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Again E-V serves in vital communica-
tions! The 600-D Dynamic Microphone
(T-50) is standard equipment on the
famous SCR-399. It insures high intel-
ligibility speech transmission—helps get
the message through clearly. It is an
example of E-V research-engineering
that, over the years, has created such
fine electro-acoustic products for military
and civilian use.

ElechoYoree

404 CARROLL ST, « BUCHANAN, MICH. « Export: 13 E. 40th St New York 16, U.S.A. Cables: Arlab

E-V 600-D MOBIL-MIKE

Experienced Staff and
Complete Laboratory
Facilities for Original
Research-Engineering

Substantially Flat Frequency Response
High Articulati Less List Fatigue

More Usable Power Level
Extra Rugged—Withstands Toughest Use
Accoustalloy Diaphragm

Light Weight (8 ozx.)
SEND FOR
CATALOG 110




GL-807’s your No. 1 bargain
... with banner performance!

hree standout features make the GL-807 a ham’s best
“buy’ (remember, this G-E tube costs you less than a
pair of average receiving types):

1. Puts out more watts per dollar than any other tube,
no matter what the class of service.

9. Versatile! A jack-of-all-trades! In r-f, you can use the
tube as oscillator—buffer—doubler, tripler, quad-
rupler—or final tube. Audio finds the GL-807 ready
to handle stiff modulator assignments. Two in Class
AB, will put out 120 w, or enough to modulate
a Ya-kw rig.

The GL-807 is fully rated for five types of service:
Class AB, audio (triode-connected)...Class AB,
audio . . . Class B r-f power amplifier ... Class C
telegraphy ... Class C telephony. These run the
gamut of power-tube applications, meaning you
have a tube which operates efficientlyin all classes

F.ilamem voltag

of service —also a tube whose performance in ilament curreny 63
each class has been measured accurately, to 9X ratings, |c .3y
guide you in your circuit design. voltage AS;
. ‘el €3 Current
Buy and install GL-807's! G-E close-tolerance manu- input
facture pays off handsomely in superior service! See dissin -
ssipation

your G-E tube distributor to study anew what this
great G-E beam power tube offers you in wide useful-
ness, in surpassing value! Electronics Department.
~. General Electric Company, Schenectady 5, New York.

ELECTRONIC TUBES OF ALL TYPES FOR THE RADIO AMATEUR

GENERAL ELECTRIC

18a8-KAD




WODZS: “What more can a ham ask?”

“You may not recall,” said Hugh Brenner, W@DZS, in a recent
letter, “but we had several conversations about the time I acquired my .
32V-1 a couple of years ago.

“Since then I have added a 75A-1, and have an order in with Lew
Bonn for the second 75A-2 they receive.

“Thought you might be interested in my experience with this equip-
ment. I operate all bands, phone and c-w, and it is the rule rather than
the exception to have the other fellow on the QSO assume that I am
running high power. I have not had one moment’s trouble of any
kind with either unit in over 2% years with the 32V and over 112
years operation of the 75A-1, not even a tube replacement.

“When the DX is in, it can be worked if anyone is working it and
there have never been other than nice remarks about the audio, or the
c-w tone.

“On 75 I work a daytime radius of four or five hundred miles and
don’t think I am QRM’d any more than many of the stations running
considerably higher power. What more can a ham ask?

“The only reason I have ordered the 75A-2 is that Collins is making
it, therefore it must be an improvement over the 75A-1, not that I felt
the A-1 needed any improvement.”

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

COLLINS RADIO COMPANY, Cedar Rapids, lowa
11 West 42nd Street, NEW YORK 18 2700 West Olive Avenue, BURBANK

N
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5p0_CYCLES!

6 DB WITH ROUNDED
ARPEST_SELECT{VI

Ps- S
I POSITIO

ING P f F PRE

New running mate to the already famous SX-71 double conversion receiver.
More useable selectivity than the best crystal.

GIANT 4-IN "S” METER calibrated in microvolts and "'S" units. Four
bands 538-1580 k¢, 1720 ke to 32 Mc. Calibrated electrical
bandspread, § position selectivity, average sensitivity 2 micro-
volts with ¥2 watt output. 9 tubes plus regulator, rectifier . . .

R-46 SPEAKER —New 10/ PM in matching satin black

CISION

RADIQ| & THLEVIS

L s e

ILLIN

o1s .

cabinet with 500-ohm
transformer $19°3

hallicraﬂers

“ The Fadio Mans Kadio”
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FREQUENCIES NOW AVAILABLE IN
PR CRYSTALS WITH .005% TOLERANCE

Net operation demands ACCURATE FRE-
QUENCY CONTROL ... with minimum drift

. . absolute “in channel” signal. Remember, Fus—
° . i :-1(‘%,.;‘
MARS frequencies are outside of regular PR
amateur bands and FCC tolerance require- YavsRe
ments must be met! Men of MARS, you can oy, o]
e

get this perfect frequency control with PRs.
Because of the growing demand for MARS
frequencies, PR is making and offering
MARS channels in the Type Z-1 commercial
crystal AT A FRACTION OF THE REGULAR
PRICE . . . only $3.75 . . . with frequency
005% plus or minus tolerance in our test
oscillators, MARS frequencies, in PR Type
Z-1 holders, are available through your job-
ber. If your jobber is one of the few not stock-
ing PRs . . . order direct from the factory at
address given below.

&
'SEii K 4

AND KNOW WHERE YOU ARE

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

5

USE




Section Communications Managers of the ARRL Communications Department
Reports Invited. All amateurs, especially League members, are invited to repart statlon activities on the first of each
month (for preceding month) direct to the SCM, the administrative ARRL olficial elected by members in each Section.
Radio Club reports are also desired by SCMs for inclusion in OST. AUl ARRL Field Organization appointments are
now available to League members, These include (RS, OES, OPS, OO and OBS. Alsn, where vacancies exist SCAls desice
applications for SEC, EC. RM. and PAM. In addition to station and leadership appointments for Aleuibers. utl amateurs
in the United States and (*anada are invited to join the ARRL Emergency Corps (ask for Form 7).
JE— . ATLANTIC DIVISION
tastérn Pennsylvania WIBKES Jerry Mathis 617 C'reicent Ave. ilenside
Maryland-Delawar:-1).0 . WAOMN James W, John 29 Fawcett St Kensington, Ald.,
Southern New Jersey W2ASG Dr. Luther M. Mkitarian SO0 Warwick Road Haddontield
Western New Vork W2PGT Harding A. Clark KrD 2 nfanlins
Weastern FPennsylvania WIKWL Ernest J. Hlinsky 509 Heechwood Ave. Farrell
- . —CENTRAL DIVISION
Lllinois WOEV [ I.loyd k. Hopkins 27 Lynch St. Elgin
indiana \WORE \W. E. Monigan 1504 East Ewing South Hend 14
Wisconsin WYROM Reno W. Goctsch 929 S. Vth Ave. Wausau
DAKOTA DIVISION
North akota AY-TESAN Kev. Lawrence C.
sitrandenaes St. Andrew’s Church \Westhope
South Dakota WONGM J. S. Knasberg 509 (daho Ave., S.E, tluron
AMinnesota WENMNC Charles M. Hove 1611% E. Lake St Minneapolir 7
- __ DELTA DIVISION ...
Arkansan WSDRW 3r. John I.. Stockton P. (). Box 302 loam Springs
1.ouisjana WSGHF Kobhert E. Barr ox 446 ringhill
Migrissippt WSTHS Norman B. Feehan P. ). Box 491 ¢sultport
Tennessee WJ4AFI . G, Stewart MecAlice Drive Fountain City
—_ S GREAT LAKES DIVISION S
Kentucky W4KKG L. \V. Lyle,ir. R.,R.3 Jenersontown
Michigzan \W8DLZ Norman C. MacPhail 1340 Giddings, S E. <irand Kapidx
Chio WRHGW l.eslie Miach 21380 Mastick Rd Cleveland 26
—_ .HUDSON DIVISION —
kastern New \ork W2CLL orge WV, Slecper 76 Fuller Road Albany 3
N. V. L. & l.ong Islanr W20 BLI George V. Cooke #8-11 239th St. Bellerose 6, L. I.
Northern New |cersey \W2NKD I'homas 1. Ryan, jr. 1082 \nna St, IZlizabeth 4
. e -MIDWEST DIVISION
lowa wopp William G. Davis ird St. Mitchellville
Kannas WeIrcv I“arl N, Johnston 624 Rooscvelt Topcka
Missouri WOGBT (Clarence I.. Arundale 104R South Jefierson Ave Spnngheld 4
Nebraska WaoED Scott K. Davizon 413 North Nye Ave l'remont
e ——e NEW ENGLAND DIVISION_____ e JUN—
C'onnecticnt WIVR Walter L. Glover (slover Ave. Newtown
Maine wivyv Manley \W. Haskell 15 Hemlock St. Fartland
Eastern Massachnasetts WiALP Frank I.. Raker, jr. 01 Atlantic St, North Quincy 71
\Western Massachusett WIEOR Victor W, Panunoff 26 Denton Circle Springheld
New Hampahirc WIINC Norman A. Chapman 9R Sonth St. Concord
Rhode Island WICIH Roy B. Fuller 17 Ledge Road foast Cireenwich
Vermont WINIL.O Burtis \WW. Dean 1", ). Box 81 Rurlington
—_—— — - NORTHWESTERN DIVISION — e
Alaska KL71G ('harles M. Gray Box 1247 DNouglax
Idaho W7lwu Alan K. Rosa 2105 Irene St. Boise
Montana WIKG]J tdward (;. Brown 421 Vellowstone Ave, Billings
C)regon W7MQ . E. Roden 519 N.\. Ninth t'endleton
Washington Wwaiczev -aurence Sebring Roitte 2, Box 384 Everett
- S B— PACIFIC DIVISION_ .. . . s —
Hawaii KHOR John R. Sanders c¢/0 Mackay Radio & Tele- Honoluly
. graph Co, Inc., Box 2994
Nevada wWiBvz Carroll W. Short, jr. 1608 Arizona St. Houlder City
Santa Clara Valley WalLzl. Roy [, Couzin 7 E.nglewood Ave. [.os Cvatos
Fast Bay wert Horace R. Greer 414 Fairmount Ave. oakland 11
n Franciaco W6aATO R. K. Czeikowitz 241 Colon Ave. Sun Francisco 12
cramento Valley* W6CKYV \WVillie van de Kamp RFD 1, Box 492A ‘“hico
Sin Joaquin Valley W6FYM E. Howard Hale 741 E. Main St. Turlock
— " ROANOKE DIVISION . N
North Carolina W4nc O Herman I’. jolitz . ). Box 438 Clinton
South Carolina W4AZLT Wade H. Holland P. 0. Box 116 Greenville
Virginia WJFF H. Edgar Lindauer Route 1, Box 431 Annandale
Weat Virginia \wsim Donald B. Morris 303 Home St. kairmont
—_— e ROCKY MOUNTAIN DIVISION..
Colarado \WaAlQz M. W. Mitchell 1959 Ulinta St. Denver 7
{Itah W l.eonard F. Zimmerman Honse 4 taltair
\Wyoming \W7HNI A.D. Gaddis P. (). Box 786 Giillette
. SOUTHEASTERN DIVISION__ -
Alabama WJILEN 1Lewis C. Garrett 818 Maplewoaod Ave. Anniston
kastern Klorida W4FWz John \V. Hollister 3XU9 Springheld Blvd. lacksonville
\Vestern Florida® W4MS tdward J. Collins 1003 E. Blount 5t. Pensacola
Cieorgia ) \W4zD Jfames P, Born, jr. 25 First Ave., N.E. Atlanta
\West Indies (Cuba-P.R.-V.l.) KP4DJ \Villiam Wemer 563 Ramon Llovet Urb. “ulT’ani" dras. i R
io Piedras, I*. R,
("anal Zone K25Aaw Everett R, Kimmel Box 204 (ramboa, C. Z.
. . y SOUTHWESTERN DIVISION_
T.oa Angelex® WEION Vincent J. Haggerty IN17 Indio Muerto St. Santa Barbara
Arizona WIMID lim Kennedy 4511 N. &th St. Phaoenix
San Diego \WeYYM Mra. Ellen \Vhite 4677 Wightman St. San Diego
WEST GULF DIVISION . ———
Northern Texas WSBKH William_A. Green 1834 liniveraity Blvd. ‘\bilene
t1klahoma WSAHT/AST Frank E. Fisher 104 Eaxt 11th St. l‘awhuska
Snuthern I'exas \WSFJF Dr. Charles Fermaglich 618 Medical Arts Bldg. Houaton 2
New Mexico* WsBIW Richard §. Matthias P.O. Box 548 State College
. MARITIME DIVISION _ e
Maritime (Nfid. & Labr. atty) VE1DO A. M. Crowell 69 Dublin St. Halifax, N_S.
- . ONTARIO DIVISION U
T )ntario VE3IA G. Eric Farquhar 16 Emerald Creacent Burlington, Unt.
. . QUEBEC DIVISION o S— _
Quebec VE2GL tsordon A. Lynn R.R. No. 1 sSte. Genevieve de i
Vierrefonds, ', Q.
i ——--VANALTA DIVISION_ . ... e
Alberta VVESM ] Sydney 1. Jones . (). Box 373 F.dmonton, Alta.
British Columbia VEIFB Ernest Savage 4553 West 12th Ave. Vancouver
Yukon VESAK \W. R. Williamson P, . Box 5§34 \Whitehorse, Y. T.
———— PRAIRIE DIVISION. .
Manitoba VE4AM AW, Morley 26 l.ennox Ave. St. Vital
SNaskatchewan VESHR Harold R. Hom 1044 King St. ‘3askatoon

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



89 countries, 33 governments use Hallicrafters
equipment. These precision instruments are prized by experts,
remembered by veterans, and preferred throughout the world
by short-wave listeners who want a radio that is all radlo.

Model $X-62—World's finest receiver for the all-wave listener. Outperforms any
broadcast receiver on any frequency—continuous coverage from S40 ke to 109 Mc
in six bands. Crystal calibration oscillator built in. Six position selectivity with crystal
filter. Two stagas r-f, three stages i-f amplification. 10-watt push-pull high fidelity
Model $X-62 output. Phonograph jack, 14 tubes plus regulator and rectifiersssososs.$289.50

Model $X-71—Value-packed with features specifically asked for by the Hams, Extra
sensitivity, selectivity, and stability; double super-heterodyne, plus built-in, Narrow
Band FM. One r-f, two conversion, and three i-f stages. Range 538 kc to 35 Mc,
46-55 Mc.Extra wide dials for Main and Bandspread Tuning. Sensitivity, Volume, BFO
Pitch, Selectivity, and Crystal Phasing controls. AVC, BFO, Rec./Standby, ANL Tone,
and Phono-Rec. switches. Phonograph input jack. SO0, 3.2-chm output..$199.50

Model S-76—The only double superhet with 50 ke second I-f and the only set now
known with a giant sized 4-inch “S" meter. Another new Hallicrafters engineering
triumph. One r-f, two conversion, and two i-f stages; temperature compensated,
voltage regulated. Range 540-1580 ke, 1.72-32 Mc in four bands Separate
electrical bandspread, with calibrated dial. Sensitivity, Volume, BFO Pitch, Selec-
tivity and Tone Controls: AVC, Rec./Standby, BFO, ANL switches. Phonograph input
jack. 3.2 or 500 ohm outputs 9 tubes plus voltage regulator and rectifer$169.30

Model $X-71

Model S-408B, $-77—New version of an old favorite. Temperature compensated
oscillator; tuned r-f stage, two i-f stages for better selectivity. Covers 540 ke to
43 Mc in four bands. Sensitivity, volume, three-position Tone, BFO Pitch, controls;
AVC, BFO, Rec./Standby, and Noise Limiter Switches. Built-in PM speaker. External
power, remote control connections, 7 tubes plus rectifier..ccceevceces..$99.98

Model SR-78—A small transceiver for the navice class or beginning amateur; can
also be used later as exciter unit, Receives on 540 ke through 32 Mc, transmits on
10, 11, 20, 40, or 80 meter bands. 10 watts input to final amp. Receiving section is
Model $-76 substantially same as our S-38B Bandspread tuning, Speaker/phones switch, BFO
switch. Rec./Standby switch; four tubes plus rectifier. Transmitting section uses elec-
tron coupled Xtal oscillator plus output tube of receiver. Voltage doubler rectifler to
increase plate voltage. 5 tubes plus rectifier. With coils, less crystals...$89.98

Model S-38B—Pulls in broadcast stations in weak signal

areas where ordinary sets fail. Also offers world-wide
Model S-408, S-77 reception for the short-wave listener and the new ama-
teur. Covers Broadcast Band and three short-wave bands.
540 ke to 32 Mc. Separate Fine Tuning control. BFO, Rec./
Standby. Speaker/Phones switches. Built-in PM speaker,
Four tubes plus rectifier. For 115 V. AC or DC. $49.50

Model SR-7S

§-72—One stage r-f, two stages i-f amplification. Built-in
loop antenna for broadeast, plus 617 collapsible whip for
short-wave. Band-spread tuning knob for separation of
short-wave stations. Sensitivity control combined with code
(BFO) switch, Jack for headphones. Brown leatherette
cabinet, space inside for power cord and headphones.
8 tubes plus rectifier, Less batteries. For 115 V, AC or DC
or batt. 540 ke. to 305 Mc. in 4 bands.......$109.98
S-72L (long Wave Model)|—Marine Beacons, Aircraft
Ranges,Towers 1 75-420ke.,Plus 540 ke. 12.5 Mc. $119.958

Model S-388B
World's Leading

3 of Precisi
Radio & Television, Chicago 24, lllinols

Visit Booth #576, Radio Parts Show, Stevens Hotel, Chicago, Hlinois
7

$-72, §-72L




riE. AMERICAN
RADIO RELAY
LEAGUE, :mwc,

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

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

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

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

All general correspondence should be addressed to the Secretary
at the administrative headquarters at West Harfford, Connecticut.

Past Presidents
HIRAM PERCY MAXIM, WI1AW, 1914-1936
EUGENE C. WOODRUFF, W8CMP, 1936-1940

Officers
President . . . . . . .. . .. GEORGE W. BAILEY, W2KH
) New York, N. Y.
Vice-President . . . . . . . WAYLAND M. GROVES, WSNW
) ~ Odessa, Texas
Secretory. . - i .« . A, L. BUDLONG, WIBUD
v Wesl Hon‘ford Connechcu'
Communications Monager *. . . . . FRANCIS E. HANDY, W18DI
Wes' Hartford, Connecticut
. . . . .DAVID H. HOUGHTON
Wex' Har'ford Connech:u'

‘Treasurer s

o o o o o

General Counxel .+ . . .PAUL M. SEGAL
- 816 Connecncu' Ave Woshmgton 6,D.C.
.Axmlon' Secrefaries . .. . ... . JOHN HUNTOON, WILVQ
_RICHARDL BALDWIN, W1IKE HARRY PASTON, WI1DJV
: West Hartford, Connecticut

DIRECTORS

President
GEORGE W. BAILEY...........

EY ., W2KH
1 East 79th 8t., New York 21, .

Vice- Pra.u'danl
WAYLAND M. GRO
P.O. Box 586 Odessa. Texas

Canadian General Manager
ALEX REID...............oooii.n.. VE2BE
240 Lozan Ave,, 8t. Lambert, P. Q.
Alternate: \\lulnm W. Butchart
0740 107 St., Edmonton, Alta.

Atlantic Division
WALTER BRADLEY MARTIN........ wiqQv
1033 Arbuta Rd.. Abington, Pa.
Alternate: Henry \W. Wickenhirer, §r.....W3KWA
1112 State Ave., Coraopolls, Pa.

Central Division

WESLEY E. MARRINER.

844 N. Galcna Ave.,
Alternate! (harles F. Reberg

3900 W. 10th Ave., Gary, Ind.

Dakota Division
GOODWIN L. DORLAND. .. ......... WoT3N
Moorhend Minn.
Hlemale Alfred M. Gowan.......... .\WOPHR
325 S. Menlo A\c \louxlnlls 8. L.

Delta Division

VICTOR CANFIELD................. VW5BSR
P. O, Box 465, Lake Charles, La.
Alternate: Georre 8. Acton. . .......... \WSBMM
Platn Uenllnz. La.

Graat Lakes Division

JOHN H. BR .................... WasPr
41 I‘ord Hldz Detrolt 28, Mich.
Alternate: Harold I, Stricker............. V8\W2z
247 W. 5th St., Mnrys\ll)e, Ohto
Hudson Division
JOSEPH M. JOHNSTON............. \W280X
423 Monmouth Ave., Bradley Beach, N. J.
Alternate: Georze V, Cooke, Jr.......... W20RU

Ir.
88-31 239th &¢., Bsellerose 6, L. 1., N. Y.

Midwest Division
LFEONARD COLLETT..............- W@DEA
Box 88, ¢/0 C..A.A., Agana, Guam, M. 1.
Andress carrespondence to the Acunz Director:
ALVIN G, KEYES. ... ............... WORKTQ
1201 Merchants Nat'l Bank isidg., Cedar Rapids, Ia.

New L‘n gland Division

PIERC'Y (. NORL .\WIBVR
47 Rroad Bl Westteld, Mass.

Alternate: 1'rank 1. Baker, r.
Pl Atlantic Bt., North Quincy 71, Mass.

Northwestern Division

R. REX RORFRTS........... \W7CPY
837 Purk Hill Drive, Billings, Mont.
utemale Karl W. Weincarten. ... ....... a
219 N. 24th ¥t., T'acoma 7, Wash,

Pacific Dx vision
KENNETH E, HUOGHER, . ..... ... ..., wecis

%10 W. Orange Ave., Bo San f'rancisco, Calif.

Alternate: C', Porter Evang. . ........... .. \W6BF
134 Draccua Ave., Pledmont 11, Callf.

Roan oke Division

\VILLIAM H. JACORR.............., w4CvQ
326 Circle Drl\e. Fayetteville, N. C.

Alternate; Gus M. Brownlng. . .......... \v4BPD
135 Broughton B8t., 8. k&, Orangeburg, 8. C.
Rocky Mountain Division
PRANKLI\Y K. MATEJKA............ $DD

. Box 212, Lirtes Purk, Colo.

Alternate: Rumonzs Walker. ... ........ Wwgowp
P. 0. Box X, uru.-sh Colo.

Southeastern Division

LAMAR HILL....................... W4BOL
104 Myrtle, Cochran, Ga.
Alternate: Willlam P. Sfde8. ............ \V4ATP

Fleming Road, Monuzomcry Ala.
ou!hw.ﬂ.rn Division

JOHN R. GRIG WEKW
10412 Don Plco Rd RFD 2, Bpring Vn.UEy Ln.ll!

Jltemnte Walter R.JOOS. .. ........... \WEEKM
315 N. Overhill Drlve Inglewood 3, Calff.

West Gulf Division

A. DAVID MlDDI:LTO .............. WSCA
9 Kay Road, Tiferas, N. M.

Alternate: l'nnk I:. Fisher......... WSAHT/ABT
104 £. 11th, Pawhuska, Okla.



“It Seems toUs..”

DISASTER COMMUNICATIONS —
AND CIVIL DEFENSE .

The Federal Communications Commission
has been pouring out rule-making so rapidly
the last few months that we’ll wager its mimeo-
graphing department is almost as busy as
ARRI/’s. A number of its actions have been
either du‘ectly in our field or in immediately-
related ones. Right now we’d like to discuss the
relationship between the newly-established
Disaster (Jommunications Service rules and
the segments of amateur bands earmarked for
amateur use in civil defense, so that in this
Hlurry of recent actions we won’t lose perspec-
tive as to how one fits in with the other.

First of all let us make it clear that the Di-
saster Communications Service has been set up
to perform one specific function, and that the
amateur c.d. frequencies have been reserved to
provide another and separate specific function.
The function of our earmarked channels is,
obviously, to provide amateur communications
on behalf of civil defense agencies in the event
of war. That of DCS is mainly to supply a com-
mon meeting ground for codrdinating disaster
work of various communications agencies in a
community or larger area, in peace or war.

The DCS is set up to operate in 17501800
ke., under rules as printed in their entirety in
April QST, beginning on page 38. It is by no
means exclusively an amateur service. It does
not replace any of the services which amateurs
now perform. Its aim, primarily, is one of fur-
nishing liaison channels between all the various
services engaged in disaster planning and op-
eration — amateur, police, utilities, military,
ete. There is to be no wholesale licensing of
amateurs, or of stations in any other service.
Before any DCS license will be issued, appli-
cants must show that their contemplated op-
eration is as part of a locally- or regionally-
codrdinated plan. In fact, a copy of the plan
must be on file with FCC.

So, as we see the new service, in a typical
area it would consist of one (or two or three.
for alternates) amateur station licensed to
operate in 1750-1800 ke., and the same number
of similarly-licensed stations from each other
service working together as part of a plan.

We'll still conduct our basic emergency plan-
ning and our networks and our drills on ama-
teur frequencies. The only difference now is
that, in the cvent of emergency (and of course
in advance practice drills) our networks will be
able to have a DCS-licensed liaison station, a
sort of roving halfback, who can through the
1750-1800 ke. cha.nnels report, for example,
what specific services amateurs are in process
of performing, and in turn find out what non-
amateur stations are doing. (Or the same ex-
change of information can be accomplished by
cross-band work, DCS frequencies to amateur
bands.) This will prevent duplication of effort
and ensure that each emergency facility, ama-
teur or otherwise, is used to best 4dvanta.ge
In practice, it may well mean that the disaster
communications efforts of all groups are co-
ordinated and directed by the community
authorities through these liaison channels.

DQS is not primarily a defense or wartime
measure; it is a permanent part of our nation's
normal communications structure. As such a
part, and a particularly useful one for the pur-
pose, it can of course he integrated with other
defense or wartime communications plans —
and in fact FCC has indicated that its fre-
quencies will remain available even in the
event of war. In such event, amateur com-
munications for civil defense conducted on the
segments of our bands reserved for that pur-
pose will still have, through representatives,
liaison with other agencies similarly engaged

In short, the Disaster Communications Serv-
ice is a means of permitting the right hand to
know what the left is doing.

ARE YOU LICENSED?

e 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.




25 Years Ago }

this month

May 1926

. I'he Editor bemoans thc current *‘lust for HX"
which has ‘almost killed short-range, friendly, casual
eontacts.””

. Amateur coiperation is solicited in maintaining
rommunication with the Byrd Arctic Expedition.

... RCA has brought out three new tubes — the
UUX-200A high-sensitivity detector, the UX-171 audio
nisplifier, and the 874 regulator.

With interest in crystal control growing, Stanley P.
x\lcl\Imn. 2WC, presents pointers on adjusting crystal-
controlled transmitters.

. A. L. Budlong chronicles the achievementa of
amateurs in providing emergency communications for the
Pennsylvania Railroad. And a Clyde Darr cover realis-
tically portrays one of the ‘' PRR ' zang in action.

. The technique of rejuvenating low-emission trans-
mitting tubes is detailed by Assistant Technical Editor
John M. Clayton.

. . . The Wilkins Arctic Expedition has selccted Howard
i*. Mason, 7BU, and Robert Waskey, 7UU, to serve as
radio opcrators.

. A new dry-type rectifier, using magnesium and
copper-compound discs, has been announced by the Elkon
Manufacturing Co.

... The Army-Amateur Net control station, 2CXL/
2 X BB, is featurcd in the station descriptions section.

OUR COVER

NEC WINJM operates WIHDQ’s civil de-
fense portable on the West Hartford green. A
description of this rig starts on page 35.

ARRL. ROCKY MOUNTAIN
DIVISION CONVENTION

Estes Park, Colo., June 9th & 10th

The first Rocky Mountain Division
Convention in five years will be held at
Elkhorn Lodge, Estes Park, on Junc 9th
and 10th. A full program is planned, and
speakers will include Rocky Mountain
Division Dircctor Frank Matcjka, W@DD,
and ARRL Technical Dircetor George
Grammer, W1DF. At midnight there will
be the traditional ceremony of the Royal
Order of the Woutt Hong.

Registration fee for the convention is
$7.50, dinner and banquet included. Rooms
are gvailable at the Lodge (capacity of
150 persons, 2 to a room; $4.50 with bath,
$2.50 without; both prices include Sunday
breakfast) and in town. The capacity of
the dining hall where the convention
banquet will be held is 300 and so to avoid
disappointment. it. would be well to check
with the convention chairman beforchand,
or to register at once and receive confirma-
tion. All convention correspondence should
be addressed to F. K. Matejka, W@DD,
Estes Park, Colo.

10

HAMFEST CALENDAR -

ALABAMA — Sunday, May 20th, at Mobile — Tri-
atate Hamfest arranged by the amateur radio cluba of
Pcnsacola, Fla., Mobile, Keesler, Miss., and the Gulf Coast.
No registration fee required — picnic will be Dutch treat.
The day’s entertainment includes swimming, contests, rag
chewing, etc.

GEORGIA -~ Sunday, June 10th, at Robinson’s Tropical
Ciardens — annual Hamfest of the Atlanta Radio Club.
Program will start at 10 a.M., rain or shine. Adult tickets
$2.50, children $1.75. Reservations should be made through
Necy. Lee Connell, W4NQO, 624 Page Ave. NE, Atlanta.

ILLINOIS — Sunday, June 8rd, at Camp Ki-Shau-\au
——————— annual Hamfest of The Starved Rock Radio Club. A
good time is assured all who attend. Tickets purchased in
advance, 3$1.00; at the gate, $1.50. See June Ham-Ads or
write WOIMKS, Box 224, Utica, Illinois, for details.

NORTH & SOUTH CAROLINA -- Sunday, Ma.y 6th, at
\W4BPD's antenna farm, Orangeburg, 8. (. -— nnother
popular picnic-style Hamfest. All Carolina hums are in-
vited. Bring the XYL and kiddies and have a good time!

‘TEXAS — Baturday And Sunday, May 26th and 27th, at
Kerrville — sixth annual Convention of the South Texas
Emergency Net (STEN). Keynote of the program will be
civilian defense. Speakers representing all branches of com-
munications will be prescnted.

ARRL. OSL BUREAU

‘I'he function of the ARRL QSL Bureau system is to
facilitate Jelivery to amateurs in the United States, its
possessions, and Canada of those QSL cards which arrive
from amateur stations in other parts of the world. Its opera-
tion is made possible by volunteer managers in each W, K
and VE call area. All you have to do is send your QSL
tuanager (see lint below) a stamped self-addressed envelope
about 45 by 944 inches in size, with your name and address
in the ususl place on the front of the envelope and your
call printed in capital letters in the upper left-hand corner.

W and VE stations should not send cards for other \V
and VE stations through the QSL Bureau; they cannot be
accepted. Likewise, curds for foreign stations should be sent
only through the foreign burcaus. For a list of these vver-
seas QSL bureaus, sce page 48, December, 1950, QST'.

W1, K1—-J. R. Haker, jr.., W1JOJ. Box 242, Ipswich,

asg.

W2, K2 — H. W. Yahnel, W28N, Lake Ave., Helmetta,
N. J.

W3, K3 — Jesse Bieberman, W3KT, Box 34, Philadelphia
5, Penna,

W4, K4 — William M. Rowe, jr., \WW4JDR, 2430 Connally
Drive, East Point, Ga.

W5, K5 — L. W. May, jr., W5AJG, 94258 Hobart St., Dallas
18, Texas

W6, K6 — Horace R. Greer, W6TI, 414 Fairmount St.,
QOakland, Calif.

‘W7, K7 --Mary Ann Tatro, W7FWR, 513 N. Central,
Olympia, Wash.

W8, KB — Walter Musgrave, WSNGW, 1204 East 188th,
Cleveland 10, Ohio

W9, K9 — John F. Schneider, WOCFT, 311 W. Ross Ave,,
Wausau, Wise.

Wp, K8 — Alva A. Smith, W8DMA,
Caledonia, Minn.

VE1 — L. J. Fader, VE1FQ, 125 Henry St., Halifax, N. S.

VE2 — Auatin A. W. Smith, VE2UW, 6164 Jeanne Mance,
Montreal 8, Que.

VE3 — W. Bert Knowles, VE3QB, Lanark, Ont.

VE4 — Len Cuff, VE4LC, 286 Rutland St., St. James, Man.

VES — Fred \Ward, VESOP, 899 Connaught Ave., Moose
Jaw, Sask.

VEG — W. R. Savage, VE6EO, 329 15th St., North Leth-
bridge, Alta.

VE7— 1. R. Hough, VE7HR, 1785 Emerson St., Victoria,

. C.

238 East Main St.,

\EB Roy Walton, VE8CZ, Box 534, \Whitehorse, Y. T.

KP4 — E, W. Mayer, KP4KD, Box 1061, San Juan, P. R.

KZ5 — C.Z.A.R.A,, Box 407, B&lbon, Unnll Zone

KH6 —- Andy H. Fuchikami, KH6BA, 2543 Namauu Dr.,
Honolulu, T. H.

KL7 — Box 73, Douglas, Alaska

QST for



D.S.R.C. Radiotelephony

Increased Sideband Output and Higher Efficiency
in 'Phone Transmission

BY GEORGE GRAMMER,* W1DF

° I'he type of *phone transmission de-
scribed in this article offers a very
marked increase in sidecband power out-
put over amplitude modulation of the
well-known type. Power consumption is
substantially reduced, very little audio
power is required. and the signal creates
less heterodyne interference. Transmis-
sions are readily receivable on conven-
tional receivers, using conventional tun-
ing mcthods.

‘The modulation circuits are simple
and no more ditficult to adjust than in
ordinary grid modulation. Straightfor-
ward design methods, based on sound
principles of modulation, are available.

- OUBLE-SIDERAND reduced-carrier (d.s.r.c.)
D radiotclephony offers a number of advan-

tages over conventional amplitude modula-
tion: considerably higher efficiency, where effi-
cicney is defined as the ratio of sideband (uscful)
power output. to total power input; high output
with comparatively little audio power; and a con-
siderable reduction in heterodyne interference.
These advantages can be obtained with simple
circuits that are straightforward in design and
adjustment, und the signal can be received by
ordinary methods.

Straight amplitude modulation (A3) is rather
ineficient. For ¢xample, plate modulation of a
Class C amplificr operating with 100 watts input,
requires 50 watts of audio power (on a sine-wave
hasis), which is generated by a modulator that is
only about 50 per cent efficicnt. The total power
input is around 200 watts, at full modulation.

* Technical Editor, QST.

‘The experimental d.s.r.c. trams-
mitter on which the principles de-
seribed in this article were tested.

May 1951

Under ordinary conditions the carrier output will
be 75 watts and the sideband power 37.5 watts,
50 the over-all cfficiency is in the neighborhood of
20 per cent. Grid modulation runs about the same
efficiency because, although the modulated-am-
plifier efficiency is lower, very little power is
taken by the modulator.

The Rdle of the Carrier

The reason why the efficiency is low in ordinary
A3 transmission is that two thirds of the power
output goes into the carrier. But it is the side-
bands, not the carrier, that do the talking at the
receiving end: The principal function of the car-
rier is to give the recciver's detector something
to work on, and so malke it possible for anyone
capable of turning a knob to tune in the signal
and get intelligible specch from the loudspeaker.
That is all right for broadcasting, but in amateur
radio where apcrators presumably have some
technical skill it has its ridiculous side. Why
throw away two thirds of the output of a trans-
mitter just so the fellow at the receiving end can
tune his receiver like a BCL would?

It is well known, of course, that a carrier does
not have to be transmitted at all. The fellows on
single sideband are operating that way right
along. In fact, single-sideband suppressed-carrier
transmission is the ultimate, but there is no deny-
ing that it requircs a bit more than average
knowledge and skill to construct and operate
such a transmitter. Some skill also is required to
receive it satisfactorily. Despite the difficulties,
it is gratifying that a steadily increasing number
of the fraternity are going on single sideband. But
in the meantime, d.s.r.c. transmission otfers an
intermediate step — one that any amateur with
average ‘“‘know-how' can take.




In reduced-carrier transmission, the tube power
capacity no longer required for gencrating a full
carrier is available to be used to generate sideband
power, thus increasing the over-all efficiency and
raising the cffectivencss of the signal. From an-
other viewpoint, a d.s.r.c. signal is one that has
more than 100 per cent modulation, but with this
important characteristic - there is none of the
splatter that sccompanies overmodulation of a
straight A3’signal.

Principles

‘The principles on which d.s.r.c.
transinission are based have been in
use for some time, but at what might
be called extremes of the scale. On
the vne hand, O. G. Villard, jr.,
W6QYT, has deseribed a system
operating chicfly as plate-modulated
A3, with a limited amount of re-
duced-carrier type operation to pre-
vent overmodulation splatter on
vuice peaks.! On the other, the
single-sideband enthusiasts have
eliminated the carrier entirely, along
with one sideband. The middle
ground has not been explored here-
tofore.

When a d.s.r.c. signal is received
on a “straight” receiver there is
some distortion, depcnding on how
far the carrier has been reduced
helow the value that would nor-
mally accompany the same sideband
power. The thing that makes it in-
teresting as a method of communica-
tion is that we have found experi-
mentally that quite a bit of the car-
rier can be eliminated before infelli-
gibility suffers badly. Furthermore, most commu-
nications receivers have a built-in means for
eliminating the distortion entircly. Hence, when
just enough carrier is transmitted to preserve
intelligibility it is possible to carry on communi-
cation by perfectly normal reception methods;
and the receiving operator can, if he wants, easily
restore the original quality of the modulation. In
practice, the carrier can be reduced far enough
so that the major part of the power gain obtain-
nble with completely carrierless transmission can
be realized.

To go over the principles bricfly, let us first
take the case of a carrier and a pair of side
frequencies (single-tone modulation) shown along
u frequency scale as in Fig. 1A.2 At 100 per cent
modulation each side frequency has exactly half
the amplitude of the carrier, giving the modula-
tion envelope shown at B. Although the drawing
docs not show it, a definite phase relationship
must exist between the carrier and the two side
frequencies if the envelope shown is to be pre-
duced; three separate frequencies of the same
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t Villard, * Overmodulation Splatter Suppression,”* QST,
June, 1947.

¥ Technical Topics, ** How To Visualize a 'Phone Signal.”
QS8T, July, 1950.
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amplitudes but not having the proper phase re-
lationships will not give the pattern shown at B.
However, in other respects, the three frequencics
can be considered as three independent signals.

It is not hard to imagine the amplitudes of the
two side frequencies being increased indefinitely
while the carrier amplitude stays fixed. Nothing
in Fig. 1A would prevent it. And there is no rea-
son why the proper phase relationships cannot be
maintained, since the awplitude of any of the

®

Fig. 1 —- I'requency spectra and wave-envelope patterne of convens
tional A3, 100 per cent modulated (A-B), overmodulated A3 (C-D),
and d.s.r.c. with a modulation factor of 3 (E-F). In the frequency
diagrams the carrier is indicated by C in each case.

three Irequencies considered individually does
not affect its phase. However, in straight ampli-
tude modulation the side frequencies cannot be
increased above one-balf carrier amplitude he-
cause the methods used do not permit modulat-~
ing more than 100 per cent downward. When
the vutput reaches zero on the downswing it
simply stays there for as long as the modulating
signal cuts it off. This gives rise to the type of
pattern shown at D. It is the same pattern that
would be produced by a complex modulating
signal of the same waveshape,® and is accompa-~
nied by additional sidebands as indicated (but
not to scale) at (. There must be just enough such
additional side frequencies, of just exactly the
right amplitudes and phases, to xdd up (with the
carrier) to zero output during the entire time
that the output is cut off by the modulating
signal.

This limitation is not in the modulated wave
itsclf, but only in the method used to produce it.
To have distortionless —and splatterless —
downward modulation of more than 100 per cent
it 18 neeessary to continue the modulation “be-
low zero’ during the time when the output would

3 Technical ‘Topics, *Some Facts of Modulation,' QST,
March, 1951,

QST for



be cut off in straight amplitude modulation.
“Below zero’’ does not mean less than zero out-
put. It simply means the same thing that it does
in any a.c. wave — that is, the phase is reversed
when the wave crosses the reference or zcro axis.
Actually, the farther one swings below zero the
arcater the output becomes, and in just the same
ratio that it incrcases on an upswing.

There is no limit to the percentage of modula-
tion that can be used when the phase is reversed
and the carrier is properly modulated during the
periods that would represent overmodulation in
the case of pure amplitude modulation. Such an
““‘overmodulated” signal occupies no more spec-
trum space than a conventional a.m. signal moul-
ulated 100 per cent or less. A signal of this sort
has the ecarricr-and-side-frequency relationship
shown at E in Fig. 1. The modulation envelope
appears at F where, as shown by the heavy out-
line, the modulation follows a sine wave and hence
is without distortion. 'I'be pattern shown is the
way a d.s.r.c. signal looks on an uscilloscope which,
because it does not show phase, merely shows the
amplitude of the r.f. voltage ur current from in-
stant to instant. The pattern does not bear much
resemblance to the ‘““normal” modulation pat-
tern at B, but 1t is the only type of pattern that can
represent an undistorted signal with more than the
customary sideband amplitude.?

Circuits

(ircuits that can generate a d.s.r.c. signal all
make use of the balanced-modulator principle so
familiar to single-sideband operators, but therc
are many possible variations. A balanced modu-
lator alone will climinate the carrier more or less
completely, so in order to transmit a cacrier it is
nccessary to introduce a means for deliberately
unbalancing the modulator to the desired extent.
The circuit shown in Fig. 2 will scrve to illustrate
the method. By-pass condensers and other ac-
cessories normally required have been omitted in
Fig. 2, for the sake of getting down to cssentials.

This circuit uses two tetrodes connected with
their grids in push-pull and plates in parallel for
r.f. (The same result will be sccured if the grids
are in parallel and the plates in push-pull.) The
modulating signal is applicd in push-pull to the
screens through the dual-secondary transformer,
7. One secondary, S), is returned to a ncgative
d.c. voltage while the other, Sy, is returned to an
equal positive voltage. 1f we assume that we have
“ideal” tubes for the purposc, no plate current
will flow if the screen voltage is zcro or negative
with respect to the cathode. Cionsequently, in the
absence of an andio sigual no plate current will
flow in B, but A will take plate current deter-
mined by the d.c. screen voltage. Ilence, Tube A
is delivering r.f. power to the output circuit and

+ The discussion thronghout is based on &inusoidal modu-
lation. There is no limit to the amount of uptward modulation
that can be used in straight A3, su far as the modulating
mechanism is cuncerned, but the upward modulation can
exceed the downward modulation only when the modulating
signal itself is unsymmetrical. Under any other condition
distortion is set up in the mndulator and spunious side
frequencies are generated. Sce Reference 3,
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B is idle. I'he steady power delivered by A is
the carrier, and its amplitude can be adjusted,
completely independently of the modulation, by
adjusting the d.c. screen voltage.

When a modulating signal is applied one screen
will be swung positive while the other is swung
ncgative, since the screens are in push-pull. If
A's screen is swinging positive the output will
increase (upward modulation) just as in ordinary
screen modulation. At the same instant, B's screen
will be swinging morc ncgative with respect to
cathode and the tube produces no output. When
the a.f. polarity reverses, the output from A will
decrease linearly until the instantaneous modulat-
ing voltage (negutive at A’s screcn) overcomes the
d.c. screcn voltage, at which time A’s output is
cut off. It coutinues to stay cut off as long as the
audio voltage is more negative than the d.c.
screen voltage is positive. However, at the instant
the resultant voltage at A’s screen gocs negative,
the voltage at B's screen goes positive and B con-
scquently begins to take plate current and deliver
puwer to the load. This power will vary in the

; R.F.
R.F.DRIVE oureur

+B

AUDIO

Fig. 2 - Illustrative circuit for gencrating a d.s.r.c.
signal. This is a form of balanced modulator, with
screen modulation.

usual fashion as the modulating voltage varies
from instant to instant. But beccause the r.f.
phase at B's control grid is opposite to that at
A’s control grid, the phase of the r.f. current
delivered by B to the load is reversed as com-
parcd with that delivered by A. This mecets the
condition required for sctting up a signal such as
is shown in Fig. 1F.

Essentially, Tube A is vvermodulated in the
well-known way. B “takes up the slack” and
supplies the requisite type of output during the
time when A is cut off.

Note that the two tubes never work simul-
taneously. If both draw plate current. at the same
time their outputs are in opposition in the tank
circuit and the total output is less than it should
be for maintaining a linear modulation character-
istic. ‘The screen of Tube B must be biased nega-
tively so that it does not. begin to work until the
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instant that A stops working. With similar tubes,
this requires that the d.c. voltages be equal but
opposite in polarity.

System Performance

It is convenicnt to determine the operating
conditions in d.s.r.c. transmission in terms of the
modulation factor (m), which is the same thing as
percentage of modulation except that it is not
expressed as a percentage. A modulation factor
of 0.5 corresponds to 50 per cent modulation, a
factor of 2 corresponds to 200 per cent modula-
tion, and so on. Sideband power varies as the
square of the modulation factor, without restric-
tion in d.s.r.c., but with the restriction in ordinary
amplitude modulation that the factor must not
exceed 1.

Although it is possible to use plate modulation
to obtain a d.s.r.c. signal, there does not seem to
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Fig. 3 — Reclationship bctween sideband power, d.c.
power input without modulation, carrier power output
and peak power, as a function of the modulation factor.
These curves, as wcll as those in subsequent figures.
represent continuous values averaged over ome cycle
of sine-wave modulation.

be much point in doing it since the sideband power
can be generated more economically with some
form of grid modulation. The following discussion
is therefore based on grid modulation, and as-
sumes a sine-wave modulating signal and a per-
fectly linear modulated stage. Analysis of the
operation of such an idealized system gives

~
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Fig. 4 — Relative sideband power as a function of
modulation factor, for constant plate loss in Tube A.
Below a modulation factor of 4 the plate loss is larger
with no modulation: above m=+4 the plate loss without
modulation is less than with full modulation.

plate current at the modulation up-peak.

These peak values are always associated with
the ““carrier” tube — Tube A in Fig. 2 —- and are
the basis for the design of a d.s.r.c. transmitter.
The “‘negative peak” tube (Tube B) is adjusted
for exactly the sume operating characteristic as
I'ube A, but is never swung over the same range
(that is, does not reach the same instantancous
peak values) except when the carrier is eliminated
completely.

Fig. 3 shows the rclationship between peak
power values, sidcband power output, carrier
power output, and unmodulated d.c. input to the
modulated amplifier. A modulation factor of 1
represents recognizable counditions to those fa-
miliar with the principles of grid modulation;
as the curves show, the average d.c. input at this
modulation factor is equal to half the pecak d.c.
input; the carrier power output is equal to onc-
fourth the peak output; and the sideband power
output is one-half the carrier output, or 12.5
per cent of the peak output. The curves show
what happens as the modulation factor is in-
creased while maintaining the same values of
peak power, and thus give a measure of the im-
provement obtained by shifting the power output
from carrier to sidebands. The maximum side-
band output is naturally obtained when the mod-
ulation factor is infinite —i.e., the carricr is
eliminated — and at that point is equal to half
the peak power output. This is four times as
much sideband power as can be obtained with 100

the performance curves shown in Figs. 3 3 I ] 3.

to 8. The quantities used as a reference are & T4+ SIDEBAND POWER 293

defined as follows: 3" r =
Peak power: Power at the modulation 5!, D.CINPYT (FULL MOD.) —> ,3$

up-peak, either input or output. Curves of -}f L D.C.INPUT (WO Mo0)—{ &%

average d.c. power input are referred to 0 [ ] f 1 0o &

the peak d.c. input, and curves of average o 1 2 3 4 5 6 7 8 9 10

MODULATION FACTOR

power output are referred to the peak out-
put. The relationship between peak input

Fig. 5 — Sidcband power as a function of modulation factor

when the d.c. plate input is held constant. This curve applies
when the available plate power, rather than the tube plate dis-
nipation, is the limiting factor. The unmodulated-carrier d.c.
input is less than the input with full modulation, as shown by
the lower two curves. Arrows point to the appropriate scale.
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and peak output will depend upon the
plate efliciency obtaincd at the modulation
peak.

Peak plate current: Instantaneous d.c.

14




per cent modulation, for the same peak power out-
put in both cases.

Fig. 3 is not representative of what actually can
be done with d.s.r.c., beeause in practice the peak
power values would not be held constant with
different modulation factors. As the modulation
factor is made larger it becones possible to use
larger peak values while maintaining the same
plate dissipation in the carricr tube, and this
provides a further increase in sideband output.
Fig. 4 shows the improvement over 100 per cent
modulation when the plate loss in Tube A is
held at a fixed valuc — that is, when full advan-
tage is taken of the tube capabilities. (It is not
necessary to consider Tube B, because it is never
worked to the same cxtent as Tube A.) Up to a
modulation factor of 4 the sideband output in-
creases linearly; in this rcgion the permissible
power input is dictated by the unmodulated car-
rier level. Above a factor of 4 the input with full
modulation determines the permissible plate loss.

The region around m=4 in Fig. 4 is of particu-
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Fig. 6 — Plate current in the two tubes of a d.s.r.c.
modulated amplifier. These are average values referred
to the instantaneous peak plate current. The curves also
represent power input to the two tubes referred to peak
power input.

lar interest because it represents the knec of the
improvement curve. At this point the sideband
power is five times as great as could be obtained
with straight A3 transmission (grid-modulated)
with the sume tube, and it is also a region in which
distortion in conventional rcecption of the signal
is not at all severe. (Actually, a modulation factor
of 8 or so does not have a serious cficct on intel-
ligibility, particularly of connected specch, but
distortion on modulation peaks is quite notice-
able.) Also at a modulation factor of 4, the side-
band output is nearly half again as much as could
be obtained with the same tube plate-modulated
100 per cent. The exact ratio will depend upon the
relative plate efficiencies obtainable with grid
and plate modulation.

The comparisons above are in terms of a single
tube in straight A3 as compared with the two
tubes required for d.s.r.c. In the case of grid mod-
ulation it would perhaps be fairer to compare
d.s.r.c. with the same two tubes in grid-modulated
A3, since the same plate power supply and same
modulator probably would serve in either case.
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Fig. 7 —- Plate loss in the two tubes in per cent of peak
power input, assuming a peak plate efficiency of 34 or
6634 per cent.

This cuts the improvement figure in half. Com-
paring d.s.r.c. with plate modulation is more com-
plicated, because in the latter case part of the
transmitter tube capacity has to be used in the
Class B modulator. However, it is of interest to
note that when the modulation factor is in the re-
gion of 8 to 10, a d.s.c.r. grid-modulated trans-
mitter will put out the same sideband power as
the same two tubes in A3, plate-modulated 100
per cent.

The performance of the system when operation
is at a fixed value of d.c. input — such as might
be the case in a mobile installation where the
available plate power is limited — is shown in
Fig. 5. The basis of comparison is again grid
modulation with »=1. Under these conditions
calculation shows that when the modulation fac-
tor is about 3 the sideband output is equal to
that obtainable with plate-modulated A3, assum-
ing that all the d.c. input goes to thc modulated
amplificr. Actually, some allowance would have
to be made for the modulator plate power in the
plate-modulation case, so the comparison is even
more favorable to d.s.r.c. In addition, the curves
show that when m =3 the input without modula-
tion is only half the input with sustained sine-
wave modulation, su that the average drain on
the power supply is actually less than the input
to the modulated anplificr alone with conven-
tional A3. It is easy to take advantage of this
to sccure still more modulated output. Taking
these factors into account, as a rough estimate
it should be possible to generate two or three
times as much sideband power as can be ob-
tained with A3 plate modulation, with the same
average drain on the power supply. A modulation
factor of 3 has substantially no effect on intel-
ligibility.

The distribution of plate current between the
two tubesin a d.s.r.c. system is shown in Fig. 6 as
a function of the modulation factor. ‘The plate cur-
rents of the individual tubes will be equal only
when the carrier is completely eliminated. Fig. 7
shows the plate loss in each tube on the basis of
an assumed plate efliciency (at the modulation
peak) of 6624 per cent. A different valuc of peak
efliciency will change the values given, but not the
relationship between the losses in the two tubes.
It is seen that Tube B necd not be considered in
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Fig. 8 — Permissible d.c. power input to a d.s.r.c.
modulated stage for constant plate loss in Tube A. The
solid curve shows the ratio of permissible plate input
to permissible input with conventional A3 grid modula-
tion. The dashed curve shows unmodulated d.c. input, as
a function of modulation factor, when the fully-modu-
fated input is determined by the solid curve.

designing a transmitter (if the same type tube is
used in both sockets) since its plate loss at any
modulation factors considered never equals the
loss in Tube A. Fig. 7 i3 uscful in determining
operating limits with a particular tube type. Fig.
8 i3 a design curve showing the ratio of permis-
sible d.s.r.c. power input, for fixed plate loss in
Tube A, to the permissible power input with con-
ventional 100 per cent grid modulation of a tube
of the yame type. The dashed eurve marked “un-
modulated carrier’” shows the plate current (as
& ratio to the plate current with A3) on the as-
sumption that the plate voltage is the same in all
cases. The differcnce between the two curves at
any given modulation factor rcpresents the
change in plate current (or power input) from
no modulation to full sine-wave modulation. Since
the power input varies with modulation, the plate
supply should have reasonably good regulation —
although this is not too important if the amplifier
is adjusted to operate properly at the plate volt-
uge existing under peak couditions. An advantage
is the fact that the average power input is com-
paratively low, thus lightening the load on the
plate supply. The “full modulation” average
value shown in Fig. 8 is not generally reached with
spcech waveforms that have the same peak as a
sine wave.

Reception of D.S.R.C. Signals

As stated earlier, no special receiving technique
is required for d.s.r.c. transmissions using modula-
tion factors up to 8 or so. This appears to be the
result of a number of fortuitous factors: In con-
nected specch, context greatly aids intelligibility
even though an isolated word might be subject to
misinterpretation: the ear can recuguize words
even though they may not sound exactly like the
original pronunciation; the average modulation
percentage with ordinary speech is fairly low,
30 that only the occasional peaks suffer much dis-
tortion. The principal effcct is that the voice is
much louder than normally would be expected.

However, distortion docs occur because the
audio output of an ordinary detector is the
same as the outline of the modulation envelope
either above or below the reference axis; and as
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shown in Fig. 2F, such a trace is considerably dif-
ferent from the sinusoidal trace that results when
it is possible to cross the axis. The only way in
which such distortion can be eliminated is by
“‘exalting” the carricr so that the modulation at
the detector does not exceed 100 per cent. Be-
cause of the phase rcversal in the transmitted
signal, such an cxalted carrier at the deteetor is
varied in just the same way as it would be with
sine-wave modulation in which the actual modu-
lation factor is 1 or less.

The carrier can casily be exalted — that is,
increased in amplitude as compared with the
sidcband amplitude ~- by using a crystal filter
at the receiver. A sharp crystal gives the best
results, but if the d.s.r.c. modulation factor is not
too high (in the vicinity of 4 or 5, say) even a
fairly broad filter can eliminate practically all
distortion. A moderately sharp setting will handle
modulation factors up to about 10. When a d.s.r.c.
signal is tuned in its carrier should be set exactly
on the crystal peak, as shown by the S-meter;
this boosts the carrier to the point where the mod-
ulation percentage at the detector is reduced
enough so that distortion is no worse than in
normal reception of an A3 signal.

‘I'be reduced carrier that is a feature of d.s.r.c.
inherently reduces heterodyne interference, and
exalted carrier reception is a further aid in the
reduction of both heterodyne and sideband
interference. This method of reception is, in fact,
bencficial in both A3 and d.s.r.c. communication,
and deserves wider use than it gets. It is at its
best with a really sharp erystal filter as described
in QST some time ago.®

Practical d.s.r.c. transmitting circuits and de-
sign considerations will be discussed in a following
article. The adjustment procedure is, in general,
similar to that used with ordinary grid modula-
tion and the same precautions must be taken with
respect to obtaining a lincar modulation charae-
teristic. Although d.s.r.c. as & system docs not
cause the gencration of spurious side frequencies,
non-linearity in the modulated stage will causc
effects similar to those obscrved from the same
source in ordinary A3 transmission.

5 Grammer, " House-Cleaning the Low-Frequency ‘Phone
Bands," QST, May, 1947.
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Horizontal Hamming
Fun in a Sickbed with 25 Watts and a Blooper

BY GENE HANDSAKER,* W6QCK

INDING time for a hobby is 4 problem in this
Fworkaday world. It's worse when you’ve

wife, two demanding kids, a car to wash oun
week ends, fences to paint, and lawns that grow
faster than you can push the mower.

I've just found the answer. It's beautifully
simple und simply beautiful:

Giet sick.,

You'll rediscover ihe cobweb-clearing impor-
tance of your hobby. After you're well, you’ll find
it’s casier than you thought to set aside a little
daily time for it. If it's hamming you'll reawaken
to the forgotten fun of rag-chewing.

The flu bug recently bit me, along with about
100,000 other Los Angelenos. Temperature, 101
plus; joints, achy; general feeling, lousy.

TEMPERATURE, IOl +
JOINTS, ACHY
GENERAL FEELIMG, LOUSY -

The doctor stabbed me in the counterpoise
with 750,000 units of penicillin and put me to
swallowing sulfa tablets. The combined curative
input must have been a kilowatt. The tempera-
ture meter showed normal by next morning.

But the Fever Control Commissioner, or doc,
ordered two more days in bed. To big fal luxuri-
ous days — with the fellows in the office to carry
on my work if it fell behind.

My XYL carried out my well-polished break-
fast dishes. I lay there eyeing my usually ne-
glected, always faithfully waiting station on its
desk in a corner of the room. Twenty-five watts,
crystal-controlled, on 40-meter c.w. A two-tube
regenerative receiver. Both were built scveral
years ago to ARRL specifications.

I wondered what signals were pulsing even then
through the ether of my sickroom. The excite-
ment was irresistible. I slipped out of hed
into robe and slippers and seesawed the desk
over next to my bed. A mayday call to the
breakfast room brought my XYL with pliers and
wire to lengthen the single-wire fecder, the re-
ceiving antenna, and the keying counection.

Back under the covers, I turned on the
switches and sat back against two upright

%4710 Mascot St., Los Angeles 19, Calif,
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pillows. A large wooden tray, upside down on
my lap, was my operating desk.

“CQ,CQ,CQ. . . .” The keying bug’s healthy
snap concealed the flu-bug weakness in my wrist.
There was a reply, and it brought the company
that misery loves.

W6WOD, of near-by La Crescenta, asked:
“Well, Gene, have you had the flu yet? I just
got over it, and now [ have a peach of a head
cold.”

‘This naturally led to 4 comparison of tempera-
tures, symptoms, and treatment.

W6JZV, Sierra Madre, confided: “I'm sup-
posed to be sick today. I came down wid a
vy bad sore throat last nite. So the X YL insisted
that I stay home.”” This being a QSO during most
folks’ working hours, he inquired: ‘‘What do you
have for an excuse?"

I recited my own miseries, and we had plenty
of grist for rag-chewing.

W6CDG, West Sacramento, reported: “All
OK hr but lot of flu went around.”

W6QIA/6, Daly City: ‘“Boy, flu is all around
br but so far I am vy lucky and missed it all.
Wrk in grocery store and meet quite a {ew people
who come in to do their shopping and have the
flu with ’em. Am really worried abt blasted
stuff.”

Meanwhile I had gone all out — or all down —
in operating comfort. I'd stretched out flat. The
receiver was dragged over to the edge of the desk
so the dial was within easy reach of my left hand.
The keying board, on top of the covers, rested
against my leg.

'™ GLAD
THE BUG BIT ME,

This luxurious set-up was more material for
chatter. QUI quipped: ‘' Boy, that’s the life of
Riley! Q3Oing while lying down! FB. Wid all
that service, I don't think you want to get better.’

The kidding was just starting. WEGWI, o
local, gibed: “How to be happy wid flu! ... I
think you’re putting on an act. Will develop a
cold in ear or smtg and pull a Gene. Hi! . . .

{Continued on page 116)
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The Novice One-Tuber

Simple and Inexpensive Construction for 80

BY DONALD

PART I**

NYONE who qualifies for a Novice Class ama~
A teur license is permitted to operate between
the frequencics of 3700 and 3750 ke. in the
S0-meter band. Although two other higher-fre-
quency bands are available to the Novice, many
will choosc the 80-mcter band as a starter because
transmitting cquipment need not be complicated.
‘T'he license entitles the holder to use a maximum
power input of 75 watts. However, good results
eaud  be obtained

MIX,* WITS

of the Pierce-Colpitts circuit often referred to as
the ““grid-plate”’ circuit. 1'he output circuit is in
the form of a pi-section network. It is this arrange-
ment, that permits simple coupling to nonresonant
lengths of wire. I, is a dial lamp used as a tuning
indicator — an inexpcnsive substitute for a
milliammeter. Since the small current drawn by
the transmitter will not light the lamp adequately,
{23 is provided to bring the total current through
the lamp up to give appfoximately normal bril-
liance. The transmitter is keyed in the cathode

circuit. 4 i8 to re-

with much less than
this legal limit. A
low-power trans-
mitter can be quite
simple in construc-
tion and adjust-
nment, and consid-
vrably less costly
than one capable of
handling the full
75 watts.

The little trans-
mitter shown in
the photographs is
easily capable of
working several
hundred miles with
4 makeshift an-
tenna, Yet ounly
four common hand

duce key clicks.

Construction

The construec-
tional design is not
an attempt to be
unorthodox. It is
merely one way in
which the trans-
mitter may be built
without the need
for drilling a single
hole. The parts are
mounted on a
framework of stand-
ard metal angle
pieces. These can
be obtained in any
dime store or hard-
ware store. They

tools — screwdriver,
pliers, a small hand
saw and a soldering
iron — are¢ needed
to build it. The retail cost of the parts used is a
little over $15.00 (current nct prices).

A higher-power rig, or one working in the
I 1-meter band, might have to be built in a metal
enclosure, and other precautions might be neces-
sary to avoid interference with television recep-
tion in the neighborhood. But this transmitter has
been operated with part of its antenna inside a
TV receiver without causing interference. The
low frcquency and small power are factors con-
tributing to this.

The circuit is designed to feed power into a
random length of wire used as an antenna. Natu-
rally, a full-size antenna, well elevated outdoors,
will bring better results, but many short-distance
contacts should be possible with an indoor an-
tenna as short as five feet, if space for a longer
antenna is not available.

The circuit is shown in Fig. 2. It is a variation

T Assistant Technical Editor, QST.
& Part II will appear in June QST.

Fig. 1
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he completed Novice transmitter with tube and crys-
tal in place. ‘I'he strips of wood at front and back are safety bar-
riers. Co i8 to the left, Cs to the right.

are the 114-inch
size (114 inches on
cach leg) with two
holes®in each leg.
The framework is fastencd to a bascboard.

Fig. 3 shows how the assembly is started. The
erystal socket is supported on a pair of simple
brackets made from No. 14 antenna wire. First,
two picces of wire are cut to a length of 234 inches.
Then a loop is twisted on each end, as shown in
the foreground of Fig. 3. If you don’t have a pair
of long-nose pliers for bending the loops, you
can start, with a longer picce of wire. Make a
twist of the wire around a nail of proper size.
Then move the nail about 14 inches along the
wire und make another twist around the nail.
Then snip the excess wire off at each end. When
finished, the centers of the loops should be about
134 inches apart. It may take a few trials to get
the proper distance between holes. The most im-
portant thing is to make the two picces alike, with
the same distance between loops.

T'he tube socket is mounted between two angle
pieces. The mounting screws are No. 6-32, 34 inch
long. On each side, the socket flange is placed

QST for
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Fig. 2 — Circuit diagram of the Novice one-tuber.

Ct - 47-uufd. mica.

Cy — 220-ppfd. mica.

Cs, Cs, C7, Cio, C1t — 0.001-u4fd. disk ceramic.

"« — 10-pfd. 50-volt miniature clectrolytic.

Co — 0.01-ufd. disk ceramic.

Cg, Co — 150-pufd. variable (National ST-150).

Ri1 — 15,000 ohms, %5 watt.

Ra — 22,000 ohms, 1 watt.

Ra — 15,000 ohms, 10 watts.

R¢ — 100 ohms, 14 watt.

Li — 45 uh. == 70 turns No. 24, l-inch diameter, 214
inches long (B & W 3016 with 13 turns removed
from each end).

I) — 2.5-volt 60-ma. dial lamp, acrew base.

RFCi, RFCa2 — 2.5-mh. r.f. choke (National R100S or
Millen 34102).

Xtal — Crystal between 3700 and 3750 ke.

behind the angle piece. The socket is turned so
that its Pin No. 1 is toward the right as vou look
at it from the rear. Then a soldering lug pointed
downward, the wire bracket for the crystal socket,
another soldering lug pointing upward, and finally
the nut, are threaded onto each mounting screw
in that order. After fastening, bend each of the
lugs outward at almost right angles.

A soldering-lug terminal strip is fastencd across
the angle pieces, below the socket, using the lower
pair of holes. ‘I'hese terminal strips are commonly
available in two types. In either style, one will be
found that measures about 114 inches between
mounting holes. One type has an individual
mounting foot. at each cnd of a bakelite strip.
This type has three terminals. The other type has
a metal base extending across the bottom of the
bakelite strip. This type has four terminals. If the
four-terminal type is usced, one of the terminals
need not be used. A soldering lug must be placed
under one of the terminal-strip mounting screws.
This serves as a ‘‘ground” connection to the
metal framework and is the ““-H.V.” terminal. All
connections indicated in Fig. 2 by a ground sym-
hol are conncctions to the frame. The screws
holding the terminal strip will be temporary.
They will be replaced later by the screws or nuts
holding the r.f. chokes in place.

Before procceding further with the assembly,
it will be casier to do as much of the wiring as
possible. Seccure a length of small-diamcter
cambric tubing, known in thc trade as ‘‘spa-
ghetti.” The small amount of wiring required can
be done most easily with No. 22 bare wire. Enain-
eled or fabric-covered wire of this size can be
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used, of course, but it will be necessary to scrape
the insulation away at the ends when making
connections. Regular flexible hook-up wire can
be used, without the spaghetti, but it is more
difficult to handle in very short pieces.

First, run a piece of wire through the holes
in Pins 1, 2 and 3 of the tube socket and thence
to the adjacent lower soldering lug to the right.
Solder at all points except Pin 1. Then run a
piece of wire from Pin 7 around the edge of the
socket to the left and thence downward between
the sucket and its left-hand mounting nut to the
left-hand terminal of the terminal strip as viewed
with the socket terminals facing you. Cut a
picce of spaghetti to length and slide it over the
wire. Solder the wire at the terminal strip.

Now attach ('1p between Pin 7 and the upper
soldering lug to the right. Solder the connections
to Pin 7 but not to the lug. Next, attach a length
of wire about 2 inches long to Pin 4 and solder
1 between Pin 4 and the lower left-hand ground-
ing lug. Leave the other end of the loose wire free
for the time being. Attach a short length of wire
to Pin 5. Solder Ca between Pins 1 and 5. Leave
the wire free for the present.

Now cut one terminal wire of £2; to a length of
about 3{ inch and slip a piece of spaghetti over
it. Attach it to Pin 6 and solder (s between
Pin 6 and the upper left-hand grounding lug.
This leaves one end of K2 hanging free.

Now bend the loops at the tops of the wire
crystal-socket brackets at right angles. Twist
them around as much as necessary to make the
loops line up with the holes in the crystal socket.
Fasten the socket to the brackets with ls-inch
No. 4 machine screws and nuts. Solder a short
picce of wire between the right-hand erystal-
sucket terminal and the unsoldered lug to the
right. Soldering at this lug also solders the lead
from C)y.

Fig. 3 — Kirst stepa in assembly, showing the manner
in which the angle pieces are fastened to the baseboard.
Much of the wiring can be done before fastening to the
baseboard as described in the text. The pair of looped
wires in the foreground show how the crystal-socket
supports are made.
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It is now time to mount the awscembly on the
haschoard. The dimensions of this baseboard are
not critical. The one shown is a picce of 34-inch
plywood 6 inches long and 414 inches wide. The
rear pair of angle picees for the tuning condensers
(the pair in front in Figs. 3 and 4) and the pair at-
tached to the tube socket are fastened to the base-
board with the satne puir of 4-inch flat-head wood
screws, The four picces should be arranged as
shown in Fig. 3. Under the right-hand serew, the
socket angle piece is on top, while under the left-
haud screw, the socket angle picce is underneath.
The left-hand tuning-coudenser angle picce over-
laps the one on the right. If desired, a screw can
be placed where the two holes overlap at the
center. The assembly should be centered between
the ends of the baseboard and placed so that the
tips of the lugs on the terminal strip are even with
the rear edge of the base.

Now the plate choke, 24'Cs, can be mounted.
This is the one to the right. The serew and nut
used temporarily to hold the terminal strip will
be removed, of course. A 6-32 screw is required
for mounting National chokes, while & nut is
needed for the Millen unit. Before tightening,
turn the choke so that its terminals are on top.

Clut. the leads of s to fit between the right~
hand terminal of the terminal strip and the outer
terminal of the choke. Slip spaghetti over the
leads before fustening. Do not solder. Attach
the free end of f¢o and one end of f23 to the same
ehoke terminal, as shown in Fig, 4.

‘To prepare the indicating lamp, /y, first cut
one lead wire of f24 to a length of 117 inches.
Slip spaghetti over it and carcfully solder the
end to the solder tip at the center of the lamp
base. Use no more heat than necessary and be
sure that the solder is not spread around so as
to short-circuit the bulb. For the connection to
the brass shell of the bulb, somewhat heavier
than No. 22 wirc is preferable, but the latter will
do if no other is available. Wind about three
turns tightly around the shell. Cut the bottom end
of the wire off close to the shell. If the fit appears
loose, the wire can be spot-soldercd to the shell.
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Fig.4 — This view shows the assembly and
wiring just before the variable condensers and
tank coil are added. The indicator lamp is in
the foreground, with R3 running across the
front, Attached to the chokes, C3 is to the left
and Cn to the right. C4 is to the left of the
lamp. Near the tube socket, the vertical mica
condenser to the left is Ci, the horizontal one
at the center C2. Rz is above the lamp. Be-
low the socket Cs is to the left and Cio to the
right, Below to the right ix C7 with one side to
lie connected. RFC, is to the left and RFC to
the right. Rqand Cg are between Cy and RF'Ca.

¢

'ut the wire from the shell of the lamp
to about %4 inch and fasten to the outer
terminal of [2#Cy, running attached f¢y
out to the terminal strip. Run a piece of
spaghetti over the loose end of R4 and
solder the wire to the right-hand ter-
minal of the terminal strip along with
the unsoldered end of (s already connected to the
same terminal. Attach one side of Cy; to the outer
terminal of /£FCa with a lead of only about !4 inch
and solder all connections to this terminal. A
check should show that there are five connections
to this point — Iy, K9, I3, Ce and Cyy.

Now cut the terminal wire of C4 marked ““ +”
or “positive” to about 3% inch. Slip spaghetti
over it and attach it to the middle terminal on
the terminal strip, leaving the other end of the
condenser free. With a short length of spaghetti-
covered wire, conneet Pin R of the tube socket to
the iuner terminal of KFCi. Before soldering
Pin 8, also attach (7 with a spaghetti-covercd
lcad of abuut !4 inch, lcaving the other end of the
condenser free.

The sceond choke, /#FCy, can now be mounted
to the left. Cut the loose lead from Pin 5 on the
tube socket to length, cover it with spaghetti and
attach the end to the inner terminal of KFC\.
C'ut and bend the leads of €'y s0 that it can be
soldered between the left-hand terminal of the
erystal socket and the inner terminal of RFC).
Before soldering at the crystal socket, cover the

Fig. 5 — Rear view showing the mounting of the
terminal strip. From left to right, the terminals are for
positive high voltage, key, and heater. The lug to the
extreme left is for connections to the other side of heater,
the other side of the key and negative high voltage.
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List of Materials

2 variable condensers
1 Type 6AG7 tube. .. ..................
2 14-watt resistors. . . ... ...
I 1-watt resistor. . ...........

f 10-watt resistor. .. ... ................

I octal socket (Amphenol type 77MIPS). . . .08
2 2.5-mh. r.f. chokes.................... .96
2 mica condensers. . .................... 48
@ disk ceramic condensers. ... ........... .90
I B & W Miniductor coil............... .80
| crystal socket (Millen 33102), . .. .38
ldiallamp.............c.oooo it .18
2knobs............... .20
t 50-volt electrolytic cond: . .59
Bangle pieces. ... .20
I terminal strip. ............c.coiian... .05
Wood, wire, spaghetti. screws. .. ... ...... .50
Crystal. ... 2.80
Total. ... X5 .84

loose lead from Pin 4 on the tube socket with
spaghetti and also attach it to the left-hand
terminal of the crystal socket.

Now run a spaghetti-covered wire from the
center terminal on the terminal strip to the outer
terminal of RFCy and solder at the terminal-strip
end. At the outer terminal of RFC) also attach a
short lead from ('3, leaving the other condenser
wire free. We now have five loose leads, from ('3,
(:'4, C7, C]] and R:{.

Now, with !4-inch 6-32 machine screws (flat-
head preferable), fastcn an angle piece to the
front mounting hole in the bottom of each of the
two variable condensers, Uy and (9. Make sure
that the mounting screws are short enough so that
they dJdo not protrude through and touch the
stator plates of the condensers. Fasten cach angle
picce so that the condenser shaft will be pointing
toward the front. In the spare hole in each angle
picce, just below the condenser, fasten a soldering
lug with a short 6-32 machine screw and nut.
Point the lug upward and bend it outward after
fastening. Lapping the left-hand con-
denser angle piece over the right-hand
picce, fasten each condenser to its rear
bracket which is already in place. Screw
the front angle picces to the bascbhoard.

Now cut off and solder the loose lead
of ('3 to the rear stator terminal of Cy to
the right. (Place a suvldering lug under
the nut if there is none.) Also cut to
length, cover with spaghetti and solder
the loose leads of (11 and Cy to the sol-
dering lug to the right. Similarly solder
the loose lrads of #3 and (3 to the lug
to the left.

The cuil is mounted between the two
front. variable-condenser stator sup-
ports. First remove the specified num-
ber of turns from cach end of the cuil,
being carcful not to break the plastic

¢

Fig. 6 — Transmitter complete except for coil.
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supporting strips. Now bend & short picce of
No. 14 antenna wire, or other fairly heavy wire,
around the ends of the bottom supporting strip.
Solder the ends of the coil windings to these pieces
of heavy wire, being careful to keep the plastic
strips in shape when they soften. Place a soldering
lug under each of the top stator nuts of the vari-
uble condensers. By bending the lugs and the
cnds of the terminal wires in the right way, the
ends of the plastic supporting strips on the coil
will rest on the isolantite stator insulators. If
desired, the coil support can be further strength-
ened by cementing the ends of the plastic strip to
the stator bars with Duco cement, although this is
not nccessary. The cnds of the three remaining
plastic strips can be cut off close to the winding.
The rcar upper stator terminal of ('s, the con-
denser to the left, scrves as the antenna terminal.

The ouly remaining wiring is to attach the
puwer and key leads to the terminal strip at the
rear. These may consist of individual lengths
of flexible hook-up wire, a single five-wire cable
(eventually split for the keying leads) or a three-
wire cable and two separate wires for the key. Of
the five wircs, two will be connected to the
grounding lug at the rear — the common 6.3-volt
and negative high-voltage lead, and one side of
the key. Of the thrce remaining wires, one con-
nccted to the left-hand terminal (transmitter
facing you) will go to the sccond heater connec-
tion, une connected to the center terminal will go
to the other side of the key, while the one to the
right will go to positive high voltage. Don’t get
these conncctions reversed, because it will put the
high voltage acruss the heaters! form the wires
50 that they may be brought out toward one side
or the other.

After counccting the terminal wires, a small
strip of wood 14 inches high should be fastened
to the rear edge of the baseboard with small
nails. This and a similar strip 3{ inches long
at the front, between the two variable condensers,

(C'ontinned on prge [16)
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Ground Resistance and Its Measurement

BY J. M. BRUNING,* K2BZ

ROPER operation and protection of electronic

Pequipment usually requires that some part of

the circuit be “grounded.” Ground in this

scnse signifies an earth connection. The objective

is to connect the apparatus through a low-resist-

ance path to that portion of the surrounding earth
- or water — which is highly conductive.

A water-pipe ground is not always satisfac-
tory, and a ground-rod system may or may not
operate properly. When trouble is cxpericnced,
the cause will usually be too high a resistance in
the path between the pipe or rod aud the sur-
rounding earth. We must remember that the aim
ia to establish contact with that portion of the
earth which is highly conductive. The better this
objective is attained, the lower will be the ground
resistance of the system.

‘The conductivity of the earth depends upon
the composition of the earth’s crust, and is de-
termined largely by the moisture coutent of the
%01l and by the nature and amount of raw or dis-

-Ground Rod
=
Surface

G eeshsaa

i i

: : :
S555523544!

WV

HIGHLY— CONDUCTIVE LAYER(S)

Fig. 1 -— A ground rod has a large number of separate
paths from it to one or more layers of the earth’s crust.
In this sketch each path is represented as having the
xame resistance, r, but this is not necessarily the case.

solved minerals in the soil. (Considering these
factors and the nonuniform distribution of rock,
shale, sand, cte., it should be evident that the
problem of establishing a low-resistance path to
the carth is somewhat more complex than it
ordinarily appears.

(iood practice decrees that the ground lead
should consist of a fairly heavy wcopper wire
sucurely fastened to the equipment and to the
water pipe or ground rod. The inherent resistance
of this part of the ground system iy usually
negligible, but there is no sure method for esti-
mating the effectiveness of the over-all installa-

° 14 Noel Drive. North Arlington, N. J.
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tion. While existing litcraturc describes at length
various ways to install a ground system, little
information is available to explain how to com-
parc the cficetiveness of existing grounds or how
one can quantitatively determine the amount by
which a ground system is improved by soil treat-
ment or by the installation of multiple rods.

Ground Rods

Each and ¢very portion of the surface of a
ground rod is connected through a separate path
to onc or more highly-conductive layers in the
earth's crust, as shown in Fig, 1. Each path will
have its own value of resistance, r. All of these
paths are in parallel with each other, and the
number of such paths is nearly infinite. Our prob-
lem copsists of determining the joint resistance
of a nearly infinite number of parallel resistors,
each having an arbitrary and varying value of
resistance. Skipping the mathematics, it can be
shown that the summation for an infinite number
of such parallel paths would be numerically cqual
to zero. This value of zero resistance is what we
try to obtain in our ground system. \Vhile this
figure cannot be reached, it can be approached.
If the ground rod in Fig. 1 is increased in length,
or in diameter, or if more rods are driven and
connected in parallel, the number of parallel
paths to the true carth will be increased and the
resistance of the system will more closely ap-
proach zero.

Let us assume that the combined resistance of
all the possible earth paths from a single ground
rod can be represented by a single resistor, rg,
connected from the bottom tip of the rod to n
zero-resistance conductive layer in the earth,
located some distance below the rod. The value
in ohms of the resistor, 7 is the resistance to
ground of the rod in question. This is represented
in Fig. 2A.

Any other ground rod may be similarly as-
sumed to have its individual value of ground re-
sistance, cssentially unaffected by the presence
of any additional rods, provided these other rods
are placed a reasonable distance away. This is
shown in Fig. 2B.

For all practical purposes, the internal resist-
ance of a rod having a diameter of one-half inch
or more is negligible. Also, since one thousand
fect of No. 10 copper wire has a resistance of

TaABLE 1

Arand Asin series: A1 + 42 = 1% ohms
A2 und Aain series: 42 + Ay = 33 ohms
Arand Ay in series: 4y + As = 29 ohms
M and 4y inscries: M + 4, = 12 ohms
M and Az in series: M + A2 = (9 ohms
M and Aain series: M + 43 = 28 ohms
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Fig. 2 — 'The resultant or effective resistance of the ground path can be lumped in a single value, rgin (A)
‘'hree separate ground rods might have different resistances to ground, as represented in (B).

about one ohm, it is apparent that a short and
heavy ground lead between the equipment and
the grounding system can have but negligible
resistance. Thus our grouund resistance is con-
centrated in the earth itself, and the additional
circuit resistance of the rod and its connecting
lead can be disregarded. We can now redraw
Fig. 2B, leaviug out unnceessary clements, as in
Fig. 3.

A B C

Fig. 3 — With three ground paths as in Fig. 2B, the
calculation of any one becomes a simple problem in
algebra, since direct measurements can be made between
4 and B, B and C, and 4 and C.

Solving for the Resistance

Fig. 3 consists of three unknown resistors
strapped together at onc end. If these resistors
were placed on a text bench and a technician were
provided with an ohmmeter, he could determine
the value of cach resistance simply by connecting
his meter to the terminals marked A, B and C.
By reading the values for different combinations
and doing a little arithmetic, he could ecasily
determine the resistance of any one unit.

If, for example, ¢ = resistance reading be-
tween 4 and B, b = reading between B and C,
and ¢ = reading between A and C, simple algebra

proves that 4 = ‘ﬁi—_b' B = E_‘*‘g,
and C = b_i_%:_u

In exactly the same manner it is possible to
measure the ground resistance of any water-pipe
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or ground-rod systcm. Let us proceed to deter-
mine the ground resistance of a single rod. 1t will
first be nccessary to drive at least two and
preferably three auxiliary test rods. These rods
sbould Le placed in a roughly symmetrical dis-
position around the master rod. Two test leads
made of No. 14 insulated wire, terminated with
heavy clips, will be needed to connect. in sequence
cach two rods to an ohmmeter, as in Fig. 4. The
series resistance of cach pair of rods will be
measured and recorded as in Table 1. This table
lists actual values measured on one ground system
tested.

The ground resistance of the master rod can
now be found in the same manner used for solving
the resistor network of Fig. 3. By using the read-
ings for A1, 4; and Ag, one value for 3/ can be
determined. By similarly using Af, Ay and Ay
and M, 4, and 43, two other values of 4f can
be found. Substituting the above figures, values
for M will be found to Le 6.5, 5.5 and 7 ohms.
T'he average is 6.3 ohms.

By similarly combining the indicated readings

A
R
J
7 [N
OHMMETER VAR T
/ [
/ | \
e H \
’/’ o, \
A
\\\___—’ a }l ‘e
' 1 W
~—o & ' Y
\\ ' \
\ ! .
] M \
’ d N
7 \
/ Pad \\\ \
/ /r’ N \\
’
/ f,q- )\; \
VA | <\
’ -, ~ \
P AR
) ~
o S U )
Az As

Fig. 4 — To measure the ground resistance at the rod
M requires two or three auxiliary rods, .11, .12 and As,
and a series of ohmmeter readings of all possible com-
binations.
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for rods Ay, A2 und A3, we could determine their
three values and their over-all average to be:
Rod A; = 7,10.5,6.5 = 8 ohms average

Rod As =11, 12,5, 12 = 11.8 ohms average
Rod 4; = 22, 22,5, 21 = 21.8 ohms average

The accuracy of the above readings can be
estimated by noting how closely the three sepa-
rate values agree. Any set of readings indicating
a major discrepancy should be discarded and a
new set of readings taken. Measurements should
be made in opposite directions and the results
averaged before tabulating.

Rods should be driven a reasonable distance
apart. Results have been found to be good if the
separation is anywhere betwcen ten and fifty
feet. It the rods are too close, the accuracy of the
readings may be affected. If too far apart, exces-
sive ground potential may be encountered, caus-
ing the readings to fluctuate over a wide range.

After rods have been driven there will usually
he a gradual rise in resistance measurements
taken over a period of a few days as moisture and
chemicals in the earth attack the surface of the
rod. After several days this rise will taper off and
subsequent measurements will remain relatively
stable for fairly long periods of time. However, no
ground system should be neglected for a period
of greater than a year without rechecking the
system’s resistance. This should preferably be
done in the spring of the year just before the
lightning scason, to insure adequate protection.

Earth Currents

In some locations the use of the d.c. ohmmeter
lecomes unsuitable because of large d.c. or a.c.
components in the earth currents. For such cases
the measurements can be recadily made by using
a Wheatstone bridge excited by a tone source of
several hundred cycles or more and balancing
the bridge for the lowest or null indication in o
telephone headset indicator. This arrangement is
shown in Fig. 5. If u \Wheatstone bhridge is not
available, un acceptable substitute can be im-
provised by using two exactly equal resistors of
about 1000 ohms for legs 4 and B in Fig. 5. A
rheostat or pot having a range from 0 to 100
ohms ¢in be substituted for bridge arm C, and
the amount of resistance cut in by the rheostat
at the point of balance determined by subsequent

Buzzer or Jone Source

Fig. 5~ A simple Wheatstone bridge for measuring
resistance in the prescnce of large earth currents, Re-
sistors 4 and B should be equal and about 1000 ohms,
and C should be a 100-ohm rhecostat. R is the unknown
resistance,
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I'ig. 6 — \ graph rhowing the variation in resistance
with rod length for five different cases. ‘The variation
decrcases as the rods are made longer.

ohmmeter test. When the null indication is
achieved, the bridge is balanced, and C is (qual
to the unk.nown resistance .

Variation of Ground-Rod Resistance
with Depth

Using the method described above, measure-
ments were recently taken on a number of ground
rodr driven to a depth of twelve fect. These rods
were uscd to form the grounding system for a
steel tower crected in an exposed location. Due
to the rocky and dry type of earth encountered,
it was necessary to connect five rods in parallel
to the central tower before the over-all ground
system resistance was reduced to u rcasonable
figure.

Since the variation of ground resistance with
rod depth is of interest, the actual values meas-
ured are plotted in Fig. 6.

It will be noted from Fig. 6 that there was a
wide range in the values measured for different
rods at identical depths. ‘This variation was most
evident st shallow levels and decreased as the
rods were driven decper into the earth. At a six-
foot depth the rate of decrease in resistance began
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to taper off. At ten feet all rods had a nearly uni-
form resistance. Readings at the twelve-foot level
indicated that a practical limit had been reached.
Driving the rods to greater depths would not
decrease the obtainable resistances sufficiently
to warrant the increased labor and expense.

Summary

The procedure given above cnables a fairly
accurate measurement to be made of the ground
resistance of a rod, water-pipe or other grounding
system. The measurement may be rapidly taken
using conventional equipment in most cases.

It would appear that in order to be effective
and uniform from day to day, ground rods should
be driven at least eight feet deep. However, the
improvement, achieved beyond the -eight-foot
level will taper off so rapidly that there is little
point in sinking a rod below a twelve-foot depth.

Still  further improvement in reducing the
ground resistance of a system can tnost simply
be achieved by driving a number of rods to the
desired depth and then counecting the rads in
parallel, using heavy copper conductors.

The grounding capability. of any ground-rod
system may be improved by conventional meth-
ods of treating the adjacent soil with dissolved
rock salt or similar apent. However, the im-
mediate improvement achieved may be at the ex-
pense of more rapid deterioration of the rod it~
self, necessituting frequent replacement.

Whean available for use, brass pipe or copper-
plated iron rod will give superior results from
the viewpoints of initially low resistance and
long trouble-free life. For really low-resistance
ground systems totaling less than one ohm, an
entirely different technique is called for.

Cold water-pipe grounds should measure less
than 20 ohms. Single ground rods may range
from 20 to 500 ohms. When short rods are used
or where dry soil is encountered, it may be
necessary to parallel several rods. Of two grounds
heing compared, the one showing the lowest
resistance usually will be superior in performance.
Although satisfactory results may be expected if
the measured ground resistance is below 10 ohms,
every effort should be made to reduce this value
a8 much ag practicable.

The reader is cautioned to note that this
article has dcalt exclusively with the ‘d.c.”
resistance aspcct of a grounding system. The
dissipation of r.f. cnergy in the ground is an
cntirely different matter. Where an effective
r.f. ground plane is required at or near the earth’s
surface, the usc of an elevated counterpoise or a
buriced radial system may be required.

From the foregoing, it is evident that if a water-
pipe or driven-rod system is tn be used, the
resistance of the system should be determincd.
The procedure described in this article will en-
able the required measurements to he accurately
and quickly made.

W7Z7EHZ — A Console-Type Station, 1951 Style

We believe you'll agree that Rudy Olsen of Cocur d’Alene, Idaho, has done himself proud in the construction of
this neat operating position for his medium-power ‘phone and c.w. station. Measuring 7 fect wide, 41 inches deep,
and with five panel sections 12 inches high, the console frame is enclosed in *Spanish Leatherwood,” a masonite
material grained and finished to simulate Spanish leather. The desk top is surfaced with gray Micarta, and the
metal trim is of the variety used in dressing the edges of linolcum counter tops. Power supplies are located in the
lower compartments and connect to the units ahove through readily-accessible cabling at the rear. The top panel
section contains, . fo r., 24-hour clock, c.w. transmitter, SX-9 receiver, 10-meter *phonc rig, and modulation meter.
Rudy is an clectrician for the local lumber company which should explain the professional appearance of this

homebuilt console. (Photo courtesy W7FIS)
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A Linear Beat-Frequency Oscillator for
Frequency Measurement

Circuit Detaijls for Straight-Line-Frequency Tuning

BY RAYMOND W. WOODWARD,* W1VW

HE usual procedure in making precise meas-
Turemenbs of radio frequencies is to beat the

unknown frequency against a multiple of
10 ke. derived through suitable multivibrators
and harmonic amplificrs from a secondary stand-
ard. This produces a beat note between 0 and
5000 cycles that is then independently measured.
For work of medium precision, a direct-reading
cycle meter may be used. For higher precision,
one of the best methods is to compare the un-
known audio note with a variable-frequency audio
source such as a beat-frequency oscillator.

A beat-frequency oscillator requires a fixed-
frequency and a variable-frequency oscillator
gencrally operating in the range of 50 to 200 ke.
Since the secondary standard has a 100-ke. oscil-
lator that can readily be held to an accuracy of
one part in 10 million, or 0.01 cycle, the writer
had always thought that this should be the
starting point for a suitable beat-frequency os-
cillator.

Before one was actually constructed, WIHQIIL
described such a set-up.!

*¢7, General Research Laboratory, Underwood Corpora-
tion, Hartford 6. Conn.

! Frank H. Milla, “ An Interpolation Oscillator,’” QST,
Nov., 1943.

e

‘The frequency-measuring equipment at W1V W. The
lincar beat-frequency oacillator is at the bottom and is
adjuated by the PW dial. The dial in the center of the

bottom panel is the zero-set adjustment.
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However, his variable oscillator did not suit
the writer, since it was not linear, not subject to
direct reading, and did not permit taking read-
ings quickly. A tentative goal was sct to obtain
audio readings directly in cycles on a National
PW dial without any interpolations and to give
r.f. readings to an accuracy of at least 10 parts
per million. Since these dials have 500 divisions,
and by using a vernier index tenths of a division
can be read, the dial would read 0 to 5000 cycles
as desired. It was also hoped that when more
time was available for taking readings and where
interpolation could be made betwecen 100-cycle
calibration points, an accuracy of at least 1 part
per million could be obtained (4 cycles at 4000
ke.).

This goal was easily met with the oscillator
circuit to be described, and it is possible within
a few seconds to take readings with an accuracy
of 5 parts per million. Where a minute or more is
available, measurements are better than 1 part
per million; in fact, in many ARRL Frequency
Measuring Tests readings are exactly the same
as the official readings.

The Circuit

It is well known, of course, that an LC circuit
with a straight-line-capacity tuning condenser
will approach straight-line-frequency tuning if
the tuning condenser is shunted by a much
larger fixed capacitor. A little “armchair engi-
neering’’ indicated that a “negative capacity”
(inductance) in series with the tuning capacity
in such a circuit will give a linear variation of
frequency with dial rotation. By suitable choice
of all constants in the tuned circuit (sce appen-
dix) the frequency change could be made 5000
cycles, or from 100 to 105 kc., for 180-degrce ro-
tation of the condenser, which likewise corre-
sponds to 5000 dial divisions.

Fig. 1 gives the variable-oscillator circuit. The
photograph shows the oscillator component of
the cntire assembly, which uses current tube
types but is otherwise similar to that described
by Mills. A transmitting condenser, C), is used to
aid in stability. It should have semicircular
plates, a spacing of at least 0.035 inch, and no
backlash due to poor bearings. A capacity-vs.-
rotation calibration should be made to insure
that it is lincar and also to have actual values
available for determining other constants of the
circuit. It is assumed that anyone interested in
building equipment of this precision will cither
own or have access to measuring equipment
such as an impedance bridge.

QST for



‘I'he oscillator with the shield cover removed. Ly ix in
the round xhicld can and a similar can bas heen removed
from L2 to show its construction. (s is in another small
shicld at the side of the large box.

¢

The fixed cupacitor, (2, is a combination of
silver micas, negative-coefficient ceramics, and a
simall ceramic or mica trimmer, to give the com-
puted value of Cp 450 upld." The amount of
negative compensation will have to be balanced
experimentally after completion, to secure ade-
quate temperature stability. '

‘I'rimmer C3 is a zero-sctting condenser used to
resct the circuit to calibration points. It should
be a small transmitting condenser (likewise for
stability) as might be used in a low-power v.h.f.
rig. The dial shown on this condcnser in the
center of the lower panel of the photograph nced
not be graduated but should have good slow-
motion control.

For Ly, a b.c. antenna coil having an adjusta-
hle iron core was used. It should be shielded and
the inductance should be set to the calculated
value with the shield in place.

The main inductance, Ls, is composed of two
of the adjustable iron-core inductors mounted on
& wooden dowel, end to end, with the core-adjust-
ing screws at cither end. These coils arc connected
in scries, with the inductances additive, and a
tap brought out for the cathode conncction.
After adding L3, the assembly should be rewaxed
and enclosed in a shield can. The exact valuc of
inductance is sct using both top and bottom core
adjustments, to maintain the cathode tap at the
proper position.

‘The entire oscillator is cnclosed in a separalc
shiclded compartment. This box and the multivi-
brator boxes are all removable as complete units

OSCILLATOR
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L L $ CSH -
Ca 2 C-L ;
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'ig. 1-— Circuit of the linear heat-frequency oscil-
lator.
Ci — 500-pufd. tr itting cond
Ca — Approx. 5000 ppfd. (see text).
Ca — 50 pufd. (see text).
C4 — 500-pufd. silver mica.
Cs, Ca, C7 — 0.1 ufd., 400 volts.
Ri — 47,000 ohms, 1% watt.
Rz, Ra — 20,000 ohms, 5 watts.
L1 — Approx. 160 microhenrys (Mcissner 14-7413).
L2 — Approx. 460 microhenrys (two Meissner 14-1026).
See text.
La — 50 turns No. 30 wire at bottom of La.

RFC, — 80.mh. shielded r.f. choke (Meissner 19-5596).
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(see text).

by disconnceting wiring plugs, and thus may be
readily serviced.

General

In co