz. Wright Field, Ohio.

SNCH Ripple, AAF, instructor.
9DUC, Reedy, NRL, Anacostia, D. C.
9BVP, Bnrnett FCC, monitoring officer.
9FDY, Brown, address unknown.
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9FSR, Stromberg, F't. Monmouth, N. §.
9IR, Bond, address unknown.
QJCK Sturek address unknown.
9KBE, Richards, SC, instr., Trinidad, Colo.
9KTN, Oak!ey,mstr USNTS, Madxaon. Wis.
QMZN Young, CAA, Chicago region.
9NAK, Smith, instr., " USN' admon Wis.
QNHP Nleman, address unkn,
9NLB, Tucker, 8C, mechamc, Tampa, Fla.
QNMY Vitkauskas, instructor, Scott Field.

, Turner, radio engineer, . Nebr.
QNVM Nemen, SC, trainee, Burr School,

Chicago.

9NVU, Oberman, 8C, instr., Trinidad, Colo.
9NX Shultis, SC Labs, Ft. Monmouth.
ONYF, Qlson, address unknown.
QOAW, Poploskv, instructor, Scott Field.
90CC, Mortimer, Lexington Signal Depot.
90FB, Saunders, Philadelphia Signal Depot.
OF’P Ellis, inspector, Marion, Ind
90LX, Olson, SC, inspector.
9OMT, Strouhal, , Oklahoma City, Okla.
QOMZ Oliver, Ft. Monmout J.
9ONW, Tevelin, instructor, Scott Field.
90WZ Stryker. engineer, Cheyenne, Wyo-

ex-ﬂl’xg(} Taylor, SC school, Milford, Neb.
9POD, Weber NRL, Anacostia, D. G
9PSP, Stanton forelgn duty.

QDX Morse, Ph.x]adelphla ngnal Depot.
QQMR Springen, Philadelphia Signal Depot. 4
9QMY, Neal, engineer, Omahsa, Nebr.
9RZP, Timberlake, SC Labs, Belmar, N.J.
95KH, Ramp, NRL, Beﬂevue. 3
98RF, Schis| er, mspector Towson, Md.
9SVQ. Stief, Lexington Signal Depot.
98VU, Sherman, technician, Ft. EB%E
QSVX Rotramel, Lexmgton Signal

TBU, Ramsey, Fce operator.
9TLY, Tripcony, FCC, foreign duty.
9 , Wingert, 8C, Virginia.
9TL, McCallen, instructor, Scott Field.
Q'I‘VF North, FCC, Daly City, Cal.

‘J'I‘YJ Wllton SC,eng Brookley Iield, Ala,
ex-9UIH, Rountree, AAF, instr., Tomah, Wis,
8UJF, Peterson Phxladelp ia Slg,nal Depot
ex-9UKL, Wa.rnner Wright Field, Ohio.
9UMQ, Clds, address unknown.
x-9UMU, Zmeskal, instructor, Scott Field.
9UXI, Smith, mst.ructor, Boulder, Colo.
aVIG, Prell, Fort Monmouth, N. J.
9VRT, Neary, CAA, Kansas City, Mo.
9WKD, Underdahl SC, operator, Omaha,

Neb.
9WOT, Pugh, repair depot, Springfield, Ill.
YWTM, Opits, instructor, Scott Ileld.
9YCF, Wlse, technician, Ft. Hayes, Ohio.
9YFJ, Mllls m:fector, Kearuey,N J.
9YKS, Morf, § bs, Ft. Monmouth.
9YO0J, Roper FCC, monitoring officer.
9YRF, Pochop, technician, Washington, D. C.
9YBN, Stevenson, SC Labs, ¥t. Monmouth.
9YXC, Vincent, Lexington blgnal Depot.
9ZGR, Mchure Philadelphia Signal Depot.
97ZLP, "Stenersen, Wright lield, Obio.

9ZTM Wilha.ms. Lexington ngnal Depot.

9Zv0, Struve Traux Field, Wis.

Operator'slicense only:

McAvoy, Slgua.l Labs, Ft. Hancock.
Paterchok, SC mspector. ‘Western New York.
Rounds, SC, Grand Forks,

Vandal, AAF instr., Sioux Falls, 8. D.

CANADA

Ar the risk of being mo-
notonous, once again we remind
von VE amateurs to send your
war service records in to Head-
quarters right away, so that your
listing may at least continue its
fine showing. Better still, let’s hit
4 new high next time. What say?

Earlier this month we had a
fine letter from Sgt. Scantlebury,
VE3AMG, now in Westminster
Hospital at London, Ont. This
ham may be flat on his back with
torn back muscles and a hole in

8, Onio,
epot.

his leg, but he says, ‘“It’s swell to
be alive and kicking!” Good luck
and 73, OM —- that's the spirit!

RCA

{HG, Grant, Lt., Halifax, N. S. .
3AKQ, Vollick, 8gt., Ont. '
8ATR, Lnutemlager, Sig. Instr., Kincardine,

Ont.

4AA, Duval, address unknown.

4AID Gnmsrud Cpl., address unknown.

4HR, Chase, Ma: address unknown.

4JW, Sheard, Maj., address unknown.

4NV, Co er,addreuu own.

RB Go nch addresa unknown.
Gowan, address unknown.

4SA Sutﬁn S/%i{ address unknown.

4ZL Gibson, C address unknown.

RCAF

3AKK, Burniston, L.A.C,, Foreign Duty.
BAKX Perry. F/Lt., foreign duty.
3ATF, Marshall, P70, Clinton, Ont.
3AVZ. Watson Sgt foreign duty.
P/O 'Vancouver, B. C.
4AAP Thompson, 8gt., address unknown.
4ABC, Romanchuck, Sgt., address unknown.
ABG, May, address unknown.
4AGW Wlddop Bgt address unknown.
4AJF, Kirkl y,b address unknown.
4AJO rgenia, f’/o address unknown. «
4AJR, McCollum.Sg address unknown.
4EH, Holmes, B/L, address unknown.
4GX, Lawrence, address own.
4LC, Donovan, Sgt., address unknown.
4NJ, Coram, address unknown.
4PW, Farmer, Sgt., address unknown. -
4QH, McMillan, /O address unknown.
4RT, Earle, Sgt., address unknown.
4UE’ Richardson, Cpl., sddress unknown.
4WM, Carroll, address unknown.
478, Dicken, address unknown.
5HG, Lanskail, ¥/L, Montreal.

RCCS
2PX, Sidaway, Cpl., address unknown.
dAGC UrTows, , Foreign Duty.,

4AFN, Nelles, address own.
4AMD, Ferrie, Lt., addresa unknown.
4BT, Watt, WO1, address unknown.
4GS, Grant, Capt., address unknown.
4IH, MacLeod, Msj., address unknown.

Operator’slicense only:
Grant, Lt., address unknown.

RCN

2LC, Stephen, Lt., Ottawa.

4AAR, Clements, Ldg Tel., address unknown.
4A1'.Y Melnyk, address unknown.

4AFT, Matthews, Ldg. Tel.,address unknown.
4GE, Ja.mxeson FA4, address unknown.
4QA, Hulbert, address unknown

5AJU, Purvw,PO Teleg., Hallfax N.8.

RAF

50R, Southall, P/0, foreign duty.
5ZM, Wadsworth, ¥/L, foreign duty.

Canadian amateurs in the war ef-
fort are reprcaented this month by a
sparks in the merchant marine —
P. R. Wharton, VE3AWQ, now a
radio operator aboard a “little laker,”
and formerly from Waterford, Ont.
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A Junk-Box Frequency Meter for 112 M.

A Heterodyne-Type Unit with Ham-Band Crystal Checks

BY WILLIAM ADAMS,* W86ANN

‘The nced for simple apparatus suitable
for spotting WERS transmitter frequen-
cies has long been felt. W6ANN shows
how the job may be done quite easily
with the aid of ham-band crystals.

DURING my spare time, while waiting to
get on the air with a WERS license (I am still
waiting!), I have been working on a frequency
meter to check the frequencies of those.who have
been so fortunate as to obtain licenses. I've often
séen the phrase, “You can make this out of parts
found in any ham’s junk box-—,” but I think
this is the first time I ever did just that. It wasn't
that I wanted to, but the joints where I could
bum a condenser or two finally folded and I
couldn’t buy a second-hand 80 even though I had
¢wo old ones to turn in.

~ Having been on 112 Me. for a couple of years
BPH (Before Pearl Harbor) and being so un-
fortunate as to live only a couple of miles from a
monitoring station, I had to watch my frequency.
I found that the best way to do this was to keep it
betweén the 16th harmonics of a couple of my
40-meter rocks. With this in mind, I built the
frequency meter around some 7-Mec. crystals.
The first circuit I drew up was a beauty, including
all known and unknown methods of frequency de-
termination, voltage regulation and frequency
stability; but after one trip to the junk box I
threw out nine-tenths of it and got down to bare
essentials — and not-too-good essentials, at that.
There was a great lack of mica condensers, so
paper tubulars had to do in a lot of places where

%8405 Corsini Place, Ban Pedro, California.

normally we would not think of using them. All
the parts had beeu used one or more times before,
and many of them had to be patched in order to
make them work.

You will get the ides of the system by referring
to Fig. 1. An electron-coupled oscillator, whose
fundamental output frequency is in the 28-Me.
band, produces harmonics which may be picked
up in the 112-Me. band. Harmonics from a 7-Mec.
crystal oscillator are used for constant calibration
of the electron-coupled oscillator. To facilitate
calibration, a mixer stage is provided so that the
beat note between the two oscillator signals may
be heard in a pair of headphones. It also helps in
determining the frequency of a loud local signal.

There is nothing new about the individual cir-
cuits, since they have appeared many times in
the Handbook and QST. The pentode crystal
oscillator employs a 6V6 operating at the funda-
mental frequencies of the 7-Me. crystals (mostly
borrowed crystals from local ham rigs). A switch,
Sy, is provided to permit switching from one
crystal to another or to turn off the oscillator by
cutting the crystals from the circuit. B is a 60-
ma. flashlight bulb or dial lamp which serves as
an indicator of crystal current.

The electron-coupled oscillator, using a 6SK7,
operates at 28 Mec., chiefly because the fourth
harmonic of 28 Me. gives a better signal at 112
Me. than does the eighth harmonic of 14 Mc. The
electron-coupled oscillator uses a fixed capacity
of 35 ppfd. which was stolen from the five-meter
transmitter. To adjust the calibration when jars
or aging have knocked it off slightly, a 2-uufd. air
condenser is shunted across the tixed capacity.

One really important item in any frequency
meter is a good dial readable to a tenth of a de-
gree, but since nothing of this sort was available,

A front view of
WO6ANN’s WERS
frequency meter,
showing the dial
ready for calibra-
tion. The crystal
switch knob and
the pilot lamp are
at the left on the
chassis front, with
theheadphonejack
at_the right. The
ACN dial at right
controls the e.c.o.,
while the crystal-
oscillator compo-
nents are grouped
in the center.
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we got around it by pruning down the tuning
condenser until the entire dial range covered little

- more than the 112-Mec. band. Actually it goes
from 111 Me. to 117 Me.

Simple resistance circuits are used in the 6SA7
mixer, so no tuning is required. Voltage regula-
tors would be a distinct advantage, but since
these werc not available we did the next best
thing by pulling some high-wattage resistors
from our 1-kw. 14-Me. rig and bleeding the power
supply fairly heavily.

The only trouble encountered in placing the
unit in operation was from a flock of “birdies,”
noticeable when tuning the elcctron-coupled os-
cillator. This was eliminated by reducing the
grid leak from the original 0.5 megohm to 0.1
megobm,

Construction

The pictures show most of the constructional
details. No attempt was made to make a fancy
job of it. I used an old salvaged chassis for mount-
ing the parts. The power-supply equipment oc-
cupies one end of the chassis. At the other end
is the electron-coupled oscillator, with ('5, the
tuning condenser, at the front, and the coil and
6SKY7 to the rear. The padding condenser, Cs, is
on the far side of the coil, while the trimmer, C+,

is mounted close to Cs. The 6SA7 mixer tube can
be seen to the right of the tuning condenser.

The crystal-oscillator components are grouped
together at the center, with the tuning condenser,
74, across the rear, and the tube and tank coil, Ly,
in front. The crystals are grouped directly over the
crystal-selector switch, which is mounted under-
neath the chassis.

Calibration

Just because your crystal boasts a beautifully
etched cover with the frequency imprinted there-
on — don’t you believe it! Not only does the fre-
quency change with the age of the crystal (I
have some that have shifted two or three kec. with
use), but there's always the chance that crystal
holders may have been switched at one time or
another in the dim past. And then there was the
time during that DX contest when you got out
the Bon Ami. If you don’t have some accurate
method at hand for measuring frequency at 7 Me.,
it is better to have someone re-calibrate your
crystals. I took the whole unit to a local concern
where they are turning out crystals for the Army,
and they calibrated the frequencies of the crystal
oscillator.

After the crystals have been calibrated, the
next step is to draw a calibration curve for the

s Svolts

5o v
g ¥ Gavolts
st X

Fig. I — Circuit diagram of W6ANN’s 112-Mc. heterodyne frequency meter and calibrating crystal oscillator.

C1, Ca, Cg, Co, Cro, Cr2, Cra—
0.01-4fd. paper.

C4y Co — 35-ppfd. variable.

Cs — 10-ppfd. variable.

Ct ~— 2-ppfd. air trimmer.

Cs, Ci6 — 0.001-pfd. mica.

C11 — 0.002-ufd. mica.

Cas — 0.5-4fd. paper. .

Ci1s — 10-ufd. 35-voit electrolytic.

Ci7, Cia —8.ufd. 450-volt ~eclec-

trolytic

Ri, Rs, R7 — 50,000 ohms, L-watt.
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Rz — 500 ohms, 10 watts.

R¢— 100,000 ohms, 1-watt.

Rs, R — 200,000 ohms, 1-watt.

Ré — 1 megohm, l-watt.

Ro — 200 ohms, 1-watt.

Rio — 25,000 ohms, I-watt.

R11 — 12,000 ohms, 100 watts.

Riz — 5000 ohms, 250 watts.

L1 —23 turns No. 18, 1l4-inch
diameter.

T2 — 4 turns No. 18, 134-inch di.
amcter, 134 inches long,

La — 30-henry filter choke.
B— 60-*1)11ua;i)dial lamp or flashlight

J — Open-circuit jack.

RFC »— 2.5-mh. r.f. choke.

S1 —- Multi-point crystal switch.

S2 — Toggle switch.

‘T1 — Power transformer; 800 volts,
centertapped; 6-volt and
5-volt filament windings.

T2 — Modulation transformer (if
used; see text).



Top view of the 112-Me. frequency meter, showing the
power-supply equipment in the foreground, crystal os-
cillator in the center, and the e.c.0. and mixer at the top.

electron-coupled oscillator. Pick up a few sheets
of graph paper from your local #5 and 10” and
go to work. After the unit has warmed up for at
least 30 minutes, listen for the beat note between
the fourth harmonic of the crystal oscillator and
the fundamental of the electron-coupled oscillator
in the output of the mixer, as you tune the elec-
tron-coupled oscillator. Mark the zero-beat point
on the chart, showing the 16th harmonic of the
crystal frequency instead of the crystal frequency
itself, or the product of 16 and the crystal fre-
quency. Do the same for all available crystals.
‘While { use only three crystals — one for each
end of the band and one for the middle — the
more crystals you use, the greater will be the
accuracy of your interpolation hetween the
known points. Incidentally, the low-frequency
edge of the 112-Me. band corresponds to 7000
ke., the middle of the band to 7125 ke., and the
high-frequency edge of the band to 7250 kec. Now
that you have all the points on your chart, draw
a line connecting them and you have a calibration
curve for the electron-coupled oscillator.

Operation
Before using the frequency meter always allow
it to warm up for at least thirty minutes, and al-
ways run through your crystals to see that the
curve is still correct. If it is only slightly off, it
can generally be brought back into line by a
slight adjustment of the 2-uufd. trimmer. How-
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ever, if some radical change has taken place
it may be necessary to draw a new curve for the
electron-coupled oscillator. After making sure
that the curve is still in alignment with the crys-
tals, turn the crystal switch to the “off” position
in order to eliminate any confusion as to which
oscillator you are listening.

The simplest thing, of course, is to determine
the frequency of your own transmitter. All that
i3 necessary is to turn on your rig and listen in
the ’phones for zero beat between the fundamental
of the transmitter and the fourth harmonic of
the electron-coupled oscillator. Note the dial
reading and read your frequency from the cali-
bration curve. In some cases it may be necessary
to use a small antenna on the mixer tube, as shown
in the diagram, although I have not found this
necessary.

The hardest problem is determining the fre-
quency of another station with a reasonable de-
gree of accuracy. The reason for this is that 99
per cent of all receivers in general use are ‘“‘rush
boxes.” When the electron-coupled oscillator is
tuned, the presence of its harmonic is noted by
the receiver being taken out of superregeneration
over a rather wide portion of the dial — too wide
for accurate results. This was overcome in a
similar model madé by the T.ong Beach net by
the insertion of a modulation transformer, T', in
the common plate lead to both the crystal oscil-
lator and the electron-coupled oscillator. By using
a single-tube audio oscillator, enough modulation
(probably 10 to 15 per cent) is obtained to modu-
late the oscillator slightly. In the superregenera-

Bottom view of the 112-Mc. frequency meter.
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tive receiver this type of signal appears over
only a very narrow range, and makes a rather
accurate reading possible. .

No provision for modulation was made in my
model because it was not necessary with either
of my receivers. The first, made when I was a bit
more optimistic with regard to frequency stabil-
ity on 112 Me., is a converter ahead of my RME
69. While this brings in the signals, they are so
badly frequency-modulated as to be unintelligi-
ble. However, if I can get the station to use c.w.
instead of 'phone to identify itself, a very accurate
reading can be obtained with the electron-coupled
oscillator. The second receiver is a resistance-
coupled-i.f. superhet, using a 956 as detector-
oscillator. This receiver not only brings in signals
better than any other receiver I have ever had,
but it also gives accurate results with the fre-
quency meter.

Accuracy

The accuracy of this frequency meter depends
upon a number of things, but fundamentally on
the accuracy of the calibration of the crystals.
However, any kind of a low-drift crystal should
hold within plus or minus 1 ke. of its calibrated
frequency. If you have some wild X or Y cuts, it
would be better not to use them in this fre-
quency meter. If you do have an error of plus or
minus 1 ke., this would mean an error of 16 ke.
at the 16th harmonic. Then, if another 1 ke. is
allowed for error in calibrating the electron-
coupled oscillator from the crystals, the total
error in the calibration of the electron-coupled
oscillator will be 17 ke. If, then, you are using a
superheterodyne converter, or a resistance-cou-
pled-i.f. superhet, another 1 ke. should be allowed
for error in reading the frequency of the incoming
signal. The over-all accuracy then would be
approximately 0.017 per cent, in the worst possi-
ble case.

However, if you are using a superregenerative
receiver, the accuracy will be much worse. From
past experience, even with the audio oscillator,
the best that can be expected is a total error of
about 42 ke. This represents a possible error of
ahout 0.037 per cent.

As a still further check on the accuracy of the
frequency meter, I have checked it against two
known stations. One is a police station just out-

side the band, on the high-frequency side, while -

the other is a harmonic from the voice frequency
of a 55-Mec. television station. Both of these check
very well. Undoubtedly, you will be able to find
similar local signals for checking your own fre-
quency meter.

Stra

Peerless Electrical Products Co. of Los Angeles,
has announced production of a new moisture-
proof and dust-proof transformer. Its principal
feature is glass or porcelain insulators with metal
bands which are soldered into the transformer
case and thus become an integral part of the case.
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Gold Stars

]LT-(JG) Rarpa Houris, USNR, W4AFC, com-
munications ofticer on the U.S.S. Arzona, was
killed when the Japanese sunk that ship during
the attack on Pearl
Harbor. A member of
the Naval Reserve for
many years, he was
called to active service
in May, 1941. He at-
tended the post-gradu-
ate school at Annapolis
before being assigned
to the Arizona. For his
bravery under fire,
W4AFC was posthu-
mously awarded the
Order of the Purple
Heart, and a recently launched destroyer was
christened the U.S.S. Hollis in his honor.

Long a diligent and active amateur, W4AFC
was a participant in perhaps the outstanding
early amateur emergency achievement — the
Florida hurricane of 1928. Hollis and Forrest
Dana, W4AGR, put W4AFC on the air and con-
tacted the War Department at Washington,
giving the first reports of the disaster.

Before being called to active service, W4AFC
was in charge of police radio communications for
Palm Beach and West Palm Beach.

ARRANT OFFICER D. 8. WinLiams, W4BAH,
gave his life while on coastal patrol with
the Civil Air Patrol. Motor trouble developed
shortly after taking off from the base on afternoon
patrol and the two-
seater plane crashed,
instantly killing both
the pilot and WABAH.
‘“Steve’” Williams
made radio hig life’s
work as well as his .
hobby. He was an ar-
dent amateur, and the
voice of “ W4BAH (Big
Apple Henry), Wal-
lace, North -Carolina,
the largest strawberry
market in the world,”
had circled the globe. When the War Depart~
ment called for volunteers from the amateur
ranks, W4BAH enlisted in the CAP, and in Sep-
tember, 1942, was called to active duty at the
Joastal Patrol Base at Beaufort, N. C. He took
his ham transmitter and other radio gear with
him, and the base began operations using his-
equipment. W4BAH had been promoted to
Warrant Officer just three days before his death.

*x Kk k k Kk k Kk %k
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U.SA.

CALLING! ;.

TECHNICAL LEADERSHIP

THE most pressing wartime radio need
known to us is that for highly qualified engineers
and physicists capable of supplying technical
leadership and doing original work in the applica-
tion of radio to new military requirements, It is
reported to us that that need is a very real one.
We have had several items on this subject in
recent months but here must repeat the appeal.
It is realized that any man worth his salt in such
a capacity probably is busy and well connected at
present, but there may be some who feel that
their present employment does not allow full
latitude for their capabilities and who would be
interested in exploring, in mutual confidence,
the possibility of a more important connection.
An avenue for such correspondence has been
created: you are invited to write under personal
cover to the president of the League, George W.
Bailey, Technical Aide to the Director of the
Office of Scientific Research & Development,
1530 P Street, N.W., Washington 25, D. C. There
is more behind this work than meets the eye, but
we cannot talk about it beyond saying that many
of the men reached through this contact are
doing very important work.

Opportunity in this work exists for available
persons of almost all categories of skill — not only
engineers and physicists but radio technicians.
Women possessing technical radio training are
needed as much as men. For whatever grade of
work in radio one may be qualified, an interesting
connection can probably be developed by cor-

. responding with Mr. Bailey at the above address.
Employment in civilian capacity.

INSPECTORS AT WAR PLANTS

INsPECTORS are needed to inspect and
test, electrically and mechanically, aircraft radio
equipment and associated gear, to interpret
specifications, to make inspection reports, etc.,
at various contract plants throughout conti-
nental United States, supplying equipment to
the Navy. These are Civil Service positions,
known as Inspector of Radio, in five grades run-
ning from junior to senior. The particulars are
contained in Civil Service Announcement No.
3-100, to be seen at your post office. Salaries in
the five grades run from $1971 a year for the
junior grade to $3163, for the Federal work-week
of 48 hours. Men only. No written examination
— applicants are judged from a review of their
experience.

Appointment is made at whatever grade one
qualifies for, but in any event there is a course
of instruction lasting about six months. It in-
c¢ludes a complete course in radio theory, given at
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the radio inspection school of the Naval Aircraft
Factory in Philadelphia, with additional training
in inspection procedures at the NAF itself at the
Philadelphia Navy Yard. Upon completion of
training the graduates are stationed at various
contract plants, their chief duty being to deter-
mine that manufacturers are complying with
specifications,

Depending upon the grade applied for, appli-
cants must have had from two to six years’ ex-
perience in the testing, inspection or repair of
receivers, transmitters or sound systems, but
with b.c. set repairing counting for not over four
years. The completion of various courses of in-
struction in radio or physics, including the
ESMWT course, may be substituted for two
years of the required experience; and the pos-
session of an amateur or commercial operator
license substitutes for three years. Applicants
must have completed the standard high school
course of education, except that additional years
of experience may be substituted, year for year,
for up to two years of high school, except in the
senior grade of inspector. Minimum age 18; no
maximum limit. .

Although applicants all over the United States
are invited to reply, applications may be filed
only with the Director, Third U. 8. Civil Service
Region, Customhouse, Philadelphia 6, Pa. The
necessary forms may be secured either from him
or at any first- or second-class post office in which
Announcement 3-100 is posted.

OPERATORS & TECHNICIANS

Tre Civil Service Commission is seeking
radio operators and mechanic-technicians for
positions in the Federal service. No maximum
age limit; no written tests. At your local post
office, see what is called ‘“Amendment to An-
nouncement No. 134 of 1941.”"

Radio operators are wanted in a number of
Federal agencies thoroughout the country, who
can transmit and receive Continental at a sus-
tained speed of not less than 20 w.p.m. Typing
ability is desirable for some of the positions. They
pay from $1970 to $2190 a year. Applicants who
are willing to go anywhere in the U.S. have the
most likely chance at appointment.

Mechanic-technicians are needed to assemble
and maintain modern communication equipment
and other radio gear. Positions are both in
‘Washington and elsewhere in the country, and
pay from $1752 to $3163. The $1752 position may
be qualified for by meeting any one of the follow-
ing requirements: at least one year of full-time
paid experience in technical radio or related
electronic work, such as radio electrician or
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engineer, repairman or operator; or completion
of an ESMWT course in any branch of radio,
or of a six months’ resident technical radio
course in an acceptable radio school; or of one
year of resident study in a school of engineering
or technology which included radio courses. For
the higher-paying positions, applicants must have
had additional paid experience or appropriate
resident study.

Application forms are available at. first- and
second-class post offices and the Civil Service
Commission’s regional and Washington offices.
Applications should be filed direct with U.S. Civil
Service Commission, Washington 25, D. C.

SEAGOING OPERATORS WANTED

THE need for seagoing brass-pounders
continues as our merchant marine fleet grows.
Manning of most of these vessels is a function of
the U.S. Maritime Service, which advises us that
they are still on the lookout for operators and
still maintaining the splendid training program
recently described in QST'.

If you yearn for the open sea, there are few
ways in which you can better serve your country
than shipping as Sparks. Further information
can be obtained from the Maritime Service en-
rolling office nearest you, or by writing direct to
The Commandant, U.S. Maritime Service, Wash-
ington, D. C.

LABORATORY MECHANICS

‘ Tare National Bureau of Standards in

‘Washington is searching for laboratory mechanics
for war work. Amateurs are aware that in peace-
time the Bureau develops working standards
of measurement, quality and performance for
science, engineering and industry, doing the
necessary testing and investigating. The war has
brought the Bureau many new problems, in-
cluding projects of a secret and confidential
nature. Lab mechanics are needed in connection
with the construction, installation, maintenance
and operation of electronic and electrical equip-
ment, machine shop equipment, automotive
equipment, etc.

These are Civil Service jobs, paying $1752 to
$2798 a year (including overtime pay). Minimum
age 18; no maximum, No written test. A minimum
of six months of appropriate experience or train-
ing is required for the lowest-salaried positions,
with additional training for those paying more.
Details and application forms at your post office.

DRAFTSMEN FOR WAR WORK

A HUNDRED draftsmen are being sought -

by the Civil Service for war work in Federal
agencies. Entrance salaries range from $1752
to $3163 a year. Draftsmen of all types are
needed, particularly ship, electrical, and mechan-
ical draftsmen, as well as topographic draftsmen.
Agencies needing these types of personnel in the
greatest numbers are the Navy Department, the
Coast & Geodetic Survey, and the Geological
Survey; the Treasury Department and WPB
utilize statistical draftsmen.
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Qualified engineering draftsmen in any field
are urged to apply. However, persons without
previous experience in the fields where needs
exist may be appointed and trained. Women are
especially desired. Applicants having training or
experience primarily in commercial art, interior
decorating, etc., which included any drafting
training or experience will be considered. For
positions paying $1752 a year, requirements are
at a minimum. Persons may qualify with 6
months of practical elementary full-time paid
drafting experience, or with completion of one of
the following types of study: at least 3 semesters
of training in drafting in high school; or a thor-
ough course of drafting requiring actual classroom
work in a school specializing in drafting; or an
KSMWT course in engineering drafting; or a
course in drafting in a college or university.

Interested persons may secure Announcement
283 and application forms from first- and second-
class post offices; from Civil Service regional
offices; or from the Commission’s main office.
Applications should be sent to the U.S. Civil
Service Commission, Washington 25, D. C.

COMMERCIAL OPPORTUNITIES

THERE was no expected summer slump
in industrial needs for radio personnel and cur-
rently the demand continues good. Every so often
an employer lists with us requirements for a
certain type of radio man with little technical or
college training, presenting an opportunity of un-
usual character for the man whose special quali-
fications fit.

For example, six weeks ago an employer wanted
thirty men with no other radio experience than
plenty of brasspounding and traffic handling on
amateur frequencies. A Class B license was neces-
sary but no other technical background was re-
quired. The salary and type of work were both
fascinating,.

Such specialized opportunities are not referred
to us every month, but to the man with limited
formal technical training they present the big
chance. All of which goes to prove you should not
neglect filing an Application of Personnel Avail-
ability, even though most of the League's Per-
sonnel Bureau calls are for men with college de-
grees or considerable technical background.

Last month we addressed ““ Commercial Oppor-
tunities” primarily to employers in need of radio
personnel instead of to radio men in need of jobs.
Although October QST has been on the news-
stands little more than a week as this is being
written, three employers have written us for
radio men. They need high-grade electronics en-
gineers, laboratory technicians, test-equipment
operators and commercial airlines ground-station
men. Could you have qualified for any of these?

Don't overlook a good bet. If you are available,
not subject to draft reclassification if you change
employment, and want to contribute more to the
war effort in essential radio work, write the Per-
sonnel Bureau for an application blank now. No
obligation of any sort, but the League will do its
best to refer your name to an interested employer.
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A V. T. Voltmeter for A.C. and D.C.

A JSimpIe Unit Easily Construeted from Available Parts

BY A.

Effective servicing and testing of mod-
ern electronic equipment requires the
use of a voltmeter which gives accurate
readings when connected across high-~
impedance circuits. FFor this reason, the
vacuum-tube voltmeter has become an
almost indispensable measuring device.
The simple but useful instrument de-
scribed bhere can be constructed with a
minimum of hard-to-get components.

MAYBE you don’t need a vacuum-tube
voltmeter. But if you do, you will need a rabbit’s
foot and four horseshoes to get the microammeter
for the business end.

Here is how one instrument was built up using
a meter that no self-respecting government pur-
chasing agent would look at twice. The meter, a
thermomilliammeter having a range of 0-4000
ma., was taken from a spark-gap diathermy ma-
chine some 15 or more years old. When the
thermocouple was disconnected, the movement
was found to be a d.c. milliammeter requiring 8
ma. for full-scale deflection.

The instrument shown in the photographs
reads d.c. voltages in 3 ranges up to 500 volts. On
the 10-volt scale, the input resistance is approxi-
mately 1,000,000 ohms per volt. On higher ranges
it is somewhat less, simply because no multi-
megohm resistors were available. The d.c. test
prod has a 1-megohm resistor in its far end; it may
be placed on the grid of a tube to measure a.v.c.
voltage, or on the plate of a resistance-coupled
audio stage to measure plate voltage. The uses for
this voltmeter are aimost unlimited, and one need

°610 E. North 8t., Greenville, S. C.

Front view of the vacuum-tube voltmeter chassis. The
meter was revamped from a discarded thermoammeter.
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never worry about disturbing the voltage dis-
tribution of the circuits being measured. Leaky
condensers, which automatically repair them-
selves from the surge created by measuring volt-
ages with the ordinary 1000-ohms-per-volt meter,
can be located quickly with this high-resistance
meter. If an incidental d.c. voltage appears at a
point where a reading is to be taken, such as bias
on a grid where a.v.c. voltage is to be measured,
the unwanted d.c. can be wiped out by a twist of
one control.

Circuit Details

Referring to the circuit diagram shown in Fig.
1, the 0-8 ma. d.c. movement, 3, reads plate cur-
rent to a 6J5GT/G tube whose grid is connected
to the voltage source under measurement. The
more negative the input voltage, the less the plate
current. With a meter requiring this much cur-
rent it is not practical to measure full-scale volt-
ages of less than about 10 volts, but the lower
ranges fortunately are not required as often as are
the higher ranges. Sticking to higher ranges also
avoids trouble with grid current and contact po-
tentials,

Ry is a cathode-biasing resistor which is ad-
justed to give full-scale deflection on the meter
with the desired input voltage. A reasonable
amount of degeneration is introduced so that any
6J5 series tube can be used in place of the one
with which the meter is originally calibrated, with-
out recalibration. In fact, the 6J5GT/G can be re-
placed with a 6C5, which has a mutual conduct-
ance of about 20 per cent less, without disturb-
ing the calibration more than a few per cent. The
setting of Ry i8 not especially critical and, once
set, it can be forgotten.

Sy controls a voltage divider which divides the
input voltage to provide the proper value for the
grid of the 6J5GT/G. The resistors used were not
especially selected precision types; some were
plain carbon resistors. They were chosen by the
cut-and-try method, and the ones in use have
proved to be sufficiently accurate. If a handful of
10-megohm resistors had been available, an input
resistance of 1,000,000 ohms per volt could have
been maintained all the way up to the 500-volt
scale. In this case, a double-pole switch at S3
would not have been necessary.

Rs and C form a filter which removes any stray
a.c. from the input voltage, so that the grid of the
6J5GT/G is not swung positive on peaks. Ry also
performs the important function of limiting the
d.c. potential on the grid, thereby protecting the
meter. When excessive voltage is impressed on the
input, say 100 volts when the meter is on the 10-
volt scale, the grid of the 8J6GT/G is driven posi-
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tive and the grid current through Rj biases the
tube so that its plate current is limited. The meter
is protected, because it is impossible to get more
than 10 or 12 ma. to flow through M by applica~
tion of d.c. to the input. There is a little lag in
voltage building up across €}, anyway, and the
meter pointer does not bang the pin very easily.

Ry is a potentiometer which may be used to
apply a controllable bias to the input network. Its
range is approximately 0 to 20 volts; the voltage
is stabilized by the neon bulb, N2. Although it was
originally intended merely to supply bias to bal-
ance out the d.c. drop across the cathode of the
6F5 a.c. tube, Ryg offers a surprisingly convenient
method of spreading out the meter scale. For in-
stance, suppose we start at zero and measure a
d.c. voltage which increases up to 9 or 10 volts.
This is the erd of the scale, and, if the voltage in-
creased further, we would have to go to the 100-
volt scale to measure it. However, when the volt-
age reaches 10 volts we can turn R,y s0 that the
meter pointer returns to zero. Then, if the voltage
increases, we can just add the 10 volts bias to the
reading, retaining the calibration spread of the
10-volt scale. The calibration of the meter scale is
not linear, but no er:or is introduced by this trick
since the tube is always operating at the same
portion of its curve when the meter pointer is in
the same place. In this way, the 10-volt scale can

be stretched to 30 volts, the 100-volt scale to 300
volts, and, I suppose, the 500-~volt scale could be
taken to 1500 volts, except that the insulation in
this meter probably would not stand voltages that
high. In measuring negative voltages, the meter
pointer can be set at 8 instead of zero and volt~
ages read backwards, to spread out the scale. The
markings will not be correct, but the 1-volt divi-
sions will be, and it is simple to count them down
from 8.

Because the bias voltage supplied by Ry (dis-
cussed above) is critical, it is stabilized by the
neon bulb, N2. The neon bulb’gives a 65-volt drop
where only 20 is needed, but the desired voltage
is tapped off through the resistors shown. Since
no current is drawn through these resistors, the
voltage remains accurately divided. N3 carries
the cathode current of the 6J5GT/G, and it
would extinguish at zero plate current if it were
not for Rgg, which keeps its minimum current at a
couple of milliamperes.

Measuring A.C. Foltages
8, selects either the d.c. probe or the a.c. probe,
which consists of a 6F5 tube mounted at the end
of a shielded cable. The 6F5 acts like a degenera-
tive plate detector, with the output voltage built
up across the cathode resistor, Rio. Cs by-passes
r.f. and C; by-passes the lower frequencies, so that

. i
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Fig. I — Circuit diagram of W4CBD’s vacuum-tube voltmeter.

C1—0.1-pfd. 600-volt paper.

Ciz — 0.005-ufd. 600-voit mica.

Cs, C¢— 50-pufd. mica (in shield
on 6F5 socket).

Cs — 0.01-ufd. 600-volt mica.

Cp— 16-ufd. 450-volt electrolytic.

R1—1 megohm, l4-watt (in in-
sulated probe handle).

Kz — 10 megohms, 4-watt.

Ra — 250,000 ohms, 1-watt.

R¢ — 10 megohms, 1.watt.

Rs — 1 megohm, l-watt.

Re — 100,000 ohms, 1-watt.

R7 — 200,000 ohms, 1-watt.

Rs — 20,000 ohms, 1.watt.
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Ro, Ri0 — | megohm, 1-watt.

Riy — 1500 ohms, variable, 10-
watt,

Riz2 — 1.67 ohms, 12.watt (six 10-
ohm, 2-watt units in paral-

lel).

Riz — 10,000 ohms, 2-watt wire-
wound,

Ris — 20,000 ohms, 2-watt wire-

wound.
Ris — 500,000 ohms, 1-watt.
Rie — 40,000 ohms, 10-watt wire-

wound.
Ri7 — 13,000 ohms, 10-watt wire-
wound,

Ris — § megohms, }3-watt.

Ri9 — 10,000-0hm wire-wound.

Ra0 — 7000 ohms, 2-watt.

R21 — 20,000 ohms, 5-watt.

Ra22 — 50,000 ohms, Z-watt.

Ni, N2 — 1-watt neon bulb (with-
out base resistor).

S1 — Single-pole double-throw ce-
ramic switch.

S2 — Double-pole three-position
ceramic switch.

Ss — Toggle awitch.

T1 — Power transformer; 350-0-
350 volts, 6.3 and 5-voilt
filament windings.



- Top view of the vacuum-tube voltmeter, showing the chassis layout
and the 6F5 a.c. prong on the end of its shielded extension cable.

these condensers charge up to the peak of the a.c.
voltage. The 6JSGT/G then acts as a d.c. ampli-
fier, and the peak voltage built up between
ground and the cathode of the 6F5 is measured.
The same meter scale is used for both d.c. and a.c.
but it must be borne in mind that, with the a.c.
meter, peak values are indicated. With sine-wave

input, the r.m.s. value would be the peak multi--

plied by 0.707. No means was at hand to check
the calibration of the a.c. meter at high frequen-
cies. It checks very well at 60 cycles, and it ap-
pears to work well up to 14 Mec.; at least, the
6F5 probe will indicate whether or not a h.f. os-
cillator is putting out when it is touched to the
output circuit. On my ham receiver, at 14 Mec., a
peak voltage reading of 3 volts is obtained at the
grid of the 65A7 mixer, and, although it is higher
at 8.5 Mao., there is also more grid current at 3.5
Me. Thus the meter is useful for relative values,
at any rate. An acorn tube would be much better
in this position than the 6F'5, because of the lower
loading capacities.

Construction

Since changes in the plate-supply voltage will
affect calibration, a voltage-regulated plate sup-
ply is used. This is composed of the neon tube,
N, the 6SJ7GT/G control tube, and the 45 regu-
lator tube. This regulator system has been de-
scribed in QST ! and the Handbook.

Originally an 80 rectifier tube was used, while
a separate winding on 7' supplied 2.5 volts to the
45 regulator tube, whose filament is at a high posi-
tive potential above ground. This winding was
not designed to operate at a high voltage above
ground, however, and the insulation leaked in-
termittently to one of the other windings, causing

1Grammer, ‘‘Battery Performance from the R.A.C. Power
Supply,” QST, August, 1937, p. 14.
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erratic operation. The subterfuge
shown in the diagram was then re-
sorted to, and a 6X5GT/G is now
used in place of the 80 tube. The 45-
tube filament has been shifted to the
5-volt filament winding, with the
home-made resistance, Ris, in series
to drop the voltage to 214 volts.
The incoming a.c. line is by-passed
to ground through C; and Cs.

All the parts are mounted on the
514 % 10 X 3-inch chassis. A smaller
power transformer could have been
used just as well. Also, a VR150-30
regulator tube might have been used
in place of the three-tube regulator
circuit shown, if this tube had been
on hand. The meter is not a flush-
mounting type, so it had to be sup-
ported at the rear with a sub-
assembly made up of a piece of
plywood and dime-store metal brack-
ets. The front part of the meter
projects about 34 inch over the edge
of the chassis, so that it becomes
effectively a flush-mounted meter
when the chassis is placed behind
the panel. This instrument is intended for mount-
ing behind a test panel in conjunction with other
test equipment. No case is shown, therefore, but
it might just as well be mounted in a wood case
with a plywood panel.

Any source of variable d.c. may be used for
calibration. I used a 20,000-ohm potentiometer
across an old 45-voit “B’” battery. An ordinary
voltmeter was hooked in parallel with the v.t.
voltmeter input leads, and marks were made on a
paper scale at different voltage points. These lines
were inked in and the new scale then was pasted
over the original meter scale.

A handy incidental use for this instrument
would be to supply filament and regulated plate-
supply voltages for experimental use. When the
6F5 probe is unplugged, the voltages at the 5-
contact socket at the rear of the chassis are avail-
able by plugging in ’phone-tip plugs. About 10
ma. can be taken safely from the plate supply,
if the 6J5GT/G is removed from its socket and
Ry turned all the way to the right (zero resist-
ance). The voltage will be 170.

Stra

What's the resonant frequency of your log
book? No kidding — W1IOR, on a recent visit to
Haq., reported that he had one that was tuned to
around 7 Me. It was one of those red-covered
ARRL log books with the spiral wire binding.
Apparently the inductance and distributed ca-
pacity of the spiral winding were such as to make
it tune to 7 Me. Anyway, every time he’d touch it
when the rig was on the air he'd get a little r.f.
burn. Oddly enough, of the many books of that
type he has used, only one displayed such an effect.
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Carrain Frep H. Scenern, USNR,
W9UZ, base communications officer at an un-
nameable Navy operating base, is shown below
wearing his new shoulder boards. One of the
country’s best-known hams, Schnell started be-
fore the Law of 1912 and never stopped. In World
War I he was called to active duty in the Naval
Reserve in May, 1917, first at Great Lakes, then
at the trans-Atlantic receiving station at Belmar
where he copied the first message from Italy to
President Wilson; then to DNC, Washington,
where as the operator on watch he not only copied
Germany’s armistice acceptance message, but
transmitted the first message to her after the
cessation of hostilities (POZ de NFF, 13,600
meters). He was chief on the George Washington on
President Wilson’s voyage to the peace conference.

From 1920 to 1926 he was Traffic Manager of
the ARRL at Hartford, during which time he
managed the ARRL Transcontinental Relays
(remember that record of 614 minutes elapsed
time, round trip?); made the first amateur trans-
Atlantic contact, West Hartford to Nice, France,
on 112 meters; copied the first message from
South American amateurs. In 1925 the Navy
borrowed him from ARRL, in the rank of lieu-
tenant, USNR, to accompany the Fleet on its
cruise to Australia to demonstrate the potency of
short waves with his ham-built equipment at
station NRRL aboard the flagship. He wasmade a
lieutenant-commander in 1925. Radio engineer of
the Chicago Police Department as the war neared,
he was again called to active duty at Great Lakes
in 1940, becoming District Communications Officer
and being promoted to commander in July, 1941.
His present rank dates from June, 1942.

@

P T

November 1943

AN owp TMER in ham radio, Captain

- William J. Lee, USNR, ex-W4IU, ex-W4XE, is

Assistant Director of Naval Communications for
Administration in Washington. Commissioned
s lieutenant (jg) in 1917 in the Naval Reserve
Flying Corps, he served throughout that war in
various capacities connected with aviation which
included participation in the first flight by
Jolonel Porte of the RAF in his original twin-
motored flying boat.

In 1920 he constructed and put 4IU on the
air and shortly thereafter, in partnership with
John C. Cooper, jr., established 4XE, which in-
cidentally was licensed “from 200 meters’to in-
finity.” This call became well known all over
the world between 1922 and 1928. The third
station in the U.S.A. to make use of crystal con-
trol, 4XE made the first short-wave c.w. contact
between this country and Holland, and the first
’phone contact between the United States and
Sydney, Australia, in May, 1924. At this time
4XE was operating on 30 Mc. and was probably
the only v.h.f. station besides that at Schenec-
tady. Between 1924 and 1928, 4XE maintained
schedules with Dr. A. Hoyt Taylor of the Naval
Research Laboratory, and much of the Navy’s
experimental gear was tested on the week-end
circuit between old NKF and 4XE.

In 1926 he received his commission as a lieu-
tenant commander in the Naval Reserve, at
which time he undertook to organize the com-
munication reserve in Florida and the Seventh
Naval District. In September, 1929, he entered
active duty to organize the NCR on a national”
basis. He has also served on the Omaha and the
Tezas and in the Bureau of Personnel, where he
organized and established a number of the Navy’s
radio and signal schools now in operation. He was
promoted to commander in July, 1940, and to
his present rank in June, 1942,
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EXPERIMENTER'S SECTION

PROJECT A

Carrier Currenf

ONE oF the most important phases gov-
erning carrier-current transmission appears to
have been neglected in the published material I
have read. That is the choice of a frequency which
will give maximum output under the normal con-
ditions of load on any particular power line. Most
experimenters apparently plunk their c.c. rigs on
175 ke. or close to it, probably because they have
coils available at that frequency. From wherever
they land they try to get out, piling on power and
cussing, However, as in space radio, power is not
the solution to most transmitting problems. We
have made extensive experiments on what I be-
lieve to be the most complicated carrier network
in existence today, on the basis of power-line
ramifications between stations. Qur experience
has included both “high power” (50-watters well
overloaded) with very poor communication re-
sults, and, in contrast, low power to an 802 or
807, running cool which provided excellent signals
over the same network.

The power-line system between any two sta-
tions will have definite individual transmission
characteristics. Many frequencies invariably will
prove poor to worthless, and only a few will be
really good. This is true even on an ideal net, one
in which there is a simple power line between sta-
tions with no branches taken off the line and no
substations or transformer banks along the line.
The addition of any of these complications tends
further to reduce the possible number of good
operating frequencies. To show what can hap-
pen, we had one set-up with an ideal net in one
section. There were no tap lines off the line and
transformer banks only at each end, which were
taken care of by traps. Qur best operating fre-
quencies proved to be at several points between 43
and 58 ke. Later a tap line was added to the sys-
tem, with no traps provided for isolation. C.c.
communication on the former frequencies then
became very poor, in fact impracticable, It was
necessary to run new transmission curves on this
section of line, after which we were again able to
establish good communication — on a new fre-
quency of 120 ke! Practically all frequencies be-
low that proved worthless under the new condi-
tions on the line. We are convinced that the
experimenter attempting to operate over com-
plicated low-tension networks, with taps, trans-
formers, ete., galore, faces a really tough job. To
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be successful, he must learn how to select operat-
ing frequencies.

Running transmission curves on a system will
prove a revelation. Such a curve will show at once
why one frequency which proves good for c.w. is
at the same time practically useless for ’phone. I
am certain that many experimenters have run in-
to that difficulty and blamed the whole trouble on
the equipment, or else figured that 'phone was no
good anyway! If you really want to start right and
get somewhere on carrier current, commence by
running transmission curves on your line system,
be it power line, telephone line or barbed-wire
fence. You will be more than repaid for the trou-
ble, and a lot of fun will be had by all (I hope!).

A fairly powerful variable-frequency oscillator
will be needed, with tone modulation of any kind
which will enable the receiver to follow the sig-
nal. Either the oscillator must be calibrated
or a low-frequency wavemeter must be used with
it. The range covered should be from 25 to 300
ke. or more. It ia generally true of long high-
tension systems that frequencies below 30 ke. are
bad, and likewise those above the neighborhood
of 300 ke. If a wavemeter is not available and no
means of calibrating the oscillator is at hand, the
next best practice is to provide the tuning control
with as good a dial as can be obtained. Then dial
readings instead of frequencies are recorded, so
that one can at least return to good operating
points. From such points one can calibrate the
regular c.c. transmitter by any one of a number of
means. The receiver used with the oscillator for
running the curves was a simple non-regenerative
detector with a stage of audio and an output me-
ter. A vacuum-tube voltmeter would be better.

Take as many spot readings as possible, On
our system we always went over the range in
1-ke. steps. It takes quite a while to cover from
25 ke. to 300 ke. that way, but when you have
finished you have a real transmission curve that is
worth studying. During the readings the loading
of the oscillator should be kept as nearly constant
as possible. Using a pair of “cans’” at the receiv-
ing end, the signal should be followed over the
entire run, in order not to record any phony peaks
that may result from broadcast band harmonics,
commercial transmitters, other c.c. rigs, including
the power company’s own communications sys-
tem or relaying system. The plotting should be
the output meter or v.t.v.m. reading against the
frequency setting. If frequency calibration was
not provided, then the signal strength readings
will have to be plotted against the dial division
numbers. If the dial is not finely divided, }{-point
and Y4-point readingsshould be taken and plotted.
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Examination of your completed curve may
possibly reveal steep-sided peaks of voltage read-
ing, less than one kilocycle in width! If you set
your transmitter precisely on that point, it will
be excellent for c.w., but 'phone will sound very
badly, since most of the side-bands are chopped
off. If you are selecting a ’'phone frequency you
will probably have to forego some of the ‘‘sock”
ubtainable on one of these narrow peaks, in order
to use a peak of say four or five kilocycles width
to allow for a voice-modulated carrier. Such a
peak need not be flat-topped for the entire 5 ke.
A “hump” with one or two kilocycles at maxi-
mum and gradual slope on both sides will as a
rule prove satisfactory. Ordinary common sense
in interpreting the curve will enable you to
select a good operating spot for your transmitter.

If three or more stations are to operate on the
same net, it is best to run curves between all the
stations, in every possible combination of receive
and transmit, and, using the same oscillator and
receiver in each instance. The separate voltage
curves, properly identified by using differently
colored inks or pencils, should all be recorded on
one chart. Then you will really have something!
To select the best operating point it will be
necessary to determine the best average peak of all
curves, at all stations. Some stations no doubt
will be obliged to sacrifice something in signal
strength through operat g at a point less than
optimum for some of the contacts, but neces-
sary if all stations are to be enabled to keep in
* the picture. If such a compromise cannot be
worked out satisfactorily, then the net must be
subdivided into sections which have a relatively
good frequency in common.

Another advantage in running the transmission
curves is the revealing of patticularly noisy spots
that may now be avoided, as well as the spots
occupied by established communications systems.

Too little consideration seems to have been
given to the use of tuned “antenna’ circuits. The
practice of coupling into the line through a con-
denser and a,hunk of wire, in the case of trans-
mitters, and into the untuned inputs of receiv-

ers, is distinctly bad. In space radio, where we
operate over wide ranges, we get away with it on
receivers and seldom give an untuned transmit-
ting antenna net a second thought. In carrier cur-
rent, however, the transmitter will in all likelihood
‘“stay put,” so that tuned receiver input and
transmitter output circuits will offer no operating
complications, once adjusted. They do add ma-
terially to results, in fact, in some cases may
mean the difference between success or failure.
‘Taken together, the intelligent selection of an
operating frequency and the proper adjustment
of coupling circuits to the line will give reasonable
assurance of a reliable communication ecircuit.
Even though the process may seem to run into a
good deal of time, and perhaps some headaches,
isn’t it better than going blindly ahead? And
isn’t it better than copying some other fellow’s
rig, squatting on 180 ke. because the other fellow
happened to have conditions that gave him good
results on that frequency, then being disappointed
in your own results, tearing up the rig and re-
building again in a futile effort to get out on 180
ke. or burn down the shack in the attempt, only
at last to squeeze out a few squeaks over a mile or
two of line, and finally quit in disgust? Let’s go
at this thing in the right way!— Herbert .
Walleze, W8BQ, P. O. Box 18, Drums, Pa.

Are all the hams and s.w.l.s here in Providence
defunct or something? [ haven't seen a thing in
QST about wired-wireless activity in the city.
1 would like to get in touch with anybody inter-
ested. I haven’t a long-wave transmitter, but I
will build if you willl — Joseph P. Feehan, ;01
Orms St., Providence, K. .

Two fellow amateurs with myself are interested
in wired-wireless transmissions. — Frank Rob-
bins, 261 Morris Ave., Inwood, L. I., N. Y.

(Continued on paye 78)
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Fig. 1.~ A set of transmission curves run by three carrier-current stations to determine optimum operating

frequ for intercom

tion. Such peaks as those at 205.6 kc. on the A curve, 221.3 kc. on the B curve, and

294 ke. on the C curve, are suited only for the sharply tuned carrier of a c.w. signal. From a synthesis of the
three curves, it would appear that the optimum ‘frcquency for ?hcgc stations to use in common would be 224.5
ke, The units of the vertical axis of the curve are in a.f, volts as indicated by an output meter.
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The Signal Corps Puts On a Show

A Pictorial Visit to the Signal Corps Exhibit at the Army War Show

Buorme September the U. 8, Army
staged a gigantic “Back the Attack” show at
Washington in support of the Third War Loan
drive, exhibiting its latest and best in a manner
to make America proud of its military machine.

It was more than a show. It was a miniature
world’s fair—a military world’s fair. Every
branch of the Army was represented. Almost
every item of armament and equipment now in
use was to be seen; the work of every branch was
demonstrated. Some of the matériel on display
had never been exposed to public view before.
Even the enemy was represented, in the form of
captured matériel ranging from uniforms and
minor weapons to & Messerschmidt and a Zero.

The Army War Show as a whole consisted of .

acres of large exhibit areas (the Army Air Forces
exhibit alone occupied an entire square block) oc-
cupied by the individual branches, and an arena
in which parades and-combat maneuvers as well
as speeches and other ceremonies were staged each
afternoon and evening for the benefit of lucky
bond-buying ticket-holders.

Outstanding in interest, of course, to anyone
associated with radio was the Signal Corps section
of the Army Service Forces exhibit, occupying

At this realistic division command post, visitors to the
Army show witnessed demonstrations of combat mes-
sages being sent and delivered by radiotelephone and
¢.w., wire telephone and telegraph, teletype and facsimile.

an area of 40,000 square feet located near the
main entrance at the corner of Constitution Ave-
nue and 15th Streef.

In this area three large tents were set up. One
of these tents was occupied by the Army Pic-
torial Service, with its graphic demonstrations of
how the motion picture goes to war and of how
training films are made. Another tent of equal
size was devoted to the Army Communications
Service, many of the displays in which are de-

A section of the Signal Corps equipment display at the Army’s “Back the Attack” show, showing the smaller port-
able and mobile units currently in active service. At the left is the guidon radio (QST, December, 1942, p. 22),
the r.f. units of which are in the small container mounted on the lance antenna, cable-connected to batteries in
a chest pack which carries a breast microphone. Next in line is a small vehicular f.m. transmitter.receiver with
handset and whip antenna, completely self-contained except for the storage-battery power source, used on every
type of vehicle from jeeps and command cars to the smaller armored units. In the center is the new f.m. walkie-
talkie, with its familiar predecessor model alongside at the right. Using miniature tubes, the re-designed f.m. model
has a materially extended range without increased size or weight. The real live Signal Corps private holds the
ubiquitous 5-lb. handie-talkie (QST, December, 1942, p. 22), while the imitation Signal Corps horse behind him
wears the latest cavalry pack set — which, of course, resembles the World War I model only in general shape.




picted in the accompanying photographs. The
third and largest tent housed the assorted exhibits
of the Personnel and Training and the Engineer-
ing and Technical Services of the Signal Corps.

" Inthe midway area bounded by the three tents
the larger items of equipment were on view, in-
cluding an SCR-299 mobile unit, command car
and jeep installations, post-hole diggers, and so
on. Especially interesting among these outdoor
displays, because it was receiving its first public
viewing, was a complete radio direction-finder,
with the “silo” atop the tower opened up to per-
mit a general view of the installation.

All in all, it was a mighty big show — con-
vincing proof of the Signal Corps’ ability to
“Get the Message Through!”

A display of captured enemy matériel
was a major feature of the bxgnal Corps
exhibit. German radio equipment, cap-
tured on the battlefields of Tunisia,
Stalingrad and the Caucasus by Ameri-
can aud Russian troops, included com-
plete aircraft and tank installations.
Most of the equipment showed excellent
workmanship. The microphone of a cap-
tured German pack-set once used by the
Afrika Korps bore the admonishing label:
“Feind mit hort! (The enemy listens
too!)” while the panel of an all-wave re-
ceiver used by German troops for b.c.
listening carried a stern warning in the
name of Der Feuhrer that listening to
foreign stations means the death penaity.
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The assortment of Japanese signaling
devices, brought back American
troops from Guadalcanal, New (uinea
and the Aleutians, was dominated by a
sizable rotatable-loop direction.finder
captured on Attu. The d.f. loop is seen in
the foreground in the photograph at
right. The loop was mounted on a wood-
frame supporting tower, just to its right,
which also holds the receiving apparatus.
Ruggedly but simply built, this outfit was
characterized by the 'ngnnl Corps as
“large and well-made \’mble behind
the loop is a “Made in Tokyo™ Japanese
field telephone outfit also captured on
Attu. Other representative items of Jap
gear were dmplayed including a compact
transmitter-receiver salvaged from an ob-
viously more-than-slightly defunct Zero.

This detailed scale model of a typical information

center for the Army’s Aircraft Warning Service — the

common ground where military and civilian defense
workers join hands — showed visiting aircraft spotters
exactly what happens to their telephoned reports.

onuuulcmons EQUIPMENT
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Notable items of captured Italian radio
gear wereaportabledirection-finderusing
a fixed concentric loop and a walkie-
talkie packmet with whip antenna. The
latter was unique chiefly for its complex
control panel, including two large vernier-
drive dials with magnifying indicators

which enlarge the dial numerals to nearly
an inch in height. In the left foreground
is a foot-powered penerator with reclin.
ing-back canvas seat, ironically dubbed
the “heach chair” by the British.
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The Army Communications Service occupied an entire
tent with its various exhibits displaying the world-wide
communications network which keeps the War Depart-
ment at Washington in constant touch with our troops
in the field wherever they may be. Throughout, the great-
est emphasis was on the high-speed automatic equip-’
ment used by the ACS, Dramatic proof of the extensive
character of this service was given in the exhibit pic-
tured at the left, The lines on the world map show the
continuous 24.hour-a-day circuits maintaincd between
WAR in Washington and ACS stations in Brisbane,
Honolulu, Panama, San Juan, Recife, Iceland, Lon-
don and Algiers. Ranged around the counter were loud-
speakers connected by wire with the actual point-to-
point receivers on these circuits at WAR, By throwing
the switch on any speaker, the visitor could hear the
actual high-speed c.w. signal coming through from the
corresponding overseas point as labeled on the panel.

The high-speed radio circuits of the ACS were dem-
onstrated by an operating replica containing all of the
units of a world-girdling circuit within the compass of a
single exhibit. Here visitors could actually witness their
own messages being handled from one end of the room
to the other over a duplicate of a world-wide high-speed
circuit. On being handed a message written by a visitor,
a uniformed Signal Corps operator translated it into a
tape on the keyboard at the far left. This tape was
fed to a Boehme keying head, the output from which
went to the relay-rack assembly containing the trans-
mitter, the three-input diversity receiver, and the re-
corder amplifier. A fourth rack carried the control
ﬂancl, and an oscillograph unit. While the message was

eing “transmitted” the screen of the cathode-ray tube
showed the dot-and-dash pulses, as also' did the neon-
tube “lightning flash™ above the display. Emerging
finally as an inked tape from a Boehme recorder at the
extreme right, the message was transcribed on a souvenir
blank by another soldier-operator and then handed to
the visitor as an appropriate memento of the show.

—

Adjoining the high-speed-transmission display was the
Radiotype exhibit. On the manual high-speed circuits the
radio operators, copying behind, transcribe inked-tape
“slip” on typewriter keyboards, and in times of heavy
traffic the system is so fast that two or more operators
may be kept busy transcribing messages from a single
tape. In the Radiotype system, on the other hand, mes-
sages are directly transcribed on an automatic electric
typewriter at 100 words per minute. The apparatusin this
display, which also was equipped with a receiver tuned
to WAR, transcribed plain language press and general
information dispatches being transmitted to the troops
abroad, as well as other “canned” material from a tape
library. The Radiotype is a dramatic device, in opcration,
with the robot typewriter noisily slamming its carriage
over for every line, automatically adjusting for margins
and indentations in exact split-second compliance with
the standard typewriter keyboard on which the origina-
ting operator is sending the message, properly locating
address, text and signature for each message on the long
paper roll — and all at 100 words per minute!

Another display on the global theme, showing the
functioning of the Army’s radio teletypewriter system,
contained two ordinary-looking teletype machines, They
were like the kind that can be seen in almost any news-
paper office except that, instead of being connected to
wire lines, these machines were connected to radio cir- |
cuits between the War Department Signal Center in : P e
Washington and various overseas points. Their output, 4 g
typed on wide roll paper as in a regular teletype, was
projected on two large screens of the Trans-Lux variety.
On these screens the visitor could read press dispatches
from foreign correspondents in the North African zone
only a fraction of a second after the Signal Corps oper-
ator at Algiers punched them out on his keyboard.
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In the largest tent of all were the diverse exhibits of sta $EA1 IUDICATOR

the Personnel and Training and the Engineering and
Technical Services. Among these were several training
aids and aptitude tests, including one for code-learning
ability. The electrical symbol chart at left was equipped
with a wired pointer having a contact on its end. When
the knob below was turned to indicate one of the electrical
devices diagrammed and the pointer was placed on the | “uidev7ask, 4 i
correct symbol, the illuminated panel would announce
“correct.” If the wrong symbol were chosen, the panel
flashed “wrong.” The zero-beat indicator in the center
combined a visual and aural demonstration of zero-beat
tuning, an audible tone in the speaker varying in fre-
quency as the knob was turned coinciding with a travel-
ing beam of colored light on the screen. The sine-wave
chart at right similarly indicated the linear projection
of a rotating vector by means of traveling lights.

AFCIUCAL $TNIO0LY

CORD CIRCUIT

Elementary instruction in telephone circuits was af-
forded by a retardation-coil cord-circuit demonstration
board, on which an operator using the central handset
could control the circuits at either end by a simple plug
and jack arrangement. Actual speaking and ringing cir-
cuits were used, and the youngsters got a kick out of
telephoning each other and observing the action of the
controlling relays. Other functioning telephone exhibits,
including the sound-powered telephone which operates
without batteries as well as displays of wire telephone
and telegraph apparatus, demonstrated this important
phase of Signal Corps communications in detail. The
Army’s famous field telephone, the EE-8-A, was on dis-
play, as were various sizes of switchboards and allied
equipment. The wire section of the exhibit included a
variety of cable reels and drums, a telephone-pole earth
borer, and a cable plow. In the arena shows Signal Corps
wiremen demonstrated the technique of setting up wire
systems in theatres of combat, including cable splicing,
wire laying, the recovery of field wire, digging pole holes
and the actual construction of field telephone lines.

SerasDANION COfL CORD Ceeuty Uint
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In the various displays were depicted all the widely
diversified activities of the Signal Corps. Many had
nothing to do with radio, of course, but even the radio
exhibits alone covered a wide range of fields. The ex-
hibit of meteorological equipment, for example, cen-
tered chiefly around radiosonde apparatus, including
hydrogen balloons and tanks and the fragile-appearing
“Sonde-Track” radiometeorograph instruments with
their transparent plastic cases. Also exhibited was a
complete radiosonde receiving installation for these
miniature transmitters, with a “1-10” receiver, audio-
frequency meter, ink graphic recorder and associated
equipment, all mounted on a relay rack, Another inter-
esting exhibit involving the allied field of photography
was that of the radiophoto system. There news photos
rushed from Mediterranean battlefronts and transmitted
by radio from Algiers were reproduced as 7 X 9-inch
negatives in seven minutes. In its wirephoto systems the
Signal Corps uses both the electric spark and the con-
trolled light beam processes, the former printing a direct
positive on electrochemically sensitized paper while the
latter first makes a negative on photosensitive film.

ETEOROLOGICAL EOU!PME.NT

Ta

In line with the “Back the Attack” theme, a part of
the Signal Corps exhibit was devoted to the processes of
research, engineering and manufacture. ‘This portion was
. v typified by the quartz crystal display, presented. in co-
g"ﬁ‘s‘ﬂ% R ¢ 3 operation with the National Bureau of Standards. The

s exhibit showed the various manufacturing processes,
stage by stage, from the grading and marking of the raw
quartz through the sawing, dicing, finishing and testing
stages, from wafers to blanks to finished mounted crys-
tals. Included were examples of the actual machinery
ured in crystal manufacture. A visual comparison of
relative accuracy was-afforded by a side-by-side com-
parison of an ordinary micrometer (1/1000th), a more
elaborate precision mechanical gauge (1/10.000th) and
the electronic frequency comparator (1/1,000,000th).
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An Interpolation Oscillator

An Ald to Frequency Measurement With a 100-ke. Standard

BY FRANK H. MILLS,* WOHQH

This article describes auxiliary equip-
ment for making precision frequency
measurements with the 100-ke. crystal
standard. Accuracies to within a part
in one million are possible with the aid
of the unit here discussed by WOHQH.

.MOS’I‘ of those interested in frequency
measurement are familiar with the system em-
ploying secondary-standard harmonics for gen-
erating signals of accurately known frequency
which may be used for calibrating and for check-
ing unknown frequencies to within 10 ke. The
system consists of a 100-ke. crystal oscillator
whose output locks.in with and controls a 10-ke.
oscillator of the multivibrator type. Since the out-
put of the multivibrator is rich in harmonics, use-
ful calibrating signals of high accuracy are pro-
duced every 10 ke. over a wide portion of the radio
spectrum. The unknown frequency is measured
by comparing it with the known frequency of the
nearest 10-kec. harmonic from the multivibrator.
Such secondary standards have been described in
the Handbook and in past issues of QST.!

However, precise measurement of an unknown
frequency still requires auxiliary means of deter-
mining accurately the difference between the un-
known frequency and the nearest standard fre-
quency. Since the multivibrator produces a signal
every 10 ke., it is obvious that the unknown fre-
quency can never be more than 5§ kec. removed
from the nearest 10-kec. harmonic. Therefore, the

* 1525 Diversey Parkway, Chicago, IIL

1 Grammer, “A New Type of Frequency-Checking IDe-
vice,"” QST, June, 1938, p. 21; Brown, * A Precision Crystal
Frequency Standard,” QST, August, 1940, p. 13.

difference beat produced in the output of the re-
ceiver used to compare the two frequencies al-
ways is of some frequency between zero (when the
unknown frequency coincides with a 10-ke. har-
monic) and 500C cycles (when the unknown fre-
quency is exactly half-way between adjacent
10-ke. harmonics).

An interpolation oscillator provides a means of
measuring differences within this range. This is
essentially a calibrated audio oscillator whose
frequency can be adjusted to match the nudio
output frequency of the receiver. When the two
frequencies are matched in a suitable circuit, the
difference frequency may be read from the cali-
brated dial of the interpolation oscillator. Such an
oscillator can be built so as to be dependable
within less than 100 cycles. Higher accuracy re-
quires the use of a standardized check. In the os-
cillator described, this check is provided by a 100-
cycle multivibrator, controlled by the 100-ke.
crystal standard. Thus, measurements with an
accuracy of a part in one million or better are
possible.

The complete frequency-measuring system is
illustrated in block-diagram form in Fig. 1. The
type of audio oscillator most commonly used for
the purpose is the beat-frequency oscillator. It
consists principally of two r.f. oscillators and a
mixer output stage. The frequency of one of the
oscillators is fixed, while that of the other is varia-
ble. When the two oscillators are fed into the
mixer stage, a frequency is produced in the output
circuit whose value is the difference between the
frequencies of the two oscillators. For example, if
the fixed frequency is 100 ke., we can obtain the
desired output-frequency range of 0 to 5000
eycles by designing the variable oscillator to tune
from 100 ke. to 105 ke.

'ig. 1 — Block diagram of a
complete frequency-measuring
system using a 100-ke. crystal sec-
ondary standard and an interpo-
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Of course, if such a b.f.o. is to be used for accu-
rate measurements, its output frequency must be
stable and as free from drift as possible. There
must be a minimum of “pulling”; that is, the
frequency of the variable oscillator must ap-
proach that of the fixed oscillator smoothly
without jumping suddenly to zero beat, thereby
eliminating frequencies close to. zero in the out-
put of the mixer. The oscillator shown in the
diagram will approach zero beat to within one-
third of one cycle without pulling, and will stay
within one cycle of a set frequency for a prolonged
period.

Oscillator Circuit Details

The circuit diagram of the interpolation oscil-
lator is shown in Fig. 2. Since a 100-ke. crystal
oscillator already is available in the 100-ke. stand-
ard, advantage of its high stability has been
taken by using it also as the fixed-frequency
oscillator in the b.f.0. section. Its circuit, there-
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fore, does not appear in Fig. 2. Output terminals
of the 100-ke. oscillator are connected to the ter-
minals so marked. A 68J7 is used in the v.f.o.
circuit. The main tuning condenser, Cy, provides
a tuning range of 100 to 105.1 kc. when the ad-
justable:padder, Cy, is set correctly. While linear
tuning with this main control is not possible
without a special condenser, the use of a straight-
line-frequency condenser at C'; prevents excessive
crowding at the low-frequency end of the range.
(s is & 100-pufd. vernier condenser for fine tuning.
This condenser is used for final interpolation. It
should be of the straight-line-capacity type.
Since the ratio of its capacity to the fixed tank-
circuit capacity is so small, its tuning character-
istic is very close to linear. Both C and Ca should
be fitted with dials which may be read to one
part in 1000 (one-tenth of a dial division), al-
though only the one for the main tuning control
need be of the vernier type.

The signal from the v.f.0. is coupled by La to the
injection grid of the 6L.7 mixer. L4Cy; and Lg-Cio
are series and parallel trap circuits tuned to 100
ke., which help to eliminate harmonic transfer.

BEAT AMP-RECT. BEAT IND.
85 —*ﬂ 665~
REC. ECO. IKC, 100~ gcl;n R
Ris3 [ N SRig
,C"_. Cn 3
1§ 3 ZRe 3R
Rie 2Ry

100 KC
Input

==Cie

o Sum—

-0 O+
250 VOLTS

Fig. 2 — Circuit diagram of the interpolation-oscillator unit.

Ci1 — 500-pufd. s.1.f. variable.

Ca2 — 100-pufd. s.l.c. variable.

Cs — 0.004-.fd. silvered mica.

Cy4 — 275- to 850-pufd. mica padder.

Cs — 500-pufd. silvered mica.

Ce, C7, Cs, Co, C12, C17, C18, C22 —
0.1-xfd. 400-volt paper.

Cio, Ca0—75- to 225-upfd. mica
padder.

Ci1, C1o—25- to 100-upufd. mica
padder.

Cia, Cis — 25-ufd. 35-volt electro-
Iytic.

Ci, Ca1, Czz—0.5-ufd. 400-volt
paper.

Cie — 1-ufd. 400-volt paper.
Cz4, C2s — 500-pufd. mica.
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Ri1, Re, Ris, Rie, Raz, R2z — 50,000
ohms, }5-watt.

Rs, Rz — 20,000 ohms, 5-watt.

R¢— 450 ohms, J4-watt wire-
wound. ’

Rs, Rig - 25,000 ohms, lg.watt.
R7, Rip, R2e — 500,000 ohms, 1%-
watt, .

Rs — 2500 ohms, I-watt.

Ro, Ris — 125,000 ohms, 1-watt.

Rio, R11 — 50,000-0bhm linear vol-
ume control.

Rig, Ri7 — 3000 ohms, Y4-watt.

Ri14 — 10,000 ohms, 1-watt.

R20 — 100,000 ohms, }5-watt.

Rs1 — 1 megohm, ¥-watt.

Rz24 — 60,000 ohms, }4-watt.

Ra2s —- 125,000 ohms, }3-watt.

Raz, Rag — 10,000 ohms, 10-watt.,

Ras — 35,000 ohms, 10-watt.

Rso — 450 ohms, Y%-watt.

N -- Neon lamp, l-watt (no base
resistor).

S1 — S.p.d.t. switch.

Sa, Ss, S¢-- Push-button switch,

L1 — 400 turns No. 30 e. on 34{-inch
diameter form 334 inches
long, tapped 125 turns from
grounded end.

Ls — 50 turns No. 30 e., 1l-inch di-
ameter, 114 inches long.

Lz, Ls — 80-mbh. shielded r.£. choke. -

L4, L7 — 30-mbh. shielded r.f. choke.

Ls, Le — 10-mh. shielded r.f. choke.
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F The output of the 100-ke. crystal oscillator is
fed to the input terminals of the 6SK7 100-ke.
amplifier, whose output is coupled to the signal
grid of the 6L7 mixer. LgCso and L7C19 serve to
trap harmonics in this lead.

The two frequencies fed into the input of the
6L7, as well as frequencies equal to their sum and
difference, all appear in the plate circuit of the
6L7. All except the desired difference frequency
(0 to 5000 cycles) are removed by the filter formed
by Ls, 4 and Co. The difference frequency,
which forms the audio output from the b.f.o.,
is fed into a 6C5 amplifier and thence to the 6C5
audio mixer, where it combines with the audio
beat from the receiver. The two linear volume
controls, B10 and Ry, are ganged to form & mixing
control. They are so connected that the volume
of one of the two signals is increased while the
other decreases, and vice versa. This provides a
convenient means of balancing the two signals.
R4 prevents a short-circuit of the signal source
when the mixing control is set at either end of its
range. The switches, Sy, S3, S3, and Sy, are used for
selecting any one of several signal sources. The
last three are of the push-button type.

The output of the audio mixer is fed into head-
phones, which may be used as ah indicator of
matching between b.f.o. and receiver-audio sig-
nals except when the audio beat from the receiver
is 8o low in frequency that the ’phones do not
give good response. For very low beat frequencies,
a visual beat indicator is provided. This consists
of an 85 amplifier-rectifier feeding a 6G5 ““ magic-
eye” tube.

An external power supply is used to reduce the
possibility of hum, but the voltage-regulating
circuit, using a 6C6, a 2A3 and a2 neon bulb, is
included in the unit proper.

1000- and 100-Cycle Multivibrators

‘The circuit diagram for the low-frequency mui-
tivibrators is shown in Fig. 3. This section is con-
trolled by the output of the 10-ke. multivibrator
in the crystal standard. Since dependable control
cannot be assured over a frequency range much
greater than about 10 to 1, it is necessary to in-
sert & 1-ke. multivibrator between the 10-ke. and
100-cycle oscillators. The circuits of the 1-ke. and
100-cycle sections are similar, each having a 6C5
input amplifier, & 6N7 dual triode oscillator, and
a 6C5 output amplifier. The 1-ke. section has a
separate output amplifier for use when 1-ke. out-
put is desired for some other purpose.

Construction

The complete unit, which includes the multi-
vibrators, is built in a 17 X 13 X 2-inch chassis,
with a 19 X 884-inch panel. The v.f.o. coils, In
and Ly, must be shielded, and all components of
this part of the unit must be mounted in a metal
box. They fit into a 9 X5 X 6-inch can without
difficulty. It is very important to have all ground
returns connected to only one point in the shield
can, and this can must be grounded to a single
point on the chassis. All grounds on the r.f. gide
of the unit (r.f. amplifier and mixer-tube input
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circuits) should have separate connections run-
ning to the same point on the chassis.

The 1-kc. and 100-cycle multivibrators to-
gether with their input and output amplifiers
are mounted in & 9 X 6 X 5-inch box. The two

" sections must be separated by a buffer shield,

and all power leads should be heavily by-passed.
All grounds must go to a common point which,
in turn, is grounded to the chassis. All resistors
in the multivibrators should be wire-wound for
best stability. The frequency-determining RC
circuits must have the best condensers possible
within range of the pocket book. These con-
densers are Cs, Cy, Cs, Ce, C15 and Cyg in Fig. 3.

All r.f. and a.f. leads into or out of the unit
must be of the concentric-line type. Crystal-
mike cable is FB for this purpose. The shield
side of the line must be carried directly to the
cathode returns, not just connected to the chassis.
Crystal-mike connectors should be used for input
and output. The audio beat note from the receiver
can be carried through a length of ordinary twisted
pair, since no r.f. is involved. A lead of this type
will not affect the operation of the unit adversely,
if care is taken to keep it away from the grid
returns. The leads from the multivibrators to the
switches also must be of shielded cable with the
shield grounded only at the ends, i.e., in the shield
can and at the switch.

Oscillator Calibration

After the unit is assembled, the b.f.o. should
be given a preliminary test. As soon as the audio
tone from the b.f.o. is heard in the headphones in
the plate circuit of the mixer, the main condenser,
C1, should be set at zero (maximum capacity)
and the interpolation condenser, Cs, at half scale.
The padding condenser, C4, should then be ad-
justed to bring the oscillator frequency to zero.
If the signal is mushy or if ‘“‘birdies’’ appear as
(4 is turned through its range, Cio, C11, C19 and
(a0, us well as the input level to the 100-ke. am-
plifier, should be adjusted until a pure tone of good
strength is obtained.

Now WWV’s 440-cycle modulated signal should
be tuned in on the receiver and the tone fed to the
terminal marked “Rec” in Fig. 2. (The receiver
b.f.o. must not be used. A regenerative receiver
must be operated with the detector in a non-
oscillating condition.) After closing S; to connect
the receiver audio output to the input of the
6C5 audio mixer, the 440-cycle tone should be
heard in the ’phones with RjoRi11 set at about
half scale. As the main dial of the b.f.o0. is turned
slowly from zero (with Cg set at 50), a beat be-
tween the b.f.0o. and receiver signals will be
heard. This means that the oscillator is approach-
ing 440 cycles. The mixer control should next be
adjusted to obtain maximum deflection on the
screen of the 6(G5, or the loudest beat in the
head-phones. When the two frequencies are
exactly matched, the 6G5 eye should stay open.

Similar zero-beat points, separated by 440
cycles, should be encountered as the b.f.o. fre-
quency is increased. If the b.f.o. tuning range is
correct, eleven of these points should be found
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between zero and about 90 on the main dial,

. indicating a b.f.o. frequency range of 0 to 4840
cycles. This gives eleven accurate points, besides
0, from which a calibration curve for the oscillator
may be drawn on graph paper. If this range is not
covered, the L/C ratio is too low and turns must
be added to the grid end of Ly. If, on the other
hand, the range covered is too great and 4840
cycles comes at 80 on the dial, for example, turns
must be removed. In either case, C4 will have to
be readjusted for zero frequency at zero on the
main dial.

Multivibrator Adjustment

Adjustment of the 1-ke. and 100-cycle multi-
vibrators is the next step. An oscilloscope is very
useful but if none is available a receiver may
be used, operating it on the lowest possible fre-
quency band. With the crystal standard feeding
the receiver and the receiver b.f.o. turned on,
any two adjacent 10-kec. beat notes from the
10-ke. multivibrator should first be spotted.
When the 1-ke. multivibrator is turned on and its
output also connected to the receiver input, nine
additional zero-beat points should appear be-
tween the two 10-ke. points. The filter in the 1-ke.

output circuit may have to be removed for this,
and Rg should be set at maximum. If more or less
than nine new points are counted between the two
10-ke. points, R7R¢ and C3Cs must be carefully
adjusted until the right number can be counted.
After the unit is on exactly 1000 cycles, Rs should
be retarded and the output frequency brought
back to 1000 cycles by adjustment of C3Cs. It
may jump from 900 to 1000 cycles or to 1100
cycles while Rg is changed, but the adjustment
will become more tolerant as Kg is retarded. A
puint on Rg will be found where the output fre-
quency of the multivibrator no longer will be
stable. Rg should then be advanced slightly past
this point, and C3Cs readjusted for 1000-cycle
output. Finally, Rs should be advanced about
one-eighth of a turn. This should complete the
adjustment of the 1-ke. section. At this point,
the output frequency should remain constant
from about one-quarter to three-quarters of the
full range of Kg.

In adjusting the 100-cycle unit the interpola- -
tion oscillator may be used. Both the i-ke. and
100-cycle multivibrators should be connected to
the oscillator unit at the appropriate terminals
marked in Fig. 2. With the b.f.o. set at zecro
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Fig. 3— Circuit diagram of the 1000- and 100-cycle multivibrators.

C1y C2y Cr, Cg, Co, Cro, Cu1y Ciz,
Cyz, Ci14--0.1-pfd. 600-
volt paper.

Ca, Cs— 1800-upufd. mica padder.

Cy, C6 — 0.05-pfd. mica.

Cis, C16 — 0.5-ufd. 400-volt paper.

Ci17, Cz0— l-pfd. 400-volt paper.

Cis — 25.fd. 35-volt electrolytic.

© Cip — 1000-xpfd. mica.

Ri, Rue, R17, Ra2g — 250,000 ohms,
so-watt.

wound.
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Ra2, Rii, Ris — 50,000 ohms, 4.

watt.

Ra, Ris, Ra7z = 2000 ohms, 15-watt,
wire-wound.

R(— 5000 ohms, l-watt wire-

Rs, Rs, Ris, Ra24, Ras — 10,000
ohms, 10-watt wire-wound.

Re — 100-obhm wire-wound.

R7, Ro, Rai, Ras, Ras— 25,000 La
ohms, 10-watt wire-wound.

Rie — 250,000 ochms, 1-watt.

‘Riz2 — 3000 ohms, l-watt wire-
wound.

Riz — 50,000 ochms, 1-watt.

Ri19 — 3000 ohms, l{-watt wire-

wound.

R20 — 5000 ohms, 10-watt wire-
wound.

Raz — 1000-0hm wire-wound.

Li. L2 — 10-mh. r.f. choke.

10.mbh, r.f. choke.

L4 — 60-mbh. r.f. choke.

Ls — 80-mbh. r.f. choke.
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and S, closed in the downward position, pressing
Sz should produce tones of 1000-cycle multiples
in the headphones. The b.f.o. should now be
brought to zero beat with the first harmonic,
indicating that its output frequency is 1000
cycles, and the b.f.o. dial reading noted. Re-
turning the b.f.o. to zero, the 100-cycle switch,
84, should be closed. Tuning the b.f.o. from zero
to the 1000-cycle point as before, but this time
more carefully, nine new points of zero beat should
be found. For this test, K22 should be set at about
one-quarter of its range from the ground end.
If the correct number of new points is not found,
Ros and Rgs should be adjusted until nine, and
nine only, can be counted. As soon as the second
section of the multivibrator is tuned to 100
cycles, I222 should be advanced to about three-
quarters scale, making certain that the fre-
quency does not jump during this final adjust-
ment. By continuing the b.f.o. tuning through
its entire range, points for each 100 cycles,
from 0 to 500 cycles, may be obtained to fill
out the b.f.0. calibration curve.

Measuring Frequency

In measuring the frequency of a signal on the
air, the output of the 10-ke. multivibrator is
mixed with the signal under measurement, and a
beat note obtained in the receiver output. The
receiver b.f.0. should be turned off. After tuning
the receiver for the loudest beat note in the re-
ceiver headphones, the beat note is fed into the
interpolation-oscillator unit at the point marked
“Rec”’ in Fig. 2, with R1oR1; set at minimum. The
main dial of the b.f.o. is set at zero and the inter-
polation dial (Cy) set at 50. Riofy1; is then ad-
justed so that the receiver output can be heard
in the ‘phones in the 6C5 mixer circuit. The b.f.o.
is then tuned until zero beat with the signal is
obtained. Beats at multiples of the signal tone
frequency should not be mistaken for the desired
beat at the fundamental. The latter will be much
stronger, and can be quite easily identified by
comparing it with others. The 6G5 will aid in this
adjustment, and RjoR1 should be set for maxi-
mum indication.

When the two audio frequencies have been
matched, the main-dial reading should be noted.
S; is now thrown to the multivibrator position
and Sy is closed. Cy should now be tuned to the
first zero beat above 50 on its dial, and then to
the first zero beat below 50, and eacb interpola-~
tion-dial reading noted. These will be the readings
of the 100-cycle step above the signal and the
100-oycle step below the signal. The readings
noted may be something like this:

Main dial — 52.5 .
Interpolation dial — 84.2 high
Interpolation dial — 15.8 low

Since there is a difference between the high
and low readings on the interpolation dial of
68.4 dial divisions, and since this represents a
range of 100 cycles, there are 100/68.4 = 1.46
cycles per dial division. There are 84.2 — 50 =
34.2 dial divisions between the signal and the
high mark, or 34.2 X 1.46 = 49.932 cycles. Be-

50

tween the low mark and the signal there are
50 — 15.8 = 34.2 dial divisions, or 34.2 X 1.46
= 49.932 cycles. From the main-dial reading and
the calibration curve it is known that the audio
beat frequency lies between 2400 and 2500 cycles,
80, by adding the 49.932 cycles to 2400, a read-
ing of 2449.932 cycles is obtained. By subtract-
ing 49.932 cycles from 2500, we get 2450.068
cycles. The two readings are then averaged out
by adding them and dividing by 2, as follows:

2450.068 + 2449.932
2

From checks with the 10-kc. multivibrator and
the calibrated receiver, let us say that we have
found that the signal frequency lies between 3600
and 3610 kec., and that we have also determined
that it is closer to 3610 than to 3600 ke. By sub-
tracting 2450 cycles from 3610 kec. we get a meas-
urement of 3607.550 kec., which will be correct
to within a very few cycles.

As W1EAO has remarked, it is easier done than
said, but a little experience will show how easily
and accurately such measurements can be made.
If the signal to be checked is too weak, or is being
keyed, the procedure is the same, but the station
frequency meter or any other stable oscillator is
first set to zero beat with the signal and then
used to replace the signal input to the receiver.
If this is done, checks should be made to make
sure that the oscillator stays in tune with the
signal, since an interpolation oscillator will check
to a very small part of a cycle.

With this instrument, in conjunction with a
100-ke. bar and 10-ke. multivibrator, any device
for generating alternating current can be checked
for drift or frequency, since standards for all
frequencies from 100 cycles to about 30,000,000
cycles are made available. The interpolation oc-
cillator makes it possible to attain an accuracy
within less than one cycle in measurements of
any frequency between 100 cycles and 7 Me. or
even higher.

= 2450 cycles.

Nore — If a condenser with a maximum capacity other
than that specified for C1 under Fig. 2 is used, the same
tuning range may be obtained by observing the following
relationship:

Or = 9.757 (4,

where C7 is the sum of the capacities C2, C3 and Cy, and
(1 is the new maximum capacity of C1, all capacities being
in micromicrofarads.

The new dimensions for L1 may be determined by first
finding the required inductance from:

1010

L= I3cr

where L is in microhenries, CT is in micromicrofarads and a
frequency of 105 ke. is assumed, and then computing the
number of turns from:

3%..3'_9_3
0247

where N is the number of turns, A is the diameter of the -

coil in inches, B is the length of the coil 1n inches, and L is
the inductance in microhenries.
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AAF Operators Train on Radio Mock-Ups

Scott Field Constructs Replicas of Bomber Installations

Since it is an accepted fact that it is
casier to learn by seeing and doing than
by receiving instruction in theory, teach-
ing methods involving practical demon-
strations are now receiving widespread
application throughout the Army.

‘The latest devices for realistic train-
ing of aerial radiomen are complete mock-
ups of aircraft radio installations, re-
cently put into use at Scott Field, parent
radio school of the Army Air Forces
Technical Training Command. This
school has so perfected the teaching of
radio communications that a soldier-
student may now operate the radio sys-
tems of four different bombers under all
the conditions of actual flight, without
leaving the school building in which he
is studying. There the student comes face
to face with replicas of a B-17-E Fly-
ing Fortress, a B-25.D Mitchell, a B-24-
D Liberator and a B-26-D Marauder,
on which he receives realistic training in
teamwork under conditions simulating
those encountered in actual service.

The mock fuselages, more accurately
known as ‘semi-mock-ups,” are con-
structed of plywood, with one side open
to facilitate classroom observation. Built
to scale, they consist of various compart-
ments such as are found in real planes,
and are complete in every detail except
that the bomb bays are slightly smaller
than in real planes. Each compartment
has its necessary communications equip-
ment placed exactly as in the actual air-
craft. Besides providing operating prac-
tice, the semx-mock-ups acquaint the men
with the precise location of the equipment
in planes of various types.

The soldiers’ first task is to learn the
tuning procedure for all the equipment.
When this is mastered, inter-mock-up
nets are establishcd and inter-plane com-
munication is carried on, Network com-
munications practice keeps the men alert,
gives ‘them practical experience in receiv-
ing and sending, and helps them become
familiar with operating procedure.

Official AAF TTC Pholographs

November 1943

Abore — A plywood semi-mock-up of
a B-25-D Mitchell medium bomber, built
to exact scale. The student at the right
will play the part of a pilot on a radio
*flight.” Left — Rear view of the bomber,
showing the various stations of the crew
members and their radio equipment. In-
structors confer with the students from
outside the “fuselage.” Below — All sec-
tions of the bomber are hooked up to the
radio system. Nets between other semi-
mock-ups also are established. In addition
to being on their toes as far as operating
procedure is concerned, the students also
must be prepared for periodic inspec-
tions of their communications system.
The student at the left is making adjust-
ments to the connections on a power unit.
As the airplane engine which ordinarily
supplies the power is lacking, a three-
phase motor generator in the power room
acts as the power supply and, in con-
junction with an inverter, furnishes the
400-cycle 115-volt a.c. necessary for op-
eration of some of the equipment.




STRAYS

Something we’ve been looking forward to at
ARRL Headquarters occurred on September 9th,
We had been watching our recent shipments of
The Radio Amateur’s Handbook for a particular
event. When the actual moment arrived, the boys
in our shipping room were packing a shipment
of a thousand Handbooks destined to go to one
of our big distributors, McGill’s Authorized News
Agency, in Melbourne, for use as a wartime
training text in Australia. Halfway along the
packing process we took out a certain copy and
substituted another for it. That copy we had
framed to hang on the wall at Hq. The reason?
It was the millionth copy of the Handbook! Look
in and see it when you are down this way.

FCC reports that, of the 259 WERS radio
sides recorded as of September 1st, 208 are
licensed amateurs.

Pre-war solder was composed of tin and lead in
about 50-50 proportions. To-day, except for cer-
tain applications, solder contains not more than
20 per cent tin, which raises the melting point
from 414° F. to 576° F. To obtain best results
with the new solder use a hotter iron, design the
joints so the two parts overlap, and keep both the
parts and the iron clean.

N USTEN FOR THE WEAK CALLS ~
“ THEY PAY OFF /

‘Textbooks liberally illustrated with cartoons like the
above make learning radio in the Signal Corps a
pleasant task. Such cartoons are part of a program initi-
ated by Capt. H. B. Churchill, W2ZC, officer in charge
of Signal Corps instruction literature at the Ft. Mon-
mouth Signal Laboratory (QST, Jan., 1943, p. 56). They
“wow” the boys and drive home important points,
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A new electronic wire recorder is bringing news
programs and the “ Army Hour” to our fighting
men in North Africa. At General Electric’s
Bridgeport (Conn.) plant, the programs are re-
corded on hair-like steel wire which is wound on
spools. These spools are flown by transport plane
to Algiers, where the programs are played back to
soldiers who otherwise would not be able to hear
them. A combination unit weighing less than fifty
pounds has built-in recording, play-back and
instantaneous-erasure features. A field set operat-
ed by batteries weighs about nine pounds and
can be carried on the back.

Frank W. Walker, WSEBN, chief engineer of
the Michigan State Police Network, was elected
president of the Associated Police Communica~
tion Officers at their annual meeting. Ero Erick-
son, WOHPJ, supervisor of the Illinois State
Police Radio System at Chicago, was chosen
secretary-treasurer, WSEBN was active on 20 in
prewar days, and the East Lansing police depart-
ment once threatened to throw his gear out of the
barracks unless he stopped ‘‘cluttering up the
place.” Apparently he cleaned it up, for he was
soon promoted to chief engineer.

Fused quartz has emerged from the laboratory
and is now available from the General Electric
Co. in the form of ingots, rods and tubes. Possess-
ing unique properties making it useful for many
applications, particularly those having to do with
electricity, heat, chemistry and optics, fused
quartz comes in two types, translucent and clear.
The translucent type is made from a very pure
grade of sand and gets its name from its satin
appearance, caused by the imprisonment of air
bubbles during manufacture. The clear type is
made from crushed natural crystals and is more
transparent than any glass.

Radio “nails,” which are described as ““needle-
shaped shots of radio power,” are replacing the
use of staples or nails in the assembly of plywood.
The operator presses the point of the radio nailer,
which resembles a small fat-barreled pistol,
against the top layer of wood wherever a nail is
needed, and a measured ‘“‘shot” of radio power
drives through the wood. The intense heat in the
narrow beam melts the glue between the sheets,
producing spots that hold like pins.

— ¢ o o

A letter from Fil Current, the brother on New
Guinea, states that he is getting out FB over
there. To date he has worked six Japs with a

single-tube Springtield. — * Eddie Current.”
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INTS s KINKS

FOR THE EXPERIMENTER)

THAT PETERSON PFPOT

SoMEWHERE between the editorial office
and the imposing stone it seems that the wrong

¥ e

illustration crept in alongside the Hint on ““Cool-

ing the Peterson Pot” in October QST, page 59. °

Below is the correct drawing— with our apologies.
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A clicking will be heard in the 'phones until the
condenser is charged, when the clicks will cease.
A leaky or shorted condenser will not charge and
the clicks will not stop.

Continuity tests can be carried out with the -
same hook-up, checking continuity of coils, cir~
cuit wiring, transformer wind-
ings, headphones, and so on. No
click indicates an open circuit.
The louder the click, the less re-
sistance in the circuit under test.
For example, the primary wind-
ing of a 3-to-1 audio transformer
will produce a louder click than
the secondary winding.

A receiver test-signal source is
provided by hooking the 114-volt
cell in weries with the prods,
grounding one and touching the
other to the converter tube grid,
i.f. tube grids, second detector

RN

grid and grids of r.f. and audio
tubes, while listening for a dis-

P I - 6voLTS
Concentric -~ {—

)
Filament Lead GROUND

Fig. 1 — Method of applying parallel plate feed to a
Peterson oscillator, avoiding d.c. voltage on the “pot.”

EMERGENCY TEST BOARD

WHILE teaching a course in “operations
practice” in a Signal Corps school, an emergency
test board was developed as shown in the
accompanying photograph. In the project from
which the board was developed, we assumed a
case in which a radio man, marooned far from the
usual test equipment, was facing the necessity
for emergency tests and repairs.

One 1-zfd. . 100-volt condenser, one 0.1

turbance.

With the high-voltage 1-ufd. condenser in
series with the prods, one of which is grounded,
contacts may be made at points where voltage
should be present. Then try to discharge the con-
denser by grounding the hot prod. No spark
means there is no voltage present. In this way the
voltage at tube plates, screen grids and power-
supply filter condensers may be checked.

With a little knowledge of radio fundamentals,
other applications of this simple device will oceur
to the user. At a time when lack of priorities pre-
vents many from obtaining ordinary test equip-
ment, such a device may prove invaluable under
emergency conditions, -— R. N. Kjerland, W9CY L.

ufd. 600-volt condenser, a single flashlight
cell and ten Fahnestock clip terminals
were mounted on the board, as shown in
Fig. 2. (The addition of a carbon-pile
variable rheostat would be helpful for
checking open resistances.)

Some of the uses are as follows: 4udio
tests — Connect the 0.1-ufd. condenser
and a pair of headphones in series with
the prods. Ground one prod. With the re-
maining prod, touch the plate connections
of the first audio and output tube or
tubes, also the second detector. Condenser
tests — A good paper condenser will hold
a charge. Place the 114-volt cell in series

with the headset and prods and connect

Fig. 2 = An emergency test board with simple components,

them across the condenser under test. used for checking continuity, voltage, and circuit response.

November 1943
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PLUG-IN HEADPIHONE ADAPTER
FOR TR-48

Bvery WERS control station should have
provision for headphone reception. This is espe-
cially important where the radio installation is in
the same room with the telephone operators.
A simple way to adapt headphones to an Abbott
‘TR~4, a8 used in our control station, WIWN, is
shown in Fig. 3.

Not wishing to make alterations in the TR-4
circuit, use is made of the oscillator plate current
jack, into which this adapter may be connected
with an ordinary ’phone plug. The lead from the
“B” - side of the jack is connected through the

plug and a d.p.d.t. switch (used for shorting out -

the adapter during transmitting periods, as
indicated on the diagram) to a 0.01-ufd 1000-volt
mica condenser in series with the headphone
jack and ground. The ground connection may
be a panel screw, if the jack or other output
connection is not mounted upon the panel. -
Vernon S. Allen, Radio Aide, WJTFN.

HY-15

T e v

Sw GL6 MOD-AMP.
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Rauds
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Fig. 3 — Method of adapting the TR-4 for headphone
reception without necessity for circuit alterations.

3 ‘
elephone operators

RE-USE OF NOME RECORDING DISCS

BF vou have home recording dises which
have become scrap through normal wear or
through unsuccessful cutting, it is practicable to
salvage the disc for a second cutting by heating
it till the surface softens just enough to permit
the cutting lines to run together, Support the
disc upon an axle, such as a screw-driver shaft, so
that it may be spun during the heating. Hold it
close to a red-hot stove or an electric hot~plate or
other source of even heat. Spin the disc to secure
even heating and so that the centrifugal force
will cause the lines to run together. ‘The maximum
desirable heat is attained when the surface just
begins to smoke slightly. Overheating will blister
the coating of the dise, or harden it unduly.
Successful heating will produce a disc which,
while not precisely ‘“as good as new,” will be
entirely satisfactory for many purposes. -— Rober!
K. Holsinger, W8SOF. )

EprTor’s Note. — The disc sent us by W8SOF'
a8 a sample of this treatment gives very fair
reproduction of his instructions for the process.

04

AUTOMATIC CIRCUIT POLARIZER
WHEN operating grounded a.c.-d.c.

acuipment, the danger of short-circuiting the line

by inserting the power plug in the wrong direction

HEVOLTS, &.00

Fig. 4— Using a
d.p.d.t. 115-volt relay
as an automatic circuit
polarizer to assure cor-
rect line-plug connec-
tions in a transformer-
less power supply.

RECTIFIER TUBE

e

may be overcome by connecting only one wire to
the plug, obtaining the other connection through
ground. However, it is still necessary to polarize
the plug correctly to avoid an open circuit.

A simple device consisting of a d.p.d.t. 115-volt
relay will solve this problem. In Fig. 4, if 4
should be the hot side of the line, the relay would
be activated and the a.c. applied to the rectifier
plates. If, on the other hand, B is the hot, side, the
relay will not be activated and the a.c. will flow
normally through the left pole of the relay to the
plates. -—— Sheldon 17, Gules, W8VIVK.

POWER-TUBE PPROTECTIVE
CIRCUIT

'W4E writer has used the method shown in
Fig. 5 to protect the power tubes and eliminate
complete breakdown of a p.a. amplifier in case of
fuilure of the fixed-bias system normally used. In
this case, the tubes were a pair of 2A3s drawing a
normal plate current of about 80 ma.

The usual self-bias resistor was used with a
Littel-Fuse, rated at 125 ma., shunted across it.
If the fixed-bias system fails, the plate current
on the power tubes will exceed the rated carrying
capacity of the fuse and it will blow, thereby
removing the shunt across the self-biasing resistor
and automatically putting the tubes in normal
operation with self bias. The grid return would
be through the biassupply voltage divider to
ground. As an added protection, a fuse of the same
rating is also used in series with the bias resistor.

Filament transtormer

Fig. 5~ Power-tube protective circuit for use on
fixed-bias stages, cmploying an auxiliary sclf-biasing
resistor which is normally shorted by a fuse.

This idea probably can be applied in other ways.
In a transmitter, it might be adapted to an over-
load relay circuit which would remove a short
across a self-bias resistor caleulated to reduce
plate current to a safe value when off resonance,
instead of opening the plate circuit and killing
the transmitter. — Henry G. Kuhn, W8IRU.
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[(] The leaves and contacts of the jack
will have to be ultered to correspond

= with the arrangement shown in the
diagram. The tension of the lower

spring contact should be adjusted so

the weight of the iron on the rest just

opens the points, putting the lamp in

series with the iron and keeping it just

hot enough to use but not hot enough

Fig. 6 — Simplified transmit-reccive switching circuit for the

to burn and pit. — Harold F. Houtz.

Alleghany County WERS transmitter-receiver in August OST. —_—e—

SIMPLIFIED TRANSMITTER-RECEIVER
SWITCHING ARRANGEMENT
THE diagram above (Fig. 6) indicates
changes made 'since publication of the circuit for
the Allegany County, Md., WERS transmitter-
receivers appearing on page 63 of the August,
1943, issue of QST, allowing for the use of a four-
pole double-throw switch instead of the hard-to-
get eight-pole two-section rotary switches. In this
revised circuit, the ground is switched from the
mike on transmit to the voice coil on receive.
~ (. C. Robinson, WJDG

SOLDER KINEK
A HANDY arrangement for wire solder can
be made by winding the solder around a pencil for

A LT T T T T L T T T T N Oapa
e
Fig. 7— Convenient form for snider roll.

its entire length, starting at the point of the pen-
cil. After removing the pencil, the end of the sol-
der is passed back through the coil and out
through the opening in the pointed end. The coil
is then used as a handle. As soider is used, more
may be pulled out. Solder in this form does not
kink and is in convenient shape for getting into
tight places. The idea is shown in the sketch of
Fig. 7, showing a completed roll.
SOLDERING IRON REST AND
HIEAT CONTROL :

1 susMmIT a sketch of a soldering iron heat
control which I have been using for the past ten
years, receiving very fine service.

s volt
/ine

Fig. 8 — Soldering-iron rest and heat control.

In the original I used an old closed-circuit
'phone jack which, with all other components, was
mounted on a 4 X 12 X li-inch piece of ply-
wood. The rest for the iron is of sufficient size to
dissipate heat rapidly enough to prevent burning
of the contacts by conduction. ‘The size of the
bulb may be varied to obtain just the right degree
of heat with the iron in use.
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SIMPLE METHOD FOR INVESTIGATING
PERFORMANCE OF 112-MC. ANTENNAS

The adjustment of a 2!4-meter antenna
for best performance usually requires not only
some form of field-strength measuring device,
but also that a transmitter signal be put on the
air. This i8 very nice when such measuring equip-
ment is available and the testing can be done
during a test period. 1t is not necessary, however,
to have either measuring apparatus or a signal
from a transmitter (subject to RI observation or
investigation) in order to determine with fair
accuracy the field pattern of a directive array or
the effectiveness of a quarter or half-wave an-
tenna.

Did you know that merely scraping one end of
a piece of bare wire approximately one half-wave
length long with another short piece of bare wire,
or, for that matter, any other piece of metal, will
make the half-wave wire radiate a minute signal?
Well, it does, and a wire used in this manner
has several very useful applications, particularly
with 2l4-meter antennas. As a matter of fact,
it may be used to check any antenna system
where the dimensions of the half-wave wire are
not so large as to make its use unwieldy.

The first thing to do is to set up the antenna to
be investigated in any location which will permit
a person to walk around it. The antenna should
be on the same level as the test wire when the
latter is held by the person operating it. If the
receiving antenna is vertical the test wire should
be held vertically, since polarization is quite
noticeable. Naturally, the preferred location is the
spot where the antenna eventually is to be used.

Now couple the receiver (it makes no difference
whether it be a superhet or superregenerative
job) to the antenna, setting the coupling at its ap-
proximate optimum position. Turn the receiver
on and set its volume control for full output, since
the transmitting range of the test wire fortunately
iy very limited. It is this limited range that re-
quires the preliminary test to be made while
holding the test wire in close proximity to the
receiving antenna.

A few words about the proper place to hold the
test wire. Since this wire acts exactly like any
antenna, it must be held in the operator’s hand
at a point where a current loop normally would
exist. If one holds the lower end of 'a half-wave
wire in one hand and scrapes the upper end with
a metal rod held in the other hand, for instance,
no signals will be generated, since the end held

(Continued on page 80)
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CORRESPONDENCE FROM MEMBERS

The Publishers of QST assume no rexponsibility for stutements made herein by correspondents.

ABOUT THE JAPANESE LANGUAGE
Washington, D. C.
Hditor, QST

In the editorial comment accompanying your
recent article entitled, “The Japanese Morse
Radiotelegraph Code,” you stated that the
article had been written by ‘““a recognized author-
ity on the Japanese language.” The author may
possibly have some knowledge of the Japanese
spoken language, but he very obviously knows
little or nothing about the written language
which he attempted to describe for you, as you
may sce from the following comments.

The author begins his section on the Japanese
lunguage by saying that the Japanese had no
written language until the third century. Far
Eastern historians agree that, while a few Jap-
anese might have learned how to write Chinese
before that, the Chinecse ideographic script was
not introduced to Japan unfil the sixth ceniury.

He goes on to say: ‘“ Although similar in their
origins, the pronunciation of the spoken Japanese
language was entirely different from that of the
Chinese.” The first part of the sentence is non-
sense, as the spoken languages of Japan and China
were entirely different in their origins. The Japa-
nese spoken language, in origin and development,
belongs to the Ural-Altaic language family, al-
lied to Mongolian and, more remotely, to Turk-
ish, Hungarian and Finnish, while Chinese be-
Jongs to a separate language group, including
most. of the dialects of Southeast Asia.

The same paragraph says: ‘“ The Japanese had
to make a choice between using the single charac-
ter for ‘man’ . . . or combining two of their own
characters.” As the author had previously stated,
the Japanese never had any characters of their
own. This section in general is both confusingly
written and downright misleading.

In the next paragraph the author does not
make it clear that “the basic phonetic alphabet

. arranged in an order known as the Gojuon”’
is actually the same thing as the Kana syllabary,
which he later attempts to explain. It is also
ridiculous to speak of ““the characters of the
Japanese syllabary,” as he does in the next
pa.ragra.ph The Kana syllables are not characters
in any sense. Later, the author speaks of the
Kana system as having been invented about the
close of the 3th century. Kana was traditionally
invented in the eurly 9th century by the Japa-
nese monk Kukai, alias Kobo Daishi.

Chinese ideographs do not “ normally represent
whole words or complete ideas in a crude picture
form,” as the author declares. Chinese characters
{not all of which are “ideographs’’) are anything
but erude . . . and by no means all of the sym-
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bols now used ‘“have been developed from early
picture writing.”” Careful thought has gone into
the process of making Chinese characters, which
are generally combina.tions of ideographs and
sound elements, or ‘“phonetics” (the phonetics
are less obvious in the characters as used by the
Japanese, hence the great difficulty of reading the
latter language). This is by no means a static
system o